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wignSi gamoyenebuli pirobiTi niSnebi

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

kavSiri sabunebismetyvelo sagnebs Soris

amocanebisa da savarjiSoebis amoxsnis magaliTebi.
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Tema 1.  ujredis qimiuri Sedgeniloba

ujredi aris biologiis gasaRebi, radgan zustad ujredis doneze wylis, minera-
luri marilebisa da maTi ionebis, makromolekulebis Semcvelobasa da maT Soris 
mimdinare bioqimiur procesebzea damokidebuli sasicocxlo procesebis gamov-
lena. amitomac, sicocxlis organizaciis yvelaze dabali done atomur-moleku-
luria.

ujredebis SemadgenlobaSi aRmoCenilia 80-ze meti qimiuri elementi, romlebic 
aracocxal bunebaSic gvxvdeba. amrigad, atomur doneze cocxali da aracocxali 
bunebis qimiur Sedgenilobas Soris didi msgavsebaa. maS, ra donezea maT Soris 
gansxvaveba da raSi gamoixateba es gansxvaveba? am da sxva kiTxvebze pasuxs miiRebT 
Temis gacnobisas.
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 ujredis qimiuri Sedgeniloba atomur da molekulur doneze

1.1.
ujredis qimiuri Sedgeniloba.  

araorganuli nivTierebebi

lekulebis an sxvadasxva qimiuri naerTis 
saxiT aris warmodgenili (ix. cxrili 1.2). 

atomur doneze cocxali da aracocxa-
li bunebis qimiur Sedgenilobas Soris 
didi msgavsebaa, molekulur doneze ki 
gansxvavebulia. aris nivTierebebi, rom-
lebic bunebrivad mxolod cocxal bu-
nebaSi warmoiqmnebian, eseni organuli  
niv Tierebebia. organuli nivTierebebi 
aracocxal bunebaSic gvxvdeba, magali-
Tad, dedamiwaze odesRac mcxovrebi or-
ganizmebis naSTebisgan warmoqmnil nav-
TobSi, qvanaxSirsa da bunebriv airSi. 
araorganuli nivTierebebi ki aris ro-
gorc cocxal, ise aracocxal bunebaSi.

ujredebi araorganuli nivTierebebi-
dan Seicaven wyals da zogierT minera-
lur marilsa da maT ionebs.

yvela cocxali sistemis sasicocxlo 
Tvisebebi mJRavndeba sxavadasxva qimiu-
ri nivTierebis molekulebisa da ionebis  
urTierTqmedebaSi. ujredSi mimdinare 
qimiur reaqciebs bioqimiur reaqciebs 
uwodeben, xolo ujredis qimiis Semswav-
lel mecnierebas _ bioqimias. sxvadasxva 
tipis ujredi msgavsia qimiuri Sedge-
nilobiTa da maTSi mimdinare bioqimiuri 
reaqciebiT. 

cocxali bunebis SemadgenlobaSi aR-
mo  Ce nilia 80-ze meti qimiuri elementi, 
romlebic aracocxal bunebaSic gvxvde-
ba. cocxal organizmebSi procentu-
li Se mcvelobis mixedviT elementebs 
or jgufad yofen: makroelementebi da 
mikro elementebi (ix. cxrili 1.1). es ele-
mentebi ujredSi ionebis, atomebis, mo-

cxrili 1.1. 

organizmis ujredebSi elementebis Semcveloba 
%-Si

makroelementebi

mikroele-
mentebis 
raodenoba 
_ 0,001-dan 
0,00001-mde

mikroelemen-
tebis raodeno-
ba 0,000001-s ar 
aWarbebs

Jangbadi
naxSirbadi
wyalbadi
azoti
kalciumi
fosfori
kaliumi
gogirdi
natriumi
rkina
qlori
magniumi

bori
kobalti
spilenZi
TuTia
molibdeni
vanadiumi
iodi
ftori

urani
radiumi
oqro
vercxliswyali
beriliumi
ceziumi
seleni

65-75
15-18
8-10
1,5-3
1,5-2,0
0,2-1,0
0,15-0,4
0,2-0,3
0,2-0,3
0,01-0,15
0,2-0,5
0,1-0,2

qimiuri elementi ewodeba erTi saxeobis atomebs.
atomi qimiuri elementis umciresi, qimiurad ganu yo feli nawilakia, romelic Sedis nivTierebis Sed-
genilobaSi.
molekula aris nivTiere bis umciresi nawilaki, rome lic inarCunebs am nivTiere bis Sedgenilobasa da 
qimiur Tvisebebs.

kavSiri qimiasTan

cxrili 1.2

cocxal organizmebSi qimiuri naerTebis  
Semcveloba %-Si

nivTiereba raodenoba %-ebSi

wyali 75-85

mineraluri marilebi 1,0-1,5

cilebi 10-20

naxSirwylebi 0,2-2,0

nukleinis mJavebi 1-2

lipidebi 1-5

dabalmolekuluri 
organuli naerTebi 
(pigmentebi, vitaminebi, 
atf da sxva)

0,1-0,5
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TiTqmis yvela cocxali arseba Zi-
riTadad wylisgan Sedgeba. adamianis 
sxvadasxva organosa da qsovilSi wylis 
Semcveloba meryeobs 20%-dan (Zvlovan 
qsovilebSi) 85%-mde (Tavis tvinis ujre-
debSi). meduzas sxeulSi ki 95%-mde wya-
lia. ujredSi rac ufro aqtiurad mim-
dinareobs sasicocxlo procesebi, miT 
metia masSi wylis Semcve loba. 

wylis molekulis struqturasTan 
da kavSirebuli wylis unikaluri Tvi-
sebebi mniSvnelovania organizmebis-
Tvis. wylis molekulaSi Jangba dis 
erTi atomi kovalenturi bmiT wyal-
badis or atomTanaa dakavSirebuli. 
wylis molekula polarulia _ dipolia  
(sur. 1.1). wylis molekulis erTi bolo 
dadebiTad aris damuxtuli, xolo meore 
_ uaryofiTad, radgan Jangbadis atomi 

sur. 1.1

_ Jangbadis 
eleqtroni (e)

_ wyalbadis 
eleqtroni (e)

O

H H

H

O

H

sur. 1.2

wyalbaduri bmebi wylis 
molekulebs Soris

kovalenturi bma

wyalbaduri bma

H+

H+

H+ H+

O-

O-

qimiuri bmebis saxeobebi: kovalenturi bma 
ewodeba or atoms Soris saziaro eleqtro-
nuli wyviliT damyarebul qimiur bmas. po-
larul-kovalentur bmaSi eleqtronebi ara-
Tanabrad ziardeba atomebs Soris da ufro 
metadaa gadaxrili erT-erTi atomisken. po-
larul-kovalentur bmaSi CarTuli wyalba-
dis atomi dadebiTad damuxtulia, romelic 
miizideba nebismieri mezobeli uaryofiTi 
muxtisken da am urTierTqmedebas wyalbadu-
ri bma ewodeba. qimiur bmebs Soris yvelaze 
Zlieri kovalenturi bmaa, xolo yvelaze sus-
ti _ wyalbaduri bma. 

kavSiri qimiasTan

 wylis fizikur-qimiuri Tvisebebi da biologiuri roli

Tavisken izidavs wyalbadis eleqtro-
nebs. wylis erTi molekulis uaryofiTad 
damuxtuli Jangbadis atomi miizideba 
wylis sxva molekulis dadebiTad damux-
tuli wyalbadis atomiT da maT Soris 
wyal baduri bmebi warmoiqmneba (sur. 1.2). 
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wylis molekulebi wyalbaduri bmebiT 
rom ar iyos dakavSirebuli erTmaneTTan, 
Cveulebriv pirobebSi wyali airad mdgo-
mareobaSi iqneboda da sicocxle deda-
miwaze arsebuli saxiT ver iarsebebda.

wylis biologiuri roli mis fizi kur-
qimiur TvisebebTan aris dakavSirebuli. 
wyals aqvs maRali Tbotevadoba, e.i. aqvs 
unari STanTqos didi raodenobiT siTbo 
ise, rom sakuTari temperatura minima-
lurad Seicvalos. es imas niSnavs, rom 
garemoSi siTbos mniSvnelovani gazrda 
wylis temperaturis mxolod umniSvne-
lod momatebas iwvevs.

amis mizezia is, rom am energiis mniS-
v nelovani nawili wyalbaduri bmebis 
gawyve taze ixarjeba. samarTliania piri-
qiTac, garemoSi, ujredSi temperaturis 
Semcirebisas wylis molekulebs Soris 
wyalbaduri bmebi warmoiqmneba da ener-
gia gamoTavisufldeba. am Tvisebis gamo 
wylian garemoSi naklebad meryeobs tem-
peratura.

wyals maqsimaluri simkvrive 40C-ze 
aqvs. amitom yinuls, romelsac dabali 
simkvrive aqvs, wyalze msubuqia da cu-
ravs wylis zedapirze, es wyalsatevs ica-
vs mTlianad gayinvisagan (sur. 1.3.). wylis 
kidev erTi anomaluri Tviseba gamoixate-
ba imaSi, rom sxva siTxeebisagan gansxvave-
biT, wnevis gazrdiT wylis gayinvis tem-
paratura mcirdeba. amitom wylis qveda 
SreebSi wylis gayinvis albaToba kidev 
ufro mcirdeba. wyalsatevSi yinulis sa-
faris qveS sicocxle grZeldeba.

wylis molekulis polarobis gamo, 
wya li universaluri gamxs nelia. gaxsna 
damokidebulia gaxsnili nivTierebisa 
da gamxsnelis Semadgeneli nawilakebis 
urTierTqmedebaze. gamxsnelis gavle-
niT, gaxsnili nivTierebis ionebi an mo-
lekulebi difuziiT Tanabrad nawilde-
ba gamxsnelis mTel moculobaSi. wyalSi 
kargad ixsneba zogierTi marili (sur. 
1.4), mJava, tute; organuli nivTierebe-
bidan spirtebi, zogierTi aminomJava da 
naxSirwyali (mag.,mono da disaqaridebi), 
cila. wyalSi xsnadobis mixedviT, ujre-

nivTierebis Tbotevadoba gviCvenebs, Tu ramde-

ni energiaa saWiro mocemuli nivTierebis tem-

peraturis Sesacvlelad.  

erTi sxeulidan meoreze siTbos gadacemis 

process Tbogamtaroba ewodeba.

simkvrive aris nivTierebis masis Tanafardoba 

mis moculobasTan.

kavSiri fizikasTan

sur. 1.3

sur. 1.4.

dis yvela nivTiereba or jgufad iyofa: 
hidrofiluri da hidrofoburi. 

wyalTan, rogorc karg gamxsnelTan, 
ramdenime mniSvnelovani funqciaa dakav-
Sirebuli: satransporto _ wyalxsnare-
bis saxiT transportirdeba nivTierebebi 
garemodan ujredSi; aseve, nivTierebaTa 
cvlis produqtebi ujredidan garemoSi 
wyalxsnarebis saxiT gamoiyofa. ujredSi 
bioqimiuri reaqciebi, ZiriTadad, wyal-
xsnarebSi mimdinareobs. 

wyali mniSvnelovan rols asrulebs zo-
gierTi maRalmolekuluri nivTierebisa 
(cilebi, nukleinis mJavebi) da ujreduli 
membranebis struqturis CamoyalibebaSi. 
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Sesabamisad, Tu ujredma dakarga wyali, 
maRalmolekuluri organuli nivTiere-
bebisa da ujreduli membranebis struq-
tura irRveva.

wyali monawileobs maRalmolekulu-
ri organuli naerTebis (cilebis, nax-
Sirwylebis, cximebis) hidrolizSi (wyliT 
daSlaSi). igi monawileobs fotosinTezis 
procesSi da misi daSlis Sedegad Jan-
gbadi gamoTavisufldeba. amrigad, wyali 
dedamiwaze molekuluri Jangbadis Ziri-
Tadi wyaroa (gv. 95).

wyali maRali Tbotevadobisa da Tbo-
gamtarobis gamo did rols asrulebs 
ujre disa da organizmis Tboregulacia-
Si. transpiracia (foTlebis mier wylis 
aorTqleba), oflis gamoyofa organizms 
icavs gadaxurebisgan. wyali monawileobs 
organizmSi sxvadasxva organosa da qso-
vils Soris siTbos ganawilebaSi.

radgan wylis maRali Tbotevadoba da 
Tbogamtaroba minimumamde amcirebs masSi 
temperaturul cvlilebebs, amitom wya-
li ujredSi bioqimiuri procesebis war-
marTvisaTvis xelsayreli garemoa. 

wyali ujredis struqturebisaTvis 
sayr den funqcias asrulebs. is gavlenas 
axdens ujredis fizikur Tvisebebze: uj-
redis simkvrivesa da moculobaze.

radgan wyalSi temperetura naklebad 
meryeobs da masSi kargad ixsneba orga-
nizmisaTvis saWiro bevri nivTiereba, zo-
gierTi organizmis sacxovrebel garemos 
warmoadgens, agreTve, xelsayreli gare-
moa ganayofierebisa da zogierTi organiz-
mis Canasaxis ganviTarebisTvis.

fesvTa sistemis mier niadagidan Sewo-
vili wylis miwiszeda organoebisken ga-
daadgilebaSi did rols asrulebs wylis 
Tvisebebi. radgan wylis molekula di-
polia da molekulebi erTmaneTs ukav-
Sirdeba wyalbaduri bmebiT, wylis mole-
kulebi erTmaneTisken miizideba (kohezia) 
da qmnis zedapirul daWimulobas (sur. 
1.5). datenianebisas celuloza imuxteba 
da WurWlebis wvril milebSi ujredebis 
kedeli wyals izidavs (adhezia). es xels 
uSlis milebSi wylis ukan dasrialebas. 
amitom wylis erT molekulas jaWvurad 
mihyveba sxva molekulebic (sur. 1.6).

amrigad, wylis gareSe sicocxle ar 
arsebobs. igi Tavisi saocari fizikur-qi-
miuri bunebis gamo saswaulebs axdens ro-
gorc cocxal, ise aracocxal bunebaSi. 

kohezia niSnavs molekulis imave saxeobis sxva 

molekulsTan mizidulobas. wylis molekulebs 

aqvs Zlieri koheziuri Zalebi, maTi erTmaneT-

Tan wyalbaduri bmebiT dakavSirebis gamo.

adhezia _ erTi saxeobis molekulis sxva saxeo-

bis molekulisken mizidvaa.

kavSiri fizikasTan

sur. 1.5

mweri wylis zedapirze

rogorc estonelma mecnierebma gamoikvlies, `wylis nayva~ arcTu ise uperspeqtivo saqmea. 
maT Cveulebrivi sanayis nacvlad didi siCqariT moZravi rotori* gamoiyenes. aRmoCnda, rom 
aseTi gziT `gaaqtiurebul~ wyalSi kalmaxi 1,5-jer swrafad izrdeba, aseve, igi zrdis sxva-
dasxva kulturis mosavlianobas. mecnierebis varaudiT, am dros wylis molekulebis grZeli 
jaWvebi irRveva da wyali ufro advilad SesaTvisebelia organizmebisTvis. 

yinuli gaTbobisas dneba da igi TandaTan gardaiqmneba Txevad wylad _ mdnar wylad. 
adamianma didi xnis win SeamCnia, rom yinulis dnobis Sedegad miRebuli wyali gansxvavdeboda 
Cveulebrivi wylisgan. adreul gazafxulze beRurebi siamovnebiT banaoben axlad gamdnari  
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yinulis gubeebSi. mecnier-agronomebma eqsperimentebiT daadgines, rom mdnari wyali SeiZleba 
CaiTvalos Tavisebur biologiur stimulatorad. magaliTad, ori erTnairi miwis nakveTidan 
erTze (sacdeli nakveTi) daTeses mdnar wyalSi saaT-naxevris ganmavlobaSi moTavsebuli xor-
b lis Tesli, xolo meore nakveTze (sakontrolo nakveTze) _ Cveulebriv wyalSi moTavsebuli 
imave jiSisa da xarisxis xorblis Tesli.  sacdeli nakveTidan miiRes 18, 3 centneri xorbali, 
xolo sakontrolodan _ mxolod 11 centneri. wiwilebi, romlebic svamen mdnar wyals, zrda-
Si uswreben sakontrolo jgufis wiwilebs. fiqroben, rom SesaZlebelia mTis mosaxleobaSi 
sicocxlis gaxangrZliveba dakavSirebuli iyos imasTan, rom sasmelad iyeneben e.w. yinulovan 
wyals. aseve, iqneb swored amitom miiswrafis kalmaxi qviriTobis dros mTis Cqari da yinuli-
viT civi mdinareebis saTaveebisken.  

imbibicia (laTinurad _ imbibere _ `Sewova~) aris wylis Sesvla nivTierebaSi, magaliTad, 
celulozaSi an JelatinSi, ris Sedegadac es nivTiereba ijirjveba da izrdeba moculobaSi. 
imbibiciis Sedegad warmoqmnili wneva SeiZleba Zalian didi iyos. amboben, rom Zvelegvipturi 
piramidebis mSeneblobisaTvis qvebs ase moipovebdnen: kldis napralebSi tenidnen xis morebs 
da Semdeg ki maT wyliT asvelebdnen. gajirjvebuli celuloza iseT wnevas warmoqmnida, rom 
qvis filas texda. imbibicia moqmedebs mcenareebSi, magaliTad, Teslebi gaRivebamde jer mo-
culobaSi izrdeba, ris Sedegadac skdeba maTi kani da Canasaxs ganviTarebis saSualeba eZleva.

foTlebis mier wylis 
aorTqleba _ transpiracia _ 
aZlierebs fesvebis mier wylis 
Sewovas.

WurWlis ujredis 
kedeli

wylis moZraoba WurWlebSi

adhezia

kohezia

wylis molekula

fesvebis bususovan ujredebSi 
wyali osmosiT Sedis, rac fesvis 
ujredebSi zrdis wylis wnevas 
_ fesvur wnevas; gazrdili 
fesvuri wneva wyals ubiZgebs, 
gadaadgildes qsilemaSi.

wy
l

is
 m

o
Zr

ao
bi

s 
mi

ma
r
T
u
l

eb
a

sur. 1.6

fesvebis mier wylis Sewova da gadaadgileba miwiszeda organoebisken
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wylis garda araorganuli nivTierebe-
bidan ujredi Seicavs mJavebs, marilebs, 
fuZeebs. am nivTierebebis umravlesoba 
ujredSi ionebadaa disocirebuli. ka-
Tionebidan didi biologiuri roli aqvs: 
K+, Na+, Ca2+, Mg2+; anionebidan H

2
PO

4

–
, CI

–
, 

HCO
3

–
, HPO

4
2 –. ionebi ujredis SigniT da 

gareT araTanabrad aris ganawilebuli 
da aseT araTanabar ganawilebas ujredi 
mTeli sicocxle inarCunebs. mineraluri 
marilebis ionebi gansazRv raven ujredSi 
osmosiT wylis Sesvlas. 

bioqimiuri procesebis mimdinareo-
ba didad aris damokidebuli ujredSi 

H+-ionebis koncentraciaze. mecnierebi 
amisTvis iyeneben pH-is skalas, rome-
lic ganisazRvreba 1-dan 14-is niSnuliT 
(sur. 1.7). am skalis mixedviT gansazRv-
raven xsnaris mJavianobasa da tutiano-
bas. rac pH-is mniSvneloba mcirea, miT 
xsnarSi H+-is didi raodenobaa da maRa-
lia mJavianoba da piriqiT _ pH-is mniS-
vnelobis gazrdiT izrdeba xsna ris tu-
tianoba. fermentebis aqtivoba didad 
aris damokidebuli pH-ze. magaliTad, 
ujredis citoplazmis fermentebis Tvis 
optimaluri reaqciis are aris susti 
tu te an neitraluri pH.

sur. 1.7.

pH damokidebulia xsnarSi H+ ionebis 
koncetraciaze

 ufro mJave are  ufro fuZe areneitraluri

H+-is maRali 
koncentracia

H+-is dabali 
koncentracia

ujredis SigTavsi inarCunebs sust 
tute an neitralur pH-s, miuxedavad imi-
sa, rom ujredSi mimdinare qimiuri reaq-
ciebis Sedegad xan H+-is koncentracia 
matulobs, xan OH- -is koncentracia. uj-
redis Tvisebas, SeinarCunos mudmivi pH, 
buferoba ewodeba. ujredis buferobis 
SenarCunebaSi susti mJavebis anionebi _ 

H2PO4
–
, HPO4

2–
, HCO3

–
, monawileoben. ci-

toplazmaSi OH--is koncentraciis gaz r  -
disas susti mJavebi disocirdeba da gamo-
Tavisuflebuli H

+-is ionebi aneitra lebs 

OH
–-s da kvlav normas ubrundeba cito-

plazmis pH. piriqiT, Tu ujredSi gaizar-
da H

+-ionebis koncentracia, susti mJava 
aRdgeba. 

Ca2+-is ionebi gavlenas axdens nervul 
sistemaze, aZlierebs da aCqarebs gulis 
muSaobas, xels uwyobs sisxlis Sededebas, 
Zvlebis SemadgenlobaSi Sedis kalciumis 
fosfatebi da karbonatebi, romlebic mis 
simtkices ganapirobeben. kaliumisa da nat-
riumis ionebi monawileoben agznebad sis-
temaSi nervuli impulsis warmoqmnasa da 

 ujredis mineraluri marilebi
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gavrcelebaSi, kunTebis SekumSaSi. marilm-
Java Sedis kuWis wvenis SemadgenlobaSi da 
mJava ares qmnis, rac mniSvnelovania kuWSi 
sakvebis monelebisTvis. zogierTi kaTio-
ni Sedis organuli nivTierebis Semadgen-
lobaSi da mis Tvisebebsa da funqcieb sac 
gansaz Rvravs. magaliTad, rkinis ionebi 
Sedis hemoglobinis SemadgenlobaSi, ras-
Tanac Jangbadis transportireba aris 
dakavSirebuli. rkinis nakleboba iwvevs 
anemiis (sisxlnaklebobis) erT- erTi saxis 
ganviTarebas.

iodi Sedis farisebri jirkvlis hor-
monis Tiroqsinis SemadgenlobaSi. iodis 
nakleboba iwvevs farisebr jirkvalSi 
hormon Tiroqsinis molekulis cvlile-
bas. viTardeba ioddeficituri daavadeba 
da organizmSi nivTierebaTa cvla irRve-
va. am dros SesaZlebelia farisebri jir-
kvlis zomaSi zrda da yalibdeba Ciyvi.

magniumi _ erT-erTi mniSvnelovani 
elementia, romelic arsebobs yvela  or-
ganizmis ujredSi. magaliTad, magniumi 
mcenareul ujredSi Sedis qlorofilis 
SemadgenlobaSi. adamianis organizmi sul 
21-28 gram magniums Seicavs, magram am ele-
mentis gareSe misi cxovelqmedeba war-

moudgenelia. magniumi mniSvnelovan rols 
asrulebs mraval Sidaujredul bioqi-
miur procesSi, radgan bevri fermenti 
aqtivobis gamosamJRavneblad saWiroeben 
magniumis ionebs. gansakuTrebiT aRsaniS-
navia is fermentebi, romlebic monawi-
leoben energiis gardaqmnis procesebSi. 
magniumi monawileobs nervuli impulsis 
gadacemasa da kunTebis SekumSvaSi. magniu-
mis deficiti uaryofiTad aisaxeba yvela 
sasicocxlo procesze, rac SeiZleba ga-
moixatos Semdegi simptomebiT: uZiloba, 
qronikuli daRliloba, arTriti*, ConC-
xis kunTebis spazmuri SekumSva, gulis 
ariTmia da sxv. 

fosfori Sedis ujredis organuli 
niv Tierebebis SemadgenlobaSi, rogori-
caa nukleinis mJavebi, atf, fosfolipi-
debi. mniSvnelovan rols asrulebs uj-
redSi sxva elementis atomebi da ionebic, 
magaliTad, TuTia Sedis hormon insuli-
nisa da zogierTi fermentis Semadgenlo-
baSi, kobalti ki _ B12  

vitaminis Semadgen-
lobaSi. amrigad, SeiZleba nivTierebis 
Semcveloba ujredSi Zalian mcire iyos, 
magram misi biologiuri roli ki _ mniSv-
nelovani.

yvela organizmis ujredebis Semad-
genlobaSi Sedis organuli nivTierebe-
bis oTxi ZiriTadi jgufi: naxSirwylebi, 
lipidebi, cilebi da nukleinis mJavebi. 
am nivTierebis molekulebs aqvT gansxva-
vebuli struqtura da funqciebi, magram 
yvela maTgani Seicavs naxSirbadis ato-
mebs. naxSirbadis atomebi mtkiced ukav-
Sirdebian erTmaneTs sxvadasxva konfigu-
raciiT, rac organuli nivTierebebis did 
mravalferovnebas ganapirobebs. esa Tu is 
organuli nivTiereba sxvadasxva ujredSi 
gansxvavebuli raodenobiTaa. magram or-
ganuli nivTierebebis yoveli jgufi ne-
bismieri tipis ujredisTvisaa damaxasia-

Tebeli da msgavs funqciebs asrulebs. 
organuli nivTiereba xSirad ganmeore-

badi erTeulebis (mcire zomis moleku-
lebis) – monomerebisgan agebuli jaWvia. 
aseT organul nivTierebas biopolimeri 
ewodeba. Tu romelime monomeris tips pi-
robiTad A asoTi aRvniSnavT, maSin poli-
meri SeiZleba monomerebis grZeli jaWvis 
saxiT ase warmovidginoT: A - A - A - A - A -...

yvela organzmis ujredebis Semadgen-
lobaSi Sedis naxSirwylebi. naxSirwylebi 
organul naerTTa didi jgufia, romel-
Ta SedgenilobaSi Sedis naxSirbadis (C), 
wyalbadisa (H) da Jangbadis (O) atomebi. 
umravlesoba naxSirwylebSi  wyalbadisa 

1.2. უჯრედის ორგანული ნივთიერებები. ნახშირწყლები
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da Jangbadis atomebis Tanafardoba ise-
Tia, rogorc wyalSi. aqedan warmodge-
ba maTi saxelwodeba `naxSirwyali~. ase-
Ti nax Sir wylebis zogadi formulaa:  
Cn(H2O)n, sadac n 2-ze metia. amis magali-
Tia erT-erTi gavrcelebuli naxSirwyali 
glukoza _ C6H12O6 (sur. 1.8). glukoza 
martivi nax Sirwyali _ monosaqaridia. mo-
nosaqaridSi naxSirbadis atomebis ricxvis 
mixedviT ujredebSi gavrcelebuli nax-
Sirwylebia triozebi (mag., rZemJava, pi-
royurZnis mJava/piruvati), pentozebi 
(mag., riboza da dezoqsiriboza) heqsoze-
bi (mag., glukoza, fruqtoza, galaqtoza). 
ori monosaqaridis SeerTebiT disaqaridi 
miiReba, samis SeerTebiT _ trisaqaridi, 
mravali monosaqaridis SeerTebiT _ rTu-
li naxSirwyali _ polisaqaridi miiReba. 
2-10 monosaqaridisgan Sedgenil mokle 
jaWvis naxSirwylebs oligosaqaridebi 

ewodeba. amrigad, naxSirwylebs ajgufe-
ben monosaqaridebad, oligosaqaridebsa 
da poli saqaridebad. monosaqaridebi da 
disaqaridebi wyalSi ixsneba da tkbili 
gemo aqvs. rac ufro izrdeba monosaqa-
ridebis ricxvi naxSir wyalSi, miT ufro 
kargavs tkbil gemos da mcirdeba wyalSi 
xsnadoba.

saxameblis garda polisaqaridebs mie-
kuTvneba celuloza, glikogeni (sur. 1.9), 
qitini, mureini da sxv. qitini da mureini 
azotis Semcveli naxSirwylebia. yvela po-
lisaqaridis monomeri glu kozaa. polisa-
qaridebis mravalferovnebis mizezi glu-
kozis funqciuri jgufebis gansxvavebuli 
mdebareoba da maTi SeerTebis sxvadasxva 
tipia. qitinisa da mureinis monomer glu-
kozas aqvs azotis Semcveli danamati. po-
lisaqaridebi wyal Si uxsnadia.

naxSirwylebi organizmSi mravali saxi-

naxSirwylebi

monosaqaridebi

disaqaridebi

polisaqaridebi

glukoza fruqtoza galaqtoza

maltoza saqaroza laqtozaOH

OH

OH

OH

CH2OH

H

H

H
H

H

O

sur. 1.8glukozis molekula

saxamebeli

cxrili 1.3 .                                    naxSirwylebis mravalferovneba da funqciebi

naxSirwylis 
saxeoba

atomuri 
Sedgeniloba

monosaqaridi/ disaqa-
ridi/polisaqaridi

wyalSi 
xsnadoba

sad gvxvdeba funqcia

glukoza C,H,O monosaqaridi xsnadi
yvela tipis 
ujredSi

energetikuli

saqaroza C,H,O disaqaridi xsnadi mc. ujredSi samarago

celuloza C,H,O polisaqaridi uxsnadi mc. ujredSi
struqturu-
li, sayrdeni, 
damcvelobiTi

saxamebeli C,H,O polisaqaridi uxsnadi
mcenareul
ujredSi

samarago

glikogeni C,H,O polisaqaridi uxsnadi
cxov., baqteriisa 
da sokos ujredSi

samarago

qitini C,H,O,N polisaqaridi uxsnadi
sokos ujredSi, 
fexsaxsrianebis 
garegan ConCxSi

struqturu-
li, sayrdeni, 
damcvelobiTi

mureini C,H,O,N polisaqaridi uxsnadi
baqteriis 
ujredSi

struqturu-
li, damcvelo-
biTi
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saa da mravalferovan funqcias asrule-
ben (Sejamebuli saxiT ix. cxr.1.3):

• energetikuli _ ujredSi energiis 
ZiriTadi wyaros rols glukoza asru-
lebs, radgan igi wyalSi xsnadia da ad-
vilad transportirdeba organizmSi. 1 g 
glukozis daJangvis Sedegad gamoTavi-
sufldeba 17,1 kj energia (energia wyal-
badis atomebis daJangvis xarjze gamoTa-
visufldeba). 

C6H12O6 + 6O2 → 6H2O + 6CO2 + energia

• struqturuli (samSeneblo) _ po-

lisaqaridebi wyalSi uxsnadia, amitom 
SeuZliaT Seqmnan sxvadasxva biologiu-
ri sistemis mniSvnelovani struqturebi. 
magaliTad, celuloza Sedis mcenareuli 
ujredis kedlis SemadgenlobaSi, xolo 
qitini _ sokos ujredis kedlisa da zo-
gierTi cxovelis (mag., fexsaxsrianebis) 
garegani ConCxis SemadgenlobaSi. 

• celulozasa da qitinTan dam cve-
lobiTi funqciacaa dakavSirebuli, rad-
gan ujredis kedeli ujreds, xolo gare-
gani ConCxi fexsaxsrianebis sxeuls icavs 
sxvadasxva araxelsayreli faqtorisgan. 

sur. 1.9

saxameblis marcvlebi 
(samarago funqcia)

glikogenis marcvlebi 
(samarago funqcia)

celuloza 
ujredis kedlis 
SemadgenlobaSi 
(sayrdeni da 
damcvelobiTi 
funqcia)

celuloza 

glukoza 

glukoza 

glukoza 

glikogeni

saxamebeli

polisaqaridebi ujredebSi
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struqturuli mravalferovnebis miu   -
xe davad, yvela lipidisTvis saerTo Tvi-
sebebia damaxasiaTebeli: wyalze msubuqia, 
arapolaruli molekulebia da amitom 
wyal Si uxsnadi _ hidrofoburi _ nivTie-
rebebia. samagierod, kargad ixsne ba iseT 
arapolarul nivTierebebSi, rogoricaa 
qloroformi, eTeri da sxv. lipidebs 

miekuTvneba cximebi da cximis msgavsi niv-
Tierebebi: qolesteroli, cvili, fosfo-
lipidi da sxva. lipidebi, naxSirwylebis 
msgavsad, Sedgeba naxSirbadis, wyalbadisa 
da Jangbadis atomebisgan.

yvelaze gavrcelebuli lipidia  cximebi 
anu trigliceridebi. umetes SemTxveva-
Si, cximebis Semcve loba ujredSi 5-15%-s 
ar aRemateba, magram cximovani qsovilis 
ujredebi, zogierTi mcenaris Teslisa 
da nayofis ujredebi 90%-mde cxims Sei-
cavs. cximi Sedgeba samatomiani spirtis 
_ glicerinisa da cximovani mJavebisgan 
(sur. 1.10). cximovan mJavebs or jgufad 
yofen: ujeri cximovani mJavebi da najeri 
cximovani mJavebi. cximebis Tviseba  imazea 
damokidebuli, Tu rogori cximova ni mJa-
vebisgan Sedgeba. oTaxis temperaturaze 
mcenareuli cximebi/zeTebi Txevadia, rad-
gan ujeri cximebisgan Sedgeba. cxove luri 
cximebi ki najeri cximovani mJave bisgan 
Sedgeba, oTaxis temparaturaze mya ria da 
qons uwodeben. aris  gamonaklisic: qoqo-
sis cximi myaria, Tev zis qoni _ Txevadi.

ujredebSi mniSvnelovan rols asru-
lebs fosfolipidebi da glikolipidebi 
(sur. 1.11). magaliTad, isini Sedian ujre-
du  li membranebis SemadgenlobaSi da um-
niSvnelovanes rols asrulebs (gv. 43). 

lipidebs miekuTvneba qolesterolic. 
igi wyalSi uxsnadi nivTierebaa. qoles-
teroli organizmSi mniSvnelovan funq-
ciebs asrulebs. igi simtkices aniWebs 
ujredis membranebs, misgan warmoiqmneba 
naRvlis mJava, sasqeso hormonebi da D 

jgufis vitaminebi. magram qolestero-
lis siWarbem SeiZleba naRvlis kenWebis 

sur. 1.10

sur. 1.11

H

H

H H H H H H HH H HH H HH H H

H H H H H HH H HH H HH H H

C C C C C CC C CC C CC C C HCC

O

O

H

H H H H H HH H HH H HH H H

H H H H H HH H HH H HH H H

C C C C C CC C CC C CC C C HCC

O

O

H

H H H H H HH H HH H HH H H

H H H H H HH H HH H HH H H

C C C C C CC C CC C CC C C HCC

O

O

cximovani 
mJavebi

triglicerini

fosfolipidi glikolipidi

hidrofiluri 
Tavi

hidrofoburi 
kudebi

cximovani 
mJavebi

cximis molekula

triglicerini

• samarago sakvebi nivTierebebis sa-
xiT ujredebSi grovdeba _ glukoza da 
fruqtoza xilSi, laqtoza rZeSi, saqa-
roza Saqris WarxalSi, polosaqaridebi-
dan saxamebeli mcenareebSi, glikogeni 

cxovelur (mag., adamianSi RviZlisa da 
ConCxis kunTebis), sokoebisa da baqterie-
bis ujredebSi. saxamebeli da glikogeni 
saWiroebis SemTxvevaSi advilad iSleba 
glukozad.

1.3. lipidebi 
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rebulia imasTan, rom cximovani mJa-
va wyalbadis atomebs didi raodenobiT 
Seicavs, energia ki wyalbadis atomebis 
daJangvis Sedegad gamoTavisufldeba). 

• samarago sakvebi nivTierebebis sa-
xiT ujredebSi grovdeba cximis wveTebi. 
cximis daJangvis Sedegad ara marto didi 
raodenobiT energia gamoTavisufldeba, 
aramed wyalic gamoiyofa (100g cximis da-
Jangvisas 107 ml wyali gamoiyofa). amitom 
zogierT cxovelSi (mag., aqlemSi, kengure-
sebr virTagvaSi) dagrovebuli cximi sak-
vebis maragis rolsac asrulebs da, upir-
veles yovlisa, samarago wylis rols. 

• Tboregulacia _ civ klimatur pi-
robebSi mcxovreb zogierT cxovels kan-
qveS warmoeqmneba cximovani Sris sqeli 
fena, romelic siTbos ar atarebs da am 
cxovelebs icavs gacivebisgan. 

• organizmis fiziologiuri proce-
sebis regulacia _ zogierTi hormoni 
(მაგ., sasqeso hormonebi) da vitamini (A, 
D, E) qimiuri bunebiT lipidia. 

warmoqmna da gulsisxlZarRvTa daavade-
bebi gamoiwvios. 

cvils organizmebi iyeneben, rogorc 
sapox da wylisagan damcav saSualebas. 
fut krebi da sxva mwerebi cvilisgan age-
ben  fiWis ujredebs, romelSic kvercxebs 
deben da sakvebis marags inaxaven.

lipidebi organizmSi mravalferovan 
funqcias asruleben: 

• struqturuli _ fosfolipidebi, 
glikolipidebi da qolesteroli ujre-
duli membranebis SenebaSi mniSvnelovan 
rols asruleben. fosfolipidebis mole-
kulebi Tavisi hidrofoburi bunebis gamo 
bariers warmoqmnian wylian garemosa da 
ujreds Soris.

• energetikuli _ ujredSi cximebis 
daJangviT didi raodenobis energia gamo-
Tavisufldeba, rac ujredis cxovelmoq-
medebas xmardeba. 1 g cximis daJangvis 
Sedegad 38.9 kj energia gamoTavisu f l-
de ba, igi TiTqmis 2-jer metia, vidre nax-
Sirwylebisa da cilebis daJangvis dros 
gamoTavisuflebuli energia (es dakavSi-

ujredis organuli naerTebidan rao-
denobrivad da saxeobrivi mravalferov-
nebis mixedviT gamoirCeva cilebi. maT 
SemadgenlobaSi Sedis naxSirbadis, wyal-
badis, Jangbadis, azotis atomebi, zo-
gierT cilaSi ki _ gogirdis, rkinis, 
mag niumis atomebic. cila polimeru-
li naerTia da masSi monomerebis rols 
amino mJavebi asruleben. ujredebSi 170-
ze meti saxis aminomJavaa aRmoCenili, 
magram amaTgan 20 saxis aminomJava mo-
nawileobs cilis sinTezSi (ix. cxr. 1.4.). 
zogierTi organizmi, magaliTad, adamia-
ni 20-ve saxis aminomJavas ver asinTezi-
rebs da igi mas sakvebTan erTad iRebs. 
aseT aminomJavebs Seucvlels uwodeben 
(isini cxrilSi ferad fonzea warmodge-
nili).

1.4. cilebi 
cxrili 1.4

oci standartuli aminomJava

alanini

arginini

asparagini

asparaginis mJava

valini

histidini

glicini

glutamini

glutaminis mJava

izoleicini

leicini

lizini

meTionini

prolini

serini

Tirozini

treonini

triftofani

fenilalanini

cisteini
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sur. 1.12

H
H

N C C

O

R

H

OH

aminomJavebis zogadi qimiuri formula

aminojgufi

radikali

karboqsilis jgufi

aminomJavebs agebulebaSi aqvT msgavse-
bac da gansxvavebac. saerTo jgufebidan 
aRsaniSnavia aminojgufi _ NH2 da kar-
boqsilis jgufi _ COOH. amino mJavebis 
gansxvavebul nawils radikals uwodeben 
da aRniSnaven R-iT (sur. 1.12). radikalis 
mixedviT aminomJaebi erTmaneTisgan gan-
sxvavdebian TvisebebiT (sur. 1.13). amino-
mJavebis umravlesoba wyalSi xsnadia da 
mcire zomisaa, amitom isini advilad 
transportirdeba da monawileoben uj-
redis bioqimiur reaqciebSi.

karboqsilis jgufi – COOH amino-
mJavas aniWebs mJava Tvisebebs, amino-
jgufi – NH2 ki – fuZe Tvi sebebs. amitom 
ami nomJavebi amfote ruli bunebisaa da 
erT ma neTs advilad ukavSir debian. erTi 
amino mJavas karboq si lis jgufidan OH-sa 
da meore aminomJavas aminojgufidan H-is 
SeerTebiT warmoiqmneba wylis molekula. 
gamoTavisuflebuli valentobis xarjze 
ki ori aminomJava ukavSirdeba erTmaneTs 
peptidur-kovalenturi bmiT da miiReba 
dipeptidi (sur. 1.14), sami aminomJavas da-
kavSirebiT – tripeptidi, mravali amino-
mJavas dakavSirebiT ki _ polipeptidi.

miuxedavad imisa, rom cilis mole-
kulis SenebaSi monawileobs mxolod 20 
saxis aminomJava, cilis molekulebis 
mraval ferovneba usazRvroa. amaze miu-
TiTebs is, rom yoveli saxeobisTvis da-

maxasiaTebelia gansakuTrebuli cilebi, 
romlebic ganapirobeben saxeobis uni-
kalur niSan-Tvisebebs. cilis molekule-
biT erTmaneTisgan gansxvavdebian ara 
marto sxvadasxva saxeobis individebi, 
aramed erTi saxeobis individebic ki. 

rasTan aris dakavSirebuli cilis mra-
valferovneba? Sesadareblad gaixseneT 
qar Tuli anbani _ 33 asos sxvadasxva kom-
binaciiT uamravi sityva miiReba. sity-
vebi erTmaneTisgan gansxvav debian aso-
Ta SemadgenlobiT, TanmimdevrobiTa da 
raodenobiT. romelime maTganis Sec v  la 
iwvevs sityvis Sinaarsis cvlilebas. Ti-
Toeuli saxeobis cilisaTvisac damaxasia-
Tebelia Tavisi gansakuTrebuli aminom-
Javuri Semadgenloba, Tanmimdevroba da 
raodenoba. romelime maTganis  cvlileba 
iwvevs cilis raobis, Sesabamisad, mi si 
Tvisebebisa da funqciebis cvlilebas.

aminomJavebis Tanmimdevroba ganapi-
robebs cilis molekulis geometriul-
sivr cul formas. yovel cilas aqvs 
Ta visi specifikuri sivrcobrivi (geomet-
riuli) struqtura, anu konfiguracia, 
rac gansaz Rvravs mis Tvisebebsa da fun-
qciebs. cilebisaTvis damaxasiaTebelia 
sivrcobrivi organizaciis oTxi sxvada-
sxvagvari done: pirveladi, meoreuli, 
mesameuli da meoTxeuli struqturebi 
(sur. 1.15).
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sur. 1.13

alanini

fenilalanini

asparagini
cisteini

glutamini

serini

triftofaniprolini

izoleicini
arapolaruli da 
hidrofoburi 
aminomJavebi

polaruli da 
hidrofiluri 
aminomJavebi

damuxtuli da 
hidrofiluri 
aminomJavebi

tute aminomJavebi mJava aminomJavebi

meTionini

valini

leicini

C 

H
H2N

CH3

OH

O

C

C 

H

N OH

O

C

CH

CH

CHCH2

CH2

CH2

CH2

CH2

CH2

CH2 CH2

CH2

CH3

CH3 CH3

CH3CH3

CH3S

CH3

H

NH2O

CH2

C

NH2O

CH2

CH2

C

glutaminis mJava

OHO

CH2

CH2

C
asparaginis mJava

OHO

CH2

C

NH

CH2

SH

CH2

OH

Tirozini

CH2

OH

glicini
H

treonini

CH3CH

OH

arginini
NH2HN

NH

CH2

CH2

C

CH2 CH2

NH
N

histidini

lizini
NH2

CH2

CH2

CH2

CH2

sur. 1.14
peptiduri bma

C  C

R1

H

H H

H

H2N
OH

O
N C COOH

R2

H

H

C C

R1

H2N

O

N C COOH + H2O

R2H
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sur. 1.15

mesameuli
struqtura

meoTxeuli
struqtura

meoreuli
struqtura

H

N

H

C

O

OH

pirveladi struqtura

cilis pirveladi struqtura warmoa-
d gens gaSlil polipeptidur jaWvs, 
romelsac qmnis kovalentur-peptidu-
ri bme biT dakavSirebuli aminomJavebis 
garkveuli Tanmimdevroba. pirvelad kem-
brijis universitetSi 1944-54 wlebSi f. 
sengeris mier gaiSifra hormon insulinis 
aminmJavuri Tanmimdevroba, risTvisac 
man nobelis premia miiRo. cilis pirve-
ladis struqturis Sesaxeb informacia 
genSi aris kodirebuli.

meoreul struq turaSi cilis poli-
peptiduri jaWvi nawilobriv spiralu-
radaa daxveuli. am dros erT xveulze 
myof NH-jgufis wyal badisa da mezobel 
xveulze myof CO-s Jangbads Soris war-
moiqmneba wyalbaduri bmebi. wyalbaduri 
bma yvelaze susti qimiuri bmaa, magram 
mravaljeradi gameorebis Sedegad simt-
kices aZlevs cilas. zogierTi cilisTvis 
sivrcobrivi umaRlesi done meoreu-
li struqturaa. aseT cilebs boWkovan 
anu fibrilarul cilebs uwodeben. isi-
ni wyal Si uxsnadebi arian, gamoirCevian 
didi meqanikuri simtkiciT. fibrilarul 
cilebs miekuTvneba fibrini, keratini, 
kolageni (kolageni adamianis organizmSi 
cilis 40%-s Seadgens). zogierTi boWko-
vani cila, magaliTad, Tmis struqturu-
li cila _ keratini _ ori spiraluri, 
xolo kolageni sami identuri spiraluri 
polipeptiduri jaWvisgan Sedgeba (sur. 
1.16). am cilebSi meoreuli struqturis 
spiraluri polipeptiduri jaWvebi erT-

maneTs wyalbaduri bmebiT ukavSirdebian.
struqturuli organizaciis mixedviT 

kidev arCeven Sualedur cilebs. Sua-
leduri cilebi fibrilaruli cilebia, 
magram wyalSi xsnadia. Sualeduri cilis 
magaliTia fibrinogeni. 

umravlesoba cilisaTvis damaxasia-
Tebelia kidev ufro maRali donis _ 
mesameuli struqtura. am dros cilas 
aqvs kompaqturi burTulis _ globulis 
saxe da aseTi konfiguraciis cilebs ci-
la-globulinebi ewodeba. isini xsnadebi 
arian. cila-globulinebia fermentebi, 
antisxeulebi, zogierTi hormoni. 

mesameuli struqturis warmosaqmne-
lad aucilebelia wyliani garemo. wyali 
ukuaqcevs aminomJavebis wyalSi uxsnad _ 
hidrofobur _ radikalebs. isini erTma-
neTs ukavSirdebian hidrofoburi (eleqt-
rostatikuri) Zalebis urTierTqmedebiT, 
yvelaze susti, e.w. hidrofoburi bmebiT. 
hidrofoburi bmebis garda, am struqtu-
ras ganamtkicebs kovalenturi _ disul-
fiduri bmebi gogirdis Semcveli aminom-
Javebis (cisteinis) naSTebs Soris, ionuri 
da wyalbaduri bmebi.

cocxal ujredebSi aRmoCenilia cilis 
kidev ufro rTuli sivrcobrivi forma 
_ meoTxeuli struqtura. am SemTxvevaSi 
cila Sedgeba ramdenime polipeptiduri 
jaWvisgan. meoTxeuli struqtura axasia-
Tebs, magaliTad, hemoglobins (sur. 1.16), 
romlis molekulac Sedgeba oTxi cal-
keuli polipeptiduri jaWvisgan (2α da 
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cilis denaturacia sur. 1.17

2β). aqac mniSvnelovania hidrofoburi 
bmebi, aseve, wyalbaduri da ionuri bmebi. 

sxvadasxva fizikur-qimiuri faqto-
rebis (maRali an dabali temperatura, 
dasxiveba, mJavebis, tuteebis koncent-

rirebuli xsnarebi, meqanikuri zemoqme-
deba) gav leniT advilad irRveva cilis 
maRali struqturebi pirvelad struq-
turamde. cilis bunebrivi struq turis 
rRvevas denaturacia ewodeba (sur. 1.17).

zogjer denaturirebuli cila, ro-
melsac SenarCunebuli aqvs pirvelad 
struqturaSi misTvis damaxasiaTebeli 
aminomJavuri Tanmimdevroba, Sesaferis 
pirobebSi kvlav aRidgens misTvis dama-
xasiaTebel konfiguracias, rasac rena-
turacia ewodeba. 

amrigad, cilis bunebrivi konfigura-
cia, misi Tvisebebi da funqciebi damoki-

debulia cilis pirveladi struqturis 
aminomJavur Semadgenlobasa da Tanmim-
devrobaze.

suraT 1.18-ze warmodgenilia, Tu ci-
lis pirveladi struqturis aminmJavuri 
Sedgeniloba da Tanmimdevroba ra gavle-
nas axdens cilis geometriul-sivrcul 
konfiguracuaze, es ukanaskneli ki _ ni-
San-Tvisebaze. 

sur. 1.16 cila-globulinebifibrilaruli cilebi

insulini hemoglobinikolageni

keratini
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hemoglobinis 
molekulebis 

anomaluri 
konfiguracia

niSan-Tviseba _
namgliseburi 

formis 
eriTrociti

namgliseburi 
anemiiT 

daavadebuli 
adamiani

hemoglobinis 
molekulebis 

normaluri 
konfiguracia

niSan-Tviseba _ 
ormxriv Cazneqili 

diskos formis 
eriTrociti

janmrTeli 
adamiani

aminomJavebis anomaluri Tanmimdevroba hemoglobinis imave β polipeptidur jaWvSi

aminomJavebis normaluri Tanmimdevroba hemoglobinis erT-erT β polipeptidur jaWvSi

   valini    histidini    leicini    treonini   prolini 

   valini    histidini    leicini    treonini   prolini 

glutaminis 
mJava

valini

glutaminis 
mJava

glutaminis mJava

aminomJavuri Sedgeniloba da Tanmimdevroba cilis 

pirveladi struqturis fragmentSi

sur. 1.18
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cilis mravalferovneba (rogorc 
struq turis, ise fizikur-qimiuri Tvise-
bebis mixedviT) ganapirobebs mis mraval 
biologiur funqcias. organizmisaTvis 
damaxasiaTebeli niSan-Tvisebebis gamov-
lena cilebTan aris dakavSirebuli.

cilebis funqciebidan erT-erTi aris 

nivTiereba

cilis
molekula

1 2 3

sur. 1.19

aRsaniSnavia cilebis satranspor-
to funqcia. magaliTad, xerxemlianebSi  

O2 da CO2 transportirdeba eriTro-
citebSi arsebuli cila – hemoglobi-
nis saSualebiT; garda amisa, ujredul 
membranebSi CaSenebulia satransporto 
cilebi, romlebic garemodan ujredSi 
da ujredidan garemoSi nivTierebaTa 
trans portirebaSi Rebu loben monawi-
leobas (sur. 1.19). 

cilebi asruleben mamoZravebel fun-
qciasac. magaliTad, mamoZravebel funq-
cias asruleben kumSvadi fibrilaruli 
cilebi _ miozini da aqtini, romle-
bic ganapirobeben kunTebis SekumSvas, 
erTuj redianebSi wamwamebis, Soltebis 
moZraobas.

zogierTi hormoni qimiuri bunebiT 
cilaa. magaliTad, insulini, glukagoni, 
somatotropini da sxva. hormonebi are-
gulireben organizmSi mimdinare sasi-
cocxlo procesebs.

ujreduli membranis zogierTi cila 
asrulebs molekula-receptoris rols, 
ro melic reagirebs ujredTan  kontaq t   Si 
Sesul nivTierebebze, magaliTad, hor-

monebze. urTi erTqmedeba hormonis mo-
lekulasa, magaliTad, insulinisa (1) da 
cila-receptoris molekulas (2) Soris 
damokidebulia am molekulebis sivr-
cobrivi, geometriuli formis Sesaba-
misobaze (sur. 1.20).

didi mniSvneloba aqvs cilebis dam-
cvelobiT funqcias. magaliTad, anti-
sxeu lebi, interferoni (am cilas gamo-
yofs virusiT daavadebuli ujredi mis 
sawinaaRmdegod) cilebia. aseve, cile-
bia fibrinogeni da Trombini, romlebic 
sisxlis Sededebas ganapirobeben. 

samSeneblo, anu struqturuli fun qcia. 
magaliTad, struqturul funqcias asru-
leben: cilebi, romlebic Sedian ujre-
duli membranebis SemadgenlobaSi (gv. 
43), kolageni (Zvlebis, myesebis, xrtile-
bis komponenti), keratini (Tmis, bewvis, 
frCxi lebis, rqebis komponenti) da sxv.

1

1

2

sur. 1.20

1.5. cilebis funqciebi
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katalizatori ewodeba nivTierebas, romelic 
monawileobs qimiur reaqciaSi da cvlis mis siC-
qares, TviTon ki reaqciis damTavrebisas Tvise-
biTad da raodenobrivad ucvleli rCeba. 

kavSiri qimiasTan

antisxeuli aris imunuri cila-glo-
bulini, romelsac warmoqmnis limfoci-
tebi. antisxeuls organizmi gamoimuSa-
vebs antigenis sawinaaRmdegod. antigeni 
SeiZleba iyos baqteriis membranis zeda-
pirze arsebuli cilis an naxSirwylis 
molekula, ujredebidan gamoyofili 
toqsini da sxv. hormonisa da recepto-
ris urTierTobis msgavsad, antisxeu-
li da antigeni erTmaneTs ukavSirdeba 
maTi molekulebis sivrcobrivi for-
mis SeTav sebis, anu e.w klite-gasaRebis 
principiT (sur. 1.21). 

cilebis funqciebidan gansakuTre-
biT mniSvnelovania katalizuri funqcia. 
miuxedavad imisa, rom ujredSi morea-
gire nivTierebaTa koncentracia da tem-
peratura dabalia, ujredSi bioqimiuri 
reaqciebi Zalian swrafad mimdinareobs, 
radgan yovel reaqciaSi biokatalizato-
ri monawileobs. zogierTi cila bioka-
talizatoris rols asrulebs da aseT 
cilebs fermentebs (enzimebs) uwodeben. 
yovel ujredSi asobiT sxvadasxva fer-
mentia. maTi daxmarebiT ujredSi xor-
cieldeba da regulirdeba mravalricxo-
vani bioqimiuri reaqcia. fermentul 
reaqciebSi monawile/dasakatalizebel 
molekulebs substrati ewodeba, xolo 
reaqciis Sedegad miRebul nivTierebas/
nivTierebebs _ produqti.

fermentebi ujredebSi sinTezirdeba 
da maTi umravlesoba ujredis SigniT 
muSaobs. magaliTad, katalaza (igi toq-
sikur wyalbadis zeJangs Slis RviZlis 
ujredebSi) da fosforilaza (igi mcena-
reul ujredebSi glukozas saxameblad 
gardaqmnis). zogierTi fermenti ki uj-
redidan gareT gamoiyofa, sadac Tavis 
funqcias asrulebs. magaliTad, saWm-
lis momnelebeli fermentebi, romlebic 
saWmlis momnelebel arxSi an organizmis 
gareT gamoiyofa. 

fermenti xasiaTdeba Semdegi ZiriTa-
di TvisebebiT:

• fermentebi biologiurad aqtiur 
molekulebs miekuTvneba _ sul mcire 
koncentraciis drosac, SeuZliaT didi 
raodenobis nivTierebis gardaqmna.

• yvela fermenti warmoadgens cila 
globulins;

• safuZvliani gamokvlevebis Sede-
gebma aCvenes, rom umravlesoba fermen-
tis molekulebi gacilebiT didi zomi-
saa, vidre substratis molekulebi; rom 
substrat-fermentis kompleqsSi sub-
stratTan kontaqtSi Sedis fermentis 
molekulis Zalian mcire nawili (3-12 
amino mJavuri naSTi), rasac fermentis aq-
tiur centrs uwodeben (sur. 1.22 a);

• fermentis aqtiuri centrisa da sub  -
stratis molekulis/molekulebis mxo-
lod geome triuli formiT Sesabamiso-
bis SemTxvevaSi warimarTeba fermentuli 
reaqciis procesi (sur. 1.22 b); e.i. fer-
ment-substratis urTierTqmedebis meqa-
nizmic `klite-gasaRebis~ princips efuZ-
neba;

• fermentebi xasiaTdebian specifi-
ku robiT _ maTi umravlesoba  mu Saobs 
mxolod erTi tipis substratTan. ma-
galiTad, proteazebi Slian cilebs,  
magram gavlenas ar axdenen naxSirwyleb-
sa da lipidebze, xolo lipazebi Slian  
lipidebs, magram gavlenas ar axdenen ci-
lebsa da naxSirwylebze. e. i. erTi gar-
kveuli fermenti akatalizebs mxolod 
erTi konkretuli saxis reaqcias. maga-

antisxeuli

antigeni

paTogeni
mikrobi

sur. 1.21
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liTad, disaqaridi (sur. 1.23) ori mono-
merisgan Sedgeba. disaqaridis molekula 
geometriuli SesabamisobiT ukavSirdeba 
fermentis aqtiur centrs da iSleba mo-
nosaqaridebad;

• igi zrdis reaqciis siCqares, mag-
ram TviTon am reaqciaSi arc ixarjeba da 
arc icvleba; amitom fermentis yovel 
molekulas mravaljer SeuZlia monawi-
leoba imave tipis fermentul reaqciaSi; 

• fermentebi gavlenas ar axdenen 
reaqciis produqtis (an produqtebis) 
Tvisebebze.

ujredSi zogierTi fermentis defici-
ti an dazianeba organizmSi iwvevs mZime 

daavadebas (ix. gv. 55-56, 60). denaturi-
rebuli fermenti katalizur funqcias 
ver asrulebs, radgan am dros irRveva 
misi aqtiuri centri.

garkveuli cilebi samarago funqcias 
asrulebs. magaliTad, kvercxis albu mini 
frinvelis kvercxSi, kazeini rZeSi. cxo-
velur ujredebSi cilebi samaragod ar 
grovdeba, magram zogierTi mcenaris, mag-
aliTad, parkosnebis TeslSi didi raode-
nobiT grovdeba. 

cilebi, ujredSi naxSirwylebisa da 
cximebis deficitis dros, energetikul 
funqciasac asrulebs _ 1 g ci lis daJang-
visas 17,6 kj energia gamoiyofa.

sur. 1.23fermentebis mier disaqaridis gardaqmna

aqtiuri 
centri

fermenti

glukoza
fruqtoza

substrati
(saqaroza)fermenti mzadaa 

substratis 
dasakavSireblad

substrati 
ukavSirdeba ferments

produqtebi 
toveben fermentis 
aqtiur centrs

substrati 
gardaiqmneba produqtebad

1

2

4
3

aqtiuri centri substrati

fermenti

aqtiuri centri

sur. 1.22

a b

fermenti
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maRal temperaturaze 
fermentis aqtiuri 
centri SeiZleba dairRves 
_ fermenti denaturirdes 
_ da fermentuli reaqcia 
Sewydes

fermentuli reaqcia 
Cqardeba, aRwevs 
maqsimalur siCqares, 
xolo temperaturis 
Semdgomi momatebiT 
ecema

f
er

me
nt

is
 a

qt
iv

o
ba

temperatura

optimaluri temperatura

sur. 1.24 sur. 1.25

pH-is eqstremalurma 
mniSvnelobam 
SeiZleba fermentis 
denaturacia 
gamoiwvios

f
er

me
nt

is
 a

qt
iv

o
ba

pH

optimaluri pH

 fermentebis aqtivobaze moqmedi faqtorebi

fermentebi garkveulwilad akon  tro-
leben ujredSi mimdinare bioqimiur 
procesebs. magaliTad, gansazRvruli 
fer mentis arseboba an ararseboba akon-
t rolebs, Tu ra tipis reaqciaSi miiRebs 
monawileobas konkretuli molekula. 
garda amisa, fermentis aqtivobasa da, Se-
sabamisad, fermentul reaqciaze gav lenas 
axdens sxvadasxva faqtori. fermentebis 
aqtivoba icvleba pH-is, temperaturis, 
wnevisa da rogorc substratis, ise TviT 
fermentis koncentraciis mixedviT.

temperatura gavlenas axdens fermen-
tis aqtivobaze, ramdenadac:

• maRali temperatura aCqarebs sub-
stratis molekulebis moZraobas, amis 
gamo isini floben did energias fermen-
t Tan dajaxebisas da didi albaTobiT, 
aqtiur centrs ukavSirdebian. fermen-
tis aqtivobac temperaturis momatebiT 
izrde ba garkveul zRvramde.

• temperaturis momatebiT fermen-
tis molekulebic iReben energias da vib-
racias iwyeben. garkveul temperaturaze 
fermentis molekulebi ise Zlierad ga-
nicdian vibracias, rom denaturirdebian 
_ isini kargaven samganzomilebian formas 
da aRar SeuZliaT TavianT substratTan 
dakavSireba. amis gamo maRali temperatu-
ra amcirebs fermentis aqtivobas (sur. 
1.24). yovel ferments aqvs aqtivobisa-
Tvis Tavisi optimaluri temperatura. 

adamianis fermentebis didi nawilisTvis 
optimaluri temperaturaa 37-38°C, mcena-
reebis fermentebis umravlesobisTvis 
optimaluri temperatura 25°C-ze daba-
lia. denaturacia, xSirad, Seuqcevadia da 
amitom ujredebi did Zalisxmevas iCenen 
fermentebis muSaobisaTvis Sesaferisi pi-
robebis SesanarCuneblad. 

pH-c moqmedebs fermentis aqtivoba-
ze, radganac fermentis molekulis gar-
Semo mJava an fuZe garemo moqmedebs mis 
samganzomilebian formaze da SeiZleba 
fermenti denaturirdes (sur. 1.25). yo-
vel ferments Tavisi optimaluri pH aqvs. 
magaliTad, kuWis fermentebisTvis opti-
maluri pH, daaxloebiT, 2-ia (maRali mJa-
vianoba), xolo amilazasTvis piris RruSi 
_ 7,5 (susti tute), pankreasisa da wvrili 
nawlavis fermentebisTvis 7,5-8.

zogierTi nivTiereba cvlis fermentis 
substratTan dakavSirebis albaTobas. 
aqtivatori fermentis substratTan da-
kavSirebis SesaZleblobas zrdis. inhibi-
torebi aZneleben fermentis substrat-
Tan dakavSirebas, magaliTad, cianidis 
ionebi sunTqvaSi monawile fermentebis 
aqtiur centrs blokavs. zogierTi fer-
menti srulad ganicdis inhibirebas mZi-
me metalebis (vercxliswylis, vercxlis, 
uranis) ionebis Zalian mcire koncentra-
ciiTac ki.
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ingliseli bioqimikosi sengeris mier aTwliani muSaobis Semdeg insulinis aminmJavuri 

Sedgenilobisa da Tanmimdevrobis gaSifvris Semdeg mecnierebi dResac aqtiurad ikvleven 

bunebrivi cilebis aminomJavur Sedgenilobas. dReisTvis identificirebulia 1200-ze meti 

bunebrivi cilis struqtura. kvleva miznad isaxavs, naTeli mohfinos organizmTa zrdis, 

organizmTa naSTebis qimiuri daSlis/degra daciisa da daavadebebisgan dacvis procesebis 

mraval saidumlos. 

cilebis gamoyenebis sfero iseTive mravalferovani da mravalricxovania, rogorc Ta vad 

cilebi. samrewvelo mizniT cilebis gamoyeneba, ZiriTad SemTxvevaSi, efuZneba fermentebs. 

fermentebs aqtiurad iyeneben mrewvelobis mraval dargSi, radgan misi gamoyeneba samrewve-

lo procesebSi iseve, rogorc organizmSi, ar moiTxovs eqstremalur pirobebs. magaliTad, 

amiakis samrewvelo warmoeba moiTxovs 7500C -s da atmosferul wnevaze 30-jer maRal wnevas 

maSin, rodesac azotfiqsaciis baqteriebi am process 250C temperaturasa da atmosferul 

wnevaze warmarTaven. amitom komerciuli gamoyenebisTvis fermentebis umravlesobas iReben 

mikroorganizmebisgan _ sokoebisgan an baqteriebisgan. zogjer organizmi bunebrivad gam-

oyofs garemoSi Tavis substratze fermentebs; zogjer ki fermentebs uSua lod mikroorga-

nizmis ujredidan iReben. 

fermentebs aqtiurad iyeneben kvebis mrewvelobaSi. magaliTad, gamoiyeneba yvelisa da 

rZis sxva produqtebis, sasmelebis (ludisa da Rvinis) warmoebaSi. 

mecnierebma gamoikvlies, rom mkvdari veSapis ConCxis bunebrivi daSlis procesSi monawi le 

zogierTi baqteria Slis ZvalSi arsebul cximebsac. cximovani narCenebis damSleli fermen-

tebi adaptirebulia zRvis siRrmeSi arsebul dabal temperaturasTan. mecnierebi mixvdnen, 

rom dabal temperaturaze cximebis damSleli nivTiereba efeqturi danamati iqneboda sare-

cxi fxvnilebisTvis. Sedegad, Seqmnes biologiuri sarecxi fxvnilebi, romlebic moqmedeben 

gacilebiT dabal temperaturaze, rac Semdeg upiratesobas iZleva: 1) wylis gaTbobaze nak-

lebi energiis xarjva da 2) recxvis procesSi tansacmlis Sedgomis naklebi riski. qimwmendaSi 

tansacmlidan laqebis amosaRebad iyeneben lipazebs, amilazasa da proteazebs. 

fermentebs iyeneben medicinaSic sxvadasxva daavadebis simptomebis gamovlenis Sesasuste-

blad. ferment katalazas iyeneben Wrilobebis gadasxvev masalebSi. saxvevSi katalaza wyalba-

dis zeJangs gardaqmnis Jangbadad da wylad. Jangbadi Trgunavs saSiS anaerobul baqteriebs, 

magaliTad, rogoricaa airovani gangrenis gamomwvevi baqteriebi da aCqarebs Sexorcebas. 

hormonebi da antisxeulebi komerciuli mizniT warmoebuli cilebis kidev ori jgufia, rom-

lebic samedicino mrewvelobaSi gamoiyeneba. hormonebs warmatebiT iyeneben soflis meur-

neobaSic. magaliTad, hormonebs SeuZlia saxorce jiSis cxovelebis zrdisa da mcenareTa 

dafesvianebis stimulireba.

yvela organizmis ujredebisTvis saer-
Toa is, rom maT aqvT memkvidruli/gene-
tikuri informaciis matarebeli kompo-
nenti _ dezoqsiribonuklei nis mJava  (dnm). 
genebi, romlebic dnm-Sia lokalizebuli, 
akontroleben ujredSi mimdinare mra-

valricxovan da mravalferovan process, 
gansazRvraven Cvens qcevas, garegno-
bas, fizikur niSan-Tvisebebs, zogierTi  
daava debisadmi genetikur ganwyobas da 
a.S. eukario tul ujredebSi dnm-is Ziri-
Tadi nawili ujredis birTvSia moTavse-

 nukleinis mJavebis struqturisa da funqciebis Taviseburebani

1.6. nukleinis mJavebi 
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Svedma mecnierma fridrix miSerma 1869 wels pirvel-
ma aRmoaCina birTvSi nukleinis mJavebi. man es nivTiere-
ba leikocitebis birTvidan gamoyo da gamoikv lia, rom 
masze cilis damSleli fermentebi _ proteazebi _ ar 
moqmedebda. es miuTiTebda, rom cilebis gan gansxvave-
buli sxva nivTiereba iyo aRmoCenili. 

1950-iani wlebis periodSi rentgenografiuli 
meTodis gamoyenebiT, rozalind franklini da moris 
uilkinsi ikvlev dnen dnm-s. rodesac rentgenis sxivebs 
dnm-Si atarebdnen, dnm-is atomebi iZleoda gansxvavebul gamosaxulebas, romelTa aRbeWvda 
SeiZleboda firze. kvlevebma uCvenes, rom dnm warmoadgens or jaWvian spirals. rozalind 
franklinma gadaiRo dnm-is suraTebi, romelic amtkicebda misi molekulis spiralur for-
mas. franklinis kvlevis monacemebze dayrdnobiT,  1953 wels amerikelma biologma j. uot-
sonma da ingliselma fizikosma f. krikma Seqmnes dnm-is molekulis orjaWviani sivrculi 
modeli. igi yvelaze unikaluri molekuluri modelia, rac ki Seqmnila biologiaSi (ix. su-
raTze). am naSromisTvis maT 1962 wels nobelis premia miiRes.

sur. 1.26

1 2 3

T

A

G

C

sur. 1.27

buli (birTvuli memkvidreobiToba). dnm 
aris agreTve citoplazmaSic, mitoqon-
driebisa da qloroplastebis Semad-
genlobaSi (citoplazmuri memkvidreo-
biToba). dnm-is molekula polimeruli 
naerTia, rome lic erTmaneTis mimarT 
spiralurad daxveuli ori polinukleo-
tiduri jaWvisgan Sedgeba (sur. 1.26).

dnm-is monomerebi nukleotidebia. 
nuk leotidi oTxi saxisaa (sur. 1.27): ad-
eniniani, Timiniani, citoziniani da gua-
niniani. TiToeuli nukleotidi Sedgeba 
sami jgufisgan: 1 _ fosfaturi jgu-
fi (fosformJavas naSTi), 2 _ pento-

za (xuTnax Sirbadiani monosaqaridi), 3 
_ azotovani fuZe. sxvada sxva nukle-
otidi erTmaneTisgan mxolod azoto-
vani fuZeebiT gansxvavdeba da aqedan 
warmodgeba maTi saxelwodebebic (sur. 
1.28). azotovani fuZeebi ori tipisaa _ 
purinebi da pirimidinebi. adenini (A) da 
guanini (G) purinebis jgufs miekuTvne-
ba, xolo Timini (T) da citozini (C) ki _ 
pirimidinebis jgufs.
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dnm-is polimerSi nukle-
otidebi mra valjer meorde-
ba. nukleotidebi uerTdebian 
erTmaneTs da qmnian dnm-is erT 
jaWvs. nukleotidebis dakav-
Sireba erT jaWvSi xorcieldeba 
erTi nukleotidis naxSirwyal-
sa da meore nukleotidis fos-
formJavas naSTs Soris kova-
lenturi bmiT (sur. 1.29). 

dnm-is molekulis ori jaWvis 
nukleo tidebi erTmaneTs uka-
vSirdebian azotovani fuZee-
biT (sur. 1.30). Tu suraTs 
daakvirdebiT, aRmoaCenT, rom 
azotovani fuZeebi erTmaneTs 
SemTxveviT ar ukavSirdebian. 
erT jaWvSi arsebul adenins 
ori wyalbaduri bmiT ukav-
Sirdeba meore jaWvis Timini, 
xolo guanins _ citozini sami 
wyalbaduri bmiT. azotovani fuZee-
bi erTmaneTs  ukavSirdebian sivrculi 
(geometriuli) formis SesabamisobiT. 
nukleotidebis ganlagebis am princips 
ewodeba komplementarobis principi. ami-
tom dnm-Si adeninis raodenoba yovel-
Tvis utoldeba Timins. aseve, guaninis 

raodenoba citozinis raodenobis to-
lia. adeninisa da Timinis raodenoba Sei-
Zleba ar iyos guaninisa da citozinis 
raodenobis toli, magram yovelTvis  

A+ G = T + C. es kanonzomiereba aRmoaCi-
na da sazogadoebas amcno ervin Cargafma 
1951 wels da mas Cargafis wess uwodeben.

dezoqsiribonukleotidebi

 G _ guanini (azotovani fuZe)  C _ citozini (azotovani fuZe)

dezoqsiriboza 
(naxSirwyali)

 A A _ adenini (azotovani fuZe) T _ Timini (azotovani fuZe)

fosfor mJavas 
naSTi

dezoqsiriboza 
(naxSirwyali)

fosformJavas 
 naSTi

dezoqsiriboza 
(naxSirwyali)

fosformJavas 
naSTi dezoqsiriboza 

(naxSirwyali)
fosformJavas 

naSTi

1. adeniniani _ A; 2. Timiniani _ T; 3. guaniniani _ G; 4. citoziniani _ C.

1. 

3.

2.  

4.

sur. 1.28

SeniSvna: dnm-nukleotidebic imave laTinuri asoebiT aRvniSnoT, riTac azotovani fuZeebi.

dnm-is molekulis jaWvis erT 
boloSi fosformJavas naSTia, 
romelic dezoqsiribozas 
mexuTe naxSirbadTan (5') aris 
dakavSirebuli, xolo meore 
boloSi dezoqsiribozas mesame 
naxSirbadTan (3') _ hidroqsi-
lis jgufi.

nukleotidebis dakavSireba erT jaWvSi

sur. 1.29

5' bolo

3' bolo

5'C

3'C

OH
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komplementarobis principi uzrunvel-
yofs azotovan fuZeebs Soris maqsimalu-
ri raodenobiT bmis warmoqmnasa da orma-
gi spiralis mTel sigrZeze jaWvebs Soris 
Tanabari manZilis dacvas. ormagi spira-
lis diametri 1,7 nanometri _ nm-ia, xolo 
yoveli komplementuri nukleotidis 
wyvilis zoma spiralis RerZis gaswvriv 
aris 0,34 nanometri _ nm (1nm = 10-6 mm). 
dnm-is ormagi spirali daxveul kibes 
mogvagonebs. kibis TiToeuli safexuri 
komplementuri azotovani fuZeebisgan 
Sedgeba, xolo kibis kideebi Seicavs nax-
Sirwyalsa da fosfatis molekulebs, rac 
dnm-is erT gvar `xerxemals~ qmnis.  

ici, rom cilis mravalferovneba mis 
aminomJavur Semadgenlobasa da Tanmim-
devrobazea damokidebuli. es informacia 
Cawerilia dnm-Si. dnm-is monakveTs, rome-
lic Seicavs informacias cilis pirvela-

di struqturis Sesaxeb, geni ewodeba. dnm-
is funqciaa memkvidreobiTi informaciis 
Senaxva da gada cema.

yvela saxis dnm-is molekulas erTnai-
ri qimiuri struqtura aqvs _ oTxi saxis 
nukleotidisgan Sedgeba, magram yove-
li saxeoba da individi erTmaneTisgan 
gansxvavdeba dnm-Si nukleotidebis  Tan-
mimdevrobiT. nukleotidebis sxvadasxva 
Tanmimdevroba qmnis dnm-is molekulebis 
mravalferovnebas, romelic Tavis mxriv, 
cocxali arsebebis biomravalferovnebis 
safuZvelia. 

ujredebSi aris nukleinis mJavebis 
kidev erTi tipi _ ribonukleinis mJava  
(rnm). rnm, iseve rogorc dnm, polimeria. 
isic Sedgeba nukleotidebisagan. aris 
gansxvavebac dnm-isa da rnm-is agebule-
bas Soris. rnm, dnm-sgan gansxvavebiT, 
erTjaWviania (sur. 1.31). rnm-nukleo-

rnm-nukleotidebi sqematurad

1 2 3

U

A

G

C

rnm

sur.  1.31 sur. 1.32

sur. 1.30

A

T

C

G

G

C

G

T

A A

A

A

A A

A

A

A
T T

T

C

C

C

C

C

G

G

G
G

GfosformJavas
naSTi

naxSirwyali

azotovani 
fuZe

dnm-is ori jaWvis erTmaneTTan dakavSireba

dnm-is molekulaSi komplementarul jaWvebs urTierTsapirispiro orientacia aqvT.

3'

5' 5'

3'
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ribonukleotidebi

 G _ guanini (azotovani fuZe)   C _ citozini (azotovani fuZe)

riboza 
(naxSirwyali)

 A  _ adenini (azotovani fuZe)  U _ uracili (azotovani fuZe)

fosfor mJavas 
naSTi

riboza 
(naxSirwyali)

fosformJavas 
 naSTi

riboza 
(naxSirwyali)

fosformJavas 
naSTi riboza 

(naxSirwyali)
fosformJavas 

naSTi

rnm-nukleotidebi: 

1. adeniniani _ A; 2. uraciliani _ U; 3. guaniniani _ G; 4. citoziniani _ C.

1. 

3.

2.  

4.

sur. 1.33

tidebic imave komponentebisgan Sedgeba, 
risganac dnm-nukleotidebi (1-fosfatis 
jgufi, 2-pentoza da 3-azotovani fuZe), 
mxolod rnm-nukleotidebSi dezoqsiri-
bozas nacv  lad ribozaa, xolo azotovani 
fuZe Timinis nacvlad uracilia (sur. 
1.32 da 1.33). 

rnm ramdenime saxisaa: informaciuli 
rnm (i-rnm), anu matriculi rnm (m-rnm) 
– mas informacia cilis pirveladi 

struqtu ris Sesaxeb dnm-dan cilis sin-
Tezis adgi las gadaaqvs; transportuli 
rnm (t-rnm) – aminomJavebi gadaaqvs ri-
bosomebSi; ribosomuli rnm (r-rnm) Se-
dis ribosomis SemadgenlobaSi da mis 
funqcionirebas ganapirobebs. yvelaze 
didi zomisaa r-rnm, igi ramdenime aTasi 
nukleotidisgan Sedgeba. yvela saxeobis 
rnm-Si azotovani fuZeebi erTnairia: A, 

U, C, G.

  genetikuri masalis kvlevis istoria

dRes bevri ram aris cnobili dnm-sa 
da genebis Sesaxeb, magram informacia 
sicocxlis molekulis (rogorc dnm-s 
uwodeben) Sesaxeb gasuli saukunis 20-30 
-ian wlebamde Zalian mwiri iyo. XX sauku-
nis Sua wlebSi bevri mecnieri muSaobda 
imis dasadgenad, ra nivTiereba asrulebda 
memkvidruli materialuri masalis rols 
– cila Tu dnm. mecnierebis umravleso-
ba Tvlida, rom dnm-is qimiuri Sedgeni-
loba imdenad martivi da ganmeorebadia, 
rom ar SeiZleba iyos genetikuri masala; 

cilebi ki ufro mravalferovania struq-
turiT, amitom genetikuri masalisTvis 
ukeTes variantad miaCndaT.1920 wlidan 
eqsperimentebis monacemebi am ideas ar 
amtkicebda. 1950 wlisTvis kvlevebis Se-
degad dagrovda sakmao mtkicebulebebi 
imisa, rom dnm aris swored is moleku-
la, romelic atarebs genetikur infor-
macias. qvemoT rubrikaSi _ `mecniereba 
praqtikaSi~ _ warmodgenilia am mimar-
TulebiT Catarebuli yvelaze cnobili 
kvle vebi.
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cocxali 

R-Stami

cocxali 

S-Stami

cocxali R-Stami

+ mkvdari S-Stami

mkvdari

S-Stami

I II III IV

grifitis eqsperimenti

1928 wels britaneli mikrobiologi frederik grifiti ikvlevda pnevmoniis (filtvebis an-
Tebis) gamomwvev baqteriis (pnevmokokebis) or Stams: virulentur (daavadebis gamomwvev) kaf-
sulian formas _ S _ baqteriebis Stams _ da ukafsulo aravirulentur R _ baqteriebis Stams. 
man aRmoaCina, rom kafsuliani pnevmokokebi iwveven filtvebis anTebas (radgan kafsula icavs 
maspinZlis imunuri sistemisgan), ukafsuloebi ki ar iwveven filtvebis anTebas.

eqsperimentis etapebi:  

• eqsperimentis pirvel etapze grifitma sacdeli virTagvebis erT jgufSi cocxali R-baq-
teriebi inieqciiT Seiyvana. cxovelebi cocxlebi darCnen, maTi sisxli cota xnis Semdeg 
R-baqteriebs aRar Seicavda (I). virTagvebis meore jgufs Seuyvana cocxali S-baqteriebi. 
dasnebovnebuli virTagvebi ramdenime dReSi daixocnen, maTi sisxli S-baqteriebs Seicav da 
(II).

• eqsperimentis Semdeg etapze grifitma winaswar mokla S-baqteriebi maRali temperaturis 
zemoqmedebiT da daxocili baqteriebi Seuyvana virTagvebs sxeulSi. virTagvebi avad ar 
gamxdaran, maTi sisxli S-baqteriebs ar Seicavda (III).

• amis Semdeg grifitma erTmaneTs Seuria mkvdari S da cocxali R-baqteriebi da virTag vebs 
sxeulSi inieqciiT Seuyvana. virTagvebi avad gaxdnen da daixocnen (IV). grifitma daxocili 
cxovelebis sisxlSi aRmoaCina cocxali S-baqterie bi. 

ra moxda, S-mikrobebi gacocxldnen? saidan gaCnda cocxali S-baqteriebi? grifitma iva-
rauda, rom mkvdari kafsuliani pnevmokokebis mier gamoyofili raRac nivTierebis zegav-
leniT cocxali ukafsulo R-baqteriebis nawils gauCnda iseTive kafsula, rogoric hqonda 
S-baqteriebs, anu moxda genetikuri masalis transformireba (cvlileba) R-baqteriebSi. Tu-
mca grifitma am eqsperimentebiT ver daadgina, S-Stamis romeli nivTiereba _ cila Tu dnm, 
atarebda da gadascemda genetikur informacias kafsuliani garsis Sesaxeb.
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warmoiqmna S-Stamis 

baqteriebi

ar warmoiqmna S-Stamis 

baqteriebi

+ amilazebi + lipazebi + rnm-nukleaza + dnm-nukleaza+ proteaza

cocxali R-Stami 

+ mkvdari S-Stami

    eiveris eqsperimentebi _ 1944

raSi mdgomareobs grifitis mier aRmoCenili genetikuri transformaciis/gardaqmnis prin-
cipi? es kiTxva aRelvebda osvald eiversa da mis kolega biologebs. isini 10 welze metxans 
muSaobdnen, rom epovaT pasuxi kiTxvaze. eiveris gundma muSaoba daiwyo cocxali R-baqterie-
bis mkvdari S-baqteriebis eqstraqtTan SereviT. am proceduram SesaZlebeli gaxada uSua lod 
dahkvirvebodnen petris jamze R-baqteriebis S-baqteriebad gardaqmnas. maT, grifitisgan gan-
sxvavebiT, cocxali R-baqteriebis mkvdari S-baqteriebis eqstraqtis erT nawils amatebd-
nen amilazebs, meores _ lipazebs, sxva nawils _ rnm-nukleazas, nawilsac _ proteazas an 
dnm-nukleazas (eqsperimenti warmodgenilia qvemoT suraTze). rogorc suraTze aRwerili 
eqsperimentidan Cans, Tagvebi cocxlebi mxolod maSin gadarCnen, rodesac eqstraqts dauma-
tes dnm-poilmeraza. 1944 wels eiverma da misma gundma warmoadgina es da sxva mtkicebulebe-
bi im dasknis sasargeblod, rom dnm-Tan unda iyos dakavSirebuli transformaciis principi, 
anu dnm aris genetikuri masala.

     ioahim hemerlingis eqsperimentebi

grifiti da eiveri muSaobdnen proka riot organizmebze _ baqteriebze. ger mane li mecnieri 
ioahim hemerlingi gasuli saukunis 30-ian wlebSi dainteresda, sad aris moTavsebuli geneti-
kuri informacia eukari-
ot organizmebSi _ birT-
vSi Tu citoplazmaSi (ix. 
misi eqspe rimentebi). 

1930 wels ioahim he-
merlingi eqsperiments 
atarebda erTujredian 
wyal mcenare acetabula-
rias or sxvadasxva saxeo-
baze: ovalurqudiansa da 
danakvTulqudianze (ix. 
suraTze).

erTujrediani wyalmcenare acetabularia

ovalurqudiani
danakvTulqudiani

`qudi~

`Rero~

`Ziri~

birTvi
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a _ ovalurqudiani acetabularia; b _ danakvTulqudiani acetabularia 

hemerlingis eqsperimentis meore nawili

ovalurqudiani Rero miuerTa 
danakvTulqudianis Zirs da 
danakvTulqudiani Rero _ 
ovalurqudianis Zirs

gadanergili 
Reroebi 
qudiTurT daWkna

a a a ab b bb

ramdenime xnis Semdeg 
TiToeul Zirze 
ganviTarda Rero 
sawyisi mcenarisTvis 
damaxasiaTebeli
formis qudiT

hemerlingma Catarebuli eqsperimentebis Sedegebis analizis safuZvelze daaskvna, rom ge-
netikuri informacia eukariot organizmebSi birTvSia organizebuli, radgan: 1) pirvel eqs-
perimentSi gadaWrili Reroebi qudebiTurT daWkna, xolo TiToeuli Ziridan kvlav igivve 
formis Rero da qudi ganviTarda; 2) meore eqsperimentis dros ki acetabulariebma saxe ic-
vales: ovalurqudianis Zirze mierTebulma danakvTulma qudma ovaluri forma miiRo, xolo 
danakvTulqudianis Zirze mierTebulma ovalurma qudma danakvTuli forma miiRo. SeniSvna: 
SegaxsenebT, rom birTvi ZirSia.

Ceizisa da herSis eqsperimenti

mecnierebi yovelTvis cdiloben mra valjer gadaamowmon miRebuli faqti, raTa darwmund-
nen mis sisworeSi. amitom eiveris Semdgom cdebi dnm-ze gaagrZeles marTa Ceizma da alfred 
herSim. Ceizma da herSim gamokvleva Caatares 1952 wels. rogorc iTqva, isini cdilobdnen, 
moepovebinaT damatebiTi eqsperimentuli mtkicebulebebi, rom dnm atarebs informacias or-
ganizmis niSan-Tvisebebis Sesa xeb.

Ceizi da herSi muSaobdnen baqteriofagze. im periodisaTvis codnis done aseTi iyo: 
mecnierebma icodnen, rom fagi emagreba baqteriis sxeul ze, xsnis garss da ujredSi SeuSvebs 
raRac nivTierebas, romelic atarebs informacias virusis Sesa xeb. virusis es informacia 
gadaecema baqterias da mas aiZulebs daiwyos fagis dnm-isa da cilis sinTezi.

virusis agebulebidan gamomdinare, Ceizi da herSi fiqrobdnen, rom es nivTiereba aris dnm 
an cila. maT gamoiyenes radiaqtiuri izotopebi, raTa gaegoT fagis ra nivTiereba Sedis ba-
qteriis ujredSi. izotopebi asxiveben energias, romlis registraciac SeiZleba specialuri 
xelsawyoebiT.

hemerlingis eqsperimentis pirveli nawili

gadaWrili Rero 
da qudi daWkna

gadaWrili Rero 
da qudi daWkna

a _ ovalurqudiani acetabularia; b _ danakvTulqudiani acetabularia 

a b

Zirze ganviTarda 
ovalurqudiani 
Rero

Zirze ganviTarda 
danakvTulqudiani 
Rero
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Ceizisa da herSis eqsperimentis modeli

baqteriofagebi gamoiyvanes 
radiaqtiur fosforian (P) 

garemoSi

radiaqtiuria 
fagis dnm

radiaqtiuria fagis 
cilovani garsi

fagiT daaavades 
nawlavis Cxiris 

baqteria

fagis raRac nivTiereba 
Sevida baqteriis 

ujredSi

fagebi Slian 
baqteriis ujreds

ujredSi 
radiaqtiurobis 

kvali ar aris

fagebi ar arian 
radiaqtiurni

ujredSi aris 
radiaqtiuri dnm-

is molekula

radiaqtiuri 
fagebis aslebi

baqteriofagebi gamoiyvanes 
radiaqtiur fosforian (S) 

garemoSi

rogorc suraTze warmodgenili eqsperimentis modelze Cans, radiaqtiuri fagebis asle-
bi mxolod maSin miiRes, rodesac baqteriebi gamozardes radiaqtiur fosforian garemoSi. 
radgan fosfori Sedis dnm-is molekulis SemadgenlobaSi da ara cilis, maT daaskvnes, rom 
memkvidruli informaciis matarebeli aris dnm.
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nukleinis mJavebis struqturis Taiseburebebze orientirebuli  
savarjiSoebis amoxsnis magaliTebi.

cnobilia dnm-is SemadgenlobaSi erT-erTi nukleotidis raodenoba da/an  %-uli Semc-

veloba. unda ganisazRvros sxva nukleotidebis raodenoba da/an %-uli Semcveloba.

amocana 1: dnm-is molekulis fragmenti Seicavs 560 nukleotid Timinians (T), rac nuk-
leotidebis saerTo raodenobis 28%-s Seadgens. gansazRvreT dnm-is mocemul fragment-
Si TiToeuli danarCeni nukleotidis raodenoba da %-uli Semcveloba.

amoxsna: dnm-is molekulaSi adeninianis raodenoba yovelTvis Timinianis raodenobis 
tolia. Sesabamisad, dnm-is am fragmentSi adeninianis raodenobac 560-ia da misi Semcve-
lobaa 28%. A-sa da T-s saerTo raodenobaa 1120, rac 56%-s Seadgens. G+C procentuli 
Semcvelobaa 100% - 56% = 44%. G+C raodenoba aRvniSnoT X-iT da SevadginoT propor-
cia: X = (1120 X 44) / 56 = 880. aqedan gamomdinare, G = 440, C = 440.

amocana 2: dnm-is molekula Seicavs 17% adeninians (A). gansazRvreT am molekulaSi 
sxva nukleotidebis %-uli Semcveloba.

amoxsna: adeninianis raodenoba Timinianis raodenobis tolia, Sesabamisad, am mo-
lekulaSi Timinianis Semcvelobac 17%-ia. guaninianisa da citozinianis wilad modis  
100% - 17% - 17% = 66%. radgan citozinianisa da guaninianis raodenoba erTmaneTis 
tolia, C = G = 66% / 2 = 33%.

cnobilia dnm-is molekulaSi nukleotidebis raodenoba da unda ganisazRvros dnm-is 

jaWvis sigrZe.

amocana: dnm-is fragmentSi nukleotidebis raodenobaa 2000. gansazRvreT dnm-is 
mocemuli fragmentis sigrZe.

amoxsna: mocemul fragmentSi 2000 nukleotidia, e.i. 1000 nukleotiduri wyvili. nuk-
leotidebis erTi komplementaruli wyvilis sigrZea 0,34 nm, amitom dnm-is mocemuli 
fragmentis sigrZe iqneba: 1000 X 0,34nm = 340nm.

cnobilia dnm-is molekulis SefardebiTi masa da erTi nukleotidis molekuluri masa. 

unda ganisazRvros dnm-is am molekulaSi nukleotidebis raodenoba.

amocana: dnm-is molekulis SefardebiTi masaa 69000, erTi nukleotidis molekuluri 
masa ki _ 345. gansazRvreT nukleotidebis raodenoba dnm-is molekulaSi.

amoxsna: radgan erTi nukleotidis molekuluri masaa 345, dnm-is molekulaSi nuk-
leotidebis raodenoba iqneba: 69000 / 345 = 200.

cnobilia dnm-is molekulis SefardebiTi masa da erTi konkretuli nukleotidis Sefar-

debiTi masa. unda ganisazRvros dnm-is am molekulaSi TiToeuli nukleotidis raodenoba.

amocana: dnm-is molekulaSi, romlis SefardebiTi masaa 69000, nukleotid A-s wilad 
modis 8625. gansazRvreT TiToeuli saxis nukleotidis raodenoba, Tu erTi nukleoti-
dis molekuluri masa 345-ia.

amoxsna: nukleotidebis saerTo raodenobaa 69000 / 345 = 200. nukleotid A-s raoden-
obaa 8625 / 345 = 25. vinaidan A = T, nukleotid T-s raodenobac 25 iqneba. G-sa da C-s 
raodenoba iqneba 200 - 50 = 150, vinaidan G = C, TiToeulis raodenoba iqneba 150 / 2 = 75.

cnobilia dnm-is fragmentis sigrZe da unda ganisazRvros am fragmentSi nukleotide-

bis raodenoba.

amocana: dnm-is fragmentis sigrZe 680 nm-ia. gansazRvreT nukleotidebis raodenoba 
mocemul fragmentSi.
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amoxsna: cnobilia, rom dnm-Si erTi wyvili nukleotidebis sigrZea 0,34 nm. aqedan ga-
momdinare, mocemul fragmentSi nukleotidebis raodenoba iqneba 680 / 0,34 = 2000.

mocemulia dnm-is fragmentis nukleotiduri Semadgenloba, unda ganisazRvros Ti-

Toeuli nukleotidis %-uli Semcveloba.

amocana: dnm-is erT-erTi jaWvis fragmentis nukleotiduri Semadgenloba aseTia: 
CTATAGTAACAGATGGCATG. gansazRvreT dnm-is am fragmentis orive jaWvSi TiToeuli 
nukleotidis %-uli Semcveloba.

amoxsna: am fragmentSi nukleotidebis saerTo raodenobaa 20, e.i. orive jaWvSi aris 
40. viciT, rom dnm-Si yovelTvis A = T da G = C. daviTvaloT mocemul fragmentSi T-sa 
da A-s raodenoba. igive raodenoba iqneba meore jaWvSi _ T + A = 5 + 7 = 12; anu orive 
jaWvSi A + T = 12 + 12 = 24. imisTvis, rom ganvsazRvroT A + T-s procentuli Semcveloba, 
SevadginoT proporcia: Tu 40 nukleotidi Seadgens 100%-s, maSin 24 nukleotidi Sead-
gens X%-s. X = 24 X 100/40 = 60%. A = T = 60% / 2 = 30%. G + C%-uli Semcveloba iqneba 
100% – 60% = 40%. G = C = 40% / 2 = 20%.
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baqteriebis, mcenareebis, cxovelebis, sokoebis organizmi ujredebis gan Sedge-
ba. sicocxlis struqturul ierarqiaSi ujredi yvela sasicocxlo funqciis 
matarebeli sicocxlis organizaciis yvelaze dabali donea. SekiTxvebze, romelic 
sicocxles exeba, pasuxi unda gaeces ujredis doneze, radgan ujredis struq-
turebis agebulebasa da maT funqciebzea damokidebuli sasicocxlo Tvisebebis 
gamoxatva. ujredis TiToeuli struqturis agebuleba Seesabameba mis funqciebs da 
maT Soris funqciebi zustad aris ganawilebuli. am struqturebis funqcionireba 
erTmaneTzea damokidebuli. amitom ujredi funqcierebs, rogorc erTi mTliani 
sistema.

Tema 2.  ujredis struqturuli komponentebi
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hukis mikroskopi levenhukis mikroskopi

linza
obieqtis damWeri

fokusirebis 
xraxni

fokusirebis 
xraxni

kvlevis 
obieqti

okulari

sur. 2.1.

Animalkules

ujredi cocxali sxeulis yvelaze 
mci re struqturuli da funqciuri er-
Teulia, romelsac SeuZlia yvela sasi-
cocxlo funqciis Sesruleba. bevri or-
ganizmi mxolod erTi ujredisgan Sedgeba 
da maT erTujredianebs uwodeben (mag., 
baqteriebi, protistebis umravlesoba); 
zogierTi organizmi ki _ mravali ujre-
disgan da maT mravalujredianebs uwo-
deben (mcenareebi, cxovelebi, umaRlesi 
sokoebi). 

ujredebis umrav lesoba Zalian mcire 
zomisaa, amitom ujredis aRmoCena da Sem-
deg misi kvleva mikroskopis gamogonebasa 
da mis Semdgom gaumjobesebasTan aris da-
kavSirebuli. 1665 wels ingliselma mec-
nierma robert hukma Tavisive damzadebu-
li mikroskopiT gamoikvlia muxis qerqis 
Txeli anaTali da aRmoaCina, rom igi tix-
rebiT gamijnuli patar-patara `saknebis-
gan~ Sedgeboda (sur. 2.1). hukma `sakans~  
`ujredi~ uwoda. man mikroskopiT qerqis 
korpis mkvda ri ujredebi dainaxa. ima-
ve saukuneSi (1674 wels), holandielma 
mecnierma, anton van levenhukma gamoi-
kvlia gubis wya li, mwerebi, sperma, fe-
kaliebi, sisxli da sxv. magaliTad, le-

venhukma wylis wveTSi dainaxa  Zalian 
`mci  re zomis cxovelebi~ (`Animalku-

li~), romelTa moZraobaze dakvirveba,  
rogorc TviTon aRniSnavs, sasiamovno 
iyo. man aRmoaCina erTujrediani arsebe-
bi, baqteriebi, sisxlis wiTeli ujredebi 
da spermatozoidebi.

Semdeg wlebSi mniSvnelovnad gaumjo-
besda sinaTlis mikroskopi da mecnierebi 
aqtiurad ikvlevdnen sxvadasxva orga-
nizmis  mikroskopul agebulebas. 1838 
wels germanelma mecnierma maTias Slai-
denma mikroskopiT gamoikvlia mcenaree-
bis nawilebis agebuleba da daaskvna, rom 
yvela mcenare ujredebisgan Sedgeba da 
ujredebs msgavsi agebuleba aqvT. Sem-
deg germanelma zoologma Teodor Svanma 
msgav si gamokvlevebi Caatara cxovelebze 
da imave daskvnamde mivida, rom cxove-
lebsac ujreduli agebuleba aqvT.

1839 wels Svanma sakuTari da Slaidenis 
gamokvlevebis safuZvelze Camoaya liba 
ujreduli Teoria, romlis mixed viTac 
ujredi aris yvela cocxalis agebulebis 
ZiriTadi erTeuli.

sxva mecnierebis aRmoCenebis safuZ-
velze TandaTan Seivso da ganviTarda uj-

2.1. ujreduli Teoria
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reduli Teoria. magaliTad, germanelma 
eqimma rudolf virxovma gamoTqva mosaz-
reba, rom yvela axali ujredi mxolod 
sxva sawyisi ujredis gayofis Sedegad 
warmoiqmneba (virxovis mosazreba daamt-
kices u. flemingma da e. strasburgerma. 
ix. gv. 109). bioqimikosebma Seiswavles uj-
redebis qimiuri Sedgeniloba da bioqimiu-
ri procesebi. aRmoCnda, rom sxvadasxva 
organizmis ujredebi, ZiriTadad, msgav-
sia qimiuri SedgenilobiTa da bioqimiuri 
procesebiT. 

amrigad, ujredi aris cocxalis yve-
laze mcire struqturuli erTeuli, ro-
melic avlens cocxalisaTvis damaxasia-
Tebel yvela Tvisebas: kvebas, sunTqvas, 
gamoyofas, moZraobas, gaRizianebadobas, 
homeostazs, zrdas, gamravlebas da sxv.

Tanamedrove ujreduli Teoriis Ziri-
Tadi debulebebia:

• yvela organizmi erTi an ramdenime 
ujredisgan Sedgeba;

• ujredi aris organizmebis struq-
turuli, funqciuri da ganviTarebis Zi-
riTadi erTeuli;

• yvela axali ujredi mxolod sawyi-
si ujredis/ukve arsebuli ujredis gayo-
fiT warmoiqmneba;

• mravalujredian organizmebSi age-
bulebisa da funqciebis mixedviT dife-
rencirebuli ujredebi qsovilebs warmo-
qmnian, qsovilebi ki _ organoebs;

• mravalujrediani organizmis yve-
la ujreds erTnairi genetikuri infor-
macia aqvs, maT Soris gansxvaveba dakav-
Sirebulia imasTan, rom sxvadasxva tipis 
ujredSi genebis gansxvavebuli jgufi mo-
qmedebs. 

ujredebis ufro safuZvliani Seswav-
la pirdapir kavSirSia mikroskopis ga-
ma  dideblobisa da simkveTris gaumjo-
be   sebasTan. Tanamedrove sinaTlis 
mik    ro skopi gamosaxulebas 3600-jer adi-
debs (sur. 2.2). ujredis SeswavlaSi axali 
eta pi daiwyo eleqtronuli mikroskopis 
ga mogonebis Semdeg. igi XX saukuneSi Seqm-
nes (1933w.). Tanamedrove eleqtronuli 
mikroskopi gamosaxulebas aseul aTasjer 
da ramdenime milionjer adidebs. eleqt-
ronuli mikroskopiT gamoavlines ujre-
dis bevri iseTi struq tura, romelTa da-
naxva sinaTlis mik roskopiT SeuZlebeli 
iyo (sur. 2.3). eleqtronuli mikroskopiis 
ganviTarebam TandaTan gamoavlina ujre-
debis mravali struqturis saocari sir-
Tule.

sinaTlis mikroskopSi gamoiyeneba si-
naTlis sxivebis nakadi, romelic mimar-
Tulia obieqtisken da masSi gaivlis, 
xolo eleqtronul mikroskop Si gamoye-
nebulia eleqtronebis nakadi, romelsac 
krebs eleqtromagnituri veli da mimar-
Tavs sakvlevi obieqtisken. sinaTlis mik-
roskopuli gamokvlevisgan gansxva vebiT, 

sur. 2.2.

sinaTlis mikroskopi

eleqtronuli 
mikroskopi
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ujredis aRmoCenisa da ujreduli Teoriis Seqmnis Semdeg ufro aqtiurad warimarTa 
ujredis kvleva da Camoya libda biologiis erT-erTi dargi _ citologia, ujredis Sems-
wavleli mecniereba. mikroskopuli teq nologiis ganvi-
Tarebam xeli Seuwyo citologiis Semdgom ganviTarebas. 
eleqtronuli mikrosko pis gamogonebam da bioqimiuri 
kvlevis Tanamedrove meTodebis SemuSavebam ganapiroba 
virusebisa da biopolimerebis molekulebis struqtur-
is Seswavla. Sesabamisad, ganviTarda biolo giis iseTi 
dargebi, rogoricaa virusologia, molekuluri bio-
logia. Tavis mxriv, biologiis am dargebis ganviTrebam 
gavlena iqonia sxva dargebzec. magaliTad, medicinaze, 
soflis meurneobaze, kvebis teqnologiasa da farmako-
logiaze. medicinaSi sxvadasxva daavadebis diagnostire-
bisa da mkurnalobisTvis iyeneben ujredul da bioqimi-
ur kvlevebs; mikroskopis qveS mimdinareobs zogierTi 
qirurgiuli operacia da a. S.

eleqtronuli mikroskopuli k v le visTvis 
gamoiyeneba Zalian Txeli anaTali (wi-
naaRmdeg SemTxvevaSi eleq tronebis naka-
di ver gaivlis) da ujredi ziandeba. es 

aris eleq tronuli mikroskopis nakli da 
amitom cocxali ujredebis Seswavlis-
Tvis upiratesoba sinaTlis mik roskops 
eniWeba.

 ujredis ZiriTadi struqturuli komponentebi

arCeven eukariotul da prokariotul 

ujredebs. eukariotuli ujredisTvis 
damaxasiaTebelia birTvi da sxva struq-
tu rebi. prokariotuli ujredi ufro 

mcire zomisaa da martivi; maT ar aqvT 
birTvi da eukariotuli ujre disaTvis 
damaxasiaTebeli zogierTi struq tura 
(ix. gv. 62). ujredebi gansxvav debian erT-

goljis aparati goljis aparati

citoplazma citoplazmaujredis kedeli
ujredis kedeli

plazmuri membrana
endoplazmuri bade

mitoqondria mitoqondria

lizosoma

qromatini

ribosoma

centraluri 
vakuoli

centraluri 
vakuoliqloroplasti

qloroplasti

sinaTlis mikroskopiT danaxuli 
mcenareuli ujredis modeli

eleqtronuli mikroskopiT danaxuli 
mcenareuli ujredis modeli

birTvi
birTvibirTvaki

birTvaki

sur. 2.3

2.2.
ujredis ZiriTadi struqturebi.  

plazmuri membrana
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maneTisgan zomiT, specifikuri struq-
turebiT, formiTa da cxovel qmedebiT. 
miu xedavad amisa, ujreds aqvs sami ram: 
plazmuri membrana, citoplaz ma da ubani, 
sadac dnm-ia ganTavsebuli. eukariotul 
ujredebSi dnm birTvSia ganTavsebuli da 
qromosomebSia organizebuli, xolo pro-
kariotul ujred Si _ citoplazmis uban-
Si, romelsac nukleoidi ewodeba. 

dedamiwaze arsebul ujreduli age-
bulebis organizmebs, ujredis struq-
turis mixedviT, yofen prokariotebad 
(bir Tvamdeli) da eukariotebad (namdvil-

birTviani). prokariotebs miekuTvneba 

baq teriebi da arqeebi, xolo eukariotebs 

_ protistebi, sokoebi, mcenareebi da 

cxovelebi.

miuxedavad imisa, rom bunebaSi mrava-

li saxis eukariotuli ujredi arsebobs, 

yvela maTgans agebulebis erTiani gegma 

aqvs. nebismieri eukariotis ujredi erT 

mTlian biologiur sistemas warmoadgens. 

igi sami urTierTdakavSirebuli nawili-
sagan Sedgeba: plazmuri membrana, ci-
toplazma da birTvi. 

plazmuri membrana uSualod citopla-
zmas akravs garss. mcenareebis, sokos, 
prokariotebisa da zogierTi protistis 
ujredis plazmuri membrana garedan uj-
redis kedliTaa dafaruli. mcenareuli 
ujredis kedlis SemadgenlobaSi Sedis 
celuloza, sokos ujredis kedlis Semad-
genlobaSi _ qitini, ujredis kedels baq-
teriebSi, ZiriTadad, mureini qmnis, xolo 
arqeebSi _ fsevdomureini. 

mravalujredian organizmebSi ujredis 
kedliT SemosazRvruli ujredi srulad 
izolirebuli ar aris mezobeli ujre-
debisgan. maT aqvT specialuri struq-
turebi, romelTa saSualebiT ujredebi 
ukavSirdebian erTmaneTs. mcenareebSi 
aseT struqturas ewodeba plazmodesma, 
romlis saSualebiT wyali, ionebi, sakvebi 
nivTierebebi da sasignalo molekulebi 
ujredidan ujredSi swrafad gadaadgil-
deba (sur. 2.4). amrigad, ujredis kedel-
ma, struqturuli da damcvelobiTi fun-
qciis garda, nivTierebaTa satransporto 

funqciac SeiZleba Seasrulos.
cxovelur ujredebs ujredis kedeli 

ar aqvs. zogierTi saxeobis cxoveluri 
ujredis plazmuri membranis gare zeda-
pirze Txeli fena _ glikokaliqsia. igi 
Sedgeba polisaqaridebisgan, romlebic 
dakavSirebulia cilebTan (glikopro-
teinebi) da lipidebTan (glikolipidebi). 
glikokaliqsi asrulebs ujredebs Soris 
komunikaciis funqcias. 

eukariotul ujredSi birTvsa da 
plaz mur membranas Soris sivrces avsebs 
citoplazma. citoplazma Sedgeba blan 
ti, Jeleseburi Txevadi nawilisgan _ Zi-
riTadi nivTierebisagan (citozoli anu 
matriqsi), romelSic ganlagebulia ujre-
dis mikrostruqturebi – organelebi 
da ujredis aramudmivi komponentebi _ 
Cana rTebi (samarago sakvebi nivTierebebi, 
sekreciis produqtebi, pigmentis granu-
lebi). citoplazmis ZiriTadi niv Tiereba 
anu citozoli avsebs sivrces ujredis 
organelebs Soris. citozoli mudmiv 
moZraobaSi imyofeba, rac xels uwyobs 
bioqimiuri reaqciebis war marTvas, niv-
TierebaTa gadaadgilebas ujred Si, 
ujre dis struqturebs Soris kavSirs da 
nivTierebaTa cvlas ujredsa da ujred-
gare garemos Soris. citozolis 90%-s 
Seadgens wyali, romelSic gax snilia uj-
redis organuli da araorganuli nivTie-
rebebi.

plazmodesmebi

plazmodesma

sur. 2.4.
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plazmuri membranis sisqe, daaxloebiT, 
9-10 nm-ia (ix. danarTi 1). amitom misi age-
bulebisa da funqciis Seswavla mxolod 
eleqtronuli mikroskopiTaa SesaZlebe-
li. plazmuri membranis Semad genlobaSi 
lipidebi da cilebi Sedis (sur. 2.5.). mem-
branuli lipidebis umrav lesoba fosfo-
lipidia, romelTac hidrofiluri (wyalSi 
xsnadi) da hidrofoburi (wyalSi uxsnadi) 
ubnebi gaaCnia. fosfolipidebis moleku-
lebi plazmur membranaSi garkveuli wesiT 
arian ganla gebulni da or Sres qmnian. 
kerZod, fosfolipi debis hidrofiluri 
ubnebi miqceulia ujredSida da ujred-
gare wyliani garemosken, xolo hidrofo-
buri ubnebi _ erTmaneTis ken. cxoveluri 
ujredis plazmur membranaSi ori fosfo-
lipidis hidrofobur ubans Soris gan-
lagebulia qolesterolis hidrofoburi 
molekulebi, romlebic plazmuri membra-
nis simtkices ganapi robeben. cxovelur 
ujredebTan SedarebiT, mcenareul ujre-

 plazmuri membranis agebuleba da funqciebi

debSi qolesteroli umniSvnelo raoden-
obiTaa.

cilis molekulebi sxvadasxva siRr-
mezea CaZiruli lipidebis SreSi: zogier-
Ti lipidis orive SreSi (integrirebuli 
cilebi), zogierTi ki _ lipidebis Sida an 
gareTa SreSi (periferiuli cilebi). 

plazmuri membranis struqturaSi  
mniSv       nelovania naxSirwylebis roli. ker-
Zod, zo gierTi naxSirwylis jaWvi dakav-
Sirebulia lipidebTan da warmoqmnil 
molekulas glikolipidi ewodeba. nax-
Sirwylebis umravlesoba kavSirs qmnis ci-
lebTan. es glikoproteinis molekulebia.

mecnierebma (nikolsonma da singer-
ma 1972 wels) Seqmnes plazmuri mem bra-
nis Txevad-mozaikuri modeli. es sa-
xel wodeba gamomdinareobs plazmuri 
membranis Tvisebebidan. pirvel rigSi, 
plazmuri membrana aris drekadi, plaz-
muri membranis lipidebis orive Sre de-
nadia, moZravia. Sedegad, membrana dinami-

lipidebis ori Sre

glikolipidi

integrirebuli cila

plazmuri membranis Txevad-mozaikuri modeli

sur. 2.5

hidrofoburi 
kudebi

fosfolipidi

hidrofoburi ubani}
hidrofiluri ubani

hidrofiluri ubani

wylis molekulebihidrofiluri Tavi

}

naxSirwylis jaWvebi

periferiuli cila

qolesteroli

glikoproteini
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kuria da ise  gamoiyureba, rogorc zeTis 
Sre wylis zedapirze. meorec, lipidebis 
SreSi CaZiruli cilis sxvadasxva mole-
kula plazmur membranas mozaikis saxes 
aZlevs. plazmuri membranis msgavsi age-
buleba aqvs Sidaujredul membranebsac, 
romliTac dafarulia birTvi da mTeli 
rigi organelebi. 

plazmuri membranis denadobis Senar-
Cuneba nebismier garemo pirobebSi Zalian 
mniSvnelovania imisTvis, rom Seasrulos 
Tavisi funqciebi. amitom evoluciis 
pro cesSi eqstremalur garemo pirobeb-
Si mcxovreb organizmebs gamoumuSav-
daT adap taciebi. magaliTad, Zalian civ 
klimatur pirobebSi mcxovrebi Tevzebis 
plazmuri membranis lipidebis Semadgen-
lobaSi sWarbobs ujeri cximovani mJave-
bis Semcveloba; mcenareebSi, romelTac 
uxdebaT zamTarSi Zalian dabali tempe-
raturis gadatana, Semodgomaze plazmur 
membranaSi izrdeba ujeri fosfolipide-
bis raodenoba. Sedegad, miuxedavad da-
bali temperaturisa, plazmuri membranis 
lipidebis Sreebi ar myardeba da dena-
dobas inarCunebs. aseve, 90ºC-sa da ufro 
maRali temperaturis Termul wyaroebsa 
da geizerebSi mcxovrebi baqteriebisa da 
arqeebis plazmuri membrana Sedgeba gan-
sakuTrebuli lipidebisgan (sWarbobs na-

jeri lipidebis Semcveloba), romelic 
xels uSlis lipidebis Sreebis maRal de-
nadobas. 

plazmuri membrana mraval fun qcias 
asru lebs, razedac damokidebulia ujre -
dis sicocxle. erT-erTi funqciaa ba-
rieruli _ gamijnavs ujredis SigTavss 
garemosagan da qmnis bariers ujredsa 
da garemos Soris. magram ujredsa da ga-
remos Soris ganuwyvetliv mimdinareobs 
nivTierebaTa cvla. nivTierebaTa tran-
s portireba plazmuri membranis mTavari 
funqciaa (ix. § 2.3). glikoproteinebisa da 
cilebis did nawils recep torebis funq-
cia akisriaT. rodesac gar   kveuli nivTie-
reba ukavSirdeba `Tavis~ receptors, es 
ukanaskneli formas icv lis da exmareba 
ujreds momxdar cvli lebaze Sesabamisi 
pasuxis gacemaSi (sur. 2.6.). 

glikoproteinebisa da glikolipide-
bis monawileobiT ujre  debi cnoben erT-
maneTs da myardeba kontaqti maT Soris, 
rasac didi mniS vneloba aqvs qsovilebis 
CamoyalibebisaTvis. amrigad, plazmur 
membranas aqvs sakontaqto funqcia. Tu 
zogadad ujreduli membranebis funq-
ciebze visaubrebT, magaliTad, mitoqon-
driisa da qloroplastis membranuli ci-
lebi monawileoben energiis gardaqmnaSi, 
asruleben fermentul funqcias.

sur. 2.6.

membranuli receptori
ujredgare garemo

ujredSida garemo

insulinis receptori

membrana ar aris 
ganvladi glukozis 

mimarT insulinis dakavSirebis 
Semdeg icvleba receptoris 
forma

plazmuri membrana 
ganvladi xdeba 
glukozis mimarT

glukoza

insulini
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 membranuli transportis regulacia

polarulia molekula, Tu misi atomebi erT-
maneTTan dakavSirebulia polaruli kovalen-
turi bmiT _ ori atomi eleqtronebs Tanabrad 
ar inawileben; Sedegad, molekulis erT nawils 
nawilobriv dadebiTi muxti aqvs, meores ki _ 
uaryofiTi. 

arapolarul molekulaSi atomebi erTmaneTTan 
dakavSirebulia arapolaruli kovalenturi 
bmiT _ ori atomi eleqtronebs Tanabrad inaw-
ileben. arapolaruli naerTebi wyalSi uxsna-
dia.

kavSiri qimiasTan

plazmuri membrana aregulirebs niv-
TierebaTa gadaadgilebas garemodan 
ujred Si da ujredidan garemoSi. plaz-
muri membrana yvela nivTierebisTvis 
erTnairad ganvladi ar aris: zogierT 
niv Tierebas advilad atarebs garemodan 
ujredSi an ujredidan garemoSi da zo-
gierTs ki _ ara. am Tvisebas SerCeviTi 
ganvladoba ewodeba. 

SerCeviTi ganvladoba ujreds aZlevs 
ujredis SigTavsis homeostazis Senar-
Cunebis saSualebas, miuxedavad ujred-
gare garemos moulodneli cvlilebebi-
sa. ujre dis Sedgenilobis SefardebiTi 
mudmivobis SenarCuneba Zalian mniSvne-
lovania ujredisaTvis damaxasiaTebeli 
funqciebis SesrulebisTvis. amitom igi 
akon trolebs gansazRvruli molekule-
bisa da ionebis Sesvlasa da gamosvlas. 

plazmuri membranis SerCeviTi ganvla-
dobis gamo, nivTierebaTa Semadgenloba 
da koncentracia gansxvavebulia ujre-
dis SigniT da gareT. magaliTad, Na+-is 
koncentracia ujredgare garemoSi ufro 
maRalia, vidre ujredSi, xolo K+-is kon-
centracia _ piriqiT. nivTierebaTa da 

ionTa araTanabar ganawilebazea damoki-
debuli ujredis cxovelmoqmedeba da si-
cocxle. koncentracia Tanabrdeba ujre-
dis sikvdilis Semdeg.

amgvarad, ujreds aqvs Tavis garemos-
Tan nivTierebaTa mimocvlis diferenci-
rebis unari. es SesaZlebelia, swored, 
plazmuri membranisa da misi Semadgeneli 
molekulebis saSualebiT. molekulebi 
da ionebi membranas gadalaxaven sxva-
dasxva gziT, rac damokidebulia maT zo-
maze, polarobasa da koncentraciaze uj-
redgare da ujredSida garemo Si. 

martivi difuzia gaadvilebuli
 difuzia

aqtiuri 
transporti

ujredgare garemo

citoplazmasatransporto 
cilebi

+P

nivTierebaTa membranuli transportis tipebi

a gb

plazmuri 
membrana

sur. 2.7

2.3. nivTierebaTa membranuli transporti
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nivTierebaTa membranuli transportis 
oTxi tipi arsebobs: difuzia, aqtiuri 
transporti, egzocitozi da endocitozi.

difuzia aris molekulebisa da ionebis 
moZraoba maTi maRali koncentraciidan 
dabali koncentraciisken, e.i. moZraoba 
koncentraciuli gradientis mimarTule-
biT. difuzia Seqcevadi procesia. 

difuziis erT-erTi saxea martivi di-
fuzia (sur. 2.7.a). ormagi lipiduri Sris 
gavliT, advilad da swrafad xorciel-
deba arapolaruli molekulebis, magali-
Tad, cximebis, eTeris da sxv. difuzia. po-
laruli molekulebis (wylis, glukozis, 
aminomJavebis, cximovani mJavebis), minera-
luri marilebis difuzia SedarebiT nela 
mimdinareobs.

difuzia mniSvnelovania organizmis sa-
sicocxlo procesebis ganxorcielebis-
Tvis. magaliTad, airTa cvla filtvis 
buStukebis haersa da sisxls Soris, airTa 
cvla qsovilebSi ujredebsa da sisxls So-
ris (sur. 2.8). 

difuziis saxecvlilebaa gaadvilebu-
li difuzia (sur. 2.7b), romlis drosac 
membranis gavliT nivTierebas moZraobaSi 
raime specifikuri molekula exmareba. am 
molekulas SeiZleba hqondes gansakuTre-
buli arxi, romelic mxolod garkveuli 
tipis nivTierebas atarebs. aseTi satran-
s porto molekulebis rols, ZiriTadad, 
membranis integrirebuli cilis moleku-
lebi asruleben. magaliTad, gaadvilebu-

li difuziiT transportirdeba natriumi-
sa da kaliumis ionebi, glukoza da sxv.

difuziis gansakuTrebul saxes war-
moadgens osmosi. osmosi aris wylis moZ-
raoba SerCeviT ganvlad membranaSi misi 
maRali koncentraciidan dabali koncen-
traciisken, anu wyali osmosiT moZraobs 
iqiTken, sadac masSi gaxsnili nivTiere-
bebis koncentracia maRalia (sur. 2.9). 
wyalxsnar A-Si gaxsnili nivTierebis ma-
Rali koncentraciaa, amitom wyalxsnari 
A wyalxsnar B-s mimarT hipertonulia; 
wyalxsnar B-Si gaxsnili nivTierebis da-
bali koncentraciaa, amitom wyalxsnari 
B wyalxsnar A-s mimarT hipotonuria. 
mem branis gavliT mimdinareobs wylis 
di  fuzia. wya li moZraobs B-xsnaridan 
A-xsna risken. wylis molekulebis gadas-
vla hipotonuri xsnaridan hipertonul-
Si manam gag rZeldeba, sanam xsnarebis 
koncentracia membranis orive mxares ar 
gaTanabrdeba. am dros orive xsnari izo-
tonuri gaxdeba, anu maTi koncentraciebi 
gaTanabrdeba.

O
2

CO
2

O
2

ujredi

s

i
s x

l

i

airebis difuzia sisxlsa da ujredebSi

sur. 2.8

CO
2

sur. 2.9
Saqris molekula wylis molekula

koncentrirebuli 
Saqris xsnari

ganzavebuli 
Saqris xsnari

membranis orive mxares xsnarebis
koncentracia gaTanabrebulia

membrana

A B

wylis molekulebi
gadaadgildeba
koncetrirebuli
xsnarisken

 membranuli transportis tipebi
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H20
H20 H20

H20H20

ujredis kedeli

citoplazma
sur. 2.10.

osmosi mcenareul ujredSi

hipotonuri garemo hipertonuli garemoizotonuri garemo

H20 H20

hemolizi normaluri ujredebi SeWmuxnilia

osmosi cxovelur ujredSi
H20 H20H20 H20

H20

sur. 2.11.

turgori gazrdilia     normaluri            plazmolizi

osmoss didi mniSvneloba aqvs cocxal 
organizmebSi, radgan wyals Seicavs ro-
gorc ujredis SigTavsi, ise misi garemo-
m cveli garemo.

Tu mcenareuli ujredi moxvdeba hi-
pertonul garemoSi, ujredidan garemo-
Si wyali gamova. amis Sedegad, vakuolisa 
da citoplazmis moculoba Semcirdeba, 
citoplazma ujredis kedels moscilde-
ba. am movlenas plazmolizi ewodeba (sur. 
2.10). am dros ujredi kargavs drekadobas.

Tu am ujreds hipotonur garemoSi mo-
vaTavsebT, igi aRidgens sawyiss moculo-
bas. am movlenas deplazmolizi ewodeba. 
e.i. plazmolizi Seqcevadi procesia. ami-
tomaa, rom Tu mcenare didi radenobiT 
dakargavs wyals, igi iwyebs Wknobas. mce-
narisTvis wylis miwodebis Semdeg tur 
gori (wneva, riTac ujredis SigTavsi uj-
redis kedels awveba) aRdgeba da mcenare 
sawyis mdgomareobas daibrunebs. cxove-
luri ujredi, mcenareuli ujredisgan 
gansxvavebiT, hipotonur garemoSi skde-
ba, radgan mas ujredis kedeli ar aqvs 
da plazmuri membrana ujredSida wnevis 
gazr das ver uZlebs (sur. 2.11).

biologiuri membranis gavliT nivTie-
rebis martiv difuzias, gaadvilebul di-
fuziasa da osmoss pasiuri transporti 
ewodeba, radgan nivTierebebi moZraoben   
maTi koncentraciuli gradientis mimar-
TulebiT (maRali koncentraciidan daba-
li koncentraciisken) da amitom ujredi 
energias ar xarjavs. 

magram, xSirad, membranaSi molekulebi 
da ionebi moZraoben maTi koncentra ciuli 
gradientis sawinaaRmdegod (da bali kon-
centraciidan maRali koncen traciisken), 
amitom aseT transportirebaze energiiT 
mdidari nivTiereba _ adenozintrifos-
formJava (atf) _ ixarjeba (ix. gv. 70). niv-
TierebaTa aseT gadaadgilebas aqtiuri 
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Na-is ionebi gaadvilebuli 
difuziiT Sedian ujredSi

Na+-is arxi K+-is arxi

K-is ionebi gaadvilebuli 
difuziiT gadian ujredidan garemoSi

K-is ionebi aqtiuri
transportirebiT Sedian ujredSi

Na-is ionebi aqtiuri transportirebiT 
gamodian gareT

sur. 2.12.

Na+/K+

tumbo

sur. 2.13.
egzocitoziendocitozi

fagocitozi pinocitozi

citoplazma citoplazma citoplazma

transporti ewodeba (sur. 1.7g), romelic 
Seuqcevadi procesia. rogorc ici, Na+ me-
tia ujredis gareT, xolo K+ _ ujredis 
SigniT. amitom gamudmebiT mimdinareobs 
am ionebis difuzia koncentraciuli gra-
dientis mimarTulebiT. miuxedavad amisa, 
gansxvaveba ionebis koncentraciaSi memb-
ranis SigniT da gareT, mainc narCundeba. 
amas ganapirobebs natrium-kaliumis tum-
bo, romelic axorcielebs am ionebis aq-
tiur transports (sur. 2.12). am ionebis 
ganawilebazea damokidebuli iseTi mniS-
vnelovani procesi, rogoricaa nervuli 
impulsis warmoqmna da gavrceleba.

aqtiuri transporti did rols as-
rulebs organizmSi. magaliTad, wvrili 
nawlavebis xaoebis epiTelur ujredebSi 
sakvebi nivTierebebis (mag., glukozis, mi-
neraluri marilebis ionebis) Sewova di-
fuziiT iwyeba da aqtiuri transportiT 
grZeldeba. aseve, Tirkmlis daklaknil 
milakebSi organizmisaTvis saWiro niv-

Tierebebis ukuSewova da mcenaris fes-
vebis mier niadagidan mineraluri mari-
lebis SeTviseba aqtiuri transportiT 
xdeba.

plazmur membranas aqvs unari, Caiz-
niqos da didi molekulebi an nawilake-
bi citoplazmaSi moaqcios. am process 
endo citozi ewodeba (sur. 2.13.). endo-
citozis ori tipi arsebobs: fagocitozi 
_ myari nawilakebis STanTqma da pinoci-
tozi _ cximis wveTebisa da sxva Txevadi 
nivTierebebis STanTqma. ujredSi warmo-
iqmneba momnelebeli vakuoli, romelic 
am nivTierebebs moinelebs. endocitozi 
damaxasiaTebelia mravali erTujrediani 
organizmisa da zogierTi mravalujre-
dianis ujredisaTvis, magaliTad leiko-
citebis zogierTi saxeobisTvis.

egzocitozi endocitozis sawinaaRmde-
go procesia. ujredebidan egzocitoziT 
gamoiyofa nivTierebaTa saboloo pro-
duqtebi (eqskrecia),  egzocitozis gziT 
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plazmuri membranis struqturis Taviseburebebsa da nivTierebaTa membranul transpor-
tirebas iTvaliswineben samkurnalo preparatebis warmoebaSi. pasiuri difuziisas wamlebis-
Tvis mTavar bariers warmoadgens ujreduli membrana, gasakuTrebiT ki misi lipiduri ormagi 
Sre. lipidur ormag SreSi pasiur difuziaze moqmedi faqtorebis meqanizmebis Seswavla sakma-
od mniSvnelovania biosamedicino praqtikisTvis, ufro konkretulad ki, wamlis efeqturi 
struqturebis Sesaqmnelad. wamali-lipidis urTierTqmedebis Seswavla mniSvnelovania sam-
kurnalo saSualebebis fizikur-qimiuri daxasiaTebisTvis. kerZod, 1) ramdenad efeqturad 
SeuZlia wamals ujredSi SeRweva, raTa uSualod imoqmedos samizne ujredul struqturasa 
Tu nivTierebaze; 2) wamali-lipidis urTierTqmedebis meqanizmis Seswavla moicavs rogorc 
TviT pirdapiri urTierTqmedebis daxasiaTebas, aseve am urTierTqmedebiT gamowveuli gver-
diTi efeqtebis Seswavlasac.  magaliTad, lipidsa da wamals Soris urTierTqmedebam SeiZleba 
gamoiwvios romelime membranuli proteinis (cilis) funqciis aqtivacia, rac SeiZleba uar-
yofiTad aisaxos janmrTelobaze. 

bolo wlebis ganmavlobaSi msgavsi miznebisTvis Seswavlili iyo sxvadasxva biologiuri 
membranis gansxvavebuli lipiduri nawilebi, miRebuli informacia sakmaod mniSvnelovania 
efeqturi moqmedebis wamlebis dasamzadeblad.

kargad Cans, radgan, ujredis sxva struq-
turebTan SedarebiT, didi zomisaa. uj-
redTa umravlesobas erTi birTvi aqvs. 
arian ujredebi, romel Tac ori birTvi 
aqvT, magaliTad, infuzoria qalamanas 

eukariotuli ujredis yvelaze mniS-
v   nelovani struq turaa birTvi, rome-
lic Sotlandielma botanikosma robert 
brounma 1831 wels mcenareul ujredSi 
aRmoaCina. birTvi sinaTlis mikroskop Sic 

gamoiyofa sekreciis jirkvlebidan sekre-
ti jirkvlis sadinarsa an sisxlSi (sekre-
cia). egzocitozisa da endocitozis dros 
ixarjeba atf-is energia. es procesebi 

calmxrivi, anu Seuqcevadia. membranuli 
transportis saxeebi Sejamebuli saxiT 
ixileT sqemaze (sur. 2. 14).

sur. 2.14.

egzocitozi

membranuli transportis    tipebi

pasiuri aqtiuri

difuzia

osmosiubralo/mar-
tivi difuzia

fagocitozi

gaadvilebuli 
difuzia

pinocitozi

endocitozi

2.4. birTvi
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Sida membrana

qromatini

birTvaki

nukleoplazma

endoplazmuri bade

birTvis formebi

birTvis garsi

gare membrana, romelic 

uwyvetad ukavSirdeba 

endoplazmuri badis 

membranebs

sur. 2.15

mikro da makronukleusi (laT. „nucleus“ 

_ birTvi) aqvs. aris mravalbirTviani uj-

redebic, romlebic gvxvdebian xerxemlia-

nebis RviZlSi, Zvlis tvinSi, ConCxisa da 

gulis kunTebsa da zogierTi saxis Sema-

erTebel qsovilSi. 

zogierT ujreds warmoSobis momen tSi 

aqvs birTvi, magram misi zrdasruli for-

ma kargavs mas. magaliTad, mcenareebSi 

floemis sacriseburi milebis ujredebsa 

da ZuZumwovrebis momwifebul eriTroci-

tebs birTvi ar aqvs. 

birTvi aucilebelia ujredis sicoc-

xlisaTvis, radgan mniSvnelovan fun-

qciebs asrulebs: igi inaxavs da icavs 

ujredis genetikur masalas. birTvis dnm 

izolirebulia citoplazmisgan da mas 

icavs citoplazmaSi mimdinare metambo-

luri procesebis zogierTi produqtis 

damazianebeli zemoqmedebisgan. birTvis 

mem brana aregulirebs nivTierebaTa  cvlas 

birTvsa da citoplazmas Soris, rac kidev 

erTi meqanizmia birTvis dnm-is dasaca-

vad. magaliTad, citoplazmidan birTv-

Si Sedis nukleotidebi, replikaciasa 

da transkripciaSi monawile fermentebi, 

atf, xolo birTvidan citoplazmaSi ga-

modis i-rnm da nivTierebaTa cvlis sxva 

produqtebi. bir T vi akontrolebs ujre-
dis sasicocxlo procesebs, radgan igi 

Seicavs genetikur masalas, romelic gan-

sazRvravs, romeli cilebi sinTezirdeba 

ujredSi da rodis.

am funqciebs birTvis agebulebisa da 

Sedgenilobis Tavisebureba ganapirobebs 

(sur. 2.15). eleqtronul mikroskopSi 

Cans, rom birTvi Sedgeba garsisgan, bir-

T  vis wvenisa (nukleoplazmisgan) da bir-

T  vakisgan. 

birTvis garsi ori membranisgan  Sedgeba. 

gareTa membrana uwyvetadaa dakavSire-

buli endoplazmuri badis membranebTan. 

birTvis membranebs (rogorc organelebis 

membranebs) plazmuri membranis msgav si 

agebuleba aqvT: igi lipidebis ori Sris-

gan Sedgeba, romlebSic sxvadasxva siR-

rmeze CaZirulia membranuli cilis mo-

lekulebi. nivTierebaTa gadaadgilebaSi 

monawileoben satransporto cilebi da 

birT vis forebi. 

birTvis SigTavsi amovsebulia bir Tvis 

wveniT, anu nukleoplazmiT. igi naxev-

rad Txevadi masaa, romelSic qromatini, 

bir  Tvakebi da sxvadasxva organuli da 

araorganuli nivTierebaa. birTvi Sei-

cavs erT an ramdenime birTvaks, romelic 
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ar aris dafaruli membraniT. birTvaki 

monawileobs ribosomebis nawilakebis/su-

berTeulebis CamoyalibebaSi.
ribosomis suberTeulebi birTvis fo-

rebiT gadian citoplazmaSi, sadac isi-
ni cilis sinTezis procesSi erTmaneTs 
ukavSirdebian da ribosoma iwyebs Tavisi 
funqciis Sesrulebas (sur. 2.16).

birTvSi dnm dakavSirebulia cileb-
Tan da maTTan kombinaciaSi qmnis qro-
matins, romlisganac ujredis gayofis 
dros qromosomebi yalibdeba (sur. 2.17). 
qromosomebis boloebi Sedgeba mraval-
jeradad ganmeorebadi TTAGGG grZeli 
monakveTebisgan. qromosomis am ubans 
telomeri ewodeba, romelic icavs dnm-s 
dazianebisgan da qromosomas akavSirebs 
birTvis garsTan. sicocxlis ganmavlo-
baSi telomerebis sigrZe bunebrivad 
mcirdeba, rasac mecnierebi ukavSireben 
organizmis daberebis procesis daCqa-
rebas. sxva dasxva saxeobis cocxali or-
ganizmebi gansxvavdebian qromosomebis 
ricxviT, formiTa da zomiT. magaliTad, 

m-rnm

didi 
suberTeuli

mcire 
suberTeuli

sur. 2.16

adamians yvela ujredSi (gametebis garda) 
aqvs 46 qromosoma, zRarbs _ 90, indaurs 
_ 80, muxas _ 12. amrigad, qromosomebis 
raodenoba ar gamodgeba organizmis gan-
viTarebis donis Sesafaseblad. amisTvis 
ufro mniSvnelovania, Tu am qromosomeb-
Si dnm ra mem kvidruli informaciis mata-
rebelia.

qromosomebis garegnuli saxe ujre-
dis sicocxlis ganmavlobaSi icvleba. 
qromosomebs dasawyisSi Zafisebri for-
ma aqvT, uSualod ujredis gayofis win 
yovel qromosomaSi dnm ormagdeba, Sem-
deg ujredis gayofis dros  qromosomebi 

ujredis gayofis dros qromatinisgan qromosoma warmoiqmneba

qromatini

birTvi

cila

dnm

qromosoma
sur. 2.17
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erTi Zafnairi qromosoma  
(Seicavs dnm-is erT molekulas)

erTi damoklebuli da 
gamsxvilebuli qromosoma 
(Seicavs dnm-is or 
molekulas)

erTi spiralurad 
daxveuli qromosoma 
(Seicavs dnm-is or 
molekulas)

sur. 2.18

ujredi Sedgeba organelebisgan, ro-
melTa Soris ganawilebulia funqciebi. 
miuxedavad specifikuri funqciebisa, 

citoplazmaSi SeimCneva mravalricxo-
vani wvrili arxebi da Rruebi, romlebic 
citoplazmis ZiriTadi nivTierebisgan 
membranebiT aris SemosazRvruli. mem b-
ranebi struqturiT plazmuri mem  branis 
msgavsia. es arxebi da Rruebi erTma-
neTs uerTdebian da qmnian qsels, ro-
melsac endoplazmuri bade (eb) ewodeba  
(sur. 2.19). eb-is membranebi uwyvetadaa 

endoplazmuri 
badis
xorkliani 
nawili

endoplazmuri 
badis
gluvi nawili

birTvis fora

birTvis gare 
membrana

ribosomebi

sur. 2.19

birTvi

 endoplazmuri bade

2.5. ujredis organelebi 

mokldeba, msxvildeba da spiralurad 
exveva (sur. 2.18), ris gamoc isini xilva-
dia sinaTlis mikroskopuli kvlevisTvis   

(TemaSi _ ujredis gamravleba _ ufro 
dawvrilebiT gaecnobiT qromosomebis 
struqturasa da maT funqciebs).

organelebi SeTanxmebulad moq medeben, 
rac uzrunvelyofs ujredis, rogorc 
erTi mTliani sistemis funqcionirebas. 

dakavSirebuli birTvis gare membranas-
Tan.

endoplazmur bades ujredis biosin-
Tezisa da transportirebis sistemas uwo-
deben, radgan aq sinTezirebuli organuli 
nivTierebebi (cilebi, lipide bi, zogier-
Ti saxeobis polisaqaridi) endoplazmuri 
badis arxebSi grov deba, eb-is membranis 
nawili mowydeba da sinTezirebuli niv-
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eb-is gluvi 
nawili goljis 

aparati

eb-is 
xorkliani 

nawili

birTvi

sur. 2.20

Tierebis garSemo warmoiqmneba membraniT 
SemosazRvruli vezikuli (buStuki), ro-
melic gadaadgildeba goljis aparatis-
ken (sur. 2.20). 

endoplazmuri badis nawili/ubani mar   -
c  v      lo vani/xorkliani, anu granula rulia, 
xolo nawili _ gluvi. eb-is marcv lovan 
membranebze ribosomebia ganla ge buli, 
romelTa funqcia cilebis sin   Tezia. aq 
sinTezirebuli cilebi endo plazmuri ba-
dis arxebSi grovdeba da gadadis ujre-
dis citoplazmaSi. membraniT SemosazRv  -  
 rul vezikulebSi daculi cilebi usafr-
Txod transportirdeba goljis aparat-
Si. gol jis aparatis fermentebis gavle-
niT cilebi ganicdis modificirebas. 

zogierTi maTgani goljis aparatSi rCeba 
samaragod misi Semdgomi gamoyenebisTvis; 
zogic ifuTeba mem braniT da gamoiyofa 
citoplazmaSi, gadaadgildeba sxva orga-
nelebisken, an plazmuri membranisken da 
ujredidan gamoiyofa garemoSi.  

endoplazmuri badis gluv ubanSi sin-
Tezirdeba lipidebi da gardaiqmneba nax-
Sirwylebi, mis arxebSi grovdeba nivTiere-
bebi da gadaitaneba citoplazmaSi. aseve, aq 
grovdeba kalciumis ionebi. 

endo plazmuri badis gluvi ubnis fer-
mentebi auvnebleben Sxamian (toqsikur) 
niv  Tierebebs. amitom eb-is gluvi nawili 
kargadaa ganviTarebuli RviZlis ujre-
debSi.

 ribosoma 

ribosoma, rogorc iciT, Sedgeba didi 
da mcire suberTeulebisgan, romlebic 
Camoyalibdeba birTvSi birTvakebis mo-
nawileobiT. igi, sxva organelebis gan 
gansxvavebiT, ar aris dafaruli membra-
niT. ribosoma Seicavs ribosomul rnm-sa 
da cilebs. ribosomebi, eb-is marcvlo-
vani ubnis garda, Tavisufali saxiTa-
caa citoplazmaSi (gansakuTrebiT, kun-
Tovani ujredisa da kvercxujredis 

citoplazmaSi) da arian sxva organeleb-
Sic: mito qondriebsa da qloroplasteb-
Si. uj  redebSi, sadac didi raodenobiT 
warmoiqmneba cilebi, mravali ribosomaa. 
magaliTad, adamianis kuWqveSa jirkvlis 
ujredebSi ramdenime milioni riboso-
maa. ribosoma damaxasiaTebelia rogorc 
eukariotuli, ise prokariotuli ujre-
disTvis. ribosomebs `cilis fabrikebs~ 
uwodeben.
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 goljis aparati

goljis aparati (sur. 2.21.) `dasawyo-
bebisa da gadazidvis centri~ _ Sedgeba 
membranebiT SemosazRvruli erTmaneTze 
dalagebuli brtyeli siRruebis/cister-
nebisa da vezikulebisgan. endoplaz-
mur badeze sinTezirebuli nivTierebebi 
goljis aparatis Rruebsa da cisterneb-
Si grovdeba, aq SeiZleba saxe Seicvalon 
(magaliTad, sabolood yalibdeba cilis 
is struq tura, romelSic cila ujredSi 
imoqmedebs, erTmaneTs ukavSirdebian li-
pidebi da naxSirwylebi, cilebi da nax-
Sirwylebi), nivTierebebi ifuTeba memb-
ranebSi, yalibdebian vezikulebis saxiT 
da gamoiyofa citoplazmaSi an ujredidan 
garemoSi. mag., kuWqveSa jirkvlis gare-

sekretoruli ujredebis fermentebi 
grovdeba goljis vezikulebSi, romle-
bic plazmuri membranisaken gadaadgil-
deba da egzocitoziT gareT gamoiyofa. 
mweriWamia mcenaris foTlis jirkvlova-
ni ujredis goljis aparati garemoSi ga-
moyofs fermentebs da mcenare moinelebs 
mwerebs.

goljis aparatSi lipidebi da zogier-
Ti naxSirwyali sinTezirdeba, magaliTad, 
ujre dis kedlisa da glikokaliqsis po-
lisaqaridebi, romlebic  vezikulebis sa-
xiT gamoiyofa cito plazmaSi, gadaadgil-
deba plazmuri membranisken, Seerwymeba 
mas da CaSendeba ujredis garsSi. goljis 
aparatSi yalibdeba organela lizosoma. 

eb-is xorkliani 
ubani saWmlis momnelebeli 

vakuoli

cilebi

membrana

vezikuli

lizosomis 
fermentebi

lizosoma

sekretoruli 
vezikuli

goljis 
aparati

sekretoruli vezikulis SigTavsi
egzocitozis gziT ujredidan gamoyofa

egzocitozis 
Semdeg vezikulis 
membrana plazmur 

membranaSi CaSendeba

ujredgare garemo

plazmuri 
membrana

sur. 2.21

 lizosoma

lizosomebi (sur. 2.22) saWmlis momne-
lebeli fermentebiT mdidari patara, 
mrgvali formis Rruiani struqturebia, 
romlebic membraniTaa dafaruli. li-
zosomis fermentebi eb-is marcvlovan 
ubanSi sinTezirdeba, Semdeg moxvdeba 
goljis aparatSi, sadac aqtiurdebian, 

membraniT ifuTebian da lizosomebad 
yalibdebian.  lizosoma Seicavs yvela or-
ganuli niTierebis damSlel ferments. 
misi fermentebi mJava areSi funqcioni-
reben (4.5-5 pH). lizosomebi ufro didi 
raodenobiTaa cxovelur ujredebSi, vid-
re mcenareul ujredSi.
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membrana
hidrolizuri 
fermentebi

sur. 2.22

lizosomebi mniSvnelovan rols asru-
leben ujredSi: moineleben ujredSi en-
docitoziT Sesul sakveb nvTierebebs, 
baq teriebs (sur. 2.23). 

aseve, moineleben ujredis dazianebul 
nawilebs da denaturirebul polimerebs  
(avtofagia). 

ramdenadac lizosomis fermentebs 
SeuZlia ujredisaTvis saWiro komponen-
tebis moneleba, amitom isini  Semosaz- 
    R v   ru lia membraniT, riTac izolirebu-
lia misi fermentebi citoplazmisgan da 
ar aZlevs amis saSualebas. Tumca ujre-
di sxva saSualebasac iyenebs lizosomis 
fermentebisgan Tavis dasacavad: romc 
daziandes romelime calkeuli lizoso-
mis membrana da fermentebi aRmoCndes ci-
toplazmaSi, lizosomis fermentebi ver 
imuSaveben, radgan citoplazmis pH sus-
ti tute an neitraluria. zogjer, ram-
denime lizosoma erTmaneTs erwymis, Sem-
deg lizosomis membrana ixsneba, SigTavsi 
citoplazmaSi gadmoiRvreba da ujreds 
mTlianad moinelebs (avtolizi _ TviTdaS-
la). ase xdeba organizmSi dazianebuli 
da daberebuli ujredebis mocileba, Ta-
vkombalas bayayad metamorfozuli gar-

daqmnis procesSi kudis gaq roba. 
birTvis garsi, eb, goljis aparati, 

lizosomebi, sxvadasxva saxeobis veziku-
lebi da plazmuri membrana eukariotul 
ujredSi qmnis endomembranul sistemas. 
es sistema ujredSi mraval funqcias as-
rulebs: cilebis sinTezi, cilebis tran-
sporti membranebsa da organelebSi an 
ujredidan garemoSi, lipidebis metabo-
lizmi da Sxamiani nivTierebebis detoq-
sikacia. endomembranuli sistema erTma-
neTTan an fizikurad aris dakavSirebuli 
uwyvetad membranebis saSualebiT (mag., 
birTvisa da eb-is membranebi) an patara 
vezikulebis saSualebiT membranuli seg-
mentebis gadacemis gziT.

saWmlis momnelebeli fermentebi

saWmlis momnelebeli 
vakuoli

moneleba

lizosoma

plazmuri 
membrana

sur. 2.23

endocitozi

lizosomuri paTologiebi
zogierT adamianSi lizosomuri genetikuri daavadebis sxvadasxva forma viTardeba. 

lizosomur paTologiasTan dakavSirebuli 25-ze meti genetikuri daavadebaa cnobili. am dros 
lizosomaSi iqmneba romelime fermentis deficiti an maTi muSaoba irRveva. Sedegad, ujredSi 
grovdeba iseTi nivTiereba, romelic, Cveulebriv, iSleba. Sedegi SeiZleba letaluric iyos.
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 mitoqondria

gare membrana

mitoqondria

Sida membrana

membranaTaSorisi sivrce

matriqsi
dnm

kristebi
ribosoma

kristebis fermentebis 
monawileobiT sinTezirdeba atf

matriqsi Seicavs ribosomebs, 
dnm-s, fermentebsgare membrana aris ZiriTadi barieri citozolsa 

da mitoqondriul fermentebs Soris

sur. 2.24

ConCxis kunTis

mitoqondriebis ricxvi sxvadasxva tipis 
ujredSi

kanis RviZlis
0

1000

2000

3000

4000

sur. 2.25

magaliTad, tei-saqsis daavadebis dros lizosomaSi ar warmoiqmneba an araaqtiuria fermenti, 
romelic glikolipidis erT-erT saxeobas (gangliozidi) Slis. Sedegad, tvinis ujredebSi 
grovdeba es nivTiereba da tvini ziandeba. 

daavadebis simptomebi, xSir SemTxvevaSi, 6 Tvis bavSvebSi vlindeba. am droidan bavSvis 
ganviTareba neldeba, ewyeba kunTebis sisuste da TandaTanobiT kargavs moZraobis unars, 
moulodnel xmebze Zalian SfoTavs, progresulad kargavs mxedvelobasa da smenas, emarTeba 
gulyrebi. aseTi paTologiebis mqone bavSvebis umravlesoba 4 wlamde ver aRwevs da iRupeba.

tei-saqsis naklebad gavrcelebuli formebi SesaZloa gamovlindes gvian bavSvobaSi an ad-
reul mozrdi lobaSi. es formebi ufro nela progresirebs da xSirad es formac sicocxles-
Tan SeuTavsebelia. 

mecnierebi muSaoben daavadebis mkurnalobis meTodebze. mkurnalobis SesaZlo meTodi gu-
lisxmobs tei-saqsis daavadebis gamomwvevi lipidis (gangliozidebis) sinTezis blokirebas, 
sxva meTodi ki tvinis ujredebamde mitanaa im fermentisa, romelic daSlis am lipids. mkur-
nalobis es meTodebi kvlevis etapzea da tei-saqsis daavadeba kvlav ganukurneblad iTvleba.

mitoqondria (sur. 2.24) citoplazmis-
gan ori membraniT aris SemosazRvruli. 
gareTa membrana gluvia, xolo SigniTa 
_ danaoWebuli da qedebs (kristebs) war-
moqmnis. kristebs Soris sivrces mito-
qondriis matriqsi ewodeba. matriq sSi 
aris mitoqondriuli rgoluri for-
mis dnm, rnm, fermentebi da ribosomebi. 
radgan mitoqondrias aqvs sakuTari mem-
kvidruli masala, igi gayofiT mravl-
deba, Tumca kontrols birTvuli mem-
kvidreobac  uwevs. amitom mitoqondria 
naxevrad avtonomiuri organelaa.
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mcenareuli ujredebis citoplazma-
Si didi raodenobiTaa patara sxeulake-
bi _ plastidebi. yvavilovan mcenareebSi 
aris qloroplastebi, qromoplastebi da 
ufero leikoplastebi (sur. 2.26). 

qloroplasti (sur. 2.27) citoplaz-
misgan ori membraniTaa SemosazRvruli. 
Sida membranis SigniT aris Txevadi gare-

 plastidebi

kristebi mniSvnelovnad zrdian Sida 
membranis zedapiris farTobs, Sida mem-
b ranebze aris fermentebi, romlebic mo-
nawileoben energiiT mdidari nivTiere-
bis _ atf-is _ sinTezSi. atf ujredis im 
nawilSi gadaitaneba, sadac saWiroa ener-
gia. atf-is energia xmardeba ujredis 
gayofas, kunTovani boWkoebis SekumS vas, 

nervuli impulsis warmoSobasa da gata-
rebas, fermentebis sinTezsa da sxva sa-
sicocxlo procesebs. radgan mitoqon-
dria energiiT amaragebs ujreds, amitom 
es struqturebi xSirad moixsenieba, ro-
gorc ujredis ̀ energetikuli sadgurebi~. 
rac ufro aqtiuria ujredi, miT ufro 
bevria masSi mitoqondria (sur. 2.25).

mo _ qloroplastis ZiriTadi niv Tiereba, 
romelsac stromas uwodeben. stromaSi 
moTavsebulia ribosomebi, rgo luri for-
mis dnm da fermentebi. mitoqondriebis 
msgav sad, qloroplastebi sakuTar dnm-
sa da ribosomebs Seicavs. amitom, axali 
qloroplastebi sawyisi qloroplastis 
gayofis gziT warmoiqmneba.

sur. 2.26

qromoplastebi Seicaven pigmentebs, 

romle bic ganapirobeben yvavilis 

gvirgvinis fur  c le bis, foTlebis, 

nayofebis yviTel, wiTel, an 

narinjisfer Seferilobas, rasac 

didi mniSvneloba aqvs yvavilebis 

damtvervisa da Teslebis 

gavrcelebisTvis. qromoplastebis 

Seferiloba dakavSirebulia maTSi 

feradi pigmentebis _ karotinoidebis _ 

dagrovebasTan.

qloroplastebi Seicaven pigment qloro-

fils da karotinoidebs, maTSi sWarbobs

qlorofili, romelic mwvane fers aniWebs 

foTols da mcenaris zogierT sxva nawils.

leikoplastebi pigmentebs ar Seicaven da 

amitom ufero plastidebia, romlebic, 

ZiriTa dad, samarago funqcias asruleben. 

magaliTad, titis bolqvis, kartofilis 

gorglis lei ko plastebSi saxamebeli gro-

vdeba. sinaTle ze leikoplasti SeiZleba 

qloro plastad gardaiqmnas (mag., karto-

filis gorglis gamwvaneba).
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gare membranaSida membrana

ribosoma

stroma
granebi

dnm

Tilakoidis Rru

Tilakoidis membrana

Tilakoidi

sur. 2.27

qloroplasti

sur. 2.28

cxrili 2.1.                            mitoqondriisa da qloroplastis SedarebiTi daxasiaTeba

mitoqondria saerTo qloroplasti

mimdinareobs 
organuli 
nivTierebis 
daJangva da 
daJangvis en-
ergiis xarjze 
atf-is sinTezi

ori membraniTaa SemosazRvruli citoplazmisgan; mi-
toqondriis matriqsSi da qloroplastis stromaSi 
aris rgoluri formis dnm, ribosomebi, fermentebi; 
mimdinareobs plastikuri cvlis reaqciebi: replika-
cia, transkripcia da translacia; mravldebian gayo-
fis gziT; SidamembranebSi _ kristebsa da Tilakoidis 
SidamembranaSi CaSenebulia atf-sinTaza; xdeba energi-
is gardaqmna da atf-is sinTezi.

aqvs Tilakoidebi, romelTa 
membranaSi CaSenebulia pig-
menti qlorofili;
mimdinareobs fotosinTezi _ 
araorganuli nivTierebebidan 
sinaTlis energiis xarjze 
organuli nivTierebis sinTe-
zi.

qloroplastis Sinagani struqtura 
sakmaod rTulia. stromaSi moTavsebulia 
ori membraniT SemosazRvruli brtyeli 
struqturebi, romelTac Tilakoidebi 
ewodeba. ufro xSirad, Tilakoidebi erT-
maneTze lagdeba da granebi waroiq mneba. 
qloroplastSi mimdinareobs fotosin-
Tezi. qlorofili Tilakoidis membraneb-
Sia CaSenebuli,  amitom aq fotosinTezis 
procesSi sinaTlis energia gardaiqmneba 
qimiur energiad (ix. gv. 96-98). 

qloroplastisgan SeiZleba qromo-
plas ti ganviTardes, rodesac masSi iS-
le ba qlorofili da Sinagani membranu-
li struqturebi. ase xdeba, magaliTad, 
zogierTi xilis momwifebisas (sur. 2.28). 

mitoqondriisa da qloroplastis agebu-
lebasa da funqciebSi aris rogorc msgav-
seba, ise gansxvaveba (ix. cxr.2.1).
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sur. 2.29

vakuoli

 centraluri vakuoli

mcenareuli ujredebisTvis damaxasia-
Tebelia kidev erTi organela _ cen-
traluri vakuoli (sur. 2.29). ujredis 
wveniT savse vakuolebi kargad SeimCneva 
xnier ujredebSi, gansakuTrebiT ki mwi-
fe nayofis ujredebSi da nayofis Se-
ferilobasa da gemos ganapirobebs. zo-
gjer ujredis wveni imdenad bevria, rom 
citoplazma da birTvi ujredis kedel-
Tanaa mijrili, xolo ujredis Sua nawili 
erT did centralur vakuols ukavia. igi 
SemosazRvrulia membraniT (tonoplas-
tiT). ujredis wveni bevria mwife nayofi-
sa da mcenaris sxva xorcovani organoe-
bis ujredebSi. ujredis wvenis ZiriTadi 
nawili aris wyali, romelSic gaxsnilia 
sxvadasxva nivTiereba. vakuolebi mraval 
funqcias asruleben mcenareebSi:

• ujredis turgoris SenarCuneba;
• ujredisaTvis mavne nivTierebebis 

dagroveba;
• mRebavi nivTierebebis _ pigment 

anTocianebis dagroveba, romlebic yvavi-
lebis, nayofebis, foTlebis iisfer, mewa-
mulisfer, lurj Seferilobas ganapiro-
beben (sur. 2.30); 

• samarago nivTierebebis, magali-
Tad, Saqrebis, cilebis dagroveba;

• Sxamiani da cxovelebisaTvis uge-
muri nivTierebebis dagroveba, rac mcena-

sur. 2.30

res mcenareWamia cxovelebisagan icavs.
centraluri vakuoli sokos ujrede-

bisTvisac aris damaxasiaTebeli.

peroqsisoma eukariotuli ujredebis-
Tvis damaxasiaTebeli kidev erTi orga-
nelaa (sur. 2.31). igi momrgvalo formis 
0,3-1,5 mkm diametris sxeulia, romelic 
erTi membraniT aris dafaruli (eukario-
tuli ujredis struqturebis klasifika-
cia membranuli Senebis mixedviT ix. cxr. 
2.2). is didi rao denobiT Seicavs Jangva-
aR dgeniT reaq ciebSi monawile fermen-
tebs da sxvadasxva funqcias asrulebs. 
sxvadasxva saxis ujredSi peroqsisomebis 
funqciebi gansxvavebulia. 

sur. 2.31

peroqsisomis 
fermentebi

membrana

 peroqsisoma
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 ujredis citoConCxi

yovel eukariotul ujreds aqvs ci-

toConCxi, romelic ganuwyvetliv icvlis 

formas ujredis moTxovnilebis Sesaba-

misad. igi Sedgeba cilebisgan, romlebic 

warmoqmnian grZel Zafebs an boWkoebs. am 

ZafebiTa da boWkoebiTaa mTeli ujredi 

daqselili, rogorc es suraTzea (sur. 

2.32) naCvenebi. citoConCxs boWkoebis sami 

ZiriTadi tipi qmnis, rac ganapirobebs ci-

toConCxis funqciebis mravalferovnebas. 

Sualeduri filamentebi

citoConCxi

mikromilaki

mikrofilamenti
plazmuri 
membrana

sur. 2.32

cxovelur ujredebSi peroqsisomebi 
monawileoben mTel rig JangviT metabo-
lur procesebSi, maT Soris, cximovani 
mJavebis daJangvaSi. RviZlis ujredebi 
mdi daria peroqsisomebiT, radgan monawi-
leoben alkoholisa da sxva mavne niv-
Tierebebis detoqsikaciaSi. mcenareul, 
magaliTad, cximiT mdidar Teslis ujre-
debSi, misi fermentebi lipidebs naxSir-
wylebad gardaqmnis. 

ujredSi mimdinare zogierTi JangviTi 
procesis gverdiTi produqtia wyalbadis 
zeJangi (H2O2). igi Zalian toqsikuria da 

saWiroa misi ujredidan swrafi mocile-
ba. peroqsisoma Seicavs ferment katala-
zas, romelic erT-erTi yvelaze swrafad 
moqmedi fermentia. igi wyalbadis zeJangs 
wylad da Jangbadad Slis. 

peroqsisomis fermentebi monawileo-
ben naRvlis mJavebis sinTezSi, nervuli 
boW koebis mielinis garsis warmoqmnaSi da  
a. S. cnobilia e.w. peroqsisomuli Tan-
dayolili daavadebebi (mag., nervuli 
sis temis zogierTi tipis daavadeba), ro-
melic dakav Sirebulia peroqsisomis zo-
gierTi fermentis defeqtTan.

cxrili 2.2.               eukariotuli ujredis struqturebis  klasifikacia membranuli Senebis mixedviT

aramembranuli Senebis
membranuli Senebis

erTmembraniani ormembraniani

birTvaki
ribosoma
centrosoma
qromatini

endoplazmuri bade
goljis aparati
lizosoma
centraluri vakuoli
peroqsisoma

birTvi
mitoqondria
qloroplasti
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ujredis centri _ centrosoma 
ori centrioliT

ori centrioli

sur. 2.33

• mikromilakebi _ grZeli Rruiani 

milebia da Sedgeba cila tubulinisgan. 

isini ujreds formas aZleven da moqmede-

ben, rogorc `bilikebi~ organelebis ga-

daadgilebisTvis. rodesac ujredi iyo-
fa, mikromilakebi warmoqmnian gayofis 
TiTistaras Zafebs. 

• Sualeduri filamentebi _ isi-
ni mik romilakebze ramdenadme mcirea,  
ujreds simtkices aniWeben. 

• mikrofilamentebi _ isini ci-
toConCxis boWkoebs Soris yvelaze mci-
rea, warmoadgenen uwvriles Zafebs, 
romlebic, ZiriTadad, cila aqtinisgan 
Sedgebian da ujreds moZraobaSi exmare-
bian. isini mniSv nelovan rols asruleben 
kunTovan ujre debSi da kunTebis Sekum-
Sva-modunebas ganapirobeben. 

ujredi hgavs sadgurs daZabuli zaf -
xulis Svebulebis dros, sadac moleku-
lebi da struqturebi moZraoben ujredis 

sivr ce  Si, mikromilakebi da mikrofila-
mentebi  ki mogvagonebs dinamikurad mow-
yo bil sarkinigzo liandagebs.

centrosoma ujredis umembrano or-
ganelaa, romelic birTvis maxloblad 
mdebareobs. igi ujredis mikromilakebis 
warmoqmnis mTavari centria da monawi-
leobs ujredis gayofaSi. cxovelebSi, 
wyalmcenareebsa da sxva protistebSi 
cen trosomis SemadgenlobaSi Sedian ur-
TierTperpendikularulad ganlagebuli 
ori cen trioli (sur. 2.33). TiToeuli 
centrioli cilindruli formisaa da mi-
kromilakebis cxra tripletisgan Sedgeba. 
ujre dis gayofis dros isini ormag debian 
da ujredis polusebisken miemarTebian, 
maT Soris ki ga yofis TiTistaras Zafebi 
warmoiqmneba. mcenareebis centrosomebs 
centriolebi ara, magram aqvT kargad or-
ganizebuli mikromilakebi.

yoveli organizmis struqturuli da 
funqciuri erTeuli prokariotuli an 
eukariotuli ujredia. sityva `proka-
riotuli~ warmodgeba laTinuri pro-sgan 
(winare) da berZnuli karyon-isgan (birT-

vi), anu birTvamdeli/ubirTvo ujredi. 
rogorc ukve ici, prokariotuli ujre-
di aqvs baqteriebsa da arqeebs, amitom 
maT prokariot organizmebs uwodeben.

prokariotebi erTujredianebi, meta-

2.6. ujredebis mravalferovneba
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ujredis kedeli. baqtriebis umravleso-
bis ujredis kedeli warmoadgens lipi-
debis, polisaqaridebisa (ZiriTadad, mu-
reinis) da cilebis mtkice bades. xolo 
arqeebis ujredis kedeli Sedgeba cile-
bisa da fsevdomureinisgan. baqteriis 
bevr saxeobas ujredis kedlis garSemo 
aqvs webovani kafsula, romliTac advi-
lad ewebeba sxvadasxva tipis zedapirs, 
magaliTad, foTlebs, xorcs. aseve, kaf-
sula icavs toqsinebisa da sxva tipis 
damazianeblisgan, mag., paTogenur baqte-
riebs _ organizmis imunuri sistemisgan. 
zogierTs wamwamebi da/an Solti aqvs moZ-
raobis saSualebad.

sxvadasxva sistematikuri jgufis euka-
rioti organizmis ujredebs bev ri saer-
To aqvT. rogorc ukve ici, maTi ZiriTadi 
nawilebia plazmuri membrana, citoplazma 
da birTvi. citoplaz maSi bevri erTnai ri 
struqture bia, magram rogorc suraTze 
(sur. 2.35) Cans, cxovelur, mcenareul da 
sokos ujredebs saerTosTan erTad, aqvT 
gansxvavebuli struq turebic, romlebic 
unikaluria maTi funqciebisTvis. 

bolizmiTa da formiT Zalian mraval-
ferovani, dedamiwaze farTod gavrce-
lebuli organizmebi arian. magaliTad, 
baqteriebis nawili mxolod Jangbadian 
garemoSi cxovroben (obligaturi aero-
bebi), zogierTi saxeobis baqteria Jangba-
dian garemoSi iRupeba da mxolod uJang-
bado garemoSi cxovroben (obligaturi 
anaerobebi), zogsac arseboba SeuZliaT 
rogorc Jangbadian, ise uJangbado gare-
moSi (fakultaturi anaerobebi). magali-
Tad, fakultaturi anaerobebia nawlavis 
Cxiris baqteria, rZemJava duRilis baqte-
ria. 

prokariotuli ujredebi moklebulia 
aramarto Camoyalibebul birTvs (pro-
kariotebSi ZiriTad genetikur masalas 
warmoadgens wriuli dnm, romelic gan-
Tavsebulia citoplazmaSi), aramed maT 
ar aqvT membranuli Senebis organelebic. 
prokariotul ujredSi organelebidan 
gvxvdeba aramembranuli Senebis riboso-
mebi (sur. 2.34).

TiTqmis yvela prokariotis ujredis 
plazmur membranas gars akravs mkvrivi 

Solti

wamwamebi

citoplazma

ribosomebi

plazmuri membrana

ujredis kedeli

kafsula

dnm

sur. 2.34
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mcenareuli ujredi

eb-is gluvi nawili

eb-is granularuli nawili

qloroplasti

centraluri vakuoli

plazmuri membrana
ujredis kedeli

mitoqondria

lizosoma

citoConCxi

ribosoma

centrosoma

birTvi

birTvaki

sur. 2.35

cxoveluri ujredi

eb-is gluvi nawili

eb-is granularuli nawili

plazmuri membrana
centrosoma
centrioli
goljis aparati
mitoqondria

lizosoma

citoConCxi

ribosoma

birTvi
birTvaki

sokos ujredi

endoplazmuri bade

plazmuri membrana

ujredis kedeli

mitoqondria

ribosomebi

birTvi

birTvaki

goljis aparati

centraluri vakuoli

centrosoma



64

ara marto sxvadasxva sistematikuri 
jgu  fis warmomadgeneli organizmebis uj-
re debi gansxvavdebian erTmaneTisgan, ara-
med erTi sistematikuri jgufisa da erTi 
mravalujrediani organizmis ujredebic. 

  cxrili 2.3.

ujredis tipi garegani saxe funqciebi da adaptacia

cxoveluri ujredi

sisxlis wiTeli 
ujredi _ 
eriTroci ti

Jangbadis transportireba filtvebidan qsovilebis-
ken da ujredebSi aerobuli sunTqvis uzrunvel-
yofa. adamianis eriTrociti mcire zomisaa da aqvs 
ormxriv Cazneqili kveris forma, romelic zrdis 
garemosTan Sexebis zedapiris farTobs; zrdasrul 
eriT rocits birTvi ar aqvs da citoplazmaSi mis 
adgils ikavebs hemoglobini, romelic filtvebSi 
Jangbads ikavSirebs da gadaaqvs mTel organizmSi.

ConCxis 
ganivzoliani 
kunTovani 
ujredi/boWko

mamoZravebeli funqcia. ConCxis ganivzolian kunTo-
van ujreds/boWkos aqvs wagrZelebuli forma da mis 
citoplazmaSi didi raodenobiTaa kumSvadi fibri-
luri cilovani boWkoebi, romelTanac dakavSirebu-
lia mamoZravebeli funqcia. 

spermatozoidi
ganayofierebaSi monawileoba. spermatozoids aqvs 
Solti, romelic exmareba kvercxujredisken moZ-
raobaSi.

motoruli 
neironi

nervuli impulsis gatareba. neirons aqvs grZeli 
boWko _ aqsoni, romelSic nervuli impulsi gatar-
deba; aqsoni dafarulia mielinis garsiT, romelic 
eleqtroizolaciis rols asrulebs da nervuli 
impulsis swraf gatarebas uzrunvelyofs; aqsonis 
daboleoba datotvilia da mraval ujreds ukavSir-
deba. 

mcenareuli ujredi

fesvis 
bususovani 
ujredi

niadagidan wylisa da minereluri marilebis Sewova. 
fesvis epidermisis ujredebs aqvT citoplazmu-
ri gamonazardi _ fesvis bususi, romelic zrdis 
niadagidan wylisa da mineraluri marilebis Semwovi 
zedapiris farTobs.

qsilemis 
WurWlis 
ujredebi

wylisa da mineraluri marilebis transportireba 
fesvidan mcenaris miwiszeda organoebisken. ujre-
debs ar gaaCniaT citoplazma da amitom wyali Tavi-
suflad gadaadgildeba; ujredis kedeli mdidaria 
wyalgaumtari nivTierebiT _ ligniniT.  

isini gansxvavdebian zomiT, formiTa da 
agebulebiT, maT aqvT iseTi struqturu-
li warmonaqmni, romelic ganapirobebs 
ujredis mier specifikuri funqciebis 
Sesrulebas (ix. cxrili 2.3).
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  cxrili 2.4.                     sxvadasxva organizmis ujredebis agebulebis Sedareba

kriteriumebi 
Sesadareblad

prokariotuli 
ujredi

eukariotuli ujredebi

baqteriis ujredi
mcenareuli  

ujredi
cxoveluri 

ujredi
sokos ujredi

ujredis 
kedeli, misi 
Sedgeniloba

+
polisaqaridi  

mureini

+
polisaqaridi  
celuloza

_

+
polisaqaridi 

qitini

plazmuri 
membrana

+ + + +

citoplazma + + + +

birTvi _ + + +

memkvidruli 
nivTiereba da 
misi ganTavse-
bis adgili

citoplazmaSi gan-
Tavsebuli rgolu-
ri formis dnm-is 
erTi molekula

dnm-is molekulebi 
qromatinis saxiT 
birTvSi, rgoluri 
dnm mitoqondriasa 
da qloproplastSi

dnm-is moleku-
lebi qromatinis 
saxiT birTvSi, 
rgoluri dnm 
mitoqondriaSi

dnm-is moleku-
lebi qromatinis 
saxiT birTvSi, 
rgoluri dnm 
mitoqondriaSi

mitoqondria _ + + +

qloroplasti _ + _ _

centraluri 
vakuoli

_ + _ +

endoplazmuri 
bade

_ + + +

ribosoma + + + +

goljis  
aparati

_ + + +

lizosoma _ + + +

centrosoma _ + + +

centrosoma 
centriolebi-
sgan Sedgeba

_ _ + _

samarago
polisaqaridi

glikogeni saxamebeli glikogeni glikogeni

virusi (laT. _ viruses _ „Sxami“) 
yvelaze patara da martivi mikrobia. 
igi sicocxlis araujreduli formaa 
da gacilebiT mcire zomisaa  nebismier 
ujredTan SedarebiT. amitom maTi aR-
moCena SesaZlebeli gaxda mxolod eleq-
tronuli mikroskopiT da pirveli iyo 
Tambaqos mozaikis virusi. Semdegma 

kvle vebma daadgina, rom virusi formiTa 
da agebulebiT aris Zalian mravalfero-
vani (sur. 2.36). am aRmoCenebiT safuZ-
veli Caeyara biologiis axal dargs _ 
virusologias. virusologiis erT-erTi 
mTavari amocanaa virusebis struqturi-
sa da funqciebis, maTi gavrcelebis gze-
bis Seswavla. 

2.7. სიცოცხლის არაუჯრედული ფორმები – ვირუსები
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ivanovskisa da beierinkis eqsperimentebi

me-19 saukuneSi mikrobiologebis lui pasterisa da 
robert koxis, qirurgi jozef listeris mecnieruli 
kvlevebis safuZvelze adamianebma gaiges, rom infeqciuri 
daavadebebi gamowveulia mikrobebiT. 1892 wels rusma me-
cnierma dimitri ivanovskim Caatara mecnieruli kvlevebi 
Tambaqos mozaikis gamomwvevi mikrobis Seswavlis mizniT. 
man Tambaqos mozaikiT daavadebuli Tambaqos foTlidan 
gamoyo eqstraqti da gaatara filtrSi, romelic baqte-
riebs ar atarebda. aRmoCnda, rom gafiltrul eqstraqts 
kvlav hqonda Tambaqos mozaikis infeqciis gamowvevis una-
ri. ivanovskim gaarkvia, rom Tambaqos mozaikis daavadeba 
realurad gamowveulia mikrobiT, romelic bevrad ufro 
mcirea, vidre baqteria da misi danaxva sinaTlis mikroskopis gamoyenebiT SeuZlebelia. 1898 
wels holandielma mikrobiologma martines beierinkma Caatara eqsperimentebi da daadgina, 
rom es mikrobi, baqteriebisgan gansxvavebiT, ar mravldeboda sakveb areze. beierinkma, saku-
Tari da ivanovskis kvlevebis safuZvelze, daaskvna, rom Tambaqos mozaikas iwvevda umciresi 
nawilakebi da maT „Sxami“ uwoda. Tambaqos mozaikis gamomwvevi mikrobi pirvelad mxolod 1939 
wels naxes eleqtronuli mikroskopiT, iqamde ki maTi Seswavla da Sefaseba mxolod arapir-
dapiri meTodebiT xdeboda. 

Tambaqos mozaikis virusiT 
daavadebuli foToli

virusebis mravalferovani forma

gripis 
virusi

Tambaqos 
mozaikis virusi

C hepatitis 
virusi

aiv-i cofis virusiwiTelas 
virusi

sur. 2.36

 virusebis struqtura da gamravleba

virusebi gansxvavebuli formisa da zo-
misaa, magram yvela maTgans aqvs geneti-
kuri masala, romelic garSemort ymulia 
cilovani garsiT _ kafsidiT (sur. 2.37). 
kafsidebs qmnis sxvadasxva cila, amitom 
virusebis kafsidebs aqvT gansxvavebu-
li forma. zogierT viruss damatebiT 
lipoproteiduli garsic aqvs da kafsu-
las warmoqmnis. prokariotebisa da euka-
riotebisgan gansxvavebiT, romlebSic 
dnm aris ZiriTadi genetikuri masala, vi-
rusebSi genetikuri masala warmodgenil-
ia dnm-is (mag., baqteriofagSi) an rnm-is 
saxiT (mag., Tambaqos mozaikis virusi, aiv); 
virusi erTdroulad orive saxeobis nuk-
leinis mJavas ar Seicavs (sur. 2. 38). 

sur. 2.37

cilovani garsi.

kafsidi

virusis struqtura

kafsula

genetikuri masa-
la (dnm an rnm)

glikoproteiduli 
struqturebi 
konkretuli 
maspinZeli 
ujredis plazmur 
membranaze 
misamagreblad

rogorc ukve ici, yvela cocxal or-
ganizms aqvs iseTi saerTo Tvisebebi, 
rogoricaa, magaliTad, garemosTan niv-
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TierebaTa da energiis cvla, zrda-gan-
viTareba, gamravleba, gaRizianebadoba 
_ reagireba garemoze, memkvidreobiTo-
ba (Seicaven genetikur masalas) da sxv. 
ise Ti prokariotebi, rogoricaa baqte-
riebi, namdvilad miekuTvnebian cocx-
al organizmebs, radgan maT aqvT zemoT 
CamoTvlili yvela sasicocxlo Tviseba. 
magram arian Tu ara virusebi cocxa-
li organizmebi? virusebi reagireben 
garemos cvlilebaze, maT aqvT genebi da 
SeuZ liaT gamravleba. Tumca, ujreduli 
agebulebis organizmebisgan gansxvave-

biT, virusebs cocxali ujredis gareSe 
gamravleba ar SeuZliaT. isini iyeneben 
ujredis nivTierebebsa da struqturebs 
gamravlebisTvis, amdenad, yvela viru-
si parazitia. virusis genetikuri masala 
axali virusebis aslebis warmosaqmnelad 
saWiro informacias Seicavs. misi gene-
tikuri masala maspinZel ujreds aiZu-
lebs virusis aslebis warmoqmnas (sur. 
2.39). miuxedavad imisa, rom virusebs 
aqvT cocxalisTvis damaxasiaTebeli zo-
gierTi Tviseba, mas ver miuCines adgili 
biologiu ri klasifikaciis sistemaSi.

sur. 2.38

dnm

rnm
kudis 
boWkoebi ukutran-

skriptaza

glikoproteini

orSriani 
lipiduri 
membrana

rnm

glikopro-
teini

gareTa 
garsi

kafsidi

kafsidikudi

Tavi

baqteriofagi

rnm

spiraluri 
kafsidi

Tambaqos mozaikis 
virusi

gripis virusi

aiv-i

sur. 2.39 virusis gamravlebis Semdeg maspinZeli ujredi iSleba

birTvi

1. virusi emagreba SerCeuli 
maspinZeli ujredis 
plazmur membranas.

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

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

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

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

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

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

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

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

4. maspinZeli ujredis 
ribosomebi kiTxuloben 
virusis m-rnm-s da 
sinTezirdeba virusis 
garsis cilis mravali asli.

6. maspinZlis ujredSi 
virusis aslebi warmoiqmneba.
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zogierTi virusis maspinZeli baqte-
riaa. virusiT daavadebuli baqteria kvde-
ba, amitom aseT viruss baqteriis mSTan-
mTqmelebs _ baqteriofagebs an ubralod 
fagebs uwodeben. fagis pirveli foto 

eleqtronuli mikroskopiT 1940 wels ga-
daiRes.

kargadaa Seswavlili nawlavis Cxiris 
(Escherichia coli) baqteriofagi _ T-baqte-
riofagi (sur. 2.40). 

fagi baqterias `utevs~

sur. 2.40

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

asli (sur. 2.41). baqterio fagebi dedami-
waze yvelaze gavrcelebuli mikrobebi 
da baq te riebis bunebrivi mtrebi arian. 
fagebi dedamiwaze baqteriuli balansis 
dacvis funqcias miliar dobiT welia as-
ruleben.

sur. 2.41

maspinZeli 
baqteria 

iSleba. baq-
teriofagebs 

SeuZliaT  
axali ujredebis dainficireba.

rgoluri 
formis  
virusis 
dnm

baqteriofagi emagreba da 
Tavisi dnm Sehyavs maspinZel 
baqteriaSi.

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

axali baqteriofagebi.

`baqteriuli  
qromosoma~

baqteriofagi

fagis dnm
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qloroplasti

glukoza
(energiiT mdidari)

(energiiT Raribi)

energia, romelic  
ujreds xmardeba

mitoqondria

O2

CO2 + H2O

yvela organizmis ujredi _ baqteriebidan dawyebuli adamianebamde _ sasicocx-
lo procesebis warmarTvisTvis saWiroebs qimiur energias. zogierTi organizmi, 
rogoricaa wyalmcenareebi da mcenareebi, mzis energias STanTqaven da energiis 
nawils naxSirwylebSi agroveben _ sinaTlis energias qimiur energiad gardaqmnian. 
ujredebi glukozas Slian, rom miiRon sasargeblo qimiuri energia TavianTi sa-
sicocxlo funqciebis SesrulebisTvis. amrigad, naxSir wylebis mwarmoebeli _ av-
totrofi _ organizmebis gareSe dedamiwaze sicocxle ver iarsebebda. 

Tema 3.  ujreduli metabolizmi
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 kavSiri energetikul da plastikur cvlas Soris

cvlasac uwodeben. anabolizmis sawinaaR-
mdego procesia disi milacia, anu katabo-
lizmi, romlis drosac rTuli organuli 
nivTierebebi iSleba martiv nivTierebe-
bad da energia gamoiyo fa. amitom kata-
bolizms energetikul cvlasac uwodeben. 

katabolizmienergia energia

sakvebi organuli
nivTierebebi

martivi organuli
nivTierebebi

makromolekulebi

anabolizmi

metabolizmi

sur. 3.1

kavSiri fizikasTan

Termodinamikis kanonebi
pirveli kanoni: energia arc iqmneba da arc qre-
ba. igi mxolod erTi formidan meoreSi gar-
daiqmneba, an erTi obieqtidan meores gadaecema.  
meore kanoni: energiis erTi formidan meoreSi 
gardaqmnis dros adgili aqvs energiis nawilis 
usargeblo formis (ZiriTadad, siTbos) saxiT 
dakargvas.

ujredSi mimdinareobs uamravi sa xis 
bioqimiuri reaqcia, romelzedac damoki-
debulia ujredis funqcionireba. es bio -
qimiuri reaqciebi SeiZleba or jgufSi 
gaerTiandes: biosinTezis reaqciebi _ asi-
milacia, anu anabolizmi da disi milacia, 
anu katabolizmi (sur. 3.1). asimila ciis 
dros martivi nivTierebe bisgan ufro 
rTuli nivTierebebi sinTezirdeba. igi 
endo Termuli procesia _ energiis xarj-
viT mimdinareobs. anabolizmis produ-
qtebs ujredi iyenebs struqturebis 
ganaxlebisa da aRdgenisTvis, axali uj-
redebis warmoqmnisa da zrdisTvis. amitom 
asimilacias, anu anabolizms plastikur 

amrigad, katabolizmi egzoTermuli 
procesia da igi ujreds uzrunvel yofs 
energiiT, romelsac sasicocxlo funq-
ciebis gansaxorcieleblad iyenebs. maga-
liTad, kunTis boWkoebSi es energia me-
qanikur energiad gardaiqmneba, nervul 
ujredebSi _ eleqtrul energiad, cici-
naTelas zogierT ujredSi _ sinaTlis 
energiad. energiis erTi saxis meore sa-
xis energiad gardaqmnis dros energiis 

nawili usargeblod, ZiriTadad, siTbos 
saxiT ifanteba. e.i. cocxali sistemebi 
Termo dinamikis kanonebs emorCileba. 

anabolizmisa da katabolizmis proce-
sebis erTobliobas metabolizmi ewo deba 
(sur. 3.1). katabolizmis maga liTebia gli-
kogenisa da saxameblis daSla glukozad, 
glukozis daSla naxSirorJangad da 
wylad, cilebis daSla amino mJavebad da 
sxv. ujreds sicocxlisaTvis esaWiroe-

3.1.
nivTierebaTa cvla da energiis gardaqmna  

ujredSi 
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 adenozintrifosformJava

ba biopolimerebi: cilebi, naxSirwylebi, 
nukleinis mJavebi. ujredSi maTi war moqm-
na anabolizmis/plastikuri cvlis maga-
liTia. 

plastikuri da energetikuli cvla 
urTierTsawinaRmdego procesia, magram 
erTmaneTTan dakavSirebulia da erTma-
neTs ganapirobebs. adenozintrifosfor-
mJava/atf warmoadgens Sualedur rgols 
energetikul da plastikur cvlas So-
ris. energetikuli cvlis dros gamoTa-
visuflebuli energiis xarjze atf sin-
Tezirdeba, romelic plastikur cvlaze 
ixarjeba.

atf energiiT mdidari nukleotidia.
misi molekula Sedgeba azotovani fuZe 
adeninisagan, naxSirwyal ribozasa da 
3 fosformJavas naSTisagan. amitomac 
hqvia atf-s adenozintrifosformJava/
adeno zintrifosfati (sur.3.2). fosfatis 
jgufebi erTmaneTs ukav Sirdeba ener-
giiT mdidari – makro erguli bmiT. atf-
is hidrolizis dros bma wydeba da erTi 
fosformJavas naSTi moscildeba, is gar-
daiqmneba adenozindifosformJavad (adf), 
Tu ori fosformJavas naSTi moscildeba 

_ adenozinmonofosformJavad (sur. 3.3). 
bmis gawyvetas Tan axlavs 40 kj  energiis 
gamoyofa. ujredi am energias iyenebs  
sa  sicocxlo procesebisTvis.

atf-is modeli

adenini (azotovani fuZe)

riboza 
(naxSirwyali)

fosformJavas naSTebi

makroerguli bma

P P P

sur. 3.2

sur. 3.3

fosformJavas naSTis 

mocileba

energia xmardeba 

ujredis funqciebs

adf

organuli 

nivTierebebis 

daSlis Sedegad 

miRebuli energia

fosformJava

sur. 3.4

atf

A

P

P

A

P

P

P

P

P



72

atf-s energiis universalur wyaros 
uwodeben, radgan yvela organizmSi sa-
sicocxlo procesebze atf-is energia 
ixar jeba.

ujreds mudmivad sWirdeba energia, mas 
yovelTvis unda hqondes atf-is garkveu-
li maragi. amisTvis aucilebelia atf-
is aRdgena adf-dan. atf-is aRsadgenad 
adf-s unda miuerTdes fosformJavas 
molekula (sur. 3.4). atf-is sinTezisa-

Tvis aucilebeli energiis misaRebad uj-
redi, ZiriTadad, iyenebs naxSir wylebs 
(glukoza energiis ZiriTadi wyaroa). na-
xSirwylebis garda, energiis misaRebad 
ujredi cximebsac Slis. rac Seexeba uj-
redSi arsebuli cilebis daSlas ener giis 
misaRebad, es ukiduresi zomaa, romelsac 
ujredi mimarTavs im SemTxvevaSi, ro-
desac ujredSi naxSirwylebisa da cxi-
mebis naklebobaa.

procesia. TiToeul reaqcias gansakuT-
rebuli (specifikuri) fermenti akata-
lizebs. sabolood, erTi molekula glu-
kozis anaerobuli daJangvis Sedegad ori 
molekula piroyurZnis mJava/piruvati 
warmoiqmneba. daJangvis Sedegad gamoTavi-
suflebuli energiis xarjze ori moleku-
la atf sinTezirdeba, danarCeni ener gia 
siTbos saxiT ifanteba (60% siTbos saxiT 
ifanteba, 40% atf-Si grovdeba).

C6H12O6
glukoza

 + 2adf + 2H3PO4  2C3H4O3
piroyurZnis mJava/ 

piruvati

+

 

  + 2atf + 2H2O

III. Jangbadiani etapi _ aerobuli, anu 
ujreduli sunTqva: glikolizis Sede-
gad gamoyofili piruvatis bedi damoki-
debulia ujredSi Jangbadis arsebobaze. 
Tu ujredSi Jangbadia, samnaxSirbadiani 
piruvati gadadis mitoqondriaSi, sadac 
ganicdis rTul gardaqmnebs, romelTa sa-
boloo produqtia naxSirorJangi (CO2), 
wyali da atf. ori molekula piruvatis 
aerobuli daJangvis Sedegad 36 mo lekula 
atf sinTezirdeba (energiis 55% atf-is 
saxiT inaxeba, 45% ki siTbos sa xiT ganib-
neva). sinamdvileSi, ujreduli sunT qvis 
procesi mravalsafexuriania da martivi 
saxiT warmodgenilia suraT 3.5-ze. 

ujreduli sunTqva mimdinareobs or 
etapad: krebsis cikli mitoqondriis mat-
riqsSi da JangviTi fosforilireba kris-
tebze. 

krebsis cikli: piruvatis TiToeuli 

ujredSi ganuwyvetliv mimdinareobs 
procesebi, romelic energias moiTxovs. 
ujreds energiiT uzrunvelyofs metabo-
luri procesi _ disimilacia, anu energe-
tikuli cvla. energetikuli cvla orga-
nizmSi sam etapad mimdinareobs.

I. mosamzadebeli etapi: am etapze ma-
Ralmolekuluri organuli nivTierebebi 
hid rolizis reaqciebis procesSi ufro 
dabalmolekulur nivTierebebad iSleba. 
magaliTad, cilebi aminomJavebad iSle-
ba, saxamebeli da glikogeni _ glukozad, 
nukleinis mJavebi – nukleotidebad da 
a.S. cxoveluri organizmis doneze igi 
saWmlis momnelebel arxSi mimdinareobs 
saWmlis momnelebeli fermentebis moq-
medebiT, sokoebi da mweriWamia mcenaree-
bi ki organizmis gareT gamoyofen fer-
mentebs da Semdeg Seiwoven monelebul 
martiv organul nivTierebebs. rogorc 
ukve ici, es procesi ujredul doneze 
lizosomebSi mimdinareobs. mosamzadebel 
etapze gamoTavisuflebuli mTeli ener-
gia siTbos saxiT ifanteba.

II da III etapebze organuli nivTiere-
bebis biologiuri daJangva xdeba. es pro-
cesi glukozis daJangvis magaliTze gan-
vixiloT, radgan igi warmoadgens ener giis 
ZiriTad wyaros.

II. uJangbado etapi _ glukozis uJangba do 
daJangvas glikolizi ewodeba. es procesi 
citoplazmaSi, kerZod, citozolSi, mim-
dina reobs da rTuli mravalsafexuriani 

3.2. energetikuli cvla
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6CO2

2C3H4O3

6O2

6H2O

sinTezirdeba atf,  
gamoiyofa siTbo da wyali

miiReba energiiT mdidari nivTie-
rebebi, romelTac eleqtronebi da 
wyalbadis protonebi (wyalbadis 
atomebis saxiT) gadaaqvT me-2 etapze

Sida membranebi

ujreduli sunTqvis zogadi mimoxilva

matriqsSi mimdinare 
reaqciebi

H

atf

atf

4

2

glikolizis Sedegad 
warmoqmnili samnaxSirbadiani piruvatis 
molekulebi Sedian mitoqondriaSi

1

Jangbadis molekulebi eleqtronT-
gadamtanebidan ikavSirebs eleqtro-
nebsa da wyalbadis ionebs, warmoiqm-
neba wyali

3

etapi 1: krebsis cikli

etapi 2: JangviTi fosforilireba _ 
kristebis membranebze mimdinare 
procesebi

sur. 3.5

molekula mitoqondriis matricaSi fer-
mentebis gavleniT ganicdis safexurebriv 
cvlilebebs da TandaTan iSleba, kargavs 
naxSirbads da misgan warmoiqmneba naxSir-
orJangi (rogorc gverdiTi produqti) 
da garemoSi gamoiyofa (ori molekula 
piruvatidan 6CO2), sinTezirdeba mcire 
raodenobiT atf. aseve, krebsis ciklSi 
organuli nivTiereba kargavs eleqtro-
nebs. energiiT mdidari TiToeuli ele-

qtroni moZraobs wyalbadis protonTan 
erTad (anu wyalbadis atomis saxiT), maT 
ikavSirebs kofermentebi, romlebic da-
Janguli saxiT aris _ NAD+ (nikotinami-
dadenindinukleotidi) da FAD2+ (flavi-
nadenindinukleotidi), isini aRdgebian 
NADH-ad da FADH2-ad, miiReba energiiT 
mdidari nivTierebebi. aRdgenili kofer-
mentebi CaerTvebian JangviTi fosfori-
lirebis procesSi (sur. 3.6).

e

e

e e

O
_

2 + 4H
+
  2H2O 

1

4

3

2

membranaTaSorisi 
sivrce wyalbadis ionebi 

transportirdeba 
membranis erT mxares

eleqtronebs miierTebs 
eleqtrongadamtani da 
gadaaqvs membranaSi

H
+
-is difuziis 

Sedegad gamoyofili 
energia gamoiyeneba 
atf-is sinTezisTvis

atf-sinTaza

adf atf

satransporto cila
kristas membrana

H
+

H
+

H
+

H
+H

+

H
+

H
+

H
+

H
+

H
+

H
+

H
+

H
+

H
+

H
+

H
+

O
_

2O2

4e
_

e

matriqsi
sur. 3.6

NADH
FADH2 NAD+

FAD2+
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1. kofermentebi rogorc advilad 
aRdgebian, iseve advilad iJangebian: aRd-
genili kofermentebi NADH da FADH2 

eleqtronebs gadascemen mitoqondriis 
kristebis membranaSi CaSenebul eleq-
trongadamtan cilebs da eleqtronebi 
CaerTveba eleqtronebis gadamtan jaWvSi, 
gamoTavisufldeba wyalbadis ionebi.

2. eleqtronis erTi eleqtrongadamta-
nidan meoreze gadacemis dros gamoTavi-
suflebuli energia xmardeba H+-ionebis 
aqtiur transports, kerZod, H+-ionebi, 
kristebis membranis gavliT, grovdeba mi-
toqondriis membranaTaSoris sivrceSi da 
warmoiqmneba qemiosmosuri gradienti.

3. iqmneba wyalbadis ionebis maRali 
kon centracia membranis erT mxa res da 
kritikuli donis miRwevis Semdeg daiwye-
ba H+-is difuzia kristebis meore mxa res 
(matriqsSi). kristebis membranaSi CaSene-
bulia atf-sinTaza, romelic asrulebs 
satransporto da katalizur funqciebs. 
atf-sinTazas molekulis arxi ixsneba da 
igi monawileobs H+-is gaadvilebul di-
fuziaSi. H+-is difuzia erTbaSad da swra-
fad xdeba, amitom mas Tan axlavs didi 
raodenobis energiis gamoyofa. am process 
qemiosmosi ewodeba. es energia gamoiyeneba 
adf-dan atf-is aRsadgenad atf-sinTazas, 
rogorc fermentis, mo nawileobiT. Jang-
viTi fosfolirebis etapze didi raode-
nobis atf sinTezirdeba.

4. ra roli akisria Jangbads? ujred-
Si Sesvlisas Jangbadi transportirdeba 
mitoqondriebSi, Jangbadi eleqtronga-
damtanebidan SeierTebs eleqtronebs da 
gadaiqceva Jangbadis uaryofiTad damux-
tul ionad _ warmoiqmneba Jangbadis aq-
tiuri forma.   

JangbadTan eleqtronebis mierTeba 
aTa visuflebs eleqtronebis gadamtan 
jaWvs eleqtronebisagan. amgvarad,  jaWvi 
Ta visufldeba kofermentebidan axali 
eleq tronebis misaRebad, rac wyalbadis 
ionebis warmoqmnis procesis uwyvetobas 
uwyobs xels. rodesac wyalbadis ioni 
gaivlis atf-sinTazas, is SeuerTdeba Jan-
gbadis ions da warmoiqmneba wyali: 

O
_

2 + 4H
+
  2H2O

glikolizisa da aerobuli sunTqvis 
pro cesebis Semajamebeli qimiuri reaq-
ciis formulaa:

C6H12O6 + 6O2 +38adf +38f  6CO2 +  

+ 44H2O + 38atf

Tu ujreds arasakmarisi raodenobiT 
miewodeba Jangbadi, maSin mimdinareobs 
duRilis/fermentaciis procesebi: maga-
liTad, piruvati gardaiqmneba eTanolad- 
spirtuli duRili mcenareul ujredsa 
da zogierT safuarSi (safuari fakulta-
turi anerobia), an rZismJavad _ rZemJava 
duRilis baqteriebsa da kunTebis ujre-
debSi (Tumca mecnierebma daadgines, rom 
piruvatidan rZemJava ConCxis e.w. TeTri 
kunTebis boWkoebSi warmoiqmneba Jangba-
dian garemoSic ki, amitom kunTebSi mim-
dinare am process ar uwodeben duRilis 
process, aramed Tvlian am ujredebSi 
gli kolizis gansakuTrebul formad. ase-
ve, mecnierebi dRes Tvlian, rom kunTebis 
tkivils iwvevs gauvarjiSebeli kunTebis 
moulodneli datvirTvis Sedegad kunTo-
vani boWkoebis dazianeba).

C6H12O6  2C3H4O3 + 4H  2C3H6O3

glukoza piruvati rZemJava

2atf 2C2H5OH + 2CO2

eTilis spirti

(Q)
siTbo

uSualod fermentaciis procesSi 
atf-is sinTezi ar xdeba, magram radgan 
gli kolizis procesSi 2 molekula atf 
sin Tezirdeba da fermentacia aris uJang-
bado garemoSi glikolizis procesis gag-
rZeleba, fermentaciis saboloo Sedegi 
am kuTxiT aris  atf-is 2 molekula. ener-

Jangva-aRdgeniTi reaqciebi aris iseTi tipis 
reaqciebi, romlis drosac erTi reagenti gas-
cems eleqtronebs da iJangeba, xolo meore _ 
iRebs da aRdgeba. Jangva-aRdgeniTi reaqciis 
tipia ujreduli sunTqvac: 

C6H12O6 + 6O2  6CO2 + 6H2O + energia

iJangeba

aRdgeba

kavSiri qimiasTan
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getikuli cvla Sejamebuli saxiT ixileT 
cxrilSi 3.1.

Jangbadian daSlas xSirad wvas adare-
ben xolme, radgan orive procesSi erT-
veba garkveuli organuli nivTiereba, 
romelic iJangeba JangbadiT, xolo sa-
boloo produqtia wyali da naxSirorJan-
gi. orive SemTxvevaSi energia gamoiyofa. 
aerobuli sunTqvis dros gamoyofili 
energia xmardeba ujredis temperaturis 
SenarCunebas _ organizmis gaTbobas, nawi-
li energiisa garemoSi gamoiyofa, magram 

energiis didi nawili atf-Si grovdeba. 
wvis dros ki energia mxolod siTbos sa-
xiT ifanteba. Tumca adamians SeuZlia am 
energiis gamo yeneba raRac samuSaos Sesas-
ruleblad. magaliTad, SeSis, naxSiris, 
airebis wvis energia gamoiyeneba Zravebis 
asamuSaveblad, gasaTbobad da sxv. garda 
amisa, aerobuli sunTqva dabal tempera-
turaze mimdi nareobs, radgan igi fermen-
tuli procesia. wva maRal temperaturaze 
mimdinareobs, amitom es procesi garedan 
energiis miwodebas saWiroebs.

cxrili 3.1.                                                              energetikuli cvla

energetikuli 
cvlis etapebi

sad mimdinareobs
sawyisi  

nivTiereba
daSlis  

produqti
ra saxis energia  

gamoiyofa

atf-is ramde-
ni molekula 
warmoiqmneba

mosamzadebeli 
etapi

ujredSi an ujr-
edgareT, mag., 
saWmlis momne-
lebel arxSi, 
organizmis gareT

mag., 
saxamebeli, 
cilebi, 
cximebi, 
nukleinis 
mJavebi

glukoza, 
aminmJavebi, 
cximovani mJava 
da glicerini, 
nukleotidebi

siTburi arcerTi

glikolizi
yvela tipis 
ujredSi, kerZod,
citozolSi

glukoza
2 molekula 
piruvati

siTburi da 
qimiuri, ro-
melic atf-Si 
grovdeba

2 molekula

aerobuli 
sunTqva

eukariotebSi 
mitoqondriaSi, 
prokariotebSi 
mezosomis mem-
branebze

2 molekula 
piruvati

naxSirorJangi 
da wyali

siTburi da 
qimiuri, ro-
melic atf-Si 
grovdeba

36 molekula

rZemJava  
duRili

rZemJava duRilis 
baqteriebis, kun-
Tovani ujredebis
citozolSi

2 molekula 
piruvati da 
wyalbadis 
atomebi

2 molekula 
rZemJava

siTburi arcerTi

spirtuli 
duRili

mcenarisa da sa-
fuaras ujredebis
citozolSi

2 molekula 
piruvati da 
wyalbadis 
atomebi

2 molekula 
eTilis spirti 
da 2 molekula  
naxSirorJangi

siTburi arcerTi

ra simptomebi SeiZleba iyos damaxasiaTebeli memkvidruli mitoqondriuli daavadebebis- 

Tvis?  mitoqondriuli daavadebebi Tandayolilia, romlebic SesaZloa gamovlindes dabadebis-
Tanave an mogvianebiT, nebismier asakSi. am daavadebebs mitoqondriis dnm-is genebSi saziano 
mutaciebi iwvevs. mitoqondriuli mutaciebi gadaecema dedis da, iSviaTad, mamis xaziT.
mitoqondriuli dnm-is mutaciam SeiZleba gamoiwvios problemebi ujredul sunTqvaSi Car-
Tuli fermentebis ararsebobis an dazianebis gamo. es dazianeba iwvevs ujredebis atf-iT 
momaragebis Semcirebas, romelic iwvevs sxeulis sistemebis arasrulfasovan muSaobas. mi-
toqondriuli daavadebebi SesaZloa gamoixatos iseTi simptomebiT, rogoricaa fizikuri, 
gonebrivi ganviTarebis Seferxeba, wonis deficiti, sisuste, advilad daRla, kunTebis sisus-
te da tkivili, daswavlis problemebi, infeqciebisadmi gazrdili riski da sxv.

amJamad mimdinareobs kvleva mitoqondriuli daavadebebis samkurnalo meTodebis 
dasamuSaveblad. erT-erTi meTodis arsi SemdegSi mdgomareobs: janmrTeli qalis kvercx-
ujredSi, romelsac mocilebuli aqvs sakuTari birTvi, Canergaven mitoqondriuli daavade-
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bebiT daavadebuli qalis kvercxujredis birTvs; Semdeg kvercxujredi SeiZ leba ganayofi-
erdes pacientis partnioris spermiT in vitro, rac qals janmrTeli Svilis yolis saSualebas 
aZlevs. unda aRiniSnos, rom mkurnalobis am meTodma dapirispireba warmoSva mecnierebs So-
ris, radgan am meTodiT dabadebuli bavSvi sami sxvadasxva adamianis dnm-is matarebeli iqneba 
_ janmrTeli qalis mitoqondriis dnm, daavadebuli qalisa da misi partnioris birTvuli dnm.

Jangbadis aqtiuri forma (O
_

2) warmoadgens Jangbadis maRalreaqciul/maRalaqtiur ato-
mebs, romelTac organizmis dazianeba SeuZliaT. asakTan erTad, organizmSi Jangbadis aqtiu-
ri formis raodenoba imatebs da iwvevs mdgomareobas, romelsac JangviTi anu oqsidaciuri 
stresi ewodeba. mecnierebi fiqroben, rom ujredSi aqtiuri Jangbadis raodenobis momateba 
SeiZleba mitoqondriebis ricxvis momatebasTan iyos dakavSirebuli. erT-erT kvlevaSi mec-
nierebi Seiswavlidnen, asaki rogor SeiZleba iyos dakavSirebuli ujred Si mitoqondriebis 
raodenobasTan. amisTvis kvlevis Semdegi etapebi Seasrules:

• sxvadasxva pacientisgan aiRes kunTovani qsovilis nimuSebi;
• radiaqtiuri zondebiT moniSnes mitoqondriebi;
• specialuri mowyobilobiT daiTvales mitoqondriebi ujredSi. 

 

asaki da mitoqondriebi kunTovani qsovilis ujredebSi

pacienti asaki mitoqondriis raodenoba erT kunTovan ujredSi

1 47 2026

2 89 2987

3 65 2752

4 38 1989

energetikul cvlaze orientirebuli amocanebis amoxsnis magaliTebi

amocana 1: disimilaciis – energetikuli cvlis procesSi monawileobs 10 molekula 
glukoza. gansazRvreT atf-is molekulebis raodenoba:

1) glikolizis Semdeg;  
2) aerobuli etapis Semdeg;  
3) disimilaciis jamuri Sedegis gaTvaliswinebiT.

amoxsna: 
1) radganac erTi molekula glukozisgan glikolizis procesSi sinTezirdeba 2 mole-

kula atf, 10 molekula glukozisgan sinTezirdeba 20 molekula atf. 
2) 1 molekula glukozisgan energetikuli cvlis aerobul etapze warmoiqmneba 36 mole-

kula atf, Sesabamisad, 10 molekula glukozisgan 360 molekula atf warmoiqmneba. 
3) disimilaciis jamuri efeqti/Sedegi iqneba 20atf + 360atf = 380atf.

amocana 2: aerobul etapze monawileobs 6 molekula piruvati. gansazRvreT atf-is 
raodenoba energetikuli cvlis aerobuli etapis Semdeg, disimilaciis jamuri efeqti da 
glukozis molekulebis raodenoba, romelic am SemTxvevaSi monawileobs disimilaciis 
procesSi.

amoxsna: radgan aerobul etapze monawileobs 6 molekula piruvati, Sesabamisad, daiSa-
la 3 molekula glukoza (erTi molekula glukozis glikolizis procesSi warmoiqmneba 2 
molekula piruvati). 3 molekula glukozis glikolizis Sedegad warmoiqmneba 6 molekula 
atf, xolo aerobuli etapis Semdeg 108 molekula atf (36 X 3), disimilaciis jamuri efeqti 
aris 114 molekula atf.

amocana 3: adamianis kunTebSi disimilaciis procesSi daiSala 7 molekula glukoza, rom-
lidanac srul daSlas daeqvemdebara mxolod 2 molekula. gansazRvreT: 
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1) ramdeni molekula rZemJava warmoiqmneba am dros? 
2) ramdeni molekula atf sinTezirdeba glukozis sruli daJangvis dros? 
3) ramdeni CO2 gamoiyofa? 
4) ramdeni molekula Jangbadi daixarjeba glukozis srul daJangvaze?

amoxsna: 

amocanis pirobidan gamomdinare, 7 molekula glukozidan 2 molekula daiJanga srulad, 
5 molekula ki daeqvemdebara rZemJavaduRilis process.

gavixsenoT glukozis sruli daJangvis reaqciis toloba:
C6H12O6+ 6O2 + 38adf + 38H3PO4 = 6CO2 + 44H2O + 38atf 
1) viciT, rom erTi molekula glukozisgan 2 molekula rZemJava warmoiqmneba, maSin 5 

molekula glukozis rZemJava duRilis procesSi 10 molekula rZemJava warmoiqmneba;
2) Tu erTi molekula glukozis sruli daJangvis Sedegad 38 molekula atf, maSin 2  

molekula glukozis sruli daJangvis dros gamoiyofa 76 atf-is molekula.  
3) Tu erTi molekula glukozis sruli daJangvis Sedegad gamoiyofa 6 molekula CO2, 

maSin 2 molekula glukozis sruli daJangvis Sedegad gamoiyofa 12 molekula CO2.
4) Tu erTi molekula glukozis srul daJangvaze ixarjeba 6 molekula O2,  maSin 2 mo-

lekula glukozis sruli daJangvaze daixarjeba 12 molekula O2.

rogorc ukve ici, memkvidruli mate-
rialuri masalis funqcia ara marto 
memkvidreobiTi informaciis Senaxvaa, 
aramed am informaciis gadacemac. maga-
liTad, ujredis mitozuri gayofis 
dros miiReba mSobliuri ujredis iden-
turi ori erTnairi Svileuli  ujredi. 
amisaTvis gayofas win unda uswrebdes 
mSobliu ri ujredis yvela komponentis 
gaormageba. pirvel rigSi unda gaormag-
des memkvidreo biTi informacia, romelic 
Ta  nabrad ganawildeba Svileul ujredebs 
Soris. ami tom, memkvidrul masalas unda 
gaaCndes: 1) TviTwar moqmnis (gaormagebis) 
unari; 2) Tavisi maxasiaTeb lebis mdgra-
dobis uzrunvelyofa _ memkvidrulma ma-
salam unda SeinarCunos mudmivi organi-
zacia.

dnm-s aqvs TviTwarmoqmnis/gaormage bis 
unari, rac dakavSirebulia misi moleku-
lis agebulebis TaviseburebasTan. ker-
Zod, radgan dnm-is molekula agebulia 
ori komplementuri jaWvisgan,  amitom 
dnm-is molekulis TiToeul jaWvs unari 
Seswevs, `uxelmZRvanelos~ Tavisu fali 
nukleo tidebisgan axali kom p lementuri 

jaWvis Senebas. miiReba sawyi si moleku-
lis identuri ori axa li dnm-is moleku-
la, rasac replikacia ewodeba (sur. 3.7). 
TiToeuli jaWvi asru lebs nimuSis – 
mat ricis rols, ami tom replikacias mat-
riculi sin Tezis reaqcias miakuTvneben. 
matriculi sinTezis reaqciebi  plasti-
kuri cvlis reaqciebis gansakuTrebuli 
formaa. es reaqciebi Zalian swrafad mim-
dinareobs, radgan monomerebi erTmaneTs 
SemTxve viT ar ukavSirdebian. 

dnm-is axali jaWvebis sinTezSi monawi-
leobs fermenti dnm-polimeraza. Tqven 
iciT, rom nivTierebaTa sinTezis dros 
energia STainTqmeba. endoTermuli reaq-
ciaa dnm-is replikaciac, razedac atf-
is energia ixarjeba. dnm-is replikaciis 
warmodgena gamartivebuli saxiT Semdeg-
nairad SeiZleba: specifikuri fermentis 
(helikazas) meSveobiT dnm-is jaWvebs So-
ris wydeba wyalbaduri bmebi. fermenti 
dnm-polimeraza yovel dediseul jaWvze 
Ta visufali nukleotidebisgan, komple-
mentarobis principis Sesabamisad, asin-
Tezirebs Svileul jaWvebs; dediseuli 
da Svileuli polinukleotiduri jaWvebi 

3.3. dnm-is replikacia
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dnm-is replikacia

matrica
(mSobliuri jaWvebi)

Tavisufali nukoleotidebi
dnm-polimeraza

dnm-polimeraza

Svileuli jaWvebi
helikaza

sur. 3.7

dnm-polimeraza dnm-is axal jaWvs agebs mxolod 5'-3'-is mimarTulebiT 
sawyisi molekulis 3'-5' jaWvze, amitom axali jaWvi uwyvetad izrdeba da mas 
wamyvan jaWvs uwodeben. xolo sawyisi molekulis 5'-3' jaWvze dnm-polimeraza 
kvlav muSaobs 5'-3'-is mimarTulebiT da aigeba mokle-mokle jaWvebi. maT 
uwodeben okazakebs, romelTac erTmaneTTan fermenti ligaza akavSirebs. es 
CamorCenili jaWvia.

dnm-is Svileuli jaWvebis ageba

1. 

A

A

C
C

C

T
T

T

T

G

G

G

A

G

A

C

dnm-is sawyisi 
molekula

(fragmenti)

A

A

T

T

C

C

G

G

2. 

a

b

A

A

T

T

C

C

G

G

A

A

T

T

C

C

G

G

dnm-is ori identuri molekula

a _ sawyisi/dediseuli molekulis jaWvebi, b _ axali/Svileuli molekulebis jaWvebi.

3'

3'

5'

5'

5'

5'
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erTmaneTs wyalbaduri bmebiT ukavSirde-
ba da urTierTis mimarT spiralurad 
exveva. warmoiqmneba ori identuri dnm-
is molekula. dnm-is replikaciis  xerxs 
naxev rad konservatiuls uwodeben, vi-
naidan yovel axal molekulaSi erTi 
jaWvi dediseulia, meore ki – Svileuli.

cocxal orgnizmebSi arsebobs sxva-
dasxva damcavi meqanizmi, raTa ar moxdes 
Secdoma dnm-is replikaciis dros. dnm-is 
dazianeba SeiZleba gamoiwvios radiaciam, 
ultraiisferi sxivebisa da sxvadasxva 
qimiuri nivTierebis zemoqmedebam. maga-
liTad, ultraiisferi sxi vebiT (sur. 3.8) 
dnm-is dazianebisas erTi jaWvis mezobeli 
azotovani fuZeebi ukavSirde bian erT-
maneTs da warmoq mnian dimerebs (ufro 
xSiria T-T dimeris warmoqmna). cocxal 
sistemas axasiaTebs aseTi dazianebis aRd-
genis _ reparaciis unari. 

reparaciaSi monawileoben specifikuri 
fermentebi _ restriqtazebi. TiTqos bas-
ri dana dausvamTo, ise zustad amoWrian 
fermentebi raime mizeziT dazianebul 
dnm-is monakveTs, rasac ujredis lizo-
soma moinelebs. sxva fermentebis (dnm-po-
limerazasa da ligazebis) daxmarebiT ki 
amoWrili nawili uSecdomod sinTezir-
deba da aRdgeba (reparacia).

dnm-isa da genetikuri informaciis 

ultraiisferi sxivi

dnm-is dazianebuli 
ubani

restriqtazebi

restriqtazebi

aRdgenili ubani

polimerazebi

polimerazebi

dnm-is replikaciaze orientirebuli amocanebis amoxsnis magaliTebi

cnobilia dnm-Si romelime arakomplementaruli nukletidebis raodenoba. unda ganisazRv-

ros dnm-s replikaciisTvis saWiro Tavisufali nukleotidebis raodenoba.

amocana: dnm-is molekulaSi adeninianis raodenobaa 560, guaninianisa – 440. gansazRvreT 
dnm-s replikaciisTvis saWiro Tavisufali nukleotidebis raodenoba.

amoxsna: vinaidan adeninianis raodenoba udris 560-s, Timinianic 560 iqneba; aseve, vinai-
dan guaninianis raodenoba 440-is tolia, citozinianic amdenive iqneba. dnm-is molekulaSi 
nukleotidebis saerTo raodenoba iqneba 560 + 560 + 440 + 440 = 2000. e.i. saWiroa 2000 Ta-
visufali nukleotidi dnm-is replikaciisTvis.

cnobilia dnm-is sawyisi molekulis masa, unda ganisazRvros replikaciis produqtis masa.

amocana: dnm-is makromolekulas replikaciamde aqvs 10 mg masa da misi orive jaWvi Sei-
cavs fosforis niSnul atomebs, xolo replikaciaSi monawile Tavisufali nukleotidebi ki 
ar Seicaven fosforis niSnul atomebs. gansazRvreT:

1) rogori masa eqneba replikaciis produqts da ratom?

dacvis sxva meqanizmebic arsebobs. maga-
liTad, dnm-s dazianebisgan icavs telo-
merebi, memkvidruli informaciis mdgra-
dobas uzrunvelyofs genetikuri kodis 
gadagvarebuloba/simaxinje (gv.89).

sur. 3.8
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  dnm-is anabeWdebi da misi praqtikuli gamoyeneba

2) dnm-s Svileuli molekulebis ramden da romel jaWvebSi ar iqneba fosforis niSnuli 
atomebi da ratom?

amoxsna:

1) replikaciis produqtis masa iqneba 20 mg, radgan replikaciis Sedegad miiReba dnm-is 
ori identuri Svileuli molekula.

2) fosforis niSnuli atomebi iqneba TiToeuli molekulis dediseul jaWvSi, radgan 
dnm-is yovel axal molekulaSi erTi jaWvi sawyisi molekulisaa _ dediseulia, xolo 
meore _ Tavisufali nukleotidebisgan axlad sinTezirebuli.

TiToeuli adamiani genebis unikalur 
nakrebs atarebs. dnm-is qimiuri struqtu-
ra yvela adamians erTnairi aqvs, magram 
individebi erTmaneTisgan gansxvavdebian 
qromosomebSi nukleotidebis Tanmimdev-
robiT. 23 wyvil qromosomaSi 3 miliar-
damde wyvili nukleotidis gansxvavebuli 
Tanmimdevroba unikalurobas aniWebs Ti-
Toeul adamians. 

gansxvavebulia agreTve dnm-is iseTi 
monakveTebis ganmeorebadoba, romlebic 
ar moicaven genebs da mravaljer meor-
deba dnm-Si. maT aramakodirebeli mona-
kveTebi ewodeba. aseTi monakveTi gansxva-
vebuli sixSiriT meordeba sxvadasxva 
pirovnebis dnm-Si. amgvarad, adamianebi, 
sxva organizmebic, SeiZleba ganvasxvaoT 
maT dnm-Si aramakodirebeli monakveTebis 
ganmeorebis mixedviT.

dnm-is es ori aspeqti _ nukleotidebis 
Tanmimdevrobisa da aramakodirebeli mo-
nakveTebis sixSiriT gansxvaveba _ Se saZ-
lebels xdis dnm-is anabeWdebis gamoye-
nebas pirovnebis saidentifikaciod. am 
mizniT SeiZleba sisxlidan, Tmidan, ner-
wyvidan, Zvlidan da sxeulis sxva nawi-
lebidan dnm-is nimuSis aReba.

dnm-is anabeWdebis damzadeba rTuli 
da Zvirad Rirebuli procesia, rome lic 
saWiroebs etapebis zust Tanmimdevro bas. 
upirveles yovlisa, sakvlev dnm-s gamo-
yofen ujredidan. dnm-s fragmentebad 

anawevreben baqteriebidan gamoyofili 
restriqtazebiT. restriqtazebi arRveven 
dnm-is TiToeul jaWvSi nukleotidebs 
Soris kavSirs im adgilebSi, sadac gan-
lagebulia aramakodirebeli nukleoti-
duri Tanmimdevroba. magaliTad, sadac 
nukleotidebis Tanmimdevrobaa GGCC da 
am Tanmimdevro baSi arRveven bmas C-G da 

G-C Soris. warmoidgine, rom dnm-is erTi 
jaWvis mona kveTSi nukleotidebis Tanmim-
devrobaa TATAGGCCTAGCGC, am monak-
veTSi nukleotidebis mimdevroba GGCC 

gvxvdeba erT adgilas. jaWvSi es adgili 
wiTlad aris moniSnuli. aseT SemTxvevaSi 
restriqtaza `daWris~ dnm-is monakveTs 
or fragmentad: TATAGG da CCTAGCGC. 
fragmentebis raodenoba imazea damoki-
debuli, Tu ramdeni GGCC monakveTia 
dnm-is jaWvSi, xolo fragmentebis sigrZe 
damokidebulia dnm-Si GGCC monakveTebs 
Soris manZilze. rac ufro iSviaTad 
meordeba dnm-Si GGCC, miT ufro grZeli 
iqneba fragmentebi. 

dnm-is fragmentebs moaTavseben Jele-
Ti dafarul firfitaze. JeleSi gaatare-
ben eleqtrul dens. firfitis erT kideSi 
Jele dadebiTad imuxteba, meore kideSi 
ki uaryofiTad. Tavad dnm-is fragmente-
bi uaryofiTad aris damuxtuli da ami-
tom isini iwyeben moZraobas firfitis 
erTi kidisaken _ Jeles dadebiTad da-
muxtuli nawilisaken. cxadia, ufro swra-

3.4. dnm-is anabeWdebi
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fad gadaadgildeba mokle fragmentebi, 
vidre grZeli fragmentebi. am gziT xdeba 
Jeleze dnm-is fragmentebis gamocalkeve-
ba fragmentebis sigrZis mixedviT. dnm-is 
anabeWdebis damzadebis meqanizmi gamar-
tivebulad warmodgenilia 3.9 da 3.10 su-
raTebze.

miuxedavad dnm-is anabeWdebis damza-
debis procesis sirTulisa da Sedege-
bis misaRebad ramdenime dRis saWiroe-
bisa, arsebobs misi gamoyenebis mravali 

dnm-is anabeWdebis damzadebis teqnologia

ujredidan (magaliTad, 
leikocitebidan) dnm-is 
nimuSebis gamoyofa.

ferment restriqtazebiT 
dnm-is fragmentacia.

eleqtroforezis geliT 
dnm-is fragmentebis 
erTmaneTisgan dacileba. 
es procesi 18-24 saaTi 
mimdinareobs.

orjaWviani dnm-is 
fragmentebSi gamoacalkeveben 
TiToeul jaWvs da gadaaqvT 
neilonis forfitaze. 
Semdeg neilonis firfitaze 
amagreben rentgenis 
firfitas.

rentgenis firfitaze 
miRbul gamosaxulebas 
uReben suraTs, razedac 
TvalsaCinod Cans dnm-is 
anabeWdi.

rentgenis firfita

neilonis firfita

sur. 3.9

mniSvne lovani SesaZlebloba.
dnm-is anabeWdebs iyeneben pirovnebis 

identifikaciisTvis da naTesauri kav-
Siris dasadgenad. biologiurad monaTe-
save pirovnebebSi (magaliTad, da-ZmaSi, 
mSob lebsa da SvilebSi, biZaSvilebSi da 
sxv.) aramakodirebeli monakveTebis six-
Sire (ganmeorebadoba) daaxloebiT erT-
nairia (sur. 3.11). am mxriv absoluturad 
erTnairi dnm aqvT mxolod erTi zigo-
tidan ganviTarebul identur tyupebs.
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+ +

dnm-is eleqtroforezi gelis saSualebiT

miqstura dnm-is sxvadasxva 
sigrZis fragmentiT

yvelaze grZe-
li (yvelaze 
nela moZravi) 
fragmenti

yvelaze mokle 
(yvelaze swra-
fad moZravi) 
fragmenti

denis 
wyaro

sur. 3.10

sur. 3.11

dnm-is anabeWdebis gamoyeneba konkretuli bavSvis mSoblebis vinaobis dasadgenad

savaraudo mSoblebi bavSvebi

1    2       3           4    5 1    2       3

dnm-is anabeWdebis safuZvelze ga-
movle nili naTesauri kavSirebi gamoiye-
nes isto riuli figurebis sxeulTa nawi-
lebis saidentifikaciod. magaliTad, 
ruseTSi 1917 wlis revoluciis Semdeg, 
imperatori nikoloz II da samefo ojaxis 
wevrebi daxvrites da es meTodi gamoiye-
nes am ojaxis wevrebis identifikacii  saT-
vis. 

garkveuli wlebis Semdeg, evro paSi ga-
moCnda qali _ ana andersoni, rome lic 
amtkicebda, rom is aris nikoloz II-is 
 umcrosi qaliSvili _ anastasia, ander-

soni ki misi meuRlis gvari iyo (sur. 3.12). 
ana andersoni moiTxovda misTvis samefo 
wodebisa da Sesabamisi pativis dabrune-
bas. nikoloz II-is naTesavebidan zogierTs 
sjeroda, rom ana ander soni marTlac me-
fis asuli anastasia iyo, radgan is ix-
senebda Tavisi bavSvobis iseT detalebs, 
romlebic ar SeiZleba ucxos scodnoda. 
jer kidev ana andersonis sicocxleSi 
zogierTi gamomZiebeli amtki cebda, rom 
andersoni sinamdvileSi iyo sul sxva 
pirovneba _ franciska Sanc kovska, polo-
neTSi erT-erTi qar xnis muSa. saavadmyo-
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ana andersoni anastasia romanova

sur. 3.12

foSi, sadac ana gardaicvala, SemorCeni-
li iyo misi sxeulis qsovilis nimuSebi. 
daamzades anas da Sanckovskebis ojaxis 
erT-erTi wevris, karl moCeris dnm-is 
anabeWdebi. aseve, daamzades romanovebis 
axlo naTesavis, hercog filipis dnm-is 
anabeWdi. anabeW debis Sedarebam cxadyo, 
rom ana andersoni Sanckovskebs enaTesave-
boda da ara romanovebs. 

arqeologebma didi xnis win, jer kidev 
meoce saukunis dasawyisSi, ipoves samefo 
akldamebSi qalis ori mumia. eWvobdnen, 
rom erT-erTi haTSefsuti iyo (egvipteli 
qali faraoni, romelic cxovrobda, daax-
loebiT, 3500 wlis win da egviptis erT-
erT Zlier mmarTvelad iTvleba), magram 
verafriT amtkicebdnen. mumiebis menjis 
Zvlidan aiRes qsovilis nimuSi da gamoy-
ves dnm. gamoyves dnm haTSefsutis bebiis 
_ nefertias mumiis Zvlis qsovilidanac. 
bebiis mumia muzeumSi inaxeboda da ar-
qeologebma zustad icodnen, rom es ne-

fertia iyo. dnm-is anabeWdebis Sedarebam 
uCvena, rom erT-erTi ucnobi mumia marT-
lac enaTesaveboda nefertias da, maSasa-
dame, es haTSefsuti iyo (sur. 3.13).

haTSefsutis qandakeba haTSefsutis mumia
sur. 3.13

mecnierebi muSaoben gareul cxo-
velebs Soris naTesauri kavSiris dad-
genazec: amas SeiZleba didi mniSvneloba 
hqondes zooparkis cxovelebis gamrav-
lebis xel Sewyobis programis damuSave-
bisTvis, romelic amcirebs inbridingis* 
risks. dnm-is anabeWdebi sasargeblo iyo 
im adamianebis gasasamarTeblad, romel-
Tac ukanonod bunebidan moipoves ga-
daSe nebis piras misuli saxeobebi, maga-
li Tad, iSviaTi frin velis bumbulis 
ni muSebiT  SeiZ leba dadgindes, es frin-
ve li tyveobaSi (magaliTad,  zooparkis 

pi robebSi) cxovrobda, Tu  velur popu-
laciebSi. dnm-is kvlevis safuZvelze 
mecnierebma daadgi nes, rom wiwkanebi-
sa da mercxlebis zogierTi saxeobis-
Tvis ar yofila  damaxa siaTebeli mo-
nogamia*. rogorc gair kva, erTi budis 
bartyebi sxvada sxva  mamlis naSierebi 
iyvnen. mecnierebi ikvleven, aseve, ada-
mianTa sxvadasxva rasisa da eTni kuri 
populaciebis warmomavlobas, maT So-
ris, naTesaur kavSirs. dnm-is anabeWdebs 
warmatebiT iyeneben paleontologebi 
dedamiwaze odesRac mcxovreb saxeobebsa 
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da Tanamedrove  sa xe obebs Soris naTesau-
ri kavSiris dasad genad.

dnm-is anabeWdebs iyeneben kriminalis-
tikaSic _ damnaSavis identificireba/
dakaveba. am bioteqnologiis gamoyenebiT 
gamovlenilia savaraudo damnaSaveebi 

ZaladobaSi, mkvlelobaSi, Zarcvasa da 
sxv. (sur. 3.14) cxadia, damnaSave aris B.

erTi problema arsebobs imaSi, rom 
damnaSave ganzrax ar tovebs dnm-is did 
raodenobas anabeWdebis dasamzadeblad. 
es imas niSnavs, rom am masalidan damza-

debuli dnm-is anabeWdebi ar 
iqneba zusti, Tu ar iqneba dnm-
is ufro didi raodenobiT miRe-
bis saSualeba. sabednierod, ar-
sebobs meTodi _ polimerazuli 
jaWvuri reaqcia (PCR) _ romlis 
gamoyenebiTac dnm-is umciresi 
nimuSidanac ki SeiZleba dnm-is  
didi raodenobiT miReba. amis-
Tvis saWiroa dnm, Tavisufali 
nukleotidebi da praimeri (xe-
lovnurad Seqmnili rnm-is erTi 
jaWvi, romelic aucilebelia 
xelovnur pirobebSi dnm-is rep-
likaciisaTvis). polimerazuli 
jaWvuri reaqcia Zalian swrafad 
mimdinareobs. sul ramdenime 
saaTSi miiReba dnm-is mravali 
asli (sur. 3.15).

farToa dnm-is gamoyenebis 
Se saZleb loba medicinaSi. maga-
liTad, daavadebis diagnostire-
ba: adamianis genomis proeqtma 
(gv. 89) gansazRvra adamianis bev-
ri genis mdebareoba, ramac Ses-
aZlebeli gaxada im genis povna, 
romelTanac SeiZ leba dakav Si-
rebuli iyos konkretuli Tan-
da yolili daavadeba. nebismieri 

orjaWviani dnm-is 
Zalian mcire zomis 
nimuSi

dnm-is jaWvebs 
erTmaneTisgan 
ganacalkeveben

ciklis mravaljer 
ganmeorebiT SeiZleba 
dnm-is aslebis didi 
raodenobiT miReba 
dnm-is anabeWdebis 
dasamzadeblad

umateben nukleoti-
debis nakrebs, dnm-po-
limerazas da qmnian 
pirobebs, rom nuk-
leotidebi komple-
mentarobis princi-
piT daukavSirdnen 
erTjaWvian dnm-s

sur. 3.15

danaSaulis adgilidan 
aRebuli dnm-is nimuSidan 
damzadebuli anabeWdi

savaraudo damnaSaveebis dnm-is anabeWdebi

A B C

sur. 3.14
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adamianis dnm-is nimuSSi SeiZleba genu-
ri zondebis gamoye neba daavadebis ga-
momwvevi genis sapovnelad (sur. 3.16). 
es iZleva aseTi adamianis mkurnalobis 

gamosakvlevi genis _ orjaWviani 
dnm-is fragmenti

dnm-is jaWvebs ganacalkeveben 
erTmaneTisgan, rom miiRon 
erTjaWviani dnm azotovani fuZeebis 
Ria daboloebebiT

SehyavT dnm-zondi. mas 
aqvs nukleotidebis mokle 
Tanmimdevroba. zondi Sedgeba 
niSnuli atomebisagan, magaliTad, 
SeiZleba iyos radiaqtiuri 
izotopi ( ), romelic gamoCndeba 
ultraiisfer an rentgenis sxivebze

dnm-zondi im SemTxvevaSi 
daukavSirdeba erTjaWvian dnm-s, 
Tu maT aqvT komplementuri 
Tanmimdevroba (e.i. sakvlev dnm-Si 
aris Sesabamisi `geni~). aseT 
SemTxvevaSi aRmoaCenen mxolod dnm-
zondis komplementur 
nukleotidebis Tanmimdevrobas.

A  G   G  C  C  A  T  G  C  C  T  A 

G  C  C  A  T  G

G  C  C  A  T  G

T  C   C  G  G  T  A  C  G  G  A  T 

T  C   C  G  G  T  A  C  G  G  A  T 

T  C   C  G  G  T  A  C  G  G  A  T 

sur. 3.16

saSualebas iqamde, sanam daavadeba saSiS 
stadiaze gadava. SesaZlebelia defeqtu-
ri genis identificireba da misi mkur-
naloba genuri TerapiiT*.

bioeTika Seiswavlis moralur sakiTxebs, romelic aRmocendeba biologiuri kvlevebisa da 
maTi Tanmxlebi procesebis dros. magram ra kavSiri aqvs biologiasTan eTikis sakiTxebs? SeiZ-
leba mogveCvenos, rom jobia RirebulebebTan dakavSirebuli sakiTxebi gansaxilvelad davu-
tovoT filosofiasa da sociologiur disciplinebs.  magram rodesac ufro kargad gaecno-
bi biologiur kvlevebs, axal miRwevebs molekulur biologiaSi, aRmoaCen, rom biologiis 
gakve Tili idealuri adgilia mravali eTikuri sakiTxis ganxilvisTvis. yvela Cvenganisgan 
eTikuri sakiTxebi moiTxovs gadawyvetilebis miRebas imis Sesaxeb, „ra gavakeToT sworad“. 
zogjer ris gakeTebaa saWiro, Zalian naTelia. sworma gadawyvetilebam SeiZleba sargebloba 
moitanos konkretuli pirovnebisTvis an misi ojaxisTvis da sazogadoebisTvisac ki.

rodesac genetikuri informacia ufro xelmisawvdomi gaxda, Cndeba axali kiTxvebi. maga-
liTad, SesaZlebelia, vendoT dnm-is testirebis centrs, rom Sedegebi konfidencialuri 
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iqneba? rogor unda iqnes Senaxuli da gamoyenebuli miRebuli informacia? visTvis iqneba 
igi xelmisawvdomi? iqneba Tu ara es informacia xelmisawvdomi ojaxis wevrebisaTvis? rogor 
unda moviqceT ganukurnebeli daavadebebis testirebis SemTxve vaSi?

mecnierebi dainteresdnen dnm-is „biblioTekis“ SeqmniT. magaliTad, daavadebis mkurnalo-
bis dros SeiZleba mniSvnelovani iyos „biblioTekaSi“ Secvlili genis aslis arseboba daa-
vadebuli adamianis nimuSTan Sesadareblad. kriminalistikaSi momuSave mecnierebsac hqon-
daT msjavrdebulebis dnm-is profilis aRnusxvis survili, rom momavalSi gaadvilebuli 
iyos danaSaulis gaxsna. bevri adamiani daeTanxmeba amas, magram ar Seurigdebian dnm-is bib-
lioTekis an bankis Seqmnas is adamianebi, romlebic danaSaulisTvis gansjilni ar yofilan. 
maga liTad, policiam, romelic gaupatiurebas iZiebda, SeiZleba gamohkiTxos ramdenime aTeu-
li axalgazr da adamiani da maTgan aiRos dnm-is nimuSebi. bevri adamiani Tvlis, rom  am ni-
muSebze Seqmnili dnm-is profilebi ar unda inaxebodes policiaSi, radgan es adamianis Tavi-
suflebis darRvevaa. 

rogor exmianeba am kiTxvebs saqarTvelos kanonmdebloba? saeqimo saqmianobis Sesaxeb kano-
nis Tanaxmad: 

• werilobiTi informirebuli Tanxmoba aucilebelia iseTi samedicino momsaxurebis 
gawe visas, rogoricaa genetikuri testireba;

• samedicino momsaxurebis gamwevi valdebulia pacientis Sesaxeb mis xelT arse buli in-
formaciis konfidencialoba daicvas rogorc pacientis sicocxleSi, ise misi sikvdi-
lis Semdeg; 

• samedicino momsaxurebis gamwevis mier konfidencialuri informaciis gamJRav neba dasa-
Svebia, Tu miRebulia pacientis Tanxmoba;

• konfidencialuri informaciis gamJRavneba SesaZlebelia rogorc pacientis TanxmobiT,  
aseve, misi Tanxmobis gareSe sxva garemoebis gaTvaliswinebiT.

dnm-is genetikuri masala, romelic 
war modgenilia dnm-is jaWvis gaswvriv 4 
saxis nukleotidis specifikuri Tanamim-
devrobis formiT, rogor gansazRvravs 
20 saxis aminomJavasgan Sedgenil cilis 
pirvelad struqturas? mas Semdeg, rac 
dadginda, rom memkvidruli materialu-
ri masalis matarebeli dnm-ia, bevri 
mecnieri cdilobda am kiTxvaze pasuxis 
povnas.

amerikeli fizikosi g. gamovi 1954 wels 
amtkicebda, rom ujredis yvela cilis 
aminomJavuri Tanmimdevroba ganisazRvre-
ba dnm-is ori komplementuri jaWvidan 
erT-erTis nukleo tiduri Tanmimdevro-
biT. man ganacxada, ujreds unda hqondes 

t r i p l e t e b i

a m i n o m J a v e b i

sur. 3.17

genetikuri kodi

leqsikoni, romelic oTxasoian teqsts 
cilebis ocasoian teqstad gadaTargmnis. 

3.5. cilebis biosinTezi. transkripcia
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birTvSi arsebuli Tavisufali ribonuk-
leotidebisgan komplementarobis prin-
cipiT genis erT-erTi jaWvis (aqtiuri 
jaWvis) mixedviT. TiTqos genSi arsebu-
li informacia cilis struqturis Sesa-
xeb gadaiwereba i-rnm-ze. ami tom i-rnm-is 
sinTezs transkripcias uwodeben (laT. 
Transcription _ gadawera). transkripciac 
matriculi sinTezis tipis reaqciaa, sa-
dac matricis rols dnm-is monakveTis, 
genis aqtiuri jaWvi asrulebs (sur. 3.18). 
rnm-is Semcveli virusis gamravlebisas 
maspinZlis ujredSi virusis rnm-ze jer 
dnm sinTezirdeba anu xdeba ukutrans-
kripcia. Semdeg sinTezirebuli dnm-is 
aqtiur jaWvze xdeba i-rnm-is sinTezi, 
romlis mixedviT virusis cilebi sinTe-
zirdeba.

genSi aris ubnebi, romlebic atareben 
informacias cilis pirveladi struq-
turis Sesaxeb _ egzonebi da arainfor-
maciuli ubnebi _ intronebi (sur. 3.18). 
transkripciis dros jer sinTezirdeba 
i-rnm-is winamorbedi pre-i-rnm. am dros 
gadaiwereba rogorc egzonebi, ise int-
ronebic. Semdeg fermentebis moqmede biT 
intronebi amoiWreba da egzonebi SeerT-
deba, romlis Sedegad warmoiqmneba mom-
wifebuli i-rnm. am process splaisingi 
ewodeba. momwifebuli i-rnm birTvidan 
gadadis citoplazmaSi cilis sinTezis 
adgilas _ ribosomebSi (sur. 3.19).

ase daibada genetikuri kodis idea.
gamovi ariTmetikuli gamoTvlebiT im 

daskvnamde mivida, rom erTi aminomJa-
vas kodirebisaTvis saWiroa minimum sami 
nukleotidis _ trinukleotidis Tanmim-
devroba. am SemTxvevaSi, SeiZleba aigos 
trinukleotidebis 43=64 varianti, rac 
saWiro raodenobas aWarbebs kidec. e. i. 
dnm-is kodi tripletebis saxiT aris war-
modgenili.

tripleti  aris Tanmimdevrulad gan la-
gebuli sami nukleotidis erToblioba. 
konkretuli tripleti akodirebs konk-
retul aminomJavas cilis mo lekulaSi, 
xolo konkretul genSi (dnm-is gansazRv-
rul ubanSi) tripletebis Tanmimdevroba 
da raodenoba ganapirobebs aminomJavur 
Sedgenilobas, Tanmimdevrobasa da raode-
nobas konkretuli cilis molekulaSi 
(sur. 3.17). erTi dnm-is molekula Sei-
cavs mraval gens. genomi aris organizmis 
ujredis dnm-is saerTo raodenoba, xolo 
genotipi organizmis garegani da Sinagani 
agebulebis, nivTierebaTa cvlis ganmsaz-
Rvreli yvela genis erToblioba.

cila sinTezirdeba citoplazmaSi, 
uj redis erT-erT organelaSi _ ribo-
somaSi. gensa da ribosomas Soris Sua-
mavlis rols asrulebs informaciuli 
rnm (i-rnm), anu matriculi rnm (m-rnm). 
i-rnm-is sinTezSi monawileobs fermenti 
_ rnm-polimeraza. i-rnm sinTezirdeba 

rnm-polimeraza dnm-is pasiuri jaWvi

dnm-is aqtiuri jaWvi

ribonukleotidi

transkripciis mimarTuleba

i-rnm

transkripcia

sur. 3.18
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genetikuri kodi aris yvela saxeobis 
orga nizmisTvis memkvidruli informaci-
is Caweris erTiani sistema, romelic 
gamoixa teba nukleinis mJavebis moleku-
lebSi nukleotidebis Tanmimdevruli 
gan lagebis saxiT, es ukanaskneli ki gan-
sazRvravs aminomJavebis Tanmimdevro-
bas cilaSi. anu genetikuri kodis arsi 
imaSi mdgomareobs, rom cilaSi amino-
mJavebis Tanmimderoba ganisazRvreba 
nukleo tidebis TanmimdevrobiT dnm-Si an 
rnm-Si. ramdenadac polipeptiduri jaW-
vi sinTezirdeba ribosomebSi i-rnm-is/ 
m-rnm-is struqturis Sesabamisad, amitom 
genetikur kodSi igulisxmeba i-rnm-is 
kodi. m-rnm-is triplets kodoni ewodeba. 
dReisa Tvis mTlianad gaSifrulia geneti-
kuri kodi, anu cnobilia, Tu romel ami-
nomJavas romeli tripleti Seesabameba.

genetikuri kodis cxrilis (sur. 3.20) 
gamoyenebiT konkretuli m-rnm-is mixed-
viT SesaZlebelia cilis aminomJavuri 
Sedgenilobis gansazRvra. cxrilis gam-
oyenebis magaliTi: mocemulia kodoni _ 

CGU. imisaTvis, rom gansazRvroT misi 
Sesabamisi aminomJava, kodonis pirveli 
nukleotidi C _ unda moZebnoT cxril-

Si `pirvel nukleotidebs~ Soris, meore 
nukleotidi G _ `meore nukleotidebs~ 
Soris, xolo mesame U _ `mesame nukleo-
tidebTan~. maT gadakveTaze ipoviT trip-
lets CGU, sadac miTiTebulia aminomJa-
va _ arginini (cxrilSi es komponentebi 
Semoxazulia).

Tu genetikuri kodis cxrils kargad 
SeiswavliT, naxavT, rom ori aminomJa-
vas, meTioninisa da triftofanis garda, 
yvela aminomJavas erTze meti sxvada sxva 
tripleti akodirebs. aris iseTi kodone-
bi, romlebic arcerT aminomJavas ar 
ako direbs. aseT triplets stop-kodoni 
ewodeba. igi sinTezis dasrulebis signa-
lia. kodons, romelic aminomJava meTio-
nins Seesabameba, start-kodoni ewodeba.

genetikuri kodis Tvisebebi:
• aqvs tripleturi buneba, e.i. yove-

li aminomJava kodirdeba sami Tanmim-
devrulad ganlagebuli nukleotidiT;

• axasiaTebs specifikuroba _ yoveli 
tripleti Seesabameba (akodirebs) mxo-
lod erT garkveul aminomJavas;

• axasiaTebs universaloba _ yvela sa-
xeobis organizmSi erTi saxis triple-
ti erTsa da imave aminomJavas akodi-

m-rnm-is/i-rnm-is splaisingi

pre-i-rnm

pre-i-rnm

pre-i-rnm

momwifebuli i-rnm

splaisingi

ribonukleoproteini

amoWrili introni

egzoni

egzoni egzoni

egzoni

egzoni egzoni

introni

introni

introni

sur. 3.19
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rebs (magaliTad, AUA baqteriaSic da 
adamianSic akodirebs aminomJava izo-
leicins);

• axasiaTebs gadagvarebuloba, anu sima-
xinje _ yvela aminomJavas (meTionini-

sa da triftofanis garda) akodirebs 
erTze meti tripleti, rasac didi 
mniSv neloba aqvs memkvidreobiTi ma-
salis mdgradobisa da Sesabamisad, ni-
San-Tvisebis myarad Senar CunebisTvis.

genetikuri kodis cxrili

meore nukleotidi

U

U

C

A

G

U

C

A

G

U

C

A

G

U

C

A

G

U

C

A

G

C A G

p
i

r
v

e
l

i
 n

u
k

l
e

o
t

i
d

i

m
e

s
a

m
e

 n
u

k
l

e
o

t
i

d
i

CUU

CUC

CUA

CUG

stop-kodoni stop-kodoni

stop-kodoni

UUU
fenilala-
nini

leici ni

UCU

serini

UAU
Tirozini

UGU
cisteini

trifto-
fani

UUC UCC UAC UGC

UUA UCA UAA UGA

UUG UCG UAG UGG

leici ni

CCU

pro li ni

CAU

histidini

glutamini

CGU

arginini
CCC CAC CGC

CCA CAA CGA

CCG CAG CGG

AUU
izo lei-
cini

meTio nini 
start-kodoni

ACU

treonini

AAU
aspara gini

lizini

AGU
serini

arginini

AUC ACC AAC AGC

AUA ACA AAA AGA

AUG ACG AAG AGG

GUU

valini

GCU

alanini

GAU  asparagi-
nis mJava

gluta minis 
mJava

GGU

glicini
GUC GCC GAC GGC

GUA GCA GAA GGA

GUG GCG GAG GGG

sur. 3.20

adamianis genomis proeqti

adamianis genomi aris somaturi ujredis mTeli dnm-is raodenoba _ genetikuri infor-

maciis erToblioba, romelic 23 wyvil qromosomaSia ganTavsebuli. proeqti `adamianis 

genomi~ daiwyo 1990 wlidan da gaTvlili iyo 15 welze. proeqts koordinacias uwevda 

amerikis janmrTelobis nacionaluri instituti, Tumca amerikeli mecnierebis garda sxva 

qveynis mecnierebic monawileobdnen. kvlevebi daCqarebulad mimdinareobda da 2003 wlis 

14 aprils dasrulebulad gamocxadda. 

am proeqtis Sedegad Semdegi informacia iqna miRebuli: 

• adamianis genomi, daaxloebiT, 3,1 miliardi nukleotidisgan Sedgeba;

• adamianebs, miuxedavad maTi erovnebisa, erTnairi aqvT genomis, daaxloebiT, 99,9%;

• adamianis genomi Seicavs 20 000-dan 25 000-mde cilamakodirebel gens;
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• adamianis genebis naxevarze metis funqcia jer kidev ucnobia;

• pirveli wyvili qromosoma yvelaze met gens Seicavs;

• identificirebulia adamianis daavadebaTa gamomwvevi aTasobiT geni da gansaz-

Rvrulia maTi lokalizaciis adgili qromosomebSi;

• warmoiqmna mecnierebis axali dargi genomika: genomis Semswavleli mecniereba;

• genomis proeqtma didi gavlena iqonia samedicino genetikaze.

genomis proeqti momavalSic did gavlenas iqoniebs samedicino genetikaze. adamianis 

yvela genis identificireba ki ar aris mniSvnelovani, aramed imis garkveva, ras akeTeben 

da rogor funqcionireben es genebi. yvelaze mniSvnelovani Sedegi uTuod adamianis ge-

netikur daavadebebTan asocirebuli genebis identifikacia iqneba da, Sesabamisad, geneti-

kuri daavadebebis molekuluri diagnostireba da mkurnalobis inovaciuri strategiebis 

SemuSaveba. magaliTad, 2020 wlidan saafTiaqo qselSi gamoCnda genomuri informaciis sa-

fuZvelze warmoebuli axali medikamentebi Saqriani diabetis, hipertoniisa da sxva daa-

vadebis samkurnalod.

vania misi Semadgeneli nawilebi. esenia 
ori erTmaneTisgan iolad mocilebadi 
sxvadasxva zomis nawilaki (suberTeuli) 
_ didi da mcire suberTeulebi. yvela 
ribosoma erTnairi tipisaa, amitom ri-
bosoma nebismier m-rnm-s amoicnobs da 
kiTxulobs masSi Caweril informacias 
cilis sinTezis procesSi. xSirad, erT 
m-rnm-ze erTdroulad ramdenime ribo-
soma `muSaobs~, rasac polisoma ewodeba 
(sur. 3.21).

ribosomaSi m-rnm-is mixedviT aigeba 
polipeptiduri jaWvi. TiTqos, m-rnm-Si 

didi suberTeuli

mcire 
suberTeuli

m-rnm

ribosoma

polisoma

sur. 3.21

cilebis mravalferovani funqciebidan 
gamomdinare, ujreds ar SeuZlia fun-
qcionireba cilebis gareSe. cilis bio-
sinTezi plastikuri cvlis erT-erTi 
saxea. am procesis yoveli etapi saTanado 
fermentebis monawileobiT mimdinareobs 
da atf-is energia ixarjeba. cilis sinTe-
zi uSualod ribosomebSi  mimdinareobs. 
ribosoma ramdenime aTeuli sxvadasxva 
ribosomuli cilisa da ribosomuli rnm-
is (r-rnm) molekulisgan Sedgeba. r-rnm 
1500-4700 nukleotidisgan Sedgeba. ribo-
somis muSaobisaTvis Zalian mniSvnelo-

3.6. cilebis biosinTezi. translacia



91

cilis struqturis Sesaxeb `oTxasoian~ 
nukleotidur enaze Cawerili informacia 
gadaiTargmneba `ocasoian~ aminomJavur 
enaze. amitom am process translacias 
uwodeben (laT. Translation _ Targmna). 
rogorc cnobilia, Targmna aris proce-
si, romelic informacias erTi enidan ga-
daTargmnis meore enaze. magaliTad, ing-
lisuri sityva SeiZleba gadaiTarg mnos 
qarTul, espanur, italiur an Jestiku-
laciis enaze. gadaTargmna ujredebSic 
mimdinareobs, magram, sxvadasxva enaze mo-
saubre adamianebisgan gansxvavebiT, yvela 
ujredi erTi da imave genetikuri eniT _ 
genetikuri kodiT sargeblobs. nukleinis 
mJavebis `ena~ iyenebs 4 nukleo tids — A, 

G, C da T dnm-Si, an A, G. C da U rnm-Si. 
meore mxriv, cilebis `ena~ iyenebs 20 sa-
xis aminomJavas.

citoplazmaSi gadasul m-rnm-s, rome-
lic Seicavs informacias cilis pirve-
ladi  struqturis Sesaxeb, ukavSirdeba 
ribosoma, magram cilis Sesaqmnelad saWi-
roa ned leuli _ aminomJavebi. aminomJave-
bi citoplazmidan ribosomaSi gadaaqvs 
satransporto rnm-s (t-rnm). t-rnm-is mo-
lekulebi 75-90 nukleo tids Seicavs da 
aqvs samyuras forma, rac ganpirobebulia 
imiT, rom mis molekulaSi oTx adgi las 
komplementur nukleotidebs Soris war-
moiqmneba wyalbaduri bmebi (sur. 3.22). 
aminomJava uerTdeba t-rnm-is erT-erT 
Tavisufal bolos, xolo samyuras Tav-
Si moTavsebuli tripleti, romelsac 
antikodoni ewodeba, gansazRvravs, Tu 
romel aminomJavas daikavSirebs. t-rnm-
Tan aminomJavas dakavSirebas aminomJavas 
aqtivacia ewodeba. transportuli rnm-is 
antikodonis nukleotiduri Sedgeniloba 

sur. 3. 22

t-rnm

aminomJavas mierTebis adgili

antikodoni

i-rnm-is kodonis nukleotiduri Sedgeni-
lobis komplementuria. magaliTad, amino-
mJava alanins daikavSirebs t-rnm, romlis 
koduri tripleti iqneba CGA _ i-rnm-is 
kodonis _ GCU-s komplementuri.

t-rnm-is struqturis Sesaxeb infor-
macia ise, rogorc r-rnm-is Sesaxeb, aris 
dnm-Si, romlis mixedviTac xdeba maTi 
sinTezi. aqedan gamomdinare, SeiZleba ro-
gorc genis, ise transkripciis ganmarteba 
ufro ganvavrcoT: geni aris dnm-is uba-
ni, romelic Seicavs informacias cilis 
pirveladi struqturis, satransporto an 
ribosomuli rnm-is Sesaxeb. transkripcia 
aris dnm-is matricaze komplementarobis 
principiT nebismieri saxis rnm-is sinTezi.

sanam translaciis process ganvixi-
lavT, manamde gavecnoT m-rnm-is (i-rnm) 
struqturas (sur. 3.23). i-rnm-is jaWvis 
da sawyisSi aris tripleti, romelsac ri-
bosomis damakavSirebeli saiti ewodeba, 
mis Semdeg aris tripleti _ start-kodo-
ni, saidanac iwyeba translacia, jaWvis 

start-kodoni stop-kodoni

ubani, romelic 
ganicdis translacias

ribosomis damakavSirebeli 
adgili (saiti)

kodoni

m-rnm
sur. 3.23
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boloSi aris tripleti _ stop-kodoni, 
ro melic translaciis damTavrebis sig-
nalia.

translacia sam etapad mimdinareobs 
(sur. 3.24). cilis biosinTezi yvela tipis 
eukariotul ujredSi erTnairi princip-
iT mimdinareobs. cilis biosinTezSi mniS-
vnelovan rols asrulebs ribosomis ori 
ubani: P da A ubani. es ubnebi ikavSirebs 
t-rnm-s, romelTanac dakavSirebulia 
Se  sabamisi erTi aminomJava. translaci-

is procesSi monawile ribosomis ubani 
m-rnm-is or triplets _ or kodons, anu 
eqvs nukleotids moicavs. swored es ko-
donebia gaaqtiurebuli, romlebTanac 
komplementarobis principiT t-rnm-ebis 
antikodonebia wyalbaduri bmebiT dakav-
Sirebuli.

amrigad, dnm-is replikaciisa da tran-
skripciis garda, matriculi sinTezis 
reaqcia aris cilis biosinTezic (ix. cxr. 
3.2).

cxrili 3.2.                                                  matriculi sinTezis reaqciebi

 matriculi sinTezis reaqcia matrica produqti

dnm-is replikacia dnm-is sawyisi molekulis 
TiToeuli jaWvi

dnm-is ori identuri molekula

traskripcia genis aqtiuri jaWvi i-rnm/m-rnm, r-rnm, t-rnm

translacia i-rnm/m-rnm polipeptiduri jaWvi

ra saxis eTikuri problemebi SeiZleba aRZras bioteqnologiuri produqtebis xelmisawvdo-

mobam? axla, rodesac cnobilia, Tu ra aris geni da rogoria cilis sinTezis meqanizmi, ukve 

SesaZlebelia mravali genis produqtis damzadeba laboratoriul pirobebSi. erT-erTi 

sasargeblo gamoyeneba aqvs am SesaZleblobas medicinaSi. axdenen adamianis genetikuri 

daavadebebis gamomwvevi genebis identificirebas, maTi aslebis miRebasa da laboratoriul 

pirobebSi Sesabamisi cilebis sinTezs. magaliTad, insulinis genis aslebi Canerges baqte-

riebSi, SesaZlebeli gaxda insulinis masiuri warmoeba da diabetiT daavadebuli adamia-

nebis am preparatiT uzrunvelyofa. analogiurad miiRes adamianis zrdis hormonis genis 

aslebi. rogorc ici, zrdis hormoni (somatotropini) astimulirebs Zvlebis sigrZeSi da 

kunTebis masis zrdas bavSvebSi. amJamad, es hormoni xelmisawvdomia yvelasTvis. zrdis 

hormoni, rogorc sxva hormonebi, gaicema receptis wardgenis safuZvelze da farTo ga-

moyeneba aqvs bavSvebSi, romelTac aqvT zrdis Seferxebis an memkvidrul jujobasTan da-

kavSirebuli problemebi. bolo wlebSi yuradRebas ipyrobs profesionali sportsmenebis 

mier aRniSnuli hormonis ukanono gamoyenebis SemTxvevebi. amitom zrdis hormonisa da 

sxva bioteqnologiuri* produqtebis xelmisawvdomoba eTikur sakiTxebs aRZravs: magali-

Tad, unda iyos Tu ara zrdis hormoni xelmisawvdomi maTTvisac, visac surs ufro maRali 

Svilebi hyavdes, Tu mxolod bavSvis zrdis Seferxebis SemTxvevaSi? 
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sur. 3.24

pirveli etapi _ iniciacia 

pirvel fazaSi ribosomis A ubanSi Sedis t-rnm 
Sesabamisi aminomJaviT. antikodonsa da kodons 
Soris, maTi komplementarobis gamo, warmoiqmneba 
wyalbaduri bmebi, aminomJavebs Soris ki, 
peptidur-kova lenturi bma (a).

meT val

meore fazaSi peptiduri jaWvi dagrZeldeba erTi 
aminomJavuri rgoliT (am SemTxvevaSi dipeptidi 
warmoiqmneba) da gadaitaneba A ubanSi myof t-rnm-
ze, xolo P ubanSi myofi t-rnm gaTavisufldeba 
aminomJavuri jaWvisgan (b).

meT val

es procesi ciklurad grZeldeba stop-kodonamde (d).

stop-kodoni

meore etapi _ elongacia
es etapi mravaljer ganmeorebadi erTnairi 
ciklisgan Sedgeba. yoveli cikli sam fazad iyofa.

mesame fazaSi ribosoma m-rnm-ze gadaad gildeba 
erTi tripletiT, Tavisufali t-rnm P ubnidan 
gamoidevneba, xolo A ubnidan P ubanSi gadadis 
t-rnm Tavisi peptiduri jaWviT. A ubanSi Sedis 
axali t-rnm (g).

meT val
arg

ribosomis mcire suberTeuli 
ukavSirdeba m-rnm-is 
damakavSirebel saits (a).

t-rnm-is (romelTanac 
dakavSirebulia aminomJava 
meTionini) antikodoni ukavSirdeba 
sastarto kodons – AUG-s (b).

m-rnm-s ukavSirdeba 
ribosomis didi suberTeuli 
da warmoiqmneba m-rnm da 
ribosomis kompleqti (g).

a b meT g

a

b

b

g

d

terminaluri, anu stop-kodonis Sesabamisi  
t-rnm ar arsebobs, stop-kodons ukavSirdeba 
e.w. ganmaTavisuflebeli faqtori – RF (Release 

factor) (a). 

RF P ubnidan t-rnm-s gamoaZevebs, ris Semdegac 
t-rnm da polilipeptidur jaWvs Soris 
wydeba kavSiri. Tavisufali t-rnm gadadis 
citoplazmaSi (b).

g

ribosomis suberTeulebi, m-rnm da 
RF scildebian erTmaneTs (g).

mesame etapi _ terminacia

RF

stop-kodoni

a

translaciis etapebi

meT
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transkripciasa da translaciaze orientirebuli amocanebisa da savarjiSoebis 
amoxsnis magaliTebi

cnobilia dnm-is erT-erTi jaWvis fragmentis nukleotiduri Sedgeniloba. mis mixedviT 
unda aigos i-rnm da ganisazRvros Sesabamisi cilis aminmJavuri Tanmimdevroba.

amocana: dnm-is erT-erTi jaWvis fragments aqvs aseTi Semadgenloba: AAGGCTACGTTG. 
am fragmentis mixedviT aageT i-rnm da gansazRvreT aminmJavebis Tanmimdevroba Sesabamisi 
cilis fragmentSi.

amoxsna: komplementarobis principiT avagoT i-rnm-is fragmenti da davyoT igi triple-
tebad: UUC – CGA – UGC – AAU. genetikuri kodis cxrilis mixedviT ganvsazRvravT aminmJa-
vebis Tanmimdevrobas: fen – arg – cis – asp.

cnobilia polipeptidSi aminmJavebis Tanmimdevroba. unda ganisazRvros dnm-is Sesabamiss 
ubanSi nukleotidebis Tanmimdevroba.

amocana: polipeptiduri jaWvis ubans aqvs aseTi agebuleba: alanini-lizini-valini-seri-
ni. gansazRvreT dnm-s Sesabamis ubanSi nukleotidebis Tanmimdevroba.

amoxsna: genetikuri kodis cxrilis daxmarebiT Tavdapirvelad ganvsazRvroT nukleoti-
debis Tanmimdevroba i-rnm-Si (zogierT aminmJavas Seesabameba ramdenime tripleti. amocanis 
amoxsnisas, rogorc wesi, mieTiTeba pirveli tripleti): GCU-AAA-GUU-UCU. dnm-is Sesabamiss 
ubanSi nukleotidebis Tanmimdevroba iqneba i-rnm-is komplementaruli: CGA-TTT-CAA-AGA.

cnobilia cilis molekulaSi aminmJavebis raodenoba, unda ganisazRvros nukleotidebis 
raodenoba genSi an genis Sesabamiss jaWvSi.

amocana: gansazRvreT, ramdeni nukleotidi Sedis genis SemadgenlobaSi (dnm-is orive 
jaWvi), romelic Seicavs informacias insulinis Sesaxeb, romelic 51 aminmJavas naSTisgan 
Sedgeba.

amoxsna: erT aminmJavas akodirebs nukleotidebis sameuli _ tripleti. dnm-is jaWvis 
ubani, romelic Seicavs informacias 51 aminmJaviani cilis Sesaxeb, Sedgeba 51 X 3 = 153 
nukleotidisgan. vinaidan genSi Sedis ori jaWvi, masSi nukleotidebis raodenoba iqneba  
2 X 153 = 306.

mocemulia cilaSi aminmJavebis raodenoba da unda ganisazRvros genis sigrZe.
amocana: cilis SemadgenlobaSi Sedis 400 aminmJava. gansazRvreT genis sigrZe, romelic 

mas akodirebs.

amoxsna: Sesabamisi genis erTi jaWvi Sedgeba 400 X 3 = 1200 nukleotidisgan, xolo geni 
– 1200 wyvili nukleotidisagan. erTi wyvili nukleotidis sigrZe 0,34 nm-ia, aqedan gamom-
dinare, mocemuli genis sigrZea 1200 X 0,34 nm = 408 nm.

mocemulia dnm-is ubanSi tripletebis Tanmimdevroba, unda ganisazRvros Sesabamisi cilis 
aminmJavuri Semadgenloba da Tanmimdevroba.

amocana: dnm-is molekulis ubans aqvs Semdegi aRnagoba: ACC-ATA-GTC-CAC-GGA. gansazRv-
reT aminmJavebis Tanmimdevroba polipeptidur jaWvSi.

amoxsna: Tavdapirvelad ganvsazRvroT i-rnm-is struqtura: UGG-UAU-CAG-GUG-CCU. 

genetikuri kodis cxrilis daxmarebiT davadgenT Sesabamisi polipeptiduri jaWvis agebu-
lebas: triftofani-Tirozini-glutamini-valini-prolini.

mocemulia translaciaSi monawile t-rnm-ebis raodenoba. unda ganisazRvros aminmJavebis, 
i-rnm-is tripletebisa da nukleotidebis raodenoba.

amocana: translaciaSi monawileobda t-rnm-is 30 molekula. gansazRvreT aminmJavebis 
raodenoba, romelic Sedis sinTezirebuli cilis molekulaSi, aseve _ tripletebisa da 
nukleotidebis raodenoba i-rnm-sa da genSi, romelic am cilas akodirebs.

amoxsna: Tu cilis sinTezSi monawileobda 30 t-rnm, es imas niSnavs, rom gadautaniaT 30 
aminmJava da, Sesabamisad, sinTezirebuli cila 30 aminmJavasgan Sedgeba. ramdenadac erTi 
aminmJava erTi tripletiT kodirdeba, am cilas akodirebs 30 tripleti. viciT, rom trip-
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leti 3 nukleotidisgan Sedgeba, amitom nukleotidebis raodenoba i-rnm-Si iqneba:  
30 X 3 = 90. radgan geni Sedgeba 2 jaWvisgan, genSi nukleotidebis raodenoba iqneba:  
90 X 2 = 180.

mocemulia i-rnm-s fragmentis agebuleba. unda ganisazRvros t-rnm-is antikodonebi da 
aminmJavebis Tanmimdevroba.

amocana: i-rnm-is fragments aseTi agebuleba aqvs: GAUGAGUACUUCAAA. gansazRvreT 
t-rnm-is antikodonebi da aminmJavebis Tanmimdevroba, romelic am fragmentSia kodirebu-
li. aseve dawereT dnm-is molekulis fragmenti, romelzedac dasinTezirda es i-rnm.

amoxsna: i-rnm davanawiloT tripletebad: GAU– GAU-GAG-UAC-UUC-AAA da genetikuri 
cxrilis gamoyenebiT ganvsazRvroT aminmJavebis Tanmimdevroba: asp _ glu _ Tir _ fen 
_ liz. mocemuli fragmenti Seicavs 5 triplets, amitom sinTezSi monawileobs t-rnm-s 5 
molekula. maTi antikodonebi kodonebis komplementarulia: CUA, CUC, AUG, AAG, AAA. ase-
ve, i-rnm-is mixedviT komplementarobis principiT ganvsazRvravT dnm-is fragments: CTACT-

CATGAAGTTT.

cnobilia dnm-is fragmentis nukleotiduri Tanmimdevroba. unda ganisazRvros antikodo-
nebis nukleotiduri Tanmimdevroba da maT mier dakavSirebuli aminmJavebi.

amocana: dnm-is fragments aqvs nukleotidebis Semdegi Tanmimdevroba: TTAGCCGATCCG. 

gansazRvreT antikodonebis nukleotiduri Tanmimdevroba (Tu ar gaviTvaliswinebT antiko-
donisa da kodonis Sewyvilebis e.w. „qanaobis” wess: zogierTi t-rnm-is antikodons erTze meti 
saxeobis kodonTan dakavSireba SeuZlia) da aminmJavebi, romelTac es t-rnm-ebi gadaitanen.

amoxsna: ganvsazRvroT i-rnm-is nukleotiduri Semadgenloba da davyoT tripletebad: 
AAU – CGG – CUA – GGC. Sesabamisad, antikodonebi iqneba: UUA, GCC, GAU, CCG. genetikuri 
kodis mixedviT ganvsazRvroT kodonebis Sesabamisi aminmJavebi. Sesabamisad, am aminmJavebs 
gadaitans t-rnm: asparagini, arginini, leicini, glicini.

mocemulia cilis molekuluri masa. unda ganisazRvros nukleotidebis raodenoba am ci-
lis makodirebel genSi.

amocana: adamianis sisxlis Sratis albuminis molekulis SefardebiTi masaa 68400. erTi 
aminmJavas molekuluri masaa 100. gansazRvreT:

1) nukleotidebis raodenoba am cilis makodirebeli genis aqtiur jaWvSi;
2) Sesabamisi genis sigrZe.

amoxsna: Tavdapirvelad ganvsazRvroT am cilaSi aminmJavebis raodenoba: 68400/100 = 684. 
viciT, rom erT aminmJavas akodirebs sami nukleotidis Tanmimdevroba, Sesabamisad, dnm-is 
aqtiur jaWvSi nukleotidebis raodenoba iqneba: 684 X 3 = 2052. es imas niSnavs, rom Sesaba-
misi geni Sedgeba 2052 wyvili nukleotidisgan. vinaidan erTi wyvili nukleotidis sigrZea 
0,34 nm, am genis sigrZe iqneba: 2052 X 0,34 nm = 697,68nm.

cnobilia antikodonebi da unda ganisazRvros Sesabamisi aminmJavebi.
amocana: cilis xelovnuri sinTezisTvis sistemaSi Seitanes t-rnm-ebi, romlebic Seica-

vs aseT antikodonebs: CGA, UUA, ACA, CCA. gansazRvreT, romel aminmJavebs miierTeben es 
t-rnm-ebi.

amoxsna: viciT, rom antikodoni kodonis (i-rnm-s tripletis) komplementarulia. Sesaba-
misad, kodonebis nukleotiduri Semadgenloba aseTi iqneba: GCU, AAU, UGU, GGU. genetiku-
ri kodis cxrilis daxmarebiT ganvsazRvravT kodonebis Sesabamiss aminmJavebs da swored am 
aminmJavebs daikavSirebs t-rnm-ebi: alanini, asparagini, cisteini, glicini.

mocemulia genis aqtiuri jaWvis molekuluri masa. unda ganisazRvros monomerebis ricxvi 
Sesabamis cilaSi.

amocana: dnm-is ubnis erT-erTi jaWvis molekuluri masaa 72450. gansazRvreT cilaSi 
monomerebis ricxvi, romelic kodirebulia dnm-is am ubanSi, Tu erTi nukleotidis mole-
kuluri masaa 345.



96

plastikuri cvla, anu anabolizmi, 
mcenareebsa da cxovelebSi gansxvavdeba. 
cxovelebic da yvela sxva heterotro-
fi organizmi anabolizmisaTvis saWiro 
martiv organul nivTierebebs garemodan 
miRebuli mza sakvebi organuli nivTie-
rebebis monelebis gziT iRebs. rac Seexe-
ba mcenareebs, isini garemodan miRebuli 
araorganuli nivTierebebisgan TviTon 
warmoqmnian martiv da rTul organul 
niv Tierebebs.

mcenareebs axasiaTebs plastikuri 
 cvlis gansakuTrebuli saxe _ fotosin-
Te zi: si naTlis energiis xarjze naxSiror-
Jangisa da wylisgan organuli nivTiere-
bebis sinTezis procesi. fotosinTezi 
aris saerTo saxelwodeba im reaqciebis, 
romlebic qloroplastebSi mimdina reobs. 

fotosinTezis procesSi mimdinareobs 
qimiuri reaqciebis seria, romelSic gamo-
yofen or fazas: sinaTlisa da sibnelis 
fazas. sinaTlis fazis reaqciebi mxolod 
sinaTleze mimdinareobs. martivad foto-
sinTezis procesi warmodgenilia sqemaze 
(sur. 3.25).

1. Tilakoidebis membranaSi CaSenebuli 
qlorofili STanTqavs mzis energias. 

2. osmosiT Sesuli wyali iSleba, war-
moiqmneba molekuluri Jangbadi (rome-
lic garemoSi difundirebs) da wyal badis 
ionebi, romlebic wyalbadis ato mebad 
gardaiqmneba. 

3. Tilakoidis membranebSi specialu-
ri fermentebis monawileobiT, sinaTlis 
mzis energia qimiur energiad gardaiqmne-
ba _ sinTezirdeba atf. amrigad, sinaTlis 
fazis produqtebia: O2, H da atf.

4. sibnelis fazis (kalvinis ciklis) 
war  mar TvisaTvis sinaTle  aucilebeli 
ar aris. sibnelis faza qloroplastis 
stromaSi mimdinareobs, sadac tran spor-
tirdeba sinaTlis fazis produqtebi: H 

da atf. 
5. da 6. H-sa da garemodan difuziiT 

Sesuli CO2-sgan, atf-is energiis xarjze, 
kalvinis ciklSi sinTezirdeba samnaxSir-
badiani naxSirwya li, romelic etapob-
rivad gardaiqmneba eqvsnaxSirbadian nax-
Sirwylad _ glukozad:

6CO2 + 24H → C6H12O6 + 6H2O 

amrigad, sibnelis fazis produqtia 
glukoza. fotosinTezis reaqciis jamuri 
toloba SeiZ leba aseTi saxiT warmovadgi-
noT:

amoxsna: Tavdapirvelad ganvsazRvroT dnm-is am ubanSi nukleotidebis raodenoba: 
72450/345=210. viciT, rom erT aminmJavas akodirebs sami nukleotidi, amitom cilaSi mono-
merebis ricxvi iqneba: 210/3=70

mocemulia cilis molekuluri masa. unda ganisazRvros Sesabamisi genis molekuluri masa.
amocana: cilis molekuluri masaa 9000. gansazRvreT genis molekuluri masa, Tu cnobi-

lia, rom erTi aminmJavas molekuluri masa 100-ia, xolo erTi nukleotidis molekuluri 
masa – 345.

amoxsna: Tavdapirvelad ganvsazRvroT mocemul cilaSi monomerebis (aminmJavebis) 
raodenoba: 9000/100 = 90. Semdeg gavigoT am cilis makodirebel dnm-is jaWvSi nukleoti-
debis raodenoba: 90 X 3 = 270. Sesabamisad, genSi nukleotidebis raodenoba iqneba: 270 X 2 = 
540. genis molekuluri masa iqneba: 540 X 345 = 186300.

3.7. fotosinTezi
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sinaTlis
faza

sibnelis faza
(kalvinis cikli)

sur. 3.25

   
6CO2 + 6H2O                  C6H12O6 + 6O2

sinaTlis

 energia

amrigad, fotosinTezi aris qloro-
plastebSi mzis energiis xarjze atf-
is sinTezi da SemdegSi atf-is energiis 
xarj ze glukozis warmoqmnis procesebis 
erToblioba. unda gvaxsovdes, rom sibne-
lis fazis reaqciebi saWiroebs sinaT-
lis fazis produqtebs. termini `sibne-
lis faza~ mxolod imaze miuTiTebs, rom 

am fazis reaqciebSi sinaTlis energia 
uSua lod ar monawi leobs (amitom sibne-
lis fazis reaqciebis siCqare izrdeba 
tempe raturis gazrdiT, magram mxolod  
30oC-mde, amis Semdeg reaq ciis siCqare 
ecema). mzis energiis gamoyenebiT mim-
dinare reaqciebs uwodeben sinaTleze 
damokidebuls, xolo glukozis warmoq-
mnis reaqciebs – sinaTlisgan damou-
kidebels. 

axla fotosinTezis sinaTlis faza 
ufro detalurad ganvixiloT suraT 3.26-
ze.

1. mzis sinaTlis energiis STanTqma da 
energiiT mdidari eleqtronebis warmoqm-
na _ Tilakoidis membranaSi CaSenebuli 
fotosistema II-is qlorofili STanTqavs 
mzis sinaTlis energias. STanTqmuli ener-
gia gadaecema qlorofilis molekulis 
atomebis eleqtronebs, isi ni aRigznebian 
da toveben qlorofi lis atomebs. maRa-
lenergiuli eleqtro nebi (e )  CaerTvebian 
eleqtrongadamtan jaWvSi, rasac Tila-
koidis membranaSi Ca Senebuli specialuri 
cilebi qmnian.

2. wylis molekulis daSla/wylis fo-
tolizi _ fotosistema II-is mier STanT q-
mu li mzis eneriis Sedegad fermenti Slis 
wylis molekulas: wylis mo lekulebi kar-
gaven eleqtronebs da war moiqmneba wyal-
ba dis ionebi (H+) da Jang badis molekule-
bi:

2H2O = 4H+ + 4e + O2 

wylis eleqtronebic CaerTvebian eleq-
t rongadamtan jaWvSi da Caanacvleben 
sinaTlis energiis STanTqmis Sedegad 
qlorofilis atomidan amovardnil eleq-
tronebs. wylis molekulebi sinaTlis fa-
zis reaqciebs uzrunvelyofs H+-ionebi Ta 
da eleq tronebiT (e).
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3. wyalbadis ionebis transportireba _ 
eleqtronebis eleqtrongadamtan jaWvSi 
gadaadgilebis Sedegad gamoTavisufle-

buli energiis xarjze H+-ionebi Tila-
koidis membranaSi transportirdeba kon-
centraciuli gradientis sawinaaRmdegod 
da grovdeba Tilakoidis RruSi. 

4. rogorc fotosistema II-is SemTxveva-
Si, fotosistema I-Si STanTqmuli mzis en-
ergia gadaecema qlorofilis molekulis 
eleqtronebs, isini aRigznebian da tove-
ben qlorofilis molekulebs, CaerTvebi-
an eleqtrongadamtan jaWvSi.

5. wyalbadis ionebis difuzia _ rodesac 

Tilakoidis RruSi H+-ionebis koncentra-

cia garkveul dones miaRwevs, H+-ionebi 
difuziiT gadian Tilakoidis membranaSi 
CaSenebuli atf-sinTazas arxSi e.w. qe-
miosmosuri gradientis mimarTulebiT. 
qemiosmosur gradients qmnis Tilakoid-

is membranis SigniT da gareT H+-ionebis 
koncentraciis sxvaoba. 

6. wyalbadis atomebis warmoqmna _ 
fotosistema I-is qlorofilidan amo-

vardnili eleqtronebs eleqtrongadam-
tani jaWvidan da difuziiT Tilakodis 

membranis gareT gasul H+-ionebi ukavSir-

debian daJangul koferment NADP+-s, igi 

aRdeba _ NADPH-ad, romelsac wyalbadis 

atomebi (H0) gadaaqvs sibnelis fazaSi. 
7. atf-is sinTezi _ atf-sinTaza fermen-

tis rolsac asrulebs: rodesac H+ ionebi 
qemiosmosiT gadian arxSi, gamoTavisuf l-
deba energia, romlis xarjze adf-sa da 
fosfatis jgufisgan atf sinTezirdeba. 

qloroplastebSi warmoqmnili naxSir-
wylebi mTel mcenares amaragebs qimiuri 
energiiTa da ujredis yvela ZiriTa di 
organuli nivTierebis sinTezisTvis saW-
iro naxSirbadiT. aminomJaebis sinTezi-
saTvis saWiro azots, gogirdsa da sxva 
elementebs mcenare niadagidan mineralu-
ri marilebis saxiT iRebs.

fotosinTezis procesi mimdinareobs 
wyalmcenareebsa da iseT baqteriebSi, 
ro  goricaa cianobaqteriebi, mwvane da 
me wamuli gogirdbaqteriebi. gogirdbaq-
teriebSi fotosinTezis gverdiTi pro-

sur. 3.26
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Tilakoidis 
membranaSi

NADP+ → NADPH
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duqti Jangbadi ar aris, radgan iyenebs 
ara wyals, aramed gogirdwyalbads da 
gverdiTi produqti aris gogirdi:

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

cxrili 3.3.                                                 fotosinTezis fazebis daxasiaTeba

sinaTlis faza (mimdinareobs TilakoidSi) sibnelis faza/kalvinis cikli (mimdinareobs stromaSi)

reaqciebi:

qlorofilis molekulis atomebSi eleqtronebis
agzneba da eleqtronebis amovardna, wylis foto-
lizi _ wyalbadis ionebisa da eleqtronebis gamo-
Tavisufleba, Jangbadis gamoyofa, eleqtronebis 
transporti, wyalbadis protonebis dagroveba 
Tilakoidis RruSi da qemiosmosi, atf-sinTazas 
monawileobiT atf-is sinTezi, wyalbadis atome-
bis warmoqm na. 

reaqciebi:

naxSirorJangisa da wyalbadis atomebisgan glukozis 
etapobrivi sinTezi specialuri fermentebis 
monawileobiT, atf-s moscildeba fosfatis jgufi 
da gardaiqmneba adf-ad, gamoTavisuflebuli energia 
xmardeba naxSirwylis sinTezs. 

sawyisi nivTierebebi:
wyali,
NADP+

adf,
fosfati

sawyisi nivTierebebi:

atf, 
NADPH (wyalbadis atomebi), 
naxSirorJangi

produqtebi:

molekuluri Jangbadi (gverdiTi produqti, ro-
melic garemoSi gamoiyofa),
atf,
NADPH (wyalbadis atomebi)

produqti: 

glukoza

gverdiTi produqtebi: 

NADP+, adf da fosfati

cxrili 3.4.                                           ujreduli sunTqvisa da fotosinTezis Sedareba

kriteriumebi Sesadareblad ujreduli sunTqva fotosinTezi

organizmebi, romlebisTvi-
sac aris damaxasiaTebeli

yvela aerobuli organizmi
mcenareebi, wyalmcenareebi, 
cianobaq teriebi, mwvane da mewamuli 
gogirdbaqteriebi

organela, romelSic mim-
dinareobs

mitoqondria, prokariotebSi 
mezosomebi 

qloroplasti, prokariotebSi 
mezosomebi, romelTa membranebi
qlorofils Seicavs

nivTierebaTa gardaqmna
glukoza Jangbadis monawileobiT 
iSleba wylad da naxSirorJangad

wylisa da naxSirorJangisgan nax-
Sirwyali warmoiqmneba, garemoSi 
gamoiyofa Jangbadi (mewamul gogird-
baqteriebSi gogirdwyalbadisa da na-
xSirorJangisgan, garemoSi gamoiyofa
gogirdi)

energiis gardaqmna

organul nivTierebaSi dagrovebu-
li qimiuri energia gardaiqmneba 
atf-is qimiur energiad da siTbur 
energiad

sinaTlis energia gardaiqmneba qi-
miur energiad

eleqtronebisa da wyalbadis 
ionebis wyaro

organuli nivTiereba
wyali, mewamul gogirdbaqteriebSi 
gogirdwyalbadi

eleqtronebisa da wyalbadis 
transportirebaSi monawile 
kofermentebi

NADH da FADH2 NADPH

fotosinTezis fazebis mokle daxasia-
Teba ixileT cxril 3.3-Si, ujreduli 
sunTqvisa da fotosinTezis SedarebiTi 
daxasiaTeba ki - cxril 3.4-Si.
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fotosinTezze orientirebuli amocanebis amoxsnis magaliTebi

cnobilia fotosinTezis procesSi miRebuli glukozis molekulebis raodenoba da unda 

ganisazRvros am procesSi monawile CO2 -is molekulebis raodenoba.

amocana: CO2-is ramdenma molekulam unda miiRos monawileoba fotosinTezis procesSi, 
rom wamoiqmnas 12 molekula glukoza?

amoxsna: davweroT fotosinTezis jamuri toloba _ 

6CO2 + 6H2O = C6H12O6 + 6O2

SevadginoT proporcia: Tu erTi molekula glukoza miiReba 6CO2-is monawileobiT, ma-
Sin 12 molekula glukozis warmosaqmnelad saWiro iqneba: 12 X 6 = 72 molekula CO2.

cnobilia fotosinTezis procesSi daxarjuli CO2 -is molekulebis raodenoba da unda ga-

nisazRvros miRebuli glukozis molekulebis raodenoba.

amocana: fotosinTezSi daixarja CO2-is 42 molekula. ramdeni molekula glukoza war-
moiqmneba am SemTxvevaSi:

amoxsna: davweroT fotosinTezis jamuri toloba _ 

6CO2 + 6H2O = C6H12O6 + 6O2

SevadginoT proporcia: Tu 6 molekula CO2-is monawileobiT miiReba 1 molekula glu-
koza, maSin 42 molekula CO2-is monawileobiT miiReba: 42/6=7 molekula glukoza.

cnobilia fotosinTezis procesSi miRebuli glukozis molekulebis raodenoba da unda 

ganisazRvros am procesSi gamoyofili O2-is molekulebis raodenoba.

amocana: fotosinTezis procesSi ramdeni molekula O2 gamoiyofa, Tu cnobilia, rom 
dasinTezirda 15 molekula glukoza.

amoxsna: davweroT fotosinTezis jamuri toloba _ 

6CO2 + 6H2O = C6H12O6 + 6O2

SevadginoT proporcia: Tu erTi molekula glukozis sinTezis dros gamoiyofa 6 mole-
kula O2, maSin 15 molekula glukozis sinTezis dros gamoiyofa: 15 X 6 = 90 molekula O2.

cnobilia sibnelis fazaSi monawile H-is atomebis raodenoba da unda ganisazRvros sin-

Tezirebuli glukozis molekulebis raodenoba.

amocana: sibnelis fazaSi monawileobda wyalbadis 48 atomi. ramdeni molekula glukoza 
sinTezirdeba am dros?

amoxsna: davweroT sibnelis fazis qimiuri toloba _ 

6CO2+ 24H = C6H12O6 + 6H2O

SevadginoT proporcia: Tu 24 wyalbadis atomis monawileobiT miiReba 1 molekula glu-
koza, maSin 48 atomi wyalbadis atomis monawileobiT sinTezirdeba: 48/24 = 2 molekula 
glukoza.

cnobilia sinaTlis fazaSi fotolizis Sedegad warmoqmnili eleqtronebis raodenoba, 

unda ganisazRvros, wylis ramdenma molekulam ganicada am SemTxvevaSi fotolizi.

amocana: sinaTlis fazaSi wylis fotolizis Sedegad warmoiqmna 8 eleqtroni. gansazRv-
reT wylis ramdenma molekulam ganicada fotolizi.

amoxsna: davweroT sinaTlis fazaSi wylis fotolizis toloba – 
H2O = 2H+ + 2e– + ½ O2

SevadginoT proporcia: Tu 2 eleqtroni gamoTavisufldeba 1 molekula H2O-s foto-
lizis Sedegad, maSin 8 eleqtroni gamoTavisufldeba: 8/2 = 4 molekula H2O-s fotolizis 
Sedegad.
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organizmebisTvis damaxasiaTebeli mniSvnelovani sasicocxlo Tvisebebia gam-
ravleba da zrda-ganviTareba. SegvimCnevia, magaliTad, gazafxulidan rogor 
izrdeba da viTardeba Teslidan aRmocenebuli yvavilovani mcenare, an axal-
dabadebuli cxoveli rogor gardaiqmneba zrdasrul organizmad. yoveli adamia-
ni viTardeba erTi ganayofierebuli kvercxujredidan; dabadebis momentisTvis 
adamianis sxeuli, daaxloebiT, trilioni ujredisgan Sedgeba da yvela maTgani 
erTi ujredisgan warmoiqmna. organizmi izrdeba da viTardeba misi ujredebis 
ricxvisa da zomis zrdis xarjze. 

rogor izrdeba ujredebis ricxvi? rogor gadaecema genetikuri informacia 
dediseuli ujredidan Svileul ujredebze? ra faqtorebma SeiZleba moaxdinos 
gavlena ujredebis ricxvisa da zomis zrdaze? warmoiqmneba Tu ara axali ujre-
debi zrdasrul organizmSi? organizmSi aris ujredebis ricxvis zrdis maregu-
lirebeli meqanizmebi? ra moxdeba, Tu organizmSi dairRva ujredebis ricxvis 
zrdis maregulirebeli meqanizmi? 

mocemuli Temis farglebSi ipoviT pasuxs yvela am da kidev sxva kiTxvaze.

Tema 4.  ujredis გამრავლება
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G1

M

G2

S

citokinezi

pr
ofaz

ametafaza
anafaza

telofaza

ujredis zrda

d
nm-is r

epl
ikac

ia

interfaz
a

mitozisTvis mzadeba

u
j
r
ed

is gayo
f
a

bunebaSi bevri cikluri procesi mim-
dinareobs: wylis mimoqceva bunebaSi, 
dRe-Ramuri da sezonuri cilkebi, or-
ganizmebis sasicocxlo cikli. rogorc 
yvela organizms aqvs Tavisi sasicocxlo 
cikli, aseve, ujredsac aqvs sasicocxlo 
cikli _ ujreduli cikli: nebismier cal-
keul ujreds aqvs zrdis, gamravlebisa 
da normaluri funqcionirebis sxvadasxva 
stadia. 

ujreduli cikli moicavs ujredis ar-
sebobis mTel periods am ujredis gayo-
fis CaTvliT. amrigad, ujreduli cikli 
iwyeba maSin, rodesac sawyisi/dediseuli 
ujredidan gayofis gziT warmoiqmneba 
axa li ujredi da mTavrdeba maSin, rode-
sac es ujredi daasrulebs sakuTar gayo-
fas. 

surT. 4.1-ze warmodgenilia ujreduli 
ciklis stadiebi: interfaza da ujredis 
gayofa. Tavis mxriv, interfaza moicavs 
fazebs: presinTezuri faza _ G1, dnm-is sin-
Tezis faza _ S, postsinTezuri faza _ G2, 
xolo ujredis gayofa _ mitozsa (M) da 
citokinezs. 

ujreduli ciklis stadiebma saxelwo-
debebi miiRo ujredis gayofis Sesa xeb 
Catarebuli sxvadasxva kvlevis safuZ-
velze. ujredis gayofis Sesaxeb mecnie-
ruli kvlevebi sawyis etapze SemosazR-
vruli iyo imdroindeli mikroskopis 
SesaZleblobiT. rodesac ujredi ar 
iyofoda, mecnierebs ar SeeZloT maTi 
aqtivobis/ujredSi mimdinare procese-
bis danaxva, amitom, ujreduli cikli or 
stadiad gayves: interfaza, rodesac uj-
redi mosvenebul mdgomareobaSia, da mi-
tozi, rodesac ujredi iyofa. Semdgom, 
kvle vis ufro srulyofili meTodebi-
sa da instrumentebis gamoyenebiT, mec-
nierebma interfazaSi aRmoaCines dnm-is 
sinTezi da maT ujreduli ciklis aRwe-
rilobaSi  daamates axali komponenti _ 
dnm-is sinTe zi. bolos da bolos, mecnie-
rebi mividnen im daskvnamde, rom ujredi 
interfazaSi mosvenebul mdgomareobaSi 

ar aris, ara med ujredi aqtiurad asru-
lebs Tavis funqciebs, izrdeba garkveul 
zomamde da emzadeba gayofisTvis. amitom 
interfa za ujreduli ciklis yvelaze 
xan grZ li vi stadiaa.

interfazis presinTezur (G1) fazaSi 
ujredi asrulebs misTvis damaxasiTebel 
funqciebs. magaliTad, Tu es aris kunTo-
vani ujredi, igi ikumSeba da monawileobs 
mamoZravebeli funqciis SesrulebaSi; Tu 
es Tirkmelzeda jirkvlis ujredia, igi 
asinTezirebs da gamoyofs hormonebs; Tu 
es wvrili nawlavis xaoebis epiTeluri 
ujredia, nawlavebidan Seiwovs monele-
bul sakveb nivTierebebs da a.S. aseve, am 
fazaSi ujredi matulobs zomaSi da izr-
deba organelebis ricxvi. ujredi Tavisi 
sasicocxlo ciklis yvelaze met dros 
atarebs G1 fazaSi, Tumca misi xangrZli-
voba damokidebulia ujredis tipze. 

G1 fazaSi ujredma unda gaiaros kri-
tikuli kontrolis wertili, vidre igi 
gadava sinTezis fazaSi. garkveuli piro-
bebis dacvis gareSe, ujredisTvis sazia-
no iqneba gayofis gagrZeleba. magaliTad, 
cxo ve lur ujredTa umravlesobis war-
matebuli gayofis Tvis aucilebelia sak-

sur. 4.1.

ujreduli cikli

4.1. უჯრედული ციკლი
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marisi sakvebi, saWi ro zoma da dauziane-
beli dnm. maT aseve sWirdebaT signalebi 
sxva ujredebidan, Tu ramdenad saWiroa 
ujredis gayofa. 

ujreds ar SeuZ lia usasrulod gaizar-
dos zomaSi, romc sakmarisi raodenobiT 
hqondes sakvebi nivTierebebi. ujredebis 
zoma ganisaz   Rv re  ba zedapiris farTobisa 
da misi mocu lobis Tanafardobis sidi-
diT. gaixsene, rom Jangbadi, sakvebi niv-
Tierebebi da cvlis produqtebi moZraobs 
plazmuri membranis gavliT. es nivTie-
rebebi unda transportirdes sakmarisi 
rao denobiTa da siCqariT, rom uzrunve-
lyos ujredis funqcionireba. ujredis 
zomis zrdasTan erTad ufro swrafad 
izrdeba misi mocu loba, vidre misi zeda-
piris farTobi. Sesabamisad, zomis Semd-
gomi zrdis Sedegad SeiZleba, zedapiris 
farTobi Zalian mcire, araadekvaturi 
aRmoCndes moculobasTan SedarebiT. ro-
desac zedapiris farTobis moculobas-
Tan Tanafardoba Zalian mcirea, ujreds 
aseT SemTxvevaSi ar SeuZlia nivTiereba-
Ta mimocvla garemosTan sakmarisi/saWiro 
siCqariTa da raodenobiT.

sinTezis faza (S) interfazis meore fa-
zaa. am fazaSi ujredi qmnis Tavisi bir-

Tvuli dnm-is aslebs _ mimdinareobs 
dnm-is replikacia. eukariotebSi dnm-is 
ZiriTadi nawili ganTavsebulia birTv-
Si. eukariotuli ujredis birTvSi dnm 
dakavSirebulia cilebTan da maTTan 
kombinaciaSi qmnis qromatins (sur.4.2), 
rom lisganac ujredis gayofis dros 
qromosomebi yalibdeba (SemdegSi teqstsa 
da suraTebze gamoyenebuli iqneba ter-
mini „qromosoma“). radgan S sinTezis fa-
zaSi dnm ganicdis replikacias, interfa-
zis bolos TiToeuli qromosoma dnm-is 
ori identuri molekulisgan Sedgeba. maT 
Svileuli qromosomebi, anu qromatidebi 
ewodeba. qromatidebi erTmaneTs cent-
romeriT ukavSirdeba. amrigad, sinTezis 
fazis bolos ujredi Seicavs dnm-is mo-
lekulebis gaormagebul raodenobas. 
sinTezis fazaSi, dnm-is replikaciis gar-
da, mimdina reobs histonuri cilebis sin-
Tezi.

postsinTezur fazaSic (G2) ujredi 
agrZe lebs Tavisi funqciebis Sesrule-
bas, kvlav mimdinareobs cilebis sinTezi, 
aqtiurad sinTezirdeba cila tubulini, 
romlisganac warmoiqmneba ujredis mi-
tozuri gayofisTvis aucilebeli gayo-
fis cilovani Zafebi. ujredi aRwevs 

sur. 4.2.

cila histonebi

orjaWviani 
dnm

centromeri

qromatidebi (dnm-is molekulebi)

qromosoma

birTvi
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ujredi izrdeba 
da emzadeba dnm-is 
replikaciisTvis

dnm-is 
replikacia

zogierTi ujredi gamoeTiSeba ujredul 
cikls da didxans rCeba am fazaSi

G0 faza

G1 faza

G2 faza

S faza

qromosomebi da maTTan 
erTad dnm Tanabrad 
nawildeba Svileul 
ujredebs Soris

ujreds aqvs 
gaormagebuli 
dnm _ TiToeul 
qromosomaSi ori 
qromatidia

ujredi aRwevs 
maqsimalur zomas

interfaza

mitozi da 

citokinezi

Svileuli
 ujredebi

gayofa

sur. 4.3.

cxrili 4.1.

ujredebis sicocxlis xangrZlivoba

ujredis tipi
sicocxlis saSualo  

diapazoni

kanis epidermisis 
ujredi

2 kvira

sisxlis wiTeli 
ujredi

4 Tve

nawlavis epiTeluri 
ujredi

4-5 dRe

nawlavis gluvi 
kunTovani qsovilis 
ujredi

16 weli

gayofisTvis saWiro zomas. rogorc G1 
faza, ise G2 fazac Seicavs gadamwyet sa-
kontrolo wertils: iqam de, sanam ujre-
di daiwyebs gayofas, yvelaferi unda iyos 
wesrigSi _ ujredis adekvaturi zoma da 
dauzianebeli dnm.

ujredis gayofa ujredis sasicoc xlo 
ciklis meore stadiaa, romelic  moicavs 
mitozsa da citokinezs. mitozi (M) aris 
birTvisa da misi SigTavsis gayofa. cito-
kinezi aris procesi, romelic yofs uj-
redis citoplazmas da miiReba geneti-
kurad identuri ori Svileuli ujredi 
(qromosomebis cvlileba ujreduli cik-
lis ganmavlobaSi ix. sur. 4.3-ze). 

ujreduli ciklis stadiebi Tavian-
Ti fazebiTa da ujredis gayofis mare-
gulirebeli cilebiT msgavsia yvela 
eukariotu li ujredisTvis. magali Tad, 
mecnierebma eqsperimentebiT aCvenes, 
rom safuaras ujreduli ciklis maregu-
lirebeli zogierTi molekula muSaobs 

ada mianis ujredebSic. aseTi msgavseba 
met yvelebs eukariotebis erTiani war-
moSobis ideis sasargeblod. 

ujredebi sxvadasxva siCqariT iyofian. 
rogorc cxril 4.1-Si Cans, sxvada sxva ti-
pis eukariotuli ujredis gayo fis siCqa-
re Zalian gansxvavebulia. prokariotuli 
ujredebi, romelTac ar gaaCniaT mem-



105

branuli Senebis organelebi, gacilebiT 
swrafad iyofian, vidre eukariotuli 
uj redebi.

ujredebis gayofis siCqare dakavSi-
rebulia am ujredebisadmi organizmis 
moTxov nilebasTan. adamianis ujredebSi 
S, G2 da M erTad, daaxloebiT, 12 saaTs 
grZeldeba. yvelaze metad sxvadasxva 
tipis ujredebi erTmaneTisgan gansxvav-
debian G1 fazis xangrZlivobiT. ujrede-
bis ga yofis siCqare gacilebiT maRalia  
emb ri onsa da bavSvebSi, vidre mo zrdi-
lebSi. aseve, mozrdil adamianebSi uj-
re duli gayofis siCqare gansxvavebulia 
sxvadasxva qsovilSi. maga liTad, ujrede-
bi epiTeluri qsovilebisa, romlebiTac 
amofenilia Rruiani organoebi, swrafad 
iRupebian da qveda Sris ujredebis gayo-
fis Sedegad axali ujredebis zedapiruli 
Sre warmoiqmneba; lobios fesvis wveros 
ujredebi iyofa yovel 19 saaTSi; zRvis 
zRarbis embrionis ujredebi ki yovel 2 
saaTSi. bevri Sinagani organos qsovile-
bis ujredebi, rogorebicaa filtvebis, 

Tirkmlebisa da RviZlis, nawlavis gluv-
kunTovani qsovilis, iSviaTad iyofian, 
ZiriTadad, mxo lod ujredebis daziane-
bis an sikvdilis SemTxvevaSi. 

zogierTi ujredi gadadis fazaSi, ro-
melsac mecnierebi G0-s (sur. 4.3) uwo-
deben. am fazaSi myofi ujredebi, faq-
tobrivad, aRar iyofian da agrZeleben 
Ta vianTi funqciebis Sesrulebas. maga-
liTad, neironi, rogorc Cans, mudmivad 
rCeba G0 fazaSi. Tumca bolo gamokvle-
vebi mowmobs imas, rom Tavis tvinis gark-
veul nawilebSi neironebsac SeuZ liaT 
gayofa. am sakiTxze gamokvlevebi aqtiu-
rad grZeldeba. sxva ujredebs, rogori-
caa limfoci tebi (leikocitebis erT-er-
Ti saxeo ba), SeuZliaT G0 fazaSi mravali 
wlis ganmavlobaSi darCena iqam de, sanam 
isini ar amoicnoben antigens. rogorc 
ki antigeni daukavSirdeba limfoci-
tis receptors, limfocitebi swrafad 
mravlde bian, rom organizms daexma ron 
ucxo sxeulTan, nivTierebasa Tu paToge-
nur mikrobTan brZolaSi (sur. 4.4).

sur. 4.4.
limfocitis
receptori

antigeni

 mitozi

nebismieri ujredis mniSvnelovan sasi-
cocxlo Tvisebas warmoadgens gamravle-
ba, romlis Sedegad organizmi izrdeba da 

viTardeba. eukariotuli ujredebis gam-
ravlebis gavrcelebuli saxea mitozuri 
gayofa. Sen ukve ici, rom mitozi ujredu-

4.2. ujredebis mitozuri gayofa
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li ciklis erT-erTi stadiaa. ujredu-
li ciklis yvela stadia mniSvnelovania. 
interfazaSi ujredi funqcionirebs da 
emzadeba gayofisTvis. interfazis bolos 
organelebi (maT Soris, centriolebi) da 
dnm gaormagebulia (e.i. gaormagebulia 
genetikuri informaciac). 

Svileulma ujredebma unda miiRon 
qromosomebis sruli nakrebi _ sawyisi uj-
redisTvis damaxasiaTebelze arc meti da 
arc naklebi. ujredebs Soris qromosome-
bis zusti da Tanabari ganawileba rTuli 
amocanaa. mitozi _ saocari procesia, ro-
melic efeqturad anawilebs or birTvs 
Soris qromosomebis nakrebs.

mravalujredian organizmebSi arCe-
ven arasasqeso ujredebs _ somatur 
ujredeb sa da sasqeso ujredebs _ game-
tebs. saxeo bis yoveli somaturi ujre-
disTvis damaxasiaTebelia mudmivi qromo-
somuli kom pleqti. sxvadasxva saxeobis 
qromosomuli kompleqti erTmaneTis-
gan gansxvav deba qromosomebis ricxviT, 
formiTa da struqturiT. qromosomuli 
kompleqtis niSan-Tvisebebis erToblio-
bas, romelic  damaxasia Tebelia 
mocemuli saxeo bis soma turi uj-
redebis Tvis, kario tipi ewodeba. 

magaliTad, adamianis kario-
tipisTvis damaxasiaTebelia 46 
qro  mosoma (sur. 4.5). Tu sqemaze 
daakvirdebi, naxav, rom TiToeul 
qromosomas aqvs Tavisi identu-
ri mewyvile. or erTnair qromo-
somas homologiuri qromosomebi 
ewodeba. e.i. adamianis somaturi 
ujredebisTvis damaxasiaTebelia 
homologiuri qromosomebis 23 
wyvili. qromosomebis aseT kom -
pleqts diploidurs uwodeben 
da 2n-iT aRiniSneba (berZn. dip-

loid _ ormagi). Tumca arseboben 
organizmebi, romelTa somatur 
ujredebs qromosomebis erTi _ 
haploiduri (n) _ nakrebi aqvT. 
maga liTad, xavsebsa da mamr fut-
kars haploiduri somaturi ujre-
debi aqvT (berZn. haplous _ erT-

magi).  
mitozurad iyofa rogorc diploidu-

ri, ise haploiduri ujredebi. ganvixiloT 
mitozi ufro detalurad diploiduri 
ujredis magaliTze (sur. 4.6). radgan 
qromosomebSi dnm-is replikacia/gaorma-
geba mimdinareobs interfazaSi, ami tom 
mitozis dawyebisTvis yoveli qromosoma 
Sedgeba dnm-is ori molekulisgan _ ori 
qromatidisgan. mitozi oTxi fazisgan 
Sedgeba: profaza, metafaza, anafaza da 
telofaza. mitozis Sedegad ujredSi 
warmoiqmneba genetikurad identuri ori 
birTvi. TiToeul birTvs aqvs qromo-
somebis igi ve nakrebi, rac sawyisi ujre-
dis birTvs. mitozs moh yveba citokinezi, 
rodesac citoplazmac iyofa da ori da-
moukidebeli ujredi warmoiqmneba. cito-
kineziT mTavrdeba ujreduli cikli. 

rodesac ujredi iyofa, TiToeuli 
Svi leuli ujredi memkvidreobiT iRebs 
mSobliuri ujredis dnm-Si kodirebul 
genetikur informaciasa da citoplazmis 
iseT raodenobas, romelic ganapirobebs 
maT damoukidebel funqcionirebas. ro-

homologiuri
qromosomebi

an

sur. 4.5
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gorc ici, dnm Seicavs cilis struqtu-
ris Sesaxeb informacias. cilebis nawili 
ujredSi asrulebs struqturul fun-
qcias, zogic _ fermentebis da a. S. Tu axa-

ujreduli cikli

telofaza – po-
lusebTan misuli 
qromosomebis 
despiralizacia 
xdeba da maT garSemo 
formir deba birTvis gar-
si, warmoiqmneba birTvaki. 

profaza – TiToeuli 
orqromatidiani qromo-
soma spiralurad exveva, 

mokldeba da msxvildeba; 
birTvSi birTvakebi qreba, 

centriolebi ujredis po-
lusebisken miemarTeba da maT Soris 

gayofis TiTistaras Zafebi gaibmeba. 
fazis bolos  irRveva birTvis garsi.

dediseuli ujredi or 
identur ujredad iyofa

ujredi izrdeba; 
dnm ormagdeba da 
ujredi gayofi s-
Tvis emzadeba

anafaza - Ti-
Tistaras Zafe-

bis meSveobiT 
qromatidebi 
erTi meores 

scil  deba da, rogorc 
da mo uki debeli qromosome-

bi, miemAarTeba ujredis 
mopirdapire polusebisken.

metafaza – centri-
olebze miemagreba 
gayofis TiTista-
ras Zafebi da maTi 
meSveobiT qromo-
somebi erT mwkrivSi gan-
lagdeba ekvatorul sibrtyeSi.  
warmoqmnian e.w. metafazur 
firfitas.

citoplazma iyofa da ori identu-
ri Svileuli ujredi warmoiqmneba.

interfaza

mitozi

citokinezi

sur. 4.6

li ujredi ar miiRebs yvela memkvidrul 
informacias cilebis sinTezisTvis, igi 
ver SeZlebs saWiro sa xiT funqcionire-
bas. 

 mitozis biologiuri roli

ujredi, Tavisi arsebobis ganmavloba-
Si, izrdeba, asrulebs Tavis funqciebs, 
ujreduli ciklis garkveul etapze iyo-
fa da warmoiqmneba ori identuri ujredi. 

amrigad, mitozi ujreduli ciklis um-
niSvnelovanesi etapia, romelic uzrun-
velyofs sawyisi ujredidan Svileul 
ujredebze zusti memkvidruli infor-
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sur. 4.8

sur. 4.7

maciis gadacemas. SevajamoT mitozis bio-
logiuri roli.

• mitozis Sedegad miiReba geneti-
kurad identuri ori ujredi, radgan Ti-
Toeuls qromosomebisa da genebis igive 
kompleqti aqvs, rac dediseul ujreds.

• zigotis mitozuri dayofiT viTar-
deba mravalujrediani Canasaxi.

• mitozis Sedegad ujredebis ric  x-
vi izrdeba, amitom igi mravalujrediani 
organizmebis zrda-ganviTarebis safuZve-
lia (sur. 4.7).

• mravalujredian organizmebSi uj-
re  debis mitozuri gayofa udevs sa fu Z-
v        lad rogorc fiziologiur, ise repa-
raciul regeneracias. fiziologiuri 
regeneraciis magaliTia sisxlis, Zvlova-
ni da kanis ujredebis cvla-ganaxleba. 
repa raciuli regeneraciis dros ki sxeu-
lis dazianebuli da dakarguli nawilebi  
aRd ge ba, magaliTad, xvliki aRidgens 
kuds (sur. 4.8).

• mitozuri gayofa aris erTujre-
dianebisa da zogierTi mravalujrediani 
organizmis usqeso gamravlebis saSuale-
ba. amitom usqeso gamravlebiT miRebuli 
STamomavloba mSobliuri individis iden-
turia. 

usqeso gamravlebisas, eukarioti or-
ganizmis somaturi ujredis/ujredebis 
mitozuri gayofiT warmoiqmneba axali 
organizmi/organizmebi. amitom am gziT 
mi Rebuli STamomavloba genetikurad 
erT maneTisa da erTaderTi mSobliuri 
individis identuria.  

usqeso gamravlebis sxvadasxva xerxi 
arsebobs. usqesod mravldebian rogorc 
erTujrediani, ise mravalujrediani 
eukariotebi. erTujredini eukariote-
bi mi tozuri gayofiT mravldebian da 
ori identuri ujredi axal organizmad 
viTardeba (sur. 4.9). usqeso gamravle-
ba ufro metad damaxasiaTebelia mcena-
reebisa da martivi cxovelebisTvis. 
ma gali Tad, mcenareebi mravldebian vege-
tatiuri organoebiT: ylortiT, bol-
qviT, gorg liT, bwkaliT, ZirxveniT, fes-
vis amonayriT da a.S. (sur. 4.10). 

mSobliuri organizmi

Svileuli organizmebi

amebis gamravleba mitozuri gayofiT

sur. 4.9
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marwyvis bwkaliT gamravleba kartofilis gorgliT gamravleba

sur. 4.10

mitozi aRmoaCines XIX saukunis 70-ian wlebSi. mcenareul ujredebSi igi Seiswavla  
eduard strasburgerma, xolo cxovelur ujredebSi _ uolter flemingma. terminis _ „mi-
tozi“ _ SemoReba ekuTvnis flemings.

 ujreduli ciklis maregulirebeli faqtorebi

yovel wams adamianis kanis, Zvlis tvin-
is, nawlavis epiTeluri qsovilis da sxva 
organoebis milionobiT ujredi mravl-
deba da axliT icvleba dazianebuli da 
mkvdari ujredebi. rogor aregulirebs 
organizmi milionobiT ujredis gayofas? 
bevri meqanizmi akontrolebs dnm-is rep-
likacias, agreTve, ujredis gayofis daw-
yebisa da damTavrebis dros. 

eukariotuli ujredebis ujredul 
cikls aregulirebs rogorc Sinagani, 
aseve, garegani faqtorebi. garegani faq-
torebis saxiT ujredi iRebs informa-
cias rogorc misgan daSorebuli, ise me-
zobeli ujredebidan. Sinagani faqtorebi 
aRiZvreba ujredis SigniT da masSi ci-
toplazmis ramdenime tipis molekula 
monawileobs. faqtorebis orive tipi er-
Tad muSaobs, rom daexmaros organizms 
ujredebis gayofis procesis kontrolSi. 

sxvadasxva samecniero mizniT, magali-

Tad, ujreduli ciklis maregulirebeli 
faqtorebis Seswavlis mizniT, mecniere-
bi laboratoriaSi specialur WurWel-
Si/petris jamSi qmnian specialur sakveb 
ares da sxva pirobebs (mag., temperaturas) 
ujredebis gamravlebisTvis, am meTodiT 
miRebul ujredebs ujredul kulturas, 
xolo TviT meTods kultivirebis meTods 
uwodeben.

garegani faqtorebi ujredul cikls 
aregulireben fizikuri da qimiuri sig-
nalebiT. fizikuri faqtorebis erT- 
erTi magaliTia ujredebs Soris kontaq-
ti. laboratoriaSi gamozrdili ZuZu-
mwovrebis ujredebis umravlesoba, ro-
gorc sur. 4.11-zea asaxuli, ujredebis 
erT Sres warmoqmnian. rodesac ujredebi 
avseben gansazRvrul sivrces da ujre-
di exeba sxva ujredebs, igi wyvets gayo-
fas. am movlenis zusti mizezi ucnobia. 
erT-erTi hipoTeza isaa, rom mezobeli 

4.3. უჯრედული ციკლის რეგულაცია
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ujredebis receptorebi erTmaneTs ukav-
Sirdebian da sapasuxod citoplazmaSi 
warmoiqmneba iseTi struqturebi, romel-
Tac SeuZliaT ujredis gayofis gamSvebi 
signalebis blokireba. 

bevri ujredi warmoqmnis qimiur sig-
nalebsac, romlebic sxva ujredebs zrdas 
aiZulebs. magaliTad, zrdis faqtorebs 
warmoadgens cilebis farTo jgufi, ro-
melic astimulirebs ujredebis gayo fas. 
zrdis faqtorebi ukavSirdebian recep-
torebs, romlebic aaqtiureben ujre-
debis gamravlebaze pasuxismgebel genebs. 
zrdis zogierTi faqtori gavlenas axdens 
ujredebis sxvadasxva tipze. magaliTad, 
Trombocitebi Seicaven faq tors, rome-

lic astimulirebs sxvada sxva saxis ujre-
dis gayofas da xels uwyobs Wrilobis 
Sexorcebas. zrdis sxva faqtors ufro 
konkretuli mizani aqvs. magali Tad, hor-
moni eriTropoetini  Zvlis wiTel tvin-
Si aaqtiurebs sisxlis wiTeli ujredebis 
_ eriTrocitebis _ warmoqmnas. Tu Sen 
 zRvis donidan momentalurad gadaadgil-
debi mTaSi, sisxlSi Jangbadis done Sem-
cirdeba, radgan maRal regionebSi atmos-
feruli wneva mcirdeba. sisxlSi Jangbadis 
donis Semcireba iwvevs organizmSi meti 
eriTropoetinis sin Tezs. es faqtori ki 
aCqarebs eriTroci tebis warmoqmnas  Zvlis 
wiTel tvinSi da sisxl Si Jangbadis done 
izrdeba. aseve, zrdis hormoni _ somato-

sur. 4.12.apoptozi
ujredi iwyebs apoptozs

fagocitozi

birTvi ikumSeba

apoptozuri 
sxeulebi

citoplazma da birTvi 
iSleba apoptozur 
sxeulebad

sur. 4.11.

filtvis qsovili

qsovilidan 
gamoyofen 
ujredebs

ujredebi 
mravldebian

ujredebis kultura

ujredebi erTmaneTTan 
kontaqtis Semdeg wyveten 
gamravlebas
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tropini _ Zvlovani ujredebis gamravle-
bas astimulirebs. 

rodesac garegani faqtorebi ukav-
Sirdeba ujredis receptorebs, Sedegad 
SeiZleba, amoqmeddes ujredul ciklze 
moqmedi Sinagani faqtorebi. magaliTad, 
ujredebSi aris sxvadasxva tipis fer-
menti, romelic akontrolebs ujredul 
cikls (amaze qvemoT visaubrebT). 

ujredebis didi nawili mudmivad ga-
dis ujreduli ciklis stadiebs, nawili 
ki kvdeba. organizmSi moqmedebs ujredis 
daprogramebuli sikvdili _ apoptozi. es 

maSin xdeba, rodesac Sinagani an garegani 
signalebi aaqtiureben genebs, romlebic 
Seicaven genetikur informacias TviT-
damSleli fermentebis Sesaxeb. jer kidev 
amis Sesaxeb bevri pasuxgaucemeli kiTxva 
arsebobs. mxolod is aris cnobili, rom 
aseTi ujredebis birTvs aqvs tendencia, 
SeikumSos da daiSalos, aseT ujredebsa 
da maT nawilebs advilad Seicnoben imunu-
ri sistemis specializebuli ujredebi da 
maT moineleben (sur. 4.12). sur. 4.13-ze  
naCvenebia apoptozis klasikuri maga liTi. 

adamianis embrions 
ganviTarebis adreul etapze  
fexisa da xelis TiTebs  
Soris aqvs apki

dabadebamde apkis ujredebi apoptozs ganicdis da  
bavSvi ibadeba TiTebs Soris apkis gareSe

sur. 4.13

 ujreduli ciklis regulaciis darRvevis Sedegebi

kibo aris im daavadebis saerTo saxe-
li, romelic xasiaTdeba ujredebis 
ukon trolo gamravlebiT. is maSin vi-
Tardeba, rodesac irRveva ujredu-
li ciklis regulacia. kibos ujredebi 
warmoiqmneba im normaluri ujredisgan, 
romelsac dazianebuli aqvs ujreduli 
ciklis maregu lirebeli cilebis sinT-
ezze pasuxis mgebeli genebi. janmrTeli 
ujredisgan gansxvavebiT, kibos ujre-

di, miuxedavad irgvliv arsebuli ua-
mravi ujredisa, kultu ris gamozrdis 
SemTxve vaSic usasrulod mravldeba da 
warmoqmnian araorganizebul grovebs, 
e.w. simsivnes (sur. 4.14). kibos ujre-
debs gamravleba SeuZliaT normalu ri 
ujredis gamravlebisTvis saWiro zrdis 
faqtorebis gareSec. Sedegad, isini 
ufro swrafad iyofian, vidre janmrTe-
li ujredebi.
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keTilTvisebiani simsivnis ujredebi 
organizmSi ar vrceldeba. es imas niS-
navs, rom simsivne SeiZleba SedarebiT 
usafrTxo iyos sicocxlisTvis _ misi 
mkurnaloba SeiZleba medikamentebiT an 
qirur giuli amokveTiT. avTvisebiani sim-
sivnis zogierTi ujredi ki gamoeyofa 
simsivnur grovas da sisxlis an limfu-
ri sistemiT gadaitaneba organizmis sxva 
adgilas, sadac warmoiqmneba simsvnis axa-
li kera, e.w. metastazi (sur. 4.15). rode-
sac simsivne metastazirebs, organizmis 
misgan srulad gaTavisufleba gacilebiT 
Znelia.   

magram ratomaa simsivne saziano? kibos 
ujredebi ver asruleben organizmis Tvis 
saWiro specializebul funqciebs. Tu 
simsivnis ujredebi gaagrZeleben ukon t-

rolo gamravlebas, igi, saboloo jamSi, 
organizmis sikvdils gamoiwvevs. 

ujredebis gayofa kontrolidan SeiZ-
leba gamovides sxvadasxva mizeziT: 
1) aRmoCenilia geni p53, romelsac sim-

sivnis supresors uwodeben. am genis 
mTavari funqciaa ujreduli ciklis 
regulacia, dnm-is reparacia da apop-
tozis inicireba. dnm-is dazianebisas 
Zlierdeba p53-is genis eqspresia da 
imatebs p53 cilis done. am cilis mo-
matebis sapasuxod ujreduli cikli 
iqamde yovndeba, sanam dazianebuli 
dnm-is reparacia ar moxdeba. Tu or-
ganizmma srulad moaxdina dnm-is aR-
dgena, ujreduli cikli gagrZeldeba. 
winaaRmdeg SemTxvevaSi, p53 cila 
aamoqmedebs apoptozis meqanizms da 

filtvis qsovili

simsivnidan 
gamoyofen 
ujredebs

ujredebi 
mravldebian

ujredebis kultura

ujredebi erTmaneTTan 
kontaqtis Semdegac 
agrZeleben gamravlebas

sur. 4.14.

1 _ kibos ujredi 
ukontrolod iyofa; 
2_ warmoiqmneba simsivne; 
3 _ simsivnes gamoeyofa 
zogierTi kibos ujredi 
da gadadis sisxlSi; 
4 _ sisxliT vrceldeba 
da organizmis sxva 
adgilas warmoiqmneba 
simsivnis axali kera.

sur. 4.15

1

2

3

4
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dazianebuli ujredi ganadgurdeba. 
mecnierebi swored am gzas miiCneven 
Cvens organizmSi simsivnis damTrgun-
velad.

  aRmoCnda, rom dadasturebuli 
simsivneebis udides SemTxvevaSi (mag., 
Sardis buStis, mkerdis, RviZlisa da 
filtvis simsivneebi) geni p53 mutire-
bulia, mutirebul gens ki simsivnis 
represoris funqcia ar aqvs, ar xde-
ba dnm-is reparacia, ujredebi ukon-
trolod mravldeba. aseTi genetikuri 
darRveva xsnis, Tu kibos, magaliTad, 
mkerdis kibos ganviTarebis maRali 
riski ratom aqvT axlonaTesavebs.

  p53 genis dazianeba SesaZlebelia 
gamowveuli iyos iseTi kancerogenuli 
nivTierebebis, rogoricaa Tambaqos 
bolSi Semavali nivTierebebi, aseve, 
ultraiisferi gamosxivebis, rentge-
nis sxivebis da sxv. zemoqmedebiT. es 
xsnis, Tu cxovrebis garkveuli wesi  
an profesia ratom zrdis kibos gan-
viTarebis risks. mag., Tambaqos moweva 
zrdis filtvis (sur. 4. 16), xolo al-
koholis didi raodenobiT moxmareba 
_ saWmlis momnelebeli organoebis ki-
bos risks.

filtvis kiboTi daavadebis riski

dRis ganmavlobaSi moweuli 
sigaretis Reris raodenoba

sur. 4.16

2) SesaZlebelia ujredSi iyos mutirebu-
li geni, romelic saWiroa membranuli 
cilis _ normaluri molekula-recep-
toris sinTezisTvis; Sedegad, mas veR-
ar ukav Sirdeba, magaliTad, ujreduli 
ciklis maregulirebeli hormonebi. 
an SesaZlebelia es cila-receptori 
raRac mizeziT inaqtivirebuli iyos.

helas ujredebi

laboratoriul pirobebSi adamia-
nis kultivirebul ujredebs aseTi 
tendencia aqvT: ramdenjerme iyo fian 
da 2-3 kviris Semdeg iRupebian. XIX 
saukunis Sua wlebidan cdilobdnen 
adamianis ukvdavi ujredebis miRe-
bas: gaegrZelebinaT gamravleba sxeu-
lis gareT. ratom cdilobdnen amas? 
bevri daavadeba ujredebis doneze 
mimdinareobs da adamianis ukvdavi 
ujredebi mecnierebs miscem da ase-
Ti daavadebebis kvlevis saSualebas. 
aseT mecnierebs Soris iyvnen jon 
hopkinsis universitetis TanamSromlebi jorj da margaret geisebi. isini adamianis ujre-
debis kultivirebas TiTqmis 30 weli cdilobdnen. 

1951 wels maTma TanaSemwem meri kubiCekma moamzada adamianis kibos ujredebis kultura. 
merim am ujredebs „helas ujredebi“ uwoda im pacientis pativsacemad, romlisganac aiRo 
ujredis nimuSebi. saxeli gamomdinareobda pacientis saxelisa da gvaridan (Hela _ Henrietta 
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Lacks). helas ujredebma daiwyes gayofa. 4 dRis Semdeg imdenad bevri iyo, rom mecnierebma 
ujredebis populaciis nawili kultivirebisTvis gadaitanes  mraval  sxvadasxva sinjaraSi. 
ujredebis populacia fenomenaluri siCqariT izrdeboda; ujredebi iyofoda yovel 24 saaT-
Si da ramdenime dReSi mTlianad dafares sinjarebis zedapiri. samwuxarod, pacientSic kibos 
ujredebi aseTive siswrafiT mravldeboda. kibos dadgenidan 6 TveSi avTvisebiani ujredebi 
henrietas mTel sxeulSi gavrcelda da amis Semdeg or TveSi igi gardaicvala. henrieta laksi 
axalgazrda, 31 wlis qali da oTxi Svilis deda iyo.   
henrieta gardaicvala, magram hopkinsis univeristetis laboratoriaSi helas ujredebs 
iyenebdnen im droisTvis farTod gavrcelebuli poliomielitis virusebis Stamebis gasarCe-
vad. mecnierebma daiwyes helas ujredebis gagzavna mTeli msoflios sxvadasxva labo-
ratoriaSi. mecnierebi dRemde iyeneben geisebis mier SemuSavebuli ujredebis kultivirebis 
meTods; aseve, helas ujredebze amJamadac mimdinareobs kvlevebi kibos, virusebis gamrav- 
lebis, cilebis sinTezis, ujredebze radiaciis gavlenis Seswavlisa da kibos samkurnalo 
preparatebis gamocdis mizniT. helas zogierTi ujredi kosmosSic gaagzavnes kvlevisTvis. 
henrietas gardacvalebidan mravali wlis Semdegac ki misi ujredebi yoveldRe iyofa da 
agrZelebs mTeli msoflios adamianebis daxmarebas.

 embrionuli Rerovani ujredebi

mravalujredian organizmSi ujredebi 
TanamSromloben, erTad muSaoben da war-
moqmnian ufro msxvil da rTul struq-
turebs. es organizacia viTardeba uj-
redebidan qsovilebamde, organoebamde, 

organoTa sistemamde da organizmamde 
ise, rogorc es suraT 4.17-zea naCvenebi. 
organizmis yvela struqturuli done Se-
Tanxmebulad moqmedebs, rac uzrunvel-
yofs organizmis mTlianobas.

ujredi qsovili organo organoTa sistema organizmi

sur. 4.17

4.4.
უჯრედების დიფერენცირება მრავალუჯრედიან 
ორგანიზმებში
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advilad aRsaqmelia erTujrediani 
eukariotebisa da kanis ujredebis gam-
ravleba. magram rogor viTardeba erTi 
ganayofierebuli kvercxujredidan/zi -
go tidan iseTi rTuli organizmi, ro  go-
ric adamiania? mravalujrediani orga-
nizmebis funq cio nireba damoki de bu lia 
sxvadasxva tipi ujredebis urTierT-
qmedebaze. amitom embrionis ganviTa-
rebis procesSi ujredebi unda dife-
rencirdes. embrionis ganviTarebis 
procesSi gansxvavebuli tipis ujredebi 
yalibdeba e.w. embrionuli Rerovani uj-
redebidan.

embrioni ganviTarebis ramdenime sta-
dias gadis (sur. 4.18). zigota swrafad 
iyo fa da ganayofierebidan 3-5 dRis Sem-
deg formirdeba mravali erTnairi ujre-

disgan Semdgari kompaqturi sferos for-
mis embrioni, romelsac morula ewodeba. 
daaxloebiT, embrionis ganviTarebis 5-7 
dRis Semdeg ujredebis dayofiT iqmneba 
Rruiani patara buSti, e.w. blastocis-
ti. blastocistis RruSi 30-mde ujredi 
 qmnis Sidaujredul masas. swored es uj-
redebia embrionuli Rerovani ujredebis 
wyaro. embrionuli Rerovani ujredebi 
diferencirdeba da ujredebi iZenen spe-
cifikur funqciebs. sabolood maTgan 
formirdeba adamianisTvis damaxasiaTe-
beli 200-mde tipis ujredi. ujredebis 
diferenciacia kompleqsuri procesia 
da masSi CarTulia mravali geni, romel-
Tagan zogierTi aqtiurdeba da zogi Cum-
deba (am sakiTxs ufro detalurad qve-
moT gTavazobT).

zigota ujredebis mitozuri dayofa

morula

epiTeluri 
ujredi

cximovani 
ujredi

leikociti
kunTovani ujredi

Zvlovani ujredi
neironi

blastocisti

embrionuli Rerovani 
ujredi

3-5 dRis 
Semdeg

5-7 dRis Semdeg

Sidaujreduli masa _ 
embrionuli Rerovani 
ujredebis wyaro

sur. 4.18

 zrdasruli anu somaturi Rerovani ujredebi

Rerovani ujredebi klasificirdeba 
maTi warmoSobis mixedviT embrionul da 
zrdasrul Rerovan ujredebad. zrdas-
rul Rerovan ujredebs somatur Rerovan 
ujredebsac uwodeben. zrdasru li Rero-

vani ujredebi nawilobriv aradiferen ci-
rebuli ujredebia, romle bic ganlagebu-
lia mravali organosa da qso vilis 
spe  cializebul ujredebs Soris. isini 
gvxvdeba mTel sxeulSi, magaliTad, tvin-
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Si, RviZlSi, Zvlis wiTel tvinSi, ConCxis 
kunTSi, kbilis pulpaSi da sxv. somatu-
ri Rerovani ujredebi, aseve, gvxvdeba 
Wiplaris sisxl Si. zrdasruli Rerovani 
ujredebi d an, embrio nuli Rerovani uj-
re  debisgan gansxva vebiT, yvela tipis uj-
redi ar formirdeba.

adamianis Zvlis wiTel tvinSi aris 
zrda sruli Rerovani ujredebi. maT ar 
aqvT specifikuri struqtura da SeuZ-
liaT Ca moyalibdnen sisxlis nebis mier 
for mian ele mentad _ eriTrocitebad, 
leikocitebad da Trombocitebad (sur. 

4.19). zrdasruli Rerovani ujredebi 
aris Zvlo van qsovilsa da kanSic. isini 
aqtiu rad mravldebian da cvlian dazia-
nebul ujredebs. 

Zvlis wiTel tvinSi arsebuli Rerovani 
ujredebi, rogorc erTi organizmis yve-
la somaturi ujredi, Seicaven qromoso-
mebis erTnair kompleqts da aqvT iden-
turi genetikuri informacia. Rerovani 
ujredebisgan yalibdeba gansxvavebuli 
struqturisa da funqciis ujredebi, rac 
miiRweva ujredebSi genebis aqtivobis re-
gulaciis gziT.

  genebis aqtivobis regulaciis meqanizmi

erTi da imave organizmis sxvada sxva 
ujredi erTmaneTisgan gansxvav de ba, rad-
gan maT aqvT gansxvavebuli fer mentebisa 
da sxva cilebis nakrebi. maga liTad, fer-
menti amilaza, rome lic saxa mebels Slis, 
warmoiqmneba adamia nis sanerwyve jirkv-
lebisa da kuWqveSa jir k vlis ujredebSi. 
kuWqveSa jirkvlis ujredebSi cilovani 
hormoni _ insulinic sinTezirdeba, hi-
pofizis ujredebSi ki _ zrdis hormoni. 
magram yvela es ujredi erTi ganayofie-
rebuli kvercx ujredidan mravaljeradi 
mitozuri gayo fiT warmoiqmneba. orga-
nizmis yoveli somaturi ujredi  Seicavs 

identur genetikur informacias. maS, 
ratom gansxvav debian erTmaneTisgan, ma-
galiTad, kanis, tvinis an RviZlis ujre-
debi? 

embrionuli Rerovani ujredebis di-
ferenciacia damokidebulia sxvada sxva 
faqtorze. biologebi xSirad iyeneben 
termins `genis eqspresia~, romliTac 
aRniS neven i-rnm-is sinTezs, zogjer ki _ 
ujredis mier cilebis producirebasac. 
sxvada sxva tipis ujredebs gansxvavebuli 
maxasiaTeb lebi da funqciebi aqvT imitom, 
rom ujredebi aregulireben, anu akon t-
roleben genebis eqspresias.  

zrdasruli Rerovani ujredebis diferencireba

Zvlis wiTeli 
tvini

eriTrocitebi

leikocitebi

Trombocitebi 
(ujredis 
fragmentebi)

zrdasruli Rerovani ujredebi _ 
hemocitoblastebi

sur. 4.19
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mecnieruli gamokvlevebiT dadginda, 
rom ujredSi yvela genis mixedviT tran-
skripcia arasodes xdeba. ujredis specia-
lizacia ganisazRvreba ara yvela geniT, 
aramed mxo lod im genebiT, romelTa in-
formaciis mixedviT xdeba transkripcia 
da Semdeg translacia. amrigad, yovel 
ujredSi rea lizdeba ara mTeli geneti-
kuri informacia, aramed mxolod misi 
nawili. garda amisa, mocemuli ujredis-
Tvis specifikuri cilac ganuwyvetliv 
ar sinTezirdeba. ujredSi aris rTuli 
meqanizmi, romelic aregulirebs ujre-
dis specifikurobidan da saWi roebidan 
gamomdinare, sxvadasxva genis `CarTvas~ 
da `gamorTvas~.

genebis aqtivobis regulacia euka riot 
organizmebSi sakmaod rTulia. euka-
riotebSi i-rnm (m-rnm) sinTezirdeba bir-
TvSi, xolo cilebi _ citoplazmaSi. sin-
Tezirebul i-rnm-ze zemoqmedebs rogorc 
birTvis, ise citoplazmis sxvada sxva fa-
qtori. amitom translacia i-rnm-is sin-
Tezidan sxva dasxva dros iwyeba.

garda imisa, rom TviT ujredSi arse-
bobs regulaciis sxvadasxva sistema, 
gene bis aqtivobaze mravalujredian 
orga nizmebSi zemoqmedeben mTeli orga-
nizmis maregulirebeli procesebic. ase-
Tia, maga li Tad, hormonaluri regula-
cia. garkveuli saxis hormoni i-rnm-sa 
da cilebis sin Tezs mxolod Sesaba mis 
sa mizne-ujredebSi aregulirebs. maga-
liTad, hormoni _ adrenalini rTavs im 
fermentebis sinTezs, romlebic kunTeb-
Si glikogens Slis glukozamde, sasqeso 
hormonebi aaqtiureben im genebs, romle-
bic pasuxismgebelni arian gametebis mom-
wifebasa da meoreuli sasqeso niSnebis 
ganviTarebaze. magaliTad, cxvrebSi, 
rqia nobis ganmsazRv reli genis aqtiuro-
ba damokidebulia organizmSi mamrobiTi 
sasqeso hormonebis doneze. zogierTi 
geni, miuxedavad imisa, rom orive sqesis 
warmomadgenelSia, gamomJRavndeba mxo-
lod mdedrebSi an mamrebSi, magali Tad, 
mer Zeuloba gamomJRavndeba mxolod 
mdedr ZuZumworebSi. 

      Rerovani ujredebis praqtikuli gamoyeneba

1974 wels ingliselma mecnierma geil martinma (am periodSi muSaobda londonis uni-
versitetis kolejSi) SeimuSava petris jamze Rerovani ujredebis gamozrdis xerxi, xolo 
Svidi wlis Semdeg ki san-franciskoSi sakuTar laboratoriaSi muSaobisas _ Tagvis embrio-
nebidan Rerovani ujredebis miRebis meTodi. misi namuSevari daexmara sxva mecnierebs adami-
anis embrio nebidan Rerovani ujredebis gamoyofis gzebis SemuSavebaSi. 1998 wels amerikel-
ma mecnierma jeims tompsonma pirveli monacemebi gamoaqveyna adamianis blastocistidan 
embrio nuli Rerovani ujredebis warmatebiT izolirebisa da kultivirebis Sesaxeb (suraTze 
warmodgeni lia embrionuli Rerovani ujredebis kultivirebis erT-erTi meTodi).

zigota

8-ujrediani 
Canasaxi

blastocisti

Sidaujreduli masa _  
embrionuli Rerovani 
ujredebis wyaro

 embrionuli 
Rerovani ujredebi

 embrionuli Rerovani 
ujredebis kultura

nervuli 
ujredi

kunTovani
 ujredebi

eriTrocitebi
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aseve, bolo wlebSi mecnierebma SeimuSaves zrdasruli (somaturi) Rerovani ujredebis kul-
tivirebis meTodebi. mecnierebis am kvlevebma da Rerovani ujredebis miRebis meTodebma 
Seqmnes maTi sxadasxva kuTxiT gamoyenebis perspeqtiva. bevri mecnieri Tvlis, rom Rerovani 
ujredebis teqnologiebi did rols Seasrulebs iseTi daavadebebis gankurnebaSi, rogoricaa 
gulis, parkinsonis, alchaimeris, diabeti da sxv. daavadebebi. magaliTad, Rerovani ujre-
debis gamoyeneba sisxlis ujredebis misaRebad efeqtiani saSualebaa leikemiis samkurna lod. 
Wiplaris sisxlidan miRebuli Rerovani ujredebi gamoiyenes eriTrocitebis misaRebad 
namglisebrujredovani anemiisa da  anemiis sxva formebis samkurnalod.  Wiplaris sis xlis 
Rerovani ujredebis gamoyeneba imdenad popularuli gaxda, rom mSoblebi fuls ixdian 
Wiplaris Rerovani ujredebis gayinul mdgomareobaSi Sesanaxad im SemTxvevisTvis, Tu moma-
valSi maT Svils dasWirdeba. aseve, adamiani SeiZleba ganikurnos diabetisgan, Tu pankreasis 
dazianebuli ujredebi Canacvldeba jansaRi, mzardi Rerovani ujredebiT; analogiurad, da-
zianebuli organoebi, rogoricaa guli, SeiZleba gaZlierdes jansaRi ujredebis inieqciiT.

 mecnierebi xSirad iyeneben cxovelebs modelur organizmebad. magaliTad, Tagvebs 
dauzia nes zurgis tvinis motoruli neironebi, ramac gamoiwvia amiotrofuli sklerozis 
msgav si darRveva _ kidurebis moZraobis kontrolis moSla. amgvarad, miiRes adamianis amiot-
rofuli sklerozis cxoveluri modeli. mecnierebma adamianis tvinidan gamoyves zrdasruli 
Rerovani ujredebi da inieqciiT Seiyvanes TagvebSi, Rerovani ujredebidan Camoyalibda mo-
toneironebi da maT aRudgaT kidurebis moZraobis unari. am kvlevam daamsxvria Sexeduleba 
imis Sesaxeb, rom Tavis tvinsa da zurgis tvins ar aqvs axali neironebis warmoqmnis unari.

zrdasruli Rerovani ujredebis kulturas, aseve, iyeneben sxvadasxva medikamentis zemoq-
medebis Sesaswavlad.

 gametebSi qromosomebis ricxvis regulaciis mniSvneloba

sur. 4.20

diploiduri

ujredi (2n)

haploiduri

ujredi (n)

sqesobrivi gamravleba gulisxmobs 
ori gametis Serwymas. kvercxujredisa 
da spermatozoidis birTvebis Serwymas 
ganayofiereba ewodeba. ganayofierebis 
Sedegad warmoiqmneba erTi axali bir Tvi, 
romelsac unda hqondes saxeobisTvis 
damaxasiaTebeli qromosomebis raodeno-
ba. aqedan gamomdinareobs, rom kvercx-
ujredsac da spermatozoidsac aqvT 
qromosomebis Cveulebrivi raodenobis 
mxolod naxevari _ TiTo qromosoma yove-
li homologiuri wyvilidan.

rogorc ukve ici, mravalujredian or-
ganizmebSi arCeven ori tipis ujredebs _ 
somatur da sasqeso ujredebs/gametebs. 

somatur ujredebsa da gametebs aqvT 
sxva dasxva raodenobis qromosoma. umrav-
lesoba organizmis somatur ujredeb-
Si qromosomebis ricxvi diploiduria. 
qromosomebis diploiduri ricxvi niS-

4.5. უჯრედების მეიოზური გაyofa
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navs, rom ujreds aqvs TiToeuli qromo-
somis ori asli/ori homologiuri qro-
mosoma, anu qromosomebis ormagi nakrebi 
da aRi niSneba 2n-iT. gametebi ar aris 
diploiduri ujredebi; isini haploidu-
ri ujredebia.  haploidur ujreds aqvs 
TiToeuli homologiuri qromosomidan 
mxo lod erTi, anu aqvs qromosomebis 
erTmagi nakrebi da aRiniSneba n-iT (sur. 
4.20).

TiToeul saxeobas somatur ujred-
Si aqvs qromosomebis damaxasiaTebeli 
nakrebi. qromosomis ricxvi ar aris da-
kavSirebuli organizmis sirTulesTan. 
magaliTad, safuaras aqvs 32 qromosoma, 
xilis buz drozofilas _ 8 qromosoma; 
gvimras aqvs qromosomebis rekorduli 
ricxvi _ 1200-ze meti. 

qromosomebis diploiduri kompleqti 
ganvixiloT adamianis qromosomuli nak-
rebis magaliTze (sur. 4.21). adamianebSi 
diploidur somatur ujredebSi qromo-
somis ricxvia 46, romlebic 
SeiZleba or jgufad: 23 
dedisgan miRebuli da 23 
mamisgan. adamianis orga-
nizmi swori ganvi- Tarebi-
sa da funqcionirebisTvis 
iyenebs qromosomebis orive 
kompleqts. yoveli adamiani 
aris iseTi, rogoric ara-
sodes arc yofila da arc 
iqneba vinme, radgan dnm-is 
naxevari, romelic gansaz-
Rvravs mis niSan-Tvise-
bebs, qromosomebTan erTad 
miRebuli aqvs dedisgan da 
naxevari _ mamisgan; misi mS-
oblebidan TiToeuls dnm-
is naxevari TavianTi ded-
isgan da naxevari mamisgan 
aqvT miRebuli da a.S.

yoveli wyvili qromo-
soma moixsenieba, rogorc 
homologiuri wyvili. mo-
xer xebulobisTvis mec nie-
rebma ho mo  logiuri qromo-
somebis TiToeul wyvils, 

maTi zomis mixedviT, mianiWes ricxviTi 
nomeri. rogorc suraTi 4.21 gviCve nebs, 
zomiT qromosomebis udidesi wyvili aris 
nomeri 1, Semdeg nomeri 2 da a.S. mamaka-
cisa da qalis homologiuri qromosome-
bis wyvilebi 1-dan 22-mde erTmaneTisgan 

sur. 4.21

haploiduri gametebi (n=23)

kvercxujredi

ganayofiereba

meiozi

mitozi

spermatozoidi

diploidi zigota
(2n=46)

mravalujrediani 
diploidi individebi

(2n=46)

genetikuri masala meiozis Sedegad ganaxevrdeba, xolo 
ganayofierebisas gamTliandeba

sur. 4.22

n = 23

n = 23
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ar gansxvav deba da maT autosomebs uwo-
deben; xolo 23-e wyvi liT gansxvav deba 
da maT sasqeso qromosomebs uwodeben. 
sqesobrivad gamravlebad yvela saxeo-
bas aqvs sasqeso qromosomebi, romle-
bic uSualod akon troleben sqesob rivi 
maxa siaTeblebis ganvi Tarebas. adamianebs 
aqvT ori Zalian gansxvavebuli sasqeso 
qro   mosoma _ X da Y. qalis Tvis damaxasia-
Tebelia ori X qro mosoma, xolo kacis-
Tvis _ erTi X da erTi Y qromosoma. mama-
kacSi sasqeso qromosomebi ho molo giur 
wyvils ver warmoqmnis. sasqeso qromoso-
mebi, sqesis garda, gansazRvraven sxva ni-
San-Tvisebebsac. 

sqesobrivi gamravlebis dros STamo-
mavlobas memkvidreobiT ar gadaecema so-
maturi ujredebis dnm. reproduq ciul 
organoebSi aris winasasqeso ujredebi, 
saidanac yalibdeba gametebi (kvercx-

 meiozis procesi

meiozi aris ujredis gayofis forma, 
romelic erTi diploiduri ujredidan 
qmnis oTx haploidur ujreds. meiozis 
procesis ganxilvamde, erTxel kidev gan-
vasxvaoT erTmaneTisgan homologiu ri 
qromosomebi da qromatidebi (sur. 4. 23). 
rogorc suraTze Cans, homologiuri qro-
mosomebis wyvili Sedgeba ori calkeuli 
qromosomisgan, romelTagan erTi mded-

robiTi organizmisgan/gametidan aqvs 
miRebuli organizms da meore _ mamro-
biTi organizmisgan/gametidan. homolo-
giuri qromosomebi  erTmaneTis msgavsia  
zomiT, garegnobiT da arian erTi da imave 
niSnis ganmsazRvreli genebis matarebel-
ni. homologiuri qromosomebi genetiku-
rad identurni ar arian, radgan SesaZle-
belia, isini erTi genis sxvadasxva alelis 

I meiozuri gayofa (homologiuri qromosomebis dacileba)

dediseuli

mamiseuli

1   I profaza – homologiuri 
qromosomebi erT maneTs mTel 
sigrZeze Caegrixeba, xdeba 
koniugacia da zogjer kro-
singoveri: homologiuri qro-
mosomebi cvlian monakveTebs. 
birTvakebi qreba, centriole-
bi ujredis po lusebisaken 
miemarTeba da fazis bolos 
birTvis garsi irRveva.

2   I metafaza – erTi 
polusidan TiTistaras 
Zafi emagreba homologiuri 
wyvilidan erT qromosomas, 
mopirdapire polusidan 
ki – wyvi lis meore qro-
mosomas da homo logiuri 
qromosomebi erTmaneTis 
mopirispi red ujredis 
ekvator ze ganlagdeba.

3   I anafaza – erTmaneTs 
scildeba homo logiuri 
qro mosomebi: homo-
logiuri qromosomebis 
TiToeuli wyvilidan 
TiTo or qromatidiani 
qromosoma miemar Teba 
ujredis sxvadasxva 
polusisaken.

4   I telofaza – 
polusebTan misuli 
qromosomebis garSemo 
yalibdeba birTvis garsi, 
rasac mohyveba citokin-
ezi, ujredi or nawilad 
iyofa da miiReba ori 
Svileuli ujredi.

sur. 4.24

a

ujredebi/spermatozoidebi/spermiebi). 
momaval STamomavlobas memkvidreobiT 
gadaecema gametebis dnm.

reproduqciul organoebSi winasasqe-
so (pirveladi sasqeso) diploidu-
ri ujre debi gadian meiozis process, 
rome lic mTavrdeba gametebis warmoqm-
niT. meiozi aris ujredebis gamravle-
bis forma, romlis drosac diploidu-
ri ujredidan haploiduri ujredebi 
warmoiqmne ba. es procesi aucilebelia 
sqesobrivi gamravlebis Tvis, raTa Senar-
Cundes saxeo bisTvis damaxasiaTebeli 
qromosomebis ricxvi (sur. 4.22). adamia-
nis TiToeul kvercxujreds an sperma-
tozoids aqvs 22 autosoma da 1 sasqeso 
qromosoma. kvercxujredSi sasqeso qro-
mosoma yovelTvis X qromosomaa. sperma-
tozoidSi sasqeso qromosoma SeiZ leba 
iyos X qromosoma an Y qromosoma. 
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homologiuri qromosomebi

qromatidebiqromatidebi

erTi genis 
alelebi sur. 4.23

matarebelni iyvnen: erTi dominanturi 
alelis da meore _ recesiulis.

meiozis procesi moicavs ujredebis 
or Tanmimdevrul gayofas _ meiozi I da 
meiozi II. pirveli gayofis dros dedi-
seuli ujredi iyofa da warmoqmnis or 
Svileul ujreds. meore gayofisas iyofa 
ukve es ori ujredi da miiReba oTxi ujre-
di, romlebic yalibdebian gametebad _ 
spermatozoidad an kvercx ujredad. ro-
gorc pirveli, ise meore meiozu ri gayo-
fis dros, arCeven oTx fazas: profaza, 
metafaza, anafaza da telofaza. meiozis 
dawyebamde, interfazaSi aris qromo-
somTa diploiduri raodenoba. suraTze 
(sur. 4.24a) pirobiTad naCvenebia ujredi, 
romelsac aqvs homologiuri qromosome-
bis ori wyvili. pirveli meiozuri gayo-
fis interfazaSi dnm ormagdeba.

profaza I. orqromatidiani qromoso mebi 
mokldebian, msxvildebian, spira lurad 
exvevian da homologiuri qro mosomebi 
wyvildebian; rodesac homologiuri 
qromosomebis qromatidebi erTmaneTTan 
Zalian axlos arian, isini erTmaneTs ga-
daejvarebian _ koniugireben, zogjer ki 
monakeTebsac cvlian _ xdeba krosingove-
ri (sur. 4.25). krosingo veris procesSi 
qromatidebis monak veTebis gacvlasTan 
erTad gaicvleba aleluri genebi, rom-
lebic xels uwyobs TiToeul qromosoma-
Si aleluri gene bis axali kombinaciis 

warmoqmnas; mas rekombinacias uwodeben. 
Semdeg bir Tvis garsi iSleba da birTvake-
bi qreba, cent riolebi iyofa,  miemarTeba 

1. homologiu-
ri qromosome-
bis wyvili 
profaza I-Si 

2. qromatidebis 
koniugacia da 
krosingoveri

3. rekombinan-
tuli qromo-
somebi

sur. 4.25

5   II profaza – 
centriolebi 
miemarTeba 
ujredis sxvadasxva 
polusisaken da 
warmoiqmneba gayofis 
TiTistaras Zafebi.

6   II metafaza _ cen-
tromerebze miebmeba gayo-
fis TiTistaras Zafebi da 
maTi meSveobiT orqroma-
tidiani qromosomebi erT-
maneTis gverdiT ujredis 
ekvatorze ganlagdeba. 

7   II anafaza _ 
Svileuli qromosomebi 
anu qromatidebi 
erTmaneTs scildeba 
da miemarTeba ujredis 
sxvadsxva polusisaken.

8  II telofaza – polusebTan 
misu li qromosomebis garSemo 
kvlav yalibdeba birTvis gar-
si, rasac mohyveba cito kinezi, 
TiToeuli ujredi or nawilad 
iyofa da sabolood miiReba 
oTxi haploiduri ujredi.

II meiozuri gayofa (qromatidebis dacileba da haploiduri ujredebis miReba)

b
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ujredis sxva dasxva polusisken da maT 
Soris gaibmeba gayofis TiTistaras Zafe-
bi. 

metafaza I. homologiuri qromosome-
bi ujredis ekvatorze ganlagdeba erT-
maneTis mopirdapired. arahomologiu-
ri qromosomebi SemTxveviT ganlagdeba 
ujredis ekvatoris gaswvriv. kerZod, 
SeiZleba ekvatoris erT mxares aRmoC-
ndes dediseuli qromosomebi da meo-
re mxares _ mamiseuli, an orive mxares 
Sereuli kombinacia Camoyalibdes (sur. 
4.26). sxva sityvebiT rom vTqvaT, SemTxve-
viTobaa, homologiuri wyvilidan rome-
li qromosoma ujredis ekvatoris romel 
mxares ganlagdeba. qromosomebis aseTi 
SemTxveviTi ganlageba qmnis qromosomul 
kombinaciebs da, Sesabamisad, genetikur 
mravalferovnebas. 

rogorc ici, adamians 23 qromosoma 
memkvidreobiT mamisgan aqvs miRebuli, 23 
ki _ dedisgan. es qromosomebi SemTxve-

viTobis principiT ganlagdeba ujredis 
ekvatoris TiToeul mxa res. vinaidan ada-
mianis ujredebs aqvT 23 wyvili qromo-
soma, meiozma SeiZleba gamoiwvios qro-
mosomebis 223 kombinacia, anu adamianis 
erTi ujredidan meiozis meSveobiT qro-
mosomebis, daaxloebiT, 8 milioni sxva-
dasxva kombinaciiT SeiZleba warmoiqmnas 
gametebi. 

anafaza I. gayofis TiTistaras cilo-
vani Zafebis saSualebiT homologiuri 
orqromatidiani qromosomebi erTmaneTs 
scildeba da ujredis polusebisken 
miemarTeba. 

telofaza 1. polusebTan misuli qro-
mosomebis garSemo birTvis garsi war-
moiqmneba. mas mohyveba citokinezi da 
miiReba ori ujredi. pirveli meiozuri 
gayofis mTavari Sedegi aris is, rom ho-
mologiuri qromosomebis wyvilebidan 
qromosomebi sxvadasxva ujredSi aRmoCn-
deba, anu ujredebSi qromosomebis ric x-

{ {{ {
homologiuri qromosomebis nakrebis damoukideblad ganawilebis variantebi

metafaza I
qromosomebis ganlagebis 
Tanabrad mosalodneli 

ori varianti 

metafaza II

Svileuli 
ujredebi

qromosomebis nakrebi

varianti 1

kombinacia 1 kombinacia 3kombinacia 2 kombinacia 4

varianti 2

sur. 4.26
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mitozisa da meiozis SedarebiTi daxasiaTeba

mitozi saerTo meiozi

• erTi gayofisgan 

Sedgeba;

• erTi ujredidan 

miiReba ori ujredi;

• yoveli Svileu-

li ujredi Seicavs 

dediseuli ujredis 

identur qromosomul 

da genebis nakrebs, 

Sesabamisad, identur 

genetikur informa-

cias;

• mimdinareobs rogorc 

diploidur, ise hap-

loidur ujredebSi;

• mitozurad iyofa ro-

gorc somaturi, ise 

wina sasqeso ujredebi 

(mag., mamr futkrebSi).

• interfazaSi (ro-

gorc mitozis, 

ise pirveli meio-

zuri gayofisas) 

xdeba dnm-is 

gaormageba, ris 

Sedegadac Ti-

Toeuli qromo-

soma Sedgeba ori 

qromatidisgan;

• gaaCniaT erTi 

da igive fazebi: 

profaza, meta-

faza, anafaza da 

telofaza;

• mitozisa da 

meore meiozis 

anafazaSi erT-

maneTs scildebi-

an qromatidebi. 

• ori Tanmimdevruli gayofisgan 

Sedgeba;

• pirveli meiozis profazaSi xdeba 

homologiuri qromosomebis koniu-

gacia da zogjer krosingoveric;

• pirveli meiozis anafazaSi scil-

debian erTmaneTs orqromatidiani 

homolgiuri qromosomebi, amitom 

xdeba qromosomebis ricxvis ganax-

evreba;

• meore meiozis interfazaSi ar xdeba 

dnm-is gaormageba;

• erTi diploiduri dediseuli ujre-

didan miiReba oTxi haploiduri 

genetikurad gansxvavebuli ujredi;

• mimdinareobs mxolod diploidur 

ujredebSi;

• meiozuri gayofiT cxovelebSi war-

moiqmneba gametebi, xolo mcenareeb-

Si _ sporebi. 

vi ganaxevrdeba. zogadad, qromosomebisa 
(n) da qromatidebis (c) ricxvi TiToeul 
ujredSi aseTi iqneba: n2c.

meiozi II. TiToeuli ujredi kvlav iyo-
fa. gayo fas win uZRvis interfaza; am 
dros dnm ar replicirdeba, radgan Ti-
Toeuli qromosoma ori qromatidisgan 
Sedgeba; Tumca ujredis gayofiswina sxva 
mosamzadebeli procesebi mimdinareobs: 
organelebi ormagdeba, mimdinareobs ci-
lebisa da atf-is sinTezi. meore meiozuri 
gayo fis procesSi ujredebis gayofa zus-
tad ise mimdina reobs, rogorc mi tozis 
dros (sur. 4.24 b). sabolood miiReba 4 
haploduri ujredi. zogadad, qromo-
somebisa (n) da qromatidebis (c) ricxvi 
TiToeul ujredSi aseTi iqneba: nc.

meiozis biologiuri roli SemdegSi ga-
moixateba:

• meiozis Sedegad miiReba haploiduri 
gametebi, romelTa Serwymis Sedegad 
zigotaSi kvlav aRdgeba saxeobisaTvis 
damaxasiaTebeli diploiduri qromo-
somuli kompleqti; 

• meiozi aris genebis axali kombina-
ciis warmoqmnis _ genetikuri mraval-
ferovnebis _ wyaro, romelic dakav-
Sirebulia SemdegTan: 1) homologiuri 
qromosomebis qromatidebs Soris monak-
veTebis gacvla _ krosingoveri, romlis 
Sedegadac aleluri genebis rekombi-
nacia xdeba; 2) meiozis procesSi ho-
mologiuri qromosomebis dacileba da 
ujredebSi maTi Tavisufali, SemTxve-
viTi ganawileba, Sedegad, qromosomaTa 
kombinaciebis mixedviT, gansxvavebuli 
gametebis Camoyalibeba.
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 meiozis procesis darRveva da misi Sedegebi

saxeobisaTvis damaxasiaTebeli qro-
mosomebis normaluri raodenobis Senar-
Cuneba mniSvnelovania yvela organizmis 
gadarCenisTvis. Tumca zogjer irRveva-
meiozis procesi (sur. 4.27). maga liTad, 
pirveli meiozis dros SeiZleba rome-
lime homologiuri wyvilis qromosomebi 
erTmaneTs ar dascildes. amis Sedegad 
gametebis erT naxevarSi aRmoCndeba erTi 
qromosomiT meti (n+1), meore naxevar-
Si ki _ erTi qromosomiT naklebi (n-1). 
an SeiZleba meore meiozis procesSi ar 
ganeridos erTmaneTs qromatidebi; Se-
degad, gametebis meoTxedSi aRmoCndeba 

erTi qromosomiT meti (n+1), meoTxedSi 
_ erTi qromosomiT naklebi (n-1) da game-
tebis naxevarSi qromosomebis haploidu-
ri ricxvi (n). Tu ganayofierebis dros 
(sur. 4.28). vTqvaT, kvercxujredi Sexvda 
meore mSoblis spermatozoids zedme-
ti qromosomiT, romelime qromosomul 
wyvilSi damatebuli iqneba qromosoma, 
mutaciis am saxes trisomia ewodeba 
(2n+1). Tu kvercxujredi Sexvda meore 
mSoblis spermatozoids erTiT naklebi 
qromosomiT, zigotaSi aRmoCndeba erTi 
qromosomiT naklebi (2n-1). mutaciis am 
saxes ki monosomia ewodeba.

meiozi I

n + 1 n + 1 n + 1n - 1 n - 1 n n n - 1

ar scildebian erTmaneTs 
homologiuri qromosomebi

ar scildebian 
erTmaneTs qromatidebi

qromosomebis 
ricxvi

meiozi II

gametebi

sur. 4.27

normaluri 
haploiduri 
gameta

trisomia (2n+1) monosomia (2n-1)

normaluri 
haploiduri 
gameta

n + 1 n - 1n n 

sur. 4.28.
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rogorc wesi, qromosomis raodenobis 
cvlileba sazianoa. Tumca, qromosomebis 
kompleqtis raodenobis gazr dam zog-
jer SeiZleba gamoiwvios axa li saxeobis 
Camo yalibeba. diploiduri gametebis ga-
nayofiere bam mniSvnelovani roli Seasru-
la mcenareTa evoluciaSi _ iseTi axali 

saxeobebis swrafad warmoqmnaSi, romel-
Tac qromosomebis orze meti kompleqti 
aqvT. magaliTad, zogierT mcenares aqvs  
qromosomebis oTxi nakrebi, anu tetrap-
loiduria (4n). am tipis movlena moxda 
mcenareTa mraval saxeobaSi, magram Za-
lian iSviaTia cxo velebSi.

meiozis Sedegi aris haploduri ujre-
debis miReba, magram am ujredebs ar aqvT 
ganayofierebis unari iqamde, sanam isini 
ar gaivlian damatebiT cvlilebebs da 
ar formirdebian momwifebul gametebad. 
gametebis formirebis process ewodeba 
gametogenezi, romelic moicavs meiozis 
processa da momwifebul gametebad 
for mirebisaTvis saWiro cvlilebebsac. 
gametogenezi ganvixiloT cxoveluri 

organizmebis magaliTze. 
cxovelebSi gametebi sasqeso jir-

kvlebSi warmoiqmneba: spermatozoide-
bi _ saTesleebSi, kvercxujredebi _ 
sakvercxeebSi. gametebis ganviTareba 
ramdeni me etapad mimdinareobs: gamrav-
lebis, zrdis, momwifebisa da formire-
bis stadiebi (sur. 4.29). gametogenezis 
momwifebisa da formirebis stadiebi 
gansxvavdeba sqesis mixedviT, amitom 

sur. 4.29

polaruli 
sxeulakebi

nc

nc

n2c

nc

nc nc

2n2c2n2c

2n2c

2n

nc

n2c n2c

oogenezistadiebispermatogenezi

pirveladi sasqeso ujredi

I rigis spermatociti

II rigis spermatociti

I rigis oociti

II rigis oociti
polaruli sxeulaki

gamravlebis stadia _ 

mitozi

zrdis zona

formirebis 
stadia 

momwifebis stadia 

meiozi I

pirveladi sasqeso ujredi

kvercxujredi

meiozi II

spermatidebi

nc nc

ncncncnc

nc

spermatozoidebi

2n2c 2n2c

2n2c 2n2c 2n2c 2n2c

2n2c

2n2c

2n2c 2n2c

2n2c

2n2c 2n2c

n2c

4.6. gametogenezi
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spermatozoidebis Camoyalibebis pro-
cess spermatogenezi ewodeba, xolo 
kvercxujredis – ooge nezi. 

spermatogenezis gamravlebis stadia ze 
diploiduri pirveladi sasqeso ujrede-
bi – spermatogoniebi mitozurad iyofa. 
Semdeg es ujredebi izrde ba da pirve-
li rigis spermatocitebad gardaiqm neba 
zrdis stadiaze. amis Semdeg iwyeba mom-
wifebis stadia, rodesac erTmaneTis mi-
yolebiT xdeba ori meiozuri gayofa. 
sabolood, warmoiqmneba oTxi haploi-
di spermatidi. oTxive spermatidi sper-
matozoidad gardaiqmneba formirebis 
stadiaze. es stadia ramdenime dRe-Ra-
mes, magaliTad, adamianSi _ TiTqmis oTx 
kviras grZeldeba. am periodSi formir-
deba mxolod spermatozoidisaTvis da-
maxasiaTebeli struqturebi (sur. 4.30). 
goljis aparatidan warmoiqmneba iseTi 
fermentebis Semcveli buStuki (akroso-
ma), romlebic ganayofierebis momentSi 

xsnian kvercxujredis garss. amave pe-
riodSi uviTardeba spermatids Solti. 
yvela es gardaqmna uzrunvelyofs sper-
matozoidis Semdgom qcevas: mis moZrao-
basa da kvercxujredSi SeWras. 

akrosoma

birTvi

yeli

Solti
kudi

Sua
nawili

Tavi

sur. 4.30

spermatozoidi organizmis gareT Zalian mdgradia araxelsayreli faqtorebis mimarT. 
misi es Tviseba farTod gamoiyeneba mecxoveleobaSi. msxvilfexa saqonlisa da sxva cxo-
velebis gamravlebaSi iyeneben xelovnur ganayofierebas. maRalproduqtiuli jiSis cxove-
lis spermas agroveben, yinaven da Zalian dabal temperaturaze inaxaven. aseT mdgomareobaSi 
SeiZleba spermis garkveuli droiT Senaxva, misi Sor manZilze transportireba da galRobis 
Semdeg maRalproduqtiuli STamomavlobis miRebis mizniT xelovnuri ganayofierebisTvis 
gamoyeneba.

oogenezis gamravlebis stadiazec dip-
loiduri wina sasqeso ujredebi mitozu-
rad iyofa da miiReba oogeniebi. zrdis 
stadiaze oogeni pirveli rigis ooci-
tad gardaiqmneba. mdedrobiTi sqesis 
ZuZumwo var cxovelebsa da adamianSi es 
procesi individis dabadebamde mTavrde-
ba. dabadebis momentisTvis formirebuli 
pirveli rigis oocitebi mravali weli 
inaxeba ucvlelad. sqesob rivi momwifebis 
dros calkeuli oociti periodulad ga-
dadis zrdis zonaSi. zogjer am stadia-
ze oociti ramdenime Tve imyofeba da 
gi gantur zomebs aR wevs. mis citoplaz-
maSi warmoiqmneba bevri mitoqondria, ri-
bosoma, viTardeba endoplazmuri bade, 

sinTezirdeba sakvebi nivTierebebi, rom-
lebic yviTrisa da cilis marcvlebis 
saxiT grovdeba. bevr organizmSi kvercx-
ujredi izrdeba ara marto im sakvebi niv-
Tierebebis xarjze, romlebic ujredSi 
sinTezirdeba, aramed im nivTierebebis 
xarjzec, romelic oocit Si Sedis mezobe-
li ujredebidan, sisxli dan. pirveli ri-
gis oociti momwifebis stadiaze ganicdis 
meiozs. am dros ujredebi araTanabrad 
iyofa. pirveli meiozuri gayofis Sede-
gad warmoiqmneba ufro didi zomis meore 
rigis oociti da patara zomis polaru-
li/mimarTulebiTi sxeulaki. meore meio-
zuri gayofis procesSi ujredi kvlav 
araTanabrad iyofa _ miiReba erTi didi 
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zomis ujredi, rome lic kvercxujredad 
formirdeba da erTi polaruli sxeulaki. 

suraTze (sur. 4.29) naTlad Cans gansxva-
veba spermatogenezsa da oogenezs Soris. 
kerZod, spermatogenezis procesSi mim-
dinare meiozis Sedegad erTi diploidu-
ri winasasqeso ujredidan, sabolood, 
formirdeba 4 haploiduri spermato-
zoidi, xolo oogenezis procesSi erTi 
diploiduri winasasqeso ujredidan, sab-
olood, formirdeba erTi didi zomis 
kvercxujredi, xolo polaruli sxeu-
lakebi iRupebian (isini meiozis procesSi 
ujredebs Soris qromosomebis ganawile-
baSi monawileoben). spermatozoids, kver-
cxujredTan SedarebiT, Zalian mcire 
zoma aqvs (sur. 4.31). spermatozoidis 
mTavari daniSnulebaa momavali Canasax-
is uzrunvelyofa mamiseuli qromosome-
biT (genetikuri masaliT); xolo kvercx-
ujredi momaval Canasaxs uzrunvelyofs 
ara marto genetikuri masaliT, aramed 
organelebiT, saSeni masa liTa da sakvebi 
nivTierebebiT.  

sxvadasxva cxovelSi gametebis ric x-
vi gansxvavebulia. aseTi kanonzomiereba 

sur. 4.31

SeimCneva: kvercxujredisa da spermato-
zoidis Sexvedris albaToba rac ufro 
naklebia, miT ufro didi raodenobiT 
warmoiqmneba sasqeso ujredebi. amitom 
im organizmebSi, romelTac garegani 
gana yofiereba axasia TebT, didi raode-
nobis gametebi warmoiqmneba. Sinagani ga-
nayofierebis SemTxvevaSi game tebis Sex-
vedris albaToba didia da, Sesabamisad, 
aseT cxovelebSi gametebis ricxvi mkveT-
rad mcirdeba. aseve, im mSob lebSi, rom-
lebic zrunaven STamomavlobaze, sasqeso 
ujredebis ricxvi Zalian Semcirebulia. 

 ganayofierebis biologiuri mniSvneloba

ganayofierebis procesi ramdenime 
etapisgan Sedgeba: spermatozoidis SeWra 
kvercxujredSi, orive gametis haploidu-
ri birTvebis Serwyma da diploiduri 
zigo tis warmoqmna, zigotis aqtivacia 
misi dayofisa da Semdegi ganviTarebis-
Tvis.

ganayofierebas didi biologiuri mniS-
vneloba aqvs: mamrobiTi da mdedrobiTi 
gametebis (ufro xSirad sxvadasxva orga-
nizmis) SemTxveviTi SerwymiT viTardeba 
axali organizmi, romelic atarebs orive 
gametiT miRebul genetikur informacias. 
Tu gavixsenebT, meiozuri gayofa rogor 
uwyobs xels gametebSi genebisa da qro-
mosomebis rekombinacias, naTeli iqneba 
sqesobrivi gamravleba ratom zrdis or-
ganizmebis genetikur mravalferovnebas.

adamianis magaliTze Tu ganvixilavT, 

spermatozoidi 223 (daaxloebiT 8 milio-
ni) qromosomaTa mravali kombinacii-
dan erT-erTi kombinaciiT anayofierebs 
kvercx ujreds, romelsac aseve aqvs 223 
qromosomaTa kombinaciidan erT-erTi (ix. 
sur. 4.26). vinaidan nebismier spermato-
zoids SeuZlia nebismieri kvercxujredis 
gana yofiereba, SesaZlo qromosomaTa kom-
binaciebis saerTo raodenoba iqneba 223 x 
223, anu 70 trilionze meti genetikurad 
gansxvavebuli varianti. sxva sityvebiT 
rom vTqvaT, nebismier adamianur wyvils 
SeiZleba SeeZinos bavSvi, daaxloebiT, 
qromosomebis 70 trilioni gansxvavebu-
li kombinaciiT. amasTan, Tu gaviTvalis-
winebT krosingoversac, maSin advilad 
asaxsneli iqneba, Tu, identuri tyupebis 
garda, ratom aris TiToeuli adamiani ge-
netikurad unikaluri.
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 prokariotuli ujredis binaruli gayofa

miuxedavad baqteriebis martivi age-
bulebisa (sur. 4.32), eukariotebTan Se da-
rebiT, isini dedamiwaze farTod gavr ce-
lebuli organizmebia da, praqtikulad, 
yvelgan gvxvdeba. 

prokariotebi mravldebian binaru-
li gayofiT. binaruli gayofa aris usqe-
so gamravlebis forma, romlis drosac 
prokarioti organizmi or Tanabar nawi-
lad iyofa. binaruli gayofa da mitozi 
SedegiT identuria, anu orive procesis 
Sedegad miRebuli Svileuli ujredebi 
genetikurad sawyisi ujredis identuria. 
Tumca es procesebi ramdenime Tavisebu-
rebiT erTmaneTisgan gansxvavdeba. ro-
gorc ukve ici, baqteriebs birTvi ar 
gaaCniaT da maTi rgoluri formis or-
jaWviani dnm-is molekula (baqteriuli 

„qromosoma“) citoplazmaSia ganTavsebu-
li.

binaruli gayofa (sur. 4.33) iwyeba 
dnm-is molekulis replikaciiT (baqte-
riuli qromosomis gaormagebiT). dnm-is 
orive molekula mimagrebulia plazmur 
membranaze; imasTan dakavSirebiT, rom 
ujredi izrdeba da wagrZeldeba, dnm-is 
molekulebi TandaTan erTmaneTs scil-
deba. rodesac ujre dis zoma, daaxloe-
biT, orjer gaizrdeba, citokinezi iwye-
ba: dnm-is or molekulas Soris viTardeba 
ujredis kedeli, sabolood, warmoiqmne-
ba ori genetikurad identuri Svileuli 
ujredi.

baqteriebi usqesod xelsayrel piro-
bebSi Zalian swrafad mravldebian. zogi-
erTi saxeoba mravldeba yovel 20 wuTSi.

Soltebi

citoplazma

plazmida

ujredis kedeli
plazmuri membrana

kafsula

wamwamebi

dnm (baqteriuli `qromosoma~)

ribosoma

sur. 4.32

4.7.
memkvidruli informaciis gadacemis gzebi 

prokariotebSi
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baqteriis ujredis gayofis modeli

mSobliuri 
ujredi

dnm-is 
replikacia

ujredi iwyebs 
gayofas

Svileuli 
ujredebi

fotosuraTi asaxavs baqterias 
binaruli gayofis procesSi

sur. 4.33

 genetikuri rekombinaciis wyaro baqteriebSi

rogorc ukve ici, eukariotebSi ge ne bis 
axali kombinaciis/rekombinaciis wya ro 
aris: 1) meiozis procesSi krosingoveri, 

2) gametebSi homologiuri qromosomebis 
Tavisufali da SemTxveviTi ganawileba, 
3) gametebis Tavisufali da SemTxveviTi 

sur. 4.34

1

2

3

4

5

transduqciis meqanizmi

baqteria (maspinZeli 
ujredi)

baqteriis dnm

fagis dnm

maspinZlis dnm-is 
monakveTi CaerTveba 

fagis dnm-Si fagis aslebi 
mravldeba 
da baqteria 
iSleba

fagis dnm-
is gavleniT 
baqteriis dnm 
iSleba

baqteriofa-
gis dnm Sedis 
baqteriis 
ujredSi

donori dnm 
CaerTveba
recipienti 
ujredis dnm-Si 
da miiReba baqte-
riis rekobinan-
tuli dnm

fagis rekom-
binantuli dnm 
Sedis ujredSi

rekombinantuli dnm-is 
matarebeli fagi recipienti

baqteriis
ujredi

ujredi SeiZens 
axal Tvisebebs

baqteriofagi
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baqteriuli transformacia

donori 
baqteriis ujredi

dnm-is 
fragmentebi

donori baqteriis 
dnm-is fragmenti rekombinantuli dnm

recipientma 
baqteriam SeiZina axali 

niSan-Tviseba

recipienti 
baqteriis 
ujredi

sur. 4.35

mniSvnelovani 
niSan-Tvisebis 
ganmsazRvreli geni

zogierT baqteriaSi transforma ciis 
procesi bunebrivad mimdinareobs da gen-
Ta rekombinacias ganapirobebs. es pro-

cesi xels uwyobs zogierTi mutaciis 
gavrcelebas populaciaSi (sur. 4.36).

Serwyma. prokariotebSi ki genebis rekom-
binaciis wyaro aris memkvidruli infor-
maciis gadacemis iseTi gzebi, rogore-
bicaa transduqcia, transformacia da 
koniugacia. 

transduqcia aris procesi erTi baqte-
riuli ujredidan (donoridan) baqterio-
fagis meSveobiT meoreSi (recipientSi) 
dnm-is monakveTis (genebis) gadatana (sur. 
4.34). 

baqteriuli transformacia aris do-
nori baqteriidan garemoSi gamoTavisuf-
lebuli dnm-is fragmentis recipienti 

baqteriis mier STanTqmis/asimilaciis 
procesi. dnm-is fragmentis meSveobiT 
memkvidruli informaciis erTi ujredi-
dan sxva ujredSi gadacemas transforma-
cia ewodeba (sur. 4.35). recipienti baqte-
ria warmatebiT amravlebs axal dnm-s. am 
procesisTvis ar aris aucilebeli do-
noris cocxali ujredi, mxo lod saWiroa 
Tavis ufali dnm-is fragmentebis arsebo-
ba garemoSi. transformacia genis gada-
tanis erT-erTi yvelaze gavrcelebuli 
meTodia. 

 

baqteriis populaciaSi 

erT baqteriaSi moxda 

mutacia da igi rezis-

tentuli gaxda antibio-

tikisadmi

antibiotikma 

gaanadgura erTis 

garda yvela 

baqteria

warmoiqmneba anti-

biotikisadmi mdgra-

di baqteriebis xazi

transformaciis gziT 

SeiZleba antibiotiki-

sadmi rezistentulma 

baqteriam Tavisi mu-

tanti geni gadasces 

sxva baqterias

antibiotikisadmi rezistentuli*  mutaciis gavrceleba populaciaSi

1 2 3 4

sur. 4.36
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uSualo kontaqtis meSveobiT baqte-
riis erTi ujredidan meoreSi genetiku-
ri masalis gadacemas koniugacia ewodeba 
(sur. 4.37). xSirad is genetikuri masala, 
romelic erTi baqteriidan meoreSi ga-
dadis, aris plazmida. igi warmoadgens 
rgoluri formis mcire zomis orjaW vian 
dnm-is molekulas, romelic zogierTi 

baqteriisTvis aris damaxasiTebeli da 
zrdis baqteriis gamZleobas damazianebe-
li faqtorebis mimarT. plazmida, baqte-
riuli qromosomisgan gansxvavebiT, ufro 
mobiluria da SeuZlia misgan damoukide-
beli replikacia. maT molekulur bio-
logiaSi iyeneben rekombinantuli genebis 
Sesayvanad baqteriis sxvadasxva saxeobaSi. 

plazmida

donori baqteriis ujredi baqteriuli
`qromosoma~

koniugacia

recipienti iZens axal niSan-Tvisebebs

recipienti baqteriis ujredi
sur. 4.37
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Sejameba

Temis mimoxilva

mTavari ideebi

• cocxali da aracocxali bunebis atomur doneze qimiuri Sedgeniloba msgavsia, 
molekulur doneze ki _ gansxvavebuli;

• qimiur naerTebs Soris ujredSi yvelaze didi raodenobiTaa wyali;

• wyali uamrav funqcias asrulebs da wylis gareSe sicocxle ar arsebobs;

• organuli nivTierebebidan ujredSi yvelaze didi raodenobiTa da mraval-
ferovnebiT warmodgenilia cilebi;

• nivTierebebis funqciebi dakavSirebulia da SesabamisobaSia maTi struqturis 
TaviseburebasTan; 

• sxvadasxva biopolimeri erTmaneTisgan gansxvavdeba monomerebiT, rac ganapi-
robebs maT Tvisebebsa da funqciebs;

• naxSirwylebi ujredSi asruleben struqturul, energetikul, samarago da 
damcvelobiT funqciebs;

• lipidebis funqciaa: struqturuli, energetikuli, samarago, Tboregulacia, sa-
sicocxlo procesebis maregulirebeli;

• cilebis funqciebia: struqturuli, satransporto, mamoZravebeli, damcvelobi-
Ti, sasicocxlo procesebis maregulirebeli, receptoruli, katalizuri;

• nukleinis mJavebTan aris dakavSirebuli genetikuri informaciis Senaxva da 
gada cema;

• garemo faqtorebis cvlileba moqmedebs ujredis qimiuri komponentebis 
struqturasa da funqciaze;

• ujredis qimiuri Sedgenilobis homeostazis darRveva uaryofiTad aisaxeba or-
ganizmis janmrTelobaze;

• dnm-is struqturisa da funqciebis dadgenaSi didi roli Seasrula mecnierebis 
mier wina saukuneSi Catarebulma eqsperimentebma;

• dnm-sa da cilebis molekulebis mravalferovneba aris biomravalferovnebis sa-
fuZveli.

davalebebi TviTSefasebisTvis

arCeviTpasuxiani/daxuruli tipis testuri davalebebi

1. daadgineT Sesabamisoba wylis fizikur-qimiur Tvisebebsa da mis funqciebs So-
ris, monacemebi SeitaneT cxrilSi.

Tvisebebi:

 1. wylis molekulis polaroba;

 2. kargi gamxsneli buneba;

 3. wylis molekulebs Soris wyalbaduri bmebis arseboba;

 4. maRali Tbotevadoba da Tbogamtaroba.

funqciebi:

Tema 1. ujredis qimiuri Sedgeniloba
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 a. nivTierebaTa satransporto funqcia;

 b. bioqimiuri reaqciebi wyalxsnarebSi mimdinareobs;

 g. ganapirobebs maRalmolekuluri nivTierebebisa da ujre-
duli membranebis struqtu rebs;

 d. monawileobs ujredisa da organizmis TboregulaciaSi;

 e. organizmisaTvis gamravleba-ganviTarebisa da sacxovre-
beli garemoa.

SeniSvna: gaiTvaliswineT, rom wylis erT Tvisebas SeiZleba ramdenime funqcia See-
sabamebodes da piriqiT, erT funqcias ramdenime Tviseba.

2. natriumis ionebi ar monawileoben:

   a. nervuli impulsis warmoqmnasa da gavrcelebaSi; 

 b. osmosuri wnevis regulaciaSi;

 g. sisxlis SededebaSi;

 d. kunTebis SekumSvaSi.

3. kalciumis ionebi da marilebi ar monawileoben:

 a. nervuli impulsis warmoqmnasa da gavrcelebaSi;

 b. gulis muSaobis regulaciaSi;

 g. sisxlis SededebaSi;

 d. niJarebisa da Zvlebis simtkicis SenarCunebaSi.

4. cxovelur organizmebSi qvemoT CamoTvlili naxSirwylebidan ar sinTezirdeba:

   a. saxamebeli;     b. glikogeni;    g. rZis Saqari/laqtoza.

5. Warbi naxSirwylebi adamianis RviZlsa da ConCxis kunTebSi grovdeba .......... saxiT:

   a. saxameblis;     b. glikogenis;   g. laqtozis;   d. celulozis.

6. Warbi naxSirwylebi mcenaris ujredebSi grovdeba ............ saxiT:

   a. saxameblis;     b. glikogenis;   g. laqtozis;   d. celulozis.

7. qvemoT CamonaTvalidan polisaqaridebia:

   a. saxamebeli, celuloza, glikogeni;      

   b. saxamebeli, celuloza, rZis Saqari; 

   g. saxamebeli, dezoqsiriboza, lerwmis Saqari;

  d. celuloza, glikogeni, Warxlis Saqari.

8. ipoveT mcdari debuleba _ naxSirwylebis funqciaa:

   a. samarago;     b. energetikuli;     g. samSeneblo;     d. katalizuri.

9. ilustraciaze gamosaxulia ................  modeli:

   a. monosaqaridis;     g. aminomJavis;

   b. disaqaridis;        d. polisaqaridis. 

10.  ilustraciaze gamosaxulia:

 a. polipeptidi;    b. disaqaridi;    g. polisaqaridi;     d. polinukleotidi.

a b g d e

1

2

3
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CH2OH

OH OH OH OH

OOO

CH2OH CH2OH CH2OH

HO

O O O O
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11. ipoveT Sesabamisoba CamoTvlil naxSirwylebsa da maT funqciebs Soris da 
cxril Si Sesabamis ujraSi dasviT niSani X. 

 SeniSvna: gaiTvaliswine, rom erT funqcias SeiZleba ramdenime naxSirwyali Sees-
abamebodes da erTi naxSirwyali erTze met funqcias asrulebdes. 

 funqciebi:                                              naxSirwylebi:

 1. struqturuli                    a. celuloza

 2. samarago                            b. mureini

 3. damcvelobiTi                     g. saxamebeli

 4. energiis ZiriTadi wyaro       d. glukoza

                                             e. qitini

                                             v. glikogeni

                                             z. saqaroza

12. lipidebis molekulebSi, sxva organul nivTierebebTan SedarebiT, yvelaze bev-
ria ................ atomebi:

 a. naxSirbadis;     b. Jangbadis;       g. wyalbadis;   d. azotis.

13. zogierTi cxoveli didxans Zlebs wylis gareSe, radgan isini organizmSi sama-
ragod      igroveben:

   a. glikogens;    b. saxamebels;    g. cximebs;    d. cilebs.

14. ipove mcdari debuleba _ lipidebs miekuTvneba:

 a. cximebi;       b. A da D vitaminebi;       g. B vitamini;       d. qolesteroli.

15. cximebis molekulebSi Sedis ................ atomebi:

 a. naxSirbadis;  g. azotis;  e. Jangbadis;

 b. gogirdis;  d. wyalbadis;  v. fosforis.

pasuxi:   

16. gacilebiT meti energia gamoTavisufldeba cximebis daJangvis Sedegad, vidre 
glukozis, radgan cximovani mJava Seicavs didi raodenobiT wyalbadis atomebs. 
a. WeSmaritia; b. mcdaria.

17. ipoveT mcdari debuleba:

 a. cximebiT mdidaria zogierTi mcenaris Tesli;

 b. cximebi didi raodenobiT gvxvdeba badeqonSi, kanqveS;

 g. cximebi asruleben satransporto funqcias;

 d. 1 grami cximis daJangvisas orjer meti energia gamoiyofa, vidre 1 grami nax-
Sirwylis daJangvisas.

18. ipoveT mcdari debuleba _ cximebi ujredSi asruleben Semdeg funqciebs:

 a. samSeneblo; b. katalizur; g. energetikul; d. samarago.

19. ipoveT mcdari debuleba:

 a. cximebi icavs organizms siTbos dakargvisagan;

 b. samarago cximebis daSlisas organizmSi warmoiqmneba wyali;

 g. cximebi asruleben mamoZravebel funqcias;

 d. lipidebi monawileoben membranebis SenebaSi.

20. qvemoT CamoTvlili nivTierebebidan Cveulebriv pirobebSi wyalSi uxsnadia:

 a. celuloza; g. saxamebeli;  e. qolesteroli; z. vitamini A;

 b. saqaroza; d. fosfolipidi; v. maltoza;  T. vitamini B.

a b g d e v z

1

2

3

4
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a b g d e v

1

2

3

4

pasuxi:   a b g d e v z T

       

21. adamianis organizmSi qolesterolTan dakavSirebuli araa Semdegi funqcia:

 a. unarCunebs plazmur membranas stabilurobas;

 b. monawileobs gaadvilebul difuziaSi;

 g. misgan warmoiqmneba D vitamini;

 d. misgan warmoiqmneba sasqeso da Tirkmelzeda jirkvlis zogierTi hormoni.

22. fosfolipidebi da qolesteroli Sedis plazmuri membranis SemadgenlobaSi. es 
aris lipidis ......... funqcia:

 a. samarago;     b. maregulirebeli;     g. struqturuli;     d. energetikuli.

23. qvemoT CamoTvlili funqciebidan naxSirwylebisa da lipidebisaTvis saerToa:

   a. satransporto;   e. samarago;

    b. energetikuli;   v. sasignalo;

  g. struqturuli;   z. katalizuri;

    d. mamoZravebeli;   T. organizmSi funqciaTa maregulirebeli.

pasuxi:    a b g d e v z T

24. ipoveT Sesabamisoba CamoTvlil cilebsa da maT funqciebs Soris da Sesabamis 
ujraSi dasviT niSani `X~.

 funqciebi:   cilebi:    pasuxi:

1. samSeneblo   a. keratini

2. funqciaTa   b. lipaza

maregulirebeli  g. fibrinogeni

3. fermentuli  d. Tiroqsini

4. damcvelobiTi  e. insulini

     v. proteaza 

25. daadgineT Sesabamisoba qvemoT CamoTvlil cilebsa da maT funqciebs Soris:

cilebi   funqciebi:    pasuxi:   

1. hemoglobini a. sisxlis Sededeba

2. proTrombini b. wylis cvlis regulacia 

3. vazopresini g. baqteriebis gauvnebelyofa 

4. kolageni  d. Jangbadis transportireba 

5. lizocimi  e. myesisa da xrtilis Seneba

26. zogierT cilas SeiZleba ar hqondes ......... struqtura:

  1. pirveladi;   2. meoreuli;   3. mesameuli;    4. meoTxeuli.

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

27. cilis pirvelad struqturas ganapirobebs ................ bmebi:

    a. peptidur-kovalenturi;   b. wyalbaduri;   g. ionuri;   d. hidrofoburi.

28. sxvadasxva cilis molekulebs Soris Tvisebriv gansxvavebas ganapirobebs ami-
nom JavaTa: 

    1. Tanmimdevroba,  2. Semadgenloba,  3. raodenoba. 

    a. mxolod 1;    b. mxolod 2;    g. mxolod 3;  d. samive.

1 2 3 4 5
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29. fermentebis damaxasiaTebel Tvisebad iTvleba:

    a. specifikuroba;   g. reaqciaSi monawileoba;

    b. molekulis amfoteruloba;  d. fibrilaruli cilaa.

30. CamoTvlili nivTierebebidan romeli asrulebs ujredSi satransporto fun-
qcias?

   1. cila,    2. t-rnm,     3. lipidi.

   a. mxolod 1;     b. mxolod 2;     g. 1 da 2;     d. 1 da 3.

31. qimiuri elementi, romelic Sedis cilis SedgenilobaSi da ar Sedis cximebsa da 
yvela naxSirwyalSi, aris:

   a. naxSirbadi;     b. wyalbadi;     g. azoti;     d. Jangbadi.

32. ujredSi fermentis aqtivobaze moqmedebs:

   a. mxolod mJavianoba;      g. mxolod fermentisa da substratis koncentracia;

   b. mxolod temperatura;     d. yvela zemoT CamoTvlili.

33. ilustraciaze gamosaxulia:

   a. monosaqaridi;

   b. cximovani mJava; 

   g. aminomJava;

   d. nukleotidi. 

34. maRali temperaturis zegavleniT fermenti:

 a. gadadis araaqtiur mdgomareobaSi;       g. ufro aqtiurdeba;

 b. SeiZleba ganicados denaturacia;       d. gadadis meoTxeul struqturaSi.

 

pasuxi:   

35. cocxali ujredis SemadgenlobaSi organuli nivTierebebidan yvelaze didi ra-
odenobiTaa: 

 a. lipidebi;    b. naxSirwylebi;    g. cximebi;    d. nukleinis mJavebi;    e. cilebi.

36. atomebis jgufs, riTac erTi saxis aminomJava gansxvavdeba meorisgan, ewodeba:

 a. peptidi;      b. radikali;        g. karboqsilis jgufi;       d. aminojgufi.

37. ramdeni saxis aminomJava SeiZleba Sediodes cilis SemadgenlobaSi?

 a. 3;  b. 20;  g. 4;  d. 500-ze meti.

38. insulini aris:

 a. monomeri;  g. polimeri;  e. cila;

 b. hormoni;  d. fermenti;  v. aminomJava.

pasuxi:   

39. hemoglobini aris:

 a. monomeri; g. polimeri;  e. cila;

 b. hormoni;  d. fermenti;  v. satransporto cila.

pasuxi:   

40. peptiduri bma  qimiuri bmebidan warmoadgens:

 a. ionurs;      b. kovalenturs;      g. wyalbadurs;      d. disulfidurs.
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41. ipoveT araswori debuleba:

 a. cilebi polimeruli naerTia;

 b. cilebis sinTezi aminomJavebis SemTxveviTi dakavSirebis Sedegad xdeba;

 g. peptiduri bmebis warmoqmnaSi fermentebi monawileoben;

 d. cilis pirveladi struqtura gansazRvravs mis bunebriv konfiguracias.

42. cilis molekulaSi bmebis gawyvetas, ris Sedegadac irRveva cilis bunebrivi

struqtura da biologiuri Tvisebebi, ewodeba:

 a. denaturacia;      b. renaturacia;      g. konfrontacia;      d. konformacia.

43. denaturirebuli cilis bunebrivi struqturisa da biologiuri Tvisebebis aR-
dgenas ewodeba:

 a. denaturacia;      b. renaturacia;      g. konfrontacia;      d. konformacia.

44. keratini aris cila, romlisganac Sedgeba bumbuli, Cliqebi, brWyalebi, rqebi. 
aseTi cila aris:

 a. globularuli;      b. fibrilaruli;      g. uxsnadi;      d. xsnadi.

pasuxi:   

45. fermentebi sxva cilebisgan gansxvavdebian imiT, rom:

     a. SeuZliaT renaturacia;  d. reaqciaSi ar Sedian;

     b. SeuZliaT denaturacia;  e. warmoadgenen katalizatorebs;

     g. yvela ujredSia;   v. reaqciebSi ar ixarjebian. 

   

 pasuxi:   

46. ipoveT mcdari debuleba:

 a. cilis pirveladi struqtura damokidebulia mesameul struqturaze;

 b. cilis mesameuli struqtura damokidebulia pirvelad struqturaze;

 g. antisxeuli aris cila, romelic imunitets ganapirobebs;

 d. cilis pirveladi struqturis Sesaxeb informacia Cawerilia genSi.

47. ramdeni polipeptiduri jaWvi miiReba hemoglobinis meoTxeuli struqturis 
darRvevis Sedegad?

 a. erTi;      b. ori;      g. sami;      d. oTxi.

48. satransporto cilas miekuTvneba:

 a. miozini;      b. kazeini;      g. atf-sinTaza;      d. insulini.

49. lipidebis msgavseba cilebTan gamoixateba:

 a. aqvT Zalian didi molekuluri masa;

 b. akatalizeben bioqimiur reaqciebs;

 g. SeuZliaT zogierTi fiziologiuri procesis regulireba;

 d. Sedgebian aminomJavebisgan;

 e. Seicaven peptidur bmebs;

 v. ixsnebian arapolarul gamxsnelebSi.

50. moZebneT mcdari debuleba _ cilebisagan gansxvavebiT, lipidebi:

 a. Seicaven mravalferovan cximovan mJavebs;

 b. ixsnebian arapolarul gamxsnelebSi;
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 g. samaragod grovdeba kanqveSa ujredisSi;

 d. ar ixsnebian wyalSi;

 e. ganapirobeben organizmis imunitets.

51. grafiki asaxavs fermentis (enzimis) aqtivobis damokidebulebas temperaturaze. 
qvemoT CamoTvlili mosazrebebidan marTebulia:

a. temperaturis momatebiT fermentis aqtivoba izrdeba;

b. temperaturis momatebiT jer izrdeba fer-
mentis aqtivoba, Semdeg ki _ mcirdeba da bo-
los, saerTod kargavs aqtivobas;

g. temperaturis momatebiT jer izrdeba  fer-
mentis aqtivoba, Semdeg ki _ mcirdeba;

d. temperaturis momatebiT jer mcirdeba fer-
mentis aqtivoba, Semdeg ki _ izrdeba.

52. ipoveT swori debuleba _ polimerebia: cilebi, 
kauCuki, celuloza, polieTileni.

 a. yvela CamoTvlili polimeri agebulia erTnairi monomerebisagan;

 b. cilis polimeri agebulia msgavsi, magram araerTnairi monomerebisagan;

 g. cilis molekulebSi Sedis asze meti saxis aminomJava;

 d. nebismieri cilis molekulaSi aucileblad Sedis yvela `jadosnuri aminomJa-
va~.

53. mamoZravebel funqcias asrulebs cila:

 a. keratini;   b. hemoglobini;   g. miozini;          d. fibrinogeni.

54. ujredSi mxolod cilebs SeuZliaT Seasrulon ........... funqciebi:

 a. samSeneblo;  b. samarago;    g. katalizuri; d. energetikuli.

55. Tmebis, Cliqebis, rqebis SedgenilobaSi Sedis cila:

 a. miozini;   b. keratini;    g. kolageni;  d. insulini.

56. qvemoT CamoTvlili debulebebidan mcdaria _ adamianis organizmSi sinTezire-
buli cilebi:

 a. uzrunvelyofen Jangbadis gadatanas;       

 b. warmoadgenen samSeneblo masalas;

 g. uzrunvelyofen imunur reaqciebs;

 d. warmoadgenen energiis ZiriTad wyaros.

57. CamoTvlil nivTierebaTagan romeli araa lipiduri bunebis?

 a. qolesteroli;  b. kolageni;  g. cvili;      d. D vitamini.

58. nukleinis mJavebis monomerebia:

   a. ribozis molekulebi;   g. nukleotidebi;

   b. dezoqsiribozas molekulebi;  d. azotovani fuZeebi.

59. dnm-is molekulaSi azotovan fuZeebs Soris myardeba ............ bmebi:

   a. ionuri;       b. wyalbaduri;       g. kovalenturi;      d. peptiduri.

60. rogorc dnm-is, ise rnm-is SemadgenlobaSi Sedis:

   a. adenini;      g. Timini;      e. guanini;      z. citozini;   

   b. uracili;     d. riboza;    v. dezoqsiriboza;    T. fosformJavas naSTi.

pasuxi:    
a b g d e v z T

A

t
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61. oTxi elementis (N, O, H, C) garda nukleinis mJavebis SemadgenlobaSi Sedis:

   a. rkina;  b. gogirdi;  g. natriumi;   d. fosfori.

62. ramdeni wyalbaduri bma aris dnm-is mocemul fragmentSi, Tu misi erT-erTi 
jaWvi 20 Timinian da 5 citozinian nukleotids Seicavs?

 a. 15; b. 25;  g. 45;  d. 55.

63. ra aris ujredSi didi raodenobiT?

   a. genebi;   b. qromosomebi;   g. dnm; d. yvela Tanabradaa.

64. dnm-is nukleotidebi gansxvavdeba erTmaneTisagan:

   a. azotovani fuZiTa da naxSirwyliT;  g. mxolod azotovani fuZiT; 

   b. naxSirwyliTa da fosfatiT;   d. mxolod naxSirwyliT.

65. qromosomebi aris: 1. mitoqondriebSi;  2. qloroplastebSi;  3. birTvSi.

 sworia: a. 1, 2;   b. 3;   g. 2, 3;   d. 1, 3;   e. 1, 2, 3.

66. dnm aris: 1. mitoqondriebSi; 2. qloroplastebSi; 3. birTvSi.

 sworia:  a. 1, 2;  b. 3;   g. 2, 3;   d. 1, 3;   e. 1, 2, 3.

67. komplementarobis principi vlindeba:

 a. nukleotidebis dakavSirebaSi dnm-is erT jaWvSi;

 b. dnm-is ori jaWvis nukleotidebis erTmaneTTan dakavSirebaSi;

 g. orive pasuxi sworia.

68. dnm-is erT-erTi jaWvis ubani Seicavs 300 nukleotid adeninians, 100 nukle-
otid Timininians, 150 nukleotid guaninians da 200 nukleotid citozinians. 
TiToeuli nukleo tidis ra raodenobaa dnm-is orive jaWvSi?

 a. adenini da Timini TiToeuli 400, guanini da citozini TiToeuli 350;

 b. adenini da Timini TiToeuli 300, guanini da citozini TiToeuli 200;

 g. adenini da Timini TiToeuli 350, guanini da citozini TiToeuli 400;

  d. adenini da Timini TiToeuli 200, guanini da citozini TiToeuli 300.

69. dnm-is SemadgenlobaSi Sedis:

 a. adenini;           g. uracili;       e. citozini;        z. fosformJavas naSTi;

 b. guanini;           d. riboza;         v. Timini;            T. dezoqsiriboza.

pasuxi:   a b g d e v z T

70. rnm-is SemadgenlobaSi Sedis:

 a. adenini;         g. uracili;         e. citozini;         z. fosformJavas naSTi;

 b. guanini;         d. riboza;           v. Timini;             T. dezoqsiriboza.

pasuxi:   
a b g d e v z T

71. nukleotidebis Tanmimdevroba _ CCGUCAAGAUCC, aris:

 a. dnm-is fragmenti; g. rnm-is fragmenti;  e. polipeptidi;

 b. polisaqaridi;  d. naxSirwyali;  v. polinukleotidi.

pasuxi:  
a b g d e v

72. Tu dnm-is molekulis erT jaWvSi nukleotidebis Tanmimdevrobaa CAAG, maSin 
mis komplementur jaWvSi nukleotidebis Tanmimdevroba iqneba:

 a. GUUC;  b. AGCA;  g. GTTC;  d. UTTG.
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73. Tu dnm-is molekula Seicavs 40% citozinians, maSin Timinianis %-uli Semcve-
loba iqneba:

 a. 10%;         b. 20%;         g. 40%;         d. 80%.

74. dnm-is molekulaSi nukleotid guaninianis raodenoba Seadgens mTeli nukle-
otidebis 5%-s. ramdeni % iqneba am molekulaSi nukleotidi adeniniani?

 a. 40%;         b. 45%;         g. 90%;         d. 95%.

75. nukleinis mJavebSi monosaqaridebsa da fosformJavas naSTebs Soris myardeba 
........ bmebi:

 a. ionuri;  b. wyalbaduri;   g. kovalenturi;        d. peptiduri.

76. SearCieT nukleotidSi misi Semadgeneli komponentebis swori Tanmimdevroba:

 a. fosformJavas naSTi _ monosaqaridi _ azotovani fuZe;

 b. fosformJavas naSTi _ azotovani fuZe _ monosaqaridi;

 g. azotovani fuZe _ fosformJavas naSTi _ monosaqaridi;

 d. azotovani fuZe _ monosaqaridi _ fosformJavas naSTi.

77. dnm-gan gansxvavebiT, rnm-is molekula:

 a. nukleotidebis erTi jaWvisgan Sedgeba;                     

 b. ar Seicavs fosformJavas naSTs;                                                             

 g. Sedgeba nukleotidebis ori jaWvisgan.

 d. Seicavs nukleotid uracils;

 e. Seicavs ribozas.

pasuxi:   

78. polimerebidan spiraluri struqtura axasiaTebs:

 1. polisaqaridebs,   2. cilebs,  3. dnm-s.

 a. mxolod 1; b. mxolod 2;  g. 2 da 3;   d. 1 da 3.

79. ilustraciaze gamosaxulia:

 a. monosaqaridi;

 b. aminomJava;

 g. pirimiduli azotovani fuZe;

 d. purinuli azotovani fuZe.

80. nukleinis mJavebis molekulebSi ar Sedis ........... 
atomebi:

 a. naxSirbadis; g. azotis;  e. Jangbadis;

 b. gogirdis; d. wyalbadis;  v. fosforis.

81. organuli nivTierebebidan azots ar Seicavs:

 a. cilebi;    b. lipidebi;     g. nukleinis mJavebi;     d. zogierTi naxSirwyali.

82. organuli nivTierebebidan fosfors ar Seicavs:

 a. cilebi;     b. lipidebi;     g. nukleinis mJavebi;     d. atf.

83. organuli nivTierebebidan gogirds Seicavs:

 a. cilebi;     b. lipidebi;     g. nukleinis mJavebi;     d. naxSirwylebi.

84. dnm-is erT jaWvSi nukleotiedebi erTmaneTs ukavSirdebian:

 a. erTi nukleotidis azotovan fuZesa da meore nukleotidis naxSirwyals Soris 
kovalenturi bmis warmoqmniT;

 b. erTi nukleotidis azotovan fuZesa da meore nukleotidis fosformJavas 
naSTs Soris kovalenturi bmis warmoqmniT;

H2N

N

N

O

NH

NH
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 g. erTi nukleotidis naxSiryalsa da meore nukleotidis fosformJavas naSTs 
Soris kovalenturi bmis warmoqmniT;

 d. erTi nukleotidis naxSiryalsa da meore nukleotidis fosformJavas naSTs 
Soris ionuri bmis warmoqmniT.

85. romeli modeli gamosaxavs marTebulad rnm-is molekulis fragmentis struqtu-
ras?

86. Tu dnm-Si 30% modis nukleotid adeninianze, maSin ramdeni procenti iqneba 
guaniniani?

 a. 10%;  b. 20%;                g. 30%;             d. 40%.

87. Tu dnm-is masis 20% modis citozinianze, maSin adeninianze mova masis:

 a. 10%;  b. 20%;                g. 30%;             d. 40%.

88. wyalbaduri bmebi ar gvxvdeba:

 a. dnm-Si;  b. i-rnm-Si;           g. t-rnm;          d. cilaSi.

89. dnm-is molekulis monakveTSi 30 nukleotidi ori wyalbaduri bmiT aris daka-
vSirebuli, danarCenebi ki _ samiT. gansazRvreT guaninianis raodenoba dnm-is am 
fragmentSi, Tu igi 200 monomerisgan Sedgeba.

 a. 60;  b. 20;         g. 70;    d. 50. 

90. ipoveT araswori debuleba:

 a. rogorc cilis, ise dnm-is molekula agebulia gansxvavebuli monomerebisgan;

 b. cila Sedgeba 4 saxis monomerisgan, xolo dnm - 20 saxis;

 g. cila Sedgeba 20 saxis monomerisgan, xolo dnm - 4 saxis;

 d. oriveSi gvxvdeba rogorc kovalenturi, ise wyalbaduri bma.
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a. g.

d.b.

fosformJavas naSTi

azotovani fuZe

riboza

Ria tipis testuri davalebebi

1. adamianis kuWis wvenSi aris marilmJava (HCl). zogjer kuWSi mJavianobis momate-
ba iwvevs diskomforts. ra SemTxvevaSi unda miiRos mJavianobis sawinaaRmdego 
saSualeba, magaliTad, magniumis hidroqsidi (Mg(OH)2). 1) axseniT, es nivTiereba 
ratom xsnis diskomforts. rogori reaqcia mimdinareobs am dros? 2) gamosaxeT 
qimiuri reaqcia tolobiT.

2. 1) sakveb racionSi romeli mineraluri marilebis nakleboba iwvevs daavade-
ba osteoporozs da ratom? 2) osteoporozis gamomwvevi mizezi, mineraluri 
marilebis garda, ramdenad SeiZleba iyos zogierTi vitamini da hormoni? daas-
axele es vitamini da hormoni/hormonebi; 3) aRwereT, rogor SeiZleba iyos Ti-
Toeuli maTgani osteoporozis gamomwvevi mizezi?

3. SeadgineT qimiuri reaqciis toloba, romliTac axsniT, Tu susti mJava, mag-
aliTad, H2CO3 rogor monawileobs ujredis mudmivi pH-is SenarCunebaSi, Tu _ 
1) ujredSi gaizarda H+-ionebis koncentracia; 2) ujredSi gaizarda OH_-ionebis 
raodenoba.
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4. SeadareT erTmaneTs polisaqaridi da cila, rogorc polimerebi. axseni, rasTan 
aris dakavSirebuli cilebis didi mravalferovneba polisaqaridebTan Sedare-
biT?

5. zogierTi organizmi cxovrobs Zalian cxel an mJave garemoSi. maTi fermentebi 
ifunqcierebs adamianis ujredebSi? Tu ki, ratom? Tu ara, ratom?

6. baqteriofagebi gamoiyvanes radioaqtiuri azotis, gogirdisa da fosforis gare-
moSi. CawereT da axseniT axlad warmoqmnili baqteriofagebis romel struqtur-
aSi/struqturebSi aRmoCndeba TiToeuli radiaqtiuri nivTiereba?

7. dnm-is orjaWvian molekulaSi 160 nukleotidia, aqedan 32 adeninians Seicavs. 
ramdeni citoziniani aqvs am molekulas?

8. safuaras dnm-is nimuSSi azotovani fuZeebis 31,5% adeninia (A). ivaraude da-
narCeni azotovani fuZeebis (C, G da T) miaxloebiTi procentuli Semcveloba. 
axseniT Tqveni pasuxi.

9. dnm-is molekulis fragmenti Seicavs 300 nukleotid Timininians (T), rac nuk-
leotidebis saerTo raodenobis 30%-s Seadgens. gansazRvreT dnm-is mocemul 
fragmentSi danarCeni TiToeuli nukleotidis raodenoba da %-uli Semcveloba.

10. dnm-is ubnis erT-erTi jaWvis molekuluri masaa 72450. erTi nukleotidis 
molekuluri masaa 345. gansazRvreT: 1) dnm-is am ubnis sigrZe; 2) orive jaWvSi 
monomerebis ricxvi.

11. es grafiki aCvenebs ferment glukozi-
dazas aqtivobas. gaaanalizeT monacemebi 
da upasuxeT kiTxvebs: 1) ra aris damou-
kidebeli da ra damokidebuli cvladi?  
2) aRwereT, rogor icvleba fermentis 
aqtivoba? 3) rodis aris yvelaze aqtiu-
ri glukozidaza?

12. gaaanalizeT grafikze mocemuli monacemebi da upasuxeT kiTxvebs:
 1) aRwereT, warmoqmnili produqtis raodenoba rogor icvleba A, B da C fermen-

tuli reaqciis dros da axseni mizezebi.
 2) rogor fiqrobT, romeli fermentuli reaqcia SeiZleba mimdinareobdes ada-

mianis ujredSi, mcenaris ujredSi da romeli baqteriis ujredSi? rogor gare-
moSi SeiZleba arsebobdes es ukanaskneli? daasabuTeT Tqveni pasuxi.

60oC

37oC

25oC

C

A

B

warmoqmnili 
produqtis 
raodenoba

60  dro wT-Si
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13. 1) aRwereT, rogor moqmedebs tem peratura fermentis aqtivobaze.
  2) romel temperaturaze wydeba fermentuli reaqcia? axseniT, ratom?

14. 1) miuTiTeT pH-is optimaluri mniSvneloba TiToeuli fermentisTvis.

  2) moiyvaneT TiToeuli fermentis magaliTi. 
   3) ratom aris sasicocxlod mniSvnelovani fer mentebis aqtivobis re gulacia     

 pH-is cvlilebis gziT?

 
   

15. substratis koncentraciis gazrdiT dasawyisSi ratom izrdeba fermentuli 
reaqciis siCqare, xolo Semdgom ki ratom rCeba ucvleli substratis koncent-
raciis gazrdis miuxedavad?

 

fermentuli 
reaqciis 
siCqare (V)

10 20 30 40 50 60 toC

1

100

50

reaqciis 
siCqare

2 3 4 5 6 7 8 9 10 pH

A B B C

reaqciis 
siCqare

substratis koncentracia

Vmax
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16. daakvirdiT suraTze warmodgenili nivTierebis molekulis struqturas da 
upasuxeT kiTxvebs: 1) ra nivTierebis molekulaa warmodgenili? 2) rogor bmas 
asaxavs cifri 1-iT aRniSnuli? 3) cifri 2-iT ra jgufebia aRniSnuli? 

NH CH C

CH2SH

H2N OH

O O

CH C

2

1

CH3

17. 1) cilis sivrcobrivi konfigura-
ciis romel struqturul dones 
asaxavs suraTi? 

 2) cifrebiT 1 da 2 romeli qimiuri 
bmebia aRniSnuli? 

 3) ganmarteT, TiToeuli qimiuri bma 
romel qimiur struqturebs Soris 
warmoiqmneba. 

18. suraTze naCvenebia fermentuli reaqciis modelebi (a da b). TiToeuli mo-
delisTvis _ 1) amoicaniT da daasaxeleT 1-dan 5-mde cifrebiT aRniSnuli am 
procesSi monawile nivTierebebi da struqturebi; 2) mokled aRwereT, ra xdeba 
procesis yovel etapze; 3) daasaxeleT struqturebi, romelTa Soris urTier-
Tqmedeba klite-gasaRebis principiT xdeba; 4) fermentuli reaqciis ra tips 
(biosinTezis Tu daSlis) asaxavs TiToeuli suraTi? pasuxi daasabuTeT.

a b3

5

5
3

4

42

21

1

1 1 11

naxSirbadi

Jangbadi wyalbadi

2

azoti

R-radikali

1
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19. suraTis mixedviT _ 1) amoicaniT dnm-is orive jaWvSi nukleotidebis Semadgen-
loba da Tanmimdevroba. 2) dnm-is molekulis am monakveTSi gansazRvreT azoto-
van fuZeebs Soris wyalbaduri bmebis saerTo raodenoba.

20. Seadare erTmaneTs dnm da rnm qvemoT mocemuli cxrilis mixedviT:

nukleinis 

mJava

jaWvis 

ricxvi

nukleotidebi

naxSirwyali azotovani fuZe fosformJavas naSTi

dnm

rnm
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Temis mimoxilva

mTavari ideebi

• ujredi aris yvelaze mcire struqturuli erTeuli, romlisTvisac damaxasi-
aTebelia yvela sasicocxlo Tviseba; ujredis struqturis kvlevis ZiriTadi 
meTodia mikroskopuli kvleva;

• yvela tipis ujredis saerTo struqturuli komponentia plazmuri membrana, ci-
toplazma da ubani, sadac dnm-ia ganTavsebuli; eukariotul ujredSi dnm gan-
Tavsebulia birTvSi, xolo prokariotul ujredSi _ citoplazmis ubanSi, ro-
melsac nukleoidi ewodeba;

• plazmuri membrana aregulirebs nivTierebaTa gadaadgilebas garemodan ujred-
Si da ujredidan garemoSi membranuli transportis sxvadasxva saxis saSualebiT: 
difuzia, aqtiuri transporti, endocitozi da egzocitozi;

• birTvi inaxavs da icavs eukariotuli ujredis genetikur masalas _ qromo-
somebSi organizebul dnm-s; birTvi aregulirebs da akontrolebs citopla-
zmaSi mimdinare metabolur procesebs;

• endoplazmuri bade da goljis aparati erTad muSaoben, ZiriTadad, cilebis, 
lipidebisa da plazmuri membranis naxSirwylis sinTezisa da modificirebisTvis;  

• mitoqondria aris eukariotuli ujredis organela, romelSic Jangbadis monawi-
leobiT mimdinareobs organuli nivTierebis daJangva da gamoyofili ener giis 
nawili xmardeba energiis universaluri wyaros _ atf-is _ sinTezs;  

• qloroplastSi mimdinareobs fotosinTezi, romlis drosac mzis energia qimiur 
energiad gardaiqmneba;

• ujredis komponentis struqtura da funqcia erTmaneTTan SesabamisobaSia;

• prokariotul ujreds ar aqvs birTvi da membranuli Senebis organelebi;

• ujredis romelime struqturis memkvidruli paTologia sxvadasxva tipis gene-
tikur daavadebas iwvevs;

• bunebaSi arsebobs ujredebis didi mravalferovneba formis, zomisa da struq-
turis mixedviT, romelic maT funqciebTan aris SesabamisobaSi; 

• ujredebis mravalferovneba ukavSirdeba biomravalferovnebas.

davalebebi TviTSefasebisTvis

arCeviTpasuxiani/daxuruli tipis testuri davalebebi

1. qvemoT mocemul debulebebs Soris moniSneT swori debuleba. plazmuri membrana:

 I. unarCunebs ujreds formas;

 II. axorcielebs nivTierebaTa transports ujredsa da ujredgare garemos Soris;

 III. zogierTi organelas membrana monawileobs energiis gardaqmnaSi;

 IV. mravalujredian organizmebSi asrulebs ujredebs Soris sakontaqto fun-
qcias;

 V. zogierTi organelas membranuli cila akatalizebs bioqimiur reaqciebs.

pasuxi: a. II, IV   b. I, II, III, IV, V  g. II, III, IV  d. I, II, IV. 

Tema 2. ujredis struqturuli komponentebi
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2. ujreduli membranis gamokvlevisas biologma unda isargeblos: 

 a. sinaTlis mikroskopiT;  g. eleqtronuli mikroskopiT; 

 b. rentgenis aparatiT;  d. endoskopiT.

3. ujredis kedeli damaxasiaTebelia ............ ujredisaTvis:

 a. mcenareuli;  b. baqteriis;     g. sokos;     d. yvela pasuxi sworia.

4. ujredis plazmuri membranis SenebaSi monawileobs:

 a. cilebi da lipidebi;

 b. nukleinis mJavebi;

 g. polisaqaridebi da cximovani mJavebi;

 d. monosaqaridebi.

5. moniSneT swori pasuxebi _ ujreduli membrana:

 a. monawileobs cilebis biosinTezSi;

 b. uzrunvelyofs fagocitozs;

 g. monawileobs ionebis aqtiur transportSi;

 d. ujredis SigTavss garemosgan gamijnavs;

 e. monawileobs nivTierebaTa pasiur transportSi;

 v. monawileobs atf-is sinTezSi. 

     

pasuxi:  

6. ilustraciaze plazmuri membranis 
struqturebi aRniSnulia cifrebiT, 
amoicaniT da daadgineT Sesabamisoba 
qvemoT mocemul palzmuri membranis 
struqturebis CamonaTvalsa da ilus-
traciaze mocemul cifrebs Soris.

a. fosfolipidis hidrofiluri 
Tavi;

b. fosfolipidis hidrofoburi 
kudebi;

g. integrirebuli cila

d. glikoproteini

e. periferiuli cila

v. qolesteroli

z. naxSirwylovani jaWvebi

T. cilovani arxi

i. glikolipidi

7. ipoveT mcdari debuleba:

a. plazmuri membranis sisqe daaxloebiT 10 nm-ia;

b. plazmuri membrana Cans sinaTlis mikroskopSi;

g. plazmuri membrana Cans mxolod eleqtronul mikroskopSi;

d. plazmuri membrana Sedgeba lipidebis or rigad ganlagebuli molekulebisa 
da maTSi CaZiruli cilis molekulebisgan.

8. membranuli transportis romel procesSi ar monawileobs satransporto cile-
bi?

 a. sisxlidan alveolebis haerSi CO2-is transporti;

pasuxi:     1 2 3 4 5 6 7 8 9
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 b. Na+-is transporti koncentraciuli gradientis sawinaaRmdego mimarTulebiT;

 g. Ka+-is transporti koncentraciuli gradientis sawinaaRmdego mimarTulebiT.

 d. qsoviluri siTxidan glukozis transporti ujredebSi.

9. ujredis kedlis funqciebia:

   a. struqturuli;   g. satransporto;

 b. damcvelobiTi;   d. yvela pasuxi sworia.

10. cilebis uSualo monawileobiT mimdinareobs:

 I _ K+-is transporti rogorc koncentraciuli gradientis mimarTulebiT, ise  
sawinaaRmdegod, II _ qsoviluri siTxidan ujredSi O2-is transporti, III _ sisxlis 
saSualebiT O2-is transporti, IV _ anafazaSi qromosomebis ujredis polusebi-
sken gadaadgileba.

 a. mxolod I da II;       b. mxolod II da III;     g. I, III da IV;  d. II, III da IV

11. ipoveT araswori pasuxi _ plazmolizis dros mcenareuli ujredis:

 a. moculoba mcirdeba;

 b. plazmuri membrana scildeba ujredis kedels;

 g. vakuolis moculoba mcirdeba; 

 d. mcirdeba turgori.

12. ilustraciaze aRniSnuli cifrebi 
SeusabameT membranuli transportis 
tipebs.

 memranuli transportis tipebi:

 a. aqtiuri transporti

 b. martivi difuzia

 g. gaadvilebuli difuzia

13. ipoveT yvelaze srulyofili ganmarteba _ osmosi aris:

 a. wylis moZraoba mxolod ujredidan garemoSi;

 b. wylis moZraoba mxolod garemodan ujredSi;

 g. wylis moZraoba misi maRali koncentraciidan dabali koncentraciisken;

 d. wylis moZraoba naxevradganvlad membranaSi misi maRali koncentraciidan 
dabali koncentraciisken.

14. ipoveT mcdari debuleba _ prokariotul ujredebs eukariotulisgan gansx-
vavebiT:

 a. ar aqvs birTvi;

 b. aqvs membranuli Senebis organelebi;

 g. aqvs rgoluri formis dnm citoplazmaSi;

 d. aqvs ribosomebi.

15. membranuli satransporto cilebi aucilebelia:

 a. membranuli transportis yvela saxisTvis;

 b. martivi da gaadvilebuli difuziisTvis; 

 g. gaadvilebuli difuziisa da aqtiuri transportisTvis;

 d. mxolod aqtiuri transportisTvis.

16. qvemoT CamoTvlili ujredebidan ribosomebi citoplazmaSi Tavisufalad gan-
lagebuli SedarebiT didi raodenobiTaa _

pasuxi:  1 2 3 4



149

 a. kvercxujredsa da neironSi;

 b. saWmlis momnelebeli jirkvlebis ujredebSi;

 g. kunTovan ujredsa da cximovani qsovilis ujredSi;

 d. kunTovan ujredsa da kvercxujredSi.

17. mecnierebma aRmoaCines ubirTvo organizmi. CamoTvlilTagan romeli organela 
eqneba mas?

 a. lizosoma;   g. ribosoma;

 b. endoplazmuri bade;  d. mitoqondria.

18. CamoTvlilTagan adamianis romel zrdasrul ujredSi ar mimdinareobs cilebis 
sinTezi?

 a. fagocitSi;    b. eriTrocitSi;    g. limfocitSi;    d. neironSi.

19. 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.

20. daadgineT Sesabamisoba organizmis Tvisebasa da im samefos Soris, romelsac es 
organizmi miekuTvneba:
organizmis Tviseba:      samefo:
a. ujredis kedels qitini qmnis     1. sokoebi
b. ujredebi qloroplastebs Seicaven    2. cxovelebi
g. ujredebSi glikogeni grovdeba    3. mcenareebi
d. ujredebSi saxamebeli grovdeba
e. ujredis kedeli ar gaaCniaT
v. ujredis kedels celuloza qmnis
z. gaaCnia avtotrofuli kvebis tipi
T. ekosistemaSi reducentebis rols asruleben

21. ipoveT araswori pasuxi _ dnm aris:

  a. birTvSi;     b. goljis aparatSi; g. mitoqondriaSi;  d. qloroplastSi.

22. ipoveT araswori pasuxi _ qloroplastebisa da mitoqondriebisTvis saerToa:

  a. organuli nivTierebebis daJangva;

  b. energiis gardaqmna da atf-is sinTezi; 

  g. Seicaven ribosomebs, rgoluri formis dnm-s, fermentebs;

  d. SemosazRvrulia ori membraniT;

  e. mravldeba gayofis gziT;

  v. mimdinareobs replikacia, transkripcia da translacia.

23. Tavkombalebs, bayayad gardaqmnis procesSi, kudi uqrebaT da am procesSi mTa-
var rols asrulebs:

 a. mitoqondria; b. endoplazmuri bade;    g. ribosoma;    d. lizosoma.

24. daadgineT Sesabamisoba ujredis struqturebsa da maT funqciebs Soris:

 ujredis struqtura:  funqciebi:
a. goljis aparati  1. sinaTlis energiis xarjze glukozis sinTezi
b. qloroplasti   2. nivTierebaTa transporti
g. birTvi    3. cilebis sinTezi
d. ribosoma   4. memkvidreobiTi informaciis Senaxva

a b g d e v z T

1

2

3
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pasuxi:  a b g d

1

2

3

4

25. goljis aparatis funqciaa:

  a. lizosomebis warmoqmna;

  b. vezikulebis saxiT nivTierebaTa transportireba ujredsa da ujredgareT;    

  g. lipidebisa da cilebis sinTezi;

  d. lipidebis sinTezi da naxSirwylebis gardaqmna;

  e. ribosomebis warmoqmna;

  v. aq sabolood yalibdeba cilis struqtura.

pasuxi:   
a b g d e v

26. fagocitebis organelebidan ucxo sxeulebisa da mikrobebis monelebaSi 
monawi leobs:

   a. goljis aparati;   b. mitoqondria;   g. lizosoma;   d. endoplazmuri bade.

27. qvemoT CamoTvlilTagan cilis sinTezi mimdinareobs:

   a.endoplazmuri badis gluv ubanSi; g. lizosomaSi;

   b. goljis aparatSi;   d. mitoqondriaSi.

28. qvemoT CamoTvlilTagan rgoluri formis dnm-is molekula aris: 

   1. birTvSi, 2. mitoqondriaSi,      3. qloroplastSi. 

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

29. ujredi aris erTi mTliani sistema, razedac metyvelebs:

1. birTvis dazianebiT ujredi kvdeba, radgan igi aregulirebs ujredis sasi-
cocxlo procesebs;

2. cilebi sinTezirdeba endoplazmuri badis granularul ubanSi, razedac 
mitoqondriebSi sinTezirebuli atf-is energia ixarjeba;

3. endoplazmur badeze sinTezirebuli nivTierebebi goljis aparatSi modi-
ficirdeba da misi saSualebiT transportirdeba;

4. plazmuri membranis dazianebiT ujredi kvdeba, radgan irRveva ujredis 
qimiu ri Sedgeniloba.

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

30. daadgineT Sesabamisoba organelas Tvisebebsa da endoplazmuri badis im ubans 
Soris, romlisTvisac aris es Tviseba damaxasiaTebeli:

 organelas Tvisebebi:    endoplazmuri badis ubani:

 a. Sedgeba membranebiT SemosazRvruli  1. marcvlovani/granularuli

    arxebisa da Rruebisagan;   2. gluvi

 b. cilebis sinTezi;

 g. maTze sinTezirebuli nivTierebebis 

    dagroveba da transportireba;

 d. membranebze ganlagebulia ribosomebi;
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 e. naxSirwylebis gardaqmna da lipidebis sinTezi;

 v. toqsikuri nivTierebebis gauvnebelyofa.

pasuxi:  a b g d e v

31. qvemoT mocemuli ujredis struqturisa da misi Sesabamisi funqciis wyvilebidan 
romelia arasworad Sedgenili?

   a. plazmuri membrana::cilebis sinTezi;        g. mitoqondria::atf-is sinTezi; 

   b. birTvi::genetikuri informaciis dacva;      d. qloroplasti::energiis gardaqmna.

32. suraTze mocemuli romeli organela/organelebi warmoqmnis/warmoqmnian

vezikulebs?

1
2 3 4

5

 a. 1, 2 da 4;   b. 2, 4 da 5;  g. 1, 3, 4 da 5;  d. 1, 2, 3.

33. CamoTvlilTagan dnm-is Semcvelia:

 a. adamianis imunodeficitis virusi; 

   b. Tambaqos mozaikis virusi;

   g. baqteriofagi;

 d. gripis virusi.

34. qvemoT CamoTvlili nivTierebebidan qloroplastSi sinTezirdeba: 

 a. atf;      b. glukoza;      g. cilebi;     d. dnm;      e. yvela pasuxi sworia.

35. qvemoT CamoTvlili ujredis struqturebidan lipidebi gvxvdeba: 

 a. lizosomebSi;    b. ribosomebSi;    g. birTvakSi;    d. centrosomaSi.  

36. cilovani spiraluri kafsidi aqvs:

 a. baqteriofags;  g. Tambaqos mozaikis viruss;

 b. aiv-s;   d. gripis viruss.

37. infeqciis gamomwvevi mikrobebidan sinaTlis mikroskopiT danaxva SeiZleba:  

 a. tuberkulozis gamomwvevis;  g. wiTelas gamomwvevis;

 b. imunodeficitis gamomwvevis;  d. gripis gamomwvevis.

38. citoplazmidan birTvSi ar transportirdeba:

 a. nukleotidebi;    b. dnm;    g. fermentebi;    d. atf.

39. ujredis romel organelaSia yvela organuli nivTierebis damSleli fermen-
tebi? 

 a. goljis kompleqsSi; g. lizosomebSi;              

   b. mitoqondriebSi; d. endoplazmur badeze.

40. CamoTvlilTagan romeli nivTiereba ar sinTezirdeba endoplazmuri badis 
granularul ubanSi?

 a. hemoglobini;    b. progesteroni;    g. glukagoni;    d. lipaza.

41. romeli cila monawileobs centriolebis SenebaSi?

 a. keratini;    b. aqtini;    g. kolageni;    d. tubulini.
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42. ujredis romel struqturas ver daazianebs fermenti lipaza?

 I _ birTvaks, II _ endoplazmur bades, III _ centrosomas, IV _ ribosomas, V _ birT-
vis garss.

 a. mxolod I-sa da III- s;  g. mxolod III-sa da V-s;

 b. mxolod II-sa da IV-s;  d. I-s, III-sa da IV-s.

43. ra aqvT saerTo sokosa da mcenaris ujredebs?

 I _ plazmuri membrana, II _ centraluri vakuoli, III _ ujredis kedeli, IV _ sama-
rago naxSirwyali saxamebeli.

 a. I, II da IV;    b. I, III da IV;    g. mxolod II da III;    d. I, II da III.

44. ra aqvT saerTo sokosa da baqteriis ujredebs?

 I _ plazmuri membrana, II _ centraluri vakuoli, III _ ujredis kedeli, IV _ sama-
rago naxSirwyali glikogeni.

 a. I, II da IV;    b. I, III da IV;    g. II, III da IV;    d. I, II, III da IV.

45. ribosomis SemadgenlobaSi Sedis:

 I _ cilebi, II _ lipidebi, III _ naxSirwylebi, IV _ dnm, V _ r-rnm;  VI _  nukleotide-
bi. 

pasuxi:   a. I da II; b. I da III; g. I da IV;  d. I da V; e. I da VI.

46. ipoveT mcdari mtkicebuleba _ ribosomebi aris:

 a. Tavisuflad citoplazmaSi;  g. endoplazmuri badis membranebze; 

 b. mitoqondriebSi;   d. qloroplastebSi;

 e. goljis aparatSi.

47. qvemoT CamonaTvalidan ujredSi erTze meti birTvi aqvs:

 a. RviZlis ujredebs; 

 b. ganivzolian kunTovan boWkos;

 g. epiTeliumis ujredebs; 

 d. qalamanas;  

 e.  mwvane evglenas;   

 v. nervul ujreds.

pasuxi:       

48. mitoqondriis matriqsi Seicavs:

 a. wyals;    g. fermentebs; e. yvela pasuxi sworia.

 b. rgoluri formis dnm-s; d. ribosomebs;

49. ipoveT araswori mtkicebuleba _ qloroplastebSi mimdinareobs:

 a. organuli nivTierebebis daJangva da atf-is sinTezi;

 b. fotosinTezi _ sinaTlis energiis xarjze naxSirwylebis sinTezi;

 g. sinaTlis energiis qimiur energiad gardaqmna;

 d. garemodan CO2-is STanTqma da O2-is garemoSi gamoyofa.

50. qloroplastebSi erTmaneTze dalagebuli or-ori membraniT SemosazRvruli 
brtyeli parkebis/tomsikebis grovebs ewodeba:

 a. kristebi;     b. granebi;    g. stroma;    d. Tilakoidebi.

51. qloroplastebSi or-ori membraniT SemosazRvrul brtyel parkebs/tomsikebs 
ewodeba:
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 a. kristebi;     b. granebi;    g. stroma;    d. Tilakoidebi.

52. qloroplastebis stromaSi aris:

 a. wyali;   g. rgoluri formis dnm;  e. fermentebi

 b. ribosomebi; d. saxameblis granulebi;   v. yvela pasuxi sworia.

53. ribosomis suberTeulebis CamoyalibebaSi monawileobs:

 a. goljis aparati;    b. endoplazmuri bade;    g. birTvakebi;    d. citoplazma.

54. aramembranuli Senebisaa:

 a. centrosoma;  g. ribosoma;  e. lizosoma;

 b. endoplazmuri bade; d. qromatini;  v. peroqsisoma. 

     pasuxi:  
 

55. lizosomebi Seicaven fermentebs, romlebic monawileoben:

 a. yvela organuli nivTierebis daSlaSi; g. naxSirwylebis sinTezSi;

 b. cilebis sinTezSi;    d. atf-is sinTezSi.

56. mcenareuli ujredis citoplazmaSi CanarTebis saxiT ar grovdeba:

 a. cilebi;    b. cximebi;    g. nukleinis mJavebi;    d. naxSirwylebi.

57. aramudmivi ujreduli struqturebia:

 a. ribosoma;   b. lizosoma;    g. peroqsisoma;    d. cximis wveTebi.

58. birTvis mTavari funqciaa: I _ ujredis sasicocxlo funqciebis regulacia, II 
_  genetikuri informaciis Senaxva. 

pasuxi:  a. mxolod I;    b. mxolod II;    g. I da II;    d. arcerTi pasuxi ar aris swori.

59. ipoveT araswori pasuxi _ ujredis naxevradTxevad garemos ewodeba:

 a. matriqsi;    b. ZiriTadi nivTiereba;    g. citozoli;    d. yvela pasuxi sworia.

60. swori debulebebia:

 a. endoplazmuri bade arxebisa da Rruebis rTuli sistemaa;

 b. endoplazmuri badis marcvlovan ubanSi cximebi sinTezirdeba;

 g. endoplazmuri badis marcvlovani ubani cilebis sinTezSi monawileobs;

 d. endoplazmuri badis gluv ubanSi cilebi sinTezirdeba;

 e. endoplazmur badeze sinTezirebuli cilebi, cximebi da naxSirwylebi gol-
jis aparatSi transportirdeba.

 

pasuxi:  

61. swori debulebebia:

 a. goljis aparatis membranebze cilebis sinTezi mimdinareobs;

 b. goljis kompleqsidan nivTierebebi citoplazmaSi vezikulebis saxiT gamoi-
yofa;

 g. lizosomebi hidrolizur fermentebs Seicaven;

 d. goljis aparatis membranebze ribosomebia ganlagebuli;

 e. goljis aparatSi eb-ze sinTezirebuli nivTierebebis modificireba xdeba. 

pasuxi:  
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62. swori debulebebia:

 a. mitoqondriis Sida membrana gluvia;

 b. mitoqondriebi gansakuTrebiT bevria kunTebis ujredebSi;

 g. plastidebi cxoveluri ujredebis mTavari organoidebia;

 d. mitoqondriebs energetikul sadgurebs uwodeben;

 e. qloroplastidebSi fotosinTezi mimdinareobs. 

pasuxi:  

63. ipoveT mcdari debuleba _ eb-is gluvi ubnis:

 a. membranebze ar aris ribosomebi;

 b. arxebSi Ca-is ionebi grovdeba; 

 g. fermentebi monawileoben cilebisa da naxSirwylebis sinTezSi;

 d. fermentebi monawileoben lipidebisa da zogierTi naxSirwylis sinTezSi.

64. swori debulebaa:

 a. ribosomebi aRmoCenilia yvela organizmis ujredebSi;

 b. mitoqondriebi gvxvdeba mxolod cxovelur ujredebSi;

 g. plastidebi gvxvdeba rogorc mcenareul, ise cxovelur ujredebSi;

 d. ujredis centriolebi gvxvdeba yvela mcenareul da cxovelur ujredSi.

65. adamianis organizmSi romeli procesi xorcieldeba osmosiT?

 a. filtvis buStukidan Jangbadis gadasvla mcire wris kapilaris sisxlSi;

 b. wylis ukuSewova Tirkmlis daklaknil milakebSi;

 g. ujredebidan naxSirorJangis gadasvla qsovilur siTxeSi;

 d. filtratis gadasvla nefronSi.

Ria tipis testuri davalebebi

1. axseni, ras niSnavs koncentraciuli gradienti. Tu molekulis koncentraciu-
li gradienti plazmuri membranis erT mxares aris maRali, es niSnavs imas, rom 
es molekula aucileblad difuziiT imoZravebs koncentraciuli gradientis 
mimarTulebiT? ratom fiqrobT ase?  

2. sxvadasxva organelaSi sinTezirdeba cilebi. mokled aRwe reT, ujredSi cila 
sad warmoiqmneba, sad ganicdis modificirebas da ifuTeba vezikulebSi.

3. Tu mikroskopiT akvirdebiT ucnob ujreds, rogor gansazRvravT, ujredi mcena-
reulia Tu cxoveluri? 

4. ujredebi SemosazRvrulia wyliani qsoviluri siTxiT da Seicaven wylian ci-
toplazmas. axseniT, wyliani garemo rogor gansazRvravs plazmuri membranis 
struqturas? 

5. egzocitozi rogor exmareba ujreds homeostazis SenarCunebaSi? 

6. mtknar wyalSi mcxovreb erTujredian organizmebs gaaCniaT mfeTqavi vakuoli, 
xolo zRvis erTujredianebis umravlesobas mfeTqavi vakuoli ar aqvs. axseniT 
umartivesebis agebulebaSi aseTi gansxvavebis mizezi.

7. raSi gamoixateba funqcionaluri kavSiri mitoqondriebsa da ribosomebs Soris.

8. aRwereT, ra moxdeba, Tu eriTrocitsa da mtknari wylis infuzorias moaTavse-
ben hipotonur garemoSi. axseniT, ratom?
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9. suraTze gamosaxulia membranuli 
transportis sxvadasxva tipi. 

1) cifrebiT _ 1 da 2 _ transportis 
romeli tipia aRniSnuli? 

2) romauli cifrebiT _ I da II _ aR-
niSnul membranul transports ra 
terminebiT ganmartavdiT? 

3) moiyvaneT membranuli transportis 
sxva dasxva tipis biologiuri mniSv-
nelobis magaliTebi.

11. suraTze gamosaxuli eriTrocitebis formis cvlilebis mixedviT gansazRvreT 
xsnaris koncentracia TiToeuli SemTxvevisTvis.

10. 1) ra process asaxavs su-
raTi? 

 2) romeli xsnaria ufro 
koncentrirebuli? 

 3) romeli molekulebis 
moZ raobas asaxaven isrebi 
(wiTeli Seferilobis)? 

 4) aRwereT, rogor Seicva-
la A da B xsnaris moculo-
ba da ratom?

A xsnari B xsnari

sufris 
marilis 
molekulebi

SerCeviTad ganvladi 
membrana

X molekulebis 
moZraobis 
mimarTuleba

2 3wylis 
molekulebi

ujredis 
membrana

1

24 saaTis Semdeg

2 23 31 1

a b

12. daakvirdiT suraTs. samive Zabri dafaru-
lia SerCeviTi ganvladobis membraniT. maTSi 
Casxmulia erTnairi raodenobis sxvadasxva 
koncentraciis xsnari. Zabrebi Cadgmulia 
ucnobi koncentraciis Saqris xsnaris Semc-
vel WurWelSi. rogoria TiToeul ZabrSi 
arsebuli xsnari (hipertonuli, hipotonuri 
Tu izotonuri) WurWelSi arsebuli xsnaris 
mimarT? pasuxi daasabuTeT.
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14. 1) suraTze amoicaniT organela. 2) gansaz-
RvreT, suraTze mocemuli cifrebi am or-
ganelas romel struqturebs asaxavs. 3) ro-
meli cifriT aris aRniSnuli is struqtura, 
romelic Seicavs atf-is sinTezSi monawi le 
fermentebs? 4) romeli cifriT/cifrebiT 
aris aRniSnuli is struqturebi, romelic/
romlebic uzrunvelyofen mis gayofiT gam-
ravlebis unars?

1
2

3
4 5

6
7

15. 1) suraTze amoicaniT organela. 2) su-
raTze mocemuli cifrebi am organelas 
romel struqturebs asaxavs. 3) rome-
li cifriT aris aRniSnuli struqtu-
ra, romlis membranebSic qlorofilia 
CaSenebuli? 4) romeli sistematikuri 
jgufis organizmis ujredebisTvis aris 
damaxasiaTebeli es or ganela da ra sa-
sicocxlo Tvisebis Tavi seburebas gana-
pirobebs igi?

1 2 3 4

30 wuYTis Semdeg

13. naxevradganvlad polieTilenis parkSi 
Caasxes saxameblis bubko, mWidrod moukres 
piri da ZafiT Cahkides sufTa wylian WiqaSi, 
romelSic mcire raodenobiT iodia gaxsnili.
1)  aRwereT, ra cvlilebebs xedavT suraT ze?
2)  axseniT am cvlilebebis mizezebi;
3)  ra procesTan gvaqvs saqme?
4) ris models warmoadgens polieTilenis par-

kis kedeli?

a b

16. amoicaniT suraTze mocemuli membranuli transportis saxeebi da cifrebs miu-
wereT:
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17. amoicaniT suraTze mocemuli cxoveluri ujredis struqturebi.

 1) ricxvebiT aRniSnul struq-
turebs miuwereT dasaxelebe-
bi;

 2) romeli cifriT aRniSnuli 
struqturebia dafaruli erTi 
membraniT da romeli _ oriT?

 3) romeli cifriT aRniSnuli 
struqturebia aramembranuli 
Senebis?

 4) lipidebi romeli ricxviT/
ricxebiT aRniSnul struq-
turebSi ar aris?

 5) romeli cifriT aRniSnuli  
struqturaa ujredis geneti-
kuri informaciis matarebeli?

 6) romeli cifriT aRniSnul  
struqturaSi mimdinareobs en-
ergiis gardaqmna?

 7) romeli cifriT aRniSnuli  struqtura monawileobs ujredis gayofaSi?

 8) romeli cifriT aRniSnul  struqturaSi xdeba nivTierebebis saxecvlileba, 
cilis saboloo struqturis Camoyalibeba, nivTierebebis samaragod dagroveba?

 9) romeli cifriT aRniSnul  struqturaSi grovdeba kalciumis ionebi da sinT-
ezirdeba lipidebi, gardaiqmneba naxSirwylebi, toqsikuri nivTierebebis gauvne-
bloba?

 10) romeli cifriT aRniSnuli  struqtura Seicavs yvela tipis organuli niv-
Tierebis hidrolizis fermentebs?

 11) romeli ricxvebiT aRniSnuli struqturebi gamoyofen citoplazmaSi veziku-
lebs?

 12) romeli ricxvebiT aRniSnul struqturebSi mimdinareobs replikacia da 
transkripcia?

 13) romeli ricxvebiT aRniSnul struqturebSi mimdinareobs translacia?

 14) romeli ricxviT aRniSnul struqturaSi mimdinareobs yvela tipis matricu-
li sinTezis reaqciebi?

 15) ra procesebi mimdinareobs rcxvi 2-iT aRniSnul struqturaSi?

 1 _

 2 _ 

 3 _ 

 4 _   

 2) romeli cifriT/cifrebiT aRniSnul transportis saxeobaze daixarjeba atf-
is energia da ratom? 



158

Temის mimoxilva

mTavari ideebi

• ujredebi agroveben da xarjaven energias qimiuri bmebis gawyvetisa da warmoq      - 
m n is gziT; 

• endoTermuli reaqciebi saWiroeben energias, xolo egzoTermuli reaqciebis 
dros energia gamoTavisufldeba;

• energiisa da nivTierebaTa gardaqmnis process metabolizmi ewodeba, rome lic 
Sedgeba urTierTsawinaaRmdego, magram erTmaneTTan mWidrod dakavSirebuli 
ori procesisgan _ energetikuli da plastikuri cvlisgan;

• atf aris energiis universaluri wyaro yvela saxeobis organizmisTvis, igi 
erTmaneTTan akavSirebs energetikul da plastikur cvlas. kerZod, plastikur 
cvlaze atf-is energia ixarjeba, xolo energetikul cvlaSi igi aRdgeba;

• dnm-is replikacia, transkripcia da translacia plastikuri cvlis reaqciebis 
gansakuTrebul formas _ matriculi sinTezis reaqciebs miekuTvneba; 

• adamianis genomis proeqtma samedicino genetikis ganviTarebis didi perspeqtiva 
Seqmna;

• cilis sinTezis meqanizmis Sesaxeb mecnierebis miRwevebi farTod gamoiyeneba 
praqtikaSi, magaliTad, medicinasa da farmakologiaSi;

• bioteqnologiis ganviTarebam SesaZlebeli gaxada dnm-is anabeWdebis damzadeba; 
dnm-is anabeWdebs mravalmxrivi gamoyeneba aqvs: SesaZlebelia memkvidruli daa-
vadebis gamomwevi genebis identificireba, savaraudo damnaSavis gamarTleba an 
dadanaSauleba, ojaxis wevrebis povna da ojaxis gamTlianeba, wminda samecniero 
mizniT da sxv.

• mcenareebs axasiaTebs plastikuri cvlis gansakuTrebuli saxe _ fotosinTezi;

• fotosinTezis procesSi sinaTlis energia gardaiqmneba qimiur energiad;

• fotosinTezis procesSi warmoiqmneba yvela aerobuli organizmis sunTqvis-
Tvis saWiro molekuluri Jangbadi da heterotrofi organizmebisTvis sakvebi 
organu li nivTierebebi.

davalebebi TviTSefasebisTvis

arCeviTpasuxiani/daxuruli tipis testuri davalebebi

1. moZebneT araswori pasuxi _ replikacia niSnavs:

a. dnm-is aRdgenas;  b. dnm-is gaormagebas; g. dnm-is sinTezs; d. dnm-is kopirebas.

2. ipoveT mcdari debuleba _ transkripcia aris:

a. i-rnm-s sinTezi dnm-ze;

b. matriculi sinTezis reaqcia;

g. fermentebis monawileobiT mimdinare procesi;

d. cilebis sinTezis procesi.

Tema 3. ujreduli metabolizmi
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3. nebismieri saxeobis rnm-is sinTezis process ewodeba:

a. translacia;  b. transkripcia;  g. replikacia.

4. dnm-is erT-erTi jaWvis ubani Seicavs 300 nukleotid adenins, 100 nukleotid   
Timins, 150 nukleotid guanins da 200 nukleotid citozins. ramden aminomJavas 
unda Seicavdes cila, romelic dnm-is molekulis am ubniT kodirdeba?

a. 200;   b. 250;   g. 150;  d. 750.

5. minimum ramdenia nukleotidebis ricxvi i-rnm-Si, romelic 24 aminomJavian cilas 
akodirebs?

a. 37;  b. 44;  g. 58;  d. 72.

6. daadgineT Sesabamisoba procesis aRwerasa da procesebs Soris.

 daxasiaTeba      procesi

 a. mimdinareobs birTvSi;    1. transkripcia 

 b. xorcieldeba ribosomebSi;   2. translacia

 g. monawileobs dnm-is molekula;         

 d. sinTezirdeba cilis molekula;

 e. sinTezirdeba i-rnm-is molekula.

pasuxi:      
a b g d e

7. ujredSi genetikuri informacia gadaecema Semdegi TanmimdevrobiT:

 a. m-rnm – dnm/geni – cila; 

 b. cila – m-rnm – dnm/geni;   

 g. dnm (geni) – m-rnm – cila;

 d. dnm (geni) – t-rnm – cila;  

 e. dnm (geni) – r-rnm – cila.

8. moZebne mcdari debuleba:

 a. yovel aminomJavas mxolod erTi tripleti akodirebs;   

 b. yoveli tripleti mxolod erT aminomJavas akodirebs;

 g. erT aminomJavas SeiZleba akodirebdes sxvadasxva tripleti;   

 d. m-rnm, rogorc dnm, Seicavs genetikur informacias.

9. translaciis procesSi matricis rols asrulebs:

 a. geni;  b. r-rnm;  g. t-rnm;  d. m-rnm (i-rnm).

10. dnm-is triplets AGC Seesabameba m-rnm-is tripleti:

 a. GAT;  b. TCG;  g. GCT;  d. UCG.

11. dnm-is triplets CTA Seesabameba m-rnm-is tripleti:

 a. GAU;  b. GUT;  g. UCG;  d. AUG.

12. genetikuri kodi aris:

 a. yvela nukleotidis Tanmimdevroba dnm-Si an rnm-Si;   

 b. yvela aminomJavas Tanmimdevroba cilaSi;

 g. memkvidreobiTi informaciis nukleotidebis Tanmimdevrobis saxiT Caweris 
sistema, rac cilaSi aminomJavebis Tanmimdevrobas gansazRvravs;

 d. memkvidreobiTi informaciis cilaSi aminomJavebis Tanmimdevrobis saxiT Cawe-
ris sistema.

13. eukariotul ujredSi ribosomebi cilis sinTezisTvis iReben:

 a. instruqcias lizosomebidan t-rnm-is meSveobiT;

 b. instruqcias birTvidan m-rnm-is meSveobiT;
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 g. aminomJavebs birTvidan m-rnm-is saxiT;

 d. aminomJavebs lizosomebidan sxvadasxva saxis t-rnm-is saSualebiT.

14. kodonis GAU komplementuri antikodonia:

 a. CTA;  b. CUA;  g. CGT;  d. UTA.

15. kodonis CGU komplementuri antikodonia:

 a. GCA;  b. GAC;  g. CGT;  d. UCG.

16. moZebne mcdari debuleba _ yoveli ribosoma:

 a. asinTezirebs nebismier cilas;

 b. asinTezirebs mxolod ribosomul cilebs;

 g. asinTezirebs cilebs nebismieri m-rnm-is mixedviT;

 d. asinTezirebs mocemul momentSi organizmisaTvis saWiro cilebs.

17. genetikuri kodis mixedviT, adamianis sainformacio rnm-is tripleti UAU ako-
direbs aminomJava Tirozins. kidev romel organizmebSi gvxvdeba es Sesabamisoba:

 a. mxolod ZuZumwovrebSi;  g. mxolod primatebSi; 

 b. yvela cocxal organizmSi;  d. arc erT sxva organizmSi.

18. ra sigrZis iqneba geni, romelic akodirebs 50 aminomJavas Semcvel cilas, Tu 
cnobilia, rom TiToeuli nukleotiduri rgolis/wyvilis zoma 0,34 nm-ia:

 a. 0,51 nm;  b. 17 nm;  g. 51 nm;  d. 156,06 nm.

19. minimum ramden nukleotids unda Seicavdes informaciuli rnm, romelzec xor-
cieldeba 150 aminomJavas naSTis Semcveli cilis molekulis biosinTezi (igu-
lisxmeba, rom i-rnm-ze Cawerilia informacia mxolod am erTi cilis molekulis 
Sesaxeb):

 a. 30;  b. 50;  g. 150;  d. 450. 

20. ramden nukleotids unda Seicavdes sainformacio rnm, romelzec xorcieldeba 
80 aminomJavas naSTis Semcveli cilis molekulis biosinTezi (igulisxmeba, rom 
i-rnm-ze Cawerilia informacia mxolod am erTi cilis molekulis Sesaxeb):

 a. 30;  b. 80;  g. 160;  d. 240.

21. m-rnm-is fragmentis nukleotiduri Semadgenloba da Tanmimdevroba aseTia: 
AAACACUAU. gansazRvreT aminomJavebis swori Tanmimdevroba, romelic sin-
Tezirdeba m-rnm-is mocemuli monakveTis mixedviT.

 a. lizini-histidini-Tirozini.

 b. histidini-lizini-Tirozini. 

 g. Tirozini-lizini-histidini.

 d. lizini-Tirozini-histidini.

22. sqema asaxavs ujredul procesebs _ transkripciasa da translacias. romeli 
sityviT unda Canacvldes `X“?

dnm rnm

 a. replikacia. b. cila. g. glukoza.      d. molekula. 

23. m-rnm genisgan gansxvavdeba imiT, rom:

 a. Sedgeba nukleotidebis ori jaWvisgan; g. Seicavs genetikur informacias;

 b. Sedgeba nukleotidebis erTi jaWvisgan; d. ar Seicavs genetikur informa-
cias.

24. genetikuri kodis ramdeni tripleti ar Seicavs informacias arcerTi aminom-
Javis Sesaxeb?
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 a. 0;  b.1;  g. 3;  d. 4.

25. moZebneT mcdari debuleba:

 a. kodoni sami nukleotidisagan Sedgeba;

 b. erTi kodoni mxolod erT aminomJavas akodirebs;

 g. erT aminomJavas mxolod erTi kodoni akodirebs;

 d. genetikuri kodis sami tripleti ar Seicavs informacias arcerTi aminomJavis 
Sesaxeb.

26. ramdeni aminomJavis transporti SeuZlia erT t-rnm-s?

 a. 1;  b. 2-6;  g. 3;     d. damokidebulia cilis molekulis zomaze.

27. kodonis GCA komplementaruli antikodonia:

 a. UCG; b. TGC; g. CGT; d. CGU.

28. dnm-is kodis GCA komplementaruli antikodonia:

 a. CGU; b. GCA; g. ACG; d. UCG.

29. ipoeT mcdari pasuxi _ yvela CamoTvlili procesi:  replikacia, transkripcia 
da translacia mimdinareobs _

 a. prokariotuli ujredis citoplazmaSi; g. mitoqondriaSi;

 b. qloroplastSi;     d. birTvSi.

30. ipoveT Sesabamisoba cilasa da organizmSi misi sinTezis adgils Soris:

 a. hemoglobini    1. pankreasi

 b. pepsini     2. eriTrociti

 g. somatotrofini    3. kuWi

 d. insulini    4. hipofizi

pasuxi:      
a b g d

31. dnm-is replikaciis procesSi ori jaWvis nukleotidebs Soris qimiuri bmebidan 
wydeba:

 a. ionuri;    b. wyalbaduri;   g. kovalenturi;    d. peptiduri.

32. geni aris dnm-is monakveTi, romelic Seicavs informacias:

 a. cilis pirveladi struqturis Sesaxeb;

 b. r-rnm-is struqturis Sesaxeb;

 c. t-rnm-is struqturis Sesaxeb; 

 d. yvela pasuxi sworia.

33. ipoveT mcdari debuleba _ matriculi sinTezis reaqciebia:

 a. transkripcia;   b. transpiracia;   g. translacia;      d. dnm-is replikacia.

34. matriculi tipis reaqciebSi matricis rols, Cveulebriv, asruleben:

 a. mxolod dnm da i-rnm;   g. mxolod dnm da yvela saxis rnm;

 b. mxolod t-rnm da r-rnm;  d. yvela CamoTvlili.

35. cilis sinTezis procesSi ribosomis funqciur centrSi moTavsebuli nukleo-
tidebis raodenobaa:

 a. 1;              b. 3;               g. 6;            d. 9.

36. uSualod ribosomebSi cilis sinTezis Sedegad yalibdeba:

 a. cilis pirveladi struqtura;  g. cilis meoreuli struqtura;

 b. cilis mesameuli struqtura;  d. yvela pasuxi sworia.
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37. ipoveT mcdari debuleba _ 

 a. t-rnm-s gadaaqvs informacia birTvidan citoplazmaSi;

 b. t-rnm-is koduri tripleti komplementuria i-rnm-is tripletisa;

 g. t-rnm-is molekula yvelaze mcire zomisaa rnm-ebs Soris;

 d. t-rnm-is koduri tripleti Seesabameba garkveul aminomJavas.

38. ramdeni peptiduri bma gvxvdeba 100 aminomJavisagan warmoqmnil cilis moleku-
laSi:

 a. 50; b. 99;  g. 100;  d. 101.

39. ramdeni peptiduri bma gvxvdeba cilis molekulSi, romelic Sedgeba 150 amino-
mJavuri rgolisagan:

 a. 50; b. 75;  g. 149;  d. 150.

40. fermentebi aucilebelia:

 a. mxolod dnm-is sinTezisaTvis;

 b. mxolod rnm-is sinTezisaTvis;

 g. mxolod aminomJavebis t-rnm-Tan dasakavSireblad;

 d. yvela CamoTvlilisTvis.

41. maspinZel ujredSi romeli virusis gamravlebaSi ar monawileobs fermenti 
ukutranskriptaza:

 a. adamianis imunodeficitis virusis;  g. nawlavis Cxiris fagis;

   b. Tambaqos mozaikis virusis;   d. gripis virusis.

42. romeli ar warmoadgens matriculi sinTezis reaqcias?

 a. dnm-is replikacia da reparacia;  g. ukutranskripcia;

 b. polisaqaridis sinTezi;   d. translacia.

43. suraTze warmodgenili sqemebidan romeli asaxavs dnm-is replikaciis mimdin-
areobas sworad? 

 a.      b.    g.    d.

 

 

44. ipoveT araswori debuleba:

 a. safuari soko aris fakultaturi anaerobi;

 b. uJangbado garemoSi safuaris ujredebSi mimdinareobs rZemJava duRilis pro-

a

g

b

d
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cesi;

  g. uJangbado garemoSi safuaris ujredebSi mimdinareobs spirtuli duRilis 
procesi;  

   d. safuar sokoSi mimdinare anaerobuli sunTqvis gverdiTi produqtia naxSiror-
Jangi. 

45. ipoveT araswori debuleba _ protistebSi SeiZleba:

 a. mimdinareobdes mxolod fermentaciis/duRilis procesebi;

 b. mimdinareobdes rogorc aerobuli sunTqva, ise fermentaciis procesi;

 g. mimdinareobdes fotosinTezis procesi;

 d. fotosinTezi ar mimdinareobdes.

46. ipoveT araswori debuleba:

 a. mitoqondriebsa da qloroplastebSi sinTezirdeba atf, glukoza da cilebi;

 b. mitoqondriebsa da qloroplastebSi sinTezirdeba dnm, rnm, atf da cilebi;

 g. mitoqondriebSi atf sinTezirdeba organuli nivTierebis daJangvis Sedegad 
gamoTavisuflebuli energiis xarjze;

 d. qloroplastebSi sinTezirdeba atf, glukoza da cilebi.

47. ipoveT araswori pasuxi _ atf sinTezirdeba:

 a. fotosinTezis sinaTlis fazaSi;

 b. krebsis ciklSi;

 g. kalvinis ciklSi;

 d. glikolizis procesSi;

 e. JangviTi fosforilirebis procesSi. 

48. romeli procesi ar mimdinareobs komplementarobis principiT?

 a. dnm-is replikacia;      

 b. renaturacia;     

 g. transkripcia;    

 d. translacia;    

 e. antikodonis dakavSireba kodonTan.

49. adamianis kunTebSi xangrZlivi fizikuri muSaobis dros viTardeba daRla, 
radgan kunTovan boWkoebSi:

 a.  Zlierdeba glikogenis glukozad gardaqmna;

 b.  Zlierdeba ujreduli sunTqva;

 g.  mcirdeba glukozisa da Jangbadis raodenoba. 

50. mcenareul ujredSi glukozis molekulebi SeiZleba gardaiqmnas:

 I _ glikogenad, II _ saxameblad, III _ piruvatad, IV _ celulozad,  V _ qitinad, VI 
_ naxSirorJangad da wylad. 

 a. II, III da V;  b.  I, II, IV da VI; g.  I, II, III da V; d. II, III, IV da VI.

51. obligati anaerobuli baqteriis ujredSi glukozis molekulebi SeiZleba gar-
daiqmnas:

 I _ glikogenad, II _ saxameblad, III _ rZemJavad, IV _ mureinad,  V _ qitinad, VI _ 
naxSirorJangad da wylad.

 a. II, III da V;  b.  III, IV da VI;  g.  I, III da IV;  d. II, III, IV da VI.
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52. obligati aerobuli baqteriis ujredSi glukozis molekulebi SeiZleba gar-
daiqmnas:

 I _ glikogenad, II _ saxameblad, III _ piruvatad, IV _ mureinad,  V _ celulozad, 
VI _ naxSirorJangad da wylad. 

 a. II, III da V  b.  I, II, IV da VI; g.  I, III, IV da VI; d. II, III, IV da VI.

53. safuaras ujredSi glukozis molekulebi SeiZleba gardaiqmnas:

 I _ glikogenad, II _ saxameblad, III _ rZemJavad, IV _ qitinad,  V _ celulozad, VI 
_ eTanolis spirtad da naxSirorJangad, VII _ naxSirorJangad da wylad. 

 a. II, III da V;  b.  I, II, V da VI; g.  I, III, IV, VI da VII; d. II, III, IV da VI.

Ria tipis testuri davalebebi

1. Tu birTvis membranaSi iqneboda forebis mcire raodenoba, vidre sinamdvileSi 
aqvs, es ra gavlenas moaxdenda cilebis sinTezis siCqareze da ratom?

2. m-rnm-is gamokvleviT ra informacia SeiZleba miiRon genetikosebma genis Sesa xeb?

3. SesaZlebelia adamianis ujredSi sinTezirebuli cilis mixedviT Sesabamisi genis 
nukleotiduri Sedgenilobis zusti gansazRvra? argumentirebuli msjelobiT 
daasabuTeT Tqveni pasuxi. 

4. ConCxis kunTovani ujredebisgan gansxvavebiT, Tavis tvinis ujredebSi ar mimdina-
reobs duRilis/fermentaciis procesi. axseniT, Jangbadis deficitma, xanmokle 
drois ganmavlobaSic ki, ratom SeiZleba gamoiwvios neironebis sikvdili?

5. disimilaciis _ energetikuli cvlis procesSi monawileobs 5 molekula glukoza. 
gansazRvreT atf-is molekulebis raodenoba: 1) glikolizis Semdeg, 2) aerobuli 
etapis Semdeg da 3) disimilaciis jamuri Sedegis gaTvaliswinebiT. dawereT amo-
canis amonaxseni.

6. aerobul etapze monawileobs 4 molekula piruvati. gansazRvreT: 1) atf-is 
raodenoba energetikuli cvlis aerobuli etapis Semdeg, 2) disimilaciis jamuri 
efeqti da 3) glukozis molekulebis raodenoba, romelic am SemTxvevaSi monawi-
leobs disimilaciis procesSi. dawereT amocanis amonaxseni.

7. adamianis kunTebSi disimilaciis procesSi daiSala 9 molekula glukoza, rom-
lidanac srul daSlas daeqvemdebara mxolod 4 molekula. gansazRvreT: 1) ram-
deni molekula rZemJava warmoiqmneba am dros? 2) sul ramdeni molekula atf 
sinTezirdeba 9 molekula glukozis daSlis dros? 3) ramdeni molekula CO2 ga-
moiyofa? 4) ramdeni molekula Jangbadi daixarjeba glukozis srul daJangvaze?

8. lekvis dnm-is erTi jaWvis monakveTi aseTia:

CCTGAGACTTAAGGCCTTACCAAACTTAAGGCCAGATCTCTCGGCCCTTAGG 

aris ori ZaRli, romelTaganac erT-erTi SesaZlebelia iyos lekvis deda.

erTis dnm-is jaWvis monakveTia:

AAATGATCCTGATGGCCCTTTGAGATGTGTTGGCCTTAAGTAAGGCCTAAAT

meore ZaRlis dnm-s jaWvis monakveTia: 
GGGGGCCCTTAAGTACCCCCCCGCTTAAGATGAGTA AAATCCAAGTGTGTAA. 

1) SeqmeniT dnm-is anabeWdebi, Tu davuSvebT, rom vamowmebT dnm-Si aramakodi-
rebeli monakveTis GGCC ganmeorebadobas.

 (SeniSvna: dnm-is monakveTebi ise daalageT, rogorc ganlagdebodnen isini 
damuxtul Jeleian firfitaze).
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2) CaatareT Tqven Seqmnili dnm-is anabeWdebis kvleva: savaraudo dedebidan 
romlis dnm-ia lekvis dnm-is msgavsi? raSi gamoixateba es msgavseba?

3) daadgineT, romeli ZaRlia lekvis deda. 

9. cilis SemadgenlobaSi Sedis 600 aminomJava. gansazRvreT genis sigrZe, romelic 
mas akodirebs.

10. dnm-is molekulis ubans aqvs Semdegi aRnagoba: ACC-ATA-GTC-CAC-GGA. gansaz-
RvreT aminomJavebis Tanmimdevroba polipeptidur jaWvSi.

11. translaciaSi monawileobda t-rnm-s 50 molekula. gansazRvreT: 1) aminomJavebis 
raodenoba, romelic Sedis sinTezirebuli cilis molekulaSi, 2)  tripletebisa 
da nukleotidebis raodenoba i-rnm-sa da genSi, romelic am cilas akodirebs.

12. i-rnm-is fragments aseTi agebuleba aqvs: GAUGAGUACUUCAAA. gansazRvreT: 
1) t-rnm-is antikodonebi da aminomJavebis Tanmimdevroba, romelic am fragmen-
tSia kodirebuli. 2) dawereT dnm-s molekulis fragmenti, romelzedac dasinT-
ezirda es i-rnm.

13. dnm-is ubnis erT-erTi jaWvis molekuluri masaa 51750. gansazRvreT cilaSi 
monomerebis ricxvi, romelic kodirebulia dnm-is am ubanSi, Tu erTi nukleo-
tidis molekuluri masaa 345.

14. genetikuri kodis mixedviT gansazRvreT, i-rnm-is romeli tripletebi Seesa-
bameba aminomJavebs: Tirozins, meTionins, valins, arginins?

15. cilis SemadgenlobaSi Sedis 800 aminomJava. rogoria im genis sigrZe, romelic 
akodirebs mocemul cilas?

16. cilis molekuluri masaa 10 000. gansazRvreT genis sigrZe, romelic akodirebs 
am cilas, Tu aminomJavas molekuluri masa 100-ia.

17. cilis sinTezi mimdinareobs 5-ribosomian polisomaze. 1) cilis ramdeni moleku-
la dasinTezirdeba? 2) cilis ramdeni saxeobis molekula dasinTezirdeba?

18. laboratoriul pirobebSi SesaZlebelia cilebis xelovnuri sinTezi. sxva 
aucilebel komponentebtan erTad sinjaraSi moaTavses simindis ribosomebi, 
xorblis i-rnm, Wvavis aminomJavebi da qeris t-rnm. romeli organizmisTvis da-
maxasiaTebeli cila sinTezirdeba aseT pirobebSi? axseniT Tqveni pasuxi.

19. xelovnur pirobebSi SesaZlebelia cilebis sinTezi. warmoidgineT, rom am pro-
cesisTvis ujredebidan aiRes mza komponentebi _ m-rnm, ribosomebi, t-rnm, ami-
nomJavebi, atf da fermentebi. romeli organizmis cila dasinTezirdeba, Tu ri-
bosomebi aRebulia cxenis ujredebidan, xolo m-rnm _ Txis ujredebidan? pasuxi 
daasabuTe argumentirebuli msjelobiT.

20. SeavseT sqema:

dnm-kodi TCT ATA ACA AGA

m-rnm-kodonebi

t-rnm antikodonebi

aminomJavebi polipeptidur jaWvSi
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21. gaecaniT grafikze mocemul 
eqsperimentebis Sedegebs da upa-
suxeT kiTxvebs: 

 1) mocemul eqsperimentebSi fo-
tosinTezis siCqareze romeli 
faqtorebis gavlenas ikvlevd-
nen?  

 2) ras aRniSnavs X, Y da Z wer-
tilebi? 

 3) temperaturis romeli maCven-
ebelia fotosinTezisTvis opti-
maluri? 

 4) CO2-is romeli maCvenebelia 
fotosinTezisTvis optimaluri?   

ganaTebis intesivoba
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22. holandieli eqimis van helmontis eqsperimentis maTematikuri monacemebi: ner-
gis masa 2,2 kg, qoTnis masa niadagiT 90,5 kg, 5 wlis ganmavlobaSi mxolod morwy-
vis Semdeg nergidan ganviTarebuli xis masa 76,6 kg, qoTnis masa niadagiT 90,443 
kg. man awarmoa maTematikuri gamoTvlebi da gamoTqva mtkiceba: mcenaris mTeli 
masa iqmneba wylisgan da ara niadagisgan. Senc awarmoe am monacemebis mixed-
viT maTematikuri gamoTvlebi, gamoiyeneT Tqveni codna fotosinTezis Sesaxeb 
da mtkicebulebebis safuZvelze logikuri msjelobiT daasabuTeT an uaryaviT 
helmontis mtkiceba. 

23. 1) grafikis mixedviT aRwereT, rogor 
icvleba fotosinTezis siCqare ganaTe-
bis intensivobaze damokidebulebiT. 2) 
ra SeiZleba iyos am dros fotosinTezis 
procesis SemzRudveli faqtori?  

24. CO2-is ramdenma molekulam unda miiRos 
monawileoba fotosinTezis procesSi, 
rom wamoiqmnas 10 molekula glukoza?

25. ra aris wyalbadionebisa da eleqtrone-
bis wyaro fotosinTezis procesSi da ra 
_ aerobuli sunTqvis procesSi?

26. fotosinTezSi daixarja CO2-is 36 mo-
lekula. ramdeni molekula glukoza warmoiqmneba am SemTxvevaSi. dawereT amo-
canis amonaxseni.

27. fotosinTezis procesSi ramdeni molekula O2 gamoiyofa, Tu cnobilia, rom 
dasinTezirda 10 molekula glukoza. dawereT amocanis amonaxseni.

28. sibnelis fazaSi monawileobda wyalbadis 48 atomi. ramdeni molekula glukoza 
sinTezirdeba am dros? dawereT amocanis amonaxseni.

29. sinaTlis fazaSi wylis fotolizis Sedegad gamoTavisuflda 8 eleqtroni. 

gansazRvreT, wylis ramdenma molekulam ganicada fotolizi. dawereT amocanis 

amonaxseni.
30. amoicaniT suraTze mocemuli mitoqondriis cifrebiT aRniSnuli struqturebi 

da upasuxeT kiTxvebs:1) romeli cifriT aRniSnul struqturaSi mimdinareobs 
krebsis cikli? 2) romeli cifriT aRniSnul struqturaSi mimdinareobs JangviTi 
fosforilireba? 3) romeli cifriT/cifrebiT aRniSnul struqturaSi/struq-
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ganaTebis intesivoba

eqsperimenti 3. 25oC, CO2-is 0,04%

eqsperimenti 2. 15oC, CO2-is 0,04%

eqsperimenti 1. 25oC, CO2-is 0,4%

X Y Z
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turebSi mimdinare procesebSi xdeba 
atf-is sinTezi? 4) romel struqtura-
Si aris atf-sinTaza? 5) romeli cif-
riT aRniSnul struqturaSi mimdinare 
procesis Sedegad gamoTavisuflde-
ba naxSirorJangi, rogorc gverdiTi 
produqti? 6)romeli cifriT aRniS-
nul struqturaSi grovdeba wyalba-
dis ionebi?

31. gaaanalizeT suraTze mocemuli en-
ergetikuli cvlis sqema da upasuxeT 
kiTxvebs: 1) ra procesia cif ri  1-iT 
aRniSnuli da ujredis ra struqtur-
aSi mimdinareobs es procesi? 2) ra 
produqti aris aRniSnuli cifri 
2-iT? 3) ra produqti aris aRniSnuli 
cifri 3-iT? 4) romeli organizmebis ujredebSi SeiZleba warimarTos sqemaze 
aRniSnuli fermentaciis procesebi da ujredis ra struqturaSi mimdinareobs? 
5) ra produqtebi aris aRniSnuli cifri 4-iT? 6) sad mimdinareobs krebsis cikli 
da ra aris misi produqtebi? 7) sad mimdinareobs JangviTi fosforilireba? 8) ra 
aris eleqtronebisa da wyalbadionebis wyaro? 9) romeli fermenti monawileobs 
JangviT fosforilirebaSi? 10) ujreduli sunTqvis romel etapze monawileobs 
Jangbadi da ra rols asrulebs igi? 11) ra funqcias asruleben kofermentebi 
nad-i da fad-i? 12) sqemaze sami wertilis adgilas TiToeuli SemTxvevisTvis ra 
ricxvebi unda eweros? 13) sad mimdinareobs energetikuli cvlis mosamzadebeli 
etapi organizmis doneze? 14) sad mimdinareobs energetikuli cvlis mosamzade-
beli etapi eukariotebSi ujredul doneze? 15) sad mimdinareobs energetikuli 
cvlis uJangbado da Jangbadiani etapebi prokariotebis ujredSi? 

glukoza

mitoqondria

atf. . .

. . . atf

JangviTi  
fosforilireba

substratis 
fosforilireba

spirtuli duRili

rZemJava duRili

mitoqondriis 
kristebi

2. produqti

3. produqti

4. produqtebi

krebsis
cikli

eleqtron-
satransporto 

jaWvi

1. procesi

1

2

3
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32. suraTi asaxavs qloroplasts. amo-
icaniT cifrebiT aRniSnuli qloro-
plastis struqturebi da upasuxeT 
kiTxvebs: 1) qloroplastis romeli ci-
friT aRniSnul struqturaSi mimdin-
areobs fotosinTezis sinaTlis faza? 
2) qloroplastis romeli cifriT 
aRniSnul struqturaSi mimdinareobs 
kalvinis cikli? 3) qloroplastis ro-
meli cifriT aRniSnul struqturaSi 
grovdeba wyalbadis ionebi? 4) qlo-
roplastis romeli cifriT aRniSnul 
struqturaSi mimdinareobs wylis fotolizi? 5) qloroplastis romeli cifriT 
aRniSnul struqtura Si mimdinareobs atf-is sinTezi?

33. 1)amoicaniT cifrebiT aRniSnuli fotosinTezis procesSi monawile qimiuri 
nivTierebebi. 2) ra aris sinaTlis fazis produqtebi? romeli nivTierebaa maT 
Soris gverdiTi produqti? 3) sinaTlis fazis romeli produqtebi monawileoben 
kalvinis ciklSi? ra aris maTi roli? 4) qloroplastis romel struqturaSi 

mimdinareobs sinaTlis faza? 5) sinaT-
lis fazaSi ra aris eleqtronebisa da 
wyalbadionebis wyaro? 6) qloroplas-
tis romel struqturaSi mimdinareobs 
kalvinis cikli? 7) ra aris kalvin-
is ciklis gverdiTi produqtebi? 8) 
fotosinTezis romeli fazis mimdin-
areobaze ar axdens gavlenas sinaTlis 
intensivoba? 9) romel organizmebSi 
mimdinareobs fotosinTezi? 10) romel 
organizmSi mimdinare fotosinTezis 
gverdiTi produqti ar aris Jangbadi? 
ratom?

34. suraTze warmodgenilia dnm-is replikaciis procesi. 1) amoicaniT replikacia-
Si monawile komponentebi da aRwereT TiToeuli maTganis funqcia replikaciis 
procesSi. 2) romeli fermentebi monawileoben replikaciaSi? 3) eukariotuli 
ujredis romel struqturebSi mimdinareobs dnm-is replikacia? 4) prokariotu-
li ujredis romel struqturaSi mimdinareobs dnm-is replikacia?

1 7

8
2

3

4

5

6

sinaTlis
kalvinis 

cikli
faza

1

2
3

1

1

2

3
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5

dnm-is replikacia
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35.1) rnm-is romeli saxeobaa warmodgenili su-
raTze? 2) ra procesSi monawileobs rnm-is es sa-
xeoba da ra rols asrulebs? 3) cifriT 1 rnm-is 
ra ubania aRniSnuli? 4) cifri 2-iT aRniSnuli 
rnm-is ubani ramdeni nukleotidisgan Sedgeba da 
ra ewodeba mas? 5) cifri 3 nukleotidebs Soris 
rogor bmas asaxavs? 6) sad xdeba rnm-is am saxeo-
bis sinTezi eukariotul ujredSi da ra ewodeba 
am process? 7) romeli fermenti monawileobs 
rnm-is sinTezSi?

36. warmoidgineT, rom dnm-is replikaciaSi monaw-
ile Tavisufali nukleotidebi Seicaven radia-
qtiur fosforis atomebs. suraTze sami saxis 
dnm-is fragmentia mocemuli. mowodebuli vari-
antebidan romeli saxis dnm eqneba pirveli rep-
likaciis Semdeg Svileuli dnm-is molekulas, Tu 
sawyisi molekula radiaqtiur P-s ar Seicavda? daasabuTeT Tqveni pasuxi.

radiaqtiuri P

radiaqtiuri P

radiaqtiuri P

araradiaqtiuri P

araradiaqtiuri P

araradiaqtiuri P

1 2 3

ojaxis wevrebis dnm-is anabeWdebi

deda mama gogo 1 gogo 2biWi 1 biWi 2

37. suraTze mocemulia erTi ojaxis wevrebis dnm-is anabeWdebi. aqedan ori bav-
SvisTvis dedac da mamac biologiuri mSoblebi arian, erTi bavSvis biologiu-
ri mSobelia mxolod deda da erTi bavSvi arc erTi mSoblisTvis biologiuri 
Svili ar aris. gansazRvreT: 1) bavSvebi, romlebic ded-mamisTvis biologiuri 
Svilebi  arian; 2) bavSvi, romelic mxolod dedis biologiuri Svilia; 3) bavSvi, 
romelic arc erTi mSoblisTvis biologiuri Svili ar aris.

2

3

1
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38. daakvirdiT sqemaze gamosaxul procesebs da upasuxeT kiTxvebs:

 1) sqemaze dnm-is ramdeni molekulaa warmodgenili? 2) sqemaze ramdeni genia war-
modgenili? 3) sqema ra procesebs asaxavs? 4)  ra rols asrulebs m-rnm sqemaze 
warmodgenil procesSi? 5)  ramdeni saxis polipeptiduri jaWvi warmoiqmneba? 
ratom?

40. daasruleT sqema: ra procesebis dros da ujredis ra struqturebSi mimdina-
reobs atf-is sinTezi mcenareul da cxovelur ujredebSi.

atf-is sinTezi
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...

...

...

...
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39. 1905 wels ingliseli mecnieri, mcenare-
Ta fiziologi bleqmeni ikvlevda foto-
sinTezis procesis siCqareze ganaTebisa 
da temperaturis intensivobis gavlenas. 
eqsperimentis Sedegebi warmodgenilia 
grafikebze (1 da 2). 

 1) romeli grafiki asaxavs im reaqciebs, 
romelTa siCqare temperaturazea damok-
idebuli? fotosinTezis romel fazas mia-
kuTvneb am reaqciebs? 

 2) romeli grafiki asaxavs im reaqciebs, 
romelTa siCqare temperaturaze ar aris 
damokidebuli, magram damokidebulia 
sinaTlis intensivobaze? fotosinTezis 
romel fazas miakuTvneb am reaqciebs?
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41. daasruleT mocemuli sqema: sami wertilis nacvlad gaakeTeT Sesabamisi
Canawerebi:

sawyisi nivTiereba

...

glikolizi
(mimdinareobs ...)

produqtebi 
... da ...

piruvati

...

...

produqtebi...

...

...

produqti

...

... sunTqva

(mimdinareobs ...)

...

(mimdinareobs ...)

produqtebi

... ...

energetikuli cvla

Jangbadis Tanaobisas Jangbadis gareSe
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Temis mimoxilva

mTavari ideebi

• ujreduli cikli moicavs ujredis arsebobis mTel periods am ujredis gayo-
fis CaTvliT; sxvadasxva ujredis ujreduli cikli gansxvavebuli xangrZlivo-
bisaa;

• mitozurad mravldeba rogorc diploiduri, ise haploiduri ujredebi;

• mitozi _ es aris birTvis gayofisa da maT Soris qromosomebis (Sesabamisad, dnm-
is) Tanabrad ganawilebis meqanizmi; ujredis gayofiT miRebuli yoveli Svileu-
li ujredi genetikurad aris erTmaneTisa da sawyisi ujredis identuri;

• ujredebis gamravlebis kontroli sasicocxlod mniSvnelovania; ujredebis 
ukontrolo gamravleba simsivnis ganviTarebas iwvevs;

• mitozi mravalujredianebSi aris organizmis zrda-ganviTarebis, dazianebuli 
da daberebuli ujredebisa da qsovilebis aRdgenis saSualeba; 

• mitozi aris erTujrediani da zogierTi mravalujrediani eukarioti orga-
nizmis usqeso gamravlebis safuZveli;

• mravalujredian organizmebSi ujredebi diferencirdeba konkretuli fun-
qciebis Sesasruleblad;

• Rerovani ujredebi aris specialuri tipis ujredebi, romlebic diferencir-
deba sxvadasxva tipis ujredebad;

• ujredis specializacia ganisazRvreba ara yvela geniT, aramed im genebiT, 
romlebic „CarTulia“ da romelTa informaciis mixedviT mimdinareobs tran-
skripcia da Semdeg translacia;

• dnm-is replikaciis dros nukleotiduri Tanmimdevrobis cvlileba iwvevs 
transkripciisa da translaciis produqtebis (m-rnm-sa da cilis) cvlilebas 
_ mutaciebs; genuri mutaciebi genetikuri mravalferovnebisa da biomraval-
ferovnebis ZiriTadi wyaroa;

• Rerovan ujredebs iyeneben sxvadasxva daavadebis samkurnalod;

• meiozi mimdinareobs mxolod diploidur ujredebSi da, Sedegad, haploiduri 
ujredebi warmoiqmneba; haploiduri gametebis birTvebis Serw ymis, anu ganayo-
fierebis Sedegad warmoiqmneba diploiduri zigota, romelsac aqvs misi saxe-
obisaTvis damaxasiaTebeli qromosomebis nakrebi/kariotipi;

• mecnieruli kvlevebis safuZvelze dadginda, rom meiozuri gayofa aris gene-
tikuri mravalferovnebis wyaro da biomravalferovnebis safuZeli;

• meiozuri procesis darRvevam SeiZleba gamoiwvios janmrTelobis problemebi;

• prokariotebSi memkvidruli informacia organizebulia citoplazmaSi gan-
Tavsebul rgoluri formis orjaWvian dnm-is erT molekulaSi. garda amisa, 
zogierT baqterias aqvs plazmidebic;

• prokariotebSi memkvidruli informaciis gadacemis gzebia: binaruli gayofa, 
transduqcia, transformacia da koniugacia;

• mecnierebi transduqcias, transformaciasa da koniugacias genur inJineriaSi 
iyeneben genetikuri rekombinaciis xelovnurad misaRebad.

Tema 4. ujredis gamravleba
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davalebebi TviTSefasebisTvis

arCeviTpasuxiani/daxuruli tipis testuri davalebebi

1. cilebis intensiuri sinTezi, dnm-is replikacia da organelebis ricxvis zrda

xdeba:

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

2. dnm-is ramdeni molekula Sedis erTi qromatidis SemadgenlobaSi?

   a. 0;    b. 1;   g. 2;   d. bevri.

3. dnm-is ramdeni molekula Sedis erT qromosomaSi interfazis bolos?

   a. 0;    b. 1;   g. 2;   d. bevri.

4. ujreduli cikli moicavs:

   a. ujredis arsebobis periods gayofis gamoklebiT;

   b. ujredis gayofis periods;

   g. ujredis arsebobis mTel periods gayofis CaTvliT. 

5. ujredis sasicocxlo ciklis etapebis swori Tanmimdevrobaa:

 a. telofaza _ profaza _ metafaza _ anafaza _ citokinezi _ interfaza;

 b. profaza _ interfaza _ metafaza _ anafaza _ citokinezi _ telofaza;

 g. interfaza _ profaza _ metafaza _ anafaza _ telofaza _ citokinezi;

 d. metafaza _ anafaza _ telofaza _ profaza _ citokinezi _ interfaza;

 e. interfaza _ metafaza _ profaza _ anafaza _ citokinezi _ telofaza.

6. mitozis profazaSi:

a. qromatidebi erTimeores scildeba da damoukidebel qromosomad gadaiqceva. 
qromosomebi TiTistaras Zafebis meSveobiT miemarTebian ujredis mopirda-
pire polusebisaken.

b. xdeba cilebis sinTezi, dnm-is replikacia da qromosomebis, organelebis gaor-
mageba;

g. TiToeuli qromosoma spiralurad exveva, mokldeba, birTvSi birTvakebi qre-
ba, centriolebi ujredis polusebisaken miemarTebian, fazis bolos irRveva 
birTvis garsi;

d. polusebTan misuli qromosomebis despiralizacia xdeba da maT garSemo 
formirdeba birTvis garsi, warmoiqmneba birTvaki.

e. qromosomebi ganlagdebian ekvatorul sibrtyeSi da gayofis TiTistaras Zafe-
bi miemagreba centromerebze. warmoqmnian e.w. metafazur firfitas.

7. mitozis metafazaSi:

a. qromatidebi erTimeores scildeba da damoukidebel qromosomad gadaiqceva. 
qromosomebi TiTistaras Zafebis meSveobiT miemarTebian ujredis mopirda-
pire polusebisaken.

b. xdeba cilebis sinTezi, dnm-is replikacia da qromosomebis, organelebis gaor-
mageba;

g. TiToeuli qromosoma spiralurad exveva, mokldeba, birTvSi birTvakebi qre-
ba, centriolebi ujredis polusebisaken miemarTebian, fazis bolos irRveva 
birTvis garsi;

d. polusebTan misuli qromosomebis despiralizacia xdeba da maT garSemo 
formirdeba birTvis garsi, warmoiqmneba birTvaki.
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e. qromosomebi ganlagdebian ekvatorul sibrtyeSi da gayofis TiTistaras Zafe-
bi miemagreba centromerebze. warmoqmnian e.w. metafazur firfitas.

8. mitozis anafazaSi:

a. qromatidebi erTimeores scildeba da damoukidebel qromosomad gadaiqceva. 
qromosomebi TiTistaras Zafebis meSveobiT miemarTebian ujredis mopirda-
pire polusebisaken.

b. xdeba cilebis sinTezi, dnm-is replikacia da qromosomebis, organelebis gaor-
mageba;

g. TiToeuli qromosoma spiralurad exveva, mokldeba, birTvSi birTvakebi qre-
ba, centriolebi ujredis polusebisaken miemarTebian, fazis bolos irRveva 
birTvis garsi;

d. polusebTan misuli qromosomebis despiralizacia xdeba da maT garSemo 
formirdeba birTvis garsi, warmoiqmneba birTvaki.

e. qromosomebi ganlagdebian ekvatorul sibrtyeSi da gayofis TiTistaras Zafe-
bi miemagreba centromerebze. warmoqmnian e.w. metafazur firfitas.

9. mitozis telofazaSi:

a. qromatidebi erTimeores scildeba da damoukidebel qromosomad gadaiqceva. 
qromosomebi TiTistaras Zafebis meSveobiT miemarTebian ujredis mopirda-
pire polusebisaken.

b. xdeba cilebis sinTezi, dnm-is replikacia da qromosomebis, organelebis gaor-
mageba;

g. TiToeuli qromosoma spiralurad exveva, mokldeba, birTvSi birTvakebi qre-
ba, centriolebi ujredis polusebisaken miemarTebian, fazis bolos irRveva 
birTvis garsi;

d. polusebTan misuli qromosomebis despiralizacia xdeba da maT garSemo 
formirdeba birTvis garsi, warmoiqmneba birTvaki.

e. qromosomebi ganlagdebian ekvatorul sibrtyeSi da gayofis TiTistaras Zaf-
ebi miemagreba centromerebze. warmoqmnian e.w. metafazur firfitas.

10. interfazaSi:

a. qromatidebi erTimeores scildeba da damoukidebel qromosomad gadaiqceva. 
qromosomebi TiTistaras Zafebis meSveobiT miemarTebian ujredis mopirda-
pire polusebisaken.

b. xdeba cilebis sinTezi, dnm-is replikacia da qromosomebis, organelebis gaor-
mageba;

g. TiToeuli qromosoma spiralurad exveva, mokldeba, birTvSi birTvakebi qre-
ba, centriolebi ujredis polusebisaken miemarTebian, fazis bolos irRveva 
birTvis garsi;

d. polusebTan misuli qromosomebis despiralizacia xdeba da maT garSemo 
formirdeba birTvis garsi, warmoiqmneba birTvaki.

e. qromosomebi ganlagdebian ekvatorul sibrtyeSi da gayofis TiTistaras Zaf-
ebi miemagreba centromerebze. warmoqmnian e.w. metafazur firfitas.

11. qromatidebi cildeba erTmaneTs da damoukidebel qromosomebad gardaiqmneba:

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

12. mitozis biologiuri roli isaa, rom:

 a. yoveli erTi mSobliuri ujredidan ori warmoiqmneba;

b. mSobliuri ujredidan Svileul ujredebs zusti genetikuri informacia ga-
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daecema;

 g. organizmis yvela ujredi absoluturad erTnairi miiReba;

 d. genetikurad mravalferovani ujredebi miiReba.

13. gamravlebis molekulur safuZvlad iTvleba:

 a. transkripcia;        g. dnm-is replikacia;        e. interfaza;

 b. translacia;          d. mitozi;                      v. citokinezi.

14. romeli ujredebi iyofa yvelaze swrafad?

 1. nawlavis epiTeliumis ujredebi;                    3. neironebi;

 2. kunTovani boWkoebi;                                   4. kanis epiTeliumis.

sworia:   a. 1, 2;       b. 1,  3;     g. 2, 3;   d. 1, 4;   e. 2, 4;   v. 3, 4.

15. mitozis bolos TiToeul qromosomaSi qromatidebis ricxvi aris:

   a. 0;                b. 1;                g. 2;                d. bevri.

16. profazaSi TiToeul qromosomaSi qromatidebis ricxvi aris:

 a. 0;                b. 1;                g. 2;                d. bevri.

17. Tu pirvelad sasqeso ujredSi 12 qromosomaa, maSin pirveli meiozuri gayofiT 
miRebuli ujredi Seicavs:

   a. 12 qromosomas 2-2 qromatidiT;               g. 6 qromosomas 2-2 qromatidiT; 

    b. 12 qromosomas TiTo qromatidiT;               d. 6 qromosomas TiTo qromatidiT.

18. davuSvaT, dediseuli ujredidan meiozis gziT miRebuli TiToeuli ujredi 
Seicavs or qromosomas. ramdeni qromosoma da dnm-is ramdeni molekula aqvs 
telofaza I-Si warmoqmnil ujredebs?

 a. qromosoma _ 2, dnm-is molekula _ 4;

 b. qromosoma _ 2, dnm-is molekula _ 2;

 g.  qromosoma _ 1, dnm-is molekula _ 2;

 d. qromosoma _ 1, dnm-is molekula _ 1  gamravleba.

19. meiozSi homologiuri qromosomebi koniugireben:

 a. meore telofazaSi;   d. pirvel anafazaSi;

 b. meore profazaSi;   e. pirvel metafazaSi;

 g. pirvel profazaSi;   v. meore metafazaSi.

20. populaciaSi organizmTa didi genetikuri mravalferovnebis mizezi aris:

 I.  meiozis pirvel profazaSi krosingoveri;

II. meiozis dros homologiuri qromosomebis dacileba, maTi SemTxveviTi da da-
moukidebeli ganawileba gametebSi;

III. ganayofierebis dros mdedrobiTi da mamrobiTo gametebis SemTxveviTi Serwy-
ma.

sworia:

 a. mxolod I da II;    g. mxolod II da III;

 b. mxolod I da III;    d. yvela pasuxi sworia.

21. meiozis pirvel anafazaSi:

 a. ujredis polusebisaken miemarTeba qromatidebi;

 b. scildebian erTmaneTs homologiuri qromosomebi;

 g. homologiuri qromosomebi koniugireben;

 d. warmoiqmneba metafazuri firfita.
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22. meiozis meore anafazaSi:

 a. warmoiqmneba oTxi somaturi ujredi;

 b. sxvadasxva polusisaken miemarTeba qromatidebi;

 g. sxvadasxva polusisaken miemarTeba homologiuri qromosomebi;

 d. homologiuri qromosomebi koniugireben.

23. mitozTan dakavSirebulia:

 a. koniugacia;     

 b. krosingoveri;   

 g. mxolod haploiduri ujredebis warmoqmna;

 d. genetikurad sawyisi ujredis identuri ujredebis warmoqmna;  

 e. erTi ujredidan ori Svileuli ujredis warmoqmna;   

 v. erTi ujredidan oTxi Svileuli ujredis warmoqmna;

 z. qromatidebis dacileba.     

pasuxi:  
a b g d e v z

24. meiozTan dakavSirebulia:

 a. koniugacia;     

 b. krosingoveri;   

 g. mxolod haploiduri ujredebis warmoqmna;

 d. diploiduri ujredebis warmoqmna;   

 e. erTi ujredidan ori Svileuli ujredis warmoqmna;          

   v. erTi ujredidan oTxi Svileuli ujredis warmoqmna;

 z. homologiuri qromosomebis dacileba koniugaciis gareSe.

pasuxi:  
a b g d e v z

25. sqesobrivi gamravlebis mTavari upiratesoba, usqeso gamravlebasTan Sedare-
biT, isaa, rom:

 a. uzrunvelyofs mSoblebis zusti memkvidreobiTi informaciis gadacemas;

 b. miiReba STamomavlobis didi ricxvi;

 g. qmnis genebis axal kombinacias;

 d. drois mcire monakveTSi mimdinareobs.

26. moZebneT mcdari pasuxi  _  oogenezis dros:

 a. momwifdeba kvercxujredi da misi moculoba izrdeba;

 b. erTi sawyisi ujredidan 4 srulfasovani gameta warmoiqmneba;

 g. erTi sawyisi ujredidan 1 srulfasovani gameta warmoiqmneba;

 d. gamravlebis stadiaze ujredebi mitozurad iyofa.

27. moZebneT mcdari mtkicebuleba  _  spermatogenezis dros:

 a. Camoyalibdeba haploiduri mamrobiTi gametebi;

 b. erTi sawyisi ujredidan 4 srulfasovani gameta warmoiqmneba;

 g. oTxidan sami ujredi iRupeba, erTi yalibdeba srulfasovan spermatozoidad;

 d. gamravlebis stadiaze ujredebi mitozurad iyofa.
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28. moZebneT mcdari mtkicebuleba:

 a. transkripciis process mosdevs translacia;

 b. meore meiozuri gayofis win interfazaSi dnm replicirdeba;

 g. qromosomebis ricxvi ganaxevrdeba pirveli meiozuri gayofis procesSi;

 d. koniugacia mimdinareobs pirvel profazaSi.

29. sqesobrivi gmravlebis dros saxeobisaTvis damaxasiaTebeli qromosomebis igive 
ricxvi SenarCundeba:

 I. gametebis warmoqmnis dros;  III. mitozis Sedegad;

 II. zigotis warmoqmnis dros;  IV. meiozis Sedegad.

 sworia: a. mxolod I;  b. mxolod II;  g. I da II; d. II da IV.

30. meiozisa da ganayofierebis wyalobiT  _ 

 a. TaobebSi SenarCundeba saxeobisaTvis damaxasiaTebeli qromosomebis ricxvi;

 b. mcirdeba STamomavlobaSi mutaciebis warmoqmnis albaToba;

 g. Taobidan TaobaSi icvleba qromosomebis ricxvi;

 d. saxeobis populaciaSi SenarCundeba individebis fenotipi.

31. ujreduli ciklis postsinTezur (G2) periodSi qromosomaTa (n) da qromati-
debis (c) raodenoba aris:

   a. 2n,4c;         b. 2n,2c;        g. 4n,4c;        d. n,c;        e. n,2c.

32. I meiozuri gayofis Sedegad miRebul ujredSi qromosomaTa (n) da qromatidebis 
(c) raodenoba aris:

   a. 2n,4c;         b. 2n,2c;        g. 4n,4c;        d. n,c;        e. n,2c.

33. II meiozuri gayofis Sedegad miRebul ujredSi qromosomaTa (n) da qromati-
debis (c) raodenoba aris:

   a. 2n,4c;         b. 2n,2c;        g. 4n,4c;        d. n,c;        e. n,2c.

34. krosingoveri aris: 

 a. homologiuri qromosomebis qromatidebs Soris monakveTebis gacvla;

 b. homologiur qromosomebs Soris qromatidebis gacvla;

 g. homologiur qromosomebs Soris centriolebis gacvla;

 d. homologiuri qromosomebis gadajvaredineba.

35. mitozisaTvis damaxasiaTebeli procesebi daalageT swori TanmimdevrobiT;

 a. qromosomebi ujredis ekvatorze ganlagdeba;

 b. qromatidebi miemarTeba ujredis polusebisken;

 g. warmoiqmneba ori birTvi;

d. qromosomebi spiralurad exveva da TiToeuli maTgani ori qromatidisgan 
Sedgeba.

   

pasuxi:   

36. daadgineT Sesabamisoba ujredebis daxasiaTebasa da maT tips Soris.

 ujredis daxasiaTeba                                             ujredis tipi

 a. warmoqmnian qsovilebsa da organoebs;                  1) somaturi

 b. monawileoben ganayofierebis procesSi;                   2) sasqeso (gametebi)

 g. yvela haploiduria;

 d. aqvT qromosomebis diploiduri an haploiduri nakrebi;
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 e. meiozis procesSi warmoiqmnebian;

 v. mitozurad iyofian.    

pasuxi:  
a b g d e v

1

2

37. adamianSi I meiozuri gayofiT miRebul ujredSi iqneba:

 a. 46 qromosoma da 46 qromatidi;  g. 23 qromosoma da 46 qromatidi;

 b. 46 qromosoma da 92 qromatidi;  d. 23 qromosoma da 23 qromatidi. 

38. winasasqeso ujredSi aris 8 qromosoma. I meiozuri gayofiT miRebul ujredSi 
iqneba:

   a. 8 qromosoma da 8 qromatidi;   g. 4 qromosoma da 8 qromatidi;

   b. 8 qromosoma da 16 qromatidi;  d. 4 qromosoma da 4 qromatidi.

39. winasasqeso ujredSi aris 8 qromosoma. II meiozuri gayofiT miRebul ujredSi 
iqneba:

a. 8 qromosoma da 8 qromatidi;                  g. 4 qromosoma da 8 qromatidi;

b. 8 qromosoma da 16 qromatidi;                d. 4 qromosoma da 4 qromatidi.

40. gametogenezis stadiebis swori Tanmimdevrobaa:

a. zrdis _ gamravlebis _ momwifebis _ formirebis;

b. gamravlebis _ zrdis _ momwifebis _ formirebis;

g. gamravlebis _ zrdis _ formirebis _ momwifebis;

d. gamravlebis _ momwifebis _ zrdis _ formirebis.

41. daakvirdiT suraTebs da amoicaniT mitozis fazebi:

 mitozis fazebi: a. profaza;   b. metafaza;  g. anafaza;  d. telofaza.

 

   

pasuxi:      
1 2 3 4

42. erTi organizmis sxvadasxva qsovilis ujredi identur genetikur informacias 
Seicavs, radgan:

a. yvela qsovilis ujredi zigotis mitozuri gayofis Sedegad warmoiqmneba.

b. yvela qsovilis ujredi zigotis meiozuri gayofis Sedegad warmoiqmneba.

g. zigota sasqeso ujredebis Serwymis Sedegad warmoiqmneba.

43. erTi organizmis sxvadasxva qsovilis ujredSi sxvadasxva cilis sinTezi SeiZ-
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leba xdebodes, radgan:

a. yovel ujredSi realizdeba ara mTeli genetikuri informacia, aramed mxolod 
misi nawili.

b. ujredSi aris rTuli meqanizmi, romelic ujredis specifiurobidan gamomdin-
are, sxvadasxva genis `CarTvas~ da `gamorTvas~ aregulirebs.

g. orive pasuxi sworia.

44. SearCieT mcdari pasuxebi:

a. meore meiozur gayofas win uswrebs dnm-is sinTezi;

b. meore gayofis metafazaSi ekvatorul sibrtyeSi ganlagdeba orqromatidiani 
qromosomebi;

g. meore gayofis anafazaSi ujredis sapirispiro polusebisaken miemarTeba 
orqromatidiani qromosomebi;

d. meore gayofis anafazaSi erTmaneTs scildeba qromatidebi.

 
pasuxi:   

45. ra procesebi xdeba pirveli meiozuri gayofis profazaSi?

a. ori birTvis warmoqmna;

b. homologiuri qromosomebis dacileba;

g. metafazuri firfitis warmoqmna;

d. homologiuri qromosomebis Cagrexva mTel sigrZeze;

e. homologiur qromosomebs Soris ubnebis gacvla;

v. qromosomebis spiralizacia.

     

pasuxi:    

46. sworad daalageT spermatogenezis stadiebi dawyebuli pirveladi sasqeso 
ujredidan:

a. momwifeba;   b. gamravleba;    g. zrda;    d. formireba.

pasuxi:    

47. sqemaze gamosaxulia Semdegi procesebi:

a. ujredebis mitozuri gayofa;

b. mdedrobiTi da mamrobiTi gametebis 
meiozuri momwifeba da gana yofiereba;

g. mxolod meiozi;

d. mxolod ganayofiereba.
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Ria tipis testuri davalebebi

1. daasaxeleT erTi msgavseba da erTi gansxvaveba mitozsa da binarul gayofas So-
ris.

2. warmoidgine, rom mcenare moaTavseT wylian WiqaSi, erTi kviris Semdeg ganuvi-
Tarda fesvi da gadargeT niadagSi. 1) ra saxis gamravleba awarmoeT? 2) ujre-
debis gamravlebis romeli forma monawileobs am SemTxvevaSi da ra roli aqvs 
mas? 3) kulturuli mcenareebis gamravlebis dros ratom iyeneben xSirad gamrav-
lebis am formas?

3. cnobilia, rom baqteriebSi dnm-is mutaciebis sixSire izrdeba, rodesac isini 
imyofebian stresul garemo pirobebSi. rogor fiqrobT, ratom aris es mniSv-
nelovani organizmisTvis, romelic usqesod mravldeba?

4. mecnierebi muSaobdnen kibos sawinaaRmdego preparatze. maT ujreduli kultu-
ra daamuSaves raRac qimiuri nivTierebiT. maT SeniSnes, rom kulturam Sewyvita 
zrda. Tumca imave kulturis am qimiuri nivTierebiT daumuSavebelma ujredebma 
gaagrZeles gamravleba. 1) es Sedegebi SeiZleba miuTiTebdes imaze, rom gamoye-
nebuli qimiuri nivTiereba blokavs ujreduli ciklis normalurad mimdina-
reobas? 2) imsjeleT, ra SeiZleba iyos aseTi Sedegis mizezi? 3) ra asrulebs am 
eqsperimentSi sakontrolo jgufis rols?

5. gamoTqviT hipoTeza _ SeiZleba Tu ara individis erT-erTi somaturi ujredis 
mutacia gadaeces am individis STamomavlobas? axseniT Tqveni pasuxi argumen-
tirebuli msjelobiT.

6. mitozis romeli fazaa yvelaze xelsayreli qromosomuli kompleqtis mikros-
kopuli meTodiT Sesaswavlad? ratom?

7. bardis somatur diploidur ujredebSi 14 qromosomaa. gamoTvaleT: 1) ramdeni 
qromosoma (n) da qromatidi (c) eqneba sawyis/dediseul ujreds G1 fazasa da 
profazaSi? 2) ramdeni qromosoma da qromatidi eqneba TiToeul Svileul uj-
reds?

8. davuSvaT, rom organizms normaSi aqvs 24 qromosoma. ramdeni qromatidi eqneba 
mas ujreduli ciklis S fazis Semdeg?

9. cxovelis ujredSi qromosomebis diploiduri nakrebi aris 38. gansazRvreT dnm-
is molekulebis raodenoba pirveli da meore meiozuri gayofis Semdeg. Tqveni 
pasuxi daasabuTeT.

10.  mamr futkars aqvs haploiduri somaturi ujredebi. gamoTvaleT: 1) ramdeni 
qromosoma (n) da qromatidi (c) eqneba sawyis/dediseul ujreds G1 fazasa da 
profazaSi? 2) ramdeni qromosoma da qromatidi eqneba TiToeul Svileul uj-
reds?

11. cxovelis ujredSi qromosomebis diploiduri nakrebi aris 34. gansazRvreT 
dnm-is molekulebis raodenoba pirveli da meore meiozuri gayofis Semdeg. pa-
suxi daasabuTeT.

12. winasasqeso ujredSi aris 16 qromosoma. ramdeni qromosoma da ramdeni dnm-is 
molekula/qromatidi iqneba II meiozuri gayofis Sedegad miRebul ujredebSi? 
axseniT Tqveni pasuxi.

13. davuSvaT, SegiZliaT dnm-is raodenobis gazomva kvercxujredisa da spermato-
zoidis winasasqeso ujredebis birTvSi presinTezis fazaSi; TiToeul birTvSi 
qromosomebis masa iyo m. 1) dnm-is rogori masa iqneba meiozis Semdegad warmqm-
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nili TiToeuli momwifebuli gametis (TiToeuli kvercxujredisa da sperma-
tozoidis birTvSi? 2) dnm-is rogori masa iqneba am gametebis Serwymis Sedegad 
warmoqmnili zigotis birTvSi? 

14. winasasqeso ujredisTvis damxasiaTebelia 8 qromosoma. gansazRvreT qromo-
somebisa (n) da qromatidebis (c) ricxvi: 1) I rigis oocitis gayofis profazaSi, II 
rigis oocitis gayofis profazaSi, 3) kercxujredSi.

15. spermatozoids Tavis wina nawilSi aqvs fermentebis Semcveli akrosoma. 1)
romel fermentebs Seicavs akrosoma? 2) ra funqcias asrulebs akrosoma?

16. gaecaniT suraTze mocemul informacias da upasuxeT kiTxvebs: 1) ramdeni da 
ra da ra fazisgan Sedgeba mitozi? 2) ujredis ra struqturebi monawileoben 
mitozSi da ra funqciebs asruleben am procesSi? 3) aRwereT, rogor ganawilde-
ba qromosomebi Svileul ujredebs Soris: ram deni qromosoma (n) da qromatidi 
(c) aqvs sawyis ujreds profazaSi? ramdeni qromosoma (n) da qromatidi (c) aris 
telofazaSi TiToeul birTvSi?

ujreduli cikli

1.  interfaza
2.  profaza

3.  metafaza

4.  anafaza

5.  telofaza

6.  citokinezi
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1

5

2

6

3

7

4

8

1

4

2

5

3

6

18. 1) suraTze amoicaniT meiozis cifrebiT aRniSnuli fazebi da miuwereT Sesaba-
misi dasaxeleba; 2) cifrebi iseTi TanmimdevrobiT daalageT, rom sworad asaxa-
vdes meiozis process

17. 1) amoicaniT cifrebiT aRniSnuli ujreduli ciklis etapebi da fazebi, miuwe-
reT Sesabamisi dasaxeleba; 2) cifrebi iseTi TanmimdevrobiT daalageT, rom swo-
rad asaxavdes ujreduli ciklis etapebisa da fazebis Tanmimdevrobas.
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1

4 5

2 31 2 3

54

homologiuri
qromosomebi

centromeri

1

2 2

19. suraTis mixedviT _ 1) aRwereT, isris marjvena mxares mocemulma qromo-
somebma ra cvlilebebi ganicades da ra procesis Sedegad? 2) miuTiTeT, ra 
aris aRniSnuli cifrebiT _ 1 da 2. 

20. 1) amoicaniT suraTze mocemuli cifrebiT aRniSnuli mitozis fazebi da ci-
tokinezi da Sesabamisi terminebi miuTiTeT. 2) cifrebi iseTi TanmimdevrobiT 
daalageT, rom sworad aRwerdes ujredis gayofis procesis Tanmimdevrobas. 
3) riT gansxvavdeba profaza da telofaza erTmaneTisgan?

citokinezi

plazmuri 

membranis 

Cazneqa

citoplazmis 

gamyofi 

firfita

1 2

21. 1) suraTis mixedviT amoicaniT mcenareuli da cxoveluri ujre di; 2) aRwe-
reT mcenareul da cxovelur ujredebSi mimdinare citokinezis process Soris 
gansxvaveba. 3) axseniT, mcenareuli da cxoveluri ujredebis agebulebis ra Tav-
iseburebasTan aris dakavSirebuli citokinezis procesSi es gansxvaveba.



184

1 2 3 4 5

22. 1) suraTebze mocemulia qromosomebis cvlilebebi, romlebsac isini ganic-
dian interfazisa da pirveli meiozuri ga yofis procesebSi. amoicaniT fazebi da 
SeavseT Sesabamisobis cxrili. 

 2) aRwereT is cvlilebebi, rom-
lebsac ganicdian qromosomebi Ti-
Toeul fazaSi da am cvlilebebis 
biologiuri mniSvneloba.

triftofanis masin-
Tezirebeli geni

daSlili
baqteria

baqteriuli filtri

fagebi

23.1) Tanmimdevrulad aRwereT sqemebze gamosaxuli prokariotul da eukariotul 
ujredebSi mimdinare procesebi. 2) ra gansxvavebaa am procesebis mimdinareobaSi 
prokario tebsa da eukariotebs Soris? 

prokariotuli ujredi

m-rnm

rnm-polimerazadnm

transkripcia

translacia

ribosoma

polipeptidi

eukariotuli ujredi

translacia

ribosomapolipeptidi

rnm-is birTvidan 
gamosvla

m-rnm

dnm
rnm-polimeraza

transkripcia

24. mecnierebma Caatares cda, romelic suraTzea warmodgenili: A baqteria ver 
asinTezirebs aminomJava triftofans, B baqterias ki SeuZlia am aminomJavas 

sinTezi. U-s magvar WurWelSi moaT-
avses A da B baqteriebi. isini erT-
maneTisgan gamijnes baqteriu li filt-
riT (filtrSi ver gadian baqteriebi). B 
baqteriebTan erTad moaTavses baqteri-
ofagebi, romelTac SeeZloT filtrSi 
gaRweva. ramdeni me xnis Semdeg Seamowmes 
A baqteriebi. aRmoCnda, rom maT nawils 
SeeZlo triftofanis sinTezi. gamoi-
yeneT codna transduqciis Sesaxeb da 
axseniT: 1) rogor SeiZines baqterieb-
ma triftofanis sinTezis unari? 2) ra 
funqcias asrulebs transduqciis pro-
cesSi baqteriofagi? 3) romeli baqte-
ria asrulebs donoris rols? 4) romeli 
baqteriaa mimRebis/recipientis rolSi?

1 2 3 4 5

G1

G2

profaza
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danarTi 

sazomi erTeulebi

sigrZis sazomi erTeulebi

dasaxeleba simbolo aRweriloba

angstremi A 0,1 nanometri, anu metris meaTmiliardedi (10-10m)

nanometri Nm (nm)
metris memiliardedi nawili (10-9 metri), udris 10 angstrems, 
udris 10-6 mm

mikrometri µm (mkm) metris memilionedi, anu milimetris meaTasedi nawili

milimetri mm (mm) metris meaTasedi nawili

santimetri cm (sm) metris measedi nawili

decimetri dm (dm) metris meaTedi nawili

metri m (m) manZili, romelsac sinaTle gadis vakuumSi 1/299 792 458 wamSi

kilometri km (km) udris 1000 metrs

moculobis sazomi erTeulebi

litri L (l) udris 0,001 kubur metrs

mililitri ml (ml) udris 0,001 litrs

dekalitri dal (dl) udris 10 litrs

kuburi metri m3 (m3) udris 1000 litrs

1 sufris 

kovzi
tbsp (sk) udris 0,015 litrs (15 mililitrs)

1 Cais kovzi tsp (Ck) udris 4,93 mililitrs

energiis sazomi erTeulebi

jouli J (j)

1 jouli aris energia, romelic ixarjeba 1 niutoni ZaliT sxeu-
lis 1 metriT gadaadgilebisas Zalis moqmedebis mimarTulebiT. 
aseve jouli aris muSaoba, romelic saWiroa 1 vati simZlavris 
Sesaqmnelad 1 wamSi.

kaloria cal (kal)
udris siTbos im raodenobas, romelic saWiroa 1 grami wylis 
temperaturis 1 gradusiT gasaTbobad normaluri atmosferuli 
wnevisas. udris 4,19 jouls.
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 a 
 adf – adenozindifosformJava (ade-

nozindifosfati) adenozinad wodebu-
li qimiuri jgufisa (adenini da riboza) 
da masTan mierTebul or fosformJavas 
naSTisagan Semdgari molekula, rome-
lic warmoiqmneba atf-sgan erTi fos-
formJavas naSTis CamoSorebisas.

 avtotrofi – organizmi, romelic mar-
tivi araorganuli nivTierebebidan or-
ganul naerTebs qmnis.

 aerobuli sunTqva – energetikuli 
 cvlis etapi, romelic mimdinareobs 
Ta visufali Jangbadis monawileobiT da 
Sedegad gamoTavisufldeba didi rao-
denobiT energia, naxSirorJangi da wya-
li.

 aleli _ genis arsebobis forma, anu erTi 
da imave genis alternatiuli forme-
bi, romlebic alternatiul (urTierT-
gamomricxav) niSan-Tvisebebs gansaz-
Rvravs.

 aminomJava – cilis polimeruli mo-
lekulis monomeri, romlis Semadgene-
li nawilia amino-jgufi - NH2 da kar-
boqsil-jgufi – COOH. cilis SenebaSi 
monawileobs 20 gansxvavebuli saxis ami-
nomJava.

 anaerobuli sunTqva – energetikuli 
cvlis etapi, romelic ar saWiroebs Ta-
visufal Jangbads da axasiaTebs nebismi-
er cocxal ujreds. am dros mcire ra-
odenobiT energia gamoTavisufldeba.

 *arTriti _ saxsrebis anTeba.
 asimilacia, anu anabolizmi – cocxal 

organizmSi rTuli organuli nivTiere-
bebis sinTezuri reaqciebis erToblio-
ba, romlebic energiis xarjviT mimdi-
nareobs. 

 antigeni – organizmis mier ucxo niv-
Tierebad aRqmuli nivTiereba, mikro-
organizmi, romlis sapasuxodac anti- 
sxeulebi warmoiqmneba.

 antisxeuli – limfocitebis mier 
sisxlis plazmaSi gamoyofili dam-
cavi cilebi, romlebic ukavSirdeba 

garkveul antigens da qmnian antigen-an-
tisxeulis kompleqss.

 atf – adenozintrifosformJava (ade-
nozintrifosfati), adenozinis qimiu-
ri jgufisagan (adenini da riboza) da 
masTan mierTebul sam fosformJavas 
naSTisagan Semdgari energiiT mdidari 
molekula.

 autosomebi _ romlebic mdedrobiT da 
mamrobiT organizmebs erTnairi aqvT.

 ბ
 *benediqtis reaqtivi _ aris spilenZis 

sulfatis Semcveli molurjo xsnari, 
romelic  gamoiyeneba xsnarebSi Saqre-
bis aRmosaCenad. igi SeimuSava stenli 
benediqtma 1909 wels.

 bioteqnologia – srulyofil biolo-
giur procesebze damyarebuli warmoeba.

 buferoba – ujredis Tviseba, Seinar-
Cunos SedarebiT mudmivi pH. 

 
 გ
 gameta __ sasqeso ujredi/reproduqciu-

li ujredi.
 gametogenezi _ sasqeso ujredebis/game-

tebis warmoqmnis procesi.
 gamravleba – yvela cocxali orga-

nizmis erT-erTi ZiriTadi Tviseba, 
warmoqmnas Tavisi Tavis msgavsi axali 
organizmi.

 ganayofiereba _ mamrobiTi da mdedro-
biTi gametebis birTvebis Serwyma.

 geni – dnm-is ubani (zogierT virusSi 
rnm-is), romelic Seicavs informacias 
gansazRvruli cilis pirveladi struq-
turis, satransporto an ribosomuli 
rnm-is Sesaxeb.

 genomi – aris organizmis ujredis 
mTeli dnm-is sarTo raodenoba.

 genotipi – garegani da Sinagani agebu-
le bis, nivTierebaTa cvlis ganmsazR-
vre li yvela genis erToblioba.

 *genuri Terapia – medicinis dargi, 
romelic mimarTulia memkvidreobiTi 
daavadebis aRmofxvris an misi gamov-

ganmartebiTi leqsikoni
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lenis Sesustebisken.
 genuri inJineria _ erTi organizmis ge-

nis sxva organizmis dnm-Si CarTvis teq-
nologia. 

 glikolizi – glukozis uJangbado da-
Jangva.

 glikolipidi – lipidisa da naxSir-
wylis kompleqsi.

 glikoproteini – naxSirwyal-cilis 
kompleqsi.

 grana – qloroplastSi erTmaneTze 
monetebiviT dalagebuli Tilakoidebis 
erTobliobaa.

 
 დ
 diploiduri kompleqti _ qromosomebis 

ormagi kompleqti. aRiniSneba 2n-iT.
 dezoqsiribonukleaza – fermenti, 

romelic dnm-is polimers Slis.
 denaturacia – sxvadasxva faqtoris 

(temperaturis, dasxivebis, qimiuri 
nivTierebis) zemoqmedebiT biopoli-
meris bunebrivi struqturuli konfi-
guraciis nawilobrivi an mTliani, Seq-
cevadi an Seuqcevadi cvlileba.

 dimeri – dnm-is erTi jaWvis mezobe-
li azotovani fuZeebis dakavSirebis 
Sedegad warmoiqmneba.

 disaqaridi – ori monosaqaridisgan 
Semdgari naxSirwyali. mag., laqtoza, 
maltoza, saqaroza da sxv.

 disimilacia, anu katabolizmi – rTu-
li nivTierebebis martiv nivTierebe-
bad daSlis fermentuli reaqciebis 
erToblioba, romelsac Tan axlavs 
 energiis gamoyofa.

 dnm (dezoqsiribonukleinis mJava) – 

biopolimeri, romlis monomeri aris 4 

saxis nukleotidi, romelTanac dakav-

Sirebulia memkvidruli informaciis 

Senaxva da gadacema. 

 dnm-is replikacia – dnm-is molekulis 

gaormageba – ori identuri moleku-

lis warmoqmna.

 dnm-polimeraza – fermenti, romelic 

dnm-is jaWvebis sinTezSi Rebuloben 

monawileobas.

 ე
 egzocitozi – plazmuri membranis meS-

veobiT metabolizmis saboloo pro-

duqtebis an jirkvlis sekretebis ga-

moyofa ujredis gareT.

 endocitozi – ujredis mier myari na-

wilakebisa da siTxis didi wveTebis 

STanTqma.

 embriogenezi _ embrionuli Rerovani 
ujredebi _ maTgan embrionis ganviTare-
bis procesSi mravalujrediani orga-
nizmisTvis damaxasia Tebeli yvela tipis 

ujredi viTardeba.

 energetikuli cvla – ixileT disimi-

lacia.

 eukariotuli ujredi _ birTviani _da 

prokariotuli ujredi _ ubirTvo 

(berZn. „karyon“ _ birTvi) ujredi.

 

 z

 zigota _ ujredi, romelic warmoiqmne-
ba sasqeso ujredebis /gametebis Serwy-
mis Sedegad.

 zrdasruli (somaturi) Rerovani ujre-
debi _ sxvadasxva qsovilsa da orga-
noSi ganlagebuli nawilobriv aradif-
erencirebuli ujredebi, romlebic 
mxolod garkveuli tipis ujredebad 
diferencirdeba.

 თ 
 Tilakoidi – qloroplastSi arsebu-

li mravalricxovani membranebiT Semo-
sazRvruli brtyeli tomsikebi (berZn. 
„thylakos“ _ tomsika).

 ი
 *inbridingi – monaTesave sxvadasxva 

saxeobis individebis Sejvareba.
 interfaza _ ujredis gayofamde faza, 

romelic Sedgeba presinTezuri, dnm-is 
sinTezisa da postsinTezuri fazebis-
gan.

 კ
 kancerogenuri nivTiereba _ kibos ga-

momwvevi nivTiereba.
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 kariotipi _ qromosomuli kompleqtis 
niSan-Tvisebebis (ricxvi, zoma, forma, 
qromosomebis struqtura) erToblio-
ba, romelic damaxasiaTebelia mocemu-
li saxeobis somaturi ujredebisTvis.

 kibos ujredebi _ ukontrolod mzardi 
ujredebi.

 kloni _ mSobliuri individisgan usqe-
so gamravlebiT miRebuli individebis 
erTob lioba.

 klonireba _ usqeso gamravlebiT iden-
turi STamomavlobis miRebis procesi.

 komplementaroba – molekulebis erT-
maneTTan dakavSireba maTi geometriu-
li formis Sesabamisobis principiT, 
mag., dnm-Si ori jaWvis dakavSireba,  
romelic uzrunvelyofs azotovan fu-
Zeebs Soris maqsimaluri raodenobiT 
wyalbaduri bmis warmoqmnasa da ormagi 
spiralis mTel sigrZeze jaWvebs Soris 
Tanabari manZilis dacvas.

 koniugacia (zogadad) _ genetikuri masa-
lis mimocvlis gza.

 koniugacia baqteriebSi _ baqteriebis 
uSualo kontaqtis meSveobiT erTi 
baqteriis genetikuri masalis meore 
baqteriaSi gadacemis gza.

 koniugacia qromosomebis _ homologiu-
ri qromosomebis qromatidebis erTma-
neTTan gadaWdoba/gadajvaredineba.

 krosingoveri _ koniugaciis dros ho-
mologiuri qromosomebis qromati-
debs Soris homologiuri ubnebis/mo-
nakveTebis gacvla, romelic genebis 
rekombinacias iwvevs.

 ლ
 lipidebi – cximi da cximismagvari hid-

rofoburi organuli naerTebi.
 *letaluri geni – geni, romelic orga-

nizmis sikvdils iwvevs.
 lokusi _ qromosomis ubani, romelSic 

genia moTavsebuli.

 m

 matrica – nimuSi, yalibi. 
 matriqsi _ mitoqondriis Sida mem-

branebs Soris Txevadi sivrce, romel-
Sic moTavsebulia ribosomebi, dnm da 
fermentebi.

 meiozi _ diploiduri ujredis Tanmim-
devruli ori gayofa, romlis drosac 
qromosomebis ricxvis reduqcia (2-jer 
Semcireba) xdeba da, Sedegad, oTxi hap-
loiduri ujredi warmoiqmneba.

 memkvidreobiToba _ organizmis Tviseba, 
SeinarCunos mSoblebisagan miRebuli 
niSan-Tvisebebi da gadasces igi Tavis 
STamomavlobas.

 metabolizmi – disimilaciisa da asimi-
laciis pro cesebis erToblioba.

 mitozi _ eukariotuli ujredebis gayo-
fa, romelic uzrunvelyofs Svileul 
ujredebSi sawyisi/dediseuli ujredi-
saTvis damaxasiaTebeli qromosomuli 
nakrebisa da, Sesabamisad, igive memkvid-
ruli informaciis gadacemas.

 *monogamia – mamris erT mdedrdTan 
Sej vareba erTi an ramdenime sezonis 
ganmavlobaSi.

 monomeri – polimeruli molekulis 
Semadgeneli elementaruli struqtu-
ra, romelic SeiZleba masSi mraval-
jeradad ganmeordes.

 monosomia _ normaluri diploiduri 
qromosomuli nakrebisgan gansxvavebiT, 
qromosomaTa romelime wyvilSi erTi 
qromosomaa (2n-1).

 monosaqaridi – martivi naxSirwyali, 
magaliTad, glukoza, fruqtoza, ribo-
za, dezoqsiriboza.

 mutacia _ genotipis cvlileba, rome-
lic gamowveulia mTeli qromosomis, 
misi romelime ubnis an calkeuli genis 
cvlilebiT.

 mutagenebi _ mutaciis gamomwvevi faq-
torebi.

 
 n

 niSan-Tviseba – organizmis (ujredis) 
agebulebis, fiziologiuri, bioqimiu-
ri procesebis Taviseburebebi.

 o

 oogenezi _ mdedrobiTi sasqeso ujre-
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dis/kvercxujredis warmoqmnis procesi.
 
 p

 *paTologia _ organizmis an misi ama Tu 
im struqturis maCveneblebis normidan 
gadaxra.

 pinocitozi – plazmuri membranis mier 
wveTebisa da Txevadi nivTierebebis 
STanTqma.

 plazmodesma – wvrili citoplazmuri 
xidakebi mcenareuli ujredebis kedel-
Si, romelic erTmaneTTan akavSirebs 
mezobel ujredebs.

 plazmolizi – ujredidan osmo siT 
 wylis gamosvlis Sedegad ujredis 
cocxa li SigTavsis _ citoplazmis 
ujredis kedlidan TandaTan mocilebis 
procesi.

 plastikuri cvla – ujredSi mimdinare 
biosinTezis reaqciebis erToblioba. 
igi endoTermuli procesia. 

 polimeri – ramdenime erTnairi (regu-
laruli  polimeri)  an  gansxvavebuli  
(araregularuli polimeri) agebulebis 
mqone monomerisgan Semdgari moleku-
la.

 polisaqaridi – ramdenime martivi 
naxSir wylisgan Semdgari rTuli naxSir-
wylis jaWvi. mag., glikogeni, saxamebe-
li, celuloza da sxv.

 *populacia _ erTi saxeobis Tavisuf-
lad Sejvarebad individTa erToblio-
ba, romelic xangrZlivad arsebobs 
garkveul teritoriaze da xasiaTdeba 
erTiani genetikuri sistemiT _ geno-
fondiT.

 postembriogenezi _ organizmis indi-
vidualuri ganviTareba dabadebis an 
kvercxis garsebidan gamosvlis momen-
tidan sikvdilamde.

 *promotori – dnm-is ubani, romelsac 
rnm- polimeraza ukavSirdeba.

 prokariotuli ujredi _ birTvamdeli/
ubirTvo ujredi (laT. pro _ winare, 
berZn. karyon _ birTvi).

 proteaza – fermenti, romelic cilebs 
Slis.

 proteini _ martivi cila (Sedgeba mxo-

lod cilovani nawilisgan _ aminomJave-
bisgan).

 proteidi _ rTuli cila (aminomJaebis 
garda Seicavs aracilovan nawilsac, 
magaliTad, naxSirwyals da mas gliko-
proteini ewodeba).

 
 r

 ribonukleinis mJava (rnm) _ polinukleo-
tidi; arsebobs sami saxis rnm: infor-
maciuli (matriculi), transportuli, 
ribosomuli.

 * rezistentoba _ (laT. resisto winaaR-
mdegobis gaweva) _ aq baqteriebis mdgra-
doba antibiotikebisadmi.

 rekombinacia _ qromosomebis, genebis 
axali kombinaciis warmoqmna.

 reparacia _ dazianebuli adgilis aRd-
gena.

 reproduqciuli organo _ gamravlebis 
organo.

 *restriqtazebi _ fermentebi, rom-
lebic dnm-s Wrian garkveul  ubnebSi

 receptori (molekuluri) – ujre-
dis membranaSi CaSenebuli nivTierebis 
molekula, romelic iRebs stimuls 
ujredis gare garemosgan da gadascems 
ujreds (laT. „receptor“ _ mimRebi).

 renaturacia – denaturirebuli poli-
meris struqturis aRdgenis procesi.

 rnm (ribonukleinis mJava) – polinuk-
leotidi; arsebobs sami saxis rnm: in-
formaciuli (matriculi), transpor-
tuli, ribosomuli.

 reparacia – dazianebuli adgilis aR-
dgena.

 replikacia – nukleinis mJavebis TviT-
gaormageba.

 restriqtazebi – fermentebi, rom-
lebic dnm-s Wrian garkveul ubnebSi.

 *rotori – raime teqnikuri danad-
garis mbrunavi nawili.

 s

 sasqeso qromosomebi _ qromosome-
bi, romlebic mdedrobiT da mamrobiT 
orga nizmebs gansxvavebuli aqvT.

 *sindromi _ biologiasa da medicinaSi 
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niSnavs raime daavadebisTvis damaxasi-
aTebeli tipuri niSnebisa da simtomebis 
erTobliobas.

   somaturi ujredi _ mravalujrediani 
organizmebis arasasqeso ujredebi.

 somaturi mutacia _ somatur ujredSi 
momxdari mutacia.

 spermatogenezi _ mamrobiTi sasqeso 
ujredebis/spermatozoidebis warmoqm-
nis procesi.

 * surogati deda _ organizmi, romlis 
saSvilosnoSi viTardeba sxva mSoblebis 
embrioni.

 stroma – Tilakoidebsa da granebs So-
ris arsebuli Txevadi garemo, romel-
Sic moTavsebulia ribosomebi, dnm da 
fermentebi.

 sqesobrivi gamravleba _ gamravlebaSi 
monawileobs sasqeso ujredebi/gametebi.

 t

 transduqcia _ fagis saSualebiT erTi 
baqteriis genebis gadatana meore baq-
teriaSi.

 transpiracia – mcenaris mier wylis 
aorTqleba foTlis bageebidan.

 trisomia _ normaluri diploiduri 
qromosomuli nakrebisgan gansxvave-
biT, qromosomaTa romelime wyvilSi 
damatebulia erTi qromosoma  (2n+1).

 transformacia _ dnm-is fragmentis sa-
SualebiT genebis erTi ujredidan sxva 
ujredSi gadacema.

 transkripcia – matriculi rnm-is 
(m-rnm-is) sinTezis procesi genis aqti-
uri jaWvis mixediT.

 translacia – m-rnm-is matricaze po-
lipeptiduri jaWvis sinTezis procesi.

 tripleti – nukleinis mJavebSi Tanmim-
devrulad ganlagebuli sami nukleo-
tidis erToblioba.

 turgori – wneva, riTac ujredis Sig-
Tavsi ujredis kedels awveba.

 
 u

 usqeso gamravleba _ axali STamomav-
lobis miReba erTi mSobliuri orga-
nizmis arasasqeso ujredis/ujredebi-

sgan   (ar monawileobs gametebi).
 ujreduli cikli _ ujredis arsebo-

bis mTeli periodi am ujredis gayofis 
CaTvliT. 

 ujreduli kultura _ specialur ste-
rilur sakveb areSi gamozrdili ujre-
debis erToblioba.

 ujredis kedeli – mcenareuli, baqte-
riuli da sokos ujredis garsis gare-
Ta Sre, romelic, ZiriTadad, rTuli 
naxSirwylisgan (celuloza, qitini da 
sxv.) Sedgeba da simtkices aniWebs mas.

 
 f

 fataluri _ sabediswero.
 fagocitozi – ujredis mier myari 

nawi lakebis STanTqma.
 fermenti – biologiurad aqtiuri ci-

lovani nivTiereba, romelic aCqarebs 
organizmSi mimdinare bioqimiur reaq-
ciebs.

 fesvuri wneva – osmosiT Sesuli wya-
li fesvis ujredebSi zrdis wylis 
wnevas, rac aiZulebs, wyali da minera-
luri marilebis ionebi gadaadgildes 
qsilemiT qvemodan zeviT.

 *fiziologiuri xsnari – romelSic 
mineraluri marilebis koncentracia 
iseTivea, rogoric sisxlis plazmaSi.

 fotosinTezi – plastikuri cvlis saxe 

mcenareebSi, romlis drosac energiiT 

Raribi araorganuli nivTierebebisgan 

sinaTlis energiis xarjze warmoiqmneba 

energiiT mdidari organuli nivTiere-

bebi.

 

 q

 qromatidi – qromosomis struqturu-

li erTeuli, romelic orjaWviani dnm-

gan Sedgeba.

 qromosoma – dnm-sa da cilis urTi-

erT kavSiri – ujreduli birTvis kom-

ponenti, romelic warmoadgens mem-

kvidreobiTi (genetikuri) informaciis 

matarebels.
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 S

 SerCeviTi ganvladoba – plazmuri mem-
branis Tviseba, rac gamoixateba niv-
Tierebebis SerCeviTad gatarebaSi mem-
branis orive mxares.

 c 
 cvalebadoba _ organizmis Tviseba, indi-

vidualuri ganviTarebis procesSi SeiZ-
inos amave saxeobis sxva individebTan 
SedarebiT gansxvavebuli   niSan-Tvise-
bebi.

 citologia – mecniereba, romelic 
Seiswavlis organizmebis ujredis age-
bulebasa da funqciebs.

 w 

 wylis fotolizi – qloroplasteb-

Si sinaTlis energiis xarjze wylis 

molekulis daSla.

 h

 haploiduri kompleqti _ qromosomebis 
erTmagi kompleqti. aRiniSneba n-iT.

 homologiuri qromosomebi _ wyvili 
qromosomebi, romlebic msgavsni arian 
morfologiuri niSan-Tvisebebis mixed-
viT da Seicaven erTi da imave niSan-
Tvisebebis ganmsazRvreli genebis erT-
nair kompleqts.

 hidrofiluri – wyalSi xsnadi niv-
Tiereba.

 hidrofoburi – wyalSi uxsnadi niv-
Tiereba.

 homeostazi – organizmis unari, Sei-
narCunos Sinagani garemos SedarebiT 
mudmivi Sedgeniloba da Tvisebebi.

 hormoni – biologiurad aqtiuri qimi-
uri nivTiereba, romelic organizmSi 
sasicocxlo procesebs aregulirebs.




