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moswavlis wignSi gamoyenebuli pirobiTi niSnebi

davalebebi _ kiTxvebze pasuxebis gacema, muSaoba 
savarjiSoebsa da situaciur amocanebze; suraTebze, 
grafikebsa da cxrilebSi mocemuli mona cemebis 
analizi, monacemebis organizeba sqemebSi.

praqtikuli davalebebi _ kvleviTi samuSao: dakvirveba, 
kvlevis Catareba da angariSis momzadeba, simulacia, 
cnobili kvlevis monacemebis analizi, kvlevis dagegmva; 
modelis Seqmna da gamoyeneba; samecniero referatis 
momzadeba; sainformacio bukletis momzadeba.

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

mecniereba praqtikaSi _ mecnieruli Teoriis kavSiri 
realur cxovrebasTan da misi gamoyeneba praqtikaSi, 
mniSvnelovani mecnieruli aRmoCenebi da maTi Sefaseba, 
gavlena teqnologiebis ganviTarebaze, sazogadoebasa 
da garemoze.
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2.1.7. ცხოველთა სამეფო

 

• ra arsebiTi gansxvavebaa cxovelebsa da mcenareebs Soris?

• ra saerTo niSnebia damaxasiaTebeli cxovelebisTvis?

• ra niSnis mixedviT yofen cxovelTa samefos or msxvil jgufad?

• protozoebs mecnierebi didxans ganixilavdnen cxovelTa samefos Semadgen-
lobaSi, rogorc erTujredian cxovelebs. axseni, ra niSnebis mixedviT 
miakuTvnebdnen protozoebs cxovelTa samefos? 

• dRes ratom miakuTvneben protozoebs protistebis samefos?

cxovelTa samefos saerTo niSnebi

cxovelTa samefo saxeobrivad didi 
mravalferovnebiTaa warmodgenili. dRe-
mde 1,5 milionze meti cxovelTa saxeobaa 
aRwerili. mecnierebi fiqroben, rom mi-
lionobiT saxeoba jer kidev aRmosaCenia. 
cxovelebi gvxvdeba xmeleTze, wyalSi, 
haer Si, niadagSi, zogierTi ki sxva cocxal 
organizmSi an organizmze saxlobs. cxo-
velebi iseT adgilebSic cxovroben, sa-
dac mcenareebsa da sokoebs arseboba ar 
SeuZliaT. cxovelebi mravalujrediani 

organizmebia da erTmaneTisgan gansxvav-
debian zomiT: arian giganturi cxovelebi 
(mag., 24 m sigrZis lurji veSapi) da Za-
lian mcire zomis cxovelebic. mag ram maT 
axasiaTebT saerTo niSnebi: yvela cxoveli 
heterotrofia, maT Soris mcenareWamie-
bi, mtaceblebi, nairmWamelebi, parazite-
bi. kvebis Taviseburebidan gamomdinare, 
cxovelebs ganuviTardaT saWmlis momne-
lebeli sistema. did nawils axasiaTebs 
organizmSida moneleba,  gvxvde ba iseTi 

Tema 2. virusidan adamianamde

2.1 sxvadasxva sistematikuri jgufi



7

cxovelebic, romelTaTvisac organizm-
gare monelebaa damaxasiaTebeli (mag., 
obobebi). cxovelebis mcire jgufebi mi-
magrebul cxovrebas ewevian, xolo maT 
did umravlesobas aqvs garemoSi aqtiu-
rad gadaadgilebis unari, rac maT Tvis 
aucilebe lia sakvebis mosapoveblad, 
part nioris mosaZebnad da TavdacvisTvis. 
garemoSi aqtiurad gadaadgilebasTan 
dakavSirebiT ganuviTardaT sayrden-ma-
moZravebeli sistema. cxovelebs garemos 
aRqmasa da moZraobas uadvilebs SegrZne-

bis orga noebi da nervuli sistema. cxo-
velebis umrav lesoba izrdeba sicocxlis 
garkveul etapamde. mravldebian sqesob-
rivad, zogierTi ki rogorc sqesobrivad, 
ise usqesod.

cxovelTa samefos yofen or did 
jgufad imis mixedviT, maT aqvT Tu ara 
Zvlovani, segmentebad dayofili ConC-
xis nawili _ xerxemali. cxovelebs, ro-
melTac aqvT xerxemali, xerxemlianebs 
uwodeben, xolo maT, romelTac ar aqvT 
xerxemali _ uxer xemloebs. 

1. Seadare erTmaneTs mcenareuli da cxoveluri ujredebis agebuleba. 1) daadgine maT 
Soris msgavseba-gansxvaveba da monacemebi warmoadgine venis diagramis saSualebiT; 
2) maTi ujredebis agebulebis Tavisebureba rogoraa dakavSirebuli cxovelebisa da 
mcenareebis kvebis tipTan?

mcenareuli ujredi

eb-is gluvi nawili

eb-is granularuli nawili

qloroplasti

centraluri vakuoli

plazmuri membrana

ujredis kedeli

mitoqondria

lizosoma

citoConCxi

ribosoma

birTvi

birTvaki

cxoveluri ujredi

eb-is gluvi nawili

eb-is granularuli nawili

plazmuri membrana

ujredis centri
goljis aparati

mitoqondria

lizosoma

citoConCxi

ribosoma

birTvi
birTvaki
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nawlavRruianebi martivi agebule-
bis cxovelebi arian. nawlavRruianebs 
miekuTvneba hidroidebi, polipebi da 
meduzebi. isini cxovroben mtknar wyleb-
sa (mag., mtknari wylis hidra) da zRvebSi 

(aqtiniebi, marjnis polipebi, meduzebi). 
zogi mimagrebul cxovrebas eweva, zogic 
Tavisuflad dacuravs, aris martouli 
da koloniuri formebi (sur. 2.1.2).

nawlavRruianebisTvis damaxasiaTebe-
li niSnebi ganvixiloT mtknari wylis 
hidras magaliTze (sur. 2.1.3). igi 1 sm_
mde sigrZis wagrZelebuli, tomriseburi 
formis organizmia. misi sxeuli Sedgeba 

ori Srisgan _ gare Sre anu eqtoderma 
da Sida Sre anu entoderma, eqtodermasa 
da entodermas Soris moTavsebulia la-
bisebri Txeli firfita _ mezoglea. en-
toderma SemosazRvravs nawlavis Rrus, 

sur. 2.1.1.

uxerxemloebi

fexsaxsrianebinawlavRruianebi brtyeli Wiebi

mwerebiobobasnairebikibosnairebi

moluskebimrgvali Wiebirgolovani Wiebi

sur. 2.1.2. Tavisuflad mcuravimimagrebul cxovrebas ewevian

marjnis polipi mtknari wylis hidra aqtinia meduza

koloniuri forma martouli formebi

dedamiwis cxovelTa saerTo raodeno-
bis, daaxloebiT, 95%-s uxerxemloebi Sead-
genen. isini yvelgan cxovroben _ zRveb-
Si, okeaneebSi, mtknar wylebSi, xme leTze. 

uxerxemloebs miekuTvneba cxo ve luri 
organizmebis mravalferovani forma. 
uxerxemleobidan ganvixilavT mxo lod zo-
gierTi tipis warmomadgenels (sur. 2.1.1).  

2.1.7.1. ნაწლავღრუიანები

uxerxemloebi
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romelic garemosTan erTi xvreliT _ pi-
ris xvreliT aris dakavSirebuli. piris 
irgvliv sacecebia ganlagebuli. hidras 
sxeulis meore bolos lanCa ewodeba. 

lanCis saSualebiT igi emagreba wyal-
mcenareebs, wylis mcenareebs an sxva sag-
nebs. damaxasiaTebelia sxeulis sxivuri 
simetria.

sur. 2.1.4.

eqtoderma da entoderma gansxvavebuli 
agebulebisa da funqciis ujredebisgan 
Sedgeba. eqtodermaSi ujredebi erTma-
neTTan mWidrodaa mijrili da sxeulis 
safarvelis rols asrulebs. masSi aris 

kankunTovani ujredebi, msusxavi da ner-
vuli ujredebi. msusxavi ujredebi didi 
raodenobiTaa sacecebSi, romlis saSua-
lebiT hidra Tavs icavs an sakvebs moi-
povebs. nervuli ujredebi varskvlavis 
formisaa da erTmaneTTan dakavSirebu-
lia. nawlaRruianebisTvis damaxasiaTebe-
lia badisebri/difuzuri nervuli sistema 
(difuzuri, radgan erT nervul ujredSi 
warmoqmnili nervuli impulsi yvela mi-
marTulebiT vrceldeba). SexebiT nervul 
ujredSi warmoqmnili nervuli impulsi 
gadaecema kunTovan ujredebs da sxeuli 
ixreba romelime mxares, moZraobs sace-
cebi _ hidra reagirebs gamRizianebelze. 

hidra mtacebelia, igi ikvebeba wvrili 
cxovelebiT, magaliTad, dafniebiT (sur. 
2.1.4). misTvis damaxasiaTebelia organizm-
Sida moneleba. saWmlis monelebaSi mo-
nawileobs entodermis ujredebi. ento-
dermaSi orgvari ujredebia _ Soltiani 

eqtoderma

piris xvreli

saceci

entoderma

nawlavis Rru

kvirti

lanCa

spermatozoidebi

kvercxujredi
nervuli  
bade

sxivuri simetria

eqtoderma

entoderma

nawlavis Rru

mezoglea

sur. 2.1.3.

sakvebi
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da uSolto ujredebi. uSolto ujredebi 
nawlavis RruSi saWmlis momnelebel fer-
mentebs gamoyofs, Soltiani ujredebi 
Tanabrad anawileben nawlavis RruSi mox-
vedril sakvebs, garda amisa, cru fexebs 
gamoyofen, romelTa saSualebiT sakvebs 

li pirobebis dadgomamde _ sqesobrivad. 
hidra orsqesiani/hermafroditi cxovelia. 
zogierTi nawlavRruiani ki calsqesiania. 
hidras sxeulis eqtodermaSi mwifdeba 
spermatozoidebi da kvercx ujredi. erTi 
hidras spermatozoidi anayofierebs meo-
re hidras _ ganayofiereba hidras sxeul-
Si xdeba. ganayofierebuli kvercxujredi 
ifareba mkvrivi garsiT da wylis fskerze 
eSveba, hidra ki kvdeba. gazafxulze zigo-
tidan ganviTarebuli Canasaxi erTxans 
dacuravs, Semdeg ki xelsayrel adgilas 
miemagreba da axali hidra viTardeba. 
amrigad, hidras metamorfozuli ganviTa-
reba axasiaTebs.  hidras kargad aqvs gan-
viTarebuli regeneraciis unari: igi swra-
fad aRidgens sxeulis dakargul nawils 
(sur. 2.1.6). hidris sxeulis TiToeuli 
nawilisgan hidris mTliani damoukidebe-
li sxeuli aRdgeba. amitom hidra da sxva 
nawlavRruiani mecnierebisTvis aris re-
generaciis meqanizmis Seswavlis mniSvne-
lovani modeluri sistema.

1. ra niSnebia damaxasiaTebeli nawlavRruianebisTvis?
2. ra funqciebs asrulebs eqtodermis ujredebi?
3. ra funqciebs asrulebs entodermis ujredebi?
4. ratom mravldeba hidra xelsayrel pirobebSi usqesod da araxelsayreli pirobebis 

dadgomis win ki sqesobrivad?

sur. 2.1.5.hidras usqeso gamravleba

kvirti kvirti 
viTardeba

mSobliuri hidra

axalgazrda 
hidra

axalgazrda 
hidra 
damoukidebel 
cxovrebas iwyebs

sur. 2.1.6.

citoplazmaSi moiqceven da moineleben. 
amrigad, hidras organizmSi mimdinareobs 
saWmlis orgvari moneleba _ ujredgare da 
ujredSida moneleba. mounelebeli sak-
vebis narCenebi gareT piris xvreliT ga-
moiyofa. 

sunTqvis specialuri organo hidras ar 
aqvs. is sunTqavs sxeulis gare  zedapiriT 
da nawlavis Rrus kedliT: am gziT is 
 iTvisebs wyalSi gaxsnil Jangbads, xolo 
gareT gamoyofs naxSirorJangs. 

hidra mravldeba rogorc usqesod, ise 
sqesobrivad. zafxulSi xelsayrel piro-
bebSi mravldeba usqesod dakvirtviT (sur. 
2.1.5), xolo Semodgomaze araxelsayre-
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2.1.7.2. ბრტყელი ჭიები

brtyeli Wiebi foTlis firfitis an 
Tasmiseburi formis mkvrivi sxeulis 
mqone uxerxemlo cxovelebi arian. isini 
binadroben mtknar wylebsa da zRvebSi. 
arian Tavisuflad mcxovrebni an parazi-
ti Wiebi. parazitoben cxovelebsa da ada-
mianSi. brtyeli Wiebis tipSi Sedis sami 
klasi: wamwamovani, mwovelebi da Tasma 
Wiebi. mwovelebsa da Tasma WiebSi mxo-
lod paraziti Wiebia. 

brtyeli Wiebis Taviseburebani gan-
vixiloT am tipis tipuri warmomadgenlis 
_ rZisferi planariis _ magaliTze. rZis-
feri planaria aris wamwamovani Wiebis 
warmomadgeneli. igi mtknar wyalSi Ta-
visuflad mcxovrebi organizmia. Tavian-
Ti organizaciiT brtyeli Wiebi nawlav-
Rruianebze maRla dgas. brtyel WiebSi 

Cndeba mesame Canasaxovani furceli _ 
mezoderma (eqtodermisa da entodermis 
garda). mezodermis gaCenasTan erTad maT 
ganuviTardaT kunTovani sistema. kunTebi 
mWidrodaa dakavSirebuli kanTan da war-
moiqmneba kan-kunTovani parki, romelic 
formas unarCunebs sxeuls da aqtiur 
moZ raobaSi exmareba cxovels. kunTova-
ni parkis SigniT aris faSari qsovili _  
parenqima, romelic avsebs Sinagan orga-
noebs Soris sivrces. parenqimis ujre-
debs Soris aris siTxe. parenqima sayr-
den funqcias asrulebs, masSi gamoiyofa 
nawlavebidan monelebuli sakvebi niv-
Tierebebi, xolo ujredebidan _ cvlis 
produqtebi, aseve, parenqimaSi grovdeba 
samarago nivTierebebi, magaliTad gli-
kogeni.

brtyeli Wiebis sxe uli ormxriv simet-
riulia, e.i. maTSi ganirCeva sxeulis 
marcxena da marjvena, zurgisa da muclis 
mxare (sur. 2.1.7). evoluciis proces-
Si muclis mxares cxo velebs ganuviTar-
daT mamoZravebeli organoebi. planarias 
muclis mxares sxeulis zedapiri dafaru-
lia mocimcime wamwamebiT, romelsac igi 
wyalSi moZraobisTvis iyenebs. sxeulis 
wina mxares Tavi moiyara nervulma uj-
redebma da SegrZnebis organoebma, ramac 
gaaumjobesa cxovelebis orientacia ga-
remoSi. amrigad, mezodermis gaCenam da 
sxeulis ormxriv simetriulobam SesaZle-
beli gaxada evoluciis procesSi cxove-

lebis xmeleTze cxovrebasTan Segueba. 
nawlavRruianebTan SedarebiT, mniSv-

nelovnad Seicvala nervuli sistema (sur. 
2.1.8). brtyel Wiebs sxeulis wina nawilSi 
aqvs ori nervuli kvanZi. maTgan gamodis 
ori nervuli Rero, aseve, maTTan nerve-
biT dakavSirebulia SegrZnebis organo 
ori Tvalis saxiT. TvalebiT ganaTeba-
sa da sibneles arCevs. amrigad, brtyel 
WiebSi Cndeba kvanZovani nervuli sistema, 
nervuli kvanZebi centraluri nervuli 
 sistemis funqcias asrulebs. nervuli 
sis tema akontrolebs kunTebis moqmede-
bas da uzrunvelyofs cxovelis kavSirs 
garemosTan. 

ormxrivi simetria

muclis nervuli Rero

nawlavis wina toti

nervuli kvanZi

saylapavi

Tvali protonefridiebi/ 
gamomyofi milakebi

piri

muclis mxare

zurgis mxare

ukana mxare

sur. 2.1.7.
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saWmlis momnelebeli sistema Sedgeba 
piris, saylapavisa da nawlavisgan (plana-
ria mtacebelia, mas muclis mxares aqvs 
piri da saylapavi). nawlavi sam totad 
iyofa, romlebic brmad bolovdebian pa-
renqimaSi. nawlavSi monelebuli sakve-
bi nawlavis mravalricxovani wvrili 
ganStoebebidan gadadis parenqimaSi da 
nawildeba sxeulis sxvadasxva nawilSi. 
sakvebis mounelebeli narCenebi garemoSi 
piris xvreliT gamoiyofa.

brtyel WiebSi pirvelad gaCnda ga-
momyofi sistema _ gamomyofi milakebis 
anu protonefridiebis saxiT, romelic 
aregulirebs cvlis produqtebis gamoyo-
fasa da osmosur wnevas (sxeulidan ga-

moiyofa Warbi wyali). 
sunTqvis specialuri organo ar aqvT 

da sunTqaven sxeulis mTeli zedapiriT. 
brtyeli Wiebis sasqeso/reproduqciu-

li organoebi rTuladaa mowyobili. igi 
Sedgeba sasqeso jirkvlebisa da maT-
Tan dakavSirebuli Teslgamtarebisa da 
kvercxgamtarebisgan. yvela brtyeli Wia 
hermafroditia. kvercxujredi ganayo-
fierdeba planariis sxeulSi. planaria 
ganayofierebuli kvercxujredebis par-
kebs debs wyalSi da parkebi emagreba 
wyal Si myof sagnebs. parkebSi moTavsebu-
li kvercxebidan viTardebian axalgazrda 
planariebi. brtyel Wiebs kargad ganvi-
Tarebuli regeneraciis unari aqvT.

1. ra TaviseburebebiT xasiaTdeba brtyeli Wiebi?
2. ra evoluciuri mniSvneloba hqonda mezodermisa da sxeulis ormxriv simetriulobis 

gaCenas? 
3. ra funqciebs asrulebs parenqima? 
4. raSi gamoixateba brtyeli Wiebis maRal safexurze dgoma nawlavRruianebTan Sedare-

biT?
5. ra msgavsebaa brtyeli Wiebisa da nawlavRruianebis agebulebas Soris?

Tvali

nervuli  
kvanZi

nervuli  
Rero

sakvercxebi

saTesleebi

parkebi 
ganayof-
ierebuli 
kvercxebiT

sur. 2.1.8.

reproduqciuli sistemagamomyofi sistemasaWmlis momnelebeli 
sistema

nervuli 
sistema

planariis agebuleba

gamomyofi  
milakebinawlavis wina 

toti

piris  
xvreli

saylapavi

nawlavis 
ukana toti

paraziti brtyeli Wiebi

brtyeli Wiebidan adamianis parazitebs 
warmoadgens RviZlis orpira, Roris soli-
teri, eqinokoki da sxva. parazit Wias gan-
viTarebuli aqvs piris misawovrebi, riTac 

maspinZlis organizms emagreba; organoTa 
sistemebidan kargad ganviTarebuli gamrav-
lebis organoebi aqvs da axasiaTebs rTuli 
sasicocxlo cikli: xSirad ori maspinZe-



13

lia saWiro, rom zrdasrul asaks miaRwios. 
maspinZel organizms, sadac zrda srul 
asaks aRwevs, saboloo maspinZeli ewodeba, 
xolo organizms, sadac parazitis Canasa-
xi ganviTarebis garkveul stadiebs gadis _ 
Sualedi maspinZeli).

RviZlis orpira mwovelebis klasis war-
momadgenelia. misi sxeuli brtyeli, foT-
lis firfitis formisaa (sur. 2.1.9) da 
sigrZiT 2-3 sm. igi ori misawovriT emagre-
ba pirutyvis RviZls da ikvebeba RviZlis 
sisxliTa da ujredebiT. RviZlSi parazi-
tobiT igi arRvevs am orga nos funqciebs 
da xSirad cxoveli iRupeba. RviZlis or-
piram SeiZleba adamianic daavados. RviZ-
lis orpiras sxeulSi didi adgili ukavia 
reproduqciul organoebs _ or saTesle-
sa da erT sakvercxes. sasqe so jirkvleb-
Si didi raodenobiT spermatozoidebi da 
 kercxujredebi  mwifdeba. amas didi mniSv-
neloba aqvs orpiras gadarCenisTvis, rad-
gan misi kvercxebisa da Canasaxebis mxolod 
mcire raodenoba aRmoCndeba xelsayrel 
pirobebSi. RviZlis orpiras rTuli sasi-
cocxlo cikli axasiaTebs (sur. 2.1.10). 

Tasma Wiebis warmomadgeneli paraziti 
Wiaa Roris soliteri (sur. 2.1.11). misi Tas-

miseburi formis sxeuli Sedgeba Tavisa da 
nawevrebisgan. sxeuli dafarulia mkvrivi 
garsiT, romelic icavs mas nawlavis wvenis 
zemoqmedebisgan. Tavze aqvs oTxi misawo-
vari da or rigad ganlagebuli kauWebiani 
gvirgvini, romliTac magrad emagreba naw-
lavis kedels. igi adamianis nawlavebidan 
mTeli sxeulis zedapiriT Seiwovs mone-
lebul sakveb nivTierebebs, amitom mas ar 
aqvs saWmlis momnelebeli sistema. ner-
vuli sistema martivia da ar aqvs Segr Z-
nebis organoebi. samagierod, kargad aqvs 

piri
piris misawovაri

muclis misawovაri

nawlavi mravali 
ganStoebiT

saylapavi
xaxa

sur. 2.1.9.

lokokinaSi orpiras larva ganicdis rTul 
ganviTarebas _ erTi larvidan viTardeba 
mravali larva; es larva kudiT aris 
aRWurvili. isini toveben lokokinas sxeuls, 
dacuraven wyalSi da emagrebian mcenareebs. 
gubeebis daSrobis dros isini Semoikraven 
damcvel garss da aseT mdgomareobaSi 
rCebian mcenareebze.

5 pirutyvi Zovis dros, gubeebis 
axlos myof mcenareebs Tu adamiani 
Caidebs pirSi an orpiras larvebiT 
dabinZurebuli wylis dalevis dros 
larva xvdeba saboloo maspinZlis 
organizmSi.

6

Tormetgoja nawlavSi 
moxvedrili larvidan 
zrdasruli forma 
viTardeba da 
naRvlis sadinarebis 
saSualebiT xvdeba 
RviZlSi.

7

miracidia wamwamebiT dacuravs wyalSi 
da xvdeba Sualedur maspinZelSi _ wylis 
lokokinas sxeulSi.

4

kvercxidan wyalSi 
gamodis wamwamebiT 
dafaruli larva _ 
miracidia.

3

Tu kvercxi wyalSi 
moxvdeba, iwyeba misi 
ganviTareba.

2

RviZlis orpiras kvercxebi 
ganavalTan erTad garemoSi 
gamoiyifa.

1
zrdasruli RviZlis 
orpira RviZlSi.

8

tipuri 
saboloo 
maspinZlebi 
arian 
mcoxnelebi

RviZlis orpiras sasicocxlo cikli

sur. 2.1.10.
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Zalian saSiSi parazitia eqinokoki. misi 
zrdasruli forma binadrobs ZaRlis, tu-
ris, mglis da sxv. nawlavSi. daavadebu-
li cxovelidan gamoyofili eqi nokokis 
kvercxebi SeiZleba moxvdes balaxze, 
bost neulze. balaxidan ki eqinokokis 
kvercxi xvdeba pirutyvis sxeulSi, kverc-
xidan viTardeba Canasaxi, romelic RviZl-
Si an sxva Sinagan organoebSi ibudebs. Tu 
ZaRli an sxva mtacebeli SeWams eqinoko-

kis finebian Sinagan organoebs, maSin mis 
nawlavSi moxvedrili eqinokokis buStis 
Canasaxebidan zrdasruli eqinokokebi vi-
Tardeba. eqinokoki adamiansac uCndeba, 
rodesac is efereba eqinokokiT daavade-
bul ZaRls, radgan mis balanze SeiZleba 
mikruli iyos eqinokokis kvercxi. adamians 
RviZlSi, filtvsa da tvinSi uCndeba eqi-
nokokis didi buSti, rac iwvevs adamianis 
daavadebas eqinokokoziT da xSirad iRu-
peba kidec.

ganviTarebuli reproduqciuli sistema _ 
yovel nawevrSi aqvs mdedrobiTi da mamro-
biTi sasqeso organoebi. misTvis damaxasia-
Tebelia rTuli sasicocxlo cikli (sur. 
2.1.12). Roris soliteri did zians ayenebs 
adamians, radgan arTmevs sakvebs da mis or-

ganizmSi gamoyofs toqsikur cvlis pro-
duqtebs. Roris soliteriT daavadebuli 
adamiani gamxdari da uferulia; awuxebs 
sisuste, Tavbrusxveva, zedmeti nerwyvis 
dena da muclis tkivili. 

6. ra saerTo niSnebia damaxasiaTebeli paraziti WiebisTvis?
7. suraT 2.1.10-is mixedviT aRwere RviZlis orpiras sasicocxlo cikli. daasaxele orpi-

ras Sualeduri da saboloo maspinZeli.
8. suraT 2.1.11-is mixedviT aRwere Roris soliteris sasicocxlo cikli. daasaxele Ro-

ris soliteris Sualeduri da saboloo maspinZeli..
9. axseni, raSi gamoixateba paraziti Wiebis sasicocxlo ciklis sirTule da rogor exma-

reba sasicocxlo ciklis sirTule maT gadarCenaSi.

zrdasruli Roris soliteri

momwifebuli nawevrebi 
(TiToeul nawevrSi 
3000-mde kvercxia)

nawevrebi 
(yovel nawevrSi 
aris saTesleebi 
da sakvercxeebi)

TavikauWi

misawovrebi

1. daavadebuli ada-
miani ganavalTan 
erTad garemoSi 
gamoyofs Roris 
soliteris kver-
cxebiT datenil 
momwifebul nawev-
rebs

2. rodesac Rori 
gadaylapavs na-
wevrs, TiToeuli 
kvercxidan patara 
mrgvali Canasaxi 
viTardeba

3. Canasaxi xvdeba 
Roris sxvada sxva 
organoSi is 
moTeTro, naxev-
rad gamWvirvale 
buStukad _ finad 
gardaiqmneba

4. Roris finozuri 
xorcis moxmarebis 
SemTxvevaSi fini 
adamianis nawlavSi 
xvdeba, sadac Cana-
saxidan zrdasruli 
Roris soliteri 
viTardeba. 3-4 TveSi 
2-3 m sigrZes aRwevs

Roris soliteris sasicocxlo cikli

sur. 2.1.12.sur. 2.1.11.
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mrgvali Wiebi, romlebsac, aseve, ne-
matodebs uwodeben, gvxvdeba dedamiwis 
TiTqmis yvela ekosistemaSi, maT Soris, 
maRal mTian mwvervalebsa da okeaneebis 
siRrmeebSi, niadagsa da wyalSi. isini, ase-
ve, gvxvdeba eqstremalur garemoSi, ro-
goricaa cxeli wyaroebi da arqtikuli yi-
nuli. mrgvali Wiebi, cxovelTa erT_erTi 

2.1.7.3. მრგვალი ჭიები

yvelaze mravalricxovani tipia rogorc 
raodenobis, ise saxeobebis mravalferov-
nebis TvalsazrisiT. 15000_ze meti saxeo-
bis mrgvali Wiebi sxeulis zomiTac Za-
lian mkveTrad gansxvavdebian _ sigrZeSi 
1 mm_dan 10 m_ze meti. arian Tavisuflad 
mcxovrebi da mcenareebis, cxovelebisa 
da adamianis parazitebi.

mrgvali WiebisTvis damaxasiaTebelia 
mrgvali, grZeli, orive boloSi wamaxvi-
lebuli da daunawevrebeli sxeuli (sur. 
2.1.13). garedan maTi kani dafarulia 
mkvri vi kutikuliT, romelic Wias ara-
xelsayreli pirobebisgan icavs. kanze Sig-
nidan mWidrodaa dakavSirebuli kunTebi 
da warmoqmnis kan-kunTovan parks. mrgva-
li WiebisTvis damaxasiaTebeli mniSvne-
lovani niSania sxeulis pirveladi Rrus 
arseboba, romelic parenqimis CaSlis Se-
degad warmoiqmneba. sxeulis pirveladi 
Rru warmoadgens kunTebsa da saWmlis 
momnelebel arxs Soris sivrces, rome-
lic siTxiTaa amovsebuli. sxeulis pirve-
lad RruSi moTavsebulia yvela Sinagani 
organo. sxeulis Rrus siTxe asrulebs 
hidroConCxis rols _ siTxis moZraoba da 
misi zewola ganapirobebs kunTebis Sekum-
Sva-modunebas; aseve, igi asrulebs sakve-
bi nivTierebebisa da cvlis produqtebis 
satransporto funqcias da monawileobs 
airTa cvlaSi.

mrgvali Wiebis nervul sistemas qmnis: 
xaxiszeda da xaxisqveda nervuli kvanZebi, 
(romlebic erTmaneTTan aris dakavSire-
buli da warmoqmnis xaxis irgvliv nervul 
rgols), nervuli kvanZebidan gamomavali 
nervuli Reroebi _ zurgis, muclis da 
ori gerdiTi Rero. SegrZnebis organoe-
bi maTSi Zalian sustadaa ganviTarebuli: 
aqvT Sexebis organoebi, romlebic, Ziri-
Tadad, piris irgvliv aris Tavmoyrili. 
mrgvali Wiebis saWmlis momnelebeli sis-
tema Sedgeba piris, saylapavisa da nawla-
visgan, romelic ukana/analuri xvreliT 
(anusiT) bolovdeba. uxerxemloebSi pir-
velad mrgval WiebSi nawlavi analuri 
xvreliT mTavrdeba. ar aqvT specialuri 
sasunTqi organoebi da sunTqaven sxeu-
lis mTeli zedapiriT. gamomyofi siste-
ma warmodgenilia gamomyofi milakebis/
protonefridiebis saxiT. mrgali Wiebi, 
ZiriTadad, calsqesianebi arian, zogjer 
SeimCneva mdedrsa da mamrs Soris gareg-
nuli gansxvaveba. 

nervuli Rero

saTesle jirkvali

nervuli Rero
sasqeso xvreli

nervuli kvanZi

piri

saylapavi

kunTi

sxeulis pirveladi Rru

gamomyofi milaki
nawlavi

nawlavi anusi

saTesle
kutikula

sur. 2.1.13.
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1. ra TaviseburebebiT xasiaTdeba mrgvali Wiebi?
2. ra funqciebs asrulebs sxeulis Rrus siTxe?
3. raSi gamoixateba mrgvali Wiebis maRal safexurze dgoma brtyel WiebTan SedarebiT?
4. ra niSnebia damaxasiaTebeli paraziti mrgvali WiebisTvis?
5. askaridaSi ganviTarebis romel etapebze mimdinareobs aerobuli da anaerobuli sunT-

qva?
6. ra simptomebia damaxasiaTebeli paraziti WiebiT dasnebovnebuli adamianebisTvis?
7. rogor vrceldeba paraziti Wiebis kvercxebi?
8. ratomaa Zneli parazit WiebTan brZola? 

mcenareebis paraziti nematodebi did 
zians ayeneben kulturul mcenareebs 
da mniSvnelovan ekonomikur zarals na-
xuloben fermerebi. mrgvali Wiebidan 
adamianis parazitia askarida da maxvi-
la. askarida adamianis wvril nawlavebSi 
parazitobs. mdedris sxeulis sigrZe 40 
sm-mde aRwevs, xolo mamrisa _ 30 sm_mde 
(sur. 2.1.14). askaridas piris xvreli gar-
Semortymulia sami tuCiT, romlebiTac 
emagreba adamianis nawlavis kedels. mas 
nawlavis wvenis zemoqmedebisgan icavs mk-
vrivi kutikula. igi didi nayofierebiT 
xasiaTdeba: erTi dRe-Ramis ganmavlobaSi 
200 000_mde Zalian wvrili, mkvrivi gar-
siT dafaruli kvercxis dayra SeuZlia. 
adamianis nawlavidan kvercxebi gareT ga-
moiyreba. igi SeiZleba moxvdes balaxze, 
xil_bostneulze, wyalSi. qarma SeiZleba 
saojaxo nivTebsa da sakvebze gadaitanos, 
SeiZleba xelebze migvewebos. askaridas 
kvercxebi buzebsac gadaaqvs. adamianis 
organizmSi moxvedrili kvercxidan jer 
Canasaxi viTardeba, ganviTarebis ramde-
nime safexuris gavlis Semdeg ki nawla-
vSi zrdasruli askarida viTardeba (as-
karidas Canasaxi nawlavis kedels xvrets 
da sisxlZarRvebSi xvdeba; sisxlis mimo-
qcevis sistemaSi erTxans mogzaurobs, 
bolos adamianis filtvebSi xvdeba, iqi-
dan naxvelTan erTad piris RruSi amodis 
da nerwyvTan erTad kvlav nawlavSi mo-
xvdeba). askaridaTi daavadebul adamians 
axasiaTebs: nerwyvis gaZlierebuli dena, 

paraziti mrgvali Wiebi

kbilebis kraWuni, gulisreva, muclis 
tkivili, mada ekargebaT; SeiZleba piri-
qiTac _ bevrs Wamdnen, magram ar erge-
baT; bavSvebi uferulebi arian, swavlaSi 
CamorCebian. 

maxvila parazitobs adamianis wvri-
li nawlavebis qveda ganyofilebasa da 
msxvil nawlavSi. gansakuTrebiT gavrce-
lebulia bavSvebSi. RamiT mdedri maxvila 
gamodis adamianis ukana xvrelidan da ka-
nis naoWebSi debs kvercxebs, rac am adgi-
lebSi kanis qavils iwvevs. rodesac bavSvi 
xeliT exeba am adgilebs, kvercxebi ekv-
ris TiTebs frCxilebis qveS. daubaneli 
xeliT Wamis Sedegad maxvilas kvercxebi 
adamianis organizmSi xvdeba.

sur. 2.1.14.
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anusi

piri

segmentebi

jagrebi

gamomyofi milebi

tixari segmentebs 
Soris

rgoluri sisxlZarRvi

muclis sisxlZarRvi

zurgis sisxlZarRvi

xaxiszeda nervuli kvanZebi

xaxisirgvlivi nervuli rgoli

muclis nervuli Zewkvi

sisxlZarRvis pulsirebadi segmentebi

saWmlis momne-
lebeli traqtisxeulis Rru

saweluri

2.1.7.4. რგოლოვანი ჭიები

rgolovan Wiebs aqvT wagrZelebuli, ga-
redan da Signidan segmentebad/rgolebad 
dayofili sxeuli. sxeulis SigniT segmen-
tebi tixrebiT aris gamoyofili. yovel 
segmentSi meordeba wyvili jagari, nervu-
li sistemis kvanZebi, gamomyofi sistemis 
organoebi, saWmlis momnelebeli traqtis 
nawili, zogierT rgolovan WiebSi sasqe-
so jirkvlebic. rgolovani Wia jagrebze 
dayrdnobiT gadaadgildeba. jagrebis Ta-
viseburebis mixedviT rgolovani Wiebis 
tipi or klasad iyofa _ mcirejagrianebi 
da mravaljagrianebi. 

mcirejagriani Wiebis tipuri warmomad-
genelia Cveulebrivi Wiayela da rgolo-
vani Wiebis Taviseburebebi mis magaliTze 
ganvixiloT (sur. 2.1.15). Wiayela umetes 
dros niadagSi atarebs da mis zedapirze 
mxolod RamiT an wvimian amindSi amodis. 
rgolovani Wiebis kani Txeli da lorwo-
vania, mis qveS aris sigrZivi da rgoluri 
kunTebi. kunTebi kanTanaa dakavSirebuli 
da kan-kunTovan parks warmoqmnis. TiTo-
el rgolze aqvs 4 wyvili jagari. sxeulis 
forma, jagrebi da lorwovani kani aadvi-
lebs Wiayelas moZraobas niadagSi. 

rgolovani Wiebis nervuli sistema 
ufro rTulia, vidre _ mrgvali Wiebis. 
Wiayelas xaxis irgvliv aris nervuli 
rgoli, romelic xaxiszeda da xaxisqveda 
nervuli kvanZebisgan Sedgeba. yovel seg-
mentSi muclis mxares nervuli kvanZia, 
romlebic erTmaneTs ukavSirdeba da 
muclis nervul Zewkvs warmoqmnis. Wiayela 
Zalian mgrZnobiarea Sexebaze, reagirebs 
ganaTebis intensivobaze. rgolovani Wie-
bis gansakuTrebuli Taviseburebaa sxeu-
lis meoreuli Rrus ganviTareba. igi 

sxeulis pirveladi Rrusgan imiT gan-
sxvavdeba, rom misi kedeli amofenilia 
gansakuTrebuli epiTeliumiT, romelic 
Rrus siTxes gamoyofs yvela organosgan. 
am SemTxvevaSic Rrus siTxe hidroConC-
xis rols asrulebs. sisxlis mimoqcevis 
sistema pirvelad Cndeba rgolovan WiebSi.
igi Sedgeba muclisa da zurgis msxvili 
sisxlZarRve bisgan, romlebic erTmaneTs 
TiToeul segmentSi arsebuli rgoluri 
sisxlZarRvebiT ukavSirdeba. sisxli moZ-
raobs sisxlZarRvis kedlebSi arsebuli 

sur. 2.1.15.
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kunTebis morigeobiTi SekumSva-modune-
bis gamo. mTavri sisxlZarRvebidan gamo-
suli wvrili ganStoebebi kansa da Sinagan 
organoebSi warmoqmnis kapilarul qsels. 
rgolovani WiebisTvis damaxasiaTebelia 
daxSuli/Caketili sisxlis mimoqcevis sis-
tema, rac imas niSnavs, rom sisxli mxolod 
sisxlZarRvebSi moZraobs da ar gadadis 
sxeulis RruSi. sunTqavs sxeulis zedapi-
riT _ misi kani mdidaria kapilarebiT, mu-
dam svelia da advilad atarebs Jangbads. 
Wiayela ikvebeba Camocvenili foTlebiTa 
da mcenaris sxva nawilebiT. misi saWmlis 
momnelebeli arxi Sedgeba piris Rrusgan, 
CiCaxvis, kunTovani kuWisa da nawlavisgan. 
igi mcenaris lpobad nawilebs ylapavs 
miwasTan erTad, miwasa da sakvebis mou-
nelebel narCenebs patara gundebis saxiT 
ukana xvreliT garemoSi gamoyofs.  gamo-
myofi sistema iwyeba sxeulis RruSi Zab-
risebri gafarToebiT, romelic gamomyof 
milakebs ukavSirdeba, milakebidan ki ga-
remoSi gamoiyofa cvlis produqtebi.

Wiayela hermafroditi cxovelia (zo-
gierTi rgolovani Wia calsqesiania). sa-
Tesleebi da sakvercxeebi sxeulis wina 

nawilis (saweluris win) segmentebSia mo-
Tavsebuli. ganayofiereba jvaredinia _ 
erTi Wiayelas spermatozoidi anayofie-
rebs meore Wiayelas kvercxujreds (sur. 
2.1.16). gamravlebis periodSi saweluris 
nawevrebis kani gamoyofs lorwos, ro-
melSic Wiayela debs kvercxebs. lorwo 
Sreba da warmoiqmneba parki, romelic 
icavs kvercxebs. kvercxebidan Wiayelas 
axali Taoba viTardeba. 

Wiayelas kargad ganviTarebuli regene-
raciis unari aqvs: SemTxveviT danawevre-
buli Wiayelas sxeulis TiToeuli nawili 
aRidgens sxeulis dakargul nawils.

1. aRwere rgolovani Wiebis Taviseburebani.
2. ra arogenezuli cvlilebebi gaCnda rgolovan WiebSi?
3. ratom gvxvdeba Wiayela mxolod tenian garemoSi?
4. ra Seguebulobani aqvs Wiayelas niadagSi cxovrebasTan dakavSirebiT?
5. ras niSnavs Caketili sisxlis mimoqcevis sistema?
6. rgolovani Wiebi ganviTarebis doniT ufro maRal safexurze dganan, Tu mrgvali Wiebi? 

daasabuTe Seni pasuxi.
7. ra rols asruleben Wiayelebi bunebaSi? kvebiTi jaWvis romeli funqciuri rgolis 

SemadgenlobaSi Sedis igi?

sur. 2.1.16.
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2.1.7.5. მოლუსკები

moluskebs rbili sxeuli aqvT, ami-
tom maT rbiltanianebsac uwodeben. maTi 
rbili sxeuli, mcire gamonaklisis garda 
(mag., loqora), niJariT aris dafaruli. 
sxeuli Sedgeba Tavis, tanisa da fexis-

gan. maTi didi umravlesoba binadrobs 
zRvebsa da mtknar wylebSi, xolo nawili 
_ xmeleTze. moluskebis tips sam klasad 
yofen: orsagdulianebi, mucelfexianebi 
da Tavfexianebi (sur. 2.1.17).

moluskebis Taviseburebani ganvixiloT 
ukbilosa da vazis lokokinas magaliTze 
(sur. 2.1.18). ukbilo mtknar wyal Si cxov-
robs, xolo vazis lokokina _ xmeleTze. 
moluskebis sxeulis didi nawili dafaru-
lia kanis didi naoWiT _ mantiiT. mantiasa 
da moluskis sxeuls Soris aris mantiis 
Rru, romelSic mdebareobs layuCebi da 
masSi ixsneba anusi, Tirkmlisa da sasqe-
so jirkvlebis sadinrebi. zurgis mxareze 
aqvT niJara, romelic mantiis warmonaqm-
nia. niJara sami Srisgan Sedgeba: gareTa _ 
rqovani, Sua _ faifurismagvari da Sig-
niTa _ sadafisebri. cxovelis zrdas Tan 

erTad niJarac izrdeba. nervuli sistema 
ukbiloSi warmodgenilia erTmaneTTan da-
kavSirebuli sami wyvili nervuli kvanZiT 
(erTi wyvili aris saylapavis zemoT, meo-
re _ sxeulis ukana naxevarSi da mesame _ 
kunTovan fexSi), xolo vazis lokokinaSi 
xaxis zeda da qveda kvanZebi qmnis xaxis 
irgvliv nervul rgols. nervuli kvanZe-
bi sxeulis sxva nawilebTan nervebiT aris 
dakavSirebuli. SegrZnebis organoebidan 
moluskebis umravlesobas aqvs mxedve-
lobis organo, ynosvisa da Sexebis or-
ganoebi. moluskebs specialuri sunTqvis 
organoebi aqvT: ukbilos sunTqvis organo 

Tavfexianebiorsagdulianebi

niJara

Tvali

sacecebi

nautuliusi

niJaris 
sagdulebi

kunTovani 
fexi

ukbilo

niJara

kunTovani 
fexi

kunTovani 
fexi

sasunTqi 
xvreli

niJaris naSTi

sacecebi

mucelfexianebi

loqora

vazis lokokina
sur. 2.1.17.
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layuCebia (mantiis Rrus  qveda  xvreliT 
Sedis JangbadiTa da sakvebiT mdidari 
wya li, xolo mantiis Rrus zeda xvreliT 
gamodis naxSirorJangiTa da daSlis pro-
duqtebiT mdidari wyali). vazis lokoki-
naSi sunTqvis organos rols asrulebs 
sisxlZarRvebiT mdidari mantiis Rrus 
kedeli _ „filtvebi“ (mantiis RruSi hae-
ri moZraobs niJaris qveS moTavsebuli 
sasunTqi xvrelis saSualebiT). lokoki-
nebis sisxlis mimoqcevis sistema Sedgeba 
gulisa da sisxlZarRvebisgan; guli Sedge-
ba parkuWisa da erTi an ori winagulisgan. 
sisxlis mimoqcevis sistema Riaa: Tavisi 
moZraobis gzaze sisxli CaiRvreba Sinagan 
organoTa Soris arsebul RruSi. saWmlis 
momnelebeli sistema Sedgeba wina, Sua da 
ukana nawlavisgan. Sua nawlavSi ixsneba 
saWmlis momnelebeli jirkvlis _ RviZlis 
_ sadinari. vazis lokokinas piris Rru-
Si aqvs safxeki _ enaze ramdenime rigad 
ganlagebulia rqovani kbilebi, romliTac 
lokokina mcenaris uxeS qsovilebs fxeks. 
ukbilos safxeki ar aqvs. gamomyofi siste-

ma warmodgenilia Tirkmlebis saxiT. mo-
luskebis didi umravlesoba calsqesiania. 
hermafrodit moluskebSi ganayofiereba 
jvaredinia (sur. 2.1.19). moluskebSi ga-
nayofiereba Sinagania. ukbilos kvercxe-
bidan viTardeba Canasaxi/larva, romelic 
srulebiT ar hgavs mSoblebs, igi emagreba 
Tevzis kans, masze eweva garegani parazi-
tis cxovrebas, ganicdis garkveul ganvi-
Tarebas, ris Semdegac scildeba Tevzs da 
damoukidebel cxovrebas iwyebs. amrigad, 
ukbilosTvis metamorfozuli ganviTare-
baa damaxasiaTebeli. 

1. ra niSnebiT gamoirCeva moluskebis tipi uxerxemloebis aqamde ganxiluli tipebisgan?
2. ra arogenezuli cvlilebebi gaCnda moluskebSi?
3. ra saerTo da gansxvavebuli niSnebi aqvs ukbilosa da vazis lokokinas?
4. raSi gamoixateba vazis lokokinas Seguebuloba xmeleTze cxovrebasTan? 
5. ra gansxvavebaa Caketil da Ria sisxlis mimoqcevis sistemebs Soris?

sur. 2.1.19.

kuWi

vazis lokokina

mantia
Tirkmelisaylapavi

nervinervuli kvanZebi

Tvalebi

filtvi

RviZli
sasqeso  
jirkvali

Sexebisa da ynosvis organo

safxeki

guli fexisur. 2.1.18.

piri

kuWi
ukbilo

niJaris 
Camketi 
kunTi

mantia

mantia

mantiis Rrus zeda xvreli

anusi

niJaris Camketi  kunTi

layuCebi

nawlavi

Tirkmeli
guli

sxeulis 
Rru

fexi

mantiis Rrus 
qveda xvreli
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2.1.7.6. ფეხსახსრიანები

fexsaxsrianebi uxerxemloebs Soris 
yvelaze maRalganviTarebuli, mraval 
ricxovani, mravalferovani da dedamiwa ze 
gavrcelebuli cxovelebia (sur. 2.1.20). 
fex saxsrianebisTvis damaxasiaTebeli sa-
erTo niSnebia: maTi sxeuli danawevrebu-
lia gansxvavebul nawilebad _ Tavi, mkerdi 
da muceli, an Tavmkerdi da muceli; aqvT 
dasax sruli fexebi; sxeuli garedan dafa-
rulia qitinovani safarveliT, romelic 
garegani ConCxis rols asrulebs _ masze 
Signidan mimagrebulia kunTebi _ da asru-
lebs sayrden funqcias; garda amisa, cxo-
vels icavs wylis aorTqlebisa da meqani-
kuri dazianebisgan, mtaceblebis gan; maTi 
garegani ConCxi Sedgeba ara qsovilebisgan 
(rogorc Sinagani ConCxi), aramed nivTie-
reba qitinisgan, romelic mtkice javSans 
qmnis organizmisTvis; organizmis zrdis 
procesSi igi ar izrdeba, amitom zrdas-
ruli asakis miRwevamde mas cxoveli ram-
denjerme icvlis (sur. 2.1.21); sanam cxo-
vels kvlav ganuviTardeba myari garegani 
ConCxi, igi izrdeba, magram am periodSi 
igi aris Zalian daucveli rogorc garega-
ni abioturi faqtorebis zemoqmedebisgan, 

ise mtaceblebisgan, amitom ganviTarebis 
am etapze igi imaleba; qitinovani safar-
veli mTel sxeulze erTnairi simkvrivisa 
da sisqis ar aris _ magaliTad, kidure-
bis saxsrebis midamoSi is SedarebiT ufro 
rbilia, ris gamoc fexsaxsrian cxovels 
moZraoba uadvildeba. fexsaxsrianebis 
 umravlesobas kargad aqvs ganviTarebuli 
mxedvelobis, ynosvisa da Sexe bis SegrZ-
nebis organoebi, romlebiTac reagirebs 
garemos gamRizianebelze da exmareba mas 
sakvebisa da sacxovrebeli adgi lis migne-
baSi, TavdacvaSi. fexsaxsrianTa tipSi sami 
klasia gaerTianebuli: mwerebi, obobasnai-
rebi da kibosnairebi. 

1. ra saerTo niSnebia damaxasiaTebeli fexsaxsrianebisTvis?
2. ra gansxvavebaa garegan da Sinagan ConCxs Soris?
3. ra funqciebs asrulebs garegani ConCxi?
4. ratomaa damaxasiaTebeli qitinovani safarvelis cvla zrdis procesSi?

uxerxemloebis ZiriTadi jgufebi

fexsaxsrianebi

moluskebi

Wiebi

nawlavRuianebi 
da sxv.

sur. 2.1.20.

kunTebi

saxsari

qitinovani 
garegani 
ConCxi

qitinovani safarvelis cvlasur. 2.1.21.
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2.1.7.6.1. მწერები

mwerebi cxovelTa samefoSi yvelaze 
mravalricxovani da saxeobrivad mraval-
ferovania. am klasSi 1 mln-ze meti sa  xe o- 
  baa gaerTianebuli. isini gavrcelebu lia 
praqtikulad yvela ekosistemaSi _ tyeeb-
Si, mindvrebSi, baRebsa da bost nebSi, 
adamianis sacxovrebel saxlebSi, SeiZle-
ba SevxvdeT tbebsa da mdinareebSi. mec-
nierebi yovelwliurad aRmoaCenen maT 

axal saxeobebs. mwerebis zogierTi saxeo-
ba koloniebad _ ojaxebad _ cxovroben 
(mag., futkrebi, WianWvelebi) da maT sa-
zogadoebriv mwerebs uwodeben. ojaxebSi 
asobiT da aTasobiT individia da ojaxis 
wevrebs Soris funqciebia ganawilebuli. 
mecnierebi varaudoben, rom sazogadoeb-
rivi mweris genetika gansazRvravs, Tu ra 
rols Seasrulebs igi ojaxSi. 

mwerebi, obobebTan erTad, 400 ml wlis 
win Seeguvnen xmeleTze cxovrebas. maT  
wylis aorTqlebisgan icavs qitinova-
ni safarveli. yvela mweris sxeuli sami 
nawi lisgan Sedgeba: Tavi, mkerdi da muce-
li (sur. 2.1.22). Tavze aqvT erTi wyvili 
ulvaSi da rTuli Tvali, piris aparati. 
ulvaSi ynosvisa da Sexebis SegrZnebis 
organoebis rols asrulebs. rTuli Tva-
li mravali aseuli mikroskopuli Tvala-
kisgan Sedgeba. TiToeuli Tvalaki sagnis 
mxolod nawils xedavs da aseT mxedvelo-
bas mozaikuri mxedveloba ewodeba. piris 
aparati agebulebiT gansxvavebulia imaze 
damoki debulebiT, Tu rogori sakvebiT 
ikvebeba mweri (mwuwnav-mCxvleti, mwuw-
nav-mlokavi an mRrRneli tipis piris apa-
rati). 

mkerdi sami segmentisgan Sedgeba, Ti-
Toeul segmentTan TiTo wyvili fexia 
dakavSirebuli (mwerebs sul 6 fexi aqvT), 
xolo mkerdis Sua segments umravleso-

ba mwerSi ori wyvili frTa ukavSirdeba. 
cxo velTa mxolod oTxi jgufisTvis aris 
damaxasiaTebeli frena: mwerebis, gadaSe-
nebuli mfrinavi xvlikebis, frinvelebisa 
da RamurebisTvis. mwerebSi frTebi war-
moadgens zurgis mxareze garegani ConC-
xis gamonazards. yoveli frTis dasawyis-
Si masze mimagrebulia kunTebi, romelTa 
daxmarebiT frTebi moZraobs. maga liTad, 

1 wyvili ulvaSi

mweris garegani agebuleba

rTuli Tvali

Tavi mkerdi muceli

frTebi

3 wyvili 
fexi

sur. 2.1.22.

sur. 2.1.23.
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futkars SeuZlia wT-Si frTebis 200-jer 
awev-daweva (sur. 2.1.23). mucelic danawe-
vrebulia da muclis daboloebaze moTa-

vsebulia kvercxsadebi, zogierT mwer-
Si (mag., muSa futkrebSi) kvercxsadebi 
nestradaa gadaqceuli. 

mwerebi xmeleTze cxovrebasTan Segue-
bulia Sinagani agebulebis Taviseburebi-
Tac (sur. 2.1.24). mweris sasunTqi organoa 
traqeebi, romlebSic haeri Sedis mweris 
sxeulis gverdebze arsebuli  sasunTqi 
xvre lebiT _ stigmebiT. traqeebi iseT 
wvril milakebad _ traqeolebad iyofa, 
rom airTa cvla uSualod mimdinareobs 
ujredebsa da traqeolebSi gamaval haers 
Soris. mweris muclis Rrus gafarToebis 
dros JangbadiT mdidari haeri stigmebis 
saSualebiT Sedis traqeebSi, xolo muclis 
Rrus SekumSvisas naxSirorJangiT mdidari 
haeri gareT gamodis. stigmebi aramarto 
airTa cvlaSi monawileobs, aramed are-

gulrebs wylis aorTqlebasac _ zogierT 
mwers traqeebis sarqvelebic aqvs.

mweris sisxlis mimoqcevis sistema Sed-
geba gulisa da sisxlZarRvebisgan. maTSi 
sisxlis mimoqcevis sistema daxSuli araa. 
mwerebis sisxli sasunTq pigments ar Sei-
cavs da asrulebs mxolod sakvebi nivTie-
rebebisa da cvlis produqtebis trans-
portirebis funqcias.

mwerebis umravlesoba calsqesiania. ga-
nayofiereba Sinagania da kvercxis debiT 
mravldebian. maTTvis damaxasiaTebelia me-
tamorfozuli ganviTareba.  zogierTi mwe-
ri ganviTarebis procesSi gaivlis kverc-
xis, Canasaxis, Wuprisa da  zrdasrulis 

anusi

malpigis 
milakebi

muclis nervuli Zewkvi

xaxis irgvlivi 
nervuli rgoli

nervuli kvanZizurgis 
arteriaguli

CiCaxvi

piris aparati
sakvercxe traqeebi

traqea

traqeoli

stigma

ujredi

mweris Sinagani agebuleba

sur. 2.1.24.

1. ra saerTo niSnebia damaxasiaTebeli mwerebisTvis?
2. ra adaptaciebi ganuviTardaT mwerebs xmeleTze cxovrebasTan dakavSirebiT?
3. ra exmareba mwerebs wylis SenarCunebaSi?
4. mcenareebis foTlis romel warmonaqmns aqvs stigmebis msgavsi funqciebi? 
5. ra gansxvaveba iqneba udabnosa da tropikuli tyis mwerebis stigmebis agebulebaSi? 
6. ra upiratesoba SesZina frenis unarma mwerebs? 
7. ratom ar aqvs mwerebSi sisxls airTa transportirebis funqcia?
8. mweris muclis Rrus gafarToebis dros ratom Sedis haeri stigmebis gavliT traqeebSi 

da piriqiT, muclis Rrus SekumSvis dros  traqeebidan ratom gamodis garemoSi haeri?
9. ra ekologiur rols asruleben mwerebi ekosistemebSi?
10. ra ekologiuri mniSvneloba aqvs mwerebis mravalferovnebis dacvas?
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mwerebs uwodeben (sur. 2.1.26). kaliis 
kvercxidan ganviTarebuli Canasaxi/nim-
fa garegnulad TiTqos hgavs zrdasrul 
organizms, magram misgan gansxvavebiT, ar 
aqvs ganviTarebuli frTebi da sasqeso 
organoebi.

zrdasruli kalia _ imago

Canasaxi _ nimfa

kvercxi

kaliis arasruli metamorfozuli ganviTarebasur. 2.1.26.

pepela monarqis sruli metamorfozuli ganviTareba

Wupris stadiaze 
mweri gaivlis rTuli 
ganviTarebis process

pepela kvercxebs 
debs foTlis 
firfitis qveda 
mxares

Wupridan 
zrdasruli 
mweri 
viTardebakvercxidan 

viTardeba 
Canasaxi 

_ matli/
muxluxo

1

4

3

2

sur. 2.1.25.

11. ra gansxvavebaa mwerebis srul da arasrul metamorfozul ganviTarebas Soris?
12. ra dadebiTi mniSvneloba aqvs saxeobis gadarCenisTvis metamorfozul ganviTarebas?
13. sruli metamorfozis mweri ganviTarebis romel stadiazea yvelaze metad daucveli da 

ratom? 
14. sruli metamorfozis mweri ganviTarebis romel stadiaze hgavs rgolovan Wiebs da 

raze miuTiTebs es msgavseba?

etapebs (sur. 2.1.25) da aseT mwerebs sru-
li metamorfozis mwerebs uwodeben (mag., 
peplebi, futkrebi, buzebi, koRoebi, xo-
Woebi), zogierTi ki _ kvercxis, Canasaxisa 
da zrdasrulis etapebs (mag., taraknebi, 
kaliebi) da maT arasruli metamorfozis 
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2.1.7.6.2. ობობასნაირები

obobasnairebs miekuTvnebian obobe-
bi, morielebi da tkipebi (sur. 2.1.27). 
obobebis sxeuli Sedgeba Tavmkerdisa 
da daunawevrebeli muclisgan, tkipebSi 
sxeulis yvela nawili erTmaneTTan Sezr-
dilia, xolo morielebs Tavmkerdi da 

danawevrebuli grZeli muceli aqvT. maTi 
muceli bolovdeba nestriT, romelSic 
Sxamiani jirkvlis sadinari ixsneba. Ziri-
Tadad, binadroben xmeleTze. sunTqaven 
traqeebiT an filtvebiT, zogierTi ki _ 
oriveTi.

suraT 2.1.28_ze warmodgenilia jvria-
ni obobas garegani da Sinagani agebuleba. 
obobas, mwerebisgan gansxvavebiT, ar aqvs 
ulvaSebi, aqvs 4 wyvili sasiarulo fexi. 
sxeulis wina nawilSi moTavsebuli piri 
Sedgeba zeda da qveda ybebisgan. zeda ybe-
bi SeiaraRebulia maxvili brWyalebiT/qe-
licerebiT, romelSic Sxa mia ni jirkvlis 

sadinari ixsneba. qveda yba aRWurvilia 
sacecebiT. sacecebi Sexebis SegrZnebis 
organoa. Tavmkerdis wina nawilSi mcire 
zomis 8 Tvalakia. obobebi binadroben xme-
leTze. sunTqaven traqeebiT da filtvebiT. 
obobas muclis wina nawilSi aqvs erTi 
wyvi li filtvis tomsikebi,  romel Ta kede-
li danaoWebulia; es naoWebi  mogvagonebs 

4 wyvili 
fexi

sacecebi

oboba

daunawevrebeli 
muceli

4 wyvili 
fexi

4 wyvili fexi

sacecebi

sacecebi, 
romlebic 
marwuxisebri 
warmonaqmnebiT 
bolovdeba 

danawevrebuli 
muceli

sxeulis yvela nawili 
urTierTSezrdilia

nestari

tkipi

obobasnairebis mravalferovneba

morieli

sur. 2.1.27.

4 wyvili 
fexi

Tvalebi

Tavmkerdi muceli

saceci

garegani agebuleba

guli
kuWi nawlavi

sakvercxe
malpigis 
milaki

anusi

saablabude 
jirkvlebi

sasunTqi xvreli

filtvis tomsikis 
naoWebi

qeliceri/ 
brWyali

Sxamiani 
jirkvali

nervuli 
kvanZi

Sinagani agebuleba

sur. 2.1.28.
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1. suraT 2.1.27-is mixedviT aRwere obobasnairebis sxvadasxva warmomadgenels Soris msgav-
seba-gansxvaveba garegan agebulebaSi.

2. ra saerTo niSnebia damaxasiaTebeli obobebisTvis?
3. ra gansxvavebaa obobebisa da mwerebis garegan agebulebaSi?
4. riT gansxvavdeba obobaSi sisxlis mimoqcevis sistemis funqciebi mwerebisgan da rasTan 

aris dakavSirebuli es gansxvaveba?
5. raSi iyenebs jvriani oboba ablabudis qsels?
6. saWmlis monelebis rogori formaa damaxasiaTe-

beli obobasTvis da rasTanaa igi dakavSirebu-
li?

7. postembrionuli ganviTarebis rogori formaa 
damaxasiaTebeli obobasTvis?

8. suraTze gamosaxulia ekliani oboba. misTvis 
damaxasiaTebelia kaSkaSa Seferiloba, rom-
liTac mwerebs izidavs _ maT yvavili hgoniaT 
da advilad ebmebian qselSi. gamoiyene sityve-
bi memkvidruli cvalebadoba, arsebobisaTvis 
brZola, bunebrivi gadarCeva da axseni evolu-
ciis procesSi rogor SeiZleboda aseTi kaSkaSa 
Seferilobis obobis saxeobis warmoqmna.

sur. 2.1.29.

wignis furclebs, igi mdidaria sisxlZar-
RvebiT da zrdis haerTan Sexebis zedapi-
ris farTobs; filtvis tomsikebi gareT 
ixsneba sasunTqi xvreliT. obobasnairebis 
sisxlis mimoqcevis sistema Riaa. 

obobasnairebis sakvebi mravalferova-
nia: jvriani oboba mtacebelia, misi sak-
vebi buzebi da koRoebia; tkipebis nawi-
li mcenareebiT ikvebeba, umravlesoba ki 
sisxlis mwoveli parazitia. obobasnaire-
bis zogierT saxeobas, magaliTad, jvrian 
obobas aqvs saablabude jirkvlebi da agebs 
ablabudis qsels (sur. 2.1.29), romelsac 
sxvadasxva mizniT iyenebs: msxverplis da-
saWerad, Tavdasacavad, rogorc paraSuts, 
erTi adgilidan meoreze `gadasafrenad~, 
gamravlebis periodSi misgan axvevs parks, 
romelSic kvercxebs aTavsebs. obobas Ti-
Toeuli fexi bolovdeba savarcxlisebri 
brWyalebiT, romliTac Tavisuflad moZ-
raobs webovan ablabudis qselSi, romel-
Sic advilad ebmeba misi msxverpli. obo-
ba qselSi gabmul msxverpls qeliceris 
saSualebiT uSxapunebs Sxamiani jirkval-
Si gamomuSavebul sekrets. es sekreti 
Seicavs aramarto toqsikur nivTierebas, 
romelic msxverpls klavs, aramed saWm-
lis momnelebel fermentebsac. fermente-

bi moineleben msxverpls misi qitinovani 
safarvelis garda, monelebul sakveb ni-
vTierebebs Seiwovs oboba. amrigad, obo-
bisTvis damaxasiaTebelia saWmlis orga-
nizmisgare moneleba. saWmlis monelebis 
es Tavisebureba imasTanac aris dakavSi-
rebuli, rom obobas aqvs patara piri da 
viwro saylapavi.   

oboba calsqesiania; mdedri debs didi 
raodenobis kvercxebs, romlebidanac ga-
zafxulze obobebis axali Taoba iCekeba. 
axalgamoCekili oboba ZiriTadi niSne-
biT hgavs zrdasrul organizms. amrigad, 
obobebisTvis pirdapiri ganviTarebaa da-
maxasiaTebeli.
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2.1.7.6.3. კიბოსნაირები

kibosnairebs miekuTvneba mdinaris 
kibo, kiborCxala, krevetebi, langustebi, 
wvrili kibosnairebi _ dafnia, ciklopi 
da sxv. maTi evolucia daiwyo okeaneeb-
Si da dRes kibosnairTa umetesoba kvlav 
okeaneebsa da zRvebSi cxovrobs, magram 
arsebobs mtknari wylis saxeobebic da zo-
gierTi xmeleTis formac. aris mcire zo-

mis kibosnairebi (mag., dafnia da ciklopi, 
romlebic zooplanqtonis Semadgenloba-
Si Sedian) da iseTi giganturi zomis ki-
bosnairic, rogoricaa qoqosis kiborCxa-
la (sur. 2.1.30). igi msoflioSi yvelaze 
didi zomis fexsaxsriania, romlis fexis 
sigrZe 1 metramde SeiZleba iyos.

sxeuli Sedgeba Tavmkerdisa da danawevre-
buli muclisgan. misi sxeuli kiriT gaJ-
RenTili qitinovani safarveliTaa dafa-
ruli. Tavze erTi wyvili rTuli Tvali 

da ori wyvili ulvaSi aqvs 
_ mokle da grZeli ul-
vaSebi, romlebic Sexebisa 
da ynosvis SegrZnebis or-
ganoebis rols asruleben. 
mdinaris kibos mkerdTan 
5 wyvili sasiarulo fexia 
Senawevrebuli, romelTa-
gan pirveli wyvili marwu-
xisebria da kibos sakvebis 
daWe raSi exmareba. muclis 
TiToeul nawevrTan sacu-
rao fexebia dakavSirebu-
li, muceli ki kudis far-
fliT bolovdeba. wyalSi 
cxov rebasTan dakavSire-
biT, mdi  naris kibos sun-
Tqvis organo layuCebia. 
layuCebi furclisebria, 
romlebic sisxlZarRve-
biTaa mdidari. layuCebSi 

muceli
Tavmkerdi

mokle ulvaSi

grZeli ulvaSiTvali

marwuxi

anusi

kunTi

nawlavi

RviZli

kunTebi

sakvercxe
guli kuWi

arteria
nervuli kvanZi 
(Tavis tvini)

mwvane jirkvali 
(gamomyofi 
organo)

saylapavi
piri

muclis sisxlZarRvi

muclis 
nervuli 
Zewkvi

sasiarulo fexebi

kudis farfli

sacurao  
fexebi qitovani  

safarveli

sur. 2.1.31.

kibosnairebis agebulebis Tavisebure-
bani mdinaris kibos magaliTze ganvixiloT 
(sur. 2.1.31). igi mtknar wyalSi, ufro xSi-
rad ki mdore mdinareebSi cxov robs. misi 

sur. 2.1.30.
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ganuwyvetliv moZraobs wyali da airTa 
cvla mimdinareobs layuCSi Sesul wyalsa 
da sisxls Soris.

mdinaris kibo calsqesiania. mded-
ri kibo zamTarSi debs100_200 kvercxs, 
romlebic muclis qveS sacurao fexebzea 

mimagrebuli. zafxulSi kvercxebidan pa-
tara kiboebi iCekeba. axalgazrda kiboebic 
imave adgilas dedasTan rCebian mimagrebu-
li, zrdis procesSi, sxva fexsaxsrianebis 
msgavsad, ramdenjerme icvlian qitinovan 
safarvels da zrdasrul asaks aRweven. 

Seni skolis umcrosklaselTaTvis Seqmeni sainformacio bukleti parazit Wiebze, ro-
melSic asaxav paraziti WiebisTvis damaxasiaTebel niSnebs, paraziti WiebiT dasnebovnebu-
li adamianisTvis damaxasiaTebel simptomebs, maTi gavrcelebis gzebsa da paraziti Wiebi-
sgan dacvis higienur wesebs.  

sainformacio bukletis prezentaciisas TvalsaCinod warmoaCine:
• ra ZiriTad jgufebs gamoyofen uxerxemloebSi?
• ra ZiriTadi msgavseba-gansxvavebaa Wiebis sxvadasxva tipis agebulebasa da maTi 

struqturuli komponentebis funqciebs Soris?
• rogor gansxvavdeba Wiebis sxvadasxva warmomadgeneli kvebis tipis mixedviT?
• ra ekologiuri mniSvneloba aqvs Wiebis mravalferovnebis SenarCunebas?  
• ratom iwveven paraziti Wiebi adamianis daavadebas?
• ra mniSvneloba aqvs higienuri wesebis dacvas janmrTelobis SenarCunebisTvis?

sainformacio bukletis momzadeba

1. raSi gamoixateba mdinaris kibos Segueba wyalSi cxorebasTan?
2. Seadare fexsaxsrianTa sxvadasxva jgufi da monacemebi Seitane qvemoT mocemul cxrilSi.

niSan-Tvisebebi Sesadareblad mwerebi obobebi kibosnairebi

sxeulis nawilebi 

ulvaSebi

Tvalebi

fexebi

frTebi

sunTqvis organo 

sisxlis mimoqcevis sistema _ 

Ria/daxSuli

sisxlis funqciebi

postembrionuli ganviTareba _ 

metamorfozuli/pidapiri 

moamzade samecniero referati Temaze: „fexsaxsrianebis roli bunebasa da adamianis 
saqmianobaSi“.

samecniero referatis prezentaciisas TvalsaCinod warmoaCine:
• ra klasebs gamoyofen fexsaxsrianebSi?
• ra ZiriTadi msgavseba-gansxvavebaa fexsaxsrianebis sxvadasxva klasis warmomadgen-

lebis agebulebasa da maTi struqturuli komponentebis funqciebs Soris?
• ra ZiriTadi msgavseba-gansxvavebaa fexsaxsrianebis sxvadasxva klasis warmomadgen-

lebis  sasicocxlo Tvisebebs Soris?

samecniero referatis momzadeba
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• ra ekologiuri mniSvneloba aqvs fexsaxsrianebs? 
• ra safrTxe SeiZleba Seuqmnas fexsaxsrianebma adamianis janmrTelobas?
• fexsaxsrianebTan urTierTobisas ra tipis usafrTxoebis wesebis dacvaa aucilebe-

li?

proeqti 

Tema _ virusidan adamianamde

sakiTxi: cxovelebi

qvesakiTxi: uxerxemlo cxovelebi 

საველე kvleva

proeqtis saxelwodeba lokalur garemoSi uxerxemloebis biomravalferovnebis kvleva 

proeqtis etapebi

problemis analizi/ratom  
gadavwyvite am sakiTxze  
proeqtis ganxorcieleba?

proeqtis mizani lokaluri garemos wvrili uxerxemlo cxovelebis biomravalferov-
nebis kvleva 

proeqtis amocanebi • lokaluri garemoSi kvadratis meTodis gamoyenebiT wvrili uxer-
xemlo cxovelebis biomravalferovnebis ricxobriobis kvleva;

• kvlevis angariSis momzadeba. 

aqtivobebi • kvlevis Casatareblad lokaluri garemoSi garkveuli teritoriis 
SerCeva (tye, parki, mindori) da misi farTobis gamoTvla;

• kvadratis CarCos damzadeba;
• monacemebis cxrilis Seqmna;
• kvadratis CarCos saSualebiT sakvlevi teritoriidan nimuSe-

bis aReba _ TiToeul nimuSSi uxerxemlo cxovelebis saxeobebis 
ricxvis daTvla da monacemebis cxrilSi CaniSvna;

• fotoebis gadaReba;
• formulis _ T = NA -s saSualebiT SerCeul monakveTze uxerxemlo 

cxovelebis saxeobebis saerTo ricxvis gamoTvla;
• kvlevis angariSis momzadeba;
• kvlevis angariSis maswavleblisa da klasis winaSe wardgena (kvle-

vis angariSis daskvnaSi lokalur garemoSi aRmoCenili uxerxemlo 
cxovelebis saxeobis raodenobis aRniSvna, agreTve, aRwera imisa, 
Tu ra niSnebis mixedviT moxda uxerxemloTa klasifikacia).

saWiro resursebi xe an rbili mavTuli kvadratis dasamzadeblad, kompiuteri, Tabaxis 
furclebi. 

samoqmedo gegma aqtivoba aqtivobisaTvis saWiro dro pasuxismgebeli piri
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2.1.8.  ხერხემლიანები

zrdasruli Roris soliteris sigrZem SeiZleba 2-3 m-s miaRwios, indoneziis Tevzebis 

endemuri saxeobis _ Paedocypris progenetica _ zrdasruli individis sigrZe 7,9-10,3 mm-ia. 

romeli dgas ufro maRal safexurze _ 

• sxeulis organizaciis mixedviT  da raSi gamoixateba es? 

• sasicocxlo Tvisebebis mixedviT  da raSi gamoixateba es?

xerxemlianebi qordianTa tipis qveti-
pia. xerxemlianebSi Cven ganvixilavT 5 
klass (sur. 2.1.32). xerxemliani cxove-
lebi xasiaTdebian yvelaze maRali or-
ganizaciiT. es gamoixateba rogorc maTi 
sxeulis agebulebis sirTuleSi, aseve 
fiziologiuri procesebis srulyofaSi. 

xerxemlianebi aqtiurad gadaadgilde-
bian TavianT saarsebo garemoSi sakvebis 
ZiebaSi, Tavdacvis mizniT, gamravlebis 
adgilisa da sawinaaRmdego sqesis indivi-
dis moZebnis dros. isini avlenen indivi-
dualur da gundur rTul qcevebs.

xerxemlianebSi yvela organoTa siste-
ma da organoebi umaRles donezea dife-
rencirebuli. cxovrebis aqtiuri wesi da 
mkveTrad gansxvavebul garemosTan maRa-
li adaptaciebi gamowveulia xerxemlia-
nebSi evoluciis procesSi arogenezuli 
mimarTulebis cvlilebebiT. xerxemlia-

nebisTvis saerTo damaxasiaTebeli niSne-
bia:
• maTi sxeuli dafarulia kaniT, romlis 

gareTa Sres warmoadgens mravalSria-
ni epidermisi Tavisi mravalferovani 
warmonaqmnebiT (qerclebi, bumbuli, 
rqebi, frCxilebi, bewvi, Tma).

Tasma Wia _ Roris soliteri Tevzi _ indoneziuri karpi

sur. 2.1.32.

xerxemlianebi

Tevzebi amfibiebi ZuZumwovrebifrinvelebiqvewarmavlebi
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• xerxemlianebisTvis damaxasiaTebelia 
milovani nervuli sistema _ maT Cana-
saxis periodSi zurgis mxares uviTar-
debaT centraluri nervuli sistemis 
saxiT nervuli mili, romelic emb-
rionuli ganviTarebis procesSi wina 
nawilSi farTovdeba da warmoiqmneba 
Tavis tvini. 

• uxerxemloebisgan gansxvavebiT, maT 
aqvT Sinagani xrtilovani, Zvlovani an 
Zval-xrtilovani ConCxi _ sxeulis Zi-
riTadi sayrdeni xerxemali da Tavis 
qala, romelic Tavis tvinis ganviTa-
rebasTan erTad warmoiqmna. amitom 
xerxemlianebs sxvanairad Tavisqalia-
nebsac uwodeben. qalas tvinis ganyo-
fileba meqanikuri dazianebisgan icavs 
Tavis tvins, xolo xerxemali _ zur-
gis tvins. maTi ConCxi cocxali uj-
redebisgan Sedgeba, amitom organiz-
mis zrdasTan erTad ConCxic izrdeba. 
ConCxze garedan ConCxis kunTebia mi-
magrebuli.

• garemoSi aqtiur gadaadgilebasa da 

sxvadasxva tipis moZraobis Sesrule-
bas xels uwyobs kargad ganviTarebu-
li kunTovani sistema.

• saWmlis momnelebel arxSi/traqtSi 
Cndeba moZravi ybis aparati, romelic 
cxovels exmareba piris RruSi sakve-
bis daWeraSi/damagrebaSi da zogierT 
xerxemlianebSi mis daqucmacebaSic. 
aqvT saWmlis momnelebeli jirkvle-
bi _ sanerwyve jirkvlebi, RviZli da 
pankreasi. 

• sasunTqi sistema TevzebSi warmodgeni-
lia layuCebis, xolo sxva xerxemlia-
nebSi filtvebis saxiT. 

• sisxlis mimoqcevis sistema daxSulia. 
guli ufro ganviTarebulia, rac ga-
napirobebs sisxlZarRvebSi sisxlis 
swraf moZraobas. gulis ganyofilebe-
bis/kamerebisa da sisxlis mimoqcevis 
wreebis raodenoba xerxemlianis or-
ganizaciis donezea damokidebuli. 

• umravlesoba calsqesiania, ganayofie-
reba SeiZleba iyos garegani an Sina-
gani. 

1. ra saerTo niSnebia damaxasiaTebeli xerxemlianebisTvis?
2. xerxemlianebs kidev ra saxeliT moixseneben da ra struqturul TaviseburebasTanaa es 

saxeli dakavSirebuli?
3. raSi gamoixateba xerxemlianebis maRali organizaciis done uxerxemloebTan SedarebiT?
4. ra upiratesoba aqvs Sinagan ConCxs garegan ConCxTan SedarebiT? ra nakli aqvs Sinagan 

ConCxs?
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2.1.8.1. თევზები

yvela Tevzi wylis binadaria _ zo-
gierTi saxeoba cxovrobs mlaSe da zogic 
_ mtknar wylebSi. Cven Tevzebis Tavise-
burebebs ganvixilavT Zvlovani Tevzebis 
magaliTze. Tevzebis umetesobas gverde-
bidan Sebrtyelebuli da TiTistarise-
buri sxeuli aqvs. (sur. 2.1.33). moqnili 
sxeulisa da TiTistarisebri formis 
wya lobiT  Tevzebi swrafad moZraoben 

wyalSi. Tevzebis sxeuli Sedgeba Tavis, 
tanisa da kudisgan (maTi Tavi uZravad 
aris SeerTebuli tanTan), kudi kudis 
farfliT bolovdeba. Tevzis moZraobis 
organoebi farflebia. farfli Sedgeba 
Zvlovani sxivebisgan, romelzec kania 
gadaWimuli. Tavis wina nawilSi aris piri 
kunTovani tuCebiT.

sur. 2.1.33.

Tevzis garegani agebuleba

mkerdisa da 
muclis wyvili 
farflebi saWis 
rols asruleben 
curvis dros.

kudis farflis moZraobiT 
Tevzi gadaadgildeba, 
zurgisa da kudqveSa kenti 
farflebiT wonasworobas 
icavs. zurgis farfli

gverdiTi xazi

mkerdis farfli

muclis farfli
kudqveSa farfli

kudis farfli

kudi

nesto _  
ynosvis organo

tani Tavi

Tvali

piri

Tevzis kani dafarulia kramitisebu-
rad ganlagebuli Zvlovani qercliT. 
kanSi arsebuli jirkvlebi gamoyofs 
lorwos, amitom Tevzis sxeuli srialaa, 
mcirdeba wyalTan xaxunis Zala da Tev-
zi wyalSi advilad moZraobs. sxvadasxva 
saxeobis Tevzs erTmaneTisgan gansxvave-
buli zomis, formisa da feris qerclebi 
aqvs. Sesabamisad, Tevzebi Zalian fera-
dovani arsebebi arian. Cveulebriv, maTi 
zurgis mxare ufro muqia, vidre mucli-
sa. 

SegrZnebis organoebi, ZiriTadad, Ta-
vis wina nawilSia Tavmoyrili. Tavis zeda 
nawilSi ynosvis organo _ wyvili nesto, 

Tavis gverdebze aqvs mxedvelobis orga-
no _ Tvalebi, smenis organo, romelic 
TevzebSi warmodgenilia mxolod Signi-
Ta yuriT _ wylis maRali simkvrivis 
gamo SigniTa yurSi moTavsebul smenis 
receptorebamde kargad aRwevs bgeri-
Ti  talRebi.  gemovnebis receptorebi 
TevzebSi aramarto piris RruSi aqvT, 
aramed gabneulia mTeli sxeulis zeda-
pirzec. Tevzs aqvs gverdiTi xazi muqi 
zolis saxiT. aq arsebuli specialuri 
mgrZnobiare ujredebiT Tevzi aRiqvams 
wylis marilianobas, aseve, dinebis mimar-
Tulebas da wyalSi dabrkolebebs moxer-
xebulad uvlis gverds. 



33

zurgis tvini

Tavis tvini

naRvlis buSti
sacurao buSti

Tirkmeli

gverdiTi 
xazi

Sardis buSti

reproduqciuli organokuWi

nawlavi

pankreasi
saylapavi

RviZli
guli

layuCebi

anusi

sur. 2.1.35.Tevzis Sinagani agebuleba

Tevzis ConCxi (sur. 2.1.34) Sedgeba Ta-
vis qalis, xerxemlis, neknebisa da far-
flis sxivebisgan. qala xerxemalTan uZ-
ravadaa dakaSirebuli, rac curvis dros 
kargi sayrdenia. xerxemali erTmaneTTan 
moZravad dakavSirebuli patara Zvlebis 
_ malebisgan Sedgeba. xerxemalSi ori 
gan yofilebaa: tani da kudi. tanis male-
bidan gamodis neknebi, romlebic sxeul-
Si Tavisuflad bolovdeba, rac xels 
ar uSlis muclis Rrus gafarToebas. 
ConCxze garedan mimagrebulia kunTe-
bi, romlebic ganapirobeben farflebis, 
layuCis saxuravis, tanis moZraobas. 

suraT 2.1.35-ze warmodgenilia Tevzis 
Sinagani agebuleba. Tavisa da zurgis 
tvini qmnis centralur nervul sistemas, 
romelic akontrolebs da aregulirebs 
Tevzis sasicocxlo procesebs (nervuli 

sistemis Sesaxeb ufro meti ixile gv. 61). 
saWmlis momnelebeli arxi iwyeba pi-

ris RruTi. zvigenebsa da zogierT sxva 
mtacebel Tevzs ybebze basri kbilebi 
aqvT. Tevzebis nawili mcenareebiTa da 
wylis wvrili cxovelebiT ikvebeba, maT 
kbilebi ar aqvT da mSvidobian Tevzebs 
uwodeben. Tevzebs sanerwyve jirkvlebi 
ar aqvT da saWmlis moneleba iwyeba kuW-
Si kuWis wvenis fermentebis moqmedebiT, 
sakvebis moneleba grZeldeba nawlavebSi, 
sadac ixsneba naRvlisa da pankreasis sa-
dinrebi, monelebuli sakvebi nivTiere-
bebi Seiwoveba nawlavis kedlebiT, xolo 
mounelebeli narCenebi anusiT gamoiyofa 
garemoSi. 

Tevzebis umravlesobas nawlavis ze-
moT aqvT haeriT savse sacurao buSti, 
romelic Canasaxis stadiaze warmoiqmneba 

qala

ybebi

layuCis saxuravi

farflis sxivebi
xerxemali

neknebi

sur. 2.1.34.

tvinis qala
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ba, Sesabamisad, layuCebSi ecema wneva da 
Jang badiT mdidari wyali piris Rrudan 
layuCebSi gadadis da gareT gamodis nax-
SirorJangiT mdidari wyali.

rogorc ukve ici, cxovelebs ganu-
viTardaT specialuri satransporto 
sistema _ sisxlis mimoqcevis sistema, 
romlis saSualebiTac organizmSi niv-
Tierebebi transportirdeba. Tevzis 
gu  li orsakniania da sisxlis mimoqce-
vis erTi wre aqvs (sur. 2.1.37). Tevzebi 
civ sisxliani cxovelebi arian. civsisx-
lianoba niSnavs imas, rom maT sxeulis 
cvalebadi temperatura aqvT da gare-
mos  temperaturazea damokidebuli. es 
gamow veulia imiT, rom Tevzebi sunTqa-
ven wyal Si gaxsnili JangbadiT, wyalSi ki, 
atmosferosTan SedarebiT, cota Jang-
badia. garda amisa, gulic nela muSaobs. 
Sesabamisad, ujredebSi energetiku-
li cvla nela mimdinareobs da sxeuli 
 mcire raodenobis siTbos gamoimuSavebs;  
amavdroulad, uWirs am siTbos SenarCu-
neba, radgan kani Zvlovani qerclebiTaa 

nawlavis gamonazardisgan. buStis Sig-
niTa kedeli mdidaria sisxlis kapila-
rebiT. rodesac buSti ikumSeba, haeris 
nawili STainTqmeba kapilarebis sisxlis 
mier, xolo gafarToebisas sisxlidan 
buStSi gadadis haeri. sacurao buStis 
moculobis cvlileba Tevzebs exmareba 
wylis siRrmeebSi _ wylis zeda da qveda 
SreebSi _ moZraobaSi.   

Tevzebis sunTqvis organo _ layuCebi 
moTavsebulia Tavisa da tanis sazRvarze. 
igi Sedgeba mravali layuCis furclis-
gan/firfitisgan, romlebic sisxlis kapi-
larebiT aris mdidari. layuCis furcle-
bi zrdis sasunTqi zedapiris farTs da 
ufro efeqturad xdeba airTa cvla wyal-
sa da layuCebSi gamaval sisxls Soris. 
layuCebSi gamaval sisxls mxolod wyal-
Si gaxsnili Jangbadis SeTviseba SeuZlia 
(sur. 2.1.36). amisa Tvis isini regularlad 
aReben da xuraven pirs. piris gaRebis 
dros piris RruSi wneva ecema da masSi 
Sedis JangbadiT mdidari wyali. rodesac 
pirs xuraven, layuCis saxuravebi ixsne-

airTa cvla layuCebSi

venuri sisxli

arteriuli sisxli

sisxlis nakadi 
layuCis furclis 

kapilarebSi

sapirispiro nakadi uzrunvelyofs wylidan 
sisxlSi maqsimaluri Jangbadis SeTvisebas

wylis nakadi 
layuCis 
furclebs
Soris

sisxlZarRvebi

layuCis saxuravi

layuCis rkali

layuCis furclebi

wylis 
nakadi

wylis nakadi

sisxlis nakadi

wylis nakadi

airTa
cvla

sur. 2.1.36.
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dafaruli da organizms siTbos 
gacemisgan ver icavs.

gamomyofi sistema Sedgeba 
Tirkmlebisgan, maTgan gamomava-
li SardsawveTebisgan, saSarde 
buStisa da Sardsadenisgan, ro-
melic garemoSi ixsneba saSarde 
xvrelis saSualebiT.  

Tevzebis umravlesoba cal-
sqesiania. isini mxolod sqesob-
rivad mravldebian. gametebi  
mwifdeba sasqeso jirkvlebSi _ 
sakvercxeebsa da saTesleebSi. 
ganayofie reba dedis organiz-
mis gareT, wyalSi xdeba, anu 
TevzebisTvis damaxasiaTebelia garega-
ni ganayofiereba. garegani ganayofiere-
ba, Sinagan ganayofierebasTan SedarebiT 
nakleb efeqturia, Tevzebis saxeobebis 
didi umravlesoba STamomavlobaze ar 
zrunavs, amitom Tevzebi uxvad warmoq-
mnian qviriTs, raTa Tavi STamomavlobiT 
uzrunvelyon. zigotis dayofis Sedegad 
viTardeba lifsita, romelic ZiriTadi 
niSnebiT ar gansxvavdeba zrdasrulisgan, 
igi mxolod mcire zomisaa, ganviTarebis 
procesSi izrdeba (Tevzebi mTeli si-
cocxle izrdebian) da sqesobrivad mwif-
deba. Tevzis saxeobebis didi nawilisTvis 
pirdapiri ganviTareba aris damaxasiaTe-
beli. zogierTi Tevzi, magaliTad, zvi-

genebi da gupiebi, cocxalmSobebi arian. 
Tevzebis zogierTi saxeoba STamomavlo-
bazec zrunavs. 

mniSvnelovania Tevzebis ekologiuri 
roli. kvebiT jaWvSi isini SeiZleba ika-
vebdnen  rogorc pirveli rigis konsu-
mentis (mcenareWamia Tevzebi, Tevzebi, 
romlebic planqtoniT ikvebebian), ise 
meore rigis konsumentis dones (mtacebe-
li Tevzebi). TevzebiT ikvebeba mravali 
sxva cxoveli. zogierTi Tevzi ikvebe-
ba moluskebiT, im mwerebis kvercxebiTa 
da matlebiT, romlebic wyalSi deben 
kvercxebs, riTac aregulireben lokoki-
nebisa da mwerebis ricxobriobas.

Tevzis sisxlis mimoqcevis sistema

arteriola

arteria arteriuli 
sisxliT

arteria venuri  
sisxliT parkuWi

winaguli

venula

kapilaruli qseli

vena

layuCis  
kapilarebi sur. 2.1.37.

1. aRwere Tevzebis garegani agebulebis Taviseburebani, romelic maT xels uwyobs wyalSi 
cxovrebasTan adaptacias.

2. axseni, sacurao buStis moculobis cvlileba rogor unda exmarebodes Tevzs wylis 
sxvadasxva siRrmeSi gadaadgilebaSi?

3. ra mniSvneloba aqvs sisxlis kapilarebiT mdidari layuCis mravali furclis arsebo-
bas?

4. ra mniSvneloba aqvs layuCebSi wylisa da sisxlis nakadebis urTierTsapirispiro mimar-
TulebiT moZraobas?

5. suraT 1.2.37-ze mocemuli informaciis mixedviT upasuxe kiTxvebs: 1) ramdeni ganyo-
filebisgan Sedgeba guli? 2) sisxlis mimoqcevis ramdeni wre aqvT Tevzebs? 3) rogori 
sisxli moZraobs gulSi? 4) sad gardaiqmneba venuri sisxli arteriulad? 5) sad gardai-
qmneba arteriuli sisxli venurad?

6. ras niSnavs civsisxlianoba da ratom arian Tevzebi civsisxlianebi?
7. ra uaryofiTi aqvs garegan ganayofierebas Sinagan ganayofierebasTan SedarebiT? aqedan 

gamomdinare, ra adaptacia gamoumuSavdaT Tevzebs saxeobis gadasarCenad?
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samecniero kvlevisTvis uaRresad mosaxerxe-

beli Tevzia akvariumis pawawina zoliani Tevzi _ 

Brachydanio rerio. igi sul 3 sm sigrZisaa da mcire 

moculobis akvariumSi didi raodenobis individi 

eteva. Tbil wyalSi misi tofoba samTviani interval-

iT ganuwyvetliv grZeldeba da didi nayofierebiT 

xasiaTdeba. embriogenezs, daaxloebiT, 120 saaTSi 

asrulebs (nawlavebi, RviZli da Tirkmlebi pirvel 

48-72 sT-Si yalibdeba). aseTi swrafi ganviTarebis 

gamo, mecnierebi mas iyeneben, mokle vadaSi wamlis 

toqsikurobis Sesafaseblad. Tuki wamali toqsiku-

ri aRmoCnda zoliani TevzebisTvis, savaraudod, igi 

adamianisTvisac toqsikuri iqneba. 

zoliani Tevzi saucxoo obieqtia embriogenezze 

dakvirvebisTvisac. embrionebi gamWvirvalea, rac embriogenezis pirvelive saaTebidan iZleva ujre-

debis dayofaze mikroskopuli dakvirvebis saSualebas. mosaxerxebelia genetikuri kvlevebisTvis, mag., 

Tevzis qviriTi genebis transplantirebisTvis, radgan 1) ganayofiereba garegania, 2)  embrionis ganvi-

Tareba wyalSi xdeba, 3) SesaZlebelia uSualo dakvirveba imaze, Tu maTSi Canergili axali genebi ra 

cvlilebebs iwvevs embriogenezis procesSi zrda srul asakamde.

8. Seavse qvemoT mocemuli cxrili:

Tevzebis agebulebisa da sasicocxlo Tvisebebis Taviseburebani wyalSi cxovrebasTan dakaSirebiT

safarveli
moZraobis 
saSuale-

bebi

SegrZnebis 
organoebi

sunTqvis 
organo

sisxlis 
mimoqcevis 

sistema

ganayofiere-
bis forma da 

adgili

zrda- 
ganviTareba

      

9. gaecani rubrikaSi _ „mecniereba praqtikaSi“ _ mocemul informacias da upasuxe kiTxvebs: 
1) ra tipis mecnieruli kvlevebisTvis iyeneben zolian Tevzs?
2) ratom aris zoliani Tevzi mecnieruli kvlevebisTvis mosaxerxebeli obieqti?
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xmeleTis xerxemlianebis uZvelesi winapari

daaxloebiT, 400 mln wlis win gaCndnen mtevanfarfliani Tevzebi. mtevanfarflis 

ConC xi xmeleTis xerxemlianTa xuTTiTiani kiduris ConCxis homologiuria. isini mtevan-

farflebiT curavdnen da fskerze cocavdnen kidec. garda amisa, maT orgvari sunTqva 

SeeZloT _ layuCebiTa da filtvebiT. amitom mecnierebi fiqroben, rom am Tevzebis nawi-

li xmeleTze gadmovidnen da iyvnen pirveli xmeleTis xerxemlianebis winaprebi, nawili 

ki kvlav zRvebSi darCa. mecnierebs egonaT, rom isini dinozavrebTan erTad gadaSendnen, 

magram 1938 wels ramdenime egzemplari ipoves indoeTis okeaneSi, afrikis sanapiroebTan. 

1997 wels kidev aRmoaCines indoneziasTan axlos. dResac gvxvdeba orgvari sunTqvis Tev-

zebi, isini mtevanfarflianebi arian da cxovroben avstraliis, samxreT amerikisa da af-

rikis meCxer wylebsa da WaobebSi. es imas niSnavs, rom cxovroben mdgar, JangbadiT Rarib 

wyalSi, sadac sxva Tevzebs arseboba ar SeuZliaT. filtvebi sicocxles uzrunvelyofs 

im SemTxvevaSic, rodesac wyali Sreba. isini Zvrebian soroebSi da sunTqaven atmosferos 

JangbadiT filtvebis saSualebiT, sanam wvimebi kvlav ar Seavsebs maT sacxovrebel wyal-

satevebs. urTierTkavSiri mtevanfarflian, orgvari sunTqvis mqone Tevzebsa da xmele-

Tis xerxemlianebs Soris sakamaToa. magram mitoqondrialur dnm-ze Catarebulma kvle-

vebma aCvena orgvari sunTqvis Tevzebsa da Tanamedrove xmeleTis xerxemlianebs Soris 

axlo naTesauri kavSiri. amaze metyvelebs anatomiuri monacemebic _ orgvari sunTqvis 

Tevzebi da xmeleTis xerxemlianebi erTaderTi cxovelebi arian, romelTac gamoyofili 

aqvT sisxlis mimoqcevis filtvis wre sistemuri wrisgan. es imas ar niSnavs, rom es Ta-

namedrove mtevanfarfliani orgvari sunTqvis Tevzebi arian xmeleTis xerxemlianebis 

pirdapiri winaprebi. orive cxovelebi warmoiSvnen uZvelesi mtevanfarfliani orgvari 

sunTqvis mqone Tevzebisgan.

• ra faqtebi metyvelebs, rom uZvelesi mtevanfarfliani Tevzebi iyvnen Tanamedro-
ve xmeleTis xerxemlianebis winaprebi?

• romeli xerxemlianebi Seeguvnen pirvelad xmeleTze arsebobas?

• ra problemebi SexvdebodaT cxovelebs, romlebic wylidan xmeleTze gadmovidnen?

• am cxovelebis agebulebisa da sasicocxlo Tvisebebis ra Tavisebureba miuTiTebs, 
rom maTi winaprebi wylis cxovelebi iyvnen?

2.1.8.2. ამფიბიები

mtevanfarfliani Tevzi filtvebiani mtevanfarfliani Tevzi

mtevanfarflebi

    gaecani teqstis Sinaars da upasuxe TandarTul kiTxvebs
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xerxemliani cxovelebis kidev erTi 
klasia amfibiebi. `amfibia~ niSnavs wyal-
xmeleTa organizms. e.i. amfibias SeuZlia 
rogorc xmeleTze, ise wyalSi cxovreba. 
amfibiebi wylidan wyalxmeleTa cxovrebis 
nirze gadasuli pirveli xerxemlianebi 

arian. maTi Sinagani da garegani agebuleba 
Seguebulia orgvar garemoSi cxovrebas. 
am klasis, daaxloebiT, 3400 saxeoba ga-
erTianebulia sam rigSi: ukodo amfibiebi 
(bayayebi), kudiani (salamandrebi da tri-
tonebi) da ufexo amfibiebi (sur. 2.1.38)

bayayebi amfibiebis yvelaze didi 
jgufia da 3000-ze meti saxeobiTaa war-
modgenili. amfibiebis agebulebisa da 
sasicocxlo procesebis Tavisebureba 

sur. 2.1.38.

ukudo amfibia kudiani amfibia ufexo amfibia

sur. 2.1.39.bayayis garegani agebuleba

sxeuli dafarulia Txeli, 
lirwovani da sisxlis 
kapilarebiT mdidari 
kaniT. lorwo xmeleTze 
sxeuls gamoSrobisgan 
icavs, wyalSi curvis dros 
ki xaxuns amcirebs.

quTuToebi xmeleTze 
Tvals icavs kaSkaSa 
mzis sxivebisgan, 
mtvrisa da meqanikuri 
dazianebisgan.

haerSi gavrcelebuli bgeriTi 
talRebi iwvevs dafis apkis 
rxevas, romelic bgeriT talRebs 
gadascems Sua yurs da Sua 
yuridan SigniTa yuris smenis 
receptorebs.

ukana kidurebi

wina kidurebi

TiTebs Soris sacurao apkia, 
romelic curvaSi exmareba

dafis apki

quTuTo

nesto
tani

Tavi

Tvali

piri

tbis bayayis magaliTze ganvixiloT (sur. 
2.1.39). tbis bayayi wyalsatevTan axlos, 
tenian da balaxiT mdidar garemoSi cxov-
robs.

1. gaecani suraT 2.1.39-ze mocemul vizualur da teqstur informacias da upasuxe 
kiTxvebs: 1) ra cvlilebebi moxda amfibiebis garegan agebulebaSi TevzebTan SedarebiT? 
2) ratom ganuviTardaT quTuToebi? 3) rasTan aris dakavSirebuli amfibiebSi Sua yuri-
sa da dafis apkis ganviTareba? 4) ra TaviseburebiT xasiaTdeba kanis agebuleba da raSi 
exmareba igi cxovels?
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bayayis ConCxi (sur. 
2.1.40) Zvlo vania. amfi-
biebSi pirvelad Cndeba 
xerxemalSi kisrisa da ga-
vis ganyofilebebi TiTo 
maliT. kisris malasTan 
Tavis qala moZravadaa 
SeerTebuli da amfibias, 
Tevzisgan gansxvavebiT, 
ramdenadme SeuZlia Tavis 
moZraoba. ukudo amfi-
biebs neknebi ara, magram 
malebze aqvT ganivi mor-
Cebi. ukana kidurebi gaci-
lebiT grZelia wina kidu-
rebze. ukana kidurebisa 
da masze mimagrebuli kun-
Tebis daxmarebiT bayayi 
xmeleTze swraf da grZel 
naxtomebs akeTebs sakvebis 
mosapoveblad an safrTxis 
Tavidan asacileblad. 

xmeleTze cxovrebis gamo, zrdasruli 
amfibiebi, ZiriTadad, filtvebiT sunTqa-
ven. filtvis kedlebi sisxlis kapilare-
biT aris mdidari. filtvis kapilarebis 
sisxlsa da filtvis haers Soris xdeba 
airTa cvla. CasunTqvis meqanizms sura-
Ti 2.1.41 asaxavs. bayayis filtvebi or 
martiv tomsiks/parks warmoadgens, maT-
Tvis arasakmarisia filtvebiT SeTvisebu-
li Jangbadi da kani damatebiTi sunTqvis 
organos rols asrulebs. amfibiebis kani 

sur. 2.1.40.

mtevani
wina mxari

xerxemali

kudusuni

barZayi

terfi

wvivi

menji

ganivi morCebi
beWi

Tavis qala
mxari

sur. 2.1.41. CasunTqvis meqanizmi

saylapavi

filtvi

kuWi

ena

piris Rru

nestos sarqveli Riaa

nestos sarqveli 
daxuruliahaeris moZraobis 

mimarTuleba

xorxi xorxsarqveliT 
daxurulia

xorxsarqveli Riaa da 
haeri Cadis filtvebSi

piris qveda kedeli 
aweulia da piris RruSi 
wneva gazrdilia.

piris qveda kedeli 
Camoweulia da piris 
RruSi wneva Semcirebulia.

SiSvelia, Txeli, lorwovani da kapilare-
biT mdidari, amitom kans Jangbadis SeTvi-
seba SeuZlia ara marto wylidan, aramed 
atmosferos haeridanac.

filtvebis gaCenasTan erTad baya-
yis guli samsakniania _ ori wina guli 
da parkuWi, aqvs sisxlis mimoqcevis ori 
wre _ Cnde ba sisxlis mimoqcevis mcire _ 
filtvis wre (sur. 2.1.42). amfibiebic civ-
sisxlia nebi arian, radgan maTi guli sus-
tad muSaobs, parkuWSi xdeba arteriuli 
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da venuri sisxlis Sereva da sxeulis qso-
vilebi Sereuli sisxliT maragdeba, fil-
tvebic ar aqvT kargad ganviTarebuli da, 
Sesabamisad, organizmi bevr siTbos ver 
gamoimuSavebs, Tevzebis msgavsad, siTbos 
SenarCunebac uWirT. civsislianobis gamo 
amfibiebis gavrcelebis areali SezRudu-

lia. isini ar gvxvdebian dedamiwis ukidu-
res CrdiloeTsa da samxreTSi, agreTve 
civ mTian adgilebSi. zamTarSi amfibiebi 
zamTris Zils eZlevian. magaliTad, tbis 
bayayi zamTars wyalsatevis fskerze ata-
rebs. am dros igi mxolod kaniT sunT-
qavs.

bayayis sakvebs, ZiriTadad, mwerebi war-
moadgens. Tu bayayis mxedvelobis areSi 
moeqca mweri, igi swrafad gadaxteba misken 
da gadmoisvris grZel enas, rome lic mxo-
lod wina nawiliT aris mimagrebuli qveda 
ybaze. enis zedapiri webovania da advilad 
iWers mwers (sur. 2.1.43). mwerebis garda, 
bayayebi ikvebebian WiebiT, obobebiTa da 
lokokinebiT. xerxemlianebidan pirvelad 
amfibiebSi Cndeba sanerwyve jirkvlebi, 
romelTa sadinrebi piris RruSi ixsneba.

amfibiebisTvis damaxasiaTebelia kloa-
ka, romelSic ixsneba swori nawlavis da-
bo loeba, Sardsadeni da Teslgamtari  an 
kvercx gamtari.

amfibiebisTvis garegani ganayofierebaa 
damaxasiaTebeli. mdedrobiTi da mamro-
biTi gametebi erTdroulad gamoiyofa 
wyalSi. es imas niSnavs, rom ufro cota 
gameta ikargeba unayofod, vidre Tevzeb-
Si. zrdasruli amfibia SeiZleba Tavisi 

sicocxlis did nawils xmeleT ze atareb-
des, magram gamravlebis dros isini auci-
leblad ubrundebian wyals. Tumca tenia-
ni tropikuli tyeebis xis bayayebisTvis 
foTlebze dagrovebuli wyalic sakmari-
sia gamravlebisTvis. erTi kviris Semdeg 
bayayis qviriTidan iCekebian grZelku-
diani Tavkombalebi, romlebic ufro Te-
vzebs hgvanan, vidre bayays (sur. 2.1.44). 
amrigad, amfibiebisTvis metamorfozuli 

sur. 2.1.42.

sisxlis mimoqcevis mcire wre _ iwyeba filtvis arteriiT 
parkuWis marjvena naxevridan da Sedis filtvebSi, filtvis 
kapilarebSi sisxli JangbadiT mdidrdeba da arteriuli
sisxli filtvis veniT marcxena winagulSi Cadis.

sisxlis mimoqcevis didi wre _ iwyeba 
parkuWis marcxena naxevridan, moivlis 
mTel sxeuls,  gardaiqmneba venur sisxlad 
da venebiT marjvena winagulSi Cadis.

didi wris kapilarebi

mcire wris 
kapilarebi

marcxena winaguli
marjvena winaguli

parkuWi

filtvi

sur. 2.1.43.
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ganviTareba aris damaxasiaTebeli. aseTi 
ganviTareba saxeobas gadarCenis met Se-
saZleblobas aZlevs, radgan erTmaneTs 
konkurencias ar uweven _ bayaysa da Tav-
kombalas gansxvavebuli saarsebo garemo 

da sakvebi aqvT: Tavkombalebi mxolod 
wyalSi cxovroben da wyalmcenareebiT 
ikvebebian. amrigad, bayayi nairmWamelia. 
amfibiebis umravlesoba STamomavlobaze 
ar zrunavs. 

didia amfibiebis ekologiuri roli, 
radgan kvebiT jaWvSi mniSvnelovani ad-
gili ukaviaT: maTi didi umravlesobis 
sakvebi aris mwerebi da aregulireben mwe-
rebis (maT Soris, mcenareebis mavnebeli 
da daavadebis gadamtani mwerebis) ricxvs. 
aseve, TviTon arian sakvebi sxva cxove-
lebisTvis, magaliTad, wylis frinvele-
bisTvis (yanCa, wero da sxv.). CvenSi ara, 
magram tropikul tyeebSi gavrcelebulia 

Sxamiani bayayebi (sur. 2.1.45), romlebic 
adamianis janmrTelobisTvis saSiSia. maT 
evuluciis procesSi mtaceblebisgan Tav-
dacvis mizniT kanSi ganuviTardaT Sxamiani 
jirkvlebi. magaliTad, panamis oqrosferi 
bayayi Zalian Sxamiania da masTan mxolod 
erTi Sexeba Zlier alergiul reaqcias iw-
vevs. wiTelzurga da xis lurji bayayebis 
Sxami momakvdinebelia msxvili mtacebeli 
cxovelebisa da adamianisTvis. 

sur. 2.1.45.Sxamiani bayayebi

panamis oqrosferi bayayi wiTelzurga bayayi xis lurji bayayi

sur. 2.1.44.

ukana kidurebis formireba

kudi mokldeba

layuCebi ifareba kaniT

garegani layuCi

zrdasruli forma

Canasaxi

bayayis metamorfozuli ganviTareba erT kviraSi bayayis qviriTidan 
grZelkudiani Tavkombalebi iCekebian. 
isini ufro Tevzebs hgvanan, vidre bayays.

2

Tavkombalebi mxolod wyalSi 
cxovroben. Tevzebis msgavsad, 
layuCebiT sunTqaven da aqvT 
orsakniani guli da sisxlis
mimoqcevis erTi wre, gverdiTi 
xazi; ikvebebian wyalmcenareebiT.

3

kudi uqreba, filtvebTan erTad viTardeba 
samsakniani guli da sisxlis mimoqcevis ori wre; did 
dros xmeleTze atarebs da mwerebiT ikvebeba.

5

jer ukana kidurebi uviTardeba 
da Semdeg wina kidurebi; 
TandaTan umokldeba kudi; 
formirebas iwyebs filtvebi.

4

ganayofierebuli kvercxujredebi1
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2. amfibiebisTvis ratom ar aris sakmarisi filtvebiT sunTqva? Tevzebs, amfibiebisgan 
gansxvavebiT, ar SeuZliaT kaniT sunTqva. axseni, ratom?

3. amfibiebSi filtvebis gaCenam ra cvlileba gamoiwvia sisxlis mimoqcevis sistemaSi?
4. ratom arian amfibiebi civsisxlianebi?
5. daasaxele arogenezuli mimarTulebis cvlilebebi amfibiebSi.
6. suraT 2.1.44-is mixedviT: 1)aRwere bayayis sasicocxlo cikli; 2) rogori tipis postem-

brionuli ganviTarebaa damaxasiaTebeli bayayisTvis da ra biologiuri mniSvneloba 
aqvs mas? 3) Seavse qvemoT mocemuli cxrili:

niSnebi, romlebic Tavkombalas wyalSi 
cxovrebaSi exmareba

cvlilebebi ganviTarebis procesSi, romlebic 
zrdasrul formas exmareba xmeleTze 

cxovrebasTan adaptaciaSi

      
7. Sease qvemoT mocemuli cxrili:

amfibiebis agebulebisa da sasicocxlo Tvisebebis Tavisebureba, romelic maT exmareba  - 

xmeleTze cxovrebasTan adaptaciaSi wyalSi cxovrebasTan adaptaciaSi

8. ra ekologiuri roli aqvT amfibiebs da ratom aris mniSvnelovani maTi biomravalfero-
vnebis SenarCuneba?

9. ratom aqvT Sxamian bayayebs kaSkaSa Seferiloba (sur. 2.1.45)? es rogori adaptaciis ma-
galiTia? 
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qvewarmavlebis kani mSralia da garedan 
dafarulia rqovani qerclebiT (xvlikebi 
da gvelebi) an Zvlovani farebiT (kuebi). 
garegani safarveli maT wylis dakargvisa 
da dazianebisgan icavs. wlis ganmavloba-
Si cxoveli rqovan kans ramdenjerme icv-
lis (sur. 2.1.47).

suraT 2.1.48-ze qvewarmavlebis gare-
gani agebulebisa da ConCxis Tavisebu-
rebani ganxilulia xvlikis magaliTze. 

sur. 2.1.47.

sur. 2.1.48.

2.1.8.3.  ქვეწარმავლები

qvewarmavlebis didi umravlesoba ti-
puri xmeleTis cxovelebi arian. isini 
didi mravalferovnebiT gamoirCevian. 
qvewarmavlebs miekuTvnebian xvlikebi, 
gvelebi, kuebi da niangebi (sur. 2.1.46). 

qvewarmavlebi saqarTveloSic farTodaa 
gavrcelebuli. maTgan zogierTi kavka-
siis endemia. magaliTad, amierkavkasiuri 
mcuravi, velis gvelgesla, Cveulebrivi 
ankara da sxv.

mardi xvliki velis gvelgesla nilosis niangi xmeleTis ku

sur. 2.1.46.

Tavi tanTan kisris saSualebiTaa 
dakavSirebuli.

kani mSralia da rqovani qercliTaa dafaruli,  
rac sxeuls gamoSrobisgan icavs.

sxeulis 
gverdebze 
ganlagebulia 
wina da ukana 
kidurebi.

tani

Tavi

kudi

Tavis qala
welis 

ganyofileba

kudis ganyofileba

mkerdis Zvali

gavis 
ganyofileba

kisris 
ganyofileba

gulmkerdis 
ganyofileba
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qvewarmav lebis sxeuli Sedgeba Tavis, 
tanisa da kidurebisgan (kidurebi ar aqvs 
gvelebsa da xvlikis zogierT saxeobas, 
mag., boxmeWas). xvlikis fexebi sustia da 
sxeulis gverdebzea ganlagebuli, amitom 
moZraobis dros igi mucelsa da kudsac 
eyrdnoba. qvewarmavlebis ConCxi Zvlova-
nia, romlis ZiriTadi nawili xerxemalia. 
mas xerxemalSi, amfibiebisgan gansxvave-
biT, kisris ganyofilebaSi ramdenime mala 
aqvs. qala xerxemalTan moZravadaa dakav-
Sirebuli. gulmkerdis ganyofilebis 
malebTan dakavSirebuli neknebi meore 
boloTi mkerdis Zvals ukavSirdeba. Se-
sabamisad, warmoiqmneba gulmkerdis Rru, 
romelSic cxovelis guli da filtvebia 
moTavsebuli da maT dazianebisgan icavs. 
ConCxis kunTebi ufro diferencirebu-
lia, magaliTad, viTardeba kisris kunTe-
bi, rac uzrunvelyofs Tavis mkveTrad 
moZraobas; saReWi kunTebi, romliTac 
ybebs amoZravebs.  

radgan qvewarmavlebis kani mSralia da 
dafarulia rqovani qerclebiT an Zvlo-
vani farebiT, amitom igi sunTqvis dama-
tebiTi organos rols veRar asrulebs. 
samagierod, maT, amfibiebTan SedarebiT, 
kargad ganviTarebuli filtvebi aqvT. 

qvewarmalebis gu li sam sakniania, mag ram 
par kuWSi Cndeba tixari (sur, 2.1.49), ro-
melic arasrulia da parkuWSi mainc xde-
ba arteriuli da venuri sisxlis Sereva 
(zogierT qvewarmavalSi, magaliTad, nian-
gebSi tixari mTliania, gulSi ara, magram 
maT zurgis arteriaSi xdeba venuri da 
arteriuli sisxlis Sereva). sxeulis qso-
vilebis ZiriTadi nawili Sereuli sisx-
liT maragdeba, kanis safarvelic sakmaod 
ver icavs maT siTbos gacemisgan; amitom 
qvewarmavlebic civsisxlianebi arian.  

qvewarmavlebSi Tavis tvini ufro ganvi-
Tarebulia _ formirebas iwyebs naxevars-
feroebi da masze qerqi _ da ufro rTuli 
qcevebic axasiaTebT. Tu daakvirdebiT 
xvlikebs, gvelebs, isini xSirad yofen 
gareT enas (sur. 2.1.50). gamoirkva, rom 
ynosvis organos rols asrulebs ena, ro-
melic sakvebis mopovebaSi exmareba maT. 

sur. 2.1.49.

marcxena 
winaguli

parkuWi

tixari

marjvena 
winaguli

sur. 2.1.50.

sur. 2.1.51.

qvewarmavlebis gamravleba da ganviTa-
reba xmeleTze mimdinareobs. gamravlebis 
periodSi (maiss-ivnisSi) mdedri da mamri 
wyvildeba. maTTvis Sinagani ganayofie-
rebaa damaxasiaTebeli. ganayofierebuli 
kvercxebi ifareba pergamentis apkiT da/an 
kirovani naWuWiT, romelic maT dazianebi-
sa da gamoSrobisgan icavs (sur. 2.1.51). 
kvercxebs deben kloakis saSualebiT pir-
dapir miwaze an Tavissave amoTxril ormo-
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Si da toveben. siTboSi kvercxebi mwifdeba 
da maTgan gamoCekili naSierebi zrdasru-
li individebis msgavsni arian. e.i. qvewar-
mavlebs pirdapiri ganviTareba axasiaTebT. 
zogierTi qvewarmavali cocxalmSobia, ma-
galiTad, gvelgesla. misi Canasaxis ganvi-
Tareba kvercxSi dedis sxeulSive iwyeba, 
naSieri kvercxis garsebidan dedis sxeul-
Sive _ kvercxgamtarSi _ Tavisufldeba da 
ganviTarebuli ibadeba. gamravlebis ase-
Ti xerxi gvelgeslas exmareba mTis dabal 
temperaturasTan SeguebaSi.

qvewarmavlebi mniSvnelovan ekolo-
giur rols asruleben bunebaSi. gvelebi 
mRrRnelebiT ikvebebian; wvrili xvlikebi 
da gvelebi ikvebebian mcenaris sxvadasxva 
mavnebeli mweriTa da maTi matlebiT. Tvi-

Ton qvewarmavlebi arian sxva organizmis 
sakvebi da mniSvnelovani adgili ukaviaT 
kvebiT jaWvSi. zogierTi xvliki da gveli, 
romlebic daavadebis gadamtani sisxlis-
mwoveli mwerebiTa da maTi matlebiT ik-
vebebian, monawileoben adamianisa da cxo-
velebis janmrTelobis dacvaSi.

qvewarmavlebis zogierTi saxeoba saSiS-
roebas uqmnis adamianis janmrTelobasa da 
sicocxles. gansakuTrebiT saSiSia Sxamia-
ni gvelebi. gvelisgan dakbenili adamia-
nis gadarCenisTvis saWiroa gvelis Sxamis 
sawinaaRmdego Sratis saswrafo gadasxma. 
magram mniSvnelovania prevenciuli Ro-
nisZiebebi, kerZod, unda vicodeT buneba-
Si qcevis wesebi, romelic dagvicavs gve-
lebis Tavdasxmisgan (ix. me-7 kl. gv. 142).  

1. amfibiebTan SedarebiT, raSi gamoixateba qvewarmavlebis ukeTesi Seguebuloba xme-
leTze cxovrebasTan - 1) agebulebis mixedviT; 2) sasicocxlo Tvisebebis mixedviT.

2. qvewarmavlebSi kani ratom ar asrulebs sunTqvis damatebiTi organos rols?
3. ratom arian qvewarmavlebi civsisxlianebi?
4. ra tipis arogenezuli mimarTulebis cvlilebebi moxda qvewarmavlebSi?
5. qvemoT mocemuli cxrilis saSualebiT Seadare erTmaneTs Tevzebi, amfibiebi da qvewar-

mavlebi agebulebisa da sasicocxlo Tvisebebis mixedviT:

niSan-Tvisebebi  
SedarebisTvis

xerxmlianebi

Tevzebi amfibiebi qvewarmavlebi

sacxovrebeli adgili 

sxeulis safarveli

moZraobis saSualeba 

sunTqvis organoebi

sisxlis mimoqcevis sistema 
_ gulis agebuleba sisxlis 
mimoqcevis wreebi

cisisxliani/Tbilsisxliani

saWmlis momnelebeli 
sistema _
ena
sanerwyve jirkvlebi
RviZli
pankreasi

kloaka

gamravlebis adgili 

ganayofierebis forma 

postembrionuli  

ganviTarebis tipi

6. rogor fiqrob, saWiroa qvewarmavlebis dacva? axseni Seni pasuxi.
7. qvewarmavlebma ra saSiSroeba SeiZleba Seuqmnas adamianis janmrTelobasa da sicocxles? 
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2.1.8.4. ფრინველები

arqeopteriqsi

gaecani suraTebsa da teqstSi mocemul informacias da sa upasuxe TandarTul kiTxvebs

arqeopteriqsinamarxi forma _ qanebze anabeWdi

grZeli kudi malebis 
didi ricxviT

oTxidan sami TiTi 
winaa mimarTuli, 
erTi ki - ukan

patara 
Tavi

ybebze kbilebia

sxeuli bumbuliTaa 
dafaruli

sami TiTi

wina kiduri 
frTebadaa 

gadaqceuli

bumbuliT dafaruli 
sxeuli

rekonstruqciuli modeli

sami TiTi

oTxi TiTi

kbilebi

frTebi

grZeli kudi

ukana kiduri

daaxloebiT, 150 milioni wlis win dedamiwaze cxovrobda mtredisodena cxoveli. masSi 
aris rogorc qvewarmavlebisaTvis, ise frinvelebisTvis damaxasiaTebeli niSnebi, amitom 

mas Tvlian Tanamedrove frinvelebis Soreul winaprad. 

• ra niSnebi aqvs qvewarmalebisTvis damaxasiaTebeli?

• ra niSnebi aqvs frinvelebisTvis damaxasiaTebeli?

• riT gansxvavdeba Tanamedrove frinvelisgan?

• rogor formas uwodeben aseT organizms?

frinvelebi didi biomravalferovne-
biT gamoirCeva _ dedamiwaze arsebobs 
frinvelTa, daaxloebiT, 9000 saxeoba.  
miuxedavad mravalferovnebisa, SeiZleba 
im niSan-Tvisebebis gamoyofa, romelic 
saerToa yvela frinvelisTvis. frinve-
lebis didi umravlesoba dafri navs. ami-
tom maTi sxeuli isea agebuli, rom sxeu-
li msubuqi iyos da frena gauadvildes 
(sur. 2.1.52). frinvelebis kani mSralia 
da dafarulia bumbuliT. bumbuli rqo-
vani warmonaqmnia.  igi agebulebiT gan-
sxvavebulia da gansxvavebul funqciebsac 
asrulebs: RinRli da mfaravi bumbuli 
frinvels aTbobs, xolo mosaqnevi da 
saWis bumbuli frenaSi exmareba. mfara-
vi bumbuli sxeulze kramitiseburad 
aris ganlagebuli (yoveli wina momdevnos  
faravs), amitom frenisas ar iSleba da ar 
izrdeba haerTan xaxunis Zala.

frinvelebis sxeulic Sedgeba Tavis, 
tanisa da kidurebisgan. wina kidurebi 
frTebad aqvT gadaqceuli. qvewarmavle-
bis msgavsad, fexebze rqovani qercle-
bi aqvT. maTi ConCxic Zvlovania, kargad 
aqvT ganviTarebuli kisris ganyofileba. 
frinvelebis Zvlebi Rruiani da msubuqia. 
aqvT mcire zomis Tavis qala da wawve-
tebuli rqovani niskarti, ybebze kbile-
bi ar aqvT, gulmkerdi momrgvalebuli 
formisaa, kargad aqvT ganviTarebuli 
mkerdis kunTebi, romlebic frTebs amoZ-
raveben; mkerdis kunTebis kargad ganvi-
Tarebam mkerdis Zvalze tropis ganviTa-
reba gamoiwvia.

frinvelebs kargad  ganviTarebuli 
fil tvebi aqvT. filtvis buStukebis ked-
lebi kapilarebiT mdidaria. frinvele-
bis sunTqvaSi, frenasTan dakavSirebiT, 
fil tvebis garda monawileobs sahaero 
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sur. 2.1.52.

frinvelis anatomia

Tavis tvini

nesto

niskarti

saylapavi mili

traqea

sahaero parki

CiCaxvi

bronqi

guli

RviZli

kunTovani kuWi

pankreasi
kloaka

jirkvlovani kuWi

filtvi

sakvercxe

Tirkmeli

wvrili nawlavi

msxvili nawlavi

meoradi sxivi

pirveladi sxivi

mtevani ganuviTarebeli TiTebiT

wina mxari

Tavis qala

kisris malebi

neknebi

mkerdis Zvali

barZayi
tropiwviviterfi

TiTebis falangebi

kudis malebi

menjis Zvali

mxari

kauWi

bumbuli rTuli datotvili 
struqturaa. igi msubuqia da xels 
uwyobs frenas, aseve icavs kans 
dazianebisgan da sxeuls unarCunebs 
temperaturas. bumbuli icvleba 
sezonurad da dazianebis SemTxvevaSi.

frinvelis Zvlebi Rruiania, amovsebulia 
sahaero parkebiT, romlebic pirdapir 
dakavSirebulia sasunTq sistemasTan.

welisa da gavis ganyofilebebi erTmaneTTan 
uZravadaa dakavSirebuli, rac frenis dros 
kargi sayrdenia.
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 parkebic (sur. 2.1.53). maTSi CasunTqvi-
sas JangbadiT mdidari haeri filtvebis 
gavliT Cadis. sahaero parkebidan haeri, 
romelic isev JangbadiT aris mdidari, ga-
remoSi kvlav filtvebis gavliT gamoiyo-
fa. amrigad, frinveli filtvebiT Jang-
bads iTvisebs CasunTqvisa da amosunTqvis 
drosac. aseT sunTqvas `ormag sunTqvas~ 
uwodeben. sahaero parkebi frinvelebs 
aqvT Sinagan organoebs Soris, kunTebsa 
da ZvlebSi, rac maT kidev ufro amsubu-
qebs.

frinvelebis guli oTxsakniania – par-
kuWSi tixari mTliania da mas marcxena da 
marjvena parkuWad yofs (sur. 2.1.54). Se-
sabamisad, parkuWSi aRar xdeba arteriu-
li da venuri sisxlis Sereva.

frinvelebi Tbilsisxliani organizmebi 
arian, rac imas niSnavs, rom maTi sxeulis 
temperatura mudmivia da ar aris damoki-
debuli garemos temperaturaze. sxeulis 
temperatura saSualod 41-42°C-ia. aseT 
temperaturaze sasicocxlo procesebi 
aqtiurad mimdinareobs da frinvels fre-
nisTvis saWiro energiiT uzrunvel yofs. 
sxeulis mudmivi temperaturis gamo 
frinvelebi arqtikidan antarqtidamde 
yvelgan arian gavrcelebulni. 

frinvelebs Soris kvebis tipis mixed-
viT arian mcenaris mWamelebi, mtaceblebi 
da leSismWamelebi, zogic nairmWamelia. 
maT sakvebis mignebaSi exmareba SegrZne-
bis organoebi _ mxedvelobisa da smenis 
organoebi. frinvelebis umravlesobaSi 

haergamtari 
gzebi _
traqea da
bronqebi

sahaero
parki

filtvi 

JangbadiT 
mdidari haeri

naxSirorJangiT 
mdidari haeri

sur. 2.1.53.

ynosvis organo sustadaa ganviTarebu-
li. frinvelebs kargad ganviTarebuli 
Tavis tvini aqvs _ misi naxevarsferoebi 
mTlianad qerqiTaa dafaruli. frenasTan 
dakavSirebiT frinvelebs mokle nawlavi 
aqvT da xSir-xSirad gamoyofen sakvebis 
mounelebel narCenebs. es ki maT sxeuls 
amsubuqebs. sxeuls isic amsubuqebs, rom 
maT Sardis buStic ar aqvT da Sardis dag-
rovebac ar xdeba. frinvelebisTvisac da-
maxasiaTebelia kloaka, romelSic  ixsneba 

guli

venuri 
sisxli arteriuli 

sisxli

tixari

marcxena 
parkuWi

marjvena 
parkuWi

marcxena 
winaguli

marjvena 
winaguli

filtvis 
arteria

filtvis 
venebi

arte- 
riebiRru 

venebi

sur. 2.1.54.
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sur. 2.1.55.qaTmis kvercxis agebuleba da TiToeuli struqturis funqcia

1. Canasaxs icavs meqanikuri dazianebisa da 

gamoSrobisgan;

2. aq xdeba ganayofiereba da Canasaxis ganviTareba;

3. qmnis Txevad garemos CanasaxisTvis;

4. Seicavs Canasaxis ganviTarebisTvis saWiro sakveb 

nivTi erebebs;

5. aqedan Canasaxi iRebs sunTqvisaTvis saWiro 

Jangbads;

6. yviTrs amagrebs kvercxis centrSi.
 yviTri

 cila

xalazi

    naWuWi

sahaero
sakani

Canasaxovani 
disko

5

2 1

6

4

3

swori nawlavi, Sardsadeni da sasqeso 
jirkvlebis sadinrebi.

frinvelebi, rogorc sxva xerxemlia-
nebi, calsqesiani organizmebi arian. mam-
rebs aqvT mamrobiTi sasqeso organo _ sa-
Tesleebi da mdedrebs _ erTi sakvercxe. 
reproduqciuli organoebi frinvelebSi 
aqtiuria mxolod gamravlebis sezonis _ 
2-3 Tvis _ ganmavlobaSi. wlis danarCen pe-
riodSi sasqeso jirkvlebi Semcirebulia, 
rac frinvelis masas amcirebs. frinve-
lebi, qvewarmavlebis msgavsad, xmeleTze 
mravldebian, axasiaTebT Sinagani ganayo-

fiereba da naWuWiT dafarul kvercxebs 
deben (sur. 2.1.55). qvewarmavlebisgan gan-
sxvavebiT, maTSi kvercxebi saTiTaod mwi-
fdeba. kvercxis dadebis win frinvelebis 
umravlesoba aSenebs budes, zogierTi 
ki pirdapir miwaze debs kvercxebs. maT 
axasiaTebT STamomavlobaze zrunva: ica-
ven maT, kvebaven, aswavlian sxvadasxva 
qcevas (frenas, sakvebis mopovebas da a. 
S.). frinvelebisTvis damaxasiaTebelia 
pirdapiri ganviTareba, radgan maTi STa-
momavali ZiriTadi niSnebiT zrdasrul 
organizms hgavs.

frinvelebis ekologiuri roli Zalian 
mniSvnelovania, radgan maTi ricxvi didia 
(varaudoben, rom dedamiwaze, daaxloe-
biT, 100 mlr-ia). isini did rols asru-
leben mwerebisa da wvrili mRrRnelebis 
ricxvis regulirebaSi. frinvelebi sak-

vebs warmoadgenen sxva cxovelebisTvis, 
monawileoben mcenareTa Teslis gavrce-
lebasa da zogierTi mcenaris damtverva-
Sic. leSiWamia frinvelebi bunebaSi sanit-
ris rols asruleben. amrigad, frinvelebi 
kvebiTi jaWvis mniSvnelovani rgolia.

1. ra TaviseburebiT xasiaTdeba frinvelis sisxlis mimoqcevis sistema?
2. ras niSnavs ormagi sunTqva da ratom ganuviTarda igi frinvelebs?
3. ratom arian frinvelebi Tbilsisxlianebi?
4. ra msgavsebaa frinvelebsa da qvewarmavlebs Soris?
5. paragrafis teqstSi da suraT 2.1.52-ze mocemuli informaciis gamoyenebiT Seavse cxri-

li:

frinvelebis agebulebisa da sasicocxlo Tvisebebis Taviseburebani frenasTan dakaSirebiT

sxeulis safarveli

ConCxi

sunTqva da sasunTqi sistema

kveba. saWmlis momnelebeli sistema

eqskrecia. gamomyofi sistema

gamravleba. reproduqciuli sistema
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2.1.8.5. ძუძუმწოვრები

ixvniskarta

gaecani suraTsa da teqstSi mocemul informacias da upasuxe TandarTul kiTxvebs

es ixvniskartaa, romelic avstraliisa da 

tasmaniis mdore mdinareebis napirebze binad-

robs. misi sxeuli xSiri bewviTaa dafaruli. 

misi Tavis wina nawili rqovani, ixvis niskar-

tis formis warmonaqmniT bolovdeba. mas aqvs 

kloaka da igi kvercxis debiT mravldeba. ixv-

niskarta Tavis naSiers rZiT kvebavs, radgan 

kanSi ganviTarebuli aqvs sarZeve jirkvlebi.

• xexemlianebis romeli ori sxvadasxva 
klasis niSnebia damaxasiaTebeli ixvnis-
kartasTvis?

• teqstsa da suraTze mocemuli infor-
maciis safuZvelze aRwere TiToeuli klasis ra niSnebia damaxasiaTebeli am 
cxovelisTvis?

• erT organizmSi gaerTianebuli ori sxvadasxva klasis niSan-Tvisebebis gamo, rogor 
organizms uwodeb ixvniskartas? 

• axseni, ramdenad SeiZleba bunebaSi ixvniskartas msgavsi organizmebis arseboba.

balnis/Tmis Reri

epidermisi

derma

kanqveSa cximovani qsovili

sensoruli neironis 
daboloebebi

receptorebi

sisxlZarRvebi

Tmis folikuli

cximovani jirkvali

saofle jirkvali
kunTi

sur. 2.1.56.

pirveli ZuZumwovrebi dedamiwaze 200 
milionze meti wlis win gamoCndnen. dRes 
cxovelTa samefos warmomadgenlebs So-
ris dedamiwaze dominanturi mdgomareoba 
xerxemlianebis am klass ukavia. es dakav-
Sirebulia ZuZumwovrebis sxeulis maRal 
organizaciasa da ufro srulyofil sasi-

cocxlo procesebTan. qvemoT yuradRebas 
gavamaxvilebT im niSan-Tvisebebze, rome-
lic mxolod ZuZumwovrebisTvis aris da-
maxasiaTebeli.

gansakuTrebuli agebulebisaa ZuZu-
mwov  rebis kani (sur. 2.1.56.). maTi kani mSra-
lia da dafarulia bewviT/balniT. balani 
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organizms icavs dazianebisa da siTbos 
dakarg visgan (bewvis Rerebs Soris moTav-
sebuli haeri gamoyofs sxeuls garemosgan, 
siciveSi ikumSeba balnis folikulebze 
mimagrebuli kunTebi, balnis daxrilobis 
kuTxe kanTan izrdeba da kidev ufro izr-
deba balnis Rerebs Soris haeris mocu lo-
ba). bewvs sxva funqciebic aqvs. mag., bewvis 
folikulebze mimagrebu li kunTebi ikum-
Seba da bewvi iSleba Tavdacvis an agre-
siis gamoxatvis drosac; bewvs SeiZleba 
cxovelisTvis hqondes mfarvelo biTi an 
gamafrTxilebeli Seferilo ba. orga niz-

mis TboregulaciaSi monawileobs saof   le 
jirkvlebi da kanqveSa cximovani Srec. kani 
Seicavs cximovan jirkvlebsac, romelTa 
sadinari ixsneba Tmis/bewvis folikuleb-
Tan da maT acximianebs, rac balans dasve-
lebisgan icavs. mdedr ZuZumwovrebs kanSi 
uviTardebaT sarZeve jirkvlebi, romle-
bic saofle jirkvlebis saxecvlilebe-
bia. sarZeve jirkvlebSi gamomuSavebuli 
rZe ZuZus dvrilebSi ixsneba. zogierT 
cxovels muclis mxares mTel sigrZeze 
ZuZuebis ori mwkrivi aqvT, zogs mxolod 
mucelze an mkerdze (sur. 2.1.57).

maTi sxeuli Sedgeba Tavis, tanisa da 
kidurebisgan (sur. 2.1.58). qvewarmavle-
bisgan gansxvavebiT, kidurebi tanis gver-
debze ki ar aqvs, aramed ganlagebulia 
tanis qveS da sxeulisTvis karg sayrdens 

warmoadgens. yvela ZuZumwovara cxo-
vels, miuxedavad kisris sigrZisa, xerxem-
lis kisris ganyofilebaSi aqvs 7 mala; ga-
vis ganyofilebis malebi Sezrdilia erT 
 mTlian gavis Zvlad. 

diferencirebuli kbilebi

mWreli

eSvi

ZiriTadi kbilebi

xerxemlis ganyofilebebi

mtevani

winamxari

neknebi

wvivi

terfi

barZayi

menji

kudisgaviswelisgulmkerdis

mxari

beWi

bewvi

kisris 
ganyofileba

yuris niJara

cxviris 
nestoebi

wamwamebiT 
SeiaraRebuli 

quTuToebi

sur. 2.1.58.

sur. 2.1.57.
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ybebze ganlagebulia diferencirebu-
li kbilebi (mWrelebi, eSvebi da ZiriTadi 
kbilebi), rac mxolod ZuZumwovrebisTvis 
aris damaxasiaTebeli. sxvadasxva ZuZu-
mwovars, maTi sakvebis xasiaTze damokide-
bulebiT, gansxvavebuli raodenobisa da 
formis kbilebi aqvs.

kunTovani diafragma sxeulis Rrus 
hyofs gulmkerdisa da muclis Rrud. 

diafragma monawileobs sunTqviT moZ-
raobebSi da ufro srulyofils qmnis mas. 
ZuZumwovrebs kargad ganviTarebuli sa-
sunTqi organoTa sistema aqvT; maTi fil-
tvebi Sedgeba sisxlis kapilarebiT mdi-
dari mravali alveolisgan, rac zrdis 
sasunTqi zedapiris farTs da ufro in-
tensiurad mimdinareobs filtvebSi air-
Ta cvla.

rogorc frinvelis, ise ZuZumwovaris 
gulic oTxsakniania da gulSi ar xdeba 
arteriuli da venuri sisxlis Sereva, es 
ki uzrunvvelyofs qsovilebis JangbadiT 
mdidari sisxliT momaragebas.

ZuZumwovrebis Tavis tvinSi did adgils 
ikavebs didi naxevarsferoebi, romlebic 
danaoWebuli qerqiTaa dafaruli. amitom 
maTTvis ufro rTuli refleqsebi da 
qcevebia damaxasiaTebeli. maT kargad gan-
viTarebuli SegrZnebis organoebi (mxed-

velobis, smenis, ynosvis, gemovnebisa da 
Sexebis) aqvT. ZuZumwovrebis quTuToebi 
SeiaraRebulia wamwamebiT, romelic ki-
dev ufro kargad icavs Tvals xmeleTze 
arsebuli sxvadasxva tipis damazianebeli 
faqtorisgan. pirvelad ZuZumwovrebSi 
viTardeba gareTa yuri (yuris niJara da 
gareTa sasmeni mili), Sua yurSi ki _ sami 
sasmeni Zvali (sur. 2.1.59). frinvelebisgan 
gansxvavebiT, ZuZumwovrebs Zalian kargad 
aqvT ganviTarebuli ynosvis organo, ro-

1. ra arogenezuri mimarTulebis cvlilebebi gaCnda ZuZumwovrebSi?
2. raSi gamoixateba ZuZumwovrebis kanis agebulebis Taviseburebani?
3. ra funqciebs asrulebs balani?
4. veSapebis Soreuli winaprebi xmeleTze cxovrobdnen, Semdeg ki zRvebSi cxovrebas See-

guvnen. zrdasrul veSapebs balani ar aqvT? 1) rogor uwyobs xels es faqti wyalSi 
cxovrebasTan Seguebas? 2) veSapebSi balnis ganuviTarebloba romeli evoluciuri mi-
marTulebis magaliTia? 

5. ra ganapirobebs ZuZumwovrebis Tbilsisxlianobas?
6. ratom ukaviaT ZuZumwovrebs dedamiwaze gabatonebuli mdgomareoba?

gareTa sasmeni 
mili CaquCi

grdemli
uzangi

SigniTa 
yuri

Sua yuridafis apki

yuris niJara

gareTa sasmeni 
mili

sur. 2.1.59.
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dRes ZuZumwovrebSi 4500-ze 
meti saxeoba Sedis. mecnierebi 
fiqroben, rom ZuZumwovrebi uZ-
velesi qvewarmavlebisgan warmo-
iSvnen. ZuZumwovrebis klass sam 
qveklasad yofen: kercxismde-
belni, CanTosnebi da umaRlesi 
ZuZumwovrebi.  

kercxismdebelni uZvelesi 
ZuZumwovrebia, romelTac axa-
siaTebT qvewarmavlebisa da 
ZuZumwovrebis niSnebi. aRmoCe-
nili maTi namarxebis mixedviT 
 mecnierebi varaudoben, rom 
isi  ni odesRac gavrcelebulni 
iyv nen dedamiwis mTel samxreT 
naxevarsferoSi. maTgan dRes 
mxolod sami saxeobaa SemorCeni-
li _ ixv niskarta, romelic mxo-
lod avst raliasa da tasmaniaSi 
gvxvdeba, eqidnas (sur. 2.1.60) 
ori saxeoba, romelic binadrobs 
avstraliaSi, tasmaniasa da axal 
gvineaSi.  

CanTosnebis 282 saxeoba cxov-
robs dRes dedamiwaze. maTi 
warmomadgenlebia kenguru (sur. 2.1.61), 
koa la, oposumi, CanTiani mgeli, CanTiani 
Tagvi da sxv. es cxovelebi, ZiriTadad, 
cxovroben avstraliaSi, centralur da 
samxreT amerikaSi. imasTan dakavSirebiT, 
rom avstralia izolirebuli kontinen-
tia, aq SemorCa CanTosnebis ufro didi 
mravalferovneba. Tumca am kontinent-
ze evropidan umaRlesi ZuZumwovrebis 

melic did rols TamaSobs cxovelis si-
cocxleSi: agnebs sakvebsa da partniors, 
icavs Tavs mtrisgan da sxv. ynosvis re-
ceptorebi moTavsebulia cxviris RruSi. 
Sexebis organoebi moTavsebulia kanSi, 
romlebic gansakuTrebiT bevria tuCebze, 
dingze, cxviris wverze. 

mamris reproduqciuli organoebia ori 
saTesle, qvewarmavlebisa da frinvele-

bisgan gansxvavebiT, Teslgamtari Sardsa-
dens ukavSirdeba. mdedr ZuZumwovar cxo-
vels aqvs ori sakvercxe, kvercxgamtari 
da saSvilosno, sadac Canasaxi placentiT 
iRebs dedisgan sakveb nivTierebebsa da 
Jangbads; ZuZumwovrebi cocxalmSobiare 
cxovelebi arian. isini zrunaven STamoma-
valze _ kveba ven rZiT da icaven. axasia-
TebT pirdapiri ganviTareba.  

ZuZumwovrebis klasifikacia

Seyvanam gamoiwvia CanTosnebis zogierTi 
saxeobis gaqroba an maTi ricxovnobis sa-
gangaSo Semcireba. CanTosnebi Soben ganu-
viTarebel naSiers, radgan saSvilosnoSi 
Canasaxis ganviTarebisTvis dro Zalian 
mcirea (kvercxujredis ganayofierebidan 
sul ramdenime kvira) da dabadebis Semdeg, 
 daaxloebiT, 8 Tvis ganmavlobaSi viTar-
deba dedis CanTaSi. CanTa im adgilze vi-

sur. 2.1.60.

sur. 2.1.61.
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Tardeba, sadac sarZeve jirkvlebia, mag-
ram imdenad ususuria axaldabadebuli, 
rom damoukideblad ZuZus wovac ki ar 
SeuZlia _ ZuZudan mis pirSi rZe isxmeba 

dedis muclis kunTebis SekumSvis Sedegad.
umaRlesi ZuZumwovrebi Soben ganviTa-

rebul naSiers, romelsac dabadebisTana-
ve ZuZus wova SeuZlia.  

7. ra niSnebiT gansxvavdebian ZuZumwovrebi qvewarmavlebisgan?
8. ratom miiCneven mecnierebi uZveles qvewarmavlebs ZuZumwovrebis winaprad? 
9. rogor gansxvavdeba Tanamedrove ZuZumwovrebis sami qveklasi  gamravlebis mixedviT?  
10. Seadare erTmaneTs xerxemlianTa klasebi agebulebisa da sasicocxlo Tvisebebis mixe-

dviT, monacemebi Seitane qvemoT mocemul cxrilSi.

niSan-Tvisebebi Tevzebi amfibiebi qvewarmavlebi frinvelebi ZuZumwovrebi

sacxovrebeli adgili

sxeulis safarveli

moZraobis saSualeba

sunTqvis organoebi

gulis saknebis raodenoba

sisxlis mimoqcevis wre _ 
erTi/ori

civsisxliani/Tbilsisxliani

gamravlebis adgili _ wyali/
xmeleTi

ganayofierebis forma _ gare-
gani/Sinagani

gamravleba _ kvercxisdebiT/
cocxladmSobiare

postembrionuli ganviTare-
bis tipi  _  metamorfozuli/
pirdapiri

sxeulis zrdis tipi  _  
ganusazRvreli/gansazRvruli

Seadare erTmaneTs sxvadasxva samefos organizmebi _ sokoebi, mcenareebi, cxoelebi _ 
Semdegi maxasiaTeblebis mixedviT: kvebis tipi, moZraobis (sivrceSi gadaadgilebis unari), 
ujredebis agebulebis Tavisebureba (ujredis kedelis, centraluri vakuolis, qloro-
plastidebis, ujredis centris arseboba), samarago naxSirwyali, ujredis kedlis qimiuri 
Sedgeniloba, zrdis tipi (ganusazRvreli, gansazRvruli), gamravlebis tipi (usqeso gamrav-
lebis konkretuli saSualeba); Sedarebis monacemebi warmoadgine kognituri sqemis _ cxri-
lis _ saxiT, romelic SegiZlia warmoadgino flipCartze an eleqtronuli versiis saxiT.

sqemis warmodgenisas upasuxe kiTxvebs:
• ramden samefoSi aris gaerTianebuli dedamiwaze arsebuli organizmebi?
• daasaxele mravalujrediani organizmi, romelic protistebSia gaerTianebuli;
• aRwere sokoebis saerTo niSnebi;
• aRwere mcenareebis saerTo niSnebi. daasaxele mcenareebSi gaerTianebuli ZiriTadi 

jgufebi;
• aRwere cxovelebis saerTo niSnebi. daasaxele cxovelebis samefoSi gaerTianebuli 

tipebi;
• ratom aris mniSvnelovani organizmTa biomravalferovnebis SenarCuneba?
• ra mniSvneloba aqvs mcenareebis biomravalferovnebis SenarCunebas adamianis janmr-

TelobisTvis?

kognituri sqemis Seqmna
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2.2. ორგანიზმთა სასიცოცხლო თვისებები

• homeostazi;

• gaRizianebadoba;

• metabolizmi  
(kveba, sunTqva, gamoyofa);

• nivTierebaTa mimocvla  
garemosa da orgamizms Soris;

• moZraoba;

• gamravleba;

• zrda-ganviTareba;

• memkvidreobiToba;

• cvalebadoba; 

• adaptacia.

organizmTa ZiriTadi sasicocxlo Tvisebebi

cocxalisTvis damaxasiaTebelia niSan-Tvisebebis erToblioba, romelic mas 
ganasxvavebs  aracocxali bunebisgan. am niSan-Tvisebebs sasicocxlo Tvisebebi 
ewodeba. Tumca am sasicocxlo Tvisebebidan zogierTi aracocxali bunebisTvisac 
aris damaxasiaTebeli.

• suraTze mocemuli niSan-Tvisebebidan daasaxele niSan-Tvisebebi, romlis 
msgav si aracocxali bunebisTvisacaa damaxasiaTebeli. moiyvane Sesabamisi ma-
galiTebi.

• Tu aracocxali bunebisTviscaa damaxasiaTebeli zogierTi Tviseba, maSin ra 
arsebiTi gansxvavebaa cocxalsa da aracocxals Soris? 

• daasaxele CamonaTvalidan iseTi niSan-Tviseba, romlis gareSec organizmis 
sicocxles safrTxe ar Seeqmneba. axseni Seni pasuxi.

• TiToeuli sasicocxlo Tviseba dakavSirebulia sxva sasicocxlo Tisebas-
Tan. moiyvane magaliTebi.
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2.2.1. ჰომეოსტაზი. მარეგულირებელი სისტემები

• suraTze mocemuli informaciis mixedviT aRwere, ra cvlilebebi xdeba kanSi gare-
moSi temperaturis cvlilebis sapasuxod.

• ra struqturiT aRiqvams organizmi garemoSi temperaturis cvlilebas?

• ra aregulirebs kanSi mimdinare cvlilebebs?

• ra mniSvneloba aqvs organizmisTvis Sinagani temperaturis garkveul doneze Senar-
Cunebas?

• Tu adamianis sisxlis mimoqcevis sistema kargad ar funqcionirebs, rogor SeiZleba 
gavlena iqonios sxeulis Termoregulaciaze?

• organizmis ra sasicocxlo Tvisebis gamovlenis magaliTia sxeulis Sinagani tempe-
raturis garkveul doneze SenarCuneba?

• temperaturis garda, kidev ra komponentebis SenarCunebaa mniSvnelovani organiz-
misTvis?

nebismieri organizmi cxovrobs mudmi-
vad cvalebad garemoSi. magaliTad, or-
ganizmebs uwevT gaumklavdnen garemoSi 
temperaturisa da tenianobis cvlile-
bas, garemos damabinZurebel faqtorebs, 
infeqciebs da sxva cvlilebebs. yove-
li cvlileba aris organizmis gamowve-
va, SeinarCunos ujredis, qsovilebisa da 
organizmis doneze temperaturis, qimiu-
ri Sedgenilobis, pH-is da sxva cvladebis 
stabiluroba. Tu organizmi ver Seinar-

Cunebs zemoT CamoTvlil parametrebs/
cvladebs, es uaryofiTad imoqmedebs 
organizmze da misi sikvdilic SeiZleba 
gamoiwvios. magaliTad, Cveni organizmis 
ujredebSi yovel wuTs uamravi qimiuri 
reaqcia mimdinareobs. am reaqciebis ma-
kontrolebeli fermentebi efeqturad 
muSaoben garkveuli pirobebis viwro dia-
pazonSi. am pirobebidan erT-erTi umniSv-
nelovanesia temperatura, romelic Cvens 
organizmSi 36,70-37,10C-is farglebSi 

kanis monawileobiT sxeulis Tboregulaciis meqanizmi

       I _ garemoSi maRali temperatura:

1. ofli gamoiyofa, romlis 
aorTqlebazec energia ixarjeba;

2. sisxlis kapilarebi farTovdeba da 
sxeuli siTbos gascems; 

3. Tmis folikulTan dakavSirebuli 
kunTi modunebulia.

 I _ garemoSi dabali temperatura:

1. ofli ar gamoiyofa;

2. sisxlis kapilarebi viwrovdeba da 
sxeulis mier siTbos gacema mcirdeba; 

3. Tmis folikulTan dakavSirebuli kunTi 
SekumSulia. Tmis Reris daxrilobis 
kuTxe kanis zedapirTan izrdeba. 
Sesabamisad, Tmis Rerebs Soris meti haeri 
Tavsdeba, rac siTbos unarCunebs sxeuls.

I II
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unda iyos. 410C-ze bevri fermenti wyvets 
moqmedebas. Tu Cveni temperatura 270C-ze 
dabali iqneba gulma SeiZleba Sewyvitos 
moqmedeba. analogiurad, Tu organizmSi 
kalciumis done Zalian maRalia, SeiZle-
ba adamiani komaSi Cavardes; Tu kalciu-
mis done Zalian dabalia, gulis muSaoba 
ariTmuli xdeba da a.S. 

sabednierod, organizms aqvs kontro-
lis sistema, romelic uzrunvelyofs Si-

nagani garemos stabilurobas. organizmis 
Tvisebas, garemos cvlad pirobebSi are-
guliros da SeinarCunos Sinagani gare-
mos SefardebiTi mudmivoba, homeostazi 
ewodeba. homeostazis maregulirebeli 
sistemebis mniSvnelovani komponentebia: 
sensorebi, maregulirebeli centri, sako-
munikacio sistemebi da samizneebi/efeq-
torebi (sur. 2.2.1).

sensorebi _ organizms aqvs aTasobiT 
eqtosensori da endosensori _ eqtore-
ceptori da endoreceptori, romlebic 
aRmoaCenen cvlilebebs gare da Sinagan 
garemoSi. magaliTad, kanSi arsebuli 
Termoreceptorebi aRiqvamen haeris tem-
peraturis cvlilebas (receptorebis Se-
saxeb ufro meti ix. gv. 76).

makontrolebeli centri _ centraluri 
makontrolebeli da maregulirebeli sis-
tema (xerxemlianebSi es aris Tavis tvini), 
iRebs informacias receptorebisgan da 
aanalizebs mas; Tu aRmoCnda, rom cvladi 
gadaxrilia qvemoT an zemoT cvla debis im 
maCveneblisgan, romelzedac  organizmi 
yvelaze efeqturad funqcionirebs, mare-
gulirebeli centri Sesabamis organoebs/

qsovilebs/ujredebs ugzavnis saTanado 
pasuxs sakomunikacio sistemebis meSveo-
biT.

sakomunikacio sistemebi _ komunikacias 
akontrolebs nervuli da endokrinuli 
sistemebi, romlebic nervuli impulse-
bis da/an hormonebis saxiT Setyobinebebs 
ugzavnis organizmis samizneebs imis Sesa-
xeb, Tu rogor unda upasuxon Sinagani an 
garegani garemos cvlilebebs.

samizneebi _ samizne/efeqtori aris ne-
bismieri organo, qsovili an ujredi, ro-
melic cvlis aqtivobis dones Setyobine-
bis sapasuxod. magaliTad, civ garemoSi 
Setyobinebam SeiZleba gamoiwvios ConCxis 
kunTebis kankali, raTa gamoimuSaos meti 
Sinagani siTbo.

1  stimuli _ 
garemos faqtoris 
cvlileba iwvevs 
Sinagani garemos 
cvladebis 
(temperaturis, 
wnevis, qimiuri 
Sedgenlobis an 
pH-is da sxv.) 
cvlilebas.

disbalansi

disbalansi

2  receptori 

aRiqvams cvlilebas

3  informacia

aferentuli 
gziT gadaecema 
makontrolebel centrs

4  informacia

eferentuli gziT 
gadaecema efeqtors

4   efeqtoris pasuxi 

homeostazi ganapirobebs Sinagani garemos SefardebiT mudmivobas

receptori efeqtori

makon-
trolebe-
li centri

cvladebs 
abrunebs 
homeostazur 
doneze, rac 
amcirebs 
stimulis 
efeqts

aferentuli 
gza

eferentuli 
gza

cvladebis homeostazuri done

sur. 2.2.1.
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homeostazi, ZiriTadad, regulirdeba 
uaryofiTi ukukavSiris meqanizmiT (sur. 
2.2.2). uaryofiTi ukukavSiris meqanizmis 
arsi SemdegSi mdgomareobs: Sinagani ga-
remos romelime cvladis optimaluridan 

gadaxra aRZravs misi gamosworebisken mi-
marTul procesebs, procesis Sedegi _ Si-
nagani garemos cvladis optimaluri done 
_ Trgunavs am procesebis kvlav gagrZe-
lebas.

amrigad, homeostazs uzrunvelyofs 
organizmSi mimdinare rTuli procesebis 
erToblioba, romlebsac aregulirebs 
nervuli da endokrinuli sistemebi.

nervuli regulacia xdeba eleqtru-
li bunebis nervuli impulsebis saSuale-
biT. nervuli regulacia iZleva garemoSi 
momxdar cvlilebaze _ gamRizianebelze _ 
swrafi reagirebis saSualebas. gamRizia-
neblis zemoqmedebis adgilidan infor-
macia Zalian swrafad gadaecema sxeulis 
im ubanSi, sadac xdeba informaciis gaana-
lizeba, aRqma da Sesabamisi pasuxis gace-
ma. nervul regulacias nervuli sistema 
axorcielebs. endokrinuli regulacia 
xorcieldeba hormonebis saSualebiT. 

hormonebis didi umravlesoba warmo-
iq m neba specialur jirkvlebSi, romel-
Tac Sinagani sekreciis _ endokrinuli 
jirkvlebi ewodeba da isini endokrinul 
sistemas qmnian. endokrinul jirkvlebs 
sadinrebi ar aqvT da hormons sisxlSi ga-
moyofen. hormonebi sisxliT mTel orga-
nizmSi vrceldeba, amitom fiziologiuri 
procesebis regulaciis aseT meqanizms 
humorul regulaciasac uwodeben (`hu-
mor~ laTinuri sityvaa da siTxes niSnavs). 
humoruli regulacia sxvadasxva ujredi-
sa da organoebis urTierTkavSiris Zveli 
formaa. mas gansakuTrebiT didi mniSvne-
loba aqvs ganviTarebis dabal safexurze 
myofi organizmebisTvis. cxovelTa evo-

sur. 2.2.2.

adaianma CaisunTqa 
da sunTqva Seikava. 
sisxlSi O2-is done 
iklebs da CO2-is 
done izrdeba.

rodesac sisxlSi aRdgeba O2/CO2-is done, 
sunTqvis sixSire mSvid ritms ubrundeba.

tvinis ReroSi sunTqvis centrs 
qemoreceptorebi gadascemen 
informacias imis Sesaxeb, rom 
sisxlSi normalurze metad 
Semcirda O2-isa da gaizarda CO2-is 
done. nervuli sistemis meSveobiT 
informacia igzavneba diafragmasa 
da neknTaSua sasunTq kunTebSi.

sunTqvis centri

uaryofiTi ukukavSiris meqanizmi

1

4

adamiani axSirebs da aRrmavebs 
sunTqviT moZraobebs _ CasunTqvasa da 
amosunTqvas, sanam sisxlSi  O2/CO2-is 
done normas ar daubrundeba.

3

2

gaaqt
iveba

d
aT

rg
unv

a
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luciis procesSi humorul regulacias 
TandaTan ufro srulyofili nervu-
li regulacia daemata. nervuli da en-
dokrinuli regulaciebis Sedareba ixile 
cxril 2.2.1-Si. nervuli da endokrinuli 
regulaciebi erTmaneTTan mWidrodaa da-
kavSirebuli. erTi mxriv, nervuli siste-

mis moqmedebaze gavlenas axdens sisxliT 
motanili hormoni, meores mxriv, hormo-
nebis warmoqmnasa da sisxlSi gamoyofas 
akontrolebs nervuli sistema. amitom 
organizmSi fiziologiuri procesebis 
regulacia yovelTvis erTian nervul-en-
dokrinul regulacias warmoadgens.

cxrili 2.2.1.                       nervuli da endokrinuli regulaciis Sedareba

nervuli regulacia endokrinuli regulacia

irTveba swrafad da misi moqmedeba xanmoklea (Sem-

degi nervuli impulsis gadacemamde) Semsrulebel 

organoze 

irTveba nela da misi moqmedeba samizne organoze 
xangrZlivia (sanam samizne organos qsovilSi ar 
Semcirdeba hormonis koncentracia)

signali _ nervuli impulsi signali _ hormoni

signalis gadacema _ neironebSi warmoqmnili ele-

qtronuli bunebis nervuli impulsi

signalis gadacema _ qimiuria (endokrinul jirk-
valSi gamomuSavebuli hormoni, romelic vrcel-
deba organizmis Txevadi garemos meSveobiT)

signalis gavrceleba refleqsur rkalSi nervuli 
struqturebis saSualebiT

signalis gavrceleba sisxlZarRvebSi sisxlis na-
kadis saSualebiT

pasuxi mkveTrad lokalizebulia (pasuxobs konk-
retuli organo) 

pasuxi, rogorc wesi, generalizebulia (pasuxobs 
mTeli organizmi an ramdenime samizne organo)

swrafad mJRavndeba misi moqmedebis Sedegi
dayovnebiT, garkveuli xnis Semdeg mJRavndeba misi 
moqmedebis Sedegi.

homeostazi axasiaTebs im cocxal or-
ganizmebsac, romlebsac ar aqvT nervuli 
da endokrinuli sistemebi. magaliTad, 
rogorc ukve ici, mtknar wyalSi mcxov-
rebi erTujredianebi mfeTqavi vakuo-
lis saSualebiT gamoyofen garemoSi 

Warb  wyals da inarCunebs Sinagani gare-
mos mud mivobas (ix. gv. 143). rogorc er-
Tujredianebis, ise mravalujredianebis 
ujredis Sinagani garemoc regulirdeba 
uaryofiTi ukukav Siris meqanizmiT (sur. 
2.2.3).

homeostazis regulireba ujredis doneze 
uaryofiTi ukukavSiris meqanizmiT

ujredSi Semcirda 

konkretuli cilis 
done

1

dnm-is Sesabamisi 
ubani _ geni

gaa
qtiveba

3

sur. 2.2.3.

ujredSi cilis 
normaluri done

6

tranlacia _ 

cilis sinTezi

transkripcia _ 

m-rnm-is sinTezi

d
aT

rg
unva

4

5

2
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Sinagani garemos _ homeostazis _ dro-
e biTi cvlileba sicocxlisaTvis sru-
liad aucilebeli da normaluria. maga-
liTad, kvebis dros sisxlSi matulobs 
sakvebi nivTierebis koncentracia, Tumca 
sisxlSi sakvebi nivTierebebis koncentra-
ciis cvli leba ar aris droSi gaxangrZ-
livebuli movlena, radgan sisxli am niv-
Tierebebs ujredebs swrafad gadascems. 
paTologia iq iwyeba, rodesac organizms 

ekargeba sisxlidan ujredebSi nivTiere-
baTa transportis unari. rodesac ho-
meostazis darRveva iwvevs Sinagani ga-
remos gaxangrZlivebul an Seuqcevad 
cvlilebas, viTardeba paTologia _ daa-
vadeba. am SemTxvevaSi adamiani saWiroebs 
samedicino daxmarebas, rom daareguli-
ros sakuTari Sinagani garemo medikamen-
tebis, an sxva Terapiuli saSualebebis 
daxmarebiT.

1. ganmarte, ras niSnavs garemo pirobebis cvalebadoba, moiyvane ramdenime magaliTi.
2. ganmarte, ras niSnavs organizmis Sinagani garemos cvalebadoba.
3. ras ewodeba homeostazi?
4. ratom aris mniSvnelovani homeostazi organizmisTvis, rogorc erT-erTi sasicocxlo 

Tviseba?
5. sistema, romelic homeostazs aregulirebs, minimum erTad momuSave oTxi komponentis-

gan Sedgeba. daasaxele es komponentebi da aRwere TiToeuli maTganis funqcia.
6. aris homeostazis gamoxatuleba ujreduli sunTqvis Jangbadiani etapis gaZliereba 

fizikuri varjiSis dros? pasuxi ganmarte.
7. moweva azianebs filtvebs, romelTa saSualebiT Jangbadi xvdeba organizmSi. daarRvevs 

Tu ara moweva organizmis Sinagani garemos mudmivobas? pasuxi ganmarte. 
8. qvewarmavlebi TavianT sxeulis temperaturas aregulireben garemoSi gadaadgilebiT. 

magaliTad, xvliki eficxeba mzes, rom misi sxeuli gaTbes. raSi gamoixateba ZuZumwov-
rebis upiratesoba qvewarmavlebTan SedarebiT sxeulis Sinagani temperaturis regula-
ciaSi?

9. gaecani cxril 2.1-Si mocemul informacias. ra gansxvavebaa nervul da endokrinul 
regulacias Soris? 
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rgolovani Wia

muclis 
nervuli 
Zewkvi

xaxiszeda 
da qveda 
nervuli 
kvanZebi

nervi

1. moiyvane erTujredianebSi gaRizianebadobis gamovlenis magaliTebi.
2. ra tipis nervuli sistema ganviTarda evoluciis procesSi?
3. ra nakli aqvs badisebr nervul sistemas?

2.2.2. გაღიზიანებადობა. ნერვული სისტემა

cocxalisTvis erT-erTi saerTo sasi-
cocxlo Tvisebaa gaRizianebadoba. ga-
Rizianebadoba aris organizmis Tviseba, 
rea gireba/Sesabamisi pasuxis gacema  ga-
remoSi mimdinare cvlilebebze/gamRizia-
nebelze. Sinagani garemos stabilurobisa 
da sicocxlisTvis yvela organizmis Tvis 
mniSvnelovania saTanado reagireba sti-
mulze/ gamRizianebelze. erTujredia neb-
Si gam Rizianebelze pasuxze pasuxismgebe-

lia erTaderTi ujredi, igi erTdroulad 
funqcionirebs, rogorc informaciis 
mimRebi da efeqtori. magaliTad, ame-
ba blagvi nemsis Sexebaze reagirebs da 
gadaadgilde ba gamRizianeblis sawinaaRm-
dego mxares. mecnierebi varaudoben, rom 
amebis am sapasuxo reaqciaSi monawileobs 
plazmuri membrana da marcvlovani endo-
plazmuri bade. 

cxovelebSi ki gamRizianebelze sa-
Tanado reagirebaSi CarTulia nervuli 
sistema.  nervulma sistemam cxovelTa 
evoluciis procesSi ganicada ganviTare-
ba (sur. 2.2.4). pirvelad primitiuli ner-
vuli sistema nervuli badis saxiT gaCnda 
nawlavRruianebSi. varskvlavisebri ner-
vuli ujredebi erTmaneTTan morCebiTaa 
dakavSirebuli da erT nervul ujred-
Si warmoqmnili nervuli impulsi yvela 
mimarTulebiT vrceldeba, amitom aseT 
nervul sistemas difuzursac uwodeben. 
nervuli impulsis yvela mimarTulebiT 
gavrcelebis gamo igi TandaTan sustdeba 
da qreba. Sesabamisad, organizmis pasuxi 

gamRizianebelze nelia da SeiZleba zus-
tic ar iyos. nawlavRruianebis nervuli 
sistema asrulebs mxolod organizmsa 
da garemos Soris damakavSirebel rols. 
maRalganviTarebuli nervuli sistema 
ki  miRebul informacias aanalizebs, pa-
suxobs da inaxavs, romelsac iyenebs saWi-
roebis momentSi. WiebSi Cndeba kvanZovani 
nervuli sistema. nervul kvanZebs qmnis 
nervuli ujredebis grovebi, nervuli 
kvanZebi centraluri nervuli sistemis 
rols asrulebs, maTgan gamodis nervebi. 
kvanZovani nervuli sistemis SemTxveva-
Si nervuli impulsi erTi mimarTulebiT 
vrceldeba da organizmis pasuxic aris 

nervuli  
kvanZi

nervuli  
Rero

nervi

brtyeli Wia

nervuli sistemis tipebi

badisebri kvanZovani

nawlavRruiani

nervuli bade

milovani

xerxemliani

Tavis  
tvini

zurgis  
tvini

nervi

sur. 2.2.4.
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onuli ganviTarebis procesSi wina nawilSi 
farTovdeba da Tavis tvini warmoiqmneba. 
Tavis tvini ganviTarebis umaRles dones 
aRwevs ZuZumwovrebSi (sur. 2.2.5). 

Tevzi

amfibia

qvewarmavali

frinveli

ZuZumwovrebi

Tavis tvinis ganviTareba xerxemlianebSi

zurgis tvini

mogrZo tvini

Suamdebare tvini

ynosvis morCebi

Sua tvini
naxevarsferoebi

naTYxemi

ufro swrafi da zusti. xerxemlianebis-
Tvis damaxasiaTebelia milovani nervuli 
sistema _ maT CanasaxSi zurgis mxares uvi-
TardebaT nervuli mili, romelic embri-

sur. 2.2.5.

nervuli sistemis struqturuli kom-
ponentebi, maTi funqciebi da roli ho-
meostazis regulaciaSi ganvixilavT 
adamianis nervuli sistemis magaliTze. 
adamianis nervuli sistema Sedgeba (sur. 
2.2.6) centraluri nervuli sistemisa 
(cns) da periferiuli nervuli sistemis-
gan (pns). cns-s qmnis Tavisa da zurgis 
tvini. cns _ es aris adgili, sadac gaa-
nalizdeba Sesuli informacia da miiReba 
gadawyvetileba, Tu ra saxis moqmedebiT 
unda upasuxos organizmma miRebul in-
formacias. pns-s qmnis nervebi da nervu-
li kvanZebi. pns uzrunvelyofs nervuli 
impulsebis saSualebiT informaciis ga-
tarebas cns-sa da sxeulis danarCen nawi-
lebs Soris orive mimarTulebiT.

nervuli sistemis funqciebi: 
• aregulirebs TiToeuli organosa da 

qsovilis funqcionirebas; 
• uzrunvelyofs sxvadasxva qsovilis, 

organosa da organoTa sistemis Se-
Tanxmebul moqmedebas; 

• organizms akavSirebs garemosTan; 

• misi moqmedeba udevs safuZvlad 
Zils, mexsierebas, metyvelebas, azro-
vnebasa da sxva fsiqikur procesebs.

nervul sistemaSi qsovilebidan War-
bobs nervuli qsovili. nervul qsovilSi 
aris ori tipis ujredebi: nervuli uj-
redebi _ neironebi da gliuri ujredebi 
(Tanamgzavri ujredebi). gliuri ujredebi 
neironebze 10-jer metia, isini gars akra-
vs neironebs da maTTvis asrulebs kvebiT, 
sayrden da damcvelobiT funqciebs. 

nervul, kunTovan da jirkvlovan epi-
Telur ujredebSi gamRizianeblis sapa-
suxod mimdinareobs iseTi fizikur-qi-
miuri cvlilebebi, rac iwvevs eleqtruli 
bunebis impulsis warmoqmnasa da mezobel 
ubnebze gavrcelebas. am process agz-
neba ewodeba, xolo ujredis Tvisebas, 
gamRizianebelis zemoqmedebas upasuxos 
agznebiT _ agznebadoba. amitom nervul, 
kunTovan da jirkvlovan qsovilebs agz-
nebad sistemebs uwodeben. agznebis dros 
warmoqmnil eleqtruli bunebis impulss 
agznebis potenciali/biodeni ewodeba. im-
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pulsis warmoqmna da gavrceleba agznebad 
sistemaSi dakavSirebulia plazmuri memb-

ranis SigniT da gareT Na+-sa da K+-is ara-
Tanabar ganawilebasTan (sur. 2.2.7).

centraluri  
nervuli sistema

centraluri  
(Tavisa da zurgis 

tvini)

periferuli 
(nervebi da 

nervuli kvanZebi)

somaturi 
(aregulirebs 

ConCxis kunTebis 
moqmedebas)

simpaTikuri parasimpaTikuri

avtonomiuri 
(aregulirebs Sinagani 
organoebisa da jirkv-

lebis moqmedebas)

periferuli 
nervuli sistema

nervuli sistema

sur. 2.2.6.
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_ _ _ _ _ __ _ _

_ _ _ _ _ __ _ _
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_ _ _ _ _ _
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+ + + + + ++ + +

_ _ _

_ _ _

Na+

Na+

K+

K+

agznebis biodeni

depolarizaciis/agznebis 
biodenis aRmavali gza

repolarizaciis/agznebis 
biodenis daRmavali faza

membranis stimulaciis/gaRizianebis sapasu-
xod igi ganvladi xdeba Na+-is mimarT da Na+ 
swrafad Sedis garemodan ujredSi; Sedegad, 
xdeba membranis depolarizacia _ plazmu-
ri membrana garedan uaryofiTad imuxteba, 
xolo SigniT _ dadebiTad (K+-s emateba Na+).

membrana ganvladi xdeba K-is ionebis mimarT 
da K+ swrafad gamodis pasiuri transportiT 
ujredidan garemoSi; Sedegad, xdeba membranis 
repolarizacia _ membrana kvlav garedan imux-
teba dadebiTad da Signidan _ uaryofiTad.

plazmuri membranis ganvladoba Na-sa da 
K-is ionebis mimarT kvlav mcirdeba; am mo-
mentidan amoqmeddeba Na/ K-is tumbo da 
membranuli potencialis Secvlis gareSe 
aRdgeba am ionebis sawyisi ganawileba.

Na-sa da K-is ionebi membranis gareT da Sig-
niT araTanabradaa ganawilebuli (gareT Na-
is ionebi Warbobs da SigniT K-is), rasac pasi-
uri da aqtiuri transporti (Na/ K-is tumbo) 
uzrunvelyofs. ujredSi K-is ionebs Warbobs 
Cl-sa da sxva uaryofiTad damuxtuli ionebi. 
amitom mosvenebis mdgomareobaSi plazmuri 
membrana polarizebulia _ garedan dadebiT-
ad aris damuxtuli, xolo SigniT _ uaryof-
iTad da aRiZvreba mosvenebis biodeni. 

natrium-kaliumis tumbo

1 2

3

mosvenebis biodeni

sur. 2.2.7.
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mgrZnobiare/sensoruli neironi

CarTuli/asociaciuri neironi

4. ra gansxvavebaa gaRizianebadobasa da agznebadobas Soris?
5. romeli qsovilebisTvis aris damaxasiaTebeli agznebadoba?
6. hiponatriemia niSnavs organizmSi natriumis Zalian dabal dones. adamianis aseTma mdgo-

mareobam rogor SeiZleba imoqmedos nervul sistemaze?
7. suraT 2.2.7-is mixedviT _ 1) aRwere agznebis biodenis warmoqmnis meqanizmi; 2) ujredSi 

romeli ionis Sesvla ganapirobebs biodenis aRmaval fazas? 3) ujredidan romeli ionis 
gamosvla ganapirobebs agznebis biodenis daRmaval fazas?

8. Tu membranis ganvladoba natriumisa da kaliumis ionebisadmi erTdroulad gaizrdeba, 
es rogor imoqmedebs agznebis potencialze?

nervuli sistemis funqcie-
bi dakavSirebulia uaRresad 
specializebuli ujredebis _ 
neironebis struqturasa da 
TvisebebTan. neironebSi gamRi-
zianeblis sapasuxod warmoqm-
nili nervuli impulsi vrcel-
deba da gadaecema sxva neirons 
an efeqtori organos ujreds. 
amrigad, neironi nervuli  
sistemis ZiriTadi struqturu-
li da funqciuri erTeulia _ 
misTvis damaxasiaTebelia agzne-
badoba da agznebis gatareba. 
nervuli sistemis moqmedbis sa-
fuZvelia agznebisa da Sekavebis 
procesebi, es procesebi mkacra-
daa erTmaneTTan SeTanxmebu-
li. rac ar unda Zlieri iyos 
agzne ba, mas yovelTvis mosdevs 
Sekaveba. Sekavebis procesSi 
nervuli ujredebi aRidgenen 
Sromisunarianobas. 

miuxedavad imisa, rom neironebi for-
miTa da zomiT mravalferovania, SeiZle-
ba saerTo struqturebis gamoyofa (sur. 
2.2.8). neirons xSirad aqvs aTeulobiT 
mokle morCi _ dendriti, magram grZeli 
morCi _ aqsoni, umetes wilad, erTi aqvs. 
neironis struqturebis funqciebi moce-
mulia cxrilSi (cxr. 2. 2.2). neironebis 
klasifikacia SeiZleba sam tipad imis 
mixedviT, Tu ra mimarTulebiT gadasce-
men informacias nervuli impulsis saxiT: 
mgrZnobiare/sensoruli, mamoZravebeli/
motoruli da CarTuli/asociaciuri nei-
ronebi (sur.2.2.9).

sur. 2.2.9.

dendriti

neironis struqtura

birTvi

neironis sxeuli

aqsoni

mielinis garsi

ranvies Seviwroeba

Svanis ujredi 
(gliuri ujredebis 
erT-erTi saxeoba)

aqsonis daboloeba

nervuli impulsis 
gadacemis mimarTuleba

aqsonis daboloebe-
biT nervuli impulsi 
sinafsebiT gadaecema 
sxva neirons an efeq-
tor organos.

mielinis garsi asrulebs eleq-
tro izolaciis rols, nervuli 
impulsi aqsonis plazmuri memb-
ranidan gamodis mxolod ranvies 
SeviwroebebSi, amitom mielinis 
garsian aqsonebSi nervuli impul-
si swrafad vrceldeba.

sur. 2.2.8.

mamoZravebeli/motoruli neironi
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cxrili 2.2.2.                                        neironis struqturebi da maTi funqciebi

neironis struqtura agebulebis Tavisebureba funqciebi

neironis sxeuli

neironis yvelaze didi nawili, romelSic 
aris birTvi da citoplazmis didi mocu-
loba; mas ar aqvs mielinis garsi. sxeulebis 
grovebi cns-Si warmoqmnis rux nivTierebas 
an birTvebs, xolo centraluri nervuli 
sistemis gareT _ nervul kvanZebs.

akontrolebs neironis funq-
cionirebas, misi dazianebiT nei-
roni kvdeba.

dendritebi

neironis datotvili morCebia, romlebic 
SeiZleba erT neirons ramdenime hqondes, 
maT ar aqvT mielinis garsi. neironis sxe-
ulebTan erTad centralur nervul siste-
maSi rux nivTierebas warmoqmnian.

maTi meSveobiT nervuli im-
pulsebi gadaecema neironis 
 sxeuls.

aqsoni

grZeli, mcired datotvili morCia. aqsonebs 
xSirad gars akravs TeTri feris mielinis 
garsi; aqsonebis erTo blioba cns-Si TeTr 
nivTierebas warmoqmnis, cns-is gareT ki _ 
nervebs.

maTi meSveobiT nervuli im-
pulsebi neironis sxeulidan ga-
modis.

cxrili 2.2.3.                                              neironebisa da nervebis saxeebi

neironis saxeebi maTi maxasiaTeblebi

mgrZnobiare/
sensoruli

periferiidan (mag., SegrZnebis organoebidan) Tavisa da zurgis tvins gadascemen ner-
vul impulsebs. maTi neironebis sxeulebi centraluri nervuli sistemisaken mimaval 
gzazea ganlagebuli nervul kvanZebSi.

mamoZravebeli/
motoruli

nervul impulsebs Tavisa da zurgis tvinidan periferiisken atareben da gadascemen 
efeqtor organos.

CarTuli/
asociaciuri

eseni centralur nervul sistemas ar toveben da qmnian Tavisa da zurgis tvinis Zir-
iTad masas. maTi saSualebiT nervuli impulsebi mgrZnobiare neironebidan gadaecema 
mamoZravebel neironebs.

nervis saxeebi maTi maxasiaTeblebi da magaliTebi

mgrZnobiare anu
sensoruli

Sedgeba mgrZnobiare neironebis aqsonebisgan da nervul impulsebs gadascemen perife-
riidan centralur nervul sistemas. magaliTad, ynosvis, mxedvelobis, smenis nervebi.

mamoZravebeli
anu motoruli

Sedgeba mamoZravebeli neironebis aqsonebisgan da nervul impulsebs gadascemen 
centraluri nervuli sistemidan periferiisken. magaliTad, Tvalis mamoZravebeli, 
damatebiTi, enisqveSa nervebi.

Sereuli

Sedgeba rogorc mgrZnobiare neironebis, ise mamoZravebeli neironebis aqsonebisgan, 
amitom isini nervul impulsebs atareben orive mimarTulebiT _ periferiidan cen-
trisken da centridan periferiisken. magaliTad, samwvera, saxis, ena-xaxis, cTomili 
nervebi, zurgis tvinis nervebi

neironebis grZeli boWkoe-
bis _ aqsonebis _ erToblioba 
nervebs qmnis, romelic kone-
badaa Sekruli da dafarulia 
SemaerTebelqsovilovani gar-
siT (sur.2.2.10). nervebi sami 
saxisaa: mgrZnobiare/sensoru-
li, mamoZravebeli/motoruli 
da Sereuli. neironebisa da 
nervebis sxvadasxva tipis max-
asiaTeblebi warmodgenilia 
cxrilSi (cxr. 2.2.3).

sur. 2.2.10.

nervuli 
boWkoebis 

konebi

SemaerTebelqsovilovani 
garsi

mielinis garsi

aqsoni
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9. suraTze warmodgenilia 
mieliniani aqsonis 3 seg-
menti: depolarizebuli, 
polarizebuli da repo-
larizebuli. amoicani 
es ubnebi _ depolari-
zebuli, polarizebuli 
da repolarizebuli _ 
Seusabame segmentebze 
miTiTebuli cifrebi. 

10. rogor Seesabameba nei-
ronis struqtura mis 
funqciebs?

11. ganixile cxril 2.-Si 
mocemuli informacia da upasuxe kiTxvebs: 1) aRwere neironis TiToeuli struqturis 
funqciebi; 2) cns-Si ra warmoqmnis rux nivTierebas? ratom uwodeben rux nivTierebas? 
3) cns-Si ra warmoqmnis TeTr nivTierebas da ratom uwodeben TeTr nivTierebas? 

12. ra gansxvavebaa cns-sa da pns-is struqturasa da funqciebs Soris?
13. gaecani cxril 2.2.3 -Si mocemul informacias da upasuxe kiTxvebs: 1) aRwere sxvadasxva 

tipi neironis maxasiaTeblebi; 2) neironis romeli tipi ar tovebs cns-s? 3) aRwere sxva-
dasxva tipi nervis maxasiaTeblebi; 4) nervis romeli tipi atarebs nervul impuls orive 
mimarTulebiT da ratom? 5) ra gansxvavebaa nervsa da nervul boWkos Soris?

receptori

zurgis 
tvini

nervuli impulsis 
gavrcelebis 
mimarTuleba
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gamRizianebeli

receptori cns
3

4

2

1

pasuxi

2.2.2.1. ნერვული სისტემის მოქმედების მექანიზმი

• aRwere suraTze mocemuli adamianis moqmedeba.

• makoordinirebli sistemis ra komponentebia aRniSnuli TiTouli cifriT?

• axseni TiToeuli komponentis funqcia.

gamRizianeblis sapasuxod organizmis 
mier ganxorcielebul moqmedebaSi (rea-
qciaSi) mravali neironi da nervuli 
sistemis sxvadasxva struqturaa CarTuli. 
neironebi, romlebic nervuli sistemis 

struqturuli da funqciuri erTeulia, 
erTmaneTisgan damoukideblad ar moqme-
deben, isini erTiandebian da rTul sako-
munikacio qsels warmoqmnian erTmaneTTan, 
aseve, efeqtoris ujredebTan (sur. 2.2.11).

dendritebi

neironis sxeuli

neironis sxeuli

sinafsi aris sakontaqto struqtura 
sxvadasxva neirons, neironsa da kunTovan, 
neironsa da jirkvlovan ujredebs Soris.

aqsoni

sinafsi

dendriti

1 2

34

5

nervuli impulsi iwvevs neironis
boWkos daboloebidan _

presinafsuri membranidan (1) 
_ specifikuri qimiuri

nivTierebis _
neiromediatoris (2) _
gamoyofas sinafsur
napralSi (3). 
neiromediatori
ukavSirdeba

postsinafsuri
membranis (4) receptors

(5), rasac samizne ujredis
sapasuxo reaqcia mohyveba.

sur. 2.2.11.
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sur. 2.2.12.

1. receptori _ reagirebs 
gamRizianebelze da 
sapasuxod warmoqmnis 
nervul impulss, 
romelsac gadascems 
mgZnobiare neirons.

5. efeqtori _ pasuxobs 
cns-dan Sesul nervul 
impulss. 4. mamoZravebeli neironi _ 

cns-dan nervul impulss 
gadasems efeqtors.

2. mgZnobiare neironi _ 
receptoridan nervul 
impulss gadasems cns-s.

3. CarTuli neironi _ mgZnobiare 
neironidan nervul impulss 
gadascems mamoZravebel neirons.nervuli kvanZigamRizianebeli

refleqsuri rkalis komponentebi da maTi funqciebi

1

2

4

3

5

1. A neironidan gamoyofili neiromediatoris gavleniT C neironis postsinafsuri membra-
na ganvladi xdeba natriumis ionebis mimarT. B neoronis neiromediatoris gavleniT C 

neironis postsinafsuri membrana naklebad ganvladi xdeba natriumis ionebis mimarT, 
xolo misi ganvladoba kaliumis ionebis mimarT izrdeba. axseni, A neironis stimulacia 
ratom iwvevs C neironSi agznebis biodenis warmoqmnas, xolo B neironis stimulacia ar 
iwvevs C  neironSi agznebis biodenis warmoqmnas.     

Semsrulebeli organo SeiZleba iyos 
kunTi an jirkvali. kunTi, masSi Sesuli 
nervuli impulsis gavleniT, ikumSeba, rac 
garkveuli tipis moZraobas iwvevs, xolo 
jirkvali gamoyofs sekrets. nervuli sis-
temis moqmedebis erT-erTi gamovlinebaa 
refleqsi. organizmis pasuxs gamRiziane-
belze, romelsac centraluri nervuli 
sistema akontrolebs da axorcielebs, 
refleqsi ewodeba. gzas, romelsac ner-
vuli impulsi gaivlis receptoridan 
Semsrulebel organomde (efeqtoramde), 
ref leqsuri rkali ewodeba. refleqsuri 
rkali neironebis funqcionaluri gaer-
Tianebis tipuri magaliTia. 

suraTze 2.2.12-ze gamosaxulia refl-
qsuri rkali, romelic Sedgeba Semdegi 
struqturebisgan: receptori, sensoru-
li neironi, cns-is ubani, motoruli nei-
roni da efeqtori (am SemTxvevaSi kun-
Ti). rogorc ukve ici, receptori aris 
struqtura, romelic pirveli reagirebs 
gamRizianebelze da gardaqmnis nervul 
impulsad. receptoris roli SeiZle-
ba Seasrulos specializebulma ujred-
ma an mgrZnobiare neironis aqsonis da-
boloebam. receptorebi ganTavsebulia 
SegrZ nebis organoebSi, kanSi, kunTebsa 
da myesebSi, Sinagani Rruiani organoebis 
kedlebSi da sxv.

A

B C
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2. gaaanalize suraTze mocemuli informacia da upasuxe kiTxvebs: 1) TiToeuli refleq-
sisTvis (a da b) Camowere cifrebi da miuwere, Tu ras aRniSnavs TiToeuli cifri; 2) ra 
saerTo struqturebisgan Sedgeba am refleqsebis refleqsuri rkali? 3) riT gansxva-
vdeba es refleqsebi? 4) ramdeni neironisgan Sedgeba a refleqsis refleqsuri rkali? 
5) ramdeni neironisgan Sedgeba b refleqsis refleqsuri rkali? 6) ra moxdeba, Tu su-
raTebze cifri 4-iTa da 5-iT aRniSnuli struqtura dazianda? 7) axseni, ra moxdeba, Tu 
cifri 3-iT aRniSnuli struqtura dazianda?

a b

3. erT neironze, romelic ukavSirdeba kunTs,  sami sxvadasxva neironi warmoqmnis sin-
afsur daboloebas. maTze Catarebuli eqsperimentis Sedegebi mocemulia monacemebis 
cxrilSi.

kunTi

A

DB

C

gaaanalize eqsperimentis Sedegebi da daadgine, romeli neironi gamoaTavisuflebs Se-
makavebel neiromediators?

monacemebis cxrili: kunTze A, B da C neironebis  stimulaciis efeqtebi 

neironis stimulireba kunTze efeqti

A ikumSeba

A da B ar ikumSeba

B ar ikumSeba

A da C ikumSeba

C ikumSeba

B da C ar ikumSeba
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2.2.2.2. ცენტრალური ნერვული სისტემა

magaliTi eqim galenis praqtikidan

romaelma eqimma galenma, romelic qirurgad muSaobda gladiatorebTan, aRmoaCina, rom 
zurgis yoveli nervi  gamodis ori ganStoebiT: wina da ukana; man, aseve, SeamCnia, rom 
zurgSi daWrili gladiatorebis erTi nawili kargavda kidurebSi SegrZnebis unars, magram 
SeeZloT moZraoba, xolo daWrilebis meore nawils ar SeeZloT moZraoba, Tumca tkivils 
grZnobdnen. 

• axseni, ra unda hqonodaT dazianebuli im gladiatorebs, romlebic kargavdnen ki-
durebSi SegrZnebis unars, magram moZraoba SeeZloT?  

• axseni, ra unda hqonodaT dazianebuli im gladiatorebs, romlebic kargavdnen  moZ-
raobis unars, magram kidurebSi tkivils grZnobdnen?  

• rogor fiqrob, galeni Tavisi aRmoCenisa da daWril gladiatorebze dakvirvebebis 
safuZvelze ra daskvnas gaakeTebda zurgis tvinis nervis „wina da ukana ganStoebe-
bis“ struqturis Sesaxeb?  

zurgis tvini

zurgis tvini dakavSirebulia Tavis 
tvinTan. zurgis tvinis ganiv ganakveTze 
Cans (sur. 2.2.13), rom mas wina da ukana 
Rari marjvena da marcxena naxevrad yofs. 
zurgis tvinis centralur nawilSi ruxi 
nivTierebaa, romelsac CarTuli da mamoZ-
ravebeli neironebis sxeulebi da dendri-
tebi qmnis. ruxi nivTierebis irgvliv ki 
TeTri nivTierebaa. mas neironebis aqso-
nebi warmoqmnis. zurgis tvinis TeTr ni-
vTierebaSi gadis aRmavali da daRmavali 
gzebi, romliTac myardeba nervuli kav-

Siri zurgis tvinis sxvadasxva segmentsa 
da  Tavisa da zurgis tvins Soris. zur-
gis tvinidan gamodis 31 wyvili Sereuli 
nervi, romlebic ukana da wina fesviT 
iwyeba. ukana fesvs qmnis mgrZnobiare nei-
ronebis aqsonebi, am neironTa sxeulebis 
grovebi nervul kvanZebs warmoqmnis. wina 
fesvs qmnis mamoZravebeli neironebis aq-
sonebi. ukana fesvi sensorul informa-
cias gadascems zurgis tvins, xolo wina 
fesvi motorul informacias zurgis tvi-
nidan _ ConCxis kunTebsa da Sinagan or-

sur. 2.2.13.

Sereuli nervi

CarTuli neironi

motoruli neironi

sensoruli neironi

wina sigrZivi Rari

ukana sigrZivi Rari

wina fesvi

ruxi nivTiereba TeTri nivTiereba

ukana fesvi

nervuli kvanZi
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Tavis tvini

centraluri nervuli sistema (Tavi-
sa da zurgis tvini) aerTianebs recep-
torebisa da Semsrulebeli organoebis 
muSaobas, raTa organizmma ganaxorcielos 
gamRizianebelze Sesabamisi sapasuxo 
reaq cia da daareguliros homeostazTan 
dakavSirebuli procesebi. Tavis tvini 
nervuli sistemisaTvis procesoris rols 
asrulebs: mas SeuZlia informaciis Za-
lian swrafi damuSaveba da Senaxva (mexsie-
reba). masTanaa dakavSirebuli azrovneba, 
emociebi. Tavis tvini refleqsebs akont-
rolebs zurgis tvinis gavliT an uSu-
alod Tavis tvinis nervebiT. zrdasruli 
adamianis tvini, romelic mdebareobs qa-

las RruSi, daaxloebiT, 1,4 kg masisaa da 
100 miliardze meti neironisgan Sedgeba. 
igi maRalorganizebuli struqturaa da 
ramdenime ganyofilebisgan Sedgeba (sur. 
2.2.14). Tavis tvinis ganyofilebebs ase 
ajgufeben: ukana tvini (mogrZo tvini, 
xidi da naTxemi), Sua tvini (Sua tvini) da 
wina tvini (Suamdebare tvini da didi na-
xevarsferoebi/hemisferoebi); Suamdeba re 
tvinis mniSvnelovani nawilebia Talamusi 
da hipoTalamusi. mogrZo tvins, xidsa da 
Sua tvins, aseve, uwodeben tvinis Reros. 
Tavis tvini Sedgeba rogorc TeTri, ise 
ruxi nivTierebisgan. TeTri nivTiereba 
qmnis gamtar gzebs, romlebic  akavSirebs  

ganoebs. zurgis tvini asrulebs refle-
qsur da gamtar funqciebs. zurgis tvinis 
refleq suri funqcia gamoixateba ConCxis 
kunTebisa (Tavis kunTebis garda) da Sina-
gani organoebis moqmedebis regulaciaSi. 

gamtari funqcia dakavSirebulia TeTri 
nivTierebis aqsonebTan. zurgis tvinis 
moqmedebas Tavis tvini akontrolebs. 
ma moZravebeli refleqsi SeiZleba iyos 
uneblie an nebelobiTi. 

sur. 2.2.14.

didi naxevarsfero _ cns-is umaRlesi da 
yvelaze ganviTarebuli ganyofilebaa, masTan 
dakavSirebulia receptorebidan Sesuli 
informaciis analizi.

Suamdebare tvini  

Talamusi _ sensoruli informaciis 
gamanawilebeli sadguris rols 
asrulebs: SegrZnebis organoebidan 
Sesul informacias agzavnis 
hemisferoebis qerqis Sesabamiss ubanSi.
hipoTalamusi _ erTmaneTTan akavSirebs 
nervul da endokrinul sistemebs: 
sxvadasxva Sinagani organos moqmedebas 
aTanxmebs erTmaneTTan. aregulirebs 
rTul mamoZravebel refleqsebs; aq 
aris SimSilis, wyurvilis, sxeulis 
temperaturis maregulirebeli 
centrebi; aregulirebs endokrinuli 
sistemis moqmedebas; masTan aris 
dakavSirebuli emociebi.

Sua tvini _ Sua tvinis birTvebi 
ConCxis kunTebisaken ganuwyvetliv 
gzavnian nervul impulsebs da 
maT tonuss unarCuneben; aq 
gadis mxedvelobiT da bgeriT 
gamRizianeblebze saorientacio 
refleqsebis refleqsuri rkalebi.

naTxemi _ aregulirebs 
moZraobiT aqtebs, 
SeTanxmebul moZraobasa 
da sxeulis wonasworobas.

Tavis tvinis struqtura da funqciebi

xidi da mogrZo tvini _ asrulebs gamtar da refleqsur funqciebs; 
mogrZo tvinSi aris kvebis, sunTqvis, gul-sisxlZarRvTa centrebi da 
igi aregulirebs saWmlis monelebas, sunTqvas, gulis muSaobas, ReWvas, 
ylapvas, wovas, damcvelobiT refleqsebs _ Rebinebas, ceminebas, xvelas.
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cxrili 2.2.4.                          upirobo da pirobiTi refleqsebis Sedareba

upirobo  refleqsebi pirobiTi  refleqsebi

upirobo refleqsebi memkvidreobiTia _ mas STamo-
mavloba mSoblebisgan iRebs.

cxovrebis ganmavlobaSi SeZenili, aramemkvidreobi-
Ti reaqciebia.

saxeobrivia, anu erTi saxeobis yvela individs 
erTnairi upirobo refleqsebi axasiaTebs.

pirobiTi refleqsebi individualuria, radgan 
erTi saxeobis sxvadasxva individs gansxvavebuli 
cxovrebiseuli gamocdileba aqvs.

isini SedarebiT mudmivia da SenarCunebulia mTeli 
sicocxlis ganmavlobaSi (Tu ar dazianda nervuli 
sistemis romelime ganyofileba).

aramudmivia, cvalebadia _ SeiZleba warmoiqmnas an 
Caqres.

upirobo refleqsis ganxorcielebisaTvis hemis-
feroebis qerqi aucilebeli ar aris.

refleqsuri rkali aucileblad gadis hemisferoe-
bis qerqSi.

upirobo da pirobiTi refleqsebis wyalobiT organizmi inarCunebs Sinagani garemos mudivobas.

erTmaneTTan centraluri nervuli sis-
temis sxvadasxva ganyofilebas. ruxi niv-
Tiereba ganTavsebulia TeTr nivTiereba-
Si neironebis sxeulebisa da dendritebis 
grovebis _ birTvebis _ saxiT. garda ami-
sa, ruxi nivTierebis Txeli Sre _ qerqi _ 
faravs zemodan naTxemsa da hemisferoebs. 
tvinis ReroSi ganTavsebuli birTvebidan 

gamodis Tavis tvinis nervebi, romle-
bic ukavSirdebian SegrZnebis organoebs, 
Tavis, kisris kunTebs, gulmkerdisa da 
muclis Rrus organoebs. zurgis tvinisa 
da tvinis Reros doneze gadis upirobo 
refleqsebis, xolo hemisferoebis qer-
qis doneze pirobiTi refleqsebis ref-
leqsuri rkalebi (cxr. 2.2.4).

Tavis tvinis hemisferoebi

penfildis aRmoCena

gaecani teqstsa da suraTze mocemul informacias da upasuxe TandarTul kiTxvebs

XX saukunis 40-50-ian wlebSi kanadelma neiroqirurgma vailder penfildma aRmoaCina, 
rom hemisferoebis qerqis zeda mxares aris ori zona, romelTagan erT-erTi zona _ soma-
tosensoruli qerqi _ amuSavebs sxeulis Sesaxeb sensorul informacias. aq Semodis impul-
sebi kanis, Zvlebis, saxsrebisa da zogierTi Sinagani organos receptorebidan; es impulsebi 
aRiZvreba SexebiT, sxeulis mdebareobis cvlilebiT da a.S. uSualod am zonis win aris 
mamoZravebeli qerqi, romelic impulsebs agzavnis sxeulis yvela im nawilisken, romelic 
nebelobiT moZraobas eqvemdebareba. am zonebis sxvadasxva ubnis gaRizianebiT, penfildi 
iwvevda specifiur SegrZnebebs an moZraobebs (ukanasknel SemTxvevaSi es gavda marione-
tis moZraobas Zafebze) da sabolood Seadgina konkretuli reaqciebis Sesabamisi zonebis 
ruka (ix. suraTi). miRebuli ruka aRmoCnda Zalian ucnauri, ramdenadac masze warmodgenili 
sxeulis nawilebis proporciebi ar aris iseTi, rogorsac mxedvelobam migvaCvia.

A B

A. somatosensoruli homunkulesi: 
es modeli uCvenebs, Tu rogor 
gamoiyureba adamianis sxeuli, Tu 
misi yoveli nawili proporciuli 
iqneboda somatosensoruli qerq-
is Sesabamisi zonis farTobis.

B. somatomotoruli homunkulesi: 
es modeli uCvenebs, Tu rogor 
gamoiyureba adamianis sxeuli, Tu 
misi nawilebi proporciuli iqne-
boda Sesabamisi motoruli zonis 
farTobis.
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• A modelis mixedviT hemisferoebis qerqSi romeli organoebis sensoruli zonis 
farTobia didi? 

• B modelis mixedviT hemisferoebis qerqSi romeli organoebis motoruli zonis 
farTobia didi? 

• romeli organoebis, rogorc sensoruli, ise motoruli zonis, farTobia didi? 
axseni, ratom?  

tvinis qalaSi hemisferoebi yvelaze 
did sivrces ikavebs. igi Rrma napraliT 
or nawiladaa gayofili _ marjvena da 
marcxena hemisferoebad (sur.2.2.15). he-
misferoebis zedapiri dafarulia qer-
qiT, romelic danaoWebulia. naoWebi 
zrdis qerqis zedapiris farTobs, rac 
ganapirobebs didi raodenobiT, daaxloe-
biT,10 miliardi neironis Semcvelobas. 
mecnierebma gamokvlevebiT aRmoaCines, 
rom sxeulis marcxena naxevari Tavis 
informacias agzavnis marjvena hemis-
feroSi, xolo sxeulis marjvena naxeva-
ri _ marcxena hemisferoSi. Sesabamisad, 
marcxena hemisfero akontrolebs sxeu-
lis marjvena naxevars, xolo marjvena 
naxevarsfero _ sxeulis marcxena naxe-
vars. marjvena naxevarsferoSi dazianeba 
gavlenas axdens sxeulis marcxena naxe-
varze da piriqiT. sensoruli qerqis da-
zianeba iwvevs aramarto sxeulis Sesaba-
misi nawilis mgrZnobelobis dakargvas, 
aramed zogjer iwvevs sxeulis am nawilis 
Sesaxeb `daviwyebasacki~, ris gamoc ada-
miani inva lidad aRiqvams Tavs miuxedavad 
imisa, rom moZraoba sruladaa SenarCu-
nebuli. magaliTad, erTi avtokatastro-
fiT daza ralebuli Cioda, rom mas mia-
keres sxvisi xeli; ase cdilobda  aexsna/

sur. 2.2.15.

marcxena da marjvena hemisferoebi

gaeazrebina iseTi kiduris  arseboba,  
 romlisganac araviTari sensoruli in-
formaciebi ar modioda. Tumca, gansaz-
Rvrul sazRvrebSi, pacientma SeiZleba 
iswavlos ugrZnobi xeliT sargeb loba, 
magaliTad, Cacmis dros, Tu xelis moZ-
raobebs gaakontrolebs mxedvelobiT. 
aseve, mec nierebma daadgines, rom marj-
vena naxevarsferosTan dakavSirebulia 
adamia nis SemoqmedebiTi SesaZleblobebi, 
xolo marc xena naxevarsferosTan _ ana-
litikuri da maTematikuri unarebi.

1. aRwere, rogor muSaoben cns-isa da pns-is neironebi stimulebze sapasuxo reagirebis 
mosaxdenad?

2. Tavis tvinis romeli nawili _ wina tvini, tvinis Rero Tu naTxemi ganviTarda evoluciis 
procesSi pirvelad? axseni Seni pasuxi.  

3. Tavis tvinis romeli nawilis dazianeba iwvevs nebismieri xerxemlianis sikvdils? axseni, 
ratom?

4. moiyvane upirobo da pirobiTi refleqsebis magaliTebi, romliTac axsni maT rols ho-
meostazis regulaciaSi.

5. romeli profesiis adamianebi arian ufro xSirad caciebi? ratom fiqrob ase? 
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yovel hemisferoSi oTx wils arCeven: 
Sub lis, Txemis, safeTqlisa da kefis. he-
misferoebis qerqis sxvadasxva ubani sxva-

dasxva tipis informacias gadaamuSavebs 
(sur. 2.2.16).

6. Catarda kvleva imis saCveneblad, rom zogierTi adamianis gonebrivi SesaZlebloba 
damokidebuli iyo qalas zomaze. ramdenad sworad migaCnia am kvlevis mizani/idea? 

7. insultma pacientSi gamoiwvia metyvelebis unaris dakargva, marjvena xelis xmarebisa da 
maTematikuri gamoTvlebis gakeTebis garTuleba. rogor fiqrob, Tavis tvinis ra nawili 
aqvs dazianebuli pacients? 

8. pacienti uCivis wonasworobis darRvevas. rogor fiqrob, eqimi, pirvel rigSi, Tav-
is tvinis romeli ganyofilebis kvlevas daiwyebs pacientSi gamovlenili simptomebis 
mizezis dasadgenad? 

sur. 2.2.16.

kankunTovani/ 
somatomotoruli zona

centraluri Rari

kankunTovani/ 
somatosensoruli zona

Txemis wili

kefis wili

mxedvelobis zona
smenis zona

safeTqlis wili

Sublis wili

somatosensoruli 
zona, romelic 
pasuxismgebelia Sexebaze, 
tkivilze, wnevisa 
da temperaturaze 
informaciis miReba da 
damuSaveba.

vizualuri informaciis 
damuSaveba da aRqma.

smeniTi informaciis damuSaveba 
da aRqma, zepiri metyveleba, axali 
informaciis damaxsovreba.

zepiri da weriTi 
metyveleba, 
azrovneba, msjeloba, 
emociebisa da 
nebelobiTi 
moZraobis marTva.
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2.2.2.3. პერიფერიული ნერვული სისტემა

cns amuSavebs Sesul informacias, ada-
rebs sxva Sesul informaciasTan da aana-
lizebs, inaxavs mas, sxeulis sxvadasxva 
nawils gadascems informacias _ magaliT-
ad, Tu rogor unda upasuxos organizma 
garegani an Sinagani garemos cvlilebebs 
ise, rom SeinarCunos da/an aRidginos 
Sinagani garemos cvladebi optimalur 
doneze. magram cns uSualo kontaqtSi 
ar Sedis garemosTan, sxeulis sxvadasxva 
nawilTan. am samuSaos asrulebs nervu-
li sistemis sxva mTavari ganyofileba _ 
periferiuli nervuli sistema (pns). pns-
Si Sedis Tavis tvinisa da zurgis tvinis 
yvela nervi da nervuli kvanZi.

 pns-s yofen somatur da vegeta tiur, 

anu avtonomiur nervul sistemebad (sur. 
2.2.17). somaturi nervuli sistemis fun-
qciaa ConCxis kunTebis moqmedebis re-
gulacia. somaturi nervuli sistemis 
moqmedeba nebelobiTia _ emorCileba ada-
mianis neba-survils, anu adamians SeuZlia 
Tavisi moZraobis marTva. vegetatiuri, 
anu avtonomiuri nervuli sistema areg-
ulirebs Sinagani organoebisa da jirkv-
lebis moqmedebas. igi ar emorCileba ada-
mianis nebas. magaliTad, ar SeiZleba Seni 
neba-surviliT gulis muSaoba gaaZliero 
an Seanelo, daaCqaro saWmlis moneleba, 
Seamciro oflis gamoyofa da a.S. nervu-
li impulsi vegetatiur nervul sistemaSi 
dayovnebiT vrceldeba.

avtonomiur nervul sistemaSi ganasxva-
veben or nawils _ simpaTikursa da para-
simpaTikurs. Sinagani organoebis did na-
wilSi orive tipis nervebi _ simpaTikuri da 
parasimpaTikuri _ Sedis; xSir SemTxvevaSi 
isini organoze urTierTsawinaaRmde god 
moqmedeben. simpaTikuri nervuli siste-

ma amoqmeddeba rogorc fizikuri, ise 
emociuri datvirTvis dros. magali Tad, 
rodesac Zalian SfoTav (nerviulob), 
SeSin di an gabrazdi. am dros organizms 
esa Wiroeba mobilizacia, raTa jerova-
ni pasuxi gasces am emociebis gamomwvev 
mizezs. simpaTikuri da  parasimpaTikuri 

somaturi nervis nervuli boWko

zurgis tvini

somaturi 
motoneironi

mielinis garsi

efeqtori

somaturi da avtonomiuri nervuli sistemebis struqtura da moqmedebis sfero

parasimpaTikuri nervis nervuli boWkoebi

parasimpaTikuri nervuli kvanZi

parasimpaTikuri motoneironebi

zurgis tvini

mielinis garsi
efeqtori

simpaTikuri nervis nervuli boWkoebi

simpaTikuri nervuli kvanZi

simpaTikuri motoneironebi

zurgis tvini
mielinis garsi

efeqtori

sur. 2.2.17.
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cxrili 2.2.5.              simpaTikuri da parasimpaTikuri nervuli sistemebis Sedareba

kriteriumebi SedarebisTvis simpaTikuri nervuli sistema parasimpaTikuri nervuli sistema

nervuli boWkoebis 
warmomavloba

gamodian zurgis tvinis mkerdisa
da welis ganyofilebidan.

gamodian Tavis tvinidan da zurgis 
tvinis kaudaluri nawilidan.

nervuli gangliebi/ 
kvanZebis mdebareoba

mdebareobs zurgis tvinis gaswvriv.
efeqtori organos maxloblad an 
TviT am organoSi.

boWkoebis sigrZe
mokle pregangliuri da grZeli 
postgangliuri boWkoebi.

grZeli pregangliuri da mokle 
postgangliuri boWkoebi.

zogdi efeqtebi
nivTierebaTa cvlis intensvobas 
zrdis.

nivTierebaTa cvlis intensvobas 
amcirebs an ar axdens gavlenas.

jamuri efeqti amagznebeli Semakavebeli

pirobebi, romelSic 
aqtiurdeba

saSiSroebis, stresisa da fizikuri 
aqtiurobis dros; akontrolebs 
reaqciebs stresze.

simSvidis dros; akontrolebs Cveu-
lebriv, `yoveldRiur~ fiziolo-
giur procesebs.

nervuli sistemebis zogadi niSnebiT Se-
darebis monacemebi mocemulia cxril 
2.2.5-Si, xolo sxvadasxva organoze para-

simpaTikuri da simpaTikuri nervuli 
sistemebis gavlenis Sesaxeb informacia 
mocemulia suraTze (sur. 2.2.18).

avtonomiuri/vegetatiuri nervuli sistema

parasimpaTikuri simpaTikuri

aviwroebs gugebs;
astimulirebs 

cremlis gamoyofas

gugebs afarToebs;
akavebs cremlis 
gamoyofas

aZlierebs nerwyvis 
gamoyofas

Trgunavs oflis gamoyofas
aZlierebs oflis gamoyofas

aZlierebs da 
aCqarebs gulis 
muSaobas; aviwroebs 
sisxlZarRvebs da 
zrdis sisxlis wnevas

amcirebs gulis 
SekumSvebis siZlieresa 

da siCqares; amcirebs 
sisxlis wnevas

aviwroebs bronqebsa 
da bronqiolebs, 

amcirebs
filtvebis 

ventilacias

afarToebs 
bronqebsa da 
bronqiolebs, 
aZlierebs 
filtvebis 
ventilacias

Trgunavs 
peristaltikas 
da saWmlis 
momnelebeli 
wvenebis gamoyofas. 
aZlierebs analuri 
sfinqteris 
SekumSvas

aZlierebs 
peristaltikas da 

saWmlis momnelebeli 
wvenebis gamoyofas. 
Trgunavs ana lu ri 

sfinqteris SekumSvas

amcirebs diurezs; aZlierebs 
Sardis buStis sfinqteris 
SekumSvas; iwvevs Tirkmelze-
da jirkvlidan adrenalinis 
gadmosrolas

adunebs Sardis buStis sfinqters

Trgunavs nerwyvis 
gamoyofas

sur. 2.2.18.
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neirodegeneraciuli daavadebebidan farTodaa gavrcelebuli alchaimerisa da parkin-
sonis daavadebebi, romlebic TandaTanobiT viTardeba da droTa ganmavlobaSi iwvevs Tavis 
tvinis funqciebis progresirebad kargvas. magaliTad, parkinsonis daavadebas iwvevs tvinis 
im Sris neironebis dazianeba, romelic gamoimuSavebs qimiur nivTierebas _ dofamins. es niv-
Tiereba neironebis erTmaneTTan urTierTobas uzrunvelyofs. dofaminis mwarmoebeli nei-
ronebis dakargva iwvevs tremors, sisustes, wonasworobis darRvevas, gaZnelebul ylapvas, 
metyvelebis problemebs da sxv.

Zalian xSiria zurgis tvinis iseTi travmebi, romelic iwvevs sxeulis paralizebas kisri-
dan qvemoT zurgis tvinis dazianebuli adgilis mdebareobaze damokidebulebiT. 

mecnierebi aqtiurad muSaoben imaze, rom zemoT aRweril orive daavadebis samkurnalod 
gamoiyenon cns-is dazianebul adgilebSi embrionis neironebis transplantacia (adamianis 
nayofis qsovilebs iReben SemTxveviT daRupuli embrionebidan an legalurad daSvebuli 
abortis masalidan). praqtikam aCvena, rom embrionis neironebis transplantaciis 40%-ze met 
SemTxvevaSi parkinsonis simptomebma iklo. embrionis neironebs, zrdasrulis neironebisgan 
gansxvavebiT, aqvT gamravlebis unari da aRadgenen kavSirs cns-is dazianebul ujredebs 
Soris.

1. paragrafis teqstsa da suraT 2.2.17-ze mocemuli informaciis safuZvelze Seavse cxri-
li:

somaturi da vegetatiuri nervuli sistemebis SedarebiTi daxasiaTeba

kriteriumebi SedarebisTvis
somaturi nervuli 

sistema

vegetatiuri nervuli 

sistema

aregulirebs ConCxis kunTebis moqmedebas

aregulirebs Sinagani organoebis moqmedebas

emorCileba/ar emorCileba adamianis neba-survils

mamoZravebeli gza Sedgeba erTi motoneironisgan

mamoZravebeli gza Sedgeba ori Tanmimdevrulad ganlage-
buli motoneironisgan, romelTagan meore aris centaral-
uri nervuli sistemis gareT da misi neironis sxeuli war-
moqmnis nervul kvanZs

aqsonebi dafarulia mielinis garsiT

nervuli impulsi swarafad vrceldeba

2. sqema gadaitane samuSao rveulSi _ 1) wertilebis nacvlad Cawere Sesabamisi sityvebi,  
2) sqemas aklia erTi isari, rom igi asaxavdes arteriuli wnevis regulacias uaryofiTi 
ukukavSiris meqanizmiT, daamate es isari sqemaSi saWiro adgilas.

Tavis tvinis Rero
dabali 

arteriuli 

wneva

arteriebis kedlebSi 

arsebuli ...  

gaRizianeba

sisxlZarRvebis ..., gulis muSaobis ... _ ..., 

wnevis ...
normaluri sisxlis  

wneva

... nervuli sistemis 

amoqmedeba
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3. xangrZlivad dabali tenianobis garemoSi adamianebs uviTardebaT kanis da lorwovani 
garsebis simSrale. dabali tenianobis pirobebSi advili SesamCnevia, rom adamianebs in-
tensiurad gamoeyofaT cremli, romelic Tvalis datenianebas iwvevs, Tumca Tu adamiani 
aseT pirobebSi xangrZlivadaa, iwvevs Tvalis kaklis simSrales. Sesabamisad, mcirdeba 
misi mikrobuli infeqciebisgan dacvis saSualeba. 1) mSral pirobebSi cremlis gaZliere-
bul gamoyofas vegetatiuri nervuli sistemis romeli nawi lis gaaqtiureba iwvevs? 2) 
cremli ratom icavs Tvals mikrobebis SeWrisgan? 3) aris es homeostazis regulaciis 
magaliTi? axseni Seni pasuxi.   

4. avtonomiuri nervuli sistemis simpaTikuri nawilis gaaqtiureba gavlenas moaxdens Tu 
ara ConCxis kunTebis SekumSvaze? axseni Seni pasuxi.

5. gaecani rubrikaSi _ „mecniereba praqtikaSi“ _ mocemul informacias da upasuxe kiTx-
vebs: 1) ratomaa aucilebeli neironebs Soris kavSiri? 2) mkurnalobis ra Tanamedrove 
meTodebs iyeneben nervuli sistemis zogierTi daavadebis dros?

6. zogierTi daavadebis dros adamianSi irRveva nervuli impulsis gatareba Tavis tvini-
dan zurgis tvinisken. am SemTxvevaSi _ 1) SeinarCunebs adamiani muxlis refleqss? 2) 
SeigrZnobs Tu ara fexze nemsis Cxvletas? 3) SesaZlebelia adamianma Seasrulos qvemo 
kidurebiT nebelobiTi moZraobebi?

7. zogierTi daavadebis dros adamianSi irRveva nervuli impulsis gatareba zurgis 
tvinidan Tavis tvinisken. am SemTxvevaSi _ 1) SeinarCunebs adamiani muxlis refleqss?  
2) SeigrZnobs Tu ara fexze nemsis Cxvletas? 3) SesaZlebelia adamianma Seasrulos qvemo 
kidurebiT nebelobiTi moZraobebi?
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2.2.3. შეგრძნების ორგანოები

qirurgiuli CareviT cvlian sensoruli informaciis gadacemis mimarTulebas

rogorc ukve ici, sensoruli neironebi centraluri nervuli sistemis Sesabamis ganyo-
filebas awvdis informacias gare da Sinagani garemos Sesaxeb. warmoidgine, rom neironebi, 
romlebic atareben sensorul informacias bgeriT gamRizianebelze, qirurgiuli CareviT 
ise Secvales misi mimarTuleba, rom informacia Sevida kefis wilis mxedvelobis zonaSi. 
qvemoT mocemul kiTxvebs upasuxe Seni amJamindeli codnis mixedviT. 

• rogor fiqrob, ra SegrZnebas gamoiwvevs organizmSi aseTi tipis qirurgiuli Care-
va?

• normaSi hemisferoebis romeli wili iRebs bgeriT gamRizianebelze informacias?

• rogor fiqrob, Sen xedav TvaliT, gesmis yuriT, suns SeirZnob cxviriT? axseni Seni 
pasuxi.

• ra aris SegrZnebis organoebis funqcia?

• ra aris sensoruli neironebis funqcia?

• ra aris hemisferoebis sensoruli zonebis funqcia?

• ras gamoiwvevs zemoT CamoTvlili TiToeuli struqturis dazianeba?

• rogor fiqrob, SegrZnebis organoebi monawileoben homeostazis SenarCunebaSi? ax-
seni Seni pasuxi.

gaecani teqstSi mocemul informacias da upasuxe TandarTul kiTxvebs

sxeulSi milionobiT ujredia, rom-
lebic pirvelni reagireben gamRiziane-
belze. eseni arian gansakuTrebuli da 
specifikuri ujredebi, e.w. receptorebi, 
romlebic pirdapir reagireben garemos 
gamRizianebelze/stimulze. stimulis ma-
galiTebia: ganaTeba, bgera, qimiuri niv-
Tiereba, wneva an tempereturis cvlile-
ba. rogorc ki receptorebi gaRiziandeba 
gamRizianeblis zemoqmedebiT, isini sa-
pasuxod warmoqmnian nervul impulsebs 
da gadascemen sensoruli neironebis 
aqsonebs da, saboloo jamSi, es impulsebi 
aRweven centralur nervul sistemamde.  

receptorebis didi nawili Tavmoyri lia 
SegrZnebis organoebSi. xuTi SegrZnebidan 
(mxedveloba, smena, Sexeba, ynosva da 
gemovneba) TiToeuli dakavSirebulia gan-
sazRvrul SegrZnebis or ga nosTan. yove-
li SegrZnebis organos receptorebi re-
agireben gansazRvrul gamRizianebelze. 
magaliTad, fotore ceptorebis specifi-
kuri bunebrivi gamRizianebelia sinaTle, 
meqanoreceptorebisTvis _ moZraoba da 
Sexeba, Ter moreceptorebisTvis tempera-
turis cvlileba, qemoreceptorebi wyal-

Si xsnad an aqrolad qimiur nivTierebebze 
reagireben. TiToeuli saxis receptori 
reagirebs araspecifikur gamRizianebel-
zec, Tumca am SemTxvevaSi saWiroa am gam-
Rizianeblis ufro didi intensivoba.

araswori iqneba, Tu vifiqrebT, rom 
gvesmis yuriT, vxedavT TvaliT, suns Se-
vigrZnob cxviriT da a.S. SegrZnebis orga-
noebSi arsebuli Sesabamisi receptorebi 
mxolod agroveben informacias, gardaqm-
nian nervul impulsebad da agzavnian mas 
sensoruli neironebiT centralur ner-
vul sistemaSi. hemisferoebis qerqis Se-
sabamisi ubani aanalizebs am informacias; 
SegrZnebis organoebisa da Tavis tvinis 
erToblivi muSaobiT varCevT sxvadasxva 
bgeras, sxeulis formas, suns, gemos da 
sxv. amrigad, 1) receptorebi, 2) gamtari 
gzebi, romlebiTac nervuli impulsebi 
gadaecema cns-s da 3) hemisferoebis qer-
qis Sesabamisi ubnebi qmnian erTian siste-
mas _ analizators, romelic uzrunvel-
yofs garemodan miRebuli gamRizianeblis 
garCevasa da SegrZnebis warmoqmnas. sen-
soruli informaciis aRqma damokidebu-
lia imaze, Tavis tvinis romeli ubani 
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miiRebs impulss. magaliTad, Tu mxedve-
lobiTi sensoruli neironiT informacia 
gadaecema safeTqlis wilis smeniT zonas, 
SeiZleba adamianma es informacia raime 
tipis bgerad aRiqvas. 

SegrZnebis organoebi organizms exma-
reba gare samyaros Sesaxeb informaciis 
Sekrebasa da garemoSi orientaciaSi. gar-
da amisa, SegrZnebis organodan miRebul-
ma informaciam SeiZleba gamoiwvios iseTi 
sapasuxo reaqcia, romelic xels uwyobs 
homeostazis SenarCunebas. magaliTad, Tu 
garemoSi temperatura Semcirda, kanis 
TermoreceptorebSi warmoqmnili nervu-
li impulsi sensoruli neironebiT gadae-
cema cns-s da sapasuxod iwyeba kankali 
_ ConCxis kunTebis uneburi SekumSve-
bi, ujredebSi Zlierdeba energetikuli 
cvla, ris Sedegadac gamoyofili siTbo 
organizms exmareba Sinagani temperatu-

ris SenarCunebaSi; sakvebis arasasiamovno 
gemos da/an sunis SegrZnebisas adamiani ar 
miiRebs mas da organizmi daculia kvebi-
Ti mowamvlisgan.

rogorc nervulma sistemam, ise SegrZ-
nebis organoebmac evoluciis procesSi 
ganicada cvlilebebi. brtyeli Wiebidan 
dawyebuli, sxeulis ormxrivi simetriis 
ganviTarebam xeli Seuwyo organizmis wina 
mxares SegrZnebis organoebisa da nervu-
li ujredebis Tavmoyras. es dakavSire-
bulia imasTan, rom organizmis garemoSi 
gadaadgilebis dros pirvelad swored 
sxeulis wina nawiliT Sedis kontaqtSi 
garemos faqtorebTan. SegrZnebis orga-
noebi yvelaze ufro srulyofili gaxda 
ZuZumwovrebSi, amitom SegrZnebis orga-
noebis agebuleba da funqciebi jer gan-
vixiloT adamianis magaliTze. 

mxedvelobis organo

sur. 2.2.19.

sklera/cilovani garsi

sisxlZarRvovani garsi

badura

Cxirebi

mxedvelobis 
nervi

kolbebi

broli

guga

feradi garsi

rqovana

fotoreeptorebi

adamianisTvis SegrZnebis organoebs So-
ris umniSvnelovanesia mxedveloba, radgan 
TvalSi aris mTel sxeulSi arsebuli re-
ceptorebis, daaxloebiT, 70%. fotore-
ceptorebis didi wili ganTavsebulia Tva-
lis Sida ukana kedelze, romelsac badura 
(sur. 2.2.19) ewodeba. specializirebuli 

ujredebi, e.w. Cxirebi da kolbebi, fo-
toreceptorebs warmoadgenen. kolbebTan 
dakavSirebulia feradi mxedveloba, 
xolo CxirebTan _ Sav-TeTri. adamiani 
mxolod maSin xedavs obieqts, rodesac 
misgan areklili sinaTlis sxivi moxvde-
ba TvalSi fotoreceptorebze. Cxirebi 
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Ri ziandeba sinaTlis mcire in-
tensivobiT, xolo kolbebis fun-
qcionirebisTvis saWiroa kaSkaSa 
sinaTlis sxivebi. amitomaa, rom 
sibneleSi Znelia ferebis garCeva.

ramdenadac mxedveloba damoki-
debulia ganaTebis intensivoba-
ze, Tvals SeuZlia akontrolos 
sinaTlis saWiro intensivobis 
gatareba gugis Seviwroeba/gafar-
Toebis saSualebiT. rac farTo 
iqneba guga, miT ufro sinaTlis 
met sxivebs atarebs.   

sanam mxedvelobis receptore-
bamde miaRwevs sagnidan areklili 
sinaTlis sxivi, iqamde man unda ga-
iaros Tvalis wina struqturebi. 
sinaTlis sxivi pirvelad xvdeba 
gamWvirvale garsze _ rqovanaze 
_ da gaivlis gugis xvrels, Sem-
deg ormxriv amozneqil linzas 
_ brols, romelic axdens sinaT-
lis sxivis fokusirebas baduraze. 
sinaTlis sxivebi aRizianeben fo-
toreceptorebs da receptorebSi 
sapasuxod warmoiqmneba nervuli impulse-
bi, impulsebi aqsonebis konebis _ mxedve-
lobis nerviT _ gadaecema Tavis tvins, 
kerZod, hemisferoebis kefis wils, sad-
ac xdeba sagnebis formis, Seferilobis, 
sididis da sxva maCveneblebis garCeva da 
aRqma (sur. 2.2.20).

Tvali moTavsebulia qalas Tvalbude-
Si da gars akravs sxvadasxva damcvelo-
biTi organo (sur. 2.2.21). Tvalis kakali 
ovaluri formisaa, romlis nawils faravs 
Tvalbude, nawils ki _ quTuToebi. masze 
mimagrebuli kunTebi Tvals amoZravebs 
TvalbudeSi.

mxedvelobis organos evolucia. pir-
velad Tavisuflad mcxovreb brtyel 
WiebSi (mag., rZisfer planariaSi) Cndeba 
sxeulis wina nawilSi ori Tvali, roml-
iTac mxolod sinaTles SeigrZ nobs cxo-
veli. sagnebs sustad arCevs mucelfex-
iani moluski grZeli sacecebis boloSi 

moTavsebuli TvalebiT. fexsaxsrianebi-
sTvis damaxasiaTebelia martivi an rTuli 
Tvalebi. magaliTad, obobas aqvs 8 mar-
tivi Tvali, romelic Sedgeba mcire rao-
denobis fotoreceptorebiT dafaruli 
erTi linzisgan; martivi TvaliT cxo veli 
arCevs ganaTebis intensivobas, magram 
ver arCevs sagnebs.  mwerebs aqvT rTuli 
Tvali, romelic aTasobiT Tvalakisgan 
Sedgeba; TiToeuli Tvala kiT cxoveli 
sagnis mxolod nawils xedavas da aseT 
mxedvelobas mozaikuri ewodeba. mxedve-
lobis organo srulyofil ganviTarebas 
aRwevs xerxemlianebSi. sxvadasxva xerxem-
lianSi, saarsebo garemosTan dakavSire-
biT, cvlileba ganicada Tvalis damcvel-
ma organoebmac. magaliTad, xmeleTze 
cxovrebasTan dakavSirebiT, amfibiebidan 
dawyebuli ganuviTardaT quTuToebi, 
xolo ZuZumwovrebSi quTuToebi wamwame-
biTaa SeiaraRebuli.   

sur. 2.2.20.
fotoreceptorebi

kefis 
wilSi 
mxedvelo-
bis zona

mxedvelobis 
nervi

sur. 2.2.21.

warbebi _ icavs Sublidan 
Camonadeni oflisgan

sacremle jirkvali _ 
cremli aTbobs, icavs 
gamoSrobisgan, mikro-
organizmebisa da mtvris 
nawilakebisagan

wamwamebiT SeiaraRebuli 
zeda da qveda quTuToebi _ 
icavs meqanikuri dazianebisa 
da mzis Warbi sxivebisagan
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smenisa da wonasworobis organo

smena. smeniTi SegrZneba _ adamianis 
sicocxlisTvis erT-erTi mniSvnelo-
vani SegrZnebaa. sazogadoebaSi adamianTa 
urTierTobis ZiriTadi saSualebaa smena 
da metyveleba erTad. smenisa da mxedve-
lobis saSualebiT samyaros aRqma ufro 

naTeli da mdidaria. ZuZumwovara cxo-
velebisa da adamianis yuri Sedgeba gare-
Ta, Sua da SigniTa yurisgan (sur. 2.2.22). 
yuris TiToeuli ganyofilebis struq-
turebi da maTi funqciebi warmodgenilia 
cxrilSi (cxr. 2.2.6)

sur. 2.2.22.

cxrili 2.2.6.             yuris struqturebi da maTi funqciebi

yuris nawili struqtura funqcia

gareTa yuri
yuris niJara

krebs haeris bgeriT rxevebs da mimarTavs gareTa sasme-
ni milisken.

gareTa sasmeni mili rxevebs gadascems dafis apks.

dafis apki _ gareTa yurs gamoyofs Sua 
yurisgan.

dafis apki modis rxeviT moZraobaSi da gadascems 
sasmen Zvlebs.

Sua yuri

sasmeni Zvlebi
aZliereben bgeriT rxevebs da gadascemen ovalur 
sarkmels.

evstaqis mili
Sua yurs akavSirebs cxvir-xaxasTan da mniSvnelovan 
rols asrulebs dafis apkis orive mxares haeris wnevis 
gaTanabrebaSi.

ovaluri sarkmeli _ Sua yurs gamoyofs 
SigniTa yurisgan.

rxevebs gadascems SigniTa yurs.

SigniTa yuri

lokokina
Seicavs meqanoreceptorebs -smenis receptorebs, 
romlebic  rxeviT talRebs gardaqmnian nervul im-
pulsad da gadascemen smenis nervs.

mrgvali da ovaluri parkebi, 
sami naxevarrkalovani arxi

es struqturebi Seicaven wonasworobis receptorebs, 
romlebic Tavisa da mTlianad sxeulis mdebareobis 
Secvlisas siTxis rxevis gavleniT aigznebian.

lokokina

smenis nervi

sami naxevarrkalovani arxi

vestibularuli nervi

ovaluri da mrgvali parkebi

dafis apki

CaquCi

gareTa sasmeni 
mili

gareTa yuri

Sua yuri

sasmeni Zvlebi

SigniTa  yuri

yuris niJara

grdemli

uzangi

evstaqis 
mili

smenis receptorebi
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epidermisi

Sexebis receptori 
(meisneris sxeulaki)

wnevis receptori 
(paCinis sxeulaki)

Sexebis receptori

Sexebis receptori

Termoreceptorebi

tkivilis receptorebi 
(nervis Tavisufali 

daboloebebi)

derma

SigniTa yurSi aris agreTve wonaswo-
robis/karibWis anu vestibularuli apa-
rati, romelic warmodgenilia siTxiT 
savse sami urTierTperpendikularulad 
ganlagebuli naxevarrkalovani arxis, 
mrgvali da ovaluri parkebis saxiT. aq 
warmoqmnili impulsebi vestibularuli 
nerviT gadaecema naTxems, romelic sxeu-
lis wonasworobasa da moZraobis koordi-

nacias akontrolebs.
smenis organos evolucia. TevzebSi 

smenis organo mxolod SigniTa yurisgan 
Sedgeba, xolo amfibiebSi pirvelad Cnde-
ba Sua yuri, romelic garemosgan dafis 
apkiTaa gamoyofili; magram ZuZumwovre-
bisgan gansxvavebiT, maT Sua yurSi mxo-
lod erTi sasmeni Zvalia.

kani, rogorc SegrZnebis organo

kani, sxva funqciebTan erTad, mniSv-
nelovan rols asrulebs, rogorc SegrZ-
nebis organo. kanSi aris Termoreceptore-
bi da sxvadasxva tipis meqanoreceptorebi 
(sur. 2.2.23). meqanoreceptorebi reagi-
reben Sexebaze, wnevasa da Tmis Reris 
moZraobaze. Termoreceptorebidan zo-

gierTi siciveze da zogierTic siTboze 
reagirebs. kanSi bevria tkivilis recep-
torebi. adamianis sxeulSi sam milionze 
meti tkivilis receptoria. isini kanis 
garda gvxvdeba kunTebSi, sisxl ZarRvebsa 
da zogierT organoSi.

sur. 2.2.23.

1. ratom ar SegviZlia sagnebis danaxva absolutur sibneleSi? 
2. ra rols asrulebs SegrZnebis organoebi adamianis saqmianobaSi? moiyvane konkretuli 

magaliTebi. 
3. ra mniSvneloba aqvs quTuToebis ganviTarebas xmeleTis xerxemlianebSi?
4. ratom ganviTarda pirvelad amfibiebSi Sua yuri?
5. ra gansxvavebaa amfibiebisa da ZuZumwovrebis Sua yuris agebulebaSi?
6. rogor imoqmedebs SegrZnebis organoebis dazianeba homeostazze? moiyvane konkretuli 

magaliTebi.
7. ra mniSvneloba aqvs organizmSi tkivilis receptorebis arsebobas?
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cxviris Rrus lorwovan garsSi gan-
lagebulia uamravi ynosvis receptori 
(sur. 2.2.24.a). maT aqvT wamwamebi, romleb-
iTac amofenilia cxviris Rru. ynosvis 
receptorebis bunebrivi gamRizianebelia 
sunis mqone airadi nivTierebebi. recep-
torebidan nervuli impulsebi ynosvis 
nervis saSualebiT centralur nervul 
sistemas gadaecema, sadac xdeba am infor-
maciis analizi da Sesabamisi SegrZnebis 
Camoyalibeba.  

gemovnebis receptorebis grova mde-
bareobs enasa da piris Rrus  lorwovan 

garsSi e.w. gemovnebis bolqvebSi (sur. 
2.2.24.b). gemovnebis receptorebi Rizian-
debian wylaSi xsnadi nivTierebebiT. ro-
gorc gemovnebis, ise ynosvis receptore-
bi qemoreceptorebis saxeobebia. arsebobs 
oTxi ZiriTadi gemo: tkbili, mware, mJave 
da mariliani. sakvebis gemrie li gemos 
SegrZneba aZlierebs saWmlis momnelebeli 
wvenebis gamoyofas.  

 piris RruSi, gemovnebis receptorebis 
garda, aris Sexebisa da wnevis receptore-
bi, aseve, Termoreceptorebi. am recep-
torebis gaRizianeba aZlierebs gemos Seg-

a

b

ynosvis 
receptorebi

aqroladi 
nivTierebis 
molekulebi

ynosvis 
nervi

ynosvis 
bolqvi

wamwamebi

mgZnobiare nervuli 
boWkoebi

sakvebi nivTierebebi

gemovnebis 
receptorebi

gemovnebis nervi

enagemovnebis 
bolqvi

sur. 2.2.24.

ynosvisa da gemovnebis organoebi
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eqsperimentis procesSi kanze zemoqme debdnen gansxvavebuli temperaturiT, paralelu-
rad, Termoreceptorebidan aRricxavdnen receptorebSi warmoqmnili agznebis biodenis 
sixSires. eqsperimentebis monacemebi gamoxates grafikze. grafikze mocemuli monacemebis 
gaanalizebis safuZvelze upasuxe kiTxvebs:

• romel temperaturazea sicivis Termoreceptorebi yvelaze xSirad aqtiuri?
• romel temperaturazea siTbos Termoreceptorebi yvelaze xSirad aqtiuri?
• organizmi ufro mgrZnobiare Tbili Tu civi stimulis mimarTaa da ratom? daas-

abuTe Seni daskvna eqsperimentis Sedegebis safuZvelze.

kvlevis monacemebis analizi

ag
z

ne
bi

s 
bi

o
d

en
is

 s
ix

Si
r

e

kanis temperatura (0C)

reagireba siciveze

reagireba siTboze

0

2

4

6

10 20 30 40 50

rZnebas. Catarebuli kvlevebi adasturebs, 
rom gemos srulyofili SegrZ nebis Camoya-
libebaSi monawileobs piris Rrus yvela 
receptori da ynosvis receptorebi. maga-
liTad, surdos dros, rodesac cxviris 
Rru daxSulia, sakvebi ugemuri gveCveneba. 

Sexebisa da ynosvis organoebis evo-
lucia. planariis sxeulis wina nawilSi 
gansakuTrebulad ganviTarebulia nerve-
bis qseli, romelic Sexebis funqcias 
asrulebs. Wiayelas ar aqvs specialuri 
SegrZnebis organoebi, magram kanis sa-
SualebiT reagireben Sexebaze, ganaTebis 

intensivobasa da garemos tenianobaze. 
vazis lokokinaSi mokle sacecebi, xolo 
mwrebSi ulvaSebi  asruleben ynosvisa da 
Sexebis organos rols. gansakuTrebuli 
mniSvneloba aqvs ynosvas mwerebisTvis. 
magaliTad, ynosvis saSualebiT isini agne-
ben yvavilebs, mamrebi mdedrebs ferome-
nebis saSualebiT. erT-erT eqsperimentSi 
abreSumxvevias erTaderTi mdedri pepela 
moaTavses abreSumis Txeli qsovilisgan 
damzadebul galiaSi. man feromenebis sa-
SualebiT moizida 4 km-iT daSorebuli 
mamrebis didi zomis populaciis 40%.
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Txemis wilis somatosensoruli qerqi iRebs informacias Sexebis SegrZnebis Sesaxeb Seni 
sxeulis sxvadasxva nawilidan. sxeulis TiToeuli nawili agzavnis informacias somato-
sensoruli qerqis sxvadasxva adgilas. am eqsperimentiT gansazRvrav sxeulis sxvadasxva 
nawilebs Soris urTierTobas da im sivrcis farTobs, romelsac tvini uTmobs sxeulis am 
nawilebidan Sexebis informaciis miRebas.

sakvlevi kiTxva: TiTs Tu wina mxars aqvs ufro meti farTobi Txemis wilis somatosen-
sorul qerqSi?

masala: 3 kbilis sawmendi Cxiri, rbili qsovilis naWeri/Sarfi Tvalebis asaxvevad.

kvlevis monacemebis cxrili

Semowmebuli sxeulis teritoria
gamoyenebuli kbilis sawmendi 

Cxirebis raodenoba
ramdeni Cxvleta igrZno

saCvenebeli TiTi

1

2

3

mxari

1

2

3

procedura

1. gamoTqvi hipoTeza, romeli adgili iqneba ufro mgrZnobiare _ TiTis kani Tu mxris? 
2. Sens partniors Tvalebi auxvie. nazad Seexe Seni partnioris saCvenebeli TiTis wvers 

jer erTi, Semdeg ori da sami kbilis saCiCqnis wveriT erTdroulad.
3. hkiTxe Sens partniors ramden Cxvletas grZnobs TiToeul SemTxvevaSi. Cawere ricx-

vi, romelsac Seni partniori ambobs, Sen mier gamoyenebuli kbilis saCiCqni Cxirebis 
gverdiT. gaimeore kidev samjer, Secvale gamoyenebuli kbilis Cxirebis raodenoba.

4. gaimeore nabiji 2 da 3 Seni partnioris wina mxarze.

analizi da daskvna

1. analizi _ Senma partniorma ufro meti sensoruli informacia TiTis gaRizianebisas 
miiRo Tu wina mxris? eqsperimentis Sedegebma gaamarTla Seni hipoTeza? axseni, ra-
tom an ratom ara?

2. daskvna _ romel ubans aqvs meti sivrce Txemis wilis somatosensorul qerqSi?
moamzade kvlevis angariSi Catarebul eqsperimentze da waradgine klasis winaSe. 

kvlevis angariSis prezentaciisas xazgasmiT warmoaCine:

• ra gansxvavebaa cxovelTa sxvadasxva sistematikuri jgufis warmomadgenlis nervu-
li sistemis agebulebasa da funqciebs Soris?

• ra rols asrulebs nervuli sistema da SegrZnebis organoebi homeostazis regula-
ciaSi?

• ratom iwvevs periferiuli nervuli sistemis dazianeba daavadebas? 
• ratom iwvevs centraluri nervuli sistemis dazianeba daavadebas? 
• ra mniSvneloba aqvs kans, rogorc SegrZnebis organos?
• ra tipis receptorebia kanSi?
• ra mniSvneloba aqvs kanis Termoreceptorebs organizmis TboregulaciaSi?

eqsperimentis Catareba da kvlevis angariSis momzadeba
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2.2.4. ენდოკრინული სისტემა

gaecani suraTze mocemul informacias da upasuxe kiTxvebs

• ujreduli membranis ra struqturebia aRniSnuli cifrebiT 1 da 2? suraTis mixe-
dviT aRwere TiToeuli struqturis funqcia.

• a-suraTis mixedviT aRwere, insulini rogor monawileobs sisxlSi glukozis nor-
maluri donis regulaciaSi.

• ra gansxvavebaa diabetis tip 1-isa da 2-is gamomwvev mizezebs Soris?

• ra simptomebia damaxasiaTebeli diabetisTvis?

• ra gavlenas axdens diabeti adamianis janmrTelobaze?

• kidev romeli hormonebi aregulireben sisxlSi glukozis dones?

rogorc ukve ici, nebismier organizmSi 
mudmivad reguliredeba fiziologiuri 
procesebi, radgan mas mudmivad cvale-
bad pirobebSi uxdeba cxovreba. am cvl-
ilebebTan organizmi Seguebas axerxebs 
homeostazis saSualebiT, romelic reg-
ulirdeba ori saxis meqanizmiT: nervuli 

da endokrinuli regulaciebiT. 
Cvens organizmSi bevri fiziologiuri 

procesi hormonebiT (`hormao~ berZnuli 
sityvaa da agznebas niSnavs) regulirdeba. 
suraT 2.2.25-ze warmodgenilia zogierTi 
hormonis warmoqmnis adgili da maTi fun-
qciebi.

insulini sisxlidan glukozas iTviseben 
ujredebi _ sisxlSi glukozis 
normaluri doneglukoza

a

1 2

insulini

sisxlSi insulini ar aris sisxlSi insulini aris

diabetis tipi 1 diabetis tipi 2

glukoza

b

1 21 2
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endokrinuli 
jirkvlis ujredi

sisxlis nakadi

samizne ujredi

receptori

hormoni

hormonebi sisxliT mTel organizmSi 
vrceldeba, magram konkretuli hormoni 
mxolod garkveuli organos an ramden-
ime organos ujredebsa da qsovilebze 
moqmedebs. am organos, ujreds samizne 
organo da ujredi ewodeba (sur. 2.2.26). 
magaliTad, Tirkmelzeda jirkvlis hor-
mon adrenalins ramdenime samizne orga-
no aqvs: guli, sisxlZarRvebi, RviZli, 
sunTqvis organoebi.

hormonebi qimiuri bunebiT cilebia, 
peptidebi (cilis molekulasTan Sedare-
biT mokle jaWvebi) an lipidebi, anu ara-
steroiduli da steroiduli bunebis. 
steroiduli da arasteroiduli hormo-

nebis samizne ujredze moqmedebis meqa-
nizmi gansxvavdeba (sur. 2.2.27).

sur. 2.2.26.

hipoTalamusi _ hipofizis specifiuri hormonebis sekreciis regulacia.

msxlisebri jirkvali/epifizi _ 
melatonini _ organizmis dReRamuri ciklis regulacia.

farisebri jirkvali _ Tiroqsini _ aregulirebs nivTierebaTa 
cvlas (kerZod, Jangvis procesebs) organizmis zrdas da 
ganviTarebas

kalcitonini _ sisxlSi amcirebs Ca2+-is dones.

farisebraxlo jirkvali _ parathormoni _ iwvevs sisxlSi  

Ca2+-is zrdas da PO
4

3-
 -is Semcirebas.

Timusi _ Timozini _ 
organizmis imunuri reaqciis uzrunvelyofa.

pankreasi _ 
insulini _ aZlierebs ujredebis mier glukozis STanTqmas da 
amcirebs sisxlSi glukozas; glukagoni _ zrdis sisxlSi glukozas, 
radgan RviZlSi glikogens gardaqmnis glukozad.

sakvercxeebi _
estrogenebi da progestroni _ mdedrobiTi sqesisaTvis  
damaxasiaTebeli niSan-Tvisebebis Camoyalibeba, menstrualuri
ciklis regulacia.

saTesleebi _
androgenebi _ mamrobiTi sqesisaTvis damaxasiaTebeli niSan-
Tvisebebis Camoyalibeba.

Tirkmelzeda jirkvali _
adrenalini _ iwvevs gulis SekumSvis gaZliereba/
gaxSirebas, gulisa da ConCxis kunTebSi arteriolebis 
gafarTovebas, xolo  sxva organoebSi Seviwroebas 
da zogadad, arteriuli wnevis gazrdas, sisxlSi 
glukozis donis momatebas, sunTqvis gaxSirebas.

hipofizi _ `tropuli~ hormonebi _ endokrinuli organoebis 
moqmedebis stimulacia (gaaqtiveba); zrdis hormoni _ aZlierebs 
cilebis sinTezsa da ConCxis (gansakuTrebiT kidurebis) zrdas; 
antidiurezuli hormoni _ amcirebs Sardis moculobas.

sur. 2.2.25.
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arasteroiduli 
hormoni

cila 
receptori

citozoli

samizne ujredi

specifikuri fermentis 
gaaqtiveba

produqtisubstrati

1

2

3

1

2

3

4

steroiduli  
hormoni  
(lipidi)

receptori

hormon-
receptoris  

kompleqsi

birTvi

transkripcia

translacia

plazmuri membrana

ujredgare 

garemo

axali cila

dnm

m-rnm

m-rnm

steroiduli hormoni  
difuziiT Sedis  

ujredSi

geni, romelzedac 
hormoni moqmedebscitoplaz-

maSi hormoni 
ukavSirdeba 
cilarecep-
tors hormon-recep-

toris kompleqsi 
Sedis birTvSi 
da zemoqmedebs 
ge netikur apa-
ratze

hormoni aaqtiurebs cilis sinTezs

citozoli

sur. 2.2.27.
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hormonis moqmedebis xasiaTi damoki-
debulia rogorc mis qimiur bunebaze, ise 
samizne organoze/ujredze. mag ram zoga-
dad, hormonis samizneze zemoqmedeba samg-
varia: 1. hormoni cvlis plazmuri memb-
ranis ganv ladobas sxvadasxva nivTierebis 
mimarT; 2. aaqtiurebs an Trgunavs fer-
mentebis moq medebas; 3. aaq-
tiurebs ujredSi im fer-
mentebis sinTezs, romlebic 
konkre tul momentSi saWi-
roa garkveuli bioqimiuri 
reaqciis warmar TvisTvis.

sisxlSi ama Tu im hormo-
nis done icvleba garemoSi 
momxdari cvlilebebis sa-
pasuxod, e.i. icvleba Sina-
gani sekreciis jirkvlebis 
aqtivoba. hipoTalamusis 
erT-erTi mniSvnelovani 
funqciaa endokrinuli jir-
kvlebis moqmedebis kont-
roli (informacia ix. sur. 
2.2.26), rasac, ZiriTadad, 
axor cielebs hipofizze ze-
gavlenis meSveo biT: hipo-
Talamusi iwvevs hipofizis 
amoqmedebas, romelic, Ta-
vis mxriv, aregu lirebs sxva 
endokrinuli jir kvlebis 
moqmedebas egreT wodebuli 
`trofuli~ hormonebis meS-
veobiT uaryofi Ti ukukav-
Siris meqanizmiT (sur.2.2.28). 
magaliTad, Tireotrofuli 
hormoni (Tth) aregulirebs 
fari sebri jir kvlis aq-
tivobas.

sur. 2.2.28.

sisxlSi hormonis regulaciis meqanizmi

sisxlSi hormonis dabali done

hipoTalamusi aRiqvams 
hormonis normalur dones da 
wydeba hipofizis gaaqtiureba

samizne jirkvali hormons 
gamoyofs sisxlSi

sisxlSi hormonis 
normaluri  done

hipofizi gamoyofs troful 
hormons

hipoTalamusi aRiqvams 
hormonis dabal dones da 

aaqtiurebs hipofizs

1. organizmi romel or sistemas eyrdnoba signalebis generirebisa da transportirebis-
Tvis?

2. hormonebi ratom moqmedeben mxolod zogierT ujredze?
3. ra gansxvavebaa steroiduli da arasteroiduli hormonebis samizne ujredebze moq-

medebis meqanizms Soris?
4. hipoTalamusi rogor akavSirebs erTmaneTTan nervul da endokrinul sistemebs? 

nervuli sistema da endokrinuli 
sistema uzrunvelyofs organoTa sisteme-
bis komunikacias. nervuli da endokrinu-
li sistemebi warmoqmnis, interpretirebs 
da organizms awvdis Setyobinebebs, rom-
lebic xels uwyoben homeostazis Senar-
Cunebas (sur. 2.2.29).
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5. suraT 2.2.29 -ze mocemuli informaciis gaanalizebis safuZvelze upasuxe kiTxvebs: 1) 
aRwere sisxlSi Ca2+-is donis regulaciis meqanizmi; 2) ra biologiur rols asrulebs 
Ca2+ organizmSi? 3) romeli hormonebi aregulireben Ca2+-is dones? maT moqmedebis 
mixedviT ratom uwodeben antagonist hormonebs? 4) moiyvane sxva antagonisti hor-
monebis wyvilebis magaliTebi; 5) ras gamoiwvevs kalcitoninis Warbad gamoyofa? 6) ras 
gamoiwvevs parathormonis Warbad gamoyofa?

sisxlSi Ca2+-is donis regulacia

astimulirebs ZvlebSi  
Ca2+-is dagrovebas 

astimulirebs Zvlebidan 
sisxlSi Ca2+-is gamoyofas

astimulirebs TirkmlebSi 
sisxlSi Ca2+-is Sewovas

nawlavebSi 
Zlierdeba  

Ca2+-is 
Sewova

aqtiuri D vitamini

Tirkmleb-
Si mcir-
deba  
Ca2+-is 
Sewova

sisxlSi 
Ca2+-is done 

mcirdeba

sisxlSi 
Ca2+-is done 

izrdeba

stimuli: sisxlSi 
Ca2+-is donis 

momateba

stimuli: sisxlSi 
Ca2+-is donis 

Semcireba

homeostazi:  
sisxlSi Ca2+-is done, 

daaxloebiT, 10mg/100ml

kalcitonini

farisebri 
jirkvali

farisebraxlo 
jirkvali

parathormoni

sur. 2.2.29.
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garemoSi zogierTi faqtoris cvlile-
ba SeiZleba iyos Zalian mniSvnelovani an 
Zalian swrafi imisTvis, rom organizmma 
gaakontrolos ukukavSiris meqanizme-
bis saSualebiT. homeostazis darRvevis 
mizezi SeiZleba ramdenime iyos: 
• receptorebi ver aRiqvamen cvlile-

bebs Sida an gare garemoSi;
• SeiZleba gaigzavnos araswori Setyo-

bineba an sworma Setyobinebam ver 
miaR wios Tavis samiznes;

• seriozulma dazianebebma SeiZle-
ba daazianos homeostatikuri meqa-
nizmebi;

• virusebs an baqteriebs SeuZliaT 
Secvalon sxeulis Sinagani qimiuri 
Sedgeniloba.

homeostazis darRveva SeiZleba dai-
wyos erT organoSi an organoTa sistemaSi 
da gamoiwvios jaWvuri reaqcia, romelic 
gavlenas axdens sxva organoebsa da or-
ganoTa sistemebze (sur. 2.2.30). 

sisxlSi glukozis donis darRveva 
gavlenas axdens mTel organizmze

insulinis gamomuSaveba mcirdeba da 
ujredebi ver iTviseben sisxlidan 
glukozas.

sisxlSi glukozis done izrdeba. 
Zlierdeba Sardis gamoyofa _ 
Tirkmlebidan gamoiyofa QQWarbi glukoza 
didi raodenobiT wyalTan erTad.

organizmi iwyebs qsovilebSi 
dagrovebuli cximis gamoyenebas 
energiis wyarod. cximis daSlisas 
sisxlis mJavianoba imatebs.

pH-sa da siTxis balansis cvlilebis 
gamo irRveva ujreduli metabolizmi. 
mTels organizmSi ujredebi cudad 
funqcionireben an kvdebian, rac azianebs 
yvela organoTa sistemas.

1

2

3

4

Saqriani diabeti 1

pankreasi

sur. 2.2.30.

6. gul-sisxlZarRvTa daavadebebis mqone adamianebs xSirad ratom uWirT, zogadad, homeo-
stazis SenarCuneba?

7. Seni azriT, romeli organoTa sistemebi SeiZleba monawileobdnen homeostazis Senar-
CunebaSi, rodesac adamiani auditoriis winaSe warmoTqvams ZiriTad sityvas an akeTebs 
prezentacias. CarTeT is, rac SeiZleba moxdes adamianSi sityvis/prezentaciis  win, 
dros da mis Semdeg.

8. hormonaluri disbalansi ratom moqmedebs mTel sxeulze?
9. steroiduli hormonebi warmoiqmneba qolesterolisgan. gamoiyene Seni codna ujredu-

li membranis struqturisa da ujredis qimiis Sesaxeb da axseni, arasteroiduli hor-
monebisgan gansxvavebiT, ratom SeuZliaT steroidul hormonebs advilad difundireba 
garemodan ujredSi?
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10. gaaanalize suraTze mocemuli informacia da Seasrule Sesabamisi davalebebi: 1) rveul-
Si gadawere sqemaze miTiTebuli ricxvebi da Seusabame suraTze mocemuli sityvebi; 2) 
Tavis tvinis romel nawilSia moTavsebuli Termoregulaciis centri? 3) sxeulis ra 
struqturebi monawileoben siTbos gacemaSi? 4) vegetatiuri sistemis romeli nawilia 
am dros gaaqtiurebuli? 5) rogor icvleba ujreduli metabolizmi? am dros gaZliere-
bulia Tiroqsinis gamoyofa, Tu Senelebuli? 6) gul-sisxlZarRvTa daavadebebis mqone 
adamianebs xSirad ratom uWirT sxeulis temperaturis regulireba cxel an civ garemo-
Si?   

11. ratom aris mniSvnelovani, rom Jangbadis da naxSirorJangis done mkacrad iyos reguli-
rebuli adamianis organizmSi?

12. rodesac mTamsvleli adis did simaRleze, temperaturis garda, atmosferuli haeris 
wnevac ecema, Sesabamisad, mcirdeba garemoSi Jangbadis done. axseni, Tu rogor SeuZlia 
mTamsvlelis organizms aseT eqstremalur garemoSi (Jangbadis dabali done) Seinar-
Cunos sisxlSi Jangbadi homeostazur doneze? 

13. hormoni glukagoni sisxlSi Saqris dones zrdis, xolo hormoni insulini _ amcirebs. 
rodesac sisxlSi Saqris done Zalian maRalia, rogor icvleba insulinisa da glukagonis 
done organizmSi glukozis homeostazis SesanarCuneblad?

14. ratom SeiZleba iyos diabeti gansakuTrebuli problema sportsmenisTvis?
15. ratom aris organizmisaTvis mniSvnelovani organoTa sistemebis mWidro TanamSromlo-

ba?

organizmis Sinagani temperaturis regulacia

kontrolis 
centri

a

homeostazi
b

efeqtori

g

receptori

d

sxeulis normaluri 
temperatura dairRva

stimuli: 
sxeulis Sinagani 
temperaturis momateba

pasuxi: siTbos gacema 
Zlierdeba, sxeulis 
temperatura mcirdeba

aRdgeba 
normaluri 
temperatura

informaciis 
gadacema

Termoregulaciis 
centri

gascems brZanebas

1

2

3

4
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2.2.5. მცენარეული ჰორმონები და პასუხი გამღიზიანებელზე

XIX saukuneSi qalaqis quCebs anaTebdnen gazis naTurebiT. germanelma mecnierebma 
SeniSnes, rom aseTi naTurebidan gamoyofili airi iwvevda xeebis foTolcvenas.

1900-ian wlebSi bevri mebaRe citrusebis nayofebs, maTi momwifebis daCqarebisa da Sa-
qrianobis amaRlebis mizniT, aTavsebda oTaxSi, sadac navTis Rumeli enTo. fiqrobdnen, 
rom nayofis momwifebas Rumelis mier gamoyofili siTbo uwyobda xels. magram rodesac 
mebaReebma navTis Rumeli eleqtrogamaTbobeliT Secvales, igive Sedegi veRar miiRes. 

mebostneebs rodesac mwvane pomidoris nayofis swrafi damwifeba undodaT, maT aTa-
vsebdnen mwife nayofebis gverdiT da rames afarebdnen mWidrod. mecnieruli kvlevebiT 
dadginda, rom bunebrivi gazisa da navTis arasruli wvis produqtia eTileni _ C2H4. 

• ratom aRar damwifda citrusi eleqtroRumelis gverdiT? Seni pasuxi axseni 
teqst Si moyvanil faqtebze dayrdnobiT;

• mkvaxe nayofi mwife nayofis gverdiT damwifda _ ra daskvnis gakeTeba SeiZleba am 
faqtidan?

• mwife nayofidan gamoyofil am qimiur nivTierebas, Tavis moqmedebidan gamomdina-
re, ras uwodebdi?  

ujredebs Soris komunikacia aucile-
belia yvela mravalujrediani organizmis 
ganviTarebisa da sicocxlisTvis. mcena-
reebSi aseTi komunikacia, aseve, reagire-
ba garemos stimulebze, xdeba mxolod 
specifikuri qimiuri nivTierebebiT _ 
hormonebiT. 

hormonebi mcenareebSic warmoiqmneba 
da maT fitohormonebi ewodeba. isini are-
gulireben mcenaris zrdas, sasicocxlo 
cikls, ganapirobeben organizmis pasuxs 
garegan gamRizianebelze. fitohormonebi 
ujredebSi umniSvnelo raodenobiT gamo-
muSavdeba, magram maTi gavlena mcenaris 
sasicocxlo procesebze Zalian didia. 
zogierTi mcenareuli hormoni ujredeb-
Si warmoiqmneba maTi saarsebo garemo faq-
torebis cvlilebis, zogi ki _ mcenaris 
Sinagani garemos cvlilebis sapasuxod. 
iseve, rogorc cxovelur hormonebs, ase-
ve fitohormonebsac aqvs samizne ujre-
debi, romelTac amoicnobs membranuli 
receptorebis saSualebiT.

fitohormonebis ramdenime jgufs 
gamoyofen maTi funqciebisa da qimiu-
ri bunebis mixedviT. fitohormonebis 
erT-erTi jgufia hiberelinebi. am hor-
monebs Teslebi da kvirtebi gazafxulze 
mosvenebis mdgomareobidan gamohyavs, 
isini iwveven axalgazrda nergebis, gan-
sakuTrebiT, maTi Reroebis swraf zr-
das, gavlenas axdenen nayofebis zomaze. 
magaliTad, agavas sayvavile ylorti hi-
berilinebis gavleniT ramdenime kviraSi 
SeiZleba 12 m da meti simaRlis gaizar-
dos (sur. 2.2.31). sur. 2.2.31.
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sur. 2.2.32.

XX saukunis Sua wlebSi fi-
tohormonebis axali jgufi _ 
citokininebi aRmoaCines. aR-
moCnda, rom isini fesvis wvero-
Si warmoiqmneba, magram gavlenas 
axdens, ZiriTadad, ylorte-
bis, gansakuTrebiT, gverdiTi 
ylortebis ganviTarebaze. ci-
tokininebi aCereben mcenaris 
zogierTi organos daberebas 
_ Tu naxevar foTols davasxu-
rebT mas, maSin es naxevari 
darCeba axalgazrda da mwvane 
maSin, rodesac meore naxevari 
gayviTldeba. citokininebi zr-
dis nayofebs, mosvenebis mdgo-
mareobidan gamohyavs Teslebi 
da kvirtebi. citokininebs iyeneben mwvane 
bostneulis did xans Sesanaxad.

erT-erTi fitohormonia eTileni. al-
baT SegimCnevia, rom gazqurasTan oTaxis 
mcenareebi cudad grZnoben Tavs, swrafad 
Wkneba yvavilebi. es eTilenis gavleniTaa, 
romelic bunebrivi airis wvis Sedegad 
mcire raodenobiT gamoiyofa. aRmoCnda, 
rom eTileni mcenaris sxvadasxva organo-
Sic warmoiqmneba, ufro didi raodeno-
biT ki mcenaris daberebuli nawilebidan 
gamoiyofa. igi foTolcvenas, yvavilebis 
Wknobasa da nayofebis momwifebas iwvevs. 
erTi nayofis mier gamoyofil eTilens 
SeuZlia axlomdebare sxva nayofis damwi-
feba da gadamwifebac. amitom soflis 
meurneobaSi mas xilisa da bostneulis 
momwifebis kontrolisTvis iyeneben. 

mcenareebs SeuZliaT reagireba moax-
dinon garemo faqtorebze, magaliTad, si-
naTleze. SegimCnevia albaT, oTaxis mcena-
reebis foTlebi da Reroebi rogor aris 
mimarTuli ganaTebuli fanjrisken (sur. 
2.2.32). mcenaris organoebis moZraobas si-
naTlisken  ewodeba fototropizmi (ufro 
meti am sakiTxze ix. gv. 100). mag ram dafi-
qrebulxar, ratom xdeba ase? am movlenis 
Seswavlis mizniT esperimentebs atarebda 
XIX saukunis bolos Carlz darvini Tavis 
SviliSvil frensisTan erTad. Carlz da 
frensis darvinebma Caatares ramdenime 

aseTi martivi cda: aRmonacens ylortis 
wveroSi ukeTebdnen sinaTlegaumtar CaCs, 
ris Semdegac mcenaris foTlebis gadaxra 
sinaTlisken wydeboda. aseTi daskvna ga-
keTda: Tu aRmonaceni gverdidan naTde-
ba, misi ylortis wverodan raRac stimu-
li gadaecema ylortis qveda ubnebs, rac 
ukanasknels sinaTlisaken gadaxraSi ubiZ-
gebs. amitom wveros dabnelebiT, signali 
ylortis wverodan aRar gadaecema da igi 
sinaTlisken ar gadaixara. 

Semdeg mecnierebma aRmoaCines hormoni 
auqsini (berZnulad `auqs~ zrdas niSnavs). 
auqsinebi mcenareuli hormonebia, romle-
bic warmoiqmneba kenwrul meristemSi 
(Rerosa da fesvis wveros kenwrul war-
momSob qsovilSi). auqsinebi akontrolebs 
mcenaris moZraobas garemo stimulis 
sapasuxod. magaliTad, Tu stimuli, ro-
goricaa sinaTle, moxvdeba Reros erT 
mxares, auqsinebi dagrovdeba ujredebSi 
Reros daCrdilul mxares (sur. 2.2.33). 
amis gamo ujredebi am mxares grZelde-
ba/iWimeba, Sedegad, Rero ixreba sinaT-
lisken. auqsini astimulirebs pirveladi 
Reros zrdas, xels uSlis gverdiTi to-
tebis ganviTarebas. wveros gareSe Rero-
Si naklebia auqsini da gverdiTi totebis 
ganviTareba stimulirdeba. amitom Reros 
wveros moWriT mebaReebi dekoratiul 
mcenareebs sasurvel formas aZleven. 
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iaponiaSi ikvlevdnen brinjis daavadeba „cofian 
zrda“-s, romelsac iwvevda paraziti soko hibberela. 
1926 wels daadgines, rom soko gamoyofda qimiur niv-
Tierebas, romelic brinjis Reros Zalian swraf zrdas 
iwvevs. brinjis Rero rac izrdeboda simaRleSi, miT 
ufro sustdeboda da bolos dabla erTxmeboda (Caw-
va). 1956 wels mcenareebidanac gamoyves es nivTiereba, 
romelsac, soko hibbereladan gamomdinare, hormoni 
hiberela uwodes. am hormonis aRmoCenis Semdeg ada-
miani mas iyenebs praqtikaSi. magaliTad, soflis meur-
neobaSi hiberelinebiT amuSaveben Teslebs, ylortebs, 
yvavilebs. magaliTad, vazis yvavilebs, ris Sedegadac 
iReben didi zomis da uTeslo marcvlebian yurZens. 

amerikelma skugma da milerma daamuSaves citokininebis gamoyenebiT mcenaris ujredebis 
kulturidan mcenaris mTeli organizmis miRebis meTodebi. am meTodebiT calkeuli ujre-
debidan iSviaTi mcenareebis klonebs iReben, mag., xrizanTemebs, orxideebs, samkurnalo 
mcenareeebs.

Sor manZilze transportirebisa da didxans Sesanaxad fermerebi moumwifebel nayofebs 
krefen; Semdeg ki momwifebis dasaCqareblad eTileniT amuSaveben uSualod moxmarebis, 
gayid vis win. ufro xSirad eTilens iyeneben pomidvris, vaSlis, kaklisa da yurZnis momwife-
bis dasaCqareblad.

auqsinebs didi praqtikuli gamoyeneba aqvs, mag., kalmebis dafesvianebisaTvis _ maT deben 
auqsinis xsnarSi. magram saWiroa imis gaTvaliswineba, rom Warbi hormoni aferxebs zrdas da 
aucilebelia dozebis dacva. auqsinebis maRalma koncentraciam SeiZleba saerTod Seafer-
xos mcenaris zrda, gansakuTrebiT fesvebSi. amitom auqsinebi aris herbicidebis erT-erTi 
ingredienti, qimikatebTan erTad.

u
j

r
ed

eb
is

 gaW
imva

auqsinis  
molekulebi

cal mxares ujredebis 
dagrZeleba/gaWimva 
iwvevs ylortis 
gadaxras ganaTebisken.

rodesac mzis sxivebi 
kuTxurad ecema  ylortze, 
auqsinis molekulebi 
gadaadgildebian ganaTYebis 
sawinaaRmdegod, romelic 
iwvevs am mxares ujredebis 
dagrZelebas.

rodesac mze mcenaris 
Tavzea, apikaluri 
meristemis ujredebis 
mier gamoyofili auqsinis 
molekulebi ylortSi 
Tanabrad nawildebian. sur. 2.2.33.
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eqsperimentis etapebisa da Sedegebis aRweriloba

auqsini warmoiqmneba 
Reros wveros 
apikalur meristemaSi

auqsini difundirebs 
agar-agaris kubikSi

_ Seicavs auqsins

_ ar Seicavs auqsins

agar-agari

auqsini

1 2 3

auqsini

4 5 6

gaaanalize suraTze mocemuli eqsperimentis etapebi da Sedegebi, upasuxe kiTxvebs:

• ra aris eqsperimentis sakvlevi kiTxva?
• daasaxele damoukidebeli, damokidebuli da sakontrolo cvladebi;
• Tanmimdevrulad aRwere eqsperimentis etapebi da misi Sedegebi;
• romeli etapebi asrulebs sakontrolo eqsperimentis rols?
• axseni eqsperimentis Sedegebis mizezebi;
• Camoayalibe Sesabamisi daskvna.

kvlevis monacemebis analizi

1. riT hgavs fitohormonis moqmedeba cxoveluri hormonis moqmedebas? 
2. Tu yvavilebis Taigulis didxans Senaxva undaT, mas acileben damWknar yvavilebsa da 

foTlebs. axseni, ratom? 
3. erTad bevri nayofis moTavseba da Tavze daxureba gadaamwifebs nayofs da gafuWdeba. 

axseni, ratom?
4. gaecani rubrikaSi _ `mecniereba praqtikaSi~ _ mocemul informacias da moiyvane maga-

liTebi, Tu rogor iyeneben praqtikaSi fitohormonebs.
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5. Tu Sen gadawyvite sakuTari sanergis mowyoba, moiyvane ori magaliTi, Tu rogor gamoi-
yeneb fitohormonebs am mizniT.

6. zogierT fitohormons urTierTsawinaaRmdego moqmedeba aqvs. moZebne aseTi antagonis-
ti fitohormonebi da maTi mcenaris sasicocxlo funqciebze moqmedebis Tavisebureba 
warmoadgine sqemis saxiT.

7. Tu Sens dekoraciul mcenareSi auqsinis warmoqmnis kontroli gadawyvite, mcenaris ra 
nawils gadaWridi? ratom?

8. meTilciklopropeni (MCP) aris airi, romelic mcenaris qsovilebSi ukavSirdeba eTile-
nis receptorebs. mas Seafrqvevenxolme mokrefil yvavilebsa da xils. rogor fiqrob _ 
1) ra mizniT akeTebs adamiani amas da ratom exmareba es adamians Tavisi miznis miRwevaSi? 
2) unda iyos Tu ara aseTi xilis etiketireba momxmareblis gasafrTxileblad, rom gam-
oyenebulia MCP? axseni, ratom?   

1
dagegme eqsperimenti, romliTac daadgen romelime konkretuli fitohormonis magali-

Tze (Sen mier SerCeuli), Tu rogor aregulirebs igi mcenaris sasicocxlo  Tvisebebs. war-
moadgine Sesabamisi kvlevis gegma samecniero meTodis yvela komponentis gaTvaliswinebiT.   

2
dagegme eqsperimenti, romliTac daadgen, Tu auqsini rogor monawileobs garegan 

stimulze/gamRizianebelze mcenaris pasuxSi. warmoadgine Sesabamisi kvlevis gegma samecnie-
ro meTodis yvela komponentis gaTvaliswinebiT.   

kvlevis gegmis momzadeba
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erTujredianebi qlamidomonada da evglena moZraoben Soltebis saSualebiT. maT axa-
siaTebT dadebiTi fototaqsisi. es orive organizmisTvis sasargebloa, radgan maTTvis 
damaxasiaTebelia fotosinTezi. dagegme eqsperimenti, romlis saSualebiTac daadgen, rom 
evglenas an qlamidomonadas axasiaTebs dadebiTi fototaqsisi.  

eqsperimentis dagegmva

2.2.6. ორგანიზმების მოძრაობა

suraTze naCvenebia moZravi baqteriebis ganawi-
leba mikropreparatze safari minis qveS Zafnairi 
mwvane wyalmcenaris fragmentis moTavsebidan 10 wu-
Tis Semdeg.

• Camoayalibe hipoTeza, romliTac axsni baqte-
riebis aseT ganawilebas;

• dagegme eqsperimenti, romliTac Seamowmeb 
Sens hipoTezas;

• ra biologiuri mniSvneloba aqvs moZraobas 
cocxal organizmebSi?

• organizmTa romeli jgufebisTvis aris da-
maxasiaTebeli mTeli organizmis aqtiuri 
gadaadgileba garemoSi da romlisTvis ara? 
ra aris am gansxvavebis mTavari mizezi? 

gamRizianebelze organizmebis sapa-
suxo reaqcia xSirad moZraobaSi gamoixa-
teba. moZraobas cocxal organizmebSi 
didi mniSvneloba aqvs. moZraoba SeiZleba 
gamoixatebodes ujredis doneze (mag., ci-
toplazmis, erTujrediani organizmebis, 
mravalujredianebis calkeuli ujre-
debis, magaliTad, gametebis moZraoba), 
organos doneze (mcenaris calkeuli 
organoebis moZraoba, gulis SekumSve-
bi, kidurebis moZraoba sxv.) anda mTeli 
organizmis doneze _ mTeli organizmis 
gadaadgileba garemoSi erTi adgilidan 
meoreze. am moZraobebis mamotivirebe-
lic mravalferovania. magaliTad, orga-
nizmi SeiZleba moZraobdes sakvebisa da 
wylis mopovebis, sicxisgan an sicivisgan 
da wylis dakargvisgan Tavdacvis, mtaceb-
lisgan gaqcevis, sqesobrivi partnioris 
moZebnis mizniT da sxv. moZraoba, ro-
gorc sasicocxlo Tviseba, aris homeos-
tazis SenarCunebis erT-erTi saSualeba. 
magaliTad, xvliki sxeulis Sinagani tem-
peraturis normalur farglebSi Senar-

CunebisTvis Tbil garemoSi gadaadgilde-
ba mzian adgilze gasaTbobad, magram Tu 
garemoSi Zalian maRali temperaturaa, 
igi imaleba soroebSi. 

moZraobis sxvadasxva formas arCeven. 
taqsisi aris mTeli organizmis an ujre-
disa da misi organelas moZraoba garegani 
gamRizianeblis/stimulis sapasuxod. taq-
sisi yovelTvis aris mimarTuli moZraoba 
stimulisken an stimulis sawinaaRmde-
god. aseTi moZraoba mcenareebisa da so-
koebis garda yvela organizmisTvis aris 
damaxasiaTebeli. Tu organizmi/ujredi 
moZraobs gamRizianeblis mimarTule-
biT, dadebiTi taqsisi ewodeba, xolo Tu 
gamRizianeblis sawinaaRmdegod _ uar-
yofiTi taqsisi. gamRizianeblis/stimulis 
xasiaTis mixedviT (ganaTeba, qimiuri niv-
Tiereba, dedamiwis mizidulobis Zala, 
Sexeba, temperatura), Sesabamisad, taqsi-
sis aseTi klasifikacia SeiZleba: foto-
taqsisi, qemotaqsisi, geotaqsisi, tigmo-
taqsisi, Termotaqsisi.

baqteriebi
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2.2.6.1. მოძრაობა მცენარეებში

mcenare, cxovelisgan gansxvavebiT, 
mimagrebul cxovrebas eweva. Tumca mas 
SeuZlia calkeuli organoebis moZraoba. 
mcenaris calkeuli nawilebis moZraobas 
garegani gamRiziameblis (stimulis) sa-
pasuxod, romelic gansazRvravs am moZ-
raobis mimarTulebas, tropizmi ewodeba. 
rogorc gamoirkva, tropizmebis umrav les 
saxeobas ganapirobebs fitohormoni auqsi-
ni. tropizmi aris dadebiTi da uaryofi-
Ti. Tu moZraoba stimulis mimarTulebiT 
xdeba, dadebiTi tropizmia, xolo Tu sti-
mulis sawinaaRmdego maxares, uaryofiTi 
tropizmia. arsebobs tropizmis ramdenime 
nairsaxeoba: fototropizmi, geotropiz-
mi, qemotropizmi, hidrotropizmi (reaq-
cia wyalze _ qemotropizmis saxesxvaoba), 

haptotropizmi/tigmotropizmi _ moZ-
raoba Sexebaze. tigmotropizmi bevri 
mcenarisTvis aris damaxasiaTebeli. maga-
liTad, es kargadaa gamoxatuli lianebsa 
da vazSi _ es mcenareebi ulvaSebiT exveva 
garSemo yvela sagans, rac mas Seexeba.

mcenareebi, cxovelebTan SedarebiT, 
nela reagireben gamRizianebelze, magram 
zogierT mcenares aqvs Zalian swrafi 
reagireba stimulze. es swrafi reagire-
ba xSirad aris adaptacia, romelic xels 
uwyobs mcenareebis dacvas mcenareWamia 
cxovelebisgan. magaliTad, mimozas foT-
lebi Sexebidan ramdenime wamSi swrafad 
ikeceba (sur. 2.2.34). aseve, mweriWamia mce-
nareebis foTlebi mweris Sexebidan wamze 
nakleb droSi ixureba da iWers mwers.

didi xania, mecnierebi cdiloben amoxsnan saidumlo, Tu mcenaris fesvebi rogor pou-
loben wyals da moZraoben misi mimarTulebiT, anu muSaoben hidrotropizmis meqanizmis 
Seswavlaze. msoflios im qveynebSi, sadac wyali soflis meurneobisTvis globaluri prob-
lemaa, am kvlevebma SeiZleba xeli Seuwyos iseTi kulturuli mcenareebis jiSebis gamoyva-
nas, romlebic ukeTesad miagneben wyals. inglisis notinhemis universitetisa da iaponiis 
tohokus universitetis mecnierebma daadgines, rom hidrotropizms didwilad areguli-
rebs hormoni _ abscinis mJava. aseve, daadgines, rom hidrotropizmi dakavSirebulia fesvis 
gaWim vis zonis ujredebTan. mTlianobaSi eqsperimentis meTodika da Sedegebi gamoqveynebu-
lia Nature Plants-Si.

ucnauri da saintereso eqsperimenti Caatares dasavleT avstraliis universitetis 
mecnierebma: mcenare bardis qveS miwaSi Caawyes ori mili, romliTac wylis miwodeba SeiZle-
boda. eqsperimentis mizani iyo imis Semowmeba, SeigrZnobda Tu ara mcenare wylis dinebas. 
rogorc naSromis avtorebi weren Jurnal Oecologia-Si, bardam fesvebi ganiviTara im mi-
lisken, romliTac wyali miedineboda.   

sur. 2.2.34.
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1. ra biologiuri mniSvneloba aqvs moZraobas organizmebisTvis?
2. ra gansxvavebaa taqsissa da tropizms Soris?
3. ratom aris cxovelebisTvis damaxasiaTebeli garemoSi aqtiuri gadaadgileba, xolo 

mcenareebisa da sokoebisTvis ki ara?
4. ra biologiuri mniSvneloba aqvs mcenaris sapasuxo reaqcias ama Tu im stimulze?
5. konkretul magaliTze dayrdnobiT axseni, moZraobas ra mniSvneloba aqvs homeostazis 

SenarCunebisTvis.
6. gaecani rubrikaSi _ „mecniereba praqtikaSi“ _ mocemul informacias da upasuxe kiTx-

vebs: 1) ratom aris mniSv nelovani hidrotropizmis meqanizmis Seswalis mizniT samecnie-
ro kvlevebis Catareba? 2) romeli hormoni aregulirebs hidrotropizms? 3) gaecani aR-
niSnul eqsperimentebs internetresurSi da aRwere eqsperimentis etapebi, maTi Sedegebi.

7. qvemoT cxrilSi moyvanili organizmebis moZraobis magaliTebi Seusabame moZraobis 
formebs, gansazRvre stimuli.

moZraobis magaliTi taqsisis 
forma

tropizmis 
forma

dadebiTi/
uaryofiTi stimuli

foTlis saxecvlileba _ ulvaSebi exveva _ sayrdens

spermatozoidebi moZraoben kvercxuj redis mier 
gamoyofili nivTierebis mimarTulebiT

wyliT savse konteinerSi moTavsebuli ameba eSveba 
fskerze

mcenaris foTlebi da ylortebi moZraoben mzisken

baqteriebi SoltebiT an wamwamebiT moZraoben sakve-
bisken

koRoebi gaurbian pesticidebs

Sexebisas Wiayela swrafad Zvreba niadagis xvrelebSi

fesvebi moZraobs niadagisken

qalamana mariliani wylis wveTidan gadaadgildeba 
mtknar wyalSi

aerobuli moZravi baqteriebi gadaadgildebian Jang-
badis wyarosken

mamri mwerebi advilad agneben mdedrs mdedris mier 
gamoyofili feromenebis mixedviT

koRoebi gadaadgildebian Zlieri mJava an tute 
garemos sawinaaRmdegod

qalamana gadaadgildeba susti mJava garemosken

qalamana gadaadgildba Zlieri mariliani garemos 
sawinaaRmdegod 

adamianSi nebismieri dazianebuli qsovili gamoyofs 
qimiur nivTierebas (qemokinebs), romelTa gavleniT 
am adgi lisken moZraoben leikocitebi

zogierTi nawlavRruianis larvebi eSveba wyalsate-
vis fskerze

zogierTi nawlavRruianis larvebi amodis wyalsate-
vis zedapirze

Wiayelebi, tarakanebi, koRoebi sinaTles gaurbian

mcenaris fesvebi moZraoben wylisken

samtvre mili moZraobs Canasaxovani parkis mier 
gamo yofili qimiuri nivTierebis mimarTulebiT

mcenaris ylortebi moZraobs niadagis sawinaaRmdego 
mimarTulebiT

mweriWamia mcenaris foTlis bususebze Sexeba iwvevs 
foTlis daxurvas



102

2.2.6.2.  მოძრაობა ცხოველებში

cxovelebis did umravlesobas axasia-
Tebs garemoSi aqtiuri gadaadgilebis 
unari da evoluciis procesSi gamoumuSav-
daT rTuli mamoZravebeli sistemebi _ 
ConCxi da kunTebi _ sayrden-mamoZrave-
beli sistema. mxolod cxovelebis mcire 
nawili warmatebiT Seegua mjdomare/mima-
grebuli cxovrebis nirs; Tumca maTSic 
sxeulis calkeuli nawilebi gamoirCeva 
maRali moZraobis unariT. bevr cxovels 
garemoSi aqtiuri gadaadgileba exmareba 
aramarto sakvebis povnaSi, mtaceblebis-
gan Tavdacvasa da sqesobrivi partnioris 
moZebnaSi, aramed igi populacias xels 
uwyobs xelsayrel saarsebo garemoSi gan-
saxlebaSi. 

moZraobis gansaxorcieleblad auci-
lebelia ConCxis, nervuli da kunTuri 
sistemebis koordinirebuli muSaoba. 
cxo velebSi ganviTarda ConCxis sami tipi: 

Sinagani, garegani da hidroConCxi. xerxem-
lianebs aqvT Sinagani ConCxi _ kanis qveS 
mdebare kunTebi mimagrebulia mis SigniT 
moTavsebul Zvlebze. Sinagani ConCxi Sed-
geba cocxali qsovilebisgan _ Zvlovani 
da/an xrtilovani qsovilisgan, romelTa 
ujredebi iyofa organizmis zrdasTan 
erTad. rogorc ukve ici, garegani ConC-
xi damaxasiaTebelia fexsaxsrianebisTvis 
(ix. gv. 21, sur. 2.1.21). maTi sxeuli gare-
dan dafarulia qitinovani safarveliT, 
romelzedac Signidan mimagrebulia kun-
Tebi. zogierT uxerxemloSi, magaliTad, 
Wiayelasa da sxva WiebSi, sxeulis RruSi 
arsebuli siTxe asrulebs hidroConCxis 
rols. siTxis moZraoba da misi zewola 
ganapirobebs am organizmebSi kunTebis 
SekumSva-modunebas. cxovelebSi Sinagani 
ConCxi maRal ganviTarebas aRwevs ZuZu-
mwovarebSi.

adamianis sayrden-mamoZravebeli sistema

adamians evoluciis 
procesSi gamoumuSavda 
rTuli sayrden-mamoZ-
ravebeli sistema da igi 
mraval funqciebs asru-
lebs (ix. cxr. 2.2.7). ro-
gorc yvela xerxemlians, 
adamians aqvs Sinagani 
ConCxi (sur. 2.2.35). ada-
mianis ConCxs 220-mde Zv-
lis erToblioba qmnis. 
ConCxis ZiriTadi ganyo-
filebebia: Tavis, tanis, 
zemo da qvemo kidurebis 
ConCxi (sur. 2.2.36). Zvle-
bi Sedgeba SemaerTebeli qsovilebisgan _ 
Zvlovani da xrtilovani qsovilebisgan 
(sur. 2.2.37). Zvlovani qsovili aris myari 
da mtkice, radgan misi ujredSorisi niv-
Tiereba mdidaria kalciumis marilebiT, 
xolo organuli nivTierebebidan cile-

bi mas elastikurobas aniWebs.  ZvalSi 
kalciu mis naklebobisas Zvali myife xde-
ba da viTardeba osteoporezi. amitom 
mniSvnelovania ZvalSi calciumis Semcve-
lobis regulacia (ix. sur. 2.2.29). 

kunTebi

ConCxi

sur. 2.2.35.
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cxrili 2.2.7.          sayrden-mamoZravebeli sistemis funqciebi

sayrden-mamoZravebeli 
sistemis funqciebi

magaliTi

sayrdeni
sxeuli eyrdnoba xerxemals da qveda kidurebis Zvlebs, menj Tan erTad muclis 
kunTebi muclis Rrus organoebisaTvis sayrden funqcias asrulebs.

mamoZravebeli

ConCxis kunTebi myesebiT mimagrebulia Zvlebze. kunTis SekumSva-modunebisas 

ConCxis calkeuli nawilebi moqmedeben, rogorc berketi da sruldeba sxvadasxva 

saxis moZraoba.

damcvelobiTi
tvinis qala icavs masSi moTavsebul Tavis tvins, xerxemlis arxi _ zurgis tvins, 
gulmkerdis Zvlebi mkerdisa da zurgis kunTebTan erTad _ gulsa da filtvebs, 
menji da muclis kunTebi _ muclis RruSi moTavsebul Sinagan organoebs.

samarago
Zvlebis RruebSi maragdeba cximi, ZvlebSi – marilebi (mag. kalciumis marilebi), 
romlebic gamoiyeneba organizmisTvis aucilebeli ionebis warmosaqmnelad.

sisxlmbadi Zvlis wiTel tvinSi warmoiqmneba sisxlis formiani elementebi.

Tboregulacia
SekumSvis dros kunTebi didZal siTbos gamoimuSaveben da aTboben organizms. 
Zlieri sicivis dros kunTebi iwyeben swraf SekumSvas _ kankals da aTboben  
sxeuls.

1. ratom ganuviTardaT cxovelebs sayrden-mamoZravebeli sistema?
2. cxovelebSi ramdeni tipis ConCxi gvxvdeba? ra aris garegani ConCxis nakli Sinagan ConCx-

Tan SedarebiT?
3. gaecani cxril 2.2.7-Si mocemul informacias da daasaxele adamianis sayrden-mamoZrave-

beli sistemis funqciebi, moiyvane Sesabamisi magaliTebi.
4. suraT 2.2.36-is mixedviT aRwere adamianis ConCxis agebuleba da Taviseburebani. 

sur. 2.2.36.

tvinis qala
qala

zemo 
kiduris
sartyeli

zemo 
kiduris
Tavisufali
nawili

qvemo 
kiduris
Tavisufali
nawili

saxis qala

laviwi

mxari

wina mxari

mtevani

barZayi

barZayis Zvali

xerxemali

menjis Zvali

idayvis Zvali

majis Zvlebi
nebis 
Zvlebi

TiTebis 
falangebi

mxris Zvali

neknebi

mkerdis Zvali

sxivis Zvali

qvemo 
kiduris

sartyeli gavis Zvali

didi wvivis Zvali

mcire wvivis Zvali

TiTebis falangebi

ukana terfis Zvlebi

wina terfis Zvlebi

wvivi

terfi

beWi

malis sxeuli

malis Zvlovani
rkali/arxi

ganivi morCi

ukana wvetiani morCi

welis 5 
mala

welis nadreki 
(fiziologiuri 

lordozi)

gavis 5 mala

kudusunis 
4-5 mala

gulmkerdis 
12 mala

gulmkerdis 
nadreki  

(fizi ologiuri 
kifozi)

kisris 7 
mala

kisris nadreki

ukana terfi

wina terfi

TiTebis falangebi

quslis didi Zvali

terfis TaRi
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xrtilovani qsovili ufro elasti-
kuria. axalSobilis ConCxi, ZiriTadad, 
xrti lovani qsovilisgan Sedgeba, ro-
melic ganviTarebis procesSi TandaTan 
icvleba Zvlovani qsoviliT, ConCxis 
zogierT nawilSi ki sxvadasxva Zvlis 
dakavSirebis adgilas mTeli sicocxle 
rCeba. yovel Zvals aqvs funqciis Sesaba-
misi forma da zoma. Zvlebi, formis mixe-
dviT, aris: grZeli _ lulisebri, mokle 
da brtye li (ix. cxr. 2.2.8). sxvadasxva 

  cxrili 2.2.8        Zvlebi formis mixedviT

Zvlebis forma magaliTebi

grZeli, anu 

lulisebri

mxris, winamxris, barZa-
yis, wvivisa da wina ter-
fis Zvlebi.

mokle
malebi, majisa da ukana 
terfis Zvlebi (maT So-
ris quslis didi Zvali).

brtyeli
tvinis qalas Zvlebi, be-
Wi, laviwi, mkerdis Zvali, 
neknebi, menjis Zvlebi.

Zvlis  agebuleba

Zvlovani ujredi _
osteociti

osteociti

Zvlovani
firfitebi 
(ujredSorisi 
nivTiereba) 

Zvlovani
qsovili

xrtilovani
qsovili

Rrublisebri
Zvlovani qsovili

kompaqturi
Zvlovani qsovili

Zvlis Rru

Zvlis yviTeli tvini

Zvlisazrdela

Zvlis Tavi

Zvlis wiTeli
tvini

Zvali sisqeSi izrdeba Zvlisazrdelas Sida Sris 
ujredebis dayofis, xolo sigrZeSi _ xrtilovani 
qsovilis ujredebis dayofis xarjze.

sur. 2.2.37.

saxsris agebuleba

sasaxsre Zvlis 
Tavi

sasaxsre 
CanTa

sasaxsre 
Rru 
sasasxre 
siTxiT

xrtilovani 
qsovili

sasaxsre 
Zvlis foso

iogebi

sur. 2.2.38.

ZvalTa SeerTebis formebi

malebs Soris 
naxevradmoZravi 
SeerTebaa

menj-
barZays 
Soris 

moZravi 
SeerTebaa

koW-wvivis 
saxsari

muxlis 
saxsari

menj-barZayis 
saxsari

neknebsa da 
malebs Soris 
moZravi 
SeerTebaa

neknebsa 
da mkerdis 
Zvals Soris 
naxevradmoZravi 
SeerTebaa

tvinis qalas Zvlebs 
Soris uZravi SeerTebaa
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 Zvali erTmaneTTan kontaqtSi Sedis da 
ukavSirdeba erTmaneTs. zogierTi Zva-
li erTmaneTTan sruliad uZravad aris 
SeerTebuli; zogi Zvlebi xrtilovani 
feniTaa dakavSirebuli, rac Zvlebs sus-
ti moZraobis saSualebas aZlevs _ naxe-
vradmoZravi SeerTeba; zogic _ moZravad 
(sur.2.2.38). Zvlebis moZrav SeerTebas 

sax sars uwodeben. ZvalTa uZravi SeerTe-
ba ganapirobebs ConCxis simtkices, rasTa-
nac sayrdeni da damcvelobiTi funqciaa 
dakavSirebuli. magram ConCxs simtkices-
Tan erTad moqnilobac sWirdeba mamoZ-
ravebeli funqciis Sesasruleblad. amis 
saSua lebas iZleva ZvalTa naxevradmoZ-
ravi da moZravi SeerTeba.

 kunTovani sistema

  cxrili 2.2.9                            sxvadasxva tipi kunTebis SedarebiTi daxasiaTeba

kunTis  
maxasiaTeblebi

kunTis tipi

ConCxis kunTi gulis kunTi gluvi kunTi

kunTovani  
qsovili

ConCxis ganivzoliani gulis ganivzoliani gluvkunTovani

kunTovani 
ujredis/
boWkos  
agebuleba da 
Tvisebebi  

kunTovan boWkos 
aqvs cilindriseburi 
forma da ganivi dax-
azuloba, erT boWko-
Si mravali birTvia; 
axa siaTebs agzneba-
doba da kumSvadoba

kunTovani boWkos aqvs 
ga nivi daxazuloba; erT 
boWkoSi erTi an ori birT-
via, boWkoebi alag-alag 
erTmaneTs erwymis; axasiaT-
ebs agznebadoba da kumSva-
doba.

kunTovan boWko TiT-
istariseburi formisaa 
da ar aqvs ganivi daxa-
zuloba, erT boWkoSi 
erTi birTvia; axasi-
aTebs agznebadoba da 
kumSvadoba.

kunTis  
moqmedebis 
kontroli da 
SekumSvis  
siCqare

akontrolebs so-
maturi nervuli 
sistema, moqmedeba 
nebelobiTia; nervu-
li impulsis Sesvlis 
sapasuxod swrafad 
ikumSeba

akontrolebs vegetatiuri 
nervuli sistema, moqmede-
ba unebliea; gulis kunTSi 
swrafad vrceldeba agzneba, 
radgan kunTovani boWkoebi 
erTmaneTTan Serwymulia, 
axasiaTebs gulis kunTis 
avtomatia (ix. gv. 117)

akontrolebs 
vegetatiu ri nervu-
li sistema, moqmedeba 
uneb liea; nervuli 
impulsis Sesvlis sapa-
suxod nela ikumSeba

funqciebi

sayrdeni, mamoZrave-
beli da damcvelo-
biTi

mamoZravebeli _ gulis 
kunTis SekumSebi uzrun-
velyofs sisxlis sisxl-
ZarRvebSi moZraobas

mamoZravebeli _ saWm-
lis momnelebel arxSi 
sakvebis gadaadgileba, 
sisxlZarRvebis sana-
Turis gafarToeba/Se-
viwroebiT aregulirebs 
sisxlis wnevas da a.S.

organizmSi sxvadasxva saxis moZraobas 
axorcielebs kunTebi. arCeven ConCxis 
kunTebs, gulis kunTsa da gluv kunTebs 
(maTi daxasiaTeba ix. cxr.2.2.9). gluvi 

kunTebi gvxvdeba Rruiani Sinagani or-
ganoebis kedlebSi (mag., sisxlZarRvebis, 
nawlavebis, Sardis buStis, saSvilosnos). 
kunTovan qsovilSi ujredebs ewodeba 
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5. Tu Zvals mJavaSi moaTavseben ramdenime saaTiT, igi reziniviT elastikuri xdeba. axseni, 
ratom?

6. ratom aris mniSvnelovani ZvalSi kalciumis marilebis Semcvelobis regulacia?
7. gaaanalize suraT 2.2.37-ze mocemuli informacia da upasuxe kiTxvebs: 1) ZvalTa 

SeerTebis ramdeni saxea da ra gansxvavebaa maT Soris? 2) moiyvane ZvalTa SeerTebis Ti-
Toeuli saxis magaliTi da aRwere maTi funqciebi. 3) rogoria saxsris agebuleba da ra 
funqcias asrulebs saxsris TiToeuli komponenti?

8. cxril 2.2.9-Si mocemuli informaciis safuZvelze Seadare sxvadasxva tipis kunTebi 
struqturisa da funqciebis mixedviT.

 kunTovani boWkoebi, romlebic Sedge-
bian kumSvadi cilovani Zafebisgan _ mio-
fibrilebisgan.

ConCxis kunTebis agebuleba da moqmede-
ba. ConCxis kunTebi (sur. 2.2.39) Sedgeba 
kunTovani boWkoebis konebisgan, igi orive 
boloTi myesebiT Zvlebzea mimagrebuli. 
gamonaklisia mimikuri kunTebi, romle-
bic mxolod erTi boloTia mimagrebuli 
Zvalze, xolo meore bolo Tavisuflad 
bolovdeba kanSi, Tvalisa da tuCis irgv-
livi kunTebi ki arcerTi boloTi ar aris 
mimagrebuli Zvalze. 

ConCxis kunTebSi Sedis nervebi. cent-
raluri nervuli sistemidan mamoZravebe-
li boWkoebiT Sesuli nervuli impulsis 
sapasuxod igi ikumSeba. TiToeul kunTs 
mxolod erTi mimarTulebiT SeuZlia 
SekumSva, amitom sxeulis nawilTa asa-
moZraveblad yovelTvis ori, xSirad ki 
ramdenime kunTia saWiro. isini an erTad 
muSaoben, an monacvleobiT, erTmaneTis 

sapirispirod. kunTebi Zvlebze berketi-
viT moqmedeben. suraT 2.2.40-ze mocemu-
lia idayvis saxsarSi moZraobaSi _ moxra-
sa da gaSlaSi _ momxreli da gamSleli 
kunTebis moqmedeba. 

samaTava kunTi SekumSulia

mxris Zvlis Tavi

samaTava kunTi modunebulia

wina mxris Zvlebi

orTava kunTi modunebulia

orTava kunTi SekumSulia

beWis Zvali

idayvis saxsari moxrilia idayvis saxsari gaSlilia

myesi

SemaerTebel-
qsoviliani 
garsi

kunTovani 
boWkoebis konebi

somaturi 
motoruli 
nervuli 
boWko

kunTovani 
boWko

sur. 2.2.39.

sur. 2.2.40.
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sxvadasxva saarsebo garemoSi moZraobasTan 
dakavSirebuli Seguebulobani 

sxeulis gadaadgileba gulisxmobs rom, 
is samoZrao organos saSualebiT ubiZgebs 
sayrdens (wyals, miwas, haers) da sayrde-
nis ukuqmedebis zegavleniT gadaadgil-
deba biZgis sawinaaRmdego mimarTulebiT. 
rasakvirvelia, samoZrao organos mier 
biZgis Sesrulebas masze mimagrebuli kun-
Tebis SekumSva uzrunvelyofs.

organizmTa Segueba wyalSi moZraobas-

Tan.  wylis simkvrive Zalian maRalia da 
bevrad aRemateba haeris simkvrives. ma-
Rali simkvrivis gamo, organizmebisaTvis 
wyali aris sxeulisa da biZgis gakeTebi-
saTvis saWiro sayrdeni. wyalSi mcxovreb 
organizmebs specialuri Seguebuloba-
ni aqvT wyalSi curvisTvis. magaliTad, 
Tezebs wyalSi moZraobas xels uwyobs 
sxvadasxva Seguebulobani (ix. gv. 32-
33). Tevzebis umravlesoba curvis dros  
wyals ubiZgebs kudiT da kudis far-
fliT. zogierTi Tevzi mTels sxeuls 
amoZravebs da ase ubiZgebs wyals (sur. 
2.2.41), wylis siRrmeebSi gadaadgileba-
Si ki maT sacurao buSti exmareba. bayayi 
wyalSi moZraobis dros igi xris ukana 
grZel kidurebs, Semdeg ki swrafad da 
Zlierad Slis, amiT wyals ubiZgebs, uku-
qmedebiT wyali ubiZgebs sxeuls da es 
biZgi sxeuls gadaadgilebs wyalSi. bayays 
ukana kiduris TiTebs Soris gadaWimuli 
sacurao apki zrdis terfis farTobs da 
amitom wyalze ganxorcielebuli biZgi 
Zlieria (sur. 2.2.42). wylis ZuZumwovrebi 
_ delfinebi da veSapebi wyals ubiZgeben 
kudiTa da ganieri kudis farfliT (sur. 
2.2.43). 

organizmTa Segueba haerSi frenasTan. 

frinvelebis sxeulis agebulebaSi moxda 
mniSvnelovani cvlilebebi, ramac xeli 
Seuwyo maT haerSi frenasTan Seguebas (ix. 
gv. 46-47). frenasTan dakavSirebiT frin-
velebisaTvis damaxasiaTebelia mTeli 
rigi Seguebulobani (sur. 2.2.44):

sur. 2.2.41.

sacurao apki

sur. 2.2.42.

sur. 2.2.43.

sur. 2.2.44.
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• mxris sartyeli (1) kargad aqvT ganvi-
Tarebuli da myar sayrdens warmoad-
gens frTebisTvis. farTo mkerdis 
Zvalsa (2) da tropze (3) mimagrebulia 
mZlavri mkerdis kunTebi, romlebic 
frTebs amoZraveben. wina kidurebSi 
SerCenili aqvT mxolod sami TiTi da 
dagrZelebulia (4), rac zrdis mosa-
qnevi bumbulisTvis sayrden farTs. 
ConCxis zogierTi nawili erTmaneTTan 
Zalian mWidrodaa dakavSirebuli. maga-
liTad, menji (5) Sezrdilia xerxemal-
Tan. es frenis dros sxeulis simtkices 
ganapirobebs.

• frenisas frinveli haeris umniSvnelo 
winaaRmdegobas xvdeba, radgan frinve-
lebs aqvT sxeulis garsmdeni forma: 
mcire zomis Tavis qala (6) da wawve-
tebuli niskarti (7), momrgvalebuli 

mkerdi, bumbuli kramitiseburad aris 
ganlagebuli, frenisas fexebi tanze 
mikruli aqvT.

• mTeli rigi Seguebulobani amsubuqebs 
frivelebs: Rruiani Zvlebi, Zvlebsa 
da sxeulis RruSi arsebuli sahaero 
parkebi, ybebze ar aqvT kbilebi da Se-
sabamisad, ar aqvT ybis mZime saReWi 
kunTebi. maT mokle nawlavi aqvT da 
xSir-xSirad gamoyefen narCenebs. sas-
qeso organoebi Zalian mcire zomisaa 
da mxolod gamravlebis periodSi vi-
Tardeba, kvercxi saTiTaod mwifdeba. 

• wina kidurebi frTebadaa gadaqceuli. 
haeris nakadi moZraobs frTis orive, 
gare da Sida zedapirze. frTis for-
ma (amozneqili), aiZulebs haeris nakads 
ufro didi siCqariT imoZraos frTis 
gare zedapirze, vidre frTis Sida ze-

dapirze, romelic ganapirobebs 
imas, rom haeris wneva frTis 
qveS ufro maRalia (sur. 2.2.45), 
es ki xels uwyobs haerSi sxeu-
lis moZraobas.

ZuZumwovrebis kidurebis 
agebuleba adaptirebulia kon-
kretul saarsebo garemoSi ga-
daadgilebasTan. magaliTad, 
SlamSi, qviSaSi gadaadgile-
basTan dakavSirebiT maT aqvT 
farTe terfi, stepebis gaSlil 
sivrceSi mtaceblebisgan Tav-
dacvis saSualebad ganuviTar-
daT swrafi sirbilis unari, 
romelic dakavSirebulia evo-
luciis procesSi kidurebSi 
TiTebis ricxvis SemcirebasTan 
(gaixsene cxenis evolucia). Ti-
Tebis Semcireba amcirebs sayr-

haeris dabali wneva

haeris maRali wneva

haeris 
nakadi

haeris nakadi 
frTis zeda 
zedapirze ufro 
swrafad moZraobs, 
vidre qveda 
zedapirze

sur. 2.2.45.

1

1

2

2

3

3

4 4

6

6

5

5

7

7

sur. 2.2.46.
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9. CamoTvale Seguebulobani, romelic xels uwyobs Tevzebs wyalSi moZraobas!
10. CamoTvale Seguebulobani, romelic xels uwyobs bayays orgvar garemoSi gadaadgilebas.
11. CamoTvale Seguebulobani, romelic frinvelebs gamoumuSavdaT haerSi frenasTan daka-

vSirebiT. 
12. suraT 2.2.45-is mixedviT aRwere adamianis ConCxis Taviseburebani. axseni TiToeuli Seg-

uebulobis Camoyalibebis gamomwvevi mizezi.
13. sprinterebi ratom darbian fexis wverebze?

denTan/miwasTan xaxunis Zalas da cxove-
li ufro swrafad darbis.  

evoluciis procesSi adamiansac mTeli 
rigi Seguebulobani ganuviTarda sayr-
den-mamoZravebel sistemaSi (sur.2.2.46). 
1. cxovelebTan SedarebiT, adamianSi Sem-
cirebulia ybebis zoma; 2. adamianSi ga-
zrdilia tvinis qalas moculoba; 3. cxo-
velis gulmkerdi konusisebri formisaa, 

xolo adamianis _ ganze gafarToebuli da 
Sebrtyelebulia; 4. adamianis xerxemals 
aqvs nadrekebi, rac mas S-isebur formas 
aZlevs; 5. adamianis mtevanSi cera TiTi 
dapirispirebulia danarCen TiTebTan; 6. 
adamianis qvemo kiduris sartyels aqvs 
Tasiseburi forma; 7. adamianis terfi 
aris TaRovani, xolo cxovelis _ brtye-
li.

eqsperimenti _ ratom aqvs aqlems ganieri 
terfi?

saWiro masala: muyaos yuTi, wvrili qviSa 
an fqvili, 500 gramiani giri, plastmasis erT-
nairi masalis sxvadasxva farTis (5X5 sm da 
15X15 sm) firfita, saxazavi.

kvlevis eetapebi:

1. muyaos yuTSi Cayare qviSa/fqvili;

2. fqvilis zedapiri moaswore;

3. fqvilis zedapirze frTxilad moaT-
avse firfita 5X5 sm farTis da masze 
zustad SuaSi moaTavse giri;

4. daicade 5-10 wami da jer giri, Semdeg ki firfita frTxilad aiRe;

5. saxazaviT gazome firfitis mier qviSis/fqvilis zedapirze datovebuli nakvalevis 
siRrme da monacemi Seitane monacemTa cxrilSi;

6. gamoTvale wnevis sisdide (P=F/S) da monacemi Seitane monacemTa cxrilSi;

7. 2-6 nabiji gaimeore 15X15 sm farTis firfitisTvisac.

firfitis zedapiris farTi firfitis nakvalevis siRrme wnevis sidide

25 sm2

225 sm2

  

analizi:

• rogor gansxvavdeba sxvadasxva farTis firfitis nakvalevis siRrme?

• rogor aris dakavSirebuli nakvalevis siRrme wnevis sididesTan?

daskvna: 

daakvirdi aqlemis floqvis ilustracias da eqsperimentis monacemebis analizidan ga-
momdinare ganmarte, raSi gamoixateba aqlemis Seguebuloba qviSnarSi gadaadgilebasTan?

kvlevis angariSis momzadeba
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2.2.7.
ნივთიერებათა მიმოცვლა ორგანიზმსა და გარემოს 
შორის. ნივთიერებათა ტრანსპორტი ორგანიზმში.

umi kartofilisgan gamoWres sami kubi wiboebiT: 1 sm, 2 sm, 4 sm _ 
sxvadasxva zomis ujredis modeli; 20 wuTis ganmavlobaSi isini moaTav-
ses WiqaSi da mTlianad dafares iodis wyalxsnariT; TiToeuli maTgani 
daniT frTxilad gaWres Suaze, gaWrili kubebis SigniT moZebnes `ujre-
dis centri~, gazomes xsnariT Seferili da Seuferadebeli nawilebi da 
gamoTvales TiToeulisTvis difuziis siCqare.

• rogor fiqrob, romel kubSi dafiqsirdeboda difuziis maRali 
siCqare? ratom?

• nivTierebaTa transportSi garemodan ujredSi da piriqiT, difuziis garda, memb-
ranuli trans portis ra saxeebi monawileobs?

• TviT ujredSi ra uwyobs xels nivTierebaTa transportirebas?

• mravalujredian organizmebSi ratom ganviTarda specialuri satransporto sis-
temebi? 

• ratom aris mniSvnelovani nivTierebaTa cvla organizmsa da garemos Soris?  

• ratom aris mniSvnelovani organizmSi nivTierebaTa transporti? moiyvane Sesabami-
si magaliTebi.

yoveli ujredi gamudmebiT saWiroebs 
JangbadiTa da sakvebi nivTierebebiT mo-
maragebas, erTmaneTTan kavSirs, aseve, 
cvlis produqtebisgan gaTavisuflebas. 
amrigad, organizmis sicocxle damoki-
debulia organizmsa da garemos Soris 
nivTierebaTa mimocvlaze, aseve, TviT 
organizmSi mimdinare nivTierebaTa trans-
portirebaze. TiToeuli ujredi nivTie-
rebaTa cvlas garemosTan awarmoebs di-
fuziisa da membranuli transportis sxva 
saSualebebiT. ujredis SigniT nivTiere-
bebi difuziisa da citoplazmis moZraobis 
Sedegad gadaadgildeba. transportis es 
saSualebebi mcire manZilze nivTierebaTa 
gadasatanad sakmarisia. amitom igi kargad 
da swrafad muSaobs erTujredianebSi da 

iseT mravalujredianebSi, romelTac sak-
marisad didi aqvT Tanafardoba sxeulis 
zedapirisa mis moculobasTan (mag., naw-
lavRruianebSi). aseT SemTxvevaSi specia-
luri satransporto sistemebi saWiro ar 
aris. 

rTul mravalujredian organizmebSi 
ganviTarda specialuri satransporto 
sistema, romelic uzrunvelyofs saWiro 
nivTierebaTa Sor manZilze swraf trans-
ports. aseT SemTxvevaSi nivTierebebi ga-
daadgildeba masiuri, saerTo nakadebis 
saxiT. saerTo nakadi _ es aris nivTiereba-
Ta masiuri gadatana erTi adgilidan meo-
reze wnevaTa sxvaobis xarjze. sxvadasxva 
nivTiereba erTad gadaitaneba wyalxsna-
rebis an suspenziebis saxiT.

2.2.7.1. სატრანსპორტო სისტემა მცენარეებში

mcenareebs _ gvimranairebidan dawye-
buli _ aqvT specialuri satransporto 
sistema qsilemisa da floemis saxiT (ix.
pirveli naw. sur. 2.1.34). qsilema Sedge-
ba WurWlebisgan. WurWlebi warmoadgens 
wagrZelebuli formis mkvdar ujredebs, 
romelTac mxolod ujredis kedeli da 

sigrZivi tixrebi aqvs SenarCunebuli. mas-
Si fesvis mier Sewovili wyali da minera-
luri marilebi moZraobs foTlebisaken. 
floema sacriseburi milebisagan Sedgeba. 
sacriseburi milebi cocxali ujredebia 
da ganivi tixrebi aqvs. masSi organuli 
sakvebi nivTierebebi moZraobs orive mi-
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marTulebiT: foTlebidan Rerosa da fes-
visaken, miwisqveSa samarago qsovilebidan 
miwiszeda organoebisaken. mcenaris mier 
niadagidan wylis STanTqmasa da qsilemis 
WurWlebSi gadaadgilebas sami ZiriTadi 

procesi ganapirobebs (sur. 2.2.47): fesvu-
ri wneva, kapilaruli moqmedeba qsilemis 
wvril WurWlovan milebSi da transpira-
cia.

mcenare niadagidan iTvisebs, agreT-
ve, mineralur marilebs. gansakuTrebiT 
mniSvnelovania mcenarisaTvis kaliumis, 
fosforis, azotis marilebi. mineraluri 
marilebis STanTqma aqtiuri transpor-
tiT xdeba (sur. 2.2.48). amaze metyvelebs 
eqsperimentebi, romelTac aCvenes, rom 
mineraluri nivTierebebis STanTqmaze 
energia ixarjeba. magaliTad, Tu fesvebs 
Jangbadi ar miewodeba da mis ujredebSi 
sunTqva wydeba, maSin minereluri mari-
lebis STanTqma mkveTrad mcirdeba. aseve, 
Tu mcenares sibneleSi movaTavsebT, maSin 
naxSirwylebis maragis gamolevis Semdeg 
igi marilebis STanTqmas wyvets da piri-
qiT, SeiZleba garemoSi gamoyos.

1. suraT 2.2.47-is mixedviT axseni: 1) ra gzas gaivlis wyali niadagidan mcenaris foTle-
bamde; 2) ra procesebi uwyobs xels wylis Sewovas da gadaadgilebas mcenaris miwiszeda 
organoebisaken? 3) axseni, wylis molekulis agebulebis Tavisebureba rogor uwyobs 
xels mis gadaadgilebas qsilemaSi.

2. ratom gaCnda mcenareebSi specialuri satransporto sistema? 

niadagi

minerali

satransporto 
cila

citoplazma

energia

sur. 2.2.48.

polaruli wylis molekulebi 
erTmaneTs wyalbaduri bmebiT 
ukavSirdeba, isini erTmaneTisken 
miizideba (kohezia). datenianebisas 
celuloza imuxteba da qsilemis 
WurWlis wvrili milebis ujredebis 
kedeli wyals izidavs (adhezia). es xels 
uSlis milebSi wylis ukan dasrialebas.

wy
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fesvebis mier niadagidan wylis Sewova da misi transporti  
miwiszeda organoebisken

foTlis ZrRvSi qsilemis 
WurWlis ujredi

ujredis 
kedeli

qsilemis 
ujredi

fesvis bususi

wylis 
molekula

wyali

niadagis 
nawilaki

transpiracia

kapilaruli moqmedeba

wylis Sewova niadagidan

adhezia

kohezia

mezodermis ujredebi

wyali orTqldeba bageebis 
saSualebiT, romelSic wyali 
ujredSorisebidan gadadis; 
ujredSorisebi wylis danakliss 
mezobeli ujredebidan ivsebs; 
es ujredebi ki Tavis mxriv 
wyals arTmevs sxva ujredebs. es 
grZeldeba iqamde, sanam qsilemis 
milebSi mTel ReroSi fesvebamde 
ar warmoiqmneba wylis jaWvi.

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

bagis xvreli
haeriT savse ujredSorisebi

sur. 2.2.47.

1

2

3
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3. gaaanalize suraT 2.2.49-ze mocemuli informacia da upasuxe kiTxvebs: 1) rogori sisxli 
moZraobs Tevzebis gulSi? 2) ra gansxvavebaa Tevzebisa da amfibiebis sisxlis mimoqcevis 
sistemaSi da rasTanaa dakavSirebuli es gansxvaveba? 3) ra gansxvavebaa qvewarmavlebisa 
da frinvelebis sisxlis mimoqcevis sistemaSi?

2.2.7.2. ცხოველების სატრანსპორტო სისტემა

rTul mravalujredian cxovelur or-
ganizmebSi nivTierebaTa satransporto 
funqcias asrulebs sisxlis mimoqcevis 
sistema, romelic evoluciis procesSi 
pirvelad rgolovan WiebSi gaCnda. sisx-
lis mimoqcevis sistema sami komponentis-
gan Sedgeba:

• sisxli _ nivTierebaTa Sor manZilze 
da swraf transports uzrunve-
lyofs sisxlis nakadi;

• kumSvadi organo, romelic moqme-
debs, rogorc tumbo da uzrunve-
lyofs sisxlis moZraobas mTel 
sxeulSi; es SeiZleba iyos guli an 
saxeSecvlili sisxlZarRvi;

• milebi, e.w. sisxlZarRvebi, romel-
Sic sisxli moZraobs.

sisxlis mimoqcevis sistema aris Ria da 
daxSuli. Ria sisxlis mimoqcevis siste-
ma damaxasiTebelia fexsaxsrianebisaTvis, 
mo  lus kebisaTvis. daxSuli sisxlis mimoq-
cevis sistemaSi sisxli Caketil sisxlZar-

RvebSi moZraobs da uSualo kontaqtSi 
qsovilebsa da ujredebTan ar Sedis. Ca-
ketili sisxlis mimoqcevis sistema dama-
xasiTebelia zogierTi rgolovani Wiebisa 
da moluskebisaTvis, xerxemlianebisa Tvis. 
xexemlianebSi sisxlis mimoqcevis siste-
mam garkveuli cvlileba da ganviTare-
ba ganicada evoluciis procesSi (sur. 
2.2.49). yvela xerxemlians daxSuli sisx-
lis mimoqcevis sistema aqvs, magram isini 
gansxvavdebian gulis saknebisa da sisxlis 
mimoqcevis wreebis ricxvis mixedviT. es 
gansxvavebebi ramdenime aseuli milioni 
wlis ganmavlobaSi ganviTarda, rac zo-
gierTma xerxemlianma wyali datova da 
xmeleTze gamovida. xmeleTis xerxemlia-
nebSi sunTqvis organo layuCebi Seicvala 
filtebiT, romelmac, Tavis mxriv, xme-
leTis pirvel xerxemlianebSi amfibiebis 
gulSi saknebis ricxvi gazrda (samsakniani 
guli _ ori winaguli da erTi parkuWi) da 
filtvis wris ganviTareba gamoiwvia.  

Tevzebi amfibiebi qvewarmavlebi frinvelebi ZuZumwovrebi

sur. 2.2.49.
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adamianis sisxlis mimoqcevis sistema

adamianisTvis damaxasiTebelia daxSu-
li sisxlis mimoqcevis sistema. yovel 
ujreds gars akravs ujredSorisi siTxe, 
rasac qsoviluri siTxe ewodeba. qsovi-
luri siTxidan ujredebSi Sedis sakvebi 
nivTierebebi da Jangbadi, xolo ujredi-
dan masSi gadmodis naxSirorJangi da sxva  
cvlis produqtebi. qsoviluri siTxe 
sisxlidan ganuwyvetliv ivseba wyliT, 
JangbadiT, sakvebi organuli nivTierebe-
biTa da sxva qimiu-
ri naerTebiT. War-
bi qsoviluri siTxe 
gadadis qsovilebSi 
brmad daboloebul 
limfur kapilarebSi 
da warmoqmnis lim-
fas (msxvili limfu-
ri sadinarebi uerT-
deba venebs da siTxe 
kvlav sisxlSi brun-
deba). sisxli, qsovi-
luri siTxe da limfa 
organizmis Sinagan 
Txevad garemos qmnis.

zrdasruli ada-
mianis organizmSi 
aris 5 l-mde sisxli. 
mosvenebul mdgoma-

reobaSi sisxlis moculobis 45-50% grov-
deba sisxlis depoebSi _ elenTaSi, RviZl-
Si, kanisa da filtvebis sisxlZarRvebSi.

sisxli Sedgeba formiani elementebisa 
da sisxlis plazmisgan (sur. 2.2.50). sisx-
li Txevadi SemaerTebeli qsovilia, rad-
gan sisxlis moculobis 55-60% Seadgens 
ujredSorisi nivTiereba _ moyviTalo, 
blanti, Txevadi Semadgeneli nawili _ 
sisxlis plazma. 

sisxlis struqturuli komponentebi

bazofili

eozinofili

plazma

monociti

eriTrociti

limfociti

Trombociti

neitrofili
sur. 2.2.50.

xelovnuri sisxli

gaecani teqstSi mocemul informacias da upasuxe TandarTul kiTxvebs

saWiroebis SemTxvevaSi dRes aqtiurad iyeneben e.w. xelovnuri sisxlis gadasxmas. xelo-
vnuri sisxli aris siTxe, romelic ar Seicavs ujredebs, magram masSi iseTi molekulebia, 
romlebic,  SeikavSireben Jangbads da axdenen mis transportirebas. xelovnuri sisxlis 
mTavari upiratesoba bunebriv sisxlTan SedarebiT is aris, rom igi ar Seicavs paTogenebs 
(mag., aiv-s, B da C hepatitis virusebs), misi warmoeba SeiZleba SeuzRudavad (maSin, rodesac 
gadaudebel situaciebSi xSirad sisxlis Sovna problemaa), Senaxva SeiZleba xangrZlivi 
droiT, igi Tavsebadia nebismieri sisxlis jgufis mqone pacientisTvis.   

• ras warmoadgens xelovnuri sisxli?

• ra upiratesoba aqvs xelovnuri sisxlis gadasxmas bunebriv sisxlTan SedarebiT?

• sisxlis romeli formiani elementis funqcias asrulebs xelovnuri sisxli?  

• xelovnur sisxlSi romeli cilis Sesabamisi molekulebi unda iyos, romelic Jangbads 
ikavSirebs da axdens mis transportirebas?

• Seni azriT, ra nakli aqvs xelovnur sisxls?
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  cxrili 2.2.10                sisxlis formiani elementebis struqtura da funqciebi

sisxlis 
formiani ele-

menti
funqcia

struqturisa da sxva Taviseburebebis Sesabamisoba 
funqciebTan

eriTrociti filtvebidan qsovi-
lebSi Jangbadis 
tran sportireba da 
qsovilebidan naxSi-
rorJangis gadatana 
filtvebSi

• ar aqvs birTvi da mis adgilsac citoplazmaSi 
ikavebs hemoglobini; hemoglobini cilaa, romelsac 
aqvs JangbadTan dakavSirebis unari;

• igi mxolod 120 dRe cocxlobs da iSleba RviZl-
sa da elenTaSi. axali eriTrocitebi warmoiqmneba 
Zvlis wiTel tvinSi;

• eriTrocits aqvs ormxriv Cazneqili diskos forma, 
rac zrdis JangbadTan Sexebis zedapirs. eriTroci-
tis forma da mcire zoma aadvilebs mis moZraobas 
kapilarebSi.

leikocitebi 
_ fagocitebi 
(neitrofile-
bi da monici-
tebi)

organizmis dacva 
daavadebis gamomwvevi 
mikroorganizmebis-
gan, ucxo sxeulebisa 
da nivTierebebisgan

• eriTrocitebze didi zomisaa da gaaCnia danakvTu-
li birTvi;

• SeuZlia formis Secvla da amebis msgavsad 
crufexe biT gadaadgileba, maT Soris, kapilaris 
kedelSi gaZroma;

• fagocits SeuZlia organizmSi SeWrili mikroor-
ganizmebis STanTqma da moneleba ujredis SigniT _ 
fagocitozi.

leikocitebi _ 
limfocitebi

organizmis dacva 
daavadebis gamomwvevi 
mikroorganizmebis-
gan, ucxo sxeulebisa 
da nivTierebebisgan

• gaaCnia didi zomis sferuli birTvi;
• misi mgrZnobiare plazmuri membrana advilad aRmo-

aCens mikroorganizms da maT winaaRmdeg gamoyofs 
cilovani bunebis antisxeuls;

• sicocxlis xangrZlivoba zogjer ramdenime welia 
(imuniteti ix. nawili 1, gv. 108).

Trombociti monawileoba sisx-
lis SededebaSi (sur. 
2.2.51)

• ujredis ubirTvo fragmentia, igi Zvlis wiTel 
tvinSi warmoiqmneba. misi daSlisas gamoTavisufle-
buli fermenti monawileobs sisxlis SededebaSi.

plazmaSi aris 90% wyali, cilebi 7%, 
cximebi 0.8%, glukoza 0.12%, mineralu-
ri marilebi 0.9%, ujredis cxovelmoq-
medebis produqtebi, fermentebi, hor-
monebi, vitaminebi. miuxedavad imisa, rom 
ujredebSi ganuwyvetliv mimdinareobs 
metaboluri procesebi, ris gamoc Sina-
gani garemodan ujredebSi Sedis garkveu-
li nivTierebebi, xolo gamoiyofa cvlis 
produqtebi, aseve, organizmi mudmivad 
ganicdis garemos zemoqmedebas, igi mainc 
TviTregulaciis gziT inarCunebs Sina-
gani garemos SedarebiT mudmiv Sedge-
nilobas _ homeostazs. sisxlis formia-
ni elementebis funqciebi da agebulebis 
Taviseburebani ixile cxrilSi _ 2.2.10-Si.

adamianSi sisxlis funqciebia:

I. satransporto: gadaaqvs – 1) Jangbadi 

sunTqvis organoebidan sxeulis yvela 
qsovilSi; 2) sakvebi nivTierebebi wvri-
li nawlavebidan sxvadasxva organoebsa 
da qsovilebSi; 3) cvlis produqtebi 
(maT Soris naxSirorJangi) qsovilebi-
dan gamomyof organoebSi; 4) hormo-
nebi misi wamoqmnis adgilidan yvela 
organosa da qsovilSi anda samizne 
organosa da qsovilSi; 5) siTbos tran-
sportireba Sinagani organoebidan pe-
riferiisken.

II. damcvelobiTi: 1) sisxlis Sededeba, rac 
icavs organizms didi raodenobiT sisx-
lis dakargvisa da daavadebis gamomwve-
vi mikrobebis SeWrisgan; 2) fagocitozi 
_ sisxlis TeTri ujredebis erT-erTi 
saxeoba STanTqavs da moinelebs sisxl-
Si SeWril mikrobebs; 3) limfocitebis 
mier ganxorcielebuli imunuri dacva.
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gulisa da sisxlZarRvebis agebuleba da funqciebi 

guli uzrunvelyofs sisxlis moZ-
raobas sisxlZarRvebSi. zrdasruli ada-
mianis gulis masa 250-300 gramia. igi mde-
bareobs gulmkerdis RruSi, Sua xazidan 
ukan da odnav marcxniv. guli kunTovani 

Rruiani organoa. garedan SemaerTebel 
qsovilovani gulis perangiT aris dafa-
ruli. gulis kunTi Sedgeba gulis gani-
vzoliani kunTovani qsovilisgan (ix. gv. 
105). gulis struqturuli komponentebi 

warmodgenilia suraT 
2.2.52-ze. ZgidiT guli 
or _ marcxena da marjve-
na naxevradaa gamijnuli. 
gulis marcxena naxevar-
Si yovelTvis moZraobs 
JangbadiT mdidari _ ar-
teriuli sisxli, xolo 
marjvena naxevarSi _ 
JangbadiT Raribi _ ve-
nuri sisxli. winaguleb-
sa da parkuWebs, aseve 
parkuWebsa da arteri-
ebs Soris moTavsebulia 
sarqvelebi, romlebic 
uzrunvelyofen gul-
Si sisxlis erTi mimar-
TulebiT moZraobas _ 
winagulebidan parkuWe-
bisken da parkuWebidan 
arteriebisken.

arCeven sami tipis 
sisxl ZarRvs:  arteriebs 
_ gulidan gamo aqvT 

sur. 2.2.51.

 sisxlis kolti

sisxlZarRvis dazianeba, 
sisxlis haerTan Sexeba

sisxlis plazmis 
fermentebi

Ca2+-is ionebi

Trombocitebis 
daSla

araaqtiuri 
proTrombini

Tromboplastinis (fermenti) 
gamoTavisufleba

aqtiuri Trombini 
(fermenti)

xsnadi fibrinogeni uxsnadi fibrini

sisxlis Sededebis procesi

sisxlis Sededeba organizms icavs sisxlis dakargvisa da WrilobaSi paTogenuri 
mikroorganizmis SeWrisgan

fibrinis boWkoebSi ixlarTeba 
sisxlis ujredebi, warmoiqmneba 
sisxlis kolti, romelic 
dazianebul sisxlZarRvs axSobs. 
kolti aCerebs sisxldenas 
da xels uSlis WrilobaSi 
paTogenebis SeWras.

SededebaSi monawile sisxlis 
cilebis memkvidruli 
defeqtebi iwvevs Zlier 
sisxldenas (mag., hemofilia).

aorta

filtvis 
arteria

marcxena winaguli

marjvena 
winaguli

marcxena 
parkuWi

marjvena parkuWi
qveda Rru vena

zeda Rru vena

Zgide

filtvis 
venebi

filtvis arteriis 
namglisebri 

sarqveli

mitraluri 
sarqveli

samkariani 
sarqveli

aortis 
namglisebri 
sarqveli

sur. 2.2.52.
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sisxli, venebs _ gulSi CaaqvT 
sisxli da kapilarebi _ qsovilebs 
amaragebs sisxliT da arteriebsa 
da venebs erTmaneTTan akavSirebs. 
parkuWebis SekumSvis Zala iwvevs 
sisxlis gadaadgilebas arterieb-
Si. sisxli garkveuli ZaliT awve-
ba sisxlZarRvis kedels da am Za-
las arteriuli wneva ewodeba. igi 
sxvadasxva sisxlZarRvSi gansxva-
vebulia. yvelaze maRali wneviT 
sisxli aortaSi da Semdeg ki ar-
teriebSi moZraobs, xolo yvela-
ze dabali wneviT _ zeda da qveda 
Rru venebSi. sisxli sisxlZarR-
vebSi moZraobs maRali wnevidan 
dabali wnevisken. sisxli yvelaze 
maRali siCqariT moZraobs aor-
taSi (0,5m/wm), yvelaze dabali 
siCqariT ki kapilarebSi (05,-1,2 
mm/wm). sisxlZarRvebis agebuleba 
maT funqciebs Seesabameba (sur. 
2.2.53).

gulis muSaoba da gulis muSaobis regulacia

guli ciklurad muSaobs (sur. 2.2.54). 
TiToeuli cikli sami fazisgan Sedgeba: 

winagulebis SekumSva (winagulebis sis-
tola), parkuWebis SekumSva (parkuWebis 

gulis ciklis fazebi

3. gulis kunTis saerTo modunebis 
faza (0,4 wm) _ winagulebi da 
parkuWebi modunebulia, winagule-
bi sisxliT ivseba; sarqvelebidan 
namglisebri daxurulia, kariani ki 
nawilobriv Riaa, sisxli nel-nela 
Caedineba parkuWebSi.

2. parkuWebis SekumSvis faza (0.3 wm) 
_ parkuWebi Sekum Sulia, winagu-
lebi _ modunebuli, namglisebri 
sarqvelebi Riaa, kariani _ 
daxuruli.

1. winagulebis SekumSvis faza 
(0.1 wm) _ winagulebi SekumSu-
lia, parkuWebi _ modunebuli, 
kariani sarqvelebi Riaa, 
namglisebri _ daxuruli.

1

3 2

arteriavena

sanaTuri

sanaTuri

sanaTuri sarqveli

venula

kapilari
arteriola

erTSriani epiTeluri 
qsovili

epiTeluri qsovili

gluvkunTovani qsovili

SemaerTebeli qsovili

sur. 2.2.53.

sur. 2.2.54.

1

23
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sistola), gulis kunTis saerTo moduneba 
(diastola).

gulis SekumSvaTa sixSire da Zala da-
mokidebulia organizmis Sinagani gare-
mos mdgomareobasa da garegan pirobebze. 
magaliTad, fizikuri datvirTvis dros 
ConCxis kunTebis sakveb nivTierebebsa da 
Jangbadze gaZlierebuli moTxovnis gamo, 
gulis SekumSvaTa sixSire da Zala izrde-
ba. Sedegad, sisxlZarRvebSi, drois gark-
veul monakveTSi guli met sisxls gadais-
vris. gulis SekumSvebis sixSire icvleba 
sicxesa da siciveSic. gulis muSaoba re-
gulirdeba nervuli da humoruli meqa-
nizmebiT. isini iwveven gulis moqmedebis 
aCqarebas an Senelebas, gaZlierebas an 
Sesustebas. gulis muSaobas aregulirebs 
avtonomiuri nervuli sistema. simpaTi-
kuri nervebi iwveven gulis SekumSvaTa 
sixSirisa da siZlieris gazrdas, para-
simpaTikuri ki _ SekumSvaTa sixSirisa da 

siZlieris Semcirebas. humoruli regu-
lacia xorcieldeba endokrinuli siste-
miTac (magaliTad, Tirkmelzeda jirkv-
lis hormoni adrenalini axSirebs gulis 
SekumSvebs da aZlierebs) da sxva qimiuri 
nivTierebebiTac (magaliTad, Ca-is mari-
lebi aZliereben da aCqareben gulis Se-
kumSvebs). 

gulis riTmul SekumSvas ki ganapiro-
bebs TviT gulis kunTSi mimdinare proce-
sebi. rodesac cxovelebidan amoRebul 
guls moaTavseben JangbadiT gajerebul 
sakveb xsnarSi, igi garkveuli xnis gan-
mavlobaSi ganagrZobs ritmul SekumSvas 
miuxedavad imisa, rom masze gavlenas ar 
axdens arc nervuli da arc humoruli 
stimuli. gulis kunTis unars, SeikumSos 
TviT gulis kunTSi warmoSobili nervuli 
impulsis gavleniT, gulis kunTis avtoma-
tia ewodeba (sur. 2.2.55). 

agzneba pirvelad sinoatrialur 
kvanZSi warmoiqmneba, 
saidanac igi gadaecema 
atrioventrikularul kvanZs.

atrioventrikularuli 
kvanZidan agzneba jer 
winagulSi vrceldeba da 
Semdeg parkuWebSi.

hisis konebi

atrioventrikularuli 
kvanZi

sinoatrialuri
kvanZi

sur. 2.2.55.
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sisxlis cirkulireba organizmSi

adamianis organizmSi aris sisxlis mi-
moqcevis ori wre, romlebSic sisxli moZ-
raobs gulidan qsovilebisaken/organoe-
bisken da organoebidan gulisaken. es 
aris: filtvis wre, anu mcire wre _ gulis 
marjvena parkuWidan sisxli gadaitum-
beba filtvebSi; sistemuri, anu didi wre 

_ gulis marcxena parkuWidan sisxli ga-
daitumbeba sxeulis yvela nawilSi (sur. 
2.2.56). mcire wris kapilarebSi venuri 
sisxli arteriul sisxlad gardaiqmneba, 
xolo didi wris kapilarebSi _ arteriu-
li sisxli venur sisxlad.

venuri sisxli

filtvis arteria filtvis vena

zeda da qveda 

Rru venebi

aorta da misi 

ganStoebebi

marjvena winaguli

marcxena winaguli

marjvena parkuWi

marcxena parkuWi

venuri sisxli

arteriuli sisxli

arteriuli sisxli

mcire wris kapilarebi

CO2
O2

sistemuri wre/didi wre

filtvis wre/mcire wre

CO2 O2

didi wris kapilarebi

zeda Rru vena sisxls 
krebs Tavidan, kisridan, 
zeda kidurebidan, xolo 
qveda Rru vena sisxls 
krebs yvela danarCeni 
organodan.

sur. 2.2.56.
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samedicino bioteqnologia

mecnierebi intensiurad muSaoben Rerovani ujredebis zogierTi daavadebis mkurnalo-
bis saSualebad gamoyenebis teqnologiebis damuSavebaze. suraTze warmodgenilia gulis in-
farqtis Rerovani ujredebiT mkurnalobis magaliTi.  

magram mkurnalobis am meTodTan bevri problemaa dakavSirebuli. magaliTad, Rerovani 
ujredebis sxeulSi Seyvanis Semdeg mecnierebi ver akontroleben ujredebis diferencia-
cias, maT gavrcelebas sxeulis sxva nawilze; adgili aqvs qromosomul mutaciebs Rerovani 
ujredebis diferencirebisas (mag., trisomia 12 da trisomia 17 gavrcelebuli problemaa).   

4. gaecani cxril 2.2.10-Si mocemul informacias da aRwere sisxlis formiani elementebis 
struqturuli agebulebis Sesabamisoba maT funqciebTan.

5. ra funqcias asruleben winagulebi? parkuWebi?
6. raSi gamoixateba sisxlZarRvebis agebulebisa da funqciis Sesabamisoba?
7. ratom aris kapilarebSi sisxlis moZraobis siCqare yvelaze dabali da ra biologiuri 

mniSvneloba aqvs am faqts?
8. ras niSnavs gulis kunTis avtomatia?
9. rogor regulirdeba gulis muSaoba?
10. gaecani rubrikaSi _ „mecniereba praqtikaSi“ _ teqstsa da suraTze mocemul informacias 

da upasuxe kiTxvebs: 1) samkurnalo mizniT Rerovani ujredebis gadanergva ra proble-
mebis winaSe ayenebs mecnierebs? 2) TagvSi infarqtis samkurnalod ratom gamoiyenes em-
brionuli Rerovani ujredebi da ara zrdasruli Rerovani ujredebi, magaliTad, Zvlis 
wiTeli tvinis ujredebi? 3) mdedri Tagvis samkurnalod mamri embrionis embrionuli 
ujredebis gamoyeneba rogor daexmareboda mecnierebs imis dadgenaSi, rom dazianebuli 
gulis kunTis aRdgena dakavSirebuli iyo gadanergil Rerovan ujredebTan da ara Tvi-
TaRdgenasTan? 

11. sisxlSi airebis Semcveloba erTnairia _ 1) filtvis venebsa da sistemuri wris kapilare-
bis dasawyisSi,  2) Rru venebsa da filtvis arteriaSi. axseni, ratom?  

dazianebuli gulis kunTis aRdgena embrionuli Rerovani ujredebiT

Tagvis mamri 
embrionidan aiRes 
embrionuli Rerovani 
ujredebi.

ori kviris Semdeg gadanergilma ujredebma 
daiwyes gulis dazianebuli ubnis regeneracia.

+

gulis infarqti 
gamoiwvies mdedr 
TagvSi, ris gamoc 
dazianda marcxena 
parkuWi (TeTri 
ubani).

Rerovani ujredebi inieqciiT Seiyvanes mdedris 
dazianebul gulSi infarqtidan 5 saaTis Semdeg.
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12. suraTze miTiTebuli ricxvebis gamoyenebiT dawere: 1) ra gzas gaivlis filtvebSi mox-
vedrili Jangbadi, magaliTad, fexis kunTebis ujredebemde; 2) ra gzas gaivlis Tavis 
tvinSi warmoqmnili naxSirorJangi filtvebamde.

gulis marjvena naxevari

gulis 
marcxena 
naxevari

sistemuri wre/
didi wre

filtvis wre/
mcire wre

filtvi

1
3

6 6

4

2

5

7 7

CO2

CO2

CO2

O2

O2

O2

1 _ aorta;
2 _ didi wris kapilarebi;
3 _ zeda Rru vena;
4 _ qveda Rru vena;
5 _ filtvis arteria;
6 _ mcire wris kapilarebi;
7 _ filtvis venebi.
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2.2.8. მეტაბოლიზმი

nivTierebaTa da energiis ganuwyvet-
livi cvla organizmsa da garemos So-
ris gulisxmobs garemodan organizmSi 
sxvadasxva nivTierebaTa Sesvlas, orga-
nizmis mier am nivTierebebis aTvisebas, 
ujredebSi maT CarTvas sxvadasxva tipis 
bioqimiur reaqciebSi da cvlis produq-
tebis garemoSi gamoyofas. am procesebs 
organizmebSi uzrunvelyofs iseTi sasi-
cocxlo Tvisebebi, rogoricaa kveba, sun-
Tqva da gamoyofa. 

ujredSi mimdinareobs uamravi saxis 
bioqimiuri reaqcia, romelzedac da mo-
kidebulia ujredis funqcionireba. uj-
redSi mimdinare mravalferovani bioqi-
miuri reaqciebs or jgufSi aerTianeben: 
biosinTezis reaqciebi _ asimilacia, anu 
anabolizmi anu plastikuri cvla da disi-
milacia, anu katabolizmi, anu energeti-
kuli cvla. anabolizmis anu plastikuri 
cvlis dros martivi nivTiere bebisgan 
sinTezirdeba rTuli organuli nivTiere-
bebi, xolo katabolizmis anu ener ge-
tikuli cvlis dros rTuli organuli 
nivTierebebi martiv nivTiere bebad iSle-
ba. anabolizmisa da katabolizmis proce-
sebis erTobliobas metabolizmi ewodeba.

nivTierebaTa cvlilebebis yvela am 
procesis dros ganuwyvetliv xdeba ener-
giis gardaqmnac. anabolizmi da katabo-
lizmi urTierTsawinaaRmdego procese-
bia, magram erTmaneTTan dakavSirebulia 
da erTmaneTs ganapirobebs. atf _ ener-
giis universaluri wyaro _ warmoadgens 

Sualedur rgols energetikul da plas-
tukur cvlas Soris. energetikuli cvlis 
dros gamoTavisuflebuli energiis xar-
jze atf sinTezirdeba, romelic plasti-
kur cvlaze ixarjeba. atf-Si dagrovebu-
li energia ujredSi gardaiqmneba siTbur, 
meqanikur, eleqtrul da sinaTlis ener-
giad (manaTobel organizmebSi, mag., cici-
naTelaSi). amrigad, cocxal organizmeb-
Sic moqmedebs Termodinamikis kanonebi: 
energia arc iqmneba da arc qreba. igi mxo-
lod erTi formidan meoreSi gardaiqmne-
ba, an erTi obieqtidan meores gadaecema. 
energiis erTi formidan meoreSi garda-
qmnis dros adgili aqvs energiis nawilis 
usargeblo formis (ZiriTadad, siTbos) 
saxiT dakargvas. 

metabolizmis regulacia. metaboliz-
mis regulaciaSi gansakuTrebuli mniSv-
neloba aqvs farisebri jirkvlis hormon 
Tiroqsins. Tavis mxriv, sisxlSi Tiroq-
sinis raodenobas hipofizi aregulirebs 
uaryofiTi ukukavSiris meqanizmiT. Tiro-
qsini ujredebSi aZlierebs glukozis da-
Jangvas/aerobul sunTqvas, rac imas niS-
navs, rom ujredebSi ufro meti energia 
gamomuSavdeba da ufro aqtiurdebian. Tu 
farisebri jirkvali Warbad gamoimuSa-
vebs Tiroqsins, viTardeba mdgo mareoba, 
romelsac hiperTireoidizmi ewodeba. igi 
iwvevs ujredebSi JangviTi procesebis 
gaZlierebas, pulsis gaxSirebas, sxeu-
lis temperaturis, arteriuli wnevisa da 
nervuli agznebadobis momatebas, wonaSi 

1. ra aris metabolizmi?
2. ra kavSiria anabolizmsa da katabolizms Soris?
3. ra nivTiereba asrulebs energiis ZiriTadi wyaros rols?
4. ra nivTiereba asrulebs universaluri energiis wyaros rols?
5. ra roli aqvs metabolizmis regulaciaSi farisebr jirkvals?
6. warmoidgine, rom organizmi fizikurad datvirTvulia, ivaraude, rogor Seicvleba 

hipofizisa da farisebri jirkvlebis endokrinuli funqcia; Seadgine Sesabamisi kogni-
turi sqema.

7. axalgazrda cxovelebs (baWiebSi, lekvebSi) farisebri jirkvlis amokveTa aferxebda maT-
Si ConCxis zrdas, organizmis ganviTarebas, mag., sqesobriv momwifebas. eqsperimentis 
Sedegebidan gamomdinare, Tiroqsini, energetikuli cvlis garda, kidev ra procesebs 
aregulirebs organizmSi?
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laplasisa da lavuazies erToblivi eqsperimentebi

gaecani teqstis Sinaars da upasuxe TandarTul kiTxvebs

1777-1783 wlebSi samecniero TanamSromloba Sedga fizikoss, maTematikossa da astro-
nom laplassa da qimikossa da biolog lavuazies Soris. maT Catarebuli eqsperimentebis 
safuZvelze gansazRvres siTbos is raodenoba, romelsac gascemda zRvis goWis organizmi 
yinulis kalorimetrSi. paralelurad Seiswavleboda cxovelis mier gamoyofili naxSir-
orJangis raodenoba da amiT adgendnen organizmSi daJanguli naxSirbadis raodenobasac. 
Semdeg lavuaziem da laplasma gansazRvres im siTburi energiis raodenoba, romelic 
gamoTavisuflda cxovelis organizmSi daJanguli naxSirbadis raodenobis Sesabamisi nax-
Sirbadis kalorimetrSi dawvis Sedegad. kalorimetruli xerxiT energiis gansazRvris 
orive Sedegi msgavsi aRmoCnda. eqsperimentebis Sedegebis analizis safuZvelze mecniereb-
ma Sesabamisi daskvna gaakeTes.

• eqsperimentebis Sedegebis analizis safuZvelze ra daskvnas gaakeTebdnen mecnierebi?

• cxovelis organizmSi mimdinare metabolizmis ra procesis Sedegad gamoTavisuflde-
boda siTbo? eukariotuli ujredis romel struqturaSi mimdinareobs es procesi?

• ra saerToa cxovelis organizmSi mimdinare naxSirbadis daJangvasa da kalorimetrSi 
naxSirbadis dawvas Soris? 

klebas, Tvalis kaklis win wamowevas. vi-
Tardeba bazedovis daavadeba. Tu fari-
sebri jirkvali ver gamoimuSavebs sakma-
risi raodenobis Tiroqsins, viTardeba 
mdgomareoba, romelsac hipoTireoidizmi 
ewodeba. igi iwvevs ujredebSi JangviTi 
procesebis Senelebas, pulsis gaiSviaTe-

bas, sxeulis temperaturis, arteriuli 
wnevisa da nervuli agznebadobis Semci-
rebas, wonaSi momatebas, frCxi lebi da 
Tmebi msxvrevadia. zrdasrul adamianSi 
viTardeba daavadeba miqsedema, bavSvebSi 
_ kretinizmi da miqsedema.

2.2.8.1. სუნთქვა

sunTqva aris procesi, romlis saSua-
lebiTac organizmi iRebs sicocxlisaT-
vis aucilebel energias sakvebi organuli 
nivTierebebis daSlis Sedegad. sunTqva 
moicavs _ 1) airTa cvlas organizmsa da 
garemos Soris; 2) ujredul sunTqvas. uj-
reduli sunTqva aris ujredSi mimdinare 
mravalsafexuriani bioqimiuri procese-
bis erToblioba, romlis drosac organu-
li nivTierebebis (ZiriTadad, naxSirwyle-
bis) daSlis Sedegad gamoTavisuflebuli 
energiis xarjze xdeba ener giiT mdidari 
atf-is _ energiis universaluri wyaros _ 
sinTezi. atf-s energiis universalur wy-
aros uwodeben, radgan yvela organizmSi 
sasicocxlo procesebze atf-is energia 
ixarjeba. ujredebSi atf-is maragi didi 
ar aris, amitom mis aRsadgenad ganuwyvet-

liv mimdinareobs organuli nivTierebe-
bis biologiuri daJangva energetikuli 
cvlis procesSi. energetikuli cvla uj-
redis doneze, anu ujreduli sunTqva or 
etapad mimdinareobs: uJangbado da Jang-
badiani etapi. 

ujreduli sunTqva ganvixiloT glu-
kozis daJangvis magaliTze, radgan glu-
koza aris energiis ZiriTadi wyaro. glu-
kozis uJangbado daSlis etaps glikolizi 
ewodeba. am dros gamoTavisuflebuli 
ener giis 40% atf-Si grovdeba, xolo 60% 
siTbos saxiT ifanteba.

C6H12O6  → 2C3H4O3 + 2H2O + 2atf  

energetikuli cvlis Jangbadian etapze 
warmoqmnili piroyurZnis mJava (piruvati) 
gadadis mitoqondriebSi, CaerTveba kreb-

glukoza piruvati
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sis ciklSi da ganicdis rTul gardaqm-
nebs, romelTa saboloo produqtia nax-
SirorJangi, wyali, 36 molekula atf. am 
dros gamoTavisuflebuli energiis 55% 
atf-Si grovdeba, xolo 45% siTbos saxiT 
ifanteba. glikolizisa da aerobuli sun-
Tqvis procesebis Semajamebeli qimiuri 
reaqciis formulaa:

C6H12O6 + 6O2  → 6CO2  + 6H2O  + 38atf

zogierT organizmSi ujreduli sun-
Tqva mxolod uJangbado etapiT mimdina-
reobs da aseT organizmebs anaerobuli 

organizmebi, xolo TviT process ana-
erobuli sunTqva ewodeba. magaliTad, 
zogierT anaerobul baqteriaSi mimdina-
reobs anaerobuli sunTqva _ rZemJava 
duRilis procesi: uJangbado etapze war-
moqmnili piruvatidan (C3H4O3) warmoiqm-
neba rZemJava (C3H6O3). rZemJava duRilis 
procesi Jangbadis naklebobisas kunTovan 
ujredebSic mimdinareobs. 

mcenareul ujredebsa da zogierT sa-
fuara sokoebSi mimdinareobs spirtu-
li duRili: piruvatidan miiReba eTilis 
spirti (C2H5OH) da gamoiyofa CO2 .

sasunTqi sistemis evolucia aerobul organizmebSi

aerobuli sunTqvisTvis ujredebi sa-
Wiroeben mudmivad momaragebas JangbadiT 
da organizmidan daJangvis produqtebis 
(naxSirorJangisa da wylis) gamoyofas. 
haeridan Jangbadis SeTviseba da orga-
nizmidan naxSirorJangis gamodevna sxva-
dasxva gziT xdeba. magaliTad, mcenareebSi 
haeridan Jangbadi bageebis gavliT SeaR-
wevs foTlis ujredebSi da naxSirorJan-
gic bageebis saSualebiT gamoiyofa fo-

Tlidan. mcenareTa sxva organoebi, mag. 
fesvi, romlebsac bageebi ar aqvs, sunTqa-
ven specialuri forebis saSualebiT, 
xolo merqniani Rero masze arsebuli 
koJrebis saSualebiT. aerobuli erTu-
jredianebi ujredis mTeli zedapi riT 
STanTqaven Jangbads da, aseve, gamo yofen 
cvlis saboloo produqtebs; cxovelur 
organizmebs ki specialuri sunTqvis sis-
tema ganuviTardaT (sur. 2.2.57).

saWmlis 
momnelebeli 

vakuoli

layuCis firfitebi

sisxlZarRvebi

mfeTqavi 
vakuoli

kani sasunTqi 
zedapiri

traqeebi

traqeola

traqea

ujredi

kapilarebi

birTvi

CO2 

O2 

CO2 

CO2 

O2 
O2 

erTujrediani ameba sxeulis mTeli 
zedapiriT wylidan SeiTvisebs Jangbads 
da naxSirorJangs da garemoSi gamoyofs 
mfeTqavi vakuolis saSualebiT.

Tevzebi layuCebiT 
SeiTviseben wylidan 
Jangbads da wyalSi 
gamoyofen naxSirorJangs.

Wiayela sveli da sisxlis kapilarebiT mdidari 
kaniT atmosferos haeridan SeiTvisebs 
Jangbads da garemoSi gamoyofs naxSirorJangs.

mwerebSi sunTqvis organos
rols asrulebs traqeebi,
romlebic itoteba
uwvriles milakebad da
yovel ujreds amaragebs
JangbadiT da maTgan
gamoaqvs naxSirorJangi.

amfibiebi tomsikis
msgavsi filtvebiTa
da sveli da sisxlis
kapilarebiT mdidari
kaniT sunTqavs _
awarmoebs garemosTan
airTa cvlas.

JangbadiT 
mdidari wyali

naxSirorJangiT 
mdidari wyali

sur. 2.2.57.
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1. rogoria energetikuli cvlis uJangbado da Jangbadiani etapebis energetikuli Rire-
buleba?

2. moiyvane anaerobuli sunTqvis magaliTebi? anaerobuli sunTqvis es formebi romeli 
organizmebisTvis aris damaxasiaTebeli?

3. energetikuli cvlis romeli etapis ganxorcieleba iqneba SesaZlebeli xelovnurad Se-
qmnil pirobebSi/ujredis gareSe? axseni Seni pasuxi.

4. sur. 2.2.57-is mixedviT aRwere, Tu ra saSualebebs iyenebs sxvadasxva organizmi orga-
nizmsa da garemos Soris airTa cvlisTvis? 

5. ratom ganuviTarda rTul cxovelur organizmebs specialuri sasunTqi sistema?

airTa cvlis efeqtianoba damokidebu-
lia ZiriTadad or faqtorze: 1. garemo-
Si Jangbadis raodenobaze; 2. sasunTqi 
sistemis ganviTarebaze. rac ufro ma-
Ralorganizebulia organizmi, miT ufro 
aqtiuria metabolizmi mis ujredSi da 
metia organizmis moTxovnileba Jang-
badze. amitom ZuZumwovrebi gansakuTre-
biT didi raodenobiT Jangbads saWiroe-
ben. Sesabamisad, maTi sasunTqi sistema 
gansakuTrebiT kargad aris ganviTarebu-
li (sur. 2.2.58). alveolebis erToblioba 
Zlier zrdis filtvebSi sasunTqi zeda-

piris farTs da, amgvarad, CasunTquli 
haeris raodenobas, xolo sasunTqi mem-
brana (romlis saSualebiTac xdeba airTa 
cvla) uzrunvelyofs airTa intensiur 
mimocvlas sisxlsa da haers Soris. sasun-
Tqi membrana unda akmayofilebdes Semdeg 
moTxovnebs: unda iyos Txeli, raTa efeq-
turi iyos difuzia; igi unda iyos notio, 
radgan O2 da CO2 airebis saxiT membranaSi 
ver difundirebs; didi farTobis unda 
iyos, raTa organizmis moTxovnileba O2-
ze dakmayofildes.

xerxemlianebis filtvebi

bayayi

qvewarmavali

filtvi

frinveli

bronxi

alveolebi

ZuZumwovari

sahaero parki

sur. 2.2.58.
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6. ra TaviseburebiT xasiaTdeba sxvadasxva xerxemlianis sasunTqi sistema da rasTanaa es 
dakavSirebuli?

7. energetikuli cvlis procesSi monawileobs 5 molekula glukoza. gansazRvre atf-is 
molekulebis  ricxvi: 1) glikolizis Semdeg; 2) aerobuli etapis Semdeg da 3) energeti-
kuli cvlis jamuri Sedegis gaTvaliswinebiT. dawere amocanis amonaxseni.

8. suraTebze warmodgenilia 2 eqsperimenti. TiToeul eqsperimentSi hermetulad daxSuli 
sami gamWvirvale plastmasis qila erTmaneTTan milebiT aris dakavSirebuli. 1 da me-3 
qilaSi kiriani wyali asxia. me-2 qilaSi Cades oTaxis mcenare. milSi ganuwyvetliv mied-
ineba haeris nakadi (mimarTuleba miniSnebulia isriT), romelic gaivlis kirian wyals. 
mcenaris moTavsebidan 30 wuTis Semdeg erT-erT qilaSi kiriani wyali aimRvra,

 
 

1) romel suraTze warmodgenili eqsperimentis dros aimRvreva kiriani wyali da romel 
qilaSi? axseni, ratom? 

2) romel suraTze warmodgenili eqsperimentis dros ar aimRvreva kiriani wyali arcerT 
qilaSi? axseni, ratom?

3) romel qilas akisria sakontrolo cdis funqcia da ratom? 

kiriani 

wyali

kiriani 

wyali1

1 2 3

kiriani 

wyali

kiriani 

wyali

1 2 3

2
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adamianis sasunTqi sistema

eqsperimentis Sedegebis analizi

gaecani suraTsa da teqstSi mocemul informacias da upasuxe TandarTul kiTxvebs

kvleva 1

jvaredini sisxlis mimoqcevis sistema aris ori organizmis sisxlZarRvebis qirurgiuli 
kavSiri, rac uzrunvelyofs maT saerTo sisxlis mimoqcevis sistemas. jvaredini sisxlis 
mimoqcevis sistemis meTodi gamoiyeneba donorsa da recipients Soris zogierTi saxis 
qirur giuli Carevis dros. 1890 wels l. frederikma pirvelma gamoiyena jvaredini sisxlis 
mimoqcevis sistemis meTodi ori cxovelis saZile arteriebis milebiT erTmaneTTan dakav-
SirebiT, rogorc es suraTzea naCvenebi. man narkoziT daZinebul or (A da B) ZaRls kiserze 
gadauWra saZile arteriebi (isini Tavis tvins sisxliT amarageben) da venebi. sisxl ZarRvebi 
SeaerTes milebiT jvaredinad. A cxovelis sxeulidan sisxli B-s Tavisken miemarTeboda, 
xolo B cxovelidan A-Si. 

eqsperimentis I varianti: A ZaRls dauxSves traqea da filtvebSi haeri veRar Cadioda. 

 • rogor Seicvleba sunTqva A cxovelSi? axseni Seni pasuxi. 
 • rogor Seicvleba sunTqva B cxovelSi? axseni Seni pasuxi. 

eqsperimentis II varianti: B ZaRli 5 wuTis ganmavlobaSi Jangbadis maRali Semcvelobis 
haeriT asunTqes.

 • ra daemarTeba mocemul SemTxvevaSi A cxovels? axseni, Seni pasuxi.
 • ra daemarTeba mocemul SemTxvevaSi B cxovels? axseni, Seni pasuxi.
 • ra kavSiria sisxlis mimoqcevisa da sunTqvis sistemebs Soris?
 • ra mizans isaxavda mecnieri am eqsperimentebis Catarebisas? 

kvleva 2

adamians, romelic imyofeboda zRvis doneze, gadauRes rentgenografia da gansazRvres 
misi RviZlisa da elenTis zomebi. ramdenime wuTis Semdeg es adamiani vertmfreniT aiyvanes 
mTaSi da ramdenime saaTis Semdeg kvlav gadauRes rentgenografia RviZlisa da elenTis 
zomebis dasadgenad.

 • rogor fiqrob, mTaSi asvlis Semdeg RviZlisa da elenTis zomebi rogor Seicvle-
boda? ratom?

 • rogor Seicvleba am adamianis sisxlis Sedgeniloba, Tu igi erTi kviris ganmavloba-
Si mTaSi darCeba? axseni, ratom?

 • am adamianSi aRwerili cvlilebebi rogor uwyobs xels homeostazis SenarCunebas?

A B
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adamians kargad ganviTarebuli sunT-
qvis sistema aqvs. igi Sedgeba sasunTqi 
gzebisa da filtvebisgan. sasunTqi siste-
mis TiToeuli organos agebuleba da fun-
qciebi warmodgenilia suraT 2.2.59-ze.

haeris Sedgeniloba da sunTqvaSi mo-
nawile airebis Semcveloba CasunTqul 
da amosunTqul haerSi warmodgenilia 
cxrilSi 2.2.11.

adamianis sasunTqi sistema

filtvis arteria _ marjvena parkuWidan venuri 
sisxli didi wneviT Seaqvs filtvSi.

kapilaruli qseli

filtvis vena _ 
arteriuli sisxli Caaqvs 
marcxena winagulSi.

alveolebi

bronqioli

cxviris Rru
struqtura: Zval-xrtilovani 
ZgidiT or naxevradaa 
gayofili; cxviris Rru 
amofenilia lorwovani garsiT, 
romelic mdidaria wamwamebiT, 
sisxlZarRvebiTa da lorwos 
gamomyofi ujredebiT. 
funqciebi: SesunTquli haeris 
gaTboba, datenianeba, gasufTaveba 
mtvrisa da mikrobebisgan, haeris 
cxvir-xaxisken gatareba.

xorxi
struqtura: ramdenime xrtilisagan 
Sedgeba; maT Sorisaa xorx-
sarqveli, farisebri xrti li; 
xorxis xrtilebs Soris 
moTavsebulia mbgeravi iogebi; 
xorxis kedeli lorwovani 
garsiTaa amofenili.
funqcia: haeris gatareba, 
amosunTquli ha eri arxevs mbgerav 
iogebs da warmoiqmneba bgerebi.

traqea
struqtura: 10-12 sm-is sigrZis naxevarrgolovani xr-
tilebisagan Seqmnili milia (misi ukana rbili kedeli 
emijneba saylapav mils); kedeli wamwamovani epiTeluri 
qsoviliTaa amofenili.
funqcia: uzrunvelyofs haeris Tavisu fal gatarebas, Ses-
unTquli haeris gasufTavebas mtvrisa da mikro bebisgan.

bronqi
struqtura: traqeas ganStoebaa, yovel filtvSi TiTo 
bronqi Sedis, kedeli Sedgeba rgolovani xrtilebisgan, 
Signidan amofenilia wamwamovani epiTeluri qsoviliT. 
funqcia _ uzrunvelyofs ha eris Tavisufal gatarebas, 
SesunTquli haeris gasufTavebas mtvrisa da mikrobebisgan. 

filtvi
struqtura: filtvis 
buStukebi (alveolebi) 
warmoqmnis filtvis masas. 
maTi saerTo zedapiri 
100m2-ze metia. alveolis 
kedlebi warmoqmnilia 
erTSriani epiTeliumiTa 
da elastikuri boWkoebiT 
(amitom filtvebs aqvs 
gaWimvis unari); buStukebs 
garss akravs mcire wris 
kapilaruli qseli. 
funqcia: airTa cvla 
alveolebis haersa da 
kapilarebis sisxls Soris.

bronqiolebi _ bronqebis Zalian wvrili ganStoeba, 
romelic Sedis filtvis alveolebSi.

sur. 2.2.59.

alveolis 
kedeli

haeris 
moZraoba 
alveolSi

arteriuli 
sisxli

venuri sisxli

eriTrociti

kapilaris 
kedeli

mcire wris kapilari

haeri

O2

CO2
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sunTqva aris fiziologiuri procese-
bis erToblioba, romelic ramdenime 

etaps moicavs (ix. cxr.2.2.12). 

  cxrili 2.2.11            haeris Sedgeniloba

haeris komponenti 
airi

CasunTquli haeris Semadgenloba 
(%)

amosunTquli haeris Semadgenlo-
ba (%)

Jangbadi 21 16

naxSirorJangi 0,03-0,04 4

azoti 78 78

inertuli airebi daaxloebiT 1 daaxloebiT 1

wylis orTqli umniSvnelo ufro meti

  cxrili 2.2.12         sunTqvis procesi

sunTqvis etapebi
struqturebi, rome-
lic uzrunvelyofs 

sunTqvis process
meqanizmi

garegani 
sunTqva

filtvebis 
ventilacia

sasunTqi gzebi da 
filtvebi, neknTaSua 
sasunTqi kunTebi, 
diafragma

neknTaSua sasunTqi kunTebisa da diafragmis 
SekumSvis Sedegad gulmkerdis Rru farTo-
vdeba, filtvebi iWimeba, masSi wneva ecema da 
xdeba CasunTqva; neknTaSua sasunTqi kunTebi-
sa da diafragmis modunebis Sedegad gul-
mkerdis Rru viwrovdeba, filtvebi ikumSeba, 
masSi haeris wneva izrdeba da xdeba amosunTq-
va (sur. 2.2.60 da 2.2.61)

airTa cvla 
filtvebSi

filtvis alveolebi 
da sisxlis mimoq-
cevis mcire wris 
kapilarebSi moZravi 
sisxli

alveolis kedlebSi arsebul mcire wris 
kapilarebis venur sisxlSi CO2-is koncentra-
cia ufro maRalia, xolo O2-is koncentracia 
_ dabali, vidre alveolebis haerSi. amitom 
sisxlidan alveolebis haerSi difuziiT 
gadadis CO2, xolo haeridan sisxlSi _ O2; am-
rigad, filtvebSi venuri sisxli gardaiqmneba 
arteriul sisxlad. 

airebis transporti sisxlis komponentebi

filtvis kapilarebis sisxlSi eriTrocitebSi 
hemoglobini ierTebs O2-s da warmoiqmneba 
aramdgradi naerTi _ oqsihemoglobini; CO2-
is transportireba ki xdeba rogorc hemo-
globiniT, ise plazmis marilebis saxiT.

Sinagani 
sunTqva 

airTa cvla 
qsovilebSi

sisxlis mimoqcevis 
didi wris kapilareb-
Si moZravi sisxli da 
sxeulis ujredebi 

qsovilebSi yovelTvis naklebia O2-is 
koncent racia, vidre didi wris kapilarebSi 
gamaval arteriul sisxlSi; amitom advilad 
iSleba oqsihemoglobini da difuziiT Jangba-
di sisxlidan gadadis qsovilur siTxeSi, iqi-
dan ki _ ujredebSi. Sesabamisad, qsovi lebSi 
maRalia CO2-is koncentracia, vidre sisxlSi; 
amitom CO2 difuziiT qsovilebidan gadadis 
sisxlSi da igi venur sisxlad gardaiqmneba.

ujreduli 
sunTqva

sxeulis ujredebi da 
ujredis struqture-
bi _ mitoqondriebi

Jangbadi erTveba mitoqondriebSi mimdinare 
ujreduli sunTqvis Jangbadian _ aerobul 
etapSi, romlis drosac organuli nivTiere-
ba naxSirorJangad da wylad iSleba, romlis 
drosac energia gamoTavisufldeba
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sunTqviTi moZraobis regulacia. sun-
Tqvis sixSire da siRrme damokidebulia 
organizmis mdgomareobasa da garegan pi-
robebze. CasunTqva-amosunTqvis sixSire 
da siRrme regulirdeba mogrZo tvinSi 
moTavsebuli sunTqvis centridan (sur. 
2.2.62). magaliTad, fizikuri datvirTvis 
dros sunTqvis sixSire da siRrme izrde-
ba. aseve, sunTqvis sixSiresa da siRrmeze 
moqmedebs sisxlSi Jangbadisa da naxSi-
rorJangis koncentracia, romelic aRiq-
meba saZile arteriebisa da aortis ked-

struqtura, romelic monawileobs sunTqviT moZraobebSi

filtvi

neknebi

neknTaSua 
sasunTqi 
kunTebi

diafragma
kedlis 
amyoli 
plevra

filtvi

hermetuli,
uhaero da
notio
plevris Rru

filtvis
plevra

sur. 2.2.60.

CasunTqva amosunTqva

gulmkerdis Rru gafarToe-
bulia, filtvebis moculoba 

gazrdilia da masSi haeris 
wneva Semcirebulia

neknTaSua kunTebi 
SekumSulia da neknebi ze-

moTaa aweuli

diafragma SekumSulia
da Sebrtyelebuli

gulmkerdis Rru 
Seviwroebulia, 

filtvebis moculoba 
Semcirebulia da 

masSi wneva gazrdilia

neknTaSua kunTebi mo-
dunebulia da neknebi 

qvemoTaa daweuli

diafragma
modunebulia da 

amozneqili

sur. 2.2.61.

lebSi arsebuli qemoreceptorebiT. 
sunTqva dabali atmosferuli wnevis 

pirobebSi. mosaxleobis didi nawili cxo-
vrobs zRvis donidan iseT simaRleze, 
sadac atmosferoSi Jangbadis done nor-
maluria. rodesac es adamianebi Zalian 
swrafad adian did simaRleze (mag., 4000-
6000 m simaRleze, sadac atmosferouli 
wneva dabalia), ujredebTan Jangbadis 
transporti mkveTrad ecema. Sedegad, 
maTSi viTardeba hipoqsia _ Jangbadis uj-
reduli deficiti. amis sapasuxod adamia-
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nebi Cveulebrivze ufro Cqara da Rrmad 
sunTqaven _ filtvebSi mimdinareobs hi-
perventilacia. viTardeba e.w. mTis anu 
simaRlis daavadeba, romlisTvisac dama-
xasiaTebeli simptomebia qoSini, pulsis 
gaxSireba, Tavbruxveva, Rebineba. Tu ada-
miani atarebs niRabs SeerTebuls balon-
Tan, romelSic Jangbadis maRali Semcve-
lobis airTa narevia, mTis daavadeba ar 
ganviTardeba 11000-12000 m simaRlezec 
ki. adamianebs, romlebic maRal mTian 
adgi lebSi cxovroben, filtvebSi al-
veolebisa da sisxlis kapilarebis didi 
raodenoba aqvs. barSi mcxovrebi adamia-
nebis mTaSi aklimatizaciisas Zlierdeba 
sisxlwarmoqmnis procesi da sisxlSi izr-
deba eriTrocitebis ricxvi, sisxlis de-
poebidan sisxlis saerTo cirkulaciaSi 
sisxlis gadasvla, filtvebis ventilacia.  

sunTqva maRali atmosferuli wnevis 
pirobebSi. zogierTi profesiis adamians 
muSaoba uxdeba maRali wnevis pirobebSi, 
magaliTad, myvinTavebs. maRali wnevis pi-
robebSi airebis xsnadoba sisxlSi izrde-
ba, maT Soris, azotis. rodesac myvinTavi 
didi siRrmidan Zalian swrafad amodis, 
airebi ver aswreben organizmidan gamoyo-
fas, radgan dabal atmosferul wnevaze 
maTi xsnadoba sisxlSi mcirdeba. amitom 
sisxlZarRvTa sanaTurebSi Cndebian ai-
rebis, ZiriTadad, azotis buStukebi da 
axSoben maT. am adamianSi viTardeba ke-
sonis daavadeba (kesoni aris wylis siR-
rmeebSi samuSao specialuri mowyobilo-
ba), romlis damaxasiaTebeli simptomebia 
sax srebis tkivili, Tavbruxveva, Rebineba, 
cnobierebis dakargva. 

sunTqviTi moZraobis regulacia

stimuli

sisxlSi izrdeba CO2-is koncentracia 
da mJavianoba

sunTqvis sixSirisa da siRrmis cvlileba

diafragma da 
neknTaSua kunTebi

sunTqvis centri 
mogrZo tvinSi

pasuxi
saZile arteriebisa da 
aortis kedelSi arsebuli 
qemoreceptorebi

CO2-is koncentracia 
da mJavianoba mcirdeba 
sisxlSi

sur. 2.2.62.
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9. CamoTvale sasunTqi sistemis ZiriTadi nawilebi da funqciebi.
10.  gaaanalize suraTze mocemuli informacia da upasuxe kiTxvebs: 1) romeli suraTi 

asaxavs airTa cvlas filtvebSi da romeli _ qsovilebSi? 2) amoicani, wertilebis na-
cvlad ra sityvebi unda eweros? 3) ra ganapirobebs airebis cvlas TiToeul SemTxvevaSi? 
4) rogoor Seesabameba alveolebisa da sisxlis kapilarebis struqtura maT funqciebs? 
5) rogor SeiZleba alveolebis dazianebam imoqmedos sisxlSi Jangbadis doneze?

11.  rogor uwyobs xels sunTqvisa da sisxlis mimoqcevis sistemebi organizmSi homeostazis 
SenarCunebas?

12. romelia aqtiuri procesi _ CasunTqva Tu amosunTqva? axseni Seni pasuxi. 
13. respiratorulma daavadebebma rogor SeiZleba Seamciron sisxlSi O2-is done?
14. rodesac policia tbaSi an mdinareSi aRmoaCens cxedars, unda daadginos, adamiani daixr-

Co, Tu igi mokles da Semdeg Caagdes wyalSi. rogor daexmareba gamoZiebas cxedris 
filtvebis gamokvleva? 

15. ra pirobebSi viTardeba mTis anu simaRlis daavadeba da ratom?
16. raSi gamoixateba aklimatazicia mTaSi cxovrebasTan?
17. ra pirobebSi viTardeba kesonis daavadeba da ratom?
18. axalSobilis pirveli CasunTqvisTvis aucilebelia, rom embrionuli sunTqva Sewydes 

uecrad Wiplaris swrafi gadaWriT. winaaRmdeg SemTxvevaSi axalSobili iRupeba. axseni, 
ratom?

19. sportsmenSi startis win axSirebs da aRrmavebs sunTqvas. 1) axseni am faqtis mniSvneloba 
sportsmenisTvis; 2) es sunTqvis regulaciis upirobo refleqsis magaliTia, Tu pirobi-
Tis? axseni Seni pasuxi.

. . .  wris kapilari . . .  wris kapilari

a b
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kvlevis monacemebis analizi

luninis eqsperimenti 

rusma pediatrma nikoloz luninma 1880 wels Caatara eqsperimentebi TeTr Tagvebze. 
man specialurad SerCeuli janmrTeli Tagvebi sam jgufad dayo. pirveli jgufis Tagvebs 
kvebavda sakvebi nareviT, romelic Seicavda bunebrivi rZisgan gamoyofil cximebs, cilebsa 
da naxSirwylebs; meore jgufis Tagvebs kvebavda zustad igive sakvebi nareviT, magram mas 
damatebuli hqonda sxvadasxva mineralebi; xolo mesame jgufs kvebavda bunebrivi rZiT. 
esqsperimentis Sedegebi aseTi iyo: pirveli da meore jgufis Tagvebi daiRupnen,

• rogor fiqrob, ra daskvnebs gaakeTebda lunini eqsperimentebis analizis safuZ-
velze?

• Seni azriT, ra nivTierebas Seicavda bunebrivi rZe, romelsac ar Seicavda sakvebis is 
narevebi, romlebiTac pirveli da meore jgufis Tagvebs kvebavdnen?

eikmanisa da funkis eqsperimentebi

1896 wels holandielma eqimma kristian eikmanma, romelic msaxurobda indoneziaSi, 
aRmoaCina, rom aRmosavleTis qveynebis macxovreblebs awuxebda saSineli daavadeba. am 
daavadebisTvis Semdegi simptomebi iyo damaxasiTebeli: nervuli sistemis moqmedebis dar-
Rveva, kunTebis krunCxva, dambla. eikmanma, qaTmebze Catarebuli eqsperimentebiT axsna am 
daavadebis saidumlo. igi qaTmebis erT jgufs kvebavda CenCogaclili brinjiT, xolo meo-
re jgufs _ brinjis qatoTi. man aRmoaCina, rom brinjis qato Seicavs raRac nivTierebas, 
romelic xels uSlis am daavadebis ganviTarebas da kurnavs avadmyofebs.

1911 wels polonelma bioqimikosma kazimir funkma gaimeora eikmanis eqsperimenti mtre-
debze da igive Sedegi miiRo. Semdeg manve moaxerxa brinjis qatosgan nivTierebis gamoyofa, 
romelic kurnavda mtredebs daavadebisgan. 1912 wels funkma am nivTierebas uwoda saxeli, 
romlis erTi nawili qarTulad sicocxles niSnavs.  

• ra daavadeba aris aRwerili eikmanis eqsperimentSi?

• rogor fiqrob, ra nivTiereba gamoyo funkma brinjis qatosgan da ra uwoda am niv-
Tierebas?

zemoT aRwerili eqsperimentebis gaanalizebisa da wina wlebSi miRebuli gamocdilebis sa-
fuZelze upasuxe kiTxvebs:

• ra aris kveba?

• kvebis mixedviT, organizmebi ra or did jgufad iyofa? ra arsebiTi gansxvavebaa maT 
Soris?

• ra sakveb nivTierebebs unda Seicavdes sakvebi?

• ra or mniSvnelovan rols asrulebs sakvebi organizmSi?

• mokled aRwere TiToeuli sakvebi nivTierebis biologiuri mniSvneloba.

2.2.8.2. კვება

kveba aris bioqimiuri da fiziolo-
giuri procesebis erToblioba, romlis 
saSualebiTac organizmi iRebs sicocx-
lisaTvis aucilebel sakveb nivTierebebs 
_ naxSirwylebs, cilebs, cximebs, vitami-
nebs, mineralur marilebsa da wyals. es 
nivTierebebi erTveba ujredul metabo-
lizmSi, romelic ujreds uzrunvelyofs 
saSeni masaliTa (plastikuri cvla) da 
energiiT (energetikuli cvla). rogorc 
ukve ici, kvebis xasiaTis mixedviT orga-

nizmebi or jgufad iyofa _ avtotrofe-
bad da heterotrofebad. avtotrofebi 
araorganulidan organuli nivTierebe-
bis sinTezisTis saWiro energiis mopove-
bis, aseve, heterotrofi organizmebi mza 
organuli nivTierebebis miRebis gzebis 
mixedviT kidev gansxvavdebian (ix. me-12-s 
pirveli nawili, cxr.1.2.). 

avtotrofi organizmebi TviTon war-
moqmnian araorganulidan organul niv-
Tierebebs, romlebsac iyeneben rogorc 
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saSen masalad, ise energiis wyarod. mcena-
reebi vegetatiur organoebSi igroveben 
organul nivTierebebs, maT uredebSi 
aris fermentebi, romlebic saWiroebis 
SemTxvevaSi rTul organul nivTierebebs 
gardaqmnian martiv organul nivTiere-
bebad, magaliTad saxamebels glukozad, 
romelic CaerTveba energetikul cvlaSi. 

yvela cxoveluri organizmi aris he-
terotrofi, anu garemodan STanTqavs 
mza organul nivTierebebs. sakvebi pro-
duqtebidan organizmi sakvebi nivTiere-
bebis did nawils winaswari gadamuSavebis 
gareSe ver SeiTvisebs. organizmi ucvle-
li saxiT SeiTvisebs wyals, mineralur 
marilebsa da vitaminebs. gadamuSaveba 
gamoixateba sakvebis rogorc meqanikur 
daqucmacebaSi, ise qimiur gardaqmnaSi 
_ sakvebi nivTierebebis (cilebis, nax-
Sirwylebis, cximebis) daSla ufro martiv 

nivTierebebad, romlebic organizmisTvis 
advilad SesaTvisebelia. sakvebis meqani-
kur da qimiur gadamuSavebas saWmlis mo-
neleba ewodeba.  

 cxovelebs ganuviTarda saWmlis mom-
nelebeli sistema. saWmlis momnelebeli 
sistema warmoadgens sxeulis Rrus an 
mils, romelSic mimdinareobs saWmlis 
moneleba, monelebuli sakvebi nivTie-
rebebis Sewova da mounelebeli sakvebis 
narCenebis gareT gamoyofa. amrigad, saWm-
lis momnelebeli sistema, sxva organoTa 
sistemebTan erTad, mniSvnelovan rols 
asrulebs homeostazis SenarCunebaSi.

zogierT uxerxemlo cxovels axasia-
Tebs arasrulyofili saWmlis momnelebe-
li sistema. aseT cxovelebSi sakvebi gare-
modan xvdeba piris xvreliT nawlavSi da 
pirisxvreliTve gamoiyofa garemoSi sak-
vebis mounelebeli narCenebi (sur. 2.2.63).

rgolovani Wia (Wiayela)

anusi

piri

nawlavi

kuWi

saylapavi

brtyeli Wia 

(planaria)

nawlavis 
wina toti

nawlavis 
ukana toti
saylapavi
piris 
xvreli

piris xvreli

nawlavis Rru

nawlavRruiani 

(hidra)

monelebli sakvebi 
Tanabrad nawildeba 
nawlavis RruSi 
da xelmisawvdomia 
yvela ujredisTvis.

saWmlis momnelebeli sistemis evolucia

nawlavidan monelebuli 
sakvebi gadadis sisxlSi, 
romlis saSualebiT 
transportirdeba 
ujredebSi.

nawlavidan 
monelebuli sakvebi 
gadadis parenqimaSi, 
saidanac gadaecema 
ujredebs.

frinveli (beRura)

jirkvlovani kuWi

kunTovani kuWi

nawlavi

kloaka

CiCaxvi

pirisaylapavi

swori nawlavi ukana 
xvreliT ixsneba kloakaSi.

piris Rru

amfibia (bayayi)

naRvlis buSti

wvrili nawlavi

kuWi

pankreasi

swori nawlavi
kloaka

saylapavi

RviZli

swori nawlavi ukana 
xvreliT ixsneba 
kloakaSi.

sur. 2.2.63.

1. gaaanalize suraT 2.2.63-ze mocemuli informacia da upasuxe kiTxvebs: 1) ra msgavse-
ba-gansxvavebaa nawlavRruianebisa da brtyeli Wiebis saWmlis momnelebel sistemas So-
ris? 2) ra gansxvavebaa brtyeli Wiebisa da rgolovani Wiebis saWmlis momnelebel siste-
mas Soris? 3) evoluciis procesSi ra cvlilebebi ganuviTardaT frinvelebs da ratom?

CiCaxvi
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piri

kbili

ena

sanerwyve 
jirkvlebi

saylapavi mili

RviZli

kuWi

naRvlis 
buSti

pankreasi

msxvili 
nawlavi

wvrili 
nawlavi

Wia naWlavi 
(apendiqsi) swori nawlavi

anusi

uxerxemloebis umravlesobas da yvela 
xerxemlians aqvs srulyofili saWmlis 
momnelebeli sistema: igi Sedgeba saWm-
lis momnelebeli arxisa da msxvili saWm-
lis momnelebeli jirkvlebisgan. saWmlis 
momnelebeli arxi iwyeba piris xvreliT 
da mTavrdeba analuri xvreliT. saWmlis 
momnelebeli arxi dayofilia sxvadasxva 
ganyofilebad da TiToeuli ganyofile-
ba saWmlis monelebis specifikur funq-
cias asrulebs. cxovelebis organizmSi 
saWmlis moneleba mimdinareobs rogorc 
saWmlis momnelebel arxSi _ ujredgare 
moneleba, ise lizosomebSi _ ujredSida 
moneleba.

saWmlis momnelebeli sistemis ZiriTa-
di funqciebia: meqanikuri _ sakvebis meqa-

nikuri daqucmaceba, Sereva saWmlis mom-
nelebel wvenebTan, gadaadgileba saWmlis 
momnelbeli arxis Semdeg ganyofilebaSi; 
sekretoruli _ saWmlis momnelebeli 
jirkvlebis mier saWmlis momnelebeli 
fermentebis sinTezi da gamoyofa saWmlis 
momnelebel arxSi; qimiuri _ fermentis 
moqmedebiT sakvebi nivTierebebis qimiuri 
gadamuSaveba (rTuli naxSirwylebi, mag., 
saxamebeli, iSleba glukozad, cilebi _ 
aminomJavebad, cximebi _ cximovan mJave-
bad da glicerinad); Semwovi funqcia uz-
runvelyofs monelebuli sakvebi nivTie-
rebebis nawlavis kedlebis mier Sewovasa 
da satransporto sistemaSi moxvedras; 
eqskretoruli _ mounelebeli sakvebis 
narCenebis gamoyofa (defekacia).

adamianis saWmlis momnelebe-
li arxi calkeuli ganyofilebe-
bisgan Sedgeba: piris Rru, sayla-
pavi, kuWi, wvrili da msxvili 
nawlavi, romelic swori nawla-
viTa da anusiT mTavrdeba (sur. 
2.2.64). TiToeuli ganyofilebis 
funqciebi ixile cxrilSi (cxr. 
2.2.13). saWm lis momnelebeli ar-
xis kedeli samSriania da Sedgeba 
SemaerTebelqsovilovani, glu-
vkunTovani da lorwovani gar-
sebisgan. lorwovan garss qmnis 
jirkvlovani epiTeliumi, rome-
lic Seicavs saWmlis momnelebel 
wvril jirkvlebs. arxis kedle-
bis gluvi kunTebis SekumSva uz-
runvelyofs sakvebis meqanikur 
daqucmacebas, sakvebis saWmlis 
momnelebel wvenebTan Serevasa 
da gadaadgilebas saWmlis momne-
lebel arxSi. 

saWmlis momnelebel organoTa 
sistemaSi Sedis msxvili jirkvle-
bic: sami wyvili msxvili sanerwy-
ve jirkvali, RviZli da pankreasi. 
am jirkvlebis sadinrebi saWmlis 
momnelebel arxSi ixsneba.

adamianis saWmlis momnelebeli sistema

sur. 2.2.64.
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  cxrili 2.2.13               saWmlis momnelebeli sistemis sxvadasxva ganyofilebis funqciebi

saWmlis momne-
lebeli arxis 
ganyofileba

saWmlis momnele-
beli wveni da misi 

Sedgeniloba
pH TiToeuli ganyofilebis funqcia

piris Rru nerwyvi, Sedge-
niloba – wyali, 
lorwo, mucini, 
fermentebi _ 
lizocimi, amilaza

7,5 kbilebiT sakvebis meqanikuri daqucmaceba, mucini 
awebebs sakvebis namcecebs da monawi leobs lukmis 
formirebaSi, lorwo aadvilebs sakvebis gadaad-
gilebas saWmlis momnelebel arxSi; lizocims 
aqvs antibaqteriuli moqmedeba, amilaziT iwyeba 
naxSirwylebis moneleba.

kuWi kuWis wveni, Sed-
geniloba _ wyali, 
lorwo, marilmJa-
va, fermentebi _ 
pepsini, lipaza

2,0 kuWis gluvi kunTebis SekumSviT sakvebis daquc-
maceba, pepsiniT iwyeba cilebis moneleba, lipaza 
Slis rZis cxims, marilmJava aaqtiurebs kuWis wve-
nis fermentebs da aqvs antimikrobuli moqmedeba; 
lorwoTi amofenilia kuWis kedeli, mas aqvs tute 
reaqcia da icavs kuWis kedels pepsinis zemoqme-
debisgan.

wvrili naw-
lavis pireli 
ganyofileba _ 
Tormetgoja 
nawlavi

RviZlSi gamo-
muSavebuli naRv-
lis wveni, pank-
reasis wveni da 
misi fermentebi _ 
amilaza, lipaza, 
tripsini

7,5 grZeldeba naxSirwylebisa da cilebis moneleba, 
ZiriTadad, aq iwyeba cximebis moneleba; naRveli 
cximebs Slis meqanikur patara wveTebad, qmnis 
tute garemos, rac aaqtiurebs pankreasis fermen-
tebs, aqvs antibaqteriuli moqmedeba, xels uwyobs 
cximovani mJavebis Sewovas wvril nawlav Si.

wvrili  
nawlavi

wvrili nawlavis 
wveni, fermentebi 
_ amilaza, mal-
taza, laqtaza, 
lipaza, erepsini 

8,5 mTavrdeba sakvebi nivTierebebis moneleba:
naxSirwylebi iSleba glukozamde, cilebi _
aminomJavebamde, cximebi ki glicerinad da cximo-
van mJavebamde; monelebuli sakvebi nivTierebebi 
Seiwoveba wvrili nawlavis kedlebis mier; wvrili 
nawlavis kedeli Signidan amofenilia sisxlisa da 
limfuri kapilarebiT mdidari mravalricxovani 
xaoebiT, romelic zrdis Semwovi zedapiris far-
Tobs; wyalSi xsnadi sakvebi nivTierebebi xaoebi-
dan sisxlis kapilarebSi gadadis, xolo cximovani 
mJavisa da glicerinisgan xaoebis epiTelur uj-
redebSi warmoiqmneba adamianisTvis damaxasiTebe-
li cxi mebi da igi gadadis limfur kapilarebSi.

msxvili  
nawlavi

msxvili nawlavis 
epiTeluri ujre-
debi gamoyofen 
lorwos; aq sax-
loben simbiozi 
baqteriebi

xdeba wylisa da eleqtrolitebis ZiriTadi masis 
Sewova; simbioti baqteriebi asinTezireben zo-
gierT aminomJavasa da vitamins (mag. K vitamins); 
xdeba mounelebeli narCenebis gamosayof masebad 
Camoyalibeba da defekacia.

2. axseni, ratom aris naxSirwylebis miReba mniSvnelovani ujreduli metabolizmis nor-
maluri warmarTvisTvis?

3. ratom gauWirdebaT vegeterianelebs kvebis racionidan aucilebeli yvela aminomJavis 
miReba?

4. ra ZiriTadi funqciebi aqvs saWmlis momnelebel sistemas?
5. ra moxdeboda, Tu saWmlis momnelebeli arxis sxvadasxva ganyofileba erTmaneTisgan 

specialuri sfinqterebiT ar iqneboda gamoyofili?
6. gaecani cxril 2.2.13-Si mocemul informacias da aRwere saWmlis momnelebeli sistemis 

TiToeuli ganyofilebis funqciebi.
7. ra icavs kuWis kedlebs pepsinis zemoqmedebisgan?
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saWmlis momnelebeli sistemis moqmedebis regulacia

kvlevis analizi

gaaanalize suraTze mocemuli eqsperimentebi da upasuxe kiTxvebs

• aRwere TiToeuli eqwsperimenti da misi Sedegi;

• Seni codnis safuZvelze axseni, ramdenad marTebulad migaCnia eqsperimentebis 
Sedegebis mixedviT mecnierebis mier gamotanili daskvnebi;

• TagvebSi leptinis Seyvana ratom iwvevda maTSi wonis mniSvnelovan klebas? 

• rogor fiqrob, leptini romel centrze moqmedebs da cns-is romel nawilSia es 
centri ganTavsebuli?

ob geni

cilovani 
produqti 
(leptini)

a. 1950 weli. jeqsonis laboratoriis mkvlevarebma SeamCnies, 
rom maTi erT-erTi laboratoriuli Tagvi Zalian msuqani 
iyo da ukontrolo mada hqonda. am mutanti individis 
normalur TagvTan Sejvarebis Sedegad maT miiRes msuqani 
Tagvebis Stami.

g. 1994 wlis bolos rokfeleris universitetidan jefri 
fridmanma aRmoaCina genis mutaciuri forma, romelsac dRes 
msuqani Tagvis ob gens uwodeben. dnm-is replikaciisa da 
genebis seqvenirebis meTodebis gamoyenebiT man gansazRvra 
cila, romelsac akodirebs mutaciuri geni. cila, ro-
melsac dRes leptins uwodeben, aris hormoni, romelic 
gavlenas axdens Tavis tvinze _ iwvevs madis daqveiTebasa 
da metabolizmis siCqaris gazrdas. aRmoCnda, rom mutant 
TagvSi leptini ar warmoiqmneboda.

d. 1994 wels mecnierTa samma sxvadasxva jgufma gamoiyvana 
genmodificirebuli baqteriebis Stami, romelic gamoiyena 
leptinis warmoebisTvis. leptinis inieqciebs ukeTebdnen 
msuqan Tagvebs, rac maTSi iwvevda wonis mniSvnelovan klebas 
gverdiTi efeqtebis gareSe.

b. 1960-iani wlebis bolo. jeqsonis laboratoriaSi duglas 
koulmanma qirurgiuli gziT msuqani da normaluri Tagvebis 
sisxlZarRvebi SeaerTa. amis Semdeg msuqanma Tagvma wonaSi 
daiklo. koulmanma ivarauda, rom raRac faqtorma, romelic 
sisxlSi cirkulirebda, SeiZleba gavlena moaxdina msuqani 
Tagvis madaze, magram man ver SeZlo am nivTierebis gamoyofa.
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kuWis wvenis gamoyofis regulacia xde-
ba rogorc refleqsurad (upirobo da 
pirobiT refleqsurad), ise humoruli 
regulaciiT. kuWis wvenis gamoyofa sam 
fazad xdeba. I faza iwyeba maSin, rodesac 
piris Rrus receptorebi Riziandeba sak-
vebiT, e.i. jer kidev iqamde, sanam sakvebi 
kuWSi moxvdeba, II faza ki _ kuWSi sakvebis 
moxvedris Semdeg. kuWis wvenis gamoyofa 
refleqsurad 2 saaTi grZeldeba, Semdeg 
ki iwyeba III faza _ kuWis wvenis gamoyo-
fa humoruli regulaciiT. refleqsurad 
gamoyofili kuWis wvenis zemoqmedebiT 
moineleba kuWSi Casuli sakvebis nawili, 
monelebuli sakvebis mcire nawili Seiwo-
veba kuWis kedlebis mier. kuWis specia-
lur qsovilSi, am nivTierebis gavleniT 
gamoiyofa kuWis hormoni _ gastrini, igi 
sisxliT miitaneba kuWis jirkvleebSi, sa-
pasuxod gamoiyofa kuWis wveni. amitom 
sanam sakvebi aris kuWSi, kuWis wveni ga-
mudmebiT gamoiyofa, 

magram, saWmlis momnelebeli wvene-
bis gamoyofis regulaciis garda, Zalian 
mniSvnelovania sakvebis miRebaze moTxov-

saWmlis momnelebeli sistemis moqme-
debis regulacias didi mniSvneloba aqvs 
organizmSi Sinagani garemos homeostazis 
SenarCunebisTvis. magaliTad, mniSvne lo-
vania saWmlis momnelebeli wvenebis gamo-
yofis regulacia. 

nerwyvis gamoyofis regulacia. sanerwy-
ve jirkvlebidan nerwyvi gamoiyofa mxo-
lod refleq surad _ rogorc upirobo 

(rodesac sakvebi aRizianebs piris Rrus 
receptorebs, sur. 2.2.65-is 1), ise piro-
biT refleqsurad (nerwyvi gamoiyofa sak-
vebis danaxvaze, sunze, WurWlis xmaze da 
sxv. sur. 2.2.65-is 2). sanerwyve jirkvle-
bis moqmedebas aregulirebs tvinis Rero-
Si, kerZod, mogrZo tvinSi moTavsebuli 
kvebis centri.

nilebis/madis regulacia. rogorc ici, 
SimSilis centri moTavsebulia Suamdeba-
re tvinSi, kerZod, hipoTalamusSi. masSi 
agzneba-Sekavebis warmoqmna regulirdeba 
rogorc kuWis kedlebSi arsebuli meqano-
reptorebidan wamosuli nervuli impul-
sebiT, ise sxvadasxva hormoniT. rogorc 
dietologebi amboben, SeuZlebelia saku-
Tari wonis regulacia, Tu ar ici, rom 
SimSilis centrs aregulirebs simaZRris 
hormoni leptini da SimSilis hormoni 
grelini, rom Warbi insulini xels uwyobs 
cximis dagrovebas (sur. 2.2.66), xolo 
stresis mdgomareobaSi hormoni kor-
tizoli  zrdis tkbili sakvebis miRebis 
moTxovnilebas. 

leptins gamoimuSavebs cximovani qso-
vili. sisxlSi leptinis maRali done 
SimSilis centrSi iwvevs Sekavebis war-
moqmnas da mcirdeba mada, aseve, Zlier-
deba ujredebSi metabolizmi. hormoni 
grelini SimSilis centrs aagznebs. gre-
lini aqtiurad gamomuSavdeba kuWSi, ro-
desac igi carielia. dRis ganmavlobaSi 
rac ufro didi Sualedia sakebis miRebis 

sur. 2.2.65.

1 2
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 periodebs Soris, miT ufro intensiurad 
gamomuSavdeba grelini da Zlieria Sim-
Silis grZnoba. sakvebis didi porciebiT 
miReba  zrdis kuWis moculobas da miT 

ufro met grelins gamoimuSavebs orga-
nizmi. misi koncentracia sisxlSi izrdeba 
asakis matebasTan erTad, ramac SeiZleba 
Warbwonianoba gamoiwvios.  

8. axseni gansxvaveba monelebasa da Sewovas Soris. ra rols TamaSobs TiToeuli procesi 
homeostazis SenarCunebaSi?

9. ra meqanizmebiT xdeba saWmlis momnelebeli wvenebis gamoyofis regulacia?
10. ratom ar regulirdeba nerwyvis gamoyofa humoraluri regulaciiT?
11. Seqmeni nerwyvis upirobo refleqsurad gamoyofis sqema. 
12. Seqmeni nerwyvis pirobiT refleqsurad gamoyofis sqema. 
13. ra kavSiria saWmlis momnelebel da sisxlis mimoqcevis sistemebs Soris?
14. sisxlSi Warbi insulini ratom uwyobs xels cximis dagrovebas?
15. rodesac adamiani icavs dabalkaloriul dietas, organizmi SecdomiT aRiqvams mas kvebis 

naklebobad da cximovani ujredebi aneleben leptinis warmoebas. 1) axseni, ratom? 2) 
rogor imoqmedebs es grelinis warmoqmnis intensivobaze? 

16. harvardis universitetis kvlevebma 268 medicinis muSakebis monawileobiT aCvena, rom 
adamianebSi, romlebic regularulad varjiSoben, mgrZnobiaroba leptinis mimarT ufro 
maRalia, vidre pasiuri cxovrebis wesis mimdevrebSi. axseni, ratom?

17. dietologebi gvirCeven, rom gadavideT danawilebul kvebaze, sasurvelia yovel 2-3 
saaTSi erTxel da sakvebis mcire porciebiT kveba. axseni, ratom?

18. rom gansazRvro, rogor moqmedebs sakebis Sedgeniloba da genotipuri ganwyoba orga-
nizmis janmrTelobaze, gamoiyene simulacia _ ra gavlenas axdens sakvebi udabnos 
virTagvas janmrTelobaze _ https://concord.org/sepa/modeling-diabetes-risk/

leptini
grelini

insulini

cximovani qsovili pankreasi kuWi

sur. 2.2.66.
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sakvebi produqtebis etiketebze mocemuli informaciis damuSaveba.

procedura:

SearCie 10-mde sxvadasxva sakvebi produqti da Seiswavle maT etiketebze mocemuli in-
formacia da samuSao rveulSi TiToeuli sakvebi produqtis etiketis mixedviT Camowere 
Semdegi:

• produqtis mwarmoebeli qveyana; 

• genmodificirebulia Tu ara;

• energetikuli Rirebuleba;

• sakvebi nivTierebebis (naxSirwylebis, cximebis, cilebis) Semcveloba; (gansazRvre 
ZiriTadi sakvebi nivTiereba);

• gamoyenebuli sakvebi danamatebi Tavisi kodebiT (Cawere sakvebi danamatis kodi 
saitze _ https://www.yell.ge/info/emulgators.php _ da daadgine, sakveb produqtSi ga-
moyenebuli sakvebi danamati adamianis janmrTelobisTvis usafrTxoa, saeWvoa Tu 
akrZaluli);

• Senaxvis pirobebi;

• gamoyenebis vadebi.

upasuxe kiTxvebs:

• ra biologiuri mniSvneloba aqvs kvebas organizmisTvis?

• kvebis ra tipebi axasiaTebs sxvadasxva organizms?

• ra aris saWmlis moneleba?

• aRwere, ra cvlilebebi ganicada saWmlis momnelebelma sistemam cxovelTa evolu-
ciis porocesSi?

• ras niSnavs dabalansebuli kveba?

• ramdenad uzrunvelyofs dRis ganmavlobaSi erTi romelime produqtis gamoyeneba 
dabalansebul kvebas? axseni Seni pasuxi.

• ratom gamoiyeneba sakvebi produqtebis warmoebisas sakvebi danamatebi?

• ratom gaurbis zogierTi adamiani iseTi produqtebiT sargeblobas, romelic sakveb 
danamatebs Seicavs?

• ratom gaurbis zogierTi adamiani iseTi produqtebiT sargeblobas, romelic gen-
modificirebuli organizmebidan aris warmoebuli?

• ratomaa mniSvnelovani etiketze yuradRebis gamaxvileba produqtis Senaxvis 
pirobebsa da vadaze?

• ra saxis kvebiT darRvevebs iwvevs aradabalansebuli kveba?

• daasaxele kvebiTi daavadebebis magaliTebi da maTi prevenciis gzebi. 

praqtikuli samuSao
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nilsen-Smidtis eqsperimentis analizi

gaecani teqstisa da eqsperimentis Sedegebs da upasuxe TandarTul kiTxvebs

kengurusebr virTgvas (Dipodomys, ix.sur.-ze) aqvs 

saocari Seguebulobani, romelic exmareba mas Crdi-

loeT amerikis udabnosTvis damaxasiaTebeli  gvalvia-

ni periodis gadatanaSi. igi aseT pirobebSi Zalian kar-

gad grZnobs Tavs morfologiuri, fiziologiuri da 

qceviTi adaptaciebis gamo. amosunTqvis dros wylis 

orTqli kondesirdeba cxviris Rrus lorwovan garsze 

da am gziT wyali Sekavdeba. kengurusebri virTagva 

ikvebeba mSrali TeslebiTa da mcenaris sxva mSrali 

nawilebiT, igi wyals saerTod ar svams. mis Tvis wylis erTaderTi wyaro aris ujreduli 

sunTqvis dros gamoyofili wyali da wylis is Zalian mcire raodenoba, romelsac sakvebi 

Seicavs. gvalvian periodSi dRis did periods atarebs SedarebiT notio qviSis soroebSi da 

Tavs icavs wylis aorTqlebisgan.

nilsen-Smidtis klasikuri eqsperimentebiT  gansazRvres kengurusebr virTagvaSi  wylis 

balansis SenarCunebis meqanizmi. es virTagva iwonis 35 g-s da eqsperimentis pirobebSi (20oC 

da 20% SefardebiTi tenianoba) dRis ganmavlobaSi Wamda 100 g qeris marcvals. mTeli eqs-

perimentis ganmavlobaSi misTvis garemodan miRebuli wylis erTaderTi wyaro iyo qeris 

marcvlebi. eqsperimentis Sedegebi warmodgenilia  cxrilSi.    

wylis wyaro wylis raodenoba (ml) wylis dakargva wylis raodenoba (ml)

ujreduli sunTqva 54,0 SardiT 13,5

sakvebi 6,0
fekaliebiT 2,6

aorTqlebiT 43,9

sul 60,0 sul 60,0

• daajgufe teqstSi aRwerili kengurusebri virTagvas mSrali klimatisadmi Segue-
bulobani fiziologiur da qceviT adaptaciebad. 

• aRwere eqsperimentis Sinaarsi.

• eqsperimentebis ganmavlobaSi ra iyo cxovelisTvis wylis wyaro?

• ra gziT kargavs virTagva wyals?

• rogoria moxmarebuli da dakarguli wylis moculobis Tanafardoba?

• ratom aris mniSvnelovani wylis balansis dacva nebismieri organizmisTvis?

• nivTierebaTa membranuli transportis romeli saSualebiT xdeba wylis transporti 
garemodan ujredSi da ujredidan garemoSi?  

• ras niSnavs hipertonuli, hipotonuri da izotonuri garemo?

• ra SemTxveaSi Sedis garemodan ujredSi wyali da ra SemTxvevaSi gamoiyofa ujredi-
dan garemoSi? 

• ra adaptaciebi uwyobs xels xmeleTis mcenareebs wylis mopovebasa da SenarCunebaSi? 

• ra adaptaciebi uwyobs xels xmeleTis cxovelebs wylis mopovebasa da SenarCunebaSi?

2.2.8.3. ექსკრეცია და ოსმორეგულაცია
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eqskrecia da osmoregulacia cocxali 
organizmebisTvis damaxasiaTebeli mniS-
vnelovani homeostatikuri procesebia, 
romlebic ganapirobeben garemos cvlad 
pirobebSi organizmis Sinagani garemos 
mudmivobis SenarCunebas. homeostazi _ 
organizmSi mimdinare procesebis dina-
miuri wonasworobis SenarCuneba _ Zalian 
mniSvnelovania sicocxlisTvis. Sinagani 
garemos mudmivobis SenarCuneba isevea 
damokidebuli gamomyofi sistemis moq-
medebaze, rogorc saWmlis momnelebeli, 
sunTqvisa da satransporto sistemebis 
funqcionirebaze.     

eqskrecia aris organizmidan garemoSi 
nivTierebaTa cvlis saboloo produqte-
bis gamoyofa, romelTa dagroveba daar-
Rvevda Sinagani garemos Sedgenilobas. es 
nivTierebebi TviT organizmSi warmoiqm-
neba. amiT gansxvavdeba eqskrecia defe-
kaciisgan. defekacia aris sakvebis mou-
nelebeli narCenebis gamoyofa garemoSi. 
eqskrecia SeiZleba ganvmartoT, rogorc 
metabolizmis mavne produqtebis, ise 
Warbi nivTierebebis gamoyofa organizmis 
Sinagani garemodan. 

aseve, eqskrecia gulisxmobs sekrecia-
sac. sekrecia aris ujredebidan ujredga-
re garemoSi (qsovilur siTxeSi, sisxlSi, 
saWmlis momnelebel arxSi) an gare gare-
moSi molekulebisa da ionebis pasiuri an 
aqtiuri gamoyofa. es nivTierebebi TviT 
organizmSi warmoiqmneba, rogoricaa, ma-
galiTad, hormonebi da fermentebi, toq-
sinebi, antibiotikebi da a.S. 

osmoregulacia aucilebelia orga-
nizmSi (citoplazmaSi, qsovilur siTxeSi, 
sisxlis plazmasa da limfaSi) osmosuri 
wnevis SenarCunebisTvis. osmoregulacia 
gulixmobs wylisa da eleqtrolitebis 
(pirvel rigSi iseTi ionebis, rogoricaa 
Na+, K+ da Cl-) balansis dacvas biologiur 
xsnarebSi. gaxsnili nivTierebebisa da 
wylis SefardebiTi koncentraciis regu-
lacias osmoregulacia ewodeba.

metabolizmis ZiriTadi produqtebi, 
romlebic eqvemdebareba eqskrecias, aris 
Semdegi:

1. azotSemcveli produqtebi: amiaki, Sar-
dovana da Sardis mJvava. isini warmoiq-
mneba cilebis, nukleinis mJavebis, War-
bi aminomJavaebis daSlis Sedegad.

2. mcenareebSi, wyalmcenareebsa da ciano-
baqteriebSi fotosinTezis procesSi 
warmoqmnili Jangbadi.

3. ujreduli sunTqvis procesSi warmoq-
mnili naxSirorJangi.

4. naRvlis pigmentebi, romlebic warmoi-
qmneba RviZlSi hemis jgufis daSlisas.
cxovelur organizms ar SeuZlia sak-

vebidan miRebuli Warbi aminomJavebis 
dagroveba. aminomJavebis nawili, rome-
lic ar gamoiyeneba cilebis an sxva azot-
Semceli nivTierebis sinTezisTvis, saWi-
roa misi organizmidan gamoyofa. es xdeba 
RviZlSi ori procesis daxmarebiT:
1) dezaminireba _ aminojgufis mowyveta 

da Sedegad amiakis warmoqmna;
2) detoqsikacia _ toqsikuri amiakis gar-

daqmna Sardovanad, romelic Tirkmleb-
Si transportirdeba.

2NH3   +  CO2   NH2      +    H2O

C=O
amiaki wyalinaxSir- 

orJangi

Sardovana
NH2

 
erTujredianebis ujredebi uSualo 

kontaqtSia garemosTan da maTi cvlis 
produqtebi garemoSi gamoiyofa di-
fuziiTa da egzocitoziT. 

cxovelebis gamomyofi struqturebi. 
cxoveluri organizmebis organizaciis 
garTulebasTan erTad viTardeba gamo-
myofi organoebi.  

nawlavRruianebs ar aqvT specialu-
ri gamomyofi organeobi an organelebi, 
radgan maTi ujredebi uSualo kontaqt-
Sia garemosTan. metabolizmis ZiriTadi 
toqsikuri nivTierebebia naxSirorJangi 
da amiaki, romlebic difuziiT ujredebi-
dan pirdapir garemos wyalSi gamoiyofa, 
mounelebeli sakvebis narCenebi ki _ piris 
xvreliT.

brtyel WiebSi metabolizmis produ-
qtebis ZiriTadi masa gadadis datotvil 
nawlavebSi da piris xvreliT sakve bis 
mounelebel narCenebTan erTad  gamoiyofa 
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 garemoSi. Tumca metabolizmis produq-
tebis nawili gadadis protonefridie-
bis milakebSi, romlebic eqskreciisa da 
osmoregulaciis funqciebs asruleben. 
protonefridiebi garemoSi ixsneba mra-
valricxovani forebiT. mounelebeli sak-
vebis narCenebi piris xvreliT gamoiyofa.

rgolovan WiebSi eqskreciisa da os-
moregulaciis funqciebs asruleben me-
tanefridiebi, romlebic iwyeba celomSi 
da garemoSi forebiT ixsneba; rgolovani 
Wiebidan dawyebuli mounelebeli sakvebis 
narCenebi anusiT gamoiyofa.

mwerebSi malpigis milakebi da traqee-
bi; mwerebis saxeobebis didi umravleso-
ba binadrobs xmeleTze da amitom maT-
Tvis wylis dakargvis Tavidan acilebis 
problema Zalian mniSvnelovania. amasTan 
dakavSirebiT maT ganuviTardaT Semdegi 
saxis adaptaciebi: 1) maTi garegani ConC-
xi dafarulia wyalgaumtari cvilisebri 
SriT, rac amcirebs sxeulis zedapiri-
dan wylis aorTqlebas; 2) airTa cvlis-
Tvis iyenebs mxolod sasunTqi xvrelis _ 

stigmis _ ramdenime wyvils. 3) stigmebSi 
arsebuli sarqvelis msgavsi struqtura, 
romelic amcirebs traqeebidan wylis da-
kargvas; 4) eqskrementebi aris ara Txevadi, 
aramed naxevradmyari produqtebi (azot-
Semcveli cvlis produqtebi, ZiriTadad, 
wyalSi mcired xsnadi Sardis mJavis saxiT).

Tevzebis gamomyofi organoebia Tirkm-
lebi, RviZli, layuCebi, nawlavebi da kani; 
amfibiebSi _ Tirkmlebi, RviZli, filt-
vebi, layuCebi (TakombalaSi) nawlavi da 
kani; amfibiebSi osmoregulaciis mTavari 
organo kania _ marilebis nawili ucilob-
lad ikargeba kanidan difuziiT garemoSi 
gamoyofis Sedegad. magram danakliss igi 
ivsebs sakvebidan da aqtiuri transpor-
tiT wylidan marilebis STanTqmis Sede-
gad. 

xmeleTis xerxemlianebSi gamomyofi 
organoebis rols asruleben Tirkmle-
bi, RviZli, filtvebi, nawlavebi da kani. 
qvewarmavlebsa da frinvelebSi kloakaSi 
Sardidan da fekaliebidan wylis nawilis 
reabsorbcia xdeba.

eqskrecia da osmoregulacia mcenareebSi

mcenareebs specialuri gamomyofi or-
ganoebi ar aqvT. mcenareebi fotoavtot-
rofi organizmebia da organul nivTie-
rebebs imdens asinTezireben, ramdenic 
maTTvis saWiroa. magaliTad, imden cilas 
asinTezirebs, ramdenic im momentisTvis 
esaWiroeba. amitom maT cvlis saboloo 
produqtebSi, cxovelebisgan gansxvave-
biT, praqtikulad ar aris azotSemcveli 
nivTierebebi. maTSi nivTierebaTa cvlis 
sxvadasxva procesis saboloo produqte-
bia _ Jangbadi, naxSirorJangi da wyali. 
xmeleTis mcenareebSi naxSirorJangi da 
Jangbadi garemoSi difuziiT gamoiyova, 
ZiriTadad, foTlebis bageebis saSuale-
biT. mravalwlovani mcenareebi, Ziri-
Tadad, mkvdari qsovilebisgan Sedgeba. 
sinTezirebuli organuli nivTierebebis 
Warbi nawili grovdeba mkvdar qsovilebSi 
da veRar axdenen mavne gavlenas cocxa-

li qsovilebis aqtivobaze. analogiurad 
grovdeba am qsovilebSi mineraluri ma-
rilebic. nivTierebebi, romelic gamoyo-
fas eqvemdebareba, grovdeba foTlebis 

sur. 2.2.67.
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garemos gavlena osmoregulaciaze

centralur vakuolebSi da foTolcvenis 
dros es nivTierebebi mcenares scildeba. 
magaliTad, zogierTi mcenare, romelic 
cxovrobs kalciumis marilebiT mdidar 
niadagSi, Warbi kalciumi uxsnadi mari-
lebis kristalebis saxiT grovdeba foT-
lebSi da foTolcvenis Sedegad mcenares 
scildeba. aseTi nivTierebebi garemoSi 
gamoiyofa aramarto foTolcvenis dros, 

aramed yvavilis gvirgvinis furclebis, 
nayofebisa da Teslebis saSualebiT. War-
bi wyali, romelic ver gamoiyo aorTqle-
bis Sedegad, gamoiyofa foTlis kideebze 
ganviTarebuli specialuri warmonaqmne-
biT (sur. 2.2.67). wylis mcenareebis did 
nawilSi metabolizmis saboloo produq-
tebis mniSvnelovani masa difuziiT pir-
dapir wyalSi gamoiyofa. 

wylis cvla ujredebsa da qsovilur 
siTxes, ujredebsa da limfas, ujredeb-
sa da sisxls, ujredebsa da gare garemos 
Soris problemas warmoadgens rogorc 
xmeleTis, ise wylis organizmebisTvis. 
wylis formebi kargaven an iReben wyals 
osmosiT sxeulis mTeli wyalgamtari ze-
dapiriT da es damokidebulia imaze, ro-
goria garemo _ hipotonuri Tu hiperto-
nuli. xmeleTis organizmebs aqvT wylis 
dakargvis problema da mudmivi wylis 
balansis SesanarCuneblad iyeneben sxva-
dasxva xerxs. 

osmoregulacia protozoebSi. pro-
tozoebi aris erTujrediani organizme-
bi, romlebic Sedian protistebis samefo-
Si. isini binadroben rogorc zRvaSi, ise 
 mtknar wyalSi. mtknari wylis protozoeb-
Si garemodan ujredSi osmosiT Sedis wya-
li. mtknari wylis yvela protozoas aqvs 
osmomaregulirebeli organela _ mfeT-
qavi vakuoli. maTi saSualebiT osmosiT 
Sesuli Warbi wyali gamoiyofa garemoSi. 
mfeTqavi vakuolebis funqcionireba yve-
la saxeobaSi erTnairia: citoplazmidan 

siTxe wvrili buStukebis saxiT an arxe-
bis saSualebiT Sedis mfeTqav vakuol-
Si. dasawyisSi misi Sedgeniloba da wylis 
potenciali iseTivea, rogorc citopla-
zmis. Semdeg ionebis ZiriTadi nawili 
vakuolebidan citoplazmaSi gamodis aq-
tiuri transportiT. amitom mfeTqavi va-
kuolebis garSemo bevri mitoqondriaa. 
rodesac vakuoli gansazRvrul moculo-
bas iRebs, igi Seerwymeba plazmur membra-
nas, mkveTrad ikumSeba da wyali garemoSi 
gamoiyofa. zRvis protozoebis bevr sa-
xeobas mfeTqavi vakuoli ar aqvs, radgan 
maTi ujredis wylis potenciali TiTqmis 
iseTivea, rogorc garemoSi.

TevzebSi osmoregulaciis rols asru-
lebs layuCebi da Tirkmlebi. layuCebi 
kontaqtSia gare garemosTan da ganvla-
dia wylis, azotSemcveli cvlis produ-
qtebisa da marilebis mimarT. layuCebs 
aqvs didi zedapiris farTobi, romelic 
aadvilebs efeqtur airTa cvlas, magram, 
aseve, qmnis garkveul problemas osmore-
gulaciisTvis rogorc mtknari, ise zRvis 
TevzebSi (sur. 2.2.68). 

sur. 2.2.68.

osmoregulacia mtknari wylis TevzebSia

sakvebidan 
wylisa da 
marilis 
ionebis 
STanTqma

marilis ionebis 
STanTqma 

layuCebSi

osmosiT wylis 
Sesvla layuCebisa da 
sxeulis sxva nawilebis 
zedapiriT

TirkmlebiT didi moculobis 
ganzavebuli Sardis ekskrecia

osmoregulacia zRvis TevzebSib

sakvebidan 
wylisa da 
marilis 
ionebis 
miReba

marilis ionebis 
eqskrecia 

layuCebidan

osmosiT wylis 
dakargva 
layuCebisa 
da sxeulis 
sxva nawilebis 
zedapiriT

Tirkmlebidan marilis ionebis 
ekskrecia da mcire moculobis 
koncentrirebuli Sardis gamoyofa

wylisa da 
marilis 
ionebis miReba 
zRvis wylis 
dalevisas
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gamoyofa da osmoregulacia adamianSi

adamianis Sardgamomyofi sistema 

gamoyofa da osmoregulacia umaRles 
doneze ganviTarebulia ZuZumwovrebSi 
da ZuZumwovrebidan ki adamianSi. ada-

mianis gamomyofi organoebia Tirkmle-
bi, filtvebi, kani, RviZli, swori nawili 
(sur. 2.2.69).

1. ra aris eqskrecia?
2. ras niSnavs osmoregulacia?
3. ra biologiuri mniSvneloba aqvs eqskreciasa da osmoregulacias?
4. metabolizmis ra produqtebi eqvemdebareba eqskrecias?
5. ra gansxvavebaa cxovelebisa da mcenareebis nivTierebaTa cvlis saboloo produqtebs 

Soris? rogor aixsneba es gansxvaveba?
6. evoluciis procesSi ra cvlilebebi ganicada cxovelebSi gamomyofma organoebma cxo-

velebSi?

Sardi
(wyali, Sardovana, 

Sardis mJava, marilebi)

ofli
(wyali, marilebi,  

Sardovana)

amosunTquli haeri
(naxSirorJangi, 

wyali)

naRvlis pigmentebi
(hemis jgufis daSlis 
Sedegad); Sardovana 

(aminomJavebis dezaminireba 
da amiakis detoqsikacia)

fekaliebi
(sakvebis 

mounelebeli 
narCenebi) 

Tirkmlebi filtvebi swori nawlaviRviZlikani

gaecani suraTsa da teqstSi mocemul informacias da upasuxe TandarTul kiTxvebs

am suraTze XVII saukunis eqimi da eqTani aTvaliereben 
Sardis nimuSs. Sardis konstiteciis, ferisa da sunis mixed-
viT msjeloben pacientis janmrTelobis mdgomareobis Sesax-
eb. Sardis kvleva da kvlevis dros aseTi kiTxvebis dasma _ 
Sardi Ria ferisaa Tu muqi? gamWvirvalea Tu SemRvreuli? 
misi moculoba mcirea Tu didi? _ medicinis uZvelesi xe-
lovnebaa. indoeTSi, daaxloebiT, 3000 wlis win mkurnalma 
suSrutma aRmoaCina, rom zogierTi pacientis Sards tkbili 
gemo hqonda, rac mwerebs izidavda. medicinisa da  daavadebis 
diagnostirebis meTodebis ganviTarebis kvaldakval Sardis 
fizikuri niSnebiT kvleva Seicvala qimiuri analiziT.   

• Sardis kvlevis Tanamedrove meTodebis gamoyenebiT ra 
informacia SeiZleba miiRos eqimma pacientis janmrTelobis Sesaxeb?

• indoeli mkurnalis pacientis, romlis Sardsac hqonda tkbili gemo, ra daavadebaze 
metyvelebs? 

• Tu SardSi cilebi aRmoCndeba, es faqti raze SeiZleba metyvelebdes?

• sistematiurad mariliani sakvebiT kveba rogor imoqmedebs gamoyofili Sardis 
mocu lobaze? ra gavlenas moaxdens arteriul wnevaze? axseni Seni pasuxi.

sur. 2.2.69.
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7. raSi gamoxateba mcenareebSi eqskreciisa da osmoregulaciis Tavisebureba?
8. ra gavlenas axdens osmoregulaciaze garemo? moiyvane Sesabamisi magaliTebi.
9. suraTi 2.2.68-ze mocemuli informaciis mixedviT Seadare erTmaneTs mtknari wylisa da 

zRvis Tevzebis osmoregulaciis meqanizmebi. 

Tirkmeli Sardgamomyofi sistemis Zi-
riTadi organoa. Sardgamomyof organoTa 
sistemas qmnis ori Tirkmeli, Sardsawve-
Ti, saSarde buSti da Sardsadeni. wyvili 
Tirkmeli moTavsebulia muclis Rrus 

ukana kedelze xerxemlis orive mxares 
(sur. 2.2.70). Tirkmlebs organizmidan ga-
moaqvs cvlis produqtebi, Warbi nivTie-
rebebi da aregulireben sisxlSi wylis 
Semcvelobas. 

Tirkmlebi TavianTi struqturiT 
kargadaa Seguebuli Tavis funqcieb-
Tan. Tirkmlis funqciur erTeuls war-
moadgens nefroni (sur. 2.2.71). nefro-
ni milionobiT aris yovel TirkmelSi. 

TiToeuli nefroni Sedgeba boumenis kaf-
sulisa da Tirkmlis uwvrilesi milake-
bisgan. boumenis kafsulisa da milakebis 
kedeli, kapilarebis msgavsad, erTSriani 
epiTeliumisgan Sedgeba. 

qveda Rru vena

aortis daRmavali toti

Tirkmlis 
menji

Sardsadeni

saSarde buSti

SardsawveTebi

marjvena Tirkmeli

diafragma

marcxna Tirkmeli 
(ganivi Wrili)

Tirkmlis vena

Tirkmlis 
arteria

nefronis adgili TirkmelSi

kapilaruli gorgali

boumenis kafsula

Tirkmlis Semkrebi 
milaki

Tirkmlis daklaknili milaki

nefroni

arteria

vena

kapilaruli qseli

sur. 2.2.70.

sur. 2.2.71.
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Tirkmlebs sxva organoebisgan gansxva-
vebuli sisxlmomarageba aqvs. wuTSi masSi 
organizmis sisxlis 20% gaedineba. Tirk-
melSi sisxli Sedis arteriiT, romelic 
wvril arteriolebad itoteba. wvrili 
arteriolebi yovel nefronSi 2-jer war-
moqmnian kapilarebs: kafsulebSi kapila-
rul gorgalsa da Tirkmlis daklaknili 
milakebis garSemo kapilarul qsels. Sem-
deg sisxli venulebSi ikribeba, sabolood 
ki Tirkmlis veniT gamodis gafiltruli 
sisxli, romelic qveda Rru venas uerTde-
ba. amrigad, Tirkmlis arterias Tirkmel-
Si Seaqvs nivTierebaTa cvlis produqte-
biT mdidari sisxli, xolo Tirkmlis vena 
sxeuls `gawmendili~ sisxliT amaragebs.

Sardis warmoqmnas ganapirobebs sami 
procesi: filtracia, reabsorbcia (uku-
Sewova) da sekrecia.

filtracia. Sardis warmoqmna iwyeba 
boumenis kafsulebSi. rodesac sisxli 
wneviT moZraobs kapilarul gorgalSi, 
kafsulebSi sisxlidan gadadis plazmis 
siTxis 20%, romelic Seicavs iseT nivTie-
rebebs, rogoricaa glukoza, vitaminebi, 
aminmJavebi, Sardovana, marilebi da sxv. 
gorglis kapilarebisa da kafsulis ked-
lebi funqcionirebs, rogorc filtri: 
plazmis cilebi da sisxlis formiani ele-
mentebi, maTi didi zomis gamo, filtrSi 
ver gadis, anu xdeba filtracia. Tirkmle-
bi biologiuri filtris rols asruleben. 

orive Tirkmlis gamfiltravi zedapiris 
farTobi 5-6 m2-ia.  kafsulidan es siTxe/
filtrati gadadis Tirkmlis daklaknil 
milakebSi, am filtrats pirvelad Sards 
uwodeben. 

reabsorbcia. dReSi warmoiqmneba 180 
l pirveladi Sardi. igi Seicavs sisxlis 
plazmaSi gaxsnil, cilebis garda, TiTq-
mis yvela nivTierebas. ramdenadac Cven 
arasodes gamovyofT dReSi 180 l Sards 
(maqsimalurad _ 2 l-s), amitom unda ar-
sebobdes meqanizmi, romelic Seamcirebda 
pirveladi Sardis moculobas. es xdeba 
Tirkmlis daklaknil milakebSi, romel-
sac Semoxveuli aqvs kapilaruli qseli. 
Tirkmlis daklaknili milakebis epiTelu-
ri ujredebis mier aqtiuri transportiT 
ukuSeiwoveba organizmisTvis saWiro niv-
Tierebebi (mag., glukoza, vitaminebi, amin-
omJavebi, natriumisa da qloris ionebi, 
bikarbonati da sxv.) da brundeba sisxlSi. 
am nivTierebebis moZraoba ganapirobebs 
didi raodenobis wylis (pirveladi Sardi-
dan wylis 99%-is) osmosiT ukuSewovas. 

sekrecia. kapilarebisa da milakebis 
kedlis ujredebis mier aqtiuri tran-
sportiT filtratSi gadadis toqsinebi, 
Warbi wyalbadisa da kaliumis ionebi. War-
bi H+-is sekrecia aucilebelia organizmSi 
tute-mJavianobis balansis dacvisTvis.  

nefronis daklaknili milakebidan meo-
radi Sardi (ubralod, Sardi) gadadis 

10. ra organoebi asruleben adamianSi eqskreciisa da osmoregulaciis rols?
11. aRwere, Tu TiToeuli eqskreciis organodan cvlis ra saxis produqtebi gamoiyofa.
12. aRwere Sardgamomyofi sistemis struqtura.
13. mokled aRwere nefronis struqtura da funqciebi.
14. ra funqciebs asrulebs Tirkmelebi? ratom aris aucilebeli Tirkmlis funqciebis Ses-

rulebisTvis nefronebis didi raodenobiT arseboba?  
15. axseni, Tirkmlebi rogor monawileoben homeostazis SenarCunebaSi.
16. nefronSi boumenis kafsulebTan SedarebiT ratom aris milakebi gacilebiT grZeli?
17. axseni Semdegi debuleba: „filtracia SefardebiT aris araSerCeviTi, reabsorbcia  ki _  

SerCeviTi.“  
18. TanmimdevrobiT CamoTvale sisxlZarRvebi da organoebi, romelTa saSualebiTac Sardo-

vana gaivlis RviZlidan Tirkmlebamde.
19. rogor icvleba wylis,  natriumis ionebisa da Sardovanas koncentracia daklaknili mi-

lakis dasawyisidan Semkrebi milakebis bolomde?  
20. Seadare filtvis alveolebis, wvrili nawlavebis xaoebisa da Tirkmlis nefronebis 

struqtura da funqciebi, aRwere maT Soris msgavseba-gansxvaveba.
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Semkreb milakSi, romelic Tirkmlis men-
jSi ixsneba, TiToeuli Tirkmlis menji-
dan gamodis TiTo SardsawveTi, romli-
Tac Sardi Cadis Sardis buStSi. aq Sardi 
droebiT grovdeba da Semdeg garemoSi ga-
moiyofa SardsadeniT. Sardis gamoyofas 
vegetatiuri nervuli sistema areguli-
rebs.

osmoregulacia. dRe-Ramis ganmavlo-
baSi adamiani, daaxloebiT, 2500 sm3 wyals 
kargavs sxvadasxva gziT (SardiT _ 1500 
sm3, ofliT 500 sm3, amosunTquli haeriT 
400 sm3, ganavaliT 100 sm3). amitom Zalian 
mniSvnelovania organizmSi wylis balansis 
SenarCuneba da regulacia. wylis balansis 
SenarCunebaSi mniSvnelovan rols asru-

lebs Tirkmlebi. Tirkmlebis moqmedebis 
regulacia ki nervul-humoruli meqaniz-
mebiT xdeba. simpaTikuri nervuli sistemis 
agzneba iwvevs Tirkmlis sisxlZarRvebis 
Seviwroebas, sisxlis plazmis filtracia 
Seneldeba da Sardis moculoba mcirdeba. 
parasimpaTikuri nervuli sistemis agzneba 
ki sapirispiro efeqts iZleva. wylis reab-
sorbcias da sisxlSi dabrunebas areguli-
rebs hipofizis antidiurezuli hormoni 
_ vazopresini, igi aZlierebs Tirkmlis mi-
lakebSi wylis ukuSewovas. Tavad am hor-
monis gamoyofas hipoTalamusi areguli-
rebs _ hipofizs aaqtiurebs an piriqiT, 
mis moqmedebas Trgunvas organizmis saWi-
roebis mixedviT.

21. suraTze warmodgenili osmoregulaciis sqema gadaitane samuSao rveulSi da wertilebis 
nacvlad Cawere Sesabamisi sityvebi.

 

22. suraTze mocemuli informaciis mixedviT upasuxe kiTxvebs: 1) aRwere, ra cvlilebebs gan-
icdis mcenareuli da cxoveluri ujredebi hipotonur garemoSi; 2) axseni, mcenareuli 
da cxoveluri ujredebis agebulebis ra TaviseburebasTan aris dakavSirebuli es cvli-
lebebi.  

 

 

sisxlSi wylis 
normaluri done 

sisxlSi wylis donem moimata

hipoTalamusi

. . .

. . . . . .

. . .  vazopresinis 
sekrecia

. . .  vazopresinis 
sekrecia

wylis balansis regulacia / osmoregulacia

. . . gamoyofili Sardis moculoba. . . gamoyofili Sardis moculoba

sisxlSi wylis donem daiklo

Tirkmelebi

Tirkmlis daklaknil milakebSi  
. . . wylis ukuSewova

Tirkmlis daklaknil milakebSi  
. . . wylis ukuSewova

cxoveluri ujredimcenareuli ujredi

H2O
H2O

H2O
hipotonuri garemo
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gaqvs eqsperimentisaTvis saWiro masala: umi kartofilis gaTlili gorgli, dana, gamox-
dili wyali, koncentrirebuli sufris marilis xsnari, saxazavi.

dagegme eqsperimenti, romliTac daadgen osmosis mimarTulebis damokidebulebas gare-
moze. eqsperimentis gegmaSi unda asaxuli iyos cvladebi, kvlevis etapebi, kvlevis monace-
mebis Segrovebis forma.

upasuxe kiTxvebs:

• ras niSnavs osmoregulacia?

• aRwere sxvadasxva organizmSi (erTujredianebidan dawyebuli) osmoregulaciaSi 
monawile struqturebi da osmoregulaciis meqanizmebi;

• ra mniSvneloba aqvs osmoregulacias homeostazis SenarCunebisTvis?

eqsperimentis dagegmva

rogorc ici, nivTierebaTa cvla organizmsa da garemos Soris aris nivTierebis qimiu-
ri gardaqmnebis procesebis erToblioba am nivTierebis organizmSi moxvedris momentidan 
 cvlis saboloo produqtebis garemoSi gamoyofis CaTvliT, romelSic monawileoben saWm-
lis momnelebeli, sisxlis mimoqcevis, sunTqvisa da eqskreciis organoTa sistemebi. Seqmeni 
romelime sakvebi nivTierebisTvis (naxSirylis, cilis an cximis) organizmsa da garemos 
Soris cvlis kognituri sqema, romelSic asaxuli iqneba saWmlis momnelebeli, sisxlis 
mimoqcevis, sunTqvisa da eqskreciis organoTa sistemebis urTierTqmedeba nivTierebaTa 
cvlis dros.

kognituri sqemis prezentaciisas upasuxe kiTxvebs:

• romeli organoTa sistemebi monawileoben organizmsa da garemos Soris nivTiereba-
Ta cvlaSi?

• aRwere TiToeli sistemis (saWmlis momnelebeli, sisxlis mimoqcevis, sunTqvisa da 
eqskretoruli sistemebis) roli organizmsa da garemos Soris nivTierebaTa cvlaSi.

• ratomaa mniSvnelovani saWmlis momnelebel, sisxlis mimoqcevis, sunTqvisa da 
eqskretorul sistemebs Soris SeTanxmebuli moqmedeba? 

kognituri sqemis Seqmna
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2.2.9. მემკვიდრეობითობა და ცვალებადობა. ადაპტაცია

simulacia: mindvris Tagvis populaciis cvlileba _ short.concord.org/lm3

  

instruqcia:

1. marjvena mxares instruqciis zemoT daaWire grafikis aRmniSvnel Rilaks da 
gansazRvre Tagvis populacia ramdeni feris individebisgan Sedgeba da rogoria 
maTi Tanafardoba;

2. airCie mindvris muqi Seferiloba Rilakze _ Field _ daWeriT;

3. daaWire Rilaks _ Add _ da daamate mtacebeli frinveli;

4. marjvena mxares instruqciis zemoT daaWire grafikis aRmniSvnel Rilaks da 
daakvirdi, rogor icvleba populaciaSi sxvadasxva Seferilobis Tagvis indi-
videbis Tanafardoba droTa ganmavlobaSi;

5. daaWire Rilaks _ Reset _ da gadatvirTe programa;

6. Secvale mindvris muqi Seferiloba Ria SeferilobiT Rilakze _ Field _ daWeriT;

7. gaimeore 3-4 nabiji.

kiTxvebi gaazrebisTvis:

• Tagvis ramdeni Seferilobis individi aris sawyis populaciaSi da rogoria maTi 
Tanafardoba?

• ra ganapirobebs sawyis populaciaSi individTa fenotipur mravalferovnebas?

• rogoria TiToeuli fenotipis genotipi?

• niSan-Tvisebis memkvidreobis romeli formaa gamovlenili am SemTxvevaSi?

• rogor icvleba Tagvebis bewvis Seferiloba garemos muq fonze populaciaSi 2 
wlis ganmavlobaSi mtacebeli frinvelebis gamoCenis Semdeg? ratom?

• rogor icvleba Tagvebis bewvis Seferiloba populaciaSi saarsebo garemos Ria 
fonze 2 wlis ganmavlobaSi mtacebeli frinvelebis gamoCenis Semdeg? ratom?

• cxovelebSi Seferilobis rogori forma _ gamafrTxilebeli Tu mfarvelobiTi 
_ yalibdeba?

• arsebobisaTvis brZolis romel formas aqvs adgili am magaliTSi?

• bunebrivi gadarCevis romeli formis moqmedebis magaliTia?

• gamoiyene terminebi _ mutacia, arsebobisaTvis brZola, bunebrivi gadarCeva da 
aRwere am Seguebulobis warmoqmnis evoluciuri procesi?
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yvela saxeobis organizmisTvis, sxva 
sasicocxlo TvisebebTan erTad, dama-
xasiaTebelia memkvidreobiToba da cva-
lebadoba. memkvidreobiToba aris yvela 
cocxalis Tviseba, SeinarCunos mSoble-
bisgan miRebuli niSan-Tvisebebi da ga-
dasces igi STamomavlobas. memkvidreo-
biTobis materialuri masalis rols 
asrulebs dnm. memkvidreobiTi niSan-Tvi-
sebebis gadacemas Taobidan Taobaze uz-
runvelyofs cocxalisaTvis damaxasia-
Tebeli unikaluri sasicocxlo Tviseba 
_ gamravleba. cvalebadoba aris yvela 
organizmisTvis damaxasiaTebeli zoga-
di Tviseba, individualuri ganviTarebis 
procesSi SeiZinos axali niSan-Tvisebebi. 
cvalebadobis ori formaa cnobili: memk-
vidruli/genotipuri da aramemkvidruli/
modifikaciuri (me-11 klasis masalidan 
gaixsene cvalebadobis formebi). 

organizmebisTvis damaxasiaTebeli es 
ori urTierTsapirispiro Tviseba daka-
vSirebulia memkvidreobiTobis materi-
alur masalasTan _ dnm-Tan. sicocxlis 
istoriuli ganviTarebis procesSi xdebo-
da dnm-is _ cvlileba. es cvlileba exeba 
mis _ 1) struqturul da sivrcobriv or-
ganizebas ujredSi; 2) raodenobas; 3) nuk-
leotidur Sedgenilobas.

1) prokariotul ujredSi dnm citoplaz-
maSia ganTavsebuli da rgoluri for-
ma aqvs (erTi baqteriuli qromosoma), 
xolo eukariotebSi jaWvis forma aqvs 
da qromatinad aris organizebuli, 
dnm-is ZiriTadi masa ganTavsebulia 
birTvSi (birTvuli memkvidreoba), 
 Tumca rgoluri formis dnm gvxvdeba 

mitoqondriebsa da qloroplastebSi 
(citoplazmuri memkvidreoba). 

2) evoluciis procesSi misi raodeno-
bac icvleboda. varaudoben, rom pir-
vel organizmebs, romlebmac dasabami 
misces dnm-is Semcvel cocxal arse-
bebs, ramdenime geni hqondaT. buneb-
rivia, dnm-is raodenoba maTSi Zalze 
mcire iyo. dRes arsebuli evoluciis 
sxvadasxva safexurze mdgomi orga-
nizmebi dnm-is raodenobis mixedviT 
mkveTrad gansxvavdebian. magaliTad, 
baqteriebis ujredSi saSualod 4.106 

nukleotiduri wyvilia (n.w.). sokoe-
bis ujredi, baqteriebTan SedarebiT, 
10-jer met dnm-s Seicavs _ daaxloe-
biT 4.107 n.w. mcenareTa da cxovel-
Ta saxeobebis umravlesobis ujre-
debSi saSualod 2.109 n.w. evoluciis 
procesSi, martivi prokariotebidan 
moyolebuli umaRlesi eukariotebis 
CaTvliT, genomSi dnm-is raodenoba 
TandaTanobiT izrdeboda. organiza-
ciis maRal safexurze mdgomi or-
ganizmebi saWiroeben gacilebiT met 
dnm-s.

3) evoluciis procesSi dnm ganicdida 
nukleotiduri Semadgenlobis cvli-
lebasac, romelic xels uwyobda axa-
li genebis warmoqmnas. axali genebi 
genetikuri masalis lokaluri cvli-
lebiT, kerZod, genis duplikaciiT, 
aseve, genebis SerwymiT da maTi nawi-
lebad dayofiT warmoiqmneba. Zveli 
struqturuli genebis Semadgeneli 
nawilebis rekombinirebiT axali gene-
bi yalibdeba.  

memkvidreobiTobisa da cvalebadobis mniSvneloba 
organizmebSi adaptaciebis CamoyalibebaSi

memkvidreobiTobis materialuri ma-
salis zemoT aRwerili cvlilebebi si-
cocxlis organizaciis sxvadasxva doneze 
iwvevda organizaciis donis amaRlebas, 
organizmebis mier axali saarsebo gare-
mos aTvisebas, romelic dakavSirebuli 

iyo axali tipis struqturuli da fizio-
logiuri Seguebulobebis Camoyalibebas-
Tan.

Seguebuloba/adaptacia aris organiz-
mis morfologiuri/struqturuli da 
fiziologiur niSan-TvisebaTa erTob-
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lioba, romelic xels uwyobs konkretul 
saarsebo garemoSi organizmis/saxeobis 
arsebobas _ zrdis misi gadarCenisa da 
STamomavlobis datovebis SesaZleblobas. 

magaliTad, mcenares _ veneras buziWe-
rias, romelic cxovrobs iseT garemoSi, 
sadac azotis naklebobaa, ganuviTarda 
foTlis iseTi saxecvlileba, romliTac 
Seguebulia mwerebiT kvebasTan (amiT ik-
mayofileben azotze moTxovnilebas). ma-
galiTad, foTlebze aqvs wvrili busu-
sebi, romlebic aRiqvamen mweris Sexebas 
da sapasuxod foToli swrafad ixureba. 
foToli gamoyofs fermentebs, romlis 
saSualebiT mcenare moinelebs foTolSi 
moqceul mwers da monelebul sakveb niv-
Tierebebs Seiwovs. foTlis forma, wvrili 
bususebis warmoqmna aris morfologiuri 
Seguebulobis magaliTi, xolo saWmlis 
momnelebeli fermentebis gamoyofisa da 
monelebuli sakvebi nivTierebebis Sewo-
vis unaris ganviTareba ki fiziologiuri 
Seguebulobis magaliTia. 

organizmebSi saarsebo garemosTan 
sxvadasxva tipis adaptacia yalibdeba bu-
nebrivi gadarCevis moqmedebis Sedegad. 
darvinis evoluciuri Teoriis mixedviT, 
bunebrivi gadarCeva memkvidruli cvale-
badobis safuZvelze warmoadgens cocxa-
li samyaros evoluciis mTavar mamoZ-
ravebl faqtors. bunebrivi gadarCevis 
moqmedebis erT-erTi Sedegia saarsebo 
garemosTan axali Seguebulobebis Camo-
yalibeba. bunebrivi gadarCeva aris konk-

retul saarsebo garemosTan ukeT Segue-
buli individebis gadarCena da maT mier 
STamomavlobis datoveba, garkveuli geno-
tipebis SerCeviTi SenarCuneba da momdevno 
TaobebisTvis gadacema.

bunebrivi gadarCeva moqmedebs popula-
ciaSi sxvadasxva fenotipze. rac mraval-
ferovania populacia fenotipurad, miT 
populacias gadarCenis meti Sansi aqvs Se-
cvlil garemoSi. populaciis mravalfe-
rovani fenotipi ki misi genetikuri mra-
valferovnebiTaa gamowveuli. bunebrivi 
populaciebis genetikuri nairgvaroba 
maTSi mimdinare mutaciuri da rekombi-
naciuri/kombinaciuri cvalebadobis Se-
degia. bunebrivi gadarCevisTvis ZiriTa-
di masalis rols asrulebs mutaciebi, 
radgan mutaciebis da, kerZod, genuri 
mutaciebis dros xdeba axali alelebis 
warmoqmna. absoluturad homozigoturi 
bunebrivi populaciebi ar arsebobs. po-
pulaciis genTa erTobliobas genofondi 
ewodeba. populaciis genetikur Seswa-
vlas genebis sixSirisa da genotipebis 
Tanafardobis gansazRvris gziT axden-
en. bunebrivi populaciebi gansxvavdebian 
alelTa Sexvedris sixSiriTa da ama Tu im 
genotipis raodenobrivi TanafardobiT. 

Secvlil garemo pirobebSi, zogierTi 
memkvidruli Tviseba sasargeblo iqne-
ba organizmisTvis. bunebrivi gadarCevis 
moqmedebis Sedegad upiratesad gadarCe-
bian sasargeblo memkvidruli niSan-Tvi-
sebebis mqone individebi da upiratesad 

bususebi

sur. 2.2.72.
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isini toveben STamomavlobas, vidre is 
individebi, romlebsac ar gaaCniaT aseTi 
memkvidruli niSan-Tviseba. individualu-
ri memkvidreobiTi cvlilebebis SeZena an 
dakargva dauyovnebliv ar iwvevs axali 

Seguebulobis Camoyalibebas. axali Se-
guebuloba yalibdeba Taobebis manZilze 
xangrZlivi drois ganmavlobaSi popula-
ciaze bunebrivi gadarCevis aseTi mimar-
TulebiT moqmedebis Sedegad.

adaptaciebi mcenareebSi xmeleTze cxovrebasTan dakavSirebiT

mcenareebSi mravali morfologiuri 
da fiziologiuri Seguebulobebi ganu-
viTardaT xmeleTze cxovrebasTan dakav-
SirebiT. xmeleTze erT-erTi, rasac unda 
gaumklavdes, organizmi, es aris simS-
rale. amitom mcenareebs ganuviTardaT 
wylis mopovebisa da tenianobis SenarCu-
nebasTan dakavSirebuli morfologiuri 
Seguebulobebi: fesvTa sistema, organiz-
mi dafarulia wyalgaumtari kutikuliT, 
foTlebis epidermisSi bageebi, romelic 
aregulirebs wylis aorTqlebas; ganuvi-
TardaT nivTierebaTa transportirebis-
Tvis gamtari sistema; Teslovan mcena-
reebSi gametebis SerwymisTvis aRar aris 

saWiro wyali, radgan SiSvelTeslovan 
mcenareebs mdedrobiTi da mamrobiT gir-
Cebi ganuviTardaT maT qerqlebze samtv-
reebiTa da TslkvirtebiT; mtvris marc-
vlebSi arsebuli mamrobiTi gametebis _ 
spermiebis gadatana Teslkvirtze anu 
damtverva haeris saSualebiT xdeba da 
ara wyliT. SiSvelTeslovani mcenareebi 
mravldebian TesliT. Teslis warmoqmna 
aris xmeleTze cxovrebasTan mniSvnelo-
vani Seguebuloba, radgan igi sporisgan 
gansxvavebiT, aris mravalujrediani, mas-
Si moTavsebulia Canasaxi, romelsac ga-
moSrobisgan icavs Teslis mkvrivi kani.

xmeleTze cxovrebasTan yvelaze ma-
Rali Seguebuloba aqvT gamomuSavebuli 
yvavilovan mcenareebs. mag., maT ganuvi-
TardaT reproduqciuli organo yvavi-

li da damtverva xdeba rogorc qariT, 
aseve, cxovelebis saSualebiT. cxovele-
biT damtverav mcenareebs aqvT aramarto 
kaSkaSa Seferiloba, saneqtreebi (mor-

1. zogierT Sxamian sokos aqvs kaSkaSa Seferiloba, romelTa amocnoba advilia sokoWamia 
cxo velebisTvis. zogierTi Sxamiani sokoebi ki iseTive uferuli da SeumCnevelia, ro-
gorc sakvebi sokoebi, magram maT aqvT uCveulod mZafri suni. zogierTi mecnieris azriT, 
mZafri suni sokos icavs sokos mWameli Ramis cxovelebisgan. 1) Seguebulobis ra forme-
bis magaliTebia moyvanili? 2) aRwere aseTi Seguebulobis warmoqmnis procesi.

sur. 2.2.73.
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fologiuri Seguebuloba), aramed mkveT-
ri sunic (fiziologiuri Seguebuloba), 
romliTac izidaven cxovelebs. yvavili-
dan viTardeba nayofi, romelSic moTav-
sebulia Tesli. nayofi aramarto icavs 
Tesls da masSi moTavsebul Canasaxs sxva-

dasxva tipis, maT Soris, gamoSrobisgan, 
dazianebisgan, aramed sxvadasxva Segue-
bulobani xels uwyobs mis gavrcelebas. 
mag., gemrieli wvniani nayofebi da maTi 
kaSkaSa Seferiloba.

gaecani eqsperimentis Sinaarsaa da Sedegebs da upasuxe kiTxvebs

baqteriaze _ Staphylococcus aureus _ Caatares aseTi eqsperimenti: petris jamze, rom-
lic Seicavda 100 milion baqterias, daamates penicilinis SedarebiT mcire doza, gadarCa 
10-ze meti baqteria. aseTi baqteriebi gamravldnen da maTi STamomavloba Seegua penicil-
inis aseTi dozis pirobebSi arsebobas. rodesac baqteriebis am kulturisTvis penicilinis 
doza gaaormages, baqteriebis umravlesoba daiRupa, magram ramdenime mainc gadarCa da 
maTi STamomavloba penicilinis am dozasac Seegua. rodesac es baqteribi daamuSaves pen-
icilinis ufro didi doziT, isini mainc gadarCnen. es procesi 5-jer gaimeores. bolos 
miiRes baqteriebis Stami, romelic uZlebda 2500-jer ufro koncentrirebul penicilins, 
vidre pirvel etapze gamoiyenes. am baqteriebma penicilinisadmi gamomuSavebuli mdgra-
doba/tolerantoba gadasces TavianT STamomavlobas, rogorc sasargeblo memkvidruli 
cvlileba. 

• arsebobisaTvis brZolis romeli formaa aRwerili eqsperimentSi?

• ra tipis Seguebulobis magaliTia baqteriebSi penicilinisadmi tolerantobis Cam-
oyalibeba? 

• daasabuTe, ramdenad adasturebs eqsperimenti axali adaptaciis CamoyalibebaSi mem-
kvidruli cvalebadobisa da bunebrivi gadarCevis rols;

• gamoiyene terminebi: mutacia, cvalebadoba, memkvidreobiToba, gamravleba, adapta-
cia, bunebrivi gadarCeva da aRwere penicilinisadmi tolerantuli baqteriis Stamis 
warmoqmnis procesi.

kvlevis monacemebis analizi

2. 

memkvidruli da aramemkvidruli cvalebadobis Sedareba

Tezisebi SedarebisTvis memkvidruli cvalebadoba aramemkvidruli cvalebadoba

genotipi _ icvleba/ar icvleba 

warmoadgens mxolod garemo  
faqtorebisa da genotipis  
urTierTqmedebis Sedegs

erTi kanonzomierebiT moqmedebs  
saxeobis yvela individze/ 
individualuria 

memkvidreobiT momdevno Taobebs _ 
gadaecema/ar gadaecema 

ufro xSirad _  
Seqcevadia/ar aris Seqcevadi

populaciis genofonds _   
cvlis/ar cvlis

evoluciisTvis masalas _ 
 warmoadgens/ar warmoadgens
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cxovelTa samefodan (ix. gv. 8-54) SearCie romelime sistematikuri jgufis organizmSi 
saarsebo pirobebTan Seguebulobis magaliTi da aRwere am Seguebulobis Camoyalibebis 
Tqveneuli versia ise, rom axsnili iyos memkvidreobiTobisa da cvalebadobis roli am 
Seguebulobis warmoqmnis procesSi. amis sailustraciod warmoadgine kognituri sqema, an 
posteri (flipCartze, eleqtronuli versia), komiqsi an simulaciuri TamaSi.

Seni namuSevris prezentaciisas TvalsaCinod warmoaCine:

• rogor aris adaptirebuli biologiuri sistemebis struqtura da maTTan dakavSire-
buli funqciebi garemosTan? 

• ra mniSvneloba aqvs memkvidreobiTobasa da cvalebadobas Seguebulobebis Camoyal-
ibebaSi? 

• ra mniSvneloba aqvs garemo pirobebTan Seguebulobebs populaciis/saxeobis mdgra-
dobisTvis? 
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2.2.10. გამრავლება

rogorc ukve ici, gr.mendelma sayo-
velTaod aRiarebuli cdebi bardaze 
1856-63 wlebSi Caatara. 1866 wels bu-
nebismetyvelTa sazogadoebis JurnalSi 
daibeWda g. mendelis kvle va saTauriT: 
„cdebi mcenareTa hibridebze“. Jurna-
li gaegzavna evropis 120 biblioTekas, 
damatebiT ki mendelma Sromis 40 amon-
abeWdi daagzavna. mendels mxolod mi-
unxenSi moRvawe gamoCenili botanikosi, 
profesori karl fon negeli gamoex-
maura. mendelis naSroms negeli skep-
tikurad Sexvda. man ver Seafasa misi 
Rirseba, misi daxvewili da originaluri 
xasiaTi. miRebuli Sedegi kerZo, mxo-
lod bardisaTvis damaxasiaTebel SemTxvevad miiCnia. mendelisadmi gagzavnil werilSi is 
SeniSnavda, rom aRmoCenas aRiarebda mxolod im SemTxvevaSi, Tu imave cdebs mcenare xar-
nuyaze (Hieracium) gadaamowmebda, romelzedac TviTon muSaobda. mendelma am mcenareze 
Caatara cdebi igive meTodiT _ hibridologiuri meTodiT, rac bardaze (gaixsene mendelis 
Sromebi _ me-11kl. gv.10-17, 36-39). magram igive Sedegebi ver miiRo _ xarnuyaSi hibridebis 
miReba SeuZlebeli aRmoCnda. botanikosebma gacilebiT gvian _ XX s-Si daadgines, rom 
xarnuyas axasiaTebda sqesobrivi gamravlebis gansakuTrebuli forma. 1867 wlis 18 aprils 
mendeli negels werda: „vici, rom Sedegebi, romlebic bardaze miviRe, Znelia mecnierebis 
Tanamedrove dones SeuTanxmo“. mendelis Tanamedroveni SeniSnaven, rom gulCaTxrobili 
mkvlevari sanugeSod ambobda: „Cemi droc mova...“ 

• ra TaviseburebiT xasiaTdeba barda, romelic mendelis warmatebis erT-erTi 
mizezi iyo?

• raSi mdgomareobs genetikuri kvlevis hibridologiuri meTodis arsi?

• ras ewodeba hibridi?

• rogor Sexvda mecnierTa wre mendelis naSromis gamoqveynebas? ratom?

• vin gamoexmaura mecniers da ra SesTavaza?

• rogor fiqrob, xarnuyasTvis sqesobrivi gamravlebis rogori forma unda iyos 
damaxasiaTebeli, rom hibridebis miReba SeuZlebeli aRmoCnda?

• ra biologiuri mniSvneloba aqvs gamravlebas?

• gamravlebis ra formebia gavrcelebuli bunebaSi da ra arsebiTi gansxvavebaa maT 
Soris?  

yovel wams cocxali organizmebis ast-
ronomiuli ricxvi iRupeba siberiT, avad-
myofobiT, an mtaceblebis, erTmaneTTan 
konkurenciis mizeziT da mxolod yve-
la organizmis unikaluri sasicocxlo 
Tvisebis _ gamravlebis gamo ar wydeba 
sicocxle dedamiwaze. gamravleba yve-
la cocxali organizmisaTvis aris dama-
xasiaTebeli. igi xels uwyobs individTa 

ricxvis zrdas, saxeobis mier axali teri-
toriis aTvisebas, TaobaTa Soris kavSiris 
damyarebas, TaobaTa monacvleobas, Taobi-
dan Taobaze memkvidruli niSan-Tvisebebis 
gadacemas.

cocxal organizmebSi ori tipis gamra-
vlebas vxvdebiT: usqesos da sqesobrivs. 
miuxedavad usqeso gamravlebis sxvadasxva 
xerxisa (ix. cxr. 2.2.14.), saerToa is, rom 

mendeliseuli 
niSnebi bardaSi
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usqeso gamravlebaSi sasqeso ujredebi ar 
monawileobs da mxolod erTi mSobliuri 
individis somaturi ujredis/ujredebis 
mitozuri gayofiT warmoiqmneba axali or-
ganizmi. amitom Svileuli organizmi memk-
vidreobiTi niSan-TvisebebiT dediseuli 
individis identuria (Tu adgili ar eqne-
ba somatur mutaciebs). usqeso gamravle-

bis xerxad miaCniaT sporebiT gamravleba 
(sporebiT mravldebian wyalmcenareebi, 
sokoebi, mcenareebidan xavsebi da gvimre-
bi), Tumca sporidan mSobliuri organiz-
mis genetikurad identuri STamomavlo-
ba ver miiReba, radgan sporebi meiozuri 
gayofiT warmoiqmnebian (am organizmebSi 
mitozuri gayofiT gametebi miiReba). 

 cxrili 2.2.14.                                                                  usqeso gamravleba

usqeso gamravlebis xerxi daxasiaTeba da magaliTebi

erTi ujredis orad  
gayofa

ujredi iyofa or Svileul ujredad, romlebic dediseuli ujredis 
identuria. prokariotebSi (baqteriebi) binaluri gayofa (ujredis 
gayofamde xdeba dnm-is gaormageba da amitom genetikurad identuri 
ujredebi miiReba), xolo protistebis ujredebi mitozurad iyofa 
(erTujrediani wyalmcenareebi, protozoebi, sokoebi).

erTi ujredis mraval-
jeradi gayofa _ Sizogonia

erTi ujredi zedized ramodenimejer iyofa mitozurad da mravali 
Svileuli identuri ujredi warmoiqmneba (zogierTi protisti, maga-
liTad, malariis plazmodiumi).

dakvirtva

dedis sxeulze Cndeba gamonazardi (kvirti), romelic Semdeg scil-
deba mas da damoukidebel axal organizmad gadaiqceva, igi mSobliu-
ri individis identuria (nawlavRruianebi, safuara sokoebi, zogier-
Ti mcenare, mag. briofilumi; safuarebi ujredis Suaze gayofiTac 
mravldebian, rodesac Tanabari zomis ujredebi warmoiqmneba, 
dakvirtvis dros ki ujredi araTanabrad iyofa).

sxeulis fragmentacia 

individi erT an met nawilad iyofa, TiToeuli nawili izrdeba da 
axali individi warmoiqmneba; gamravlebis am formis safuZvelia 
regeneracia _ sxeulis nawilisgan mTliani organizmis ganviTareba, 
an sxeulis dakarguli nawilis aRdgena (hidra, zRvis varskvvlava, 
planaria, Wiayela, Zafnairi wyalmcenare spirogira).

vegetatiuri gamravleba

mcenareebi mravldebian vegetatiuri organoebiT; amisaTvis mcenare 
iviTarebs specialur organoebs, romlebSic sakvebi nivTierebebi 
maragdeba: gorgli, bolqvi, Zirxvena, fesura, fesvgorgali; garda am 
organoebisa, mcenare vegetatiurad mravldeba ylortiT, pwkaliT, 
fesvis amonayariT, foTliT (kartofili, xaxvi, niori, tita, batati, 
stafilo, marwyvi, tirifi da sxva mcenareebi).

usqeso gamravleba evoluciurad 
sqesobriv gamravlebaze adre gaCnda da 
ar axlavs mas genetikuri mravalferov-
nebis gazrda. xelsayrel pirobebSi us-
qeso gamravleba efeqturi procesia, rad-
gan am pirobebSi moxvedrili populaciis 
individebis ricxvi swrafad izrdeba. igi 
farTod gamoiyeneba soflis meurneoba-
Si. usqesod amravleben im organizmebs, 
romelTac adamianisaTvis sasargeblo da 
saWiro niSan-Tvisebebi aqvT. 

sqesobriv gamravlebaSi sasqeso ujre-
debi _ gametebi monawileobs. mravalu-
jrediani organizmebis umravlesobaSi 
ujredebis nawili daspecializebulia 

gamravlebis funqciis Sesasruleblad, 
gaCnda gamravlebis _ reproduqciuli 
organoebi. maTSi viTardeba haploiduri 
gametebi, romelTa Serwymis Sedegad dip-
loiduri zigota warmoiqmneba. Segaxse-
nebT, rom wyalmcenareebSi, mcenareebsa 
da sokoebSi meiozuri gamravlebiT spo-
rebi warmoiqmneba, haploiduri gametebi 
ki mitoziT yalibdeba. umravlesoba sa-
xeobis organizmSi gametebi diferenci-
rebulia morfologiurad (didi zomis 
kvercxujredi, mcire zomis spermatozoi-
di) da am movlenas anizogamias uwodeben. 
sqesobrivi gamravelba damaxasiaTebelia 
martivi organizmebisTvisac, magaliTad, 
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baqteriebisTvis sqesobrivi gamravle-
ba ar aris damaxasiaTebeli, magram gene-
tikuri informaciis rekombinacias maTSi 
uzrunvelyofs transduqcia, transfor-
macia da koniugacia (ix. me-10 kl. naw. 2, 

erTujrediani da mravalujrediani wyal-
mcenareebisTvis. Tumca maTSi gametebi 
morfologiurad erTnairia da mxolod 
genetikurad gansxvavdebian, rasac izoga-
mia ewodeba. 

reproduqciuli organoebis mixedviT 
organizmebi arian orsqesianebi/hermaf-
roditebi an erTsqesianebi/calsqesianebi. 
orsqesiani organizmebis umravlesobis 
sqesobriv gamravlebaSi ori mSobliuri 
individi monawileobs (orqesian mcena-
reebSi jvaredini damtverva, hermafrodi-
ti cxovelebis jvaredini ganayofiereba), 
Tumca SeiZleba mxolod erTi mSobliu-
ri individic monawileobdes, magaliTad, 
orsqesian mcenareebSi TviTdamtverva, 
hermafrodit cxovelebSi TviTganayofi-
ereba (gansakuTrebiT endoparazitebSi). 
ganayofiereba cxovelebSi SeiZleba iyos 
Sinagani an garegani da Sesabamisi adap-
taciebi ganuviTardaT maT amasTan daka-
vSirebiT. mTeli rigi organizmebis sasi-
cocxlo ciklSi mkeTrad SeimCneva usqeso 

da sqesobrivi gamravlebis monacvleo-
ba (ix. mcenareebSi, gv. 137, cxovelebSi, 
gv.10).

Tu usqeso gamravleba uzrunvelyofs 
STamomavlobaSi dediseuli memkvidreobi-
Ti informaciis zust gadacemas, sqesobri-
vi gamravleba piriqiT _ STamomavlobaSi 
memkvidreobiTi informaciis sxvadasxva 
kombinaciebis mravalferovnebas ganapi-
robebs. es dakavSirebulia meiozTan da 
gametebis Tavisufal SerwymasTan. agreT-
ve imasTan, rom ufro xSirad sqesobriv 
gamravlebaSi ori mSobliuri individi 
monawileobs. rac ufro mravalferova-
ni individebisgan Sedgeba saxeoba, miT 
izrdeba araxelsayrel garemo pirobeb-
Tan organizmebis Seguebisa da saxeobis 
gadarCenis Sansi. ilustraciaze (sur. 
2.2.73) kargad Cans, rom meiozi uzrunve-
lyofs genetikuri masalis ganaxevrebas, 
xolo ganayofiereba _ genetikuri masalis 
gamTlianebasa da genetikuri informaciis 
rekombinacias. 

diploiduri 
mraval-
ujrediani 
organizmi

haploidi (n) diploidi (2n)

kvercxujredi
(n)

spermatozoidi
(n)

zigota
(2n)

mitozi

gametebin

2n 2n

n

n

meiozi ganayofiereba

zigota

sur. 2.2.74.

gv. 61-62). aseve, infuzoriebSi genetikur 
rekombinacias ganapirobebs koniugaciis 
dros mikronukleusebis gacvla (ix. me-12 
kl. pirveli naw. sur. 2.1.20). 

atipuri sqesobrivi gamravleba

sqesobrivi gamravlebis saxesxvaobas 
warmoadgens parTenogenezi, romlis dro-
sac gaunayofierebeli kvercxujredidan 

viTardeba axali organizmi. arsebobs 
parTenogenezis ori saxe: haploiduri da 
diploiduri. haploiduri  parTenogenezi 
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damaxasiaTebelia WianWvelebis, futk-
rebisa da krazanebisTvis. magaliTad, 
deda futkari debs ganayofierebul dip-
loidur kvercxebs da gaunayofierebel 
 haploidur kvercxebs. ganayofierebu-
li kvercxebidan diploiduri mdedri da 
muSa futkrebi viTardeba, xolo gaunayo-
fiereblidan _ haploduri mamri futkari 
(sur. 2.2.75.). am cxovelebSi parTenoge-
nezi evoluciis procesSi Camoyalibebu-
li adaptaciaa, romlis meSveobiT popu-
laciaSi sqesi regulirdeba. 

bugrebisTvis, umdablesi kibosnaire-
bisTvis _ dafniebisaTvis damaxasiaTe-
belia diploiduri parTenogenezi (sur. 
2.2.76). zafxulis ganmavlobaSi mded-
ri debs gaunayofierebel diploidur 
kvercxebs, saidanac mxolod parTeno-
genezuri mdedrebi viTardebian, isi-
nic Tavismxriv parTenogenezur Taobebs 
warmoqmnian zafxulis xelsayrel piro-
bebSi, zafxulis bolos dadebuli gau-
nayofierebeli kvercxebidan garemos 
temperaturis gavleniT viTardebian ro-
gorc mdedrebi, ise mamrebi, amitom Se-
modgomaze mdedrebi kvlav ganayofiere-

bul mozamTre kvercxebs deben, saidanac 
gazafxulze mxolod mdedrebi viTarde-
bian. parTenogenezis am formas ciklur 
parTenogenezsac uwodeben. am SemTxvevaSi 
parTenogenezi xelsayrel pirobebSi sa-
xeobis individebis ricxvis swrafi zrdis 
saSualebaa. evoluciis procesSi ciklu-
ri parTenogenezi Camoyalibda rogorc 
mniSvnelovani adaptacia. igi gvxvdeba 
iseT cxovelebSi, romlebic masiurad 
iRupebian (magaliTad, bugrebi, dafniebi 
da sxv.) an rodesac gansxvavebuli sqesis 
individebis Sexvedra gaZnelebulia (mag., 
kavkasiuri kldis xvliki, romelic mxo-
lod parTenogenezurad mravldeba da po-
pulacia mdedri individebisgan Sedgeba). 

parTenogenezi aRwerilia uxerxemlo 
cxovelTa yvela tipSi, aseve xerxemlian 
cxovelebSi (gamonaklisia ZuZumwovrebi). 
am gziT populaciaSi individTa ricxov-
nobis SenarCuneba xdeba da igi saxeobis 
arsebobas ganapirobebs. parTenogene-
zi gvxvdeba mcenareTa samefoSic. igi 
aRwerilia babuawveraSi, xarnuyaSi, Tamba-
qoSi da sxv.

parTenogenezis dros, usqeso gamrav-

muSa futkari (2n)deda futkari (2n)

spermatozoido 
(n)

kvercxujredebi (n)

mdedri (2n)

ganayofiereba
matlebs TafliT kvebaven

matlebs futkris `rZiT~kvebaven

ar xdeba ganayofiereba

parTenogenezi

mdedri (2n)

meiozi

meiozi

mamri futkari (n)

mamri (n)
muSa futkari (2n)

deda futkari (2n)

mamri futkari (n)

(unayofo mdedri)

sur. 2.2.75.

mitozi
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lebis msgavsad, axal organizms dasabams 
erTi individi aZlevs. igi sqesobrivi gam-
ravlebaa, vinaidan organizmi viTardeba 
sasqeso ujredebidan _ kvercxujredidan, 
xolo usqeso gamravlebis dros STamoma-
vloba somaturi ujredebidan warmoiq m-
neba.

sqesobrivi gamravlebis kidev erTi sa-
xesxvaobaa ginogenezi. parTenogenezisa-
gan gansxvavebiT, ginogenezis dros gamra-
vlebaSi spermatozoidebi monawileoben.  
kvercxujredSi SeiWreba spermatozoi-
di, magaram ar xdeba kvercxujredisa da 
spermatozoidebis birTvebis Serwyma, igi 
kvercxujredze mastimulirebel gavle-
nas axdens, TviTon ki kvdeba; Sesabamisad, 
Canasaxi formirdeba mxolod kvercxuj-
redis citoplazmisa da misi birTvis 
xarjze. ginogenezi aRwerilia zogierT 
hermafrodit mrgval WiaSi, TevzebSi (ma-
galiTad, vercxlisferi karCxana), mcena-
reebidan baiaSi (Ranunculus auricomus), 

mdelos TivaqasraSi (Poa pratensis) da sxv.
androgenezi ginogenezis sapirispiro 

movlenaa. androgenezis dros kvercxuj-
redis birTvi kvdeba da Canasaxi viTarde-
ba spermatozoidis birTvisa da kvercxu-
jredis citoplazmis xarjze. rodesac 
kvercxujredSi erTi spermatozoidi 
SeaRwevs (monospermia), maSin Canasaxs 
haploiduri qromosomuli kompleqti 
aqvs. aseTi Canasaxi nakleb sicocxlisu-
nariania da metwilad iRupeba. Canasaxi 
normalurad viTardeba maSin, rodesac 
kvercxujredSi SeRweuli ori sperma-
tozoidis birTvi Seerwymeba erTmaneTs. 
androgenezi aRwerilia TuTis abreSu-
mxveviasa (Bombix mori) da parazit kraza-
naSi (Habrabacon juglands). aseve, androge-
nezi aRwerilia mcenareebSi. magaliTad, 
simindsa da TambaqoSi. cxovelebsa da 
mcenareebSi SesaZlebelia parTenoge-
nezis, ginogenezisa da androgenezis xe-
lovnurad gamowvevac.

diploiduri 
mozamTre 
kvercxebi haploiduri 

kvercxujredebis 
ganayofiereba

gaunayofierebeli 
diploiduri 

kvercxujredebis 
formireba

parTenogenezuri 
cikli

sqesobrivi gamravleba

parTenogenezuri 
mdedri (2n)

parTenogenezuri 
mamri

(2n)

(2n)

(2n)

dafniebis sasicocxlo cikli

sur. 2.2.76.
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1. ra aris gamravleba da ra biologiuri mniSvneloba aqvs mas?
2. Seadare usqeso da sqesobrivi gamravleba qvemoT mocemuli cxrilis mixedviT:

Tezisebi SedarebisTvis usqeso gamravleba sqesobrivi gamravleba

axali organizmis warmoqmnaSi monawileobs _ soma-
turi ujredebi/gametebi

gamravlebaSi monawileobs _ mxolod erTi mSobli-
uri individi/erTi mSobliuri individi an ori

gamravlebis safuZveli aris ujredebis gamravleba 
_ mitoziT/meioziT

STamomavlobaSi uzrunvelyofs _ mSoblis identu-
ri genetikuri informaciis gadacemas/genetikur 
mravalferovnebas

ufro xSirad mravldebian _ xelsayrel garemo 
pirobebSi/araxelsayreli garemo pirobebis dad-
gomis win

xels uwyobs populaciis Seguebas _ stabilur gare-
mo pirobebTan/cvalebad garemo pirobebTan

upiratesoba

nakli

3. usqeso gamravlebis dros ratom izrdeba individebis ricxvi swrafad?
4. romel mcenareebSi warmoiqmneba bevri mtvris marcvali _ jvaredinmtveria mcenareebSi 

Tu TviTmtveria mcenareebSi? ratom?
5. romel cxovelebSi warmoiqmneba bevri gametebi _ romelTac axasiaTebT garegani ganayo-

fiereba Tu, romelTac Sinagani ganayofiereba axasiaTebT? ratom?
6. gaaanalize suraTze mocemuli informacia da upasuxe kiTxvebs: 1) ra rols asrulebs 

meiozi TiToeul organizmSi? 2) ra rols asrulebs mitozi TiToeul organizmSi? 3) ro-
dis aRdgeba saxeobisTvis damaxasiaTebeli qromosomebis diploiduri kompleqti?

 
7. raSi mdgomareobs ganayofierebis biologiuri roli?
8. ra aris parTenogenezi da ra biologiuri roli aqvs mas? 
9. aRwere atipuri sqesobrivi gamravlebis formebi da maT Soris msgavseba-gansxvaveba. 

mitozi

zigota 
(2n)

zigota 
(2n)

sporebi 
(n)

zrdasruli 
mcenare (2n)zrdasruli 

cxoveli (2n)

winazrdili 
 haploiduri mcenare

spermatozoidi 
(n)

kvercxujredi  (n)

kvercxujredi (n)

ganayofiereba meiozi

mitozi mitozi

mitozimitozi

ganayofiereba meiozi

spermatozoidi (n)
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2.2.11. ზრდა და განვითარება

organizmi, Casaxvis momentidan gadis 
zrda-ganviTarebis rTul stadiebs. zrda 
yvela cocxalisTvis damaxasiaTebeli 
erT-erTi mniSvnelovani Tvisebaa. mrava-
lujrediani organizmebis zrdas, Ziri-
Tadad, ganapirobebs mitozuri gayofiT  
ujredebis ricxvis gazrda. Tumca orga-
nizmis zrda SeiZleba ganpirobebuli iyos 
ara ujredebis ricxvis gazrdiT, aramed 
ujredebis zomis Seuqcevadi zrdiT. maga-
liTad, fesvi sigrZeSi da Rero simaRleSi 
izrdeba ujredebis gaWimvis xarjzec. or-
ganizmis zrda SeiZleba iyos SezRuduli _ 
organizmi izrdeba gansazRvrul asakamde 
da SeuzRudavi _ mTeli sicocxlis gan-
mavlobaSi organizmi izrdeba ganusazRv-
relad. SezRuduli zrda mimdinareobs, 
magaliTad, mwerebSi, frinvelebsa da 
ZuZumwovrebSi. SeuzRudavi zrda axasia-

Tebs wyalmcenareebs, mcenareebs, sokoebs, 
Tevzebs, reptiliebsa da uxerxemloTa 
mraval saxeobas. organizmis ganviTareba 
Canasaxis periodSi gulisxmobs zrdasac 
da ujredebis diferencirebasac.   

zrda-ganviTarebis regulacia. konk-
retuli individis zrda-ganviTarebis 
process gansazRvravs genetikuri infor-
macia, Tumca genebis eqspresiaze gavlenas 
axdens garegani da Sinagani faqtorebi. 
mniSvnelovani garegani faqtorebia tempe-
ratura, sakvebi, ganaTeba, wyali. Sinagani 
faqtorebidan ki mniSvnelovania hormo-
nebi (ix. gv. 88, 94). gareganma faqtorebma 
SeiZleba gavlena moaxdinos Sinagan faq-
torebze. magaliTad, sakveb racionSi io-
dis nakleboba aferxebs Tiroqsinis gamo-
yofas, rac mozardis zrda-ganviTarebas 
aferxebs. 

sasicocxlo cikli

embriogenezi. xerxemlianebis embriogenezi 

ganviTarebis stadiebis Tanmimdevro-
bas, romelsac gadian konkretuli sa-
xeobis warmomadgenlebi erTi Taobis 
zigotidan meore Taobis zigotamde, 
sasicocx lo cikli ewodeba. sxvadasxva 
organizmSi sasicocxlo ciklis sirTu-
le gansxvavebulia. zogierT organizmSi 
SeimCneva usqeso da sqesobrivi gamra-
vlebis monacvleoba, romelic TaobaTa 
monacvleobis saxelwodebiTaa cnobili. 
magaliTad, mcenareebSi kargad SeimCneva 
usqeso Taobis _ sporofitisa da sqesia-
ni Taobis _ gametofitis monacvleoba 

(ix. naw.1, gv.137). usqeso da sqesobrivi 
gamravlebis monacvleoba gvxvdeba naw-
lavRruianebSic, magram am SemTxvevaSi 
orive Taoba diploiduria da haploidu-
ri stadia mxolod gametebis saxiT aris 
warmodgenili (ix. gv.10). parazitebis sa-
sicocxlo cikli xSirad Zalian rTulia 
da ramdenime Taobas moicavs (ix. gv.13-
16). yoveli Taoba garkveul sasicocxlo 
situaciasTanaa Seguebuli _ an garkveu-
li maspinZlis organizmSi cxovrebasTan, 
an erTi maspinZlidan meoreSi gadasvlas-
Tan.

individis individualuri ganviTarebis 
process zigotis warmoqmnis momentidan 
sicocxlis bolomde ontogenezi ewodeba. 
mravalujredianebSi ontogenezi or eta-
pad iyofa: embrionuli (Canasaxovani) da 
postembrionuli (Canasaxis Semdgomi) eta-

pebi. ontogenezi organizmis daberebiTa 
da sikvdiliT mTavrdeba.

embrionuli periodi grZeldeba zigo-
tis warmoqmnidan organizmis dabadebam-
de an kvercxis garsebidan gamosvlamde. 
es periodi ramdenime stadiisgan Sedgeba 
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(sur. 2.2.77): pirveli aris dayofis stadia. 
ganayofiereba stimuls aZlevs zigotis 
mitozur dayofas. warmoqmnil ujredebs 
blastomerebi ewodeba. am SemTxvevaSi mi-
tozi, Cveulebrivi somaturi ujredebis 
mitozuri gayofisagan gansxvavebiT, Za-
lian swrafad mimdinareobs. amitom uj-
redebi ver aswreben zrdas da rac izr-

deba blastomerebis ricxvi, miT ufro am 
ujredebis zoma mcirdeba. warmoiqmneba 
erTSriani Canasaxi – blastula. mas aqvs 
sferoseburi forma SigniT siRrue, ro-
melsac blastoceli ewodeba. qromosome-
bis gaormageba da blastomerebis warmo-
qmna kvercxujredSi dagrovebuli sakvebi 
nivTierebebis xarjze xdeba.

Semdegi aris gastrulaciis etapi. 
gastrulis warmoqmnisas ujredebi Zalian 
swrafad iyofa mitozurad da maTi ricxvi 
mkveTrad izrdeba. warmoiqmneba orSria-
ni Canasaxi, romelsac aqvs gareTa Sre _ 
eqtoderma, SigniTa Sre _ entoderma, ro-
melic SemosazRvravs pirvelad nawlavis 
Rrus. Semdeg ujredebi gadanawildeba da 
warmoiqmneba gastrula sami Canasaxova-
ni furcliT: eqtoderma, mezoderma da 
ento derma. 

Canasaxovani furclebis aseTi ganla-
geba ganapirobebs organogenezis stadia-
ze gadasvlas. eqtodermidan ganviTare-
bas iwyebs nervuli firfita, mezoderma 
ki dasabams aZlevs momavali organizmis 
qordas(mkvrivi drekadi zonari, romelic 
Sinagani ConCxis rols asrulebs). am sta-

diaze Canasaxs neirulas uwodeben. Semdeg 
nervuli firfita nervul milad gardai-
qmneba, nervuli milidan ki xerxemlianeb-
Si Tavisa da zurgis tvini viTardeba.

eqtodermidan, nervuli sistemis garda, 
kanis epiTeliumi, jirkvlebi da rqovani 
warmonaqmnebi, aseve, SegrZnebis organoebi 
viTardeba. saWmlis momnelebeli da sunT-
qvis organoebi entodermidan viTardeba. 
mezoderma dasabams aZlevs kunTebs, xrti-
lovan da Zvlovan ConCxs, sisxlZarRvovan, 
Sardgamomyof da gamravlebis organoTa 
sistemebs. Tumca unda gvaxsovdes, rom 
nebismieri organo viTardeba mxolod Ca-
nasaxis sxvadasxva ubnis ujredebis ur-
TierTqmedebiT, meorec, TiTqmis yoveli 
organos warmoqmnaSi ori da zogjer sami 
Canasaxovani furceli monawileobs. 

embriogenezis stadiebi

blastula

neirulagastrula

entoderma

eqtoderma

morula

blastoceli
blastoderma

dayofis stadiebi

zigota

blastomerebi

pirveladi  
nawlavis Rru

nervuli firfita

mezoderma eqtoderma

entoderma

qorda

nawlavis  
Rrupirveladi piris Rru

celomi  
(sxeulis meoradi 

Rru)

sur. 2.2.77.
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embrionis Canasaxovani organoebis uj-
redebSi aqtiurad muSaobs sxvadasxva 
geni, es uzrunvelyofs CanasaxSi ujrede-

bis, qsovilebis, organoebisa da organo-
Ta sistemebis diferencirebas (ix.me-10kl. 
naw.2, gv.34).

postembrionuli ganviTareba cxovelebSi

postembrionuli ganviTareba iwyeba 
organizmis dabadebis an kvercxis garsebi-
dan gamosvlis momentidan da sikvdilamde 
grZeldeba. arCeven postembrionuli gan-
viTarebis or tips: pirdapiri ganviTare-
ba da arapirdapiri anu metamorfozuli 
ganviTareba (sur. 2.2.78). pirdapiri ganvi-
Tarebisas axlad dabadebuli an kvercxis 
garsebidan axali gamosuli organizmi Zi-
riTadi niSnebiT _ agebulebiTa da cxov-
rebis niriT, zrdasruli organizmisagan 
TiTqmis ar gansxvavdeba. igi mxolod mci-

re zomisaa da sqesobrivad moumwifebeli. 
arapirdapiri anu metamorfozuli ganvi-
Tarebisas kvercxis garsebidan axalga-
mosuli organizmi _ larva, mTeli rigi 
niSan-TvisebebiT ar gavs zrdasrul orga-
nizms: sxeulis agebulebiT, kvebis niriT, 
moZraobiT, saarsebo garemoTi da sxva. 
arapirdapiri ganviTareba axasiaTebs, ma-
galiTad, moluskebs, mwerebs, parazit 
Wiebs, zogierT Tevzs, amfibiebs da sxv. 
(ix. gv. 23-24,41).

xerxemlianebis sasicocxlo cikli da postembrionuli ganviTareba

sur. 2.2.78.

1. romeli hormonebi aregulireben adamianis zrda-ganviTarebas?
2. romeli hormonebi aregulireben mcenareebis zrdas?
3. ra etapebisgan Sedgeba ontogenezi?
4. ra ZiriTad stadiebs arCeven embriogenezis procesSi?
5. riT gansxvavdeba embrionis ujredebis mitozuri dayofa Cveulebrivi somaturi ujre-

debis mitozuri gayofisgan?
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mwerebisaTvis damaxasiaTebelia sruli 
da arasruli metamorfozi (sur. 2.2.79). 
sruli metamorfozis mwerebi gaivlian 
kvercxis, matlis, Wuprisa da zrdasruli 
mweris stadiebs (matli da Wupri larvis 
stadiebia).  arasruli metamorfozis mwe-
rebisaTvis damaxasiaTebelia kvercxis, 
larvisa da zrdasruli mweris stadiebi. 

metamorfoziT ganviTarebas saxeo-
bis Seguebisa da gadarCenisaTvis didi 
mniSv neloba aqvs. magaliTad, zrdasruli 
marjnis polipebi mimagrebul cxovrebas 
ewevian, xolo maT larvas moZraobis una-

ri aqvs, rac xels uwyobs am saxeobis gan-
saxlebas axal teritoriaze. aseve, zrda-
sruli formebi da larvebi gansxvavdebian 
sakvebiT. magaliTad, pepela yvavilis 
neqtriT ikvebeba, xolo misi muxluxoe-
bi _ mcenaris foTlebiT, Tavkombala _ 
wyal mcenareebiT, zrdasruli bayayi ki 
mwerebiT, WiebiT da sxv. xSirad organiz-
mis zrdasruli forma da larva gansxva-
vebul garemo pirobebSi cxovrobs. aseTi 
adaptaciebiT zrdasruli forma da larva 
erTmaneTs konkurencias ar uwevs sakvebisa 
da saarsebo garemosTvis. 

6. teqstSi (gv. 162) mocemuli informaciis safuZvelze Seavse qvemoT mocemuli cxrili, Tu 
romeli Canasaxovani furclidan romeli organoTa sistema/organo viTardeba:

  

Canasaxovani furceli organo, organoTa sistema

eqtoderma

mezoderma

entoderma

7. organizmis sicocxlis ra periods moicavs postembrionuli etapi?
8. ra gansxvavebaa pirdapir da metamorfozul postembrionuli ganviTarebis formebs So-

ris?
9. ra gansxvavebaa mwerebis srul da arasrul metamorfozul ganviTarebas Soris?  
10. ra biologiuri mniSvneloba aqvs metamorfozul ganviTarebas saxeobisTvis? 

mwerebis sasicocxlo cikli da postembrionuli ganviTareba

sruli metamorfozi arasruli metamorfozisur. 2.2.79.
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Tema 2-is Sejameba

Temis mimoxilva

mTavari ideebi

• virusebi cocxals hgavs memkvidruli informaciis arsebobiTa da gamravlebis 
TvisebiT; maT gamravleba SeuZliaT mxolod maspinZeli ujredis struqture-
biTa da resursebis gamoyenebiT; virusebi parazitebia da iwvevs infeqciur 
daavadebebs; baqteriofagebi baqteriebis bunebrivi mteria;

• dRes organizmebs ajgufeben eqvs samefoSi: arqeebi, baqteriebi, protistebi, 
sokoebi, mcenareebi da cxovelebi;

• baqteriebi Sedian domenSi _ prokariotebi; maTTvis damaxasiaTebelia kvebis 
yvela tipi, sunTqvis mixedviT arian aerobebi da anaerobebi; mravldebian bina-
luri gayofiT, romelic ganapirobebs genetikuri informaciis zust gadace-
mas, Tumca genetikur rekombinacias ganapirobebs iseTi procesebi, rogoricaa 
koniugacia, transduqcia da transformacia;

• protistebSi Sedis wyalmcenareebi, sokos msgavsi protistebi da protozoebi; 
es samefo Sedis domenSi _ eukariotebi; protistebi garemoSi gadaadgildebian 
Soltebis, wamwamebis, cru fexebis saSualebiT;

• wyalmcenareebi arian erTujrediani da mravaluirediani organizmebi; fotoa-
vtotrofi organizmebia; wyalmcenareebi mravldebian usqesod da sqesobrivad;

• protozoebi erTujrediani eukarioti organizmebia; isini heterotrofi orga-
nizmebi arian _ zogierTi saprofitia da zogic paraziti; protozoebi mravle-
bian usqesod mitozuri gayofiT;

• mikrobebi _ virusebi, baqteriebi, sokoebi, zogierTi protozoa iwvevs infeq-
ciur daavadebebs;

• imunuri sistemas qmnis organoebi, ujredebi da molekulebi, romlebic ebrZ-
vian mikrobebs, ucxo nivTierebebs da sxeulebs;

• sokoebs axasiaTebs mcenareebisa da cxovelebisTvis damaxasiaTebeli niSnebi; 
sokoebi kvebis xasiaTiT arian heterotrofebi _ maT Soris saprofitebi da 
parazitebi; sokoebi mravldebian rogorc usqesod, ise sqesobrivad;

• mcenareTa samefos yofen sporovan da Teslovan mcenareebad, uWurWlo da 
WurWlovan mcenareebad; isini arian mravalujrediani, fotoavtotrofi orga-
nizmebi, romlebic mimagrebul cxovrebas ewevian, mravldebian sporebiT an Tes-
liT, vegetatiuri organoebiT; maT sasicocxlo ciklSi mkveTrad gamoixateba 
sporofitisa da gametofitis monacvleoba _ mcenare rac ufro ganviTarebis 
maRal safexurzea, mcirdeba gametofitis da izrdeba sporofitis moculoba;

• cxovelTa samefos yofen uxerxemloebad da xerxemlianebad; cxovelebi he-
terotrofi organizmebi arian, maT Soris fitofagebi, mtaceblebi, nairmWame-
lebi, detritofagebi da parazitebi; cxovelebis didi umravlesoba aqtiurad 
gadaadgildeba garemoSi; mravldebian sqesobrivad da usqesod;

• yvela cocxalisTvis damaxasiTebelia sasicocxlo Tvisebebi: homeostazi, ga-
Rizianebadoba, moZraoba, nivTierebaTa da energiis cvla organizmsa da ga-
remos Soris, metabolizmi _ kveba, sunTqva, eqskrecia, memkvidreobiToba da 
cvalebadoba, adaptacia, gamravleba. 
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davalebebi TviTSefasebisTvis

testuri davalebebi

1. cocxali sistemisaTvis damaxasiaTebeli romeli niSan-Tviseba aqvT virusebs?

 1 _ gamravleba, 2 _ nivTierebaTa cvla, 3 _ memkvidreobiToba.

 a. mxolod 1;  b. 1 da 2;  g. 1 da 3;  d. 2 da 3.

2. virusebSi genetikuri informacia warmodgenilia _

 a. mxolod dnm-is saxiT;             g. rogorc dnm-is, ise rnm-is saxiT;

 b. mxolod rnm-is saxiT;             d. rnm-is an dnm-is saxiT.

3. mTavari mizezi imisa, rom virusebi ar ganixileba cocxal arsebad aris is, rom 
isini ar _

 a. Seicaven memkvidrul informacias;

 b. mravldebian damoukideblad;

 g. Seicavs birTvs.

4. B hepatiti virusuli daavadebaa, romelic RviZls azianebs. rodis unda gau-
keTdes adamians am daavadebis sawinaaRmdego vaqcina?

 a. B hepatitis virusTan kontaqtamde; 

 b. rogorc ki iwyeba am daavadebis simptomebis gamovlena;

 g. daavadebis gamovlenis Semdeg;

 d. arasodes; vaqcinebis gadaWarbebuli gamoyeneba iwvevs antibiotikebisadmi 
mdgradobas.  

5. baqteriisgan gansxvavebiT, protistis ujreds aqvs:

 1. ribosoma, 2. goljis kompleqsi, 3. lizosoma, 4. plazmuri membrana.

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

6. mxolod eukarioti organizmebis ujredisTvis aris damaxasiaTebeli:

 1 _ plazmuri membrana, 2 _ mitoqondriebi, 3 _ mitoziT gayofis unari.

 a. mxolod I da 2;       b. mxolod 1 da 3;  g. mxolod 2 da 3;    d. 1, 2 da 3. 

7. romeli struqturebi aqvs prokariotis ujreds?

a) lizosomebi da plazmuri membrana;   

b) ribosomebi da endoplazmuri bade;  

g) endoplazmuri bade da ujredis kedeli;

d)  ribosomebi da plazmuri membrana. 

8. baqteriebi kvebis mixedviT arian:

 a. mxolod saprofitebi;  g.  mxolod parazitebi;

 b. mxolod avtotrofebi;  d. kvebis yvela tipis.

9. wyalmcenareebi mcenareebisgan gansxvavebiT _ 

 a. arian rogorc erTujredianebi, ise mravalujredianebi;

 b. zogierTi saxeoba garemoSi aqtiurad gadaadgildeba; 

 g. ar aqvT diferencirebuli qsovilebi da organoebi;

 d. maTi gamravlebis saSualeba ar aris Tesli;

 e. yvela zemoT CamoTvlili maxasiaTebliT.
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10. protozoebi cxovelebisgan gansxvavebiT _

 a. arian heterotrofebi;

 b. aqtiurad gadaadgildebian garemoSi;

 g. arian mxolod erTujredianebi;

 d. arian rogorc erTujredianebi, ise mravalujredianebi.

11. yviTel cieb-cxelebas iwvevs virusi da vrceldeba koRoebiT. zogierT qvey-
anaSi vizitis nebarTvisTvis adamianebs moeTxovebaT yviTeli cieb-cxelebis 
sawinaaRmdego vaqcinaciis Catareba. vaqcina Seicavs am virusis mcire dozas, 
romelic _

 a. klavs koRoebs, romlebic kbenen adamians;

 b. adamians exmareba am virusis sawinaaRmdego imunitetis gamomuSavebaSi;

 g. adamianis sisxlis mimoqcevis sistemaSi mutirebs;

 d. sisxlis mimoqcevis sistemaSi  klavs yvela viruss.   

12. adamians xelovnuri aqtiuri imuniteti uyalibdeba _

 1. gripis sawinaaRmdego vaqcinaciiT; 2. wiTelas gadatanis Semdeg; 3. samkurna-
lo Sratis Seyvanis Sedegad.

 a. mxolod 1;   b. mxolod 2; g. mxolod 3;  d. 1, 2 da 3.

13. organizmSi moxvedrili paTogenuri mikrobebi SeiZleba gaanadguros:  

a. nerwyvis fermentma lizocimma, kuWis wvenSi Semavalma HCl-ma, naRvelma, 
fagocitebma da limfocitebma; 

b. mxolod nerwyvis fermentma lizocimma, kuWis wvenSi Semavalma HCl-ma, naR-
velma;

g. mxolod nerwyvis fermentma lizocimma da kuWis wvenSi Semavalma HCl-ma;

d. fagocitebma da limfocitebma. 

14. ras iyeneben infeqciuri daavadebiT daavadebuli adamianis samkurnalod da ra 
tipis imuniteti SeiZleba ganuviTardes adamians?

a. vaqcinas da adamians gamoumuSavdeba aqtiuri xelovnuri imuniteti;

b. vaqcinas da adamians gamoumuSavdeba pasiuri xelovnuri imuniteti; 

g. samkurnalo Srats da adamians gamoumuSavdeba aqtiuri xelovnuri imunite-
ti;

d. samkurnalo Srats da adamians gamoumuSavdeba pasiuri xelovnuri imunite-
ti.

15. moZebne araswori pasuxi _ sokos msgavseba mcenareebTan gamoixateba SemdegSi:

 a. ujredSi samarago saxiT grovdeba saxamebeli;

 b. ewevian mimagrebul cxovrebas;

 g. sakveb nivTierebebs garemodan SeiTviseben absorbciiT;

 d. ujredis agebulebiT _ aqvT ujredis kedeli, centraluri vakuoli.

16. moZebne araswori pasuxi _ sokos msgavseba cxovelebTan gamoixateba SemdegSi:

 a. ujredSi samarago saxiT grovdeba glikogeni;

 b. ewevian mimagrebul cxovrebas;

 g. arian heterotrofebi;

 d. ujredis agebulebiT _ ar aqvT plastidebi, aqvT ujredis centri.
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17. zogierTi mecnieri Tvlis, rom ekosistemis mdgradoba bevradaa damokidebuli 
imaze, Tu mcenareebisTvis ramdenad misawvdomia niadagidan azotis marilebi. 
niadagSi mcenareebisaTvis misawvdomi azotis arseboba damokidebulia sxva-
dasxva faqtorze, rogoricaa:

 a. cxovelebi, romlebic sunTqvis procesSi azots abruneben niadagSi;

 b. cxovelebi, romlebic azots niadagSi abruneben sikvdilis Semdeg;

 g. baqteriebi, romelTac narCenebSi arsebuli azoti gadayavT mcenareebisTvis 
gamosayenebel formaSi _ nitratebSi;

 d. mcenareebi, romlebic niadagSi gamoyofen azotnaerTebs, rogorc fotosin-
Tezis gverdiT produqts.

18. qvemoT mocemuli kognituri sqema asaxavs _  

 

 a. cxovelur ujreds; b. mcenareul ujreds;  g. baqteriis ujreds;   d. viruss.

19. mecnierebis mier dRes aRwerilia cxovelTa milionnaxevarze meti saxeoba. qve-
moT CamonaTvalidan yvelaze metad romeli debuleba xsnis cxovelTa samyaros 
aseT mravalferovnebas, Tu iTvleba, rom yvela cxovels saerTo winapari hyav-
da?  

 1. cxovelebis saerTo winapris dnm-s ar axasiaTebda mutaciebi; 2. cxovelTa 
populaciebSi ganuwyvetliv grovdeba axali mutaciebi; 3. kolagenis arsebobam 
cxovelebis populacias SesZina swrafi mravalferovnebis unari;  4. hetero-
febSi ufro swrafad warmoiqmneba mravalferovneba, vidre avtotrofebSi.

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

20. cxovelTa romel tipSi gaCnda pirvelad sisxlis mimoqcevis sistema?

 a. brtyel WiebSi; b. rgolovan WiebSi; moluskebSi; d. fexsaxsrianebSi.

21. moZebne araswuri pasuxi _ daxSuli sisxlis mimoqcevis sistema damaxasiaTaebe-
lia:

 a. rgolovani WiebisTvis; b. moluskebisTvis;    g. xerxemlianebisTvis.

22. specialuri sunTqvis organo cxovelTa samefoSi pirvelad Cndeba:

 a. brtyel WiebSi;    b. rgolovan WiebSi;    g. moluskebSi;    d. fexsaxsrianebSi.

23. Tevzis gulSi moZraobs _

 a. arteriuli sisxli; b. venuri sisxli; g. arteriuli da venuri sisxli.

qlorofili

membranuli Senebis 
organelebi

birTvi

usqeso

dnm

 aqvs

 zogierT 
saxeobas aqvs

ar aqvs

??

gamravleba
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24. sisxlis mimoqcevis ori wris ganviTareba amfibiebSi dakavSirebulia _ 

 1. filtvebis ganviTarebasTan;   2. kaniT sunTqvasTan;   3. xmeleTze cxovrebas-
Tan SeguebasTan.

     a. mxolod 1 da 2; b. mxolod 2 da 3;    g. mxolod 3. d. 1 da 3.

25. ipove araswori pasuxi _ amfibiebi civsisxliani cxovelebi arian, radgan:

 a. sxeulis ujredebi maragdeba Sereuli sisxliT;

 b. mxolod imitom, rom filtvebi sustad aqvT ganviTarebuli; 

 g. sxeulis safarveli ver icavs siTbos dakargvisgan.

26. qvewarmavlebi, amfibiebisgan gansxvavebiT, xmeleTis tipuri cxovelebia, rad-
gan _

 a. kargad ganviTarebuli filtvebi aqvT;

 b. kani rqovani qerclebiTaa dafaruli, rac wylis dakargvisgan icavs;

 g. axasiaTebT Sinagani ganayofiereba da deben kirovani naWuWiT dafarul 
kvercxebs;

 d. sworia yvela pasuxi. 

27. romeli debulebaa swori?

 a. homeostazis saSualebiT organizmis Sinagani garemo arasodes icvleba da 
mudmivad gawonasworebulia;

 b. homeostazi aRadgens Sinagani garemos darRveul wonasworobas;

 g. homeostazi irRveva, rodesac organizmi garemodan Jangbads iTvisebs.

28. homeostazis maregulirebelia _

 a. mxolod nervuli sistema; 

 b. mxolod endokrinuli sistema; 

 g. nervuli da endokrinuli sistemebi.

29. homeostazis maregulirebeli sistemebis mniSvnelovani komponentebia _

 a. sensorebi, maregulirebeli centrebi, sakomunikacio sistemebi da samizneebi;

 b. mxolod sensorebi da maregulirebeli centrebi;

 g. mxolod sakomunikacio sistemebi da samizneebi;

 d. mxolod sensorebi da sakomunikacio sistemebi.

30. uaryofiTi ukukavSiris magaliTia _

 a. sisxlSi naxSirorJangis donis momateba iwvevs sunTqvis gaxSirebas, sisxlSi 
naxSirorJangis normaluri donis aRdgenisas ki sunTqvis sixSire kvlav normas 
ubrundeba;

 b. sisxlSi naxSirorJangis donis momatebas iwvevs ujreduli metabolizmis 
gazrda;

 g. sunTqvis gaxSireba sisxlSi Jangbadis donis Semcirebis kvaldakval;

 d. sunTqvis gaiSviaTeba sisxlSi Jangbadis donis gazrdis kvaldakval.

31. qvemoT mocemulia adamianis sisxlSi hormonebis koncentraciis regulaciaSi 
monawile komponentebisa da procesebis CamonaTvali. SearCie  am komponentebi-
sa da procesebis is Tanmimdevroba, romelic sworad asaxavs sisxlSi hormonis 
regulaciis uaryofiTi ukukavSiris meqanizms: 1. samizne jirkvali hormons 
gamoyofs sisxlSi, 2. sisxlSi hormonis dabali done, 3, hipoTalamusi Trgunavs 
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hipofizs, 4. sisxlSi hormonis normaluri done, 5. hipofizi gamoyofs tropul 
hormons, 6, hipoTalamusi  aaqtiurebs hipofizs.  

 a.  1-3-4-2-5-6;     b. 2-6-5-1-4;  g. 6-5-4-3-2-1;        d. 3-6-5-2-4-1. 

32. daadgineT Sesabamisoba qvemoT CamoTvlil hormonebsa da maT biologiur rols 
Soris _

hormonebi: 1. Tiroqsini, 2. adrenalini, 3. insulini, 4. parathormoni, 5. vazopresi-
ni, 6. kalcitonini, 7. glukagoni, 8. somatotrofuli hormoni.   

biologiuri roli:

 a. aZlierebs cilebis sinTezsa da Zvlebis zrdas;

 b. amcirebs Sardis moculobas;

 g. aCqarebs JangviT procesebs;

 d. sisxlSi amcirebs Ca2+-is dones;

 e. sisxlSi zrdis Ca2+-is dones da amcirebs PO4
3- -is dones;

 v. gulis SekumSvebs aZlierebs da axSirebs, sisxlSi zrdis glukozis dones;

 z. aZlierebs ujredebis mier glukozis STanTqmas da sisxlSi amcirebs glu-
kozis dones;

 T. zrdis sisxlSi glukozis dones.   

pasuxi: a b g d e v z T

1

2

3

4

5

6

7

8

33. nervulma sistemam cxovelTa evoluciis procesSi gaiara ganviTarebis etapebi 
Semdegi TanmimdevrobiT:

 a. kvanZovani, badisebri, milovani;         g.  milovani, badisebri, kvanZovani;

 b. badisebri, milovani, kvanZovani;         d.  badisebri, kvanZovani, milovani.

34. gansazRvre sworia Tu mcdaria Semdegi debuleba: procesebis hormonaluri 
regulacia mxolod cxovelebisTvis aris damaxasiaTebeli da ara mcenareebis-
Tvis.

 a. sworia; b.  mcdaria.

35. qvemoT CamoTvlilidan, romeliT aixsneba hipoTiroidizmi pacientSi, romlis 
sisxlSic iodis done normaluria da farisebri jirkvalic normaluradaa gan-
viTarebuli?

 a. adrenokortikotrofuli hormonis hiposekreciiT;

 b. Tireotrofuli hormonis hipersekreciiT; 

 g. Tireotrofuli hormonis hiposekreciiT;

 d. kalcitoninis sekreciis SemcirebiT.

36. qvemoT CamoTvlili Tavis tvinis struqturebidan romelia SecdomiT dawyvi-
lebuli Tavis funqciasTan?
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 a. Talamusi _ SegrZnebis organoebidan Sesul informacias agzavnis hemis-
feroebis qerqis Sesabamiss ubanSi.;

 b. mogrZo tvini _ aregulirebs endokrinuli sistemis moqmedebas;

 g. naTxemi _ moZraobisa da wonasworobis koordinacia;

 d. Sua tvini _ Sua tvinis birTvebi ConCxis kunTebisaken ganuwyvetliv gzavnian 
nervul impulsebs da maT tonuss unarCuneben. 

 e. hipoTalamusi _ temperaturis, SimSilisa da wyurvilis regulacia.

37. janmrTeli adamianis pirveladi Sardi Seicavs: 1. cilebs, 2. aminomJavebs, 3. 
glukozas.

 a. mxolod 1; b.  mxolod 2;       g. 1, 2 da 3;       d. 2 da 3.

38. qvemoT mocemuli organoebis CamonaTvalidan romelSi gvxvdeba gluvkunTova-
ni qsovili? 

 1. guli, 2. nawlavebi, 3. venebi, 4. arteriebi, 5. ConCxis kunTi, 6. kuWi.

 a. 1, 3, 5;  b. 1, 2, 4, 6;        g. 2, 3, 4, 6;      d. 2, 3, 4, 5.

39. riT gansxvavdeba avtonomiuri nervuli sistema  somaturi nervuli sistemis-
gan? avtonomiuri nervuli sistema _ 

     a. aregulirebs ConCxis kunTebs da emorCileba Cvens neba-survils; 

 b. aregulirebs ConCxis kunTebs da ar emorCileba Cvens neba-survils; 

 g. aregulirebs Sinagani organoebis moqmedebas da ar emorCileba Cvens ne-
ba-survils;

 d. aregulirebs Sinagani organoebis moqmedebas da  emorCileba Cvens neba-sur-
vils. 

40. romeli debulebaa araswori? metamorfozuli ganviTareba pirdapir ganviTa-
rebasTan SedarebiT saxeobas upiratesobas aZlevs, radgan _ 

 a. xels uwyobs axali adaptaciebis Camoyalibebas;

 b. xels uwyobs saxeobis gansaxlebas;

 g. amcirebs konkurencias zrdasrulebsa da larvebs Soris saarsebo garemos-
Tvis;

 d. amcirebs konkurencias zrdasrulebsa da larvebs Soris sakvebisTvis.

41. ra nivTiereba akavSirebs erTmaneTTan energetikul da plastikur cvlebs?

 a. naxSirorJangi;      b. glukoza;      g. atf;      d. Jangbadi.

42. qvemoT mocemuli komponentebi daalage adamianis organizmSi Jangbadisa da 
sakvebi nivTierebebis gadaadgilebis mimarTulebis mixedviT: 1. sisxli, 2. uj-
redi, 3. qsoviluri siTxe.

 a. 1-3-2;      b. 2-1-3;      g. 3-2-1;      d.  3-1-2.

43. sisxlis Sededeba etapobrivi procesia. pasuxebSi ipove am etapebis swori Tan-
mimdevroba: 1. fermenti Tromboplastinis gamoTavisufleba, 2. Trombocitebis 
daSla, 3. fibrinogenis fibrinad gardaqmna, 4. araaqtiur proTrombinze Trom-
boplastinisa da Ca2+-is zemoqmedeba, 5. fibrinis boWkoebSi sisxlis ujredebis 
gaxlarTva da Trombis warmoqmna, 6. sisxlZarRvis dazianeba an haerTan Sexeba, 
7. aqtiuri Trombinis warmoqmna. 

 a. 2-4-5-1-6-3-7;      b. 6-2-1-4-7-3-5;      g. 6-4-1-7-3-5;      d. 2-6-4-1-7-3-5.
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44. adamianis venebSi sisxlis mxolod gulisken moZraobas xels uwyobs: 1. winagu-
lebis SekumSa, 2. parkuWebis moduneba, 3. kariani sarqvelebis erTi mimarTu-
lebiT gaReba, 4, wnevis Semcireba arteriebidan venebisken, 5. ConCxis kunTebis 
morigeobiTi SekumSva-moduneba, 6. venis kedlebSi arsebuli jibisebri sarqve-
lebi, romlebic mxolod gulisken iReba.

 a.  1, 2, 3;     b.  2,4,5;      g.  4,5,6;      d.  1,5,6.

45. sisxlZarRvebidan sisxli yvelaze maRali siCqariT moZraobs:

 a. aortaSi;      b. filtvis arteriebSi;      g. kapilarebSi;      d. Rru venebSi.

46. sisxlZarRvebidan sisxli yvelaze dabali siCqariT moZraobs:

 a. aortaSi;      b. filtvis arteriebSi;      g. kapilarebSi;      d. Rru venebSi.

47. sisxlZarRvebidan sisxli yvelaze dabali wneviT moZraobs:

 a. aortaSi;      b. filtvis arteriebSi;      g. kapilarebSi;      d. Rru venebSi.

48. mcenaris fesvebis mier wylis Sewovasa da mis gadaadgilebas miwiszeda or-
ganoebisken ganapirobebs: 1. transpiracia, 2. fesvuri wneva, 3, WurWlebis wvri-
li milebi, 4. kohezia, 5. adhezia.

 a. mxolod 1,3,4;      b. mxolod 2,4,5;      g. mxolod 1,4,5;      d. 1, 2,3,4,5.

49. ipove Sesabamisoba saWmlis momnelebeli arxis ganyofilebasa da masSi mimdina-
re procesebs Soris; cxrilis Sesabamisi ujra moniSne „X“-iT.

procesebi        

a. cximebis emulgireba/patara wveTebad daSla   

b. moqmedebas iwyeben proteazebi 

g. warmoiqmneba zogierTi vitamini 

d. iwyeba naxSirwylebis moneleba

e. Seiwoveba didi raodenobiT wyali

v. Seiwoeba monelebuli sakvebi nivTierebebi

z. ZiriTadad, aq iwyeba cximebis moneleba

ganyofileba

1. piris Rru

2. kuWi

3. Tormetgoja nawlavi 
(wvrili nawlavis pirveli 
ganyofileba) 

4. wvrili nawlavi

5. msxvili nawlavi

 

pasuxi:      
a b g d e v z
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50. frinvelebs frenasTan dakavSirebiT ganuviTarda Semdegi adaptaciebi: 1. sahae-
ro parkebi, 2. sxeulis bumbuliani safarveli, 3. oTxsakniani guli, 4. Rruiani 
Zvlebi, 5. sisxlis mimoqcevis ori wre, 6. kargad ganviTarebuli naTxemi, 7. 
ormagi sunTqva, 8. kargad ganviTarebuli mkerdis kunTi da mkerdis Zvalze 
tropi, 9. mokle nawlavi, 10. ar aqvs saSarde buSti da Sardis xSiri gamoyofa, 
11. kvercxis saTiTao momwifeba, 12. wina kidurebi frTebadaa gadaqceuli. 

 zemoT CamoTvlili adaptaciebidan romelia araswori?

 a. mxolod 1, 3, 6, 7;      b. mxolod 3;      g. mxolod 5;      d. 3 da 5.

51. eqskreciis procesebSi monawileoben: 1. Tirkmelebi, 2. guli, 3. kuWi, 4. filt-
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vebi, 5. kani, 6. nawlavebi.

 a. 2, 5, 6;      b. 1, 3, 5;      g. 1, 4, 5, 6;      d. 1, 2, 5, 6. 

52. Tirkmlis funqciebia:

 a. cvlis saboloo produqtebis gamoyofa;

 b. Warbi nivTierebebis, magaliTad, glukozis gamoyofa;

 g. wylis balansis dacva;

 d. yvela pasuxi sworia.

53. ra aqvT erTnairi Tavkombalasa da misgan ganviTarebul bayays?

 a.  sakvebi da sabinadro garemo; g. mxolod genotipi; 

 b. sakvebi da genotipi;   d. sakvebi, sabinadro garemo da genotipi.

54. xavsebisa da gvimrebisgan gansxvavebiT, yvavilovani mcenareebis mamrobiT game-
tebs Solti ar aqvs, radgan _ 

 a. ganayofierebisTvis wyali ar aris saWiro;

 b. imtvereba mxolod qaris saSualebiT;

 g. ganayofierebisTvis wyali ar aris saWiro, imtvereba qaris an cxovelebis 
saSualebiT;

 d. arcerTi pasuxi ar aris swori.

55. xavsebisa da gvimrebisgan gansxvavebiT, SiSvelTeslovani mcenareebis mamrobiT 
gametebs Solti ar gaaCnia, radgan _ 

 a. ganayofierebisTvis wyali ar aris saWiro;

 b. imtvereba mxolod qaris saSualebiT;

 g. ganayofierebisTvis wyali ar aris saWiro, imtvereba qaris an cxovelebis 
saSualebiT;

 d. ganayofierebisTvis wyali ar aris saWiro da imtvereba qaris saSualebiT;

56. moZebne mcdari mtkicebuleba _ sqesobrivi gamravleba uzrunvelyofs geneti-
kurad mravalferovani STamomavlobis warmoqmnas, radgan xdeba:

 a. meiozis procesSi arahomologiuri qromosomebis koniugacia;

 b. homologiuri qromosomebs Soris monakveTebis gacvla _ krosingoveri;

 g. homologiuri qromosomebis dacileba da ujredis polusebisken SemTxvevi-
Ti ganawileba;

 d. gametebis SemTxveviTi Serwyma.

57. moZebne mcdari mtkicebuleba _ usqeso gamravlebis upiratesoba mdgomareobs 
imaSi, rom:

 a. uzrunvelyofs STamomavalze mSoblis zusti genetikuri informaciis ga-
dacemas;

 b. miiReba STamomavlobis didi ricxvi;

 g. uzrunvelyofs genetikurad mravalferovani STamomavlobis miRebas;

 d. mimdinareobs drois mcire monakveTSi.

58. parTenogenezi _ 

 a. organizmis ganviTareba gaunayofierebeli kvercxujredidan;

 b. axasiaTebT mxolod hermafrodit organizmebs;

 g. usqeso gamravlebis erT-erTi saxea;

 d. axasiaTebT mxolod mcenareebs.
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59. ontogenezi ewodeba:

 a. saxeobis warmoSobis istorias;

 b. dedamiwaze sicocxlis warmoSobis process;

 g. organizmis individualur ganviTarebas zigotidan sikvdilamde;

 d. organizmis individualur ganviTarebas zigotidan  dabadebamde.  

60. embriogenezi ewodeba:

 a. saxeobis warmoSobis istorias;

 b. dedamiwaze sicocxlis warmoSobis process;

 g. organizmis individualur ganviTarebas zigotidan sikvdilamde;

 d. organizmis individualur ganviTarebas zigotidan  dabadebamde.  

davalebebi kritikuli da SemoqmedebiTi azrovnebisTvis

1. bevri saxeobis baqteria iwvevs sakvebis gafuWebas, radgan maTi moTxovnileba 
sakvebi nivTierebebisadmi adamianis msgavsia;  Tumca zogierTi baqteria gare-
modan moixmars iseT nivTierebebs, rogoricaa mZime metalebi (mag., vercxlis 
wyali), gogirdi, navTobi da sxv. rogor iyenebs praqtikaSi aseT baqteriebs 
adamiani?

2. axali virusebi dainficirebis Semdeg swrafad klavs Tavis maspinZels, magram 
droTa ganmavlobaSi virusebi TandaTan sustdeba da naklebad iwvevs maspinZlis 
sikvdils. ratom SeiZleba iyos virusisTvis nakli, swrafad moklas maspinZeli?  

3. moamzade bukleti. mecnierebi Tanxmdebian imaze, rom frinvelis gripis viru-
sis erT-erTma formam SeiZleba pandemia gamoiwvios. cnobila, rom es virusi 
swrafad ganicdis mutacias da swrafad adaptirdeba maspinZlis cvlilebasTan. 
warmoidgine, rom Sen xar jandacvis organizaciis wevri daavadebis kontrolis 
mimarTulebiT da dawere broSura, rom moqalaqeebs miawodo informacia, Tu 
rogor iwvevs virusi infeqciur daavadebas. gamoiyene Seni codna ujredebisa 
da virusebis Sesaxeb, Seqmeni  bukleti iseTi eniT, rom gasagebi iyos farTo 
masebisTvis.   

4. aRwere, evoluciis procesSi rogor SeiZleba damyarebuliyo trofuli mutu-
alizmi adamiansa da mis nawlavebSi mcxovreb baqteriebs Soris.  

5. aRwere, rogor SeiZleboda kutikula ganviTarebuliyo xmeleTis mcenareebSi 
bunebrivi gadarCevis gziT.

6. 1) ra adaptacia uzrunvelyofs Teslovan mcenareebSi mamrobiTi gametebis kver-
cxujredebamde miRwevas? 2) ra moTxovnebi aqvT garemo pirobebisadmi sporo-
van da uWurWlo mcenareebs? 3) ra evoluciuri upiratesoba SesZina mcenareebs 
gamtarma sistemam? 4) ra evoluciuri upiratesoba aqvs TesliT gamravlebas? 

7. rogor garemoSi SeiZleba cxovrobdnen erT sivrceSi uWurWlo mcenareebi, 
sporovani da Teslovani mcenareebi? axseni Seni pasuxi. 

8. mcenareebis gamravlebisas maTTvis mniSvnelovania, rom STamomavloba gavrcel-
des garemoSi, raTa konkurencia ar gauwios mSobliur individs. Seadare spor-
ovani da Teslovani mcenareebis struqturebi, romelic xels uwyobs maT gare-
moSi gavrcelebas. 

9. mwvane wyalmcenareebsa da mcenareebs iseTi ra niSnebi axasiaTebT (maT Soris 
molekulur doneze), romelic miuTiTebs maT Soris mWidro naTesaur kav-
Sirze? 
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10. axseni, cxovelebis kvebis Taviseburebam rogor ganapiroba maTSi sayrden-ma-
moZravebeli, nervuli da SegrZnebis organoTa sistemebis ganviTareba. 

11. aqsonSi nervuli impulsis gatarebis siCqare sxvadasxva faqtorze (mag., orga-
nizmis Sinagan temperaturaze, aqsonis diametrsa da struqturaze) aris damok-
idebuli. magaliTad, bayayis mieliniani 3,5 mkm-is diametris aqsonebi impulsebs 
atareben 30 m/wm siCqariT maSin, rodesac katis aseTive diametris aqsonebi ki 
90 m/wm siCqariT. 1) axseni, katis aqsonebi ratom atareben nervul impulsebs 
ufro swrafad; 2) romeli aqsonebi gaatareben nervul impulss ufro swrafad 
_ mieliniani Tu umielino? axseni Seni pasuxi. 

12. Tu neironi dazianda ise, rom aqsonma dakarga kavSiri neironis sxeulTan, axse-
ni, ra gavlenas moaxdens es nervuli impulsis gadacemaze. 

13. SeiZleba adamiani iyos brma miuxedavad imisa, rom misi Tvali normalurad fun-
qcionirebs? axseni Seni pasuxi. 

14. axseni, ram ganapiroba funqciaTa regulaciis nervuli meqanizmis gaCena bi-
ologiuri evoluciis procesSi. 

monacemebis gansja (analizi da daskvna)

1. mecnierebi baqteriuli infeqciiT daavadebul 60 Tagvze amowmebdnen sami an-
tibiotiks _ A, B da C _ efeqturobas. maTi eqsperimentis Sedegebi mocemulia 
cxrilSi. 1) isini askvnian, rom maT sWirdebaT meti testireba C antibiotikze, 
rogor fiqrob, ratom? 2) Sen ras Secvlidi eqsperimentSi, Sedegebi ufro sar-
wmuno rom yofiliyo?

antibiotikebze testirebis dayeneba

antibiotiki A B C

inficirebuli Tagvebis raodenoba 30 15 15

antibiotikebis efeqturobis % 83% 25% 100%

2. baduraze ganTavsebulia kolbebis sami gansxvavebuli saxeoba: TiToeuli sax-
eoba Riziandeba sinaTlis ZiriTadi ferebiT – wiTeli, mwvane da lurji. sami 
ZiriTadi feris sxivebis sxvadasxva kombinaciiT kolbebis gaRizianebiT adami-
ani xedavs sxvadasxva fers.

 cxrilis gamoyenebiT ivaraude, rogori feris obieqts dainaxav, Tu misi yure-
bis dros Tqveni erTi Tvali dafarulia mwvane feris filtriT (talRis saSua-
lo sigrZe 530 nm-ia), xolo meore _ wiTeli filtriT (talRis saSualo sigrZe 
620 nm-ia).

xiluli speqtris ferebi da maTi Sesabamisi talRebis sigrZis  
daaxloebiTi diapazoni

feri talRis sigrZe (nm)

wiTeli 620-ze meti

narinjisferi 590-620

yviTeli 570-590

mwvane 500-570

lurji 440-500

iisferi 440-ze naklebi
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3. mecnierebma gazomes vazis lokokinebis gulis cemis sixSire da sasunTqi xvre-
lis diametri. es monacemebi warmodgenilia wertilovan grafikze.  gaaanalize 
grafikze mocemuli monacemebi da upasuxe kiTxvebs: 

 1) aRwere lokokinebis am saxeobaSi damokidebuleba gulis cemis sixSiresa da 
sasunTqi xvrelis diametris zomas Soris. 

 2) ivaraude, rogor Seicvleba lokokinas gulis cemis sixSire, Tu sasunTqi 
xvrelis diametri 0,7 mm da meti iqneba? 

 3) axseni, riT SeiZleba iyos ganpirobebuli gulis cemis sixSiris aseTi damok-
idebuleba sasunTqi xvrelis diametrze.  

4. alkoholi Zlieri da farTod gamoyenebuli narkotikia. is gavlenas axdens 
centralur nervul sistemaze, anelebs refleqsur moqmedebebs da iwvevs kanis 
wvrili sisxlZarRvebis gafarToebas. alkoholis umetesi nawili Seiwoveba 
wvril nawlavSi, Tumca misi swrafi efeqti nawilobriv aixsneba imiT, rom misi 
30%-mde Seiwoveba kuWSi. alkoholi RviZlSi iSleba da misi daSlis produqte-
bi, ZiriTadad, naxSirorJangi da wyalia. cdis pirma dalia eqvsi erTeuli al-
koholi, Semdeg ki misgan sisxlis sinjebi aiRes alkoholis miRebidan xuTi 
saaTis ganmavlobaSi. cxrili aCvenebs sisxlSi alkoholis dones eqsperimentis 
ganmavlobaSi.

 1) cxrilSi mocemuli monacemebis mixedviT aage grafiki (gaiTvaliswine da-
moukidebeli da damokidebuli cvladebi);

 2) rogori iqneba sisxlSi alkoholis savaraudo done 2,5 saaTis Semdeg?

 3) satransporto saSualebis marTvis uflebis dasaSvebi zRvari aris 80 mg 
alkoholi 100 sm3 sisxlSi. ramden xans iqneba es adamiani am zRvaris zemoT?

 4) daasaxele kanSi sisxlZarRvebis gafarToebis erTi TvalsaCino efeqti;

 5) RviZlSi alkoholis daSlis produqtebi _ naxSirorJangi da wyali _ rogor 
gamoiyofa organizmidan? daasaxele is organoebi da sisxlZarRvebi, romelsac 
es nivTierebebi gaivlian garemoSi gamoyofamde;

 6) ivaraude alkoholis xangrZlivi moxmarebis erTi efeqti RviZlze;

 7) adamianebi, romlebic svamen didi raodenobiT alkoholian sasmelebs didi 
xnis ganmavlobaSi, xSirad arasrulfasovnad ikvebebian. kerZod, maT SeiZleba 
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hqondeT kalciumis da C vitaminis deficiti. ra simptomebi SeiZleba hqondes 
am adamianebs?

alkoholuri sasmelis dalevidan 
gasuli dro (saaTi)

100 sm3 sisxlSi  alkoholis 
done (miligrami)

0,0 0,0

0,5 70

1,0 135

1,5 140

2,0 115

3,0 75

4,0 50

5,0 40

5. fermentebis aqtivoba didadaa 
damokidebuli pH-ze. grafikze 
mocemulia pepsinisa da pankrea-
sis wvenSi Semavali lipazas aq-
tivobis damokidebuleba pH-ze. 
1) daadgine, romeli grafiki See-
sabameba lipazas aqtivobas da 
romeli _ pepsinis. axseni Seni 
pasuxi; 2) kidev ra faqtorebzea 
damokidebuli fermentebis aq-
tivoba?

vizualuri masalis gansja

1. ilustraciaze mocemuli mcenareebidan _ 1) romelia sporovani mcenareebi? 2) 
romelia Teslovani mcenareebi? 3) romels ar aqvs WurWlebi? 4) romeli mce-
naris gametebis SerwymisTvis aris aucilebeli wyali? 5) romeli mcenaris mam-
robiT gametebs ar aqvs Solti da ratom? 6) romeli mcenare imtvereba mxolod 
qariT? 7) romeli mcenaris gametofits SeuZlia sporofitisgan damoukideb-
lad arseboba? 8) romeli mcenaris sporofitia damokidebuli gametofitze? 

 

2. 1) suraTze mocemul nervuli sistemis struqturebze miTiTebuli cifrebi 
gadaiwere samuSao rveulSi da miuwere struqturis dasaxeleba; 2) romeli cif-
riT aRniSnul neirons Seaqvs nervuli impulsi zurgis tvinSi? 3) ras gamoi-
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wvevs cifri 3-iT aRniSnuli struqturis dazianeba? 4) ras gamoiwvevs cif-
ri 9-iT aRniSnuli struqturis dazianeba? 5) ra qmnis cifri 1-iT aRniSnul 
zurgis tvinis struqturas? 6) ra qmnis cifri 2-iT aRniSnul zurgis tvinis 
struqturas da ra funqcias asrulebs igi?    

3. suraTze mocemulia somaturi da avtonomiuri refleqsebis refleqsuri rka-
lebi. 1) romeli cifriTaa aRniSnuli avtonomiuri refleqsis refleqsuri 
rkali?  daasabuTe Seni pasuxi; 2) ra gansxvavebaa somatur da avtonomiur ma-
moZravebel gzas Soris? 3) romel mamoZravebel gzaze vrceldeba nervuli im-
pulsi ufro swrafad? ratom?

4. suraTze Tavis tvinis nawilebi aR-
niSnulia cifrebiT. 1) cifrebi gad-
awere samuSao rveulSi da TiToeuls 
miuwere Tavis tvinis nawilebis 
dasaxeleba; 2) romeli cifriT aR-
niSnuli nawilis dazianeba iwvevs nebi-
smieri xerxemlianis myisier sikvdils? 
ratom? 3) romeli cifriT aRniSnul 
nawilTan aris dakavSirebuli pirobi-
Ti refleq sebi? 4) romeli cifriT aR-
niSnul nawilTan aris dakavSirebuli 
SimSilisa da wyurvilis centrebi?

Tavis tvinis struqturuli komponentebi
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5. suraTze cifrebiT aRniSnulia 
hemisferoebis qerqis ubnebi. 
1) cifrebi gadawere samuSao 
rveulSi da TiToeuls miuw-
ere naxevarsferoebis qerqis 
ubnis dasaxeleba; 2) romeli 
ubnis dazianeba gamoiwvevs 
mxedvelobis dakargvas? 3) ro-
meli cifriT aRniSnul uban-
Tan aris dakavSirebuli neb-
elobiTi moZraobis marTva? 
4) romeli cifriT aRniSnul 
ubanTan aris dakavSirebuli 
smenis nerviT Sesuli informaciis gaanalizeba? 5) romeli cifriT aRniSnuli 
ubnis dazianeba gamoiwvevs emociebis marTvis darRvevas?

6. 1) romeli cifriT/cifrebiT aris aRniSnuli Zv-
lebi, romelTa Soris naxevradmoZravi SeerTebaa? 
2) romeli cifriT/cifrebiT aris aRniSnuli Zvle-
bi, romelTa Soris moZravi SeerTebaa?  3) kidev 
ra tipis SeerTeba arsebobs Zvlebs Soris? moiyvane 
Sesabamisi magaliTebi da axseni ZvalTa SeerTebis 
aseTi tipis ZiriTadi funqcia?  4) ra funqciebs as-
rulebs suraTze warmodgenili ConCxis es nawili? 

7. 1) suraTi gulis ciklis romel fazas 
asaxavs? axseni Seni pasuxi; 2) ra funqcias 
asrulebs winagulebi? 3) ra funqcias as-
rulebs parkuWebi? 4) sisxlZarRvebze 
miTiTebuli cifrebi gadawere samuSao 
reulSi da miuwere saxelwodebebi; 5) ro-
meli cifrebiT aRniSnul sisxlZarRvebs 
CaaqvT sisxli gulSi? 
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8. suraTze cifrebiT aRniSnulia ne-
fronis Semadgeneli struqture-
bi. 1) cifrebi gadawere samuSao 
reulSi da miuwere nefronis 
struqturebis dasaxelebebi; 2) 
nefronSi Sesuli arteriola ram-
denjer itoteba kapilarebad? 3) 
ra cifriT aRniSnul struqtur-
aSi mimdinareobs filtracia da 
ras uwodeben filtrats? 4) ra 
msgavseba-gansxvavebaa filtrati-
sa da sisxlis plazmis qimiur Sed-
genilobas Soris? 5)  ra cifriT 
aRniSnul struqturaSi mimdin-
areobs reabsorbcia da ra mniSvn-
eloba aqvs am process? 6) romeli 
cifriT aRniSnul struqturaSia 
yvelaze maRali Sardovanas kon-
centracia? ratom? 7) Tu SardSi 
cilebi aRmoCnda, romeli cifriT 
aRniSnuli struqturis dazianeba-
ze metyvelebs es? ratom fiqrob 
ase?

9. suraTze mocemulia momwifebuli Canasaxovani 
parkis sqema. 1) ramdeni ujredisgan Sedgeba Ca-
nasaxovani parki? am ujredebs Soris romeli ci-
friT aris aRniSnuli diploiduri ujredi da ras 
uwodeben mas? 2) romeli cifriT aris aRniSnuli 
kvercxujredi? 3) ganayofierebis Semdeg romeli 
cifriT aRniSnuli ujredi aris triploiduri da 
ra formirdeba misgan? 4) ganayofierebis Semdeg 
romeli cifriT aRniSnuli ujredisgan viTardeba 
Canasaxi da rogoria misi qromosomuli kompleqti? 
5) ganayofierebis Semdeg ra formirdeba Canasaxo-
vani parkidan?

10. suraTze Canasaxis adreuli ganviTarebis stadiebi aRniSnulia cifrebiT. 1) 
samuSao rveulSi amowere cifrebi da TiToeuls miuwere Canasaxis ganviTare-
bis stadiis dasaxeleba; 2) cifrebi iseTi TanmimdevrobiT Cawere, rom sworad 
asaxavdes Canasaxis ganviTarebis process; 3) romeli asoTi aRniSnul stadiaze 
Cndeba pirveladi nawlavi da piris Rru?  4) romeli cifriT aRniSnuli sta-
diidan iwyeba organogenezi? 5) rveulSi Cawere cifri 6-iT aRniSnul Canasax-
is stadiaze miTiTebuli asoebi (A,B,C) da TiToeuls miuwere, Tu romelidan 
viTardeba: Tavisa da zurgis tvini, ConCxi da kunTebi, SegrZnebis organoebi, 
nawlavebi da filtvebi.

3

2

1

5

4

nefroni

Canasaxovani parki

3

4

22

1



181

monacemebis organizeba sqemebSi

1. cxrili gadaitane samuSao rveulSi, Seavse da upasuxe TandarTul kiTxvebs.

gulmkerdis Rrus 
mdgomareoba _ ga-
farToebulia/ 
Seviwroebulia

filtvis moculo-
ba _ gazrdilia/
Semcirebulia

airis wneva
filtvebSi _ gazr-
dilia/Semcirebu-

lia

sunTqviTi moZ-
raoba _ CasunTqva/

amosunTqva

neknTaSua 
sasunTqi 
kunTebi da 
diafragma 
SekumSulia 

neknTaSua 
sasunTqi 
kunTebi da 
diafragma 
modunebu-
lia

1) axseni CasunTqva/amosunTqvis meqanizmi fizikis kanonebze dayrdnobiT.

2) ra gavlenas moaxdens sunTqviT moZraobebze plevris RruSi siTxis dagroveba?

3) gadavsebuli kuWi ratom aferxebs sunTqviT moZraobebs?

1
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2. qvemoT mocemuli sqema gadaitane samuSao rveulSi da wertilebis nacvlad 
Casvi sityvebi, romelic sworad asaxavs Termoregulaciis meqanizms.

3. qvemoT mocemuli sqema gadaitane samuSao rveulSi da wertilebis nacvlad 
Cawe re Sesabamisi terminebi, cxovelTa jgufebi: nawlavRruianebi, brtyeli Wie-
bi, mrgvali Wiebi, rgolovani Wiebi, moluskebi, mwerebi, obobebi, kibosnairebi, 
Tevzebi, amfibiebi, qvewarmavlebi, frinvelebi, ZuZumwovrebi.

postembrionuli ganviTarebis 
tipebi cxovelebSi

arapirdapiri ganviTareba 
anu ... . . .  ganviTareba 

. . .  . . .  

. . .  . . .  

. . .  . . .  

. . .  . . .  

. . .  

. . .  

. . .  

. . .  

garemoSi maRali 
temperatura

garemoSi dabali 
temperatura

kanSi sisxlZarRvebi ...

periferiidan Sinagan 
organoebSi sisxlis dineba ...

oflis gamoyofa ...

Tmis folikulebTan 
dakavSirebuli kunTi ...

Sinagan organoebSi 
ujreduli metabolizmi ...

kanSi sisxlZarRvebi ...

periferiidan Sinagan 
organoebSi sisxlis dineba ...

oflis gamoyofa ...

Tmis folikulebTan 
dakavSirebuli kunTi ...

Sinagan organoebSi 
ujreduli metabolizmi ...

kanis 
Termoreceptori

...-Si arsebuli ... 
centri

organizmSi mimdinare 
sapasuxo procesebi

normaluri temperatura
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4. qvemoT mocemuli sqema gadaitane samuSao rveulSi da Seavse. moiyvane TiToeu-
li kvebis tipis mqone organizmis magaliTi.

5. cxrili gadaitane samuSao rveulSi da Seavse.

6. sqema gadaitane samuSao rveulSi da Seavse.

kvebis tipi

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

heterotrofuli

. . . 

energetikuli  
cvlis etapebi

sad  
mimdinareobs

ra saxis energia 
gamoiyofa

atf-is ramde-
ni molekula 
warmoiqmneba

sawyisi  
nivTiereba

daSlis  
produqti

mosamzadebeli 
etapi

glikolizi

aerobuli sunTqva

rZemJava duRili

spirtuli duRili

cvalebadobis formebi

memkvidruli/
genotipuri

. . . 

. . . 

. . . . . . . . . 

. . . 
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danarTi _ eleqtronuli saswavlo resursebi

 

soko _ kordicepsi _

        

kvebiTi jaWvi _                     

https://surl.li/xnnijq

kvebiTi jaWvi da qseli _          

https://surl.li/vdlsdf

wylis cikli _         

   https://surl.li/fokcfq

Jangbadis cikli _           

https://surl.li/hwrhmq

naxSirbadis cikli _         

  https://surl.li/duvqfw

https://surl.li/fdsmmz
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vaqcinaciis istoria: yvavilis vaqcina _        

vaqcinaciis qarTuli istoria _       

 
 
 
 

ratom aRar gvexmarebian antibiotikebi? _        

wylis potenciali da osmosi _       

adamianis saWmlis momnelebeli sistema _          

  
 

adamianis saWmlis momnelebeli sistema _          
                   

  

https://surl.li/doosbm

 https://surl.li/axwnwg

 https://surl.li/agakxt

https://surl.li/qdimev

  https://surl.li/jkmskr

  https://surl.li/cciehz



186

     

simulacia _ sakvebis Sedgenilobis gavlena janmrTelobaze _     
                       

https://shorturl.at/zFOgn

sakvebi danamatebis saiti  _         
             

simulacia: mindvris Tagvis populaciis cvlileba _      
             

https://shorturl.at/bv4dt

       surl.li/ynehma


