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meToduri ganmartebani 
 
 

warmogdenili meToduri miTiTeba sagan mcenareTa fiziologiaSi aRwers 
Tu rogor unda Sesruldes esa Tu is samuSao (e. i. moicavs cdebs), rac 
gaTvaliswinebulia saswavlo gegmiT. 

meToduri miTiTebebiT gaTvaliswinebuli samuSaoebis umetesi nawili 
sruldeba orsaaTiani mecadineobebis procesSi. 

Sesasrulebeli samuSaos Sesaxeb pedagogi iZleva mokle axsna-
ganmartebas, xolo studenti mocemuli meToduri miTiTebis safuZvelze 
asrulebs davalebas, akeTebs Canawers rveulSi, sadac mocemulia: 1. samuSaos 
dasaxeleba, 2. samuSaos msvlelobis mokle aRwera. 3. Sedegebi. 4. daskvnebi.  
 sakiTxis mimarT aseTi midgoma xels uwyobs studentis damoukidebeli 
muSaobis Cvevisa da unaris gamomuSavebas, rac daexmareba mas Sesaswavli 
masalis safuZvlianad damuSavebasa da aTvisebaSi. 
 studentis mier CaTvlili unda iyos TiToeuli Tema, romelic pedagogma 
axsna. 
 TiToeuli Temis Semdeg pedagogis mier Catarebuli unda iqnes 
Semajamebeli koloqviumi. 

 
 
 

Tavi 1 
 
 umaRles mcenareebSi yvela sasicocxlo procesi ujredebSi 
mimdinareobs. ujredis citoplazmaSi moTavsebulia is ZiriTadi organoidebi, 
rogoricaa: birTvi, plastidebi, goljis aparati, mitoqondriebi, ribosomebi 
da sxva. agreTve nivTierebaTa cvlis esa Tu is produqtebi – CanarTebi. 
 mcenareuli ujredi formis mixedviT SeiZleba iyos parenqimuli da 
prozenqimuli. pirveli tipis ujredis sigrZe da sigane TiTqmis tolia, xolo 
prozenqimuli ujredis sigrZe yovelTvis aRemateba siganes. 
 gansxvavebulia mcenareuli ujredebis sidide, romelic cvalebadobs 
ultramikroskopuli sidididan ramdenime mm-de. yvelaze patara ujredebi aqvT 
baqteriebs, romelTa zoma ganisazRvreba mikronebiT (milimetris meaTasedi 
nawili) 
 farulTesliani mcenareebis ujredebis zomebi SedarebiT didia. 
mniSvnelovnad didi zomisaa qsovilebis damcveli parenqimuli ujredebi. mag: 
tuberis an wvniani nayofis ujredebis sigrZe SeiZleba iyos 1mm an meti. 
SedarebiT didi zomisaa sakanafe boWkos prozenqimuli ujredebi (selis da 
kanafis – 20-40mm, WinWris – 80mm, ramis 200mm.) 
 umaRlesi mcenareebis garsi ZiriTadad Sedgeba celulozasagan, 
romelic dakavSirebulia peqtinur nivTierebebsa da ligninTan. 
 xnovanebasTan erTad SeiZleba Seicvalos ujredis garsis qimiuri 
Sedgeniloba. am cvlilebaTa saxeebia: gaxeveba da gakorpeba. gaxevebis dros 
xdeba garsis lignifikacia e. i. ivseba ligniniT /C57H60O10/ ligniniT 
gaJRenTili garsi inarCunebs wylisa da wyalxsnarebis SeRwevadobis unars. 
 gakorpebis dros celulozovani garsis meoradi /Sua/ Sris SuagulSi 
gadaideba cximismagvari nivTierebis – suberinis firfita. gakorpebuli garsi 
kargavs SeRwevadobis unars wylis da airebisaTvis, ris gamoc gakorpebuli 
garsiani ujredebis protoplasti yovelTvis kvdeba.  
 ujredis garsi ujreds aZlevs ra formas, aseve icavs ujredis SigTavs 
garegan faqtorebis zemoqmedebisagan. 
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ujredis umniSvnelovanesi Semadgeneli nawilia citoplazma.  citoplazma 
ekvris garss Signidan da axalgazrda ujredebSi ujredis mTel Rrus ikavebs. 
 citoplazmis qimiuri Sedgeniloba metad rTulia. qimiuri analizebis 
saSualebiT dadgenilia, rom protoplazmis mSral nivTierebaSi Sedis: cilebi 
– 63%, cximebisa da lipoidebi 21%, nacris – 6,5% da sxva nivTierebebi 9,5% 
 citoplazma Seicavs 80-85% - mde wyals. 
 citoplazmis SemadgenlobaSi Semavali nivTierebebi koloidur 
mdgomareobaSi arian. 
 citoplazmis cilebi didi hidrofilurobiT xasiaTdebian e.i. maT 
molekulebis irgvliv wylis molekulaTa mniSvnelovani raodenobis Sekavebis 
unari aqvT.  
  koloidur nawilakTa zedapiriT Sekavebul wyals koloidurad bmuli 
wyali ewodeba. Tavisufali wylisgan gansxvavebiT, romelic koloiduri 
nawilakebis mxriv uSualo gavlenas ar ganicdis, bmuli wyali kargavs 
Zvradobas, gamxsnelis movaleobis unars da misi gayinvis temperatura Zlier 
ecema. 
 citoplazma Tavisi agebulebiTa da SedgenilobiT araerTgvarovania. 
ansxvaveben zedapirul Sres, romelic citoplazmas ujredis garsisgan 
ganacalkevebs. mas uwodeben plazmalemas. am apks iqiTaa plazmis ZiriTadi 
masa, mezoplazma. apks romelic ganacalkevebs mezoplazmas vakuolisagan, 
tonoplasti ewodeba. 
 plazmalema – ZiriTadad lipoidebisgan Sedgeba, ufro naklebad 
cilebisgan. mezoplazmaSi, piriqiT lipoidebs cilebi Warboben, tonoplasti 
ki lipoidTa ormagi Srisgan aris warmoqmnili, romelTagan erTi _ Tavis 
warmoSobas mezoplazmas unda umadlodes, meore ki _ ujredis wvens. 
tonoplasti aregulirebs citoplazmasa da ujredis wvens Soris nivTierebaTa 
cvlas. 
 
 
 
samuSao 1. 
 

citoplazmis naxevradSeRwevadobis Tvisebis dadgena. 
 

masala da mowyobiloba: 1. sisxlis yviTeli marilis [K4Fe(CN)6]4 4%-iani 
xsnari, 2. spilenZis qloridi, CuCI2 3. Zafi, makrateli, 4. dolbandi, 5. minis 
wkiri,    6. qimiuri Wiqa. 

ganmarteba.  plazma naxevrad Txevadi sxeulia. mas araviTari forebi an 
arxebi ara aqvs. citoplazmis SeRwevadoba ama Tu im gaxsnil nivTierebaTa 
mimarT,  citoplazmis nivTierebaSi maTi gaxsnis unarzea damokidebuli. Tu 
SevadarebT plazmis SeRwevadobas wylisa da nivTierebebTaTvis, maSin 
citoplazmis SeRwevadoba am ukanasknelTaTvis mniSvnelovnad naklebi 
aRmoCndeba. mraval nivTierebas saerTod citoplazmis nivTierebaTa masaSi 
gaxsnis unari ar aqvs. e.i. citoplazma maT mimarT SeuRwevadia. 
     aqedan gamomdinare, plazma wylisa da masSi gaxsnil nivTierebaTaTvis 
erTnairad SeRwevadi ar aris, mas naxevradSeRwevad sxeulTa ricxvs 
miakuTvneben. citoplazmis naxevradSeRwevadobis qveS nagulisxmevia misi unari 
Tavis fenebSi gaataros wyali da ar gauSvas an Zlier Seakavos wyalSi 
gaxsnil nivTierebaTa SeRweva. naxevradSeRwevadoba gamosaxavs gamxsnelisa da  
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gaxsnili nivTierebebis mimarT citoplazmis sxvadasxva urTierTobas. 
citoplazmis naxevradSeRwevadobis unars aregulirebs misi ganapira Sreebi-
plazmalema da tonoplasti, radganac maT SemadgenlobaSi cilebs Warbobs 
lipoidebi. 
     zedapirul citoplazmur apkebs – plazmalemasa da tonoplasts 
sxvadasxva agebuleba aqvT. plazmalema lipoidebis monomolekuluri 
apkia,xolo tonoplasti lipoidTa molekulebis ori Srisagan Semdgari apki. 
sxvadasxva agebulebis gamo maTi SeRwevadobac gansxvavebulia. plazmalema 
ufro SeRwevadia, vidre tonoplasti. protoplazmis SeRwevadoba 
damokidabulia mraval faqtorze: qimiur Sedgenilobaze, agebulebaze, agreTve 
rogorc zedapiruli plazmaturi apkebis, ise ujredSi SeRwevadi 
nivTierebebis eleqtrel damuxtvaze.  
       organuli nivTierebebi, ujredSi SeRwevis unaris mixedviT, iyofian 
nivTierebaTa or jgufad – polaruli da arapolaruli. poraluri SenaerTebi, 
romelTac ormagi da sammagi kavSirebi aqvT, ujredSi Znelad SeaRweven. 
arapolaruli SenaerTebi, romlebic eleqtroneitralurebi arian da romelTa 
tipiuri warmomadgenlebi naxSirwyalbadebia ujredSi SedarebiT  swrafad 
SeaRweven. 
 zogierTi organuli nivTiereba Seicavs rogorc polarul, ise 
arapolarul jgufebs. aseT SenaerTebSi erTi jgufis siWarbe meoreze 
sazRvravs ujredSi maT SeRwevadobis unars. magaliTad eTilis spirti     
/CH3CH2OH/ iseve rogorc sxva SenaerTebi, romlebSic molekulis polaruli 
nawili Warbobs arapolaruls, ujredSi ufro nela SeaRwevs. SenaerTebi ori 
OH polaruli jgufiT, iseTebi rogoricaa eTilenglikoli /OH CH2 CH2 OH/ 
citoplazmaSi nela SeaRwevs, xolo nivTierebebi sami OH-jgufiT, rogoricaa, 
magaliTad, glicerini, SeaRwevs gacilebiT nela. eqvsatomiani spirtisaTvis, 
romelic Seicavs eqvs OH- jgufs, protoplazma TiTqmis SeuRwevadia. 
 molekulis arapolarulobis xarisxze SeRwevadobis damokidebulobis 
Sesaxeb warmodgena saSualebas gvaZlevs sarevelebsa da mavne mwerebTan 
sabrZolvelad yvelaze metad aqtiuri Sxamiani nivTierebebis /herbicidebis/ 
Seqmnis Teoriul safuZvels. herbicidebi, romlebic Seicaven ufro met 
arapolarul jgufebs, ufro aqtiurebi arian, radgan ufro swrafad SeaRweven 
ujredSi. meore mxriv, mRrRnel mwerebTan sabrZolvelad ufro xelsayrelia 
gamoviyenoT iseTi Sxamiani nivTierebebi, romlebic ufro met polarul 
jgufebs Seicaven da amitom ufro Znelad SeaRweven ujredebSi da naklebad 
avneben TviT mcenares. 
 araorganuli nivTierebebis SeRweva ujredSi mniSvnelovnad ufro nela 
xdeba, vidre arapolaruli organuli SenaerTebis. erTvalentiani kaTionebi da 
anionebi, rogoricaa K+, NNa+,  B-, CI-, Cveulebriv ufro swrafad SeaRwevs 
protoplazmaSi, vidre orvalentiani Sr++, Ca++,  da SO4

- -, xolo kidev ufro nela 
SeaRweven samvalentianebi.  
 Zlier disocirebuli araorganuli mJavebi da tuteebi, iseTebi 
rogoricaa HCI da KOH  SeaRweven Zalze nela maSin, rodesac susti mJavebi da 
tuteebi, rogoricaa H2CO3  da  NH4 OH  SedarebiT swrafad SeaRweven. airebi – 
naxSirorjangi, Jangbadi, amoniaki, gogirgwyalbadi – swrafad SeaRweven 
ujredSi. gaxsnili nivTierebebi ujredSi SeiZleba Sevidnen mTeli 
molekulebiTa da calkeuli ionebiT. wyali da praqtikulad 
aradisocirebuli SenaerTebi, iseTebi, rogoricaa Saqrebi, ujredSi SeaRweven  
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mTeli molekulebis saxiT, eleqtrolitebi ki rogorc mTeli molekulebis, 
ise calkeuli ionebis saxiT. 
 plazmis zedapiruli apkis sxvadasxva SeRwevadoba ujredis 
mniSvnelovani Seguebulobis Tvisebaa. es mas saSualebas aZlevs sxvadasxva 
qimiuri Sedgenilobis areebSi SeinarCunos SedarebiT erTnairi Sedgeniloba. 
amis gamo wylis mcenareebis ujredebidan ar gamoiricxebian biologiurad 
iseTi mniSvnelovani nivTierebebi, rogoricaa magaliTad Saqrebi. am Tvisebebis 
gareSe wyalqveSa mcenareebis arseboba SeuZlebeli iqneboda. magram meore 
mxriv, iseTi nivTierebebi, rogoricaa Jangbadi, romelic warmoiqmneba mwvane 
ujredebSi fotosinTezis dros da naxSirorjangi, romelic warmoiqmneba 
sunTqvis dros, Tavisuflad gadian zedapirul plazmatur apkebSi.  

samuSaos mimdinareoba: cdis Casatareblad viRebT dolbandis naWers, 
masSi vaxvevT spilenZis qloridis CuCI2 fxvnils da mWidrod gamovkravT 
ZafiT. Tu CuCI2  mocemulia kristalebis saxiT, maSin kristals gamovabamT Zafs 
da CavuSvebT sisxlis yviTeli marilis 4% xsnarSi, romelic Casxmulia SuSis 
momaRlo cilindrSi. 
 ramdenime xnis Semdeg dolbandis parkidan daiwyeba buStebis gamosvla 
da parkis garSemo axal-axali buStebis gaCena. am buStebs traube uwodebda 
’’xelovnur ujreds’’. 
 am movlenis axsna aseTia: rodesac K4 Fe (CN)6 4% -iani xsnari daasvelebs 
CuCI2 –is fxvnils, maT Soris xdeba reaqcia. 
 2 CuCI2 + K4 Fe (CN)6 –Cu2Fe(CN)6 +4 KCI 
miRebuli Cu2  Fe(CN)6 –is naerTi mixakisferi apkia, romelsac aqvs naxevrad 
Jonvadobis /SeRwevadobis/ Tviseba, riTac ramdenadme miemsgavseba citoplazmis 
Jonvadoba – SeRwevadobas. warmodgenili apki ukeTesad atarebs SigniT wyals, 
vidre masSi gaxsnil sisxlis yviTel marilis K4Fe(CN)6 xsnars. amis gamo apksa 
da fxvnils Soris miiReba CuCI2 –is sxnari, romlis koncentracia 
TandaTanobiT izrdeba, radgan masSi ixsneba spilenZis qloridis axal-axali 
raodenoba /ulufebi/, es ki xels uwyobs apkis SigniT wylis meti raodenobiT 
SeRwevas, rac iwvevs apkze dawolis gaZlierebas, /turgors/. apki ver uZlebs 
Sinagan Zlier dawolas, skdeba ramdenime adgilas da gamoiRvreba CuCl2-is 
xsnari. 
 rac Seexeba Ku Fe (CN)6, maSinve moxdeba reaqcia da isev warmoiqmneba 
axali apki da apkis SigniT maRali koncentracia, romelic kidev iwovs wylis 
axal-axal ulufebs. amis gamo SigniT izrdeba dawola da apki skdeba, kidev 
miiReba axali apkebi da a.S. miiReba mTeli rigi buStebisa. zogierTi am 
buStTagani simZimis gavleniTa da amasTanave apkis sisustis gamo, wydeba da 
vardeba WurWlis fskerze. 
 pirvel xanebSi apki Txelia, gamWirvale. mis SigniT moCans mwvane xsnari, 
SemdegSi ki ramdenadac masSi meti raodenobiT Seva sisxlis yviTeli marili, 
apki imdenad sqeldeba da Rebulobs mixakis fers. 
 es samuSaoebi sainteresoa im mxriv, rom warmoiqmneba ra Cu2 Fe(CN)6-is 
apki, igi naxevrad Jonva – SeRwevadobis saqmeSi ramdenadme miemsgavseba 
citoplazmis Jonvadobas. 
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samuSao 2.  

 
 plazmolizisa da deplazmolizis movlena. 

 
masala da mowyobiloba: 1. wylis mcenare elodea an valesneria 9. 2. 

kaliumis gvarjilis /KNO3/ moluri xsnari, 3. sawveTuri, 4. minis wkiri, 5. 
lanceti      6. sasagne da safari minebi, 7. wyliani Wiqa, 8. filtris qaRaldi, 
9. mikroskopi da sxv. 

ganmarteba. mcenareuli ujredis mier wylis STanTqmis aucilebeli 
pirobaa ujredis wvenis osmosuri potencialis siWarbe garegani xsnaris 
osmosur potencialTan SedarebiT. winaaRmdeg SemTxvevaSi ujredi ara Tu ver 
SeZlebs garedan wylis miRebas, aramed iZulebulic ki iqneba wylis nawili 
misces gare xsnars. ujredis gareT myofi ufro koncentrirebuli xsnaris 
mier wylis gamowoviT ganpirobebuli ujredis gauwyloeba iwvevs movlenas, 
romelsac plazmolizi ewodeba. 
 wyliT sakmaod uzrunvelyofil ujredSi, ujredis wveni aviTarebs 
hidrostatikur wnevas, romelic Signidan Wimavs plazmas. ujredis wvenis 
wneva, rasac citoplazma ganicdis, gadaecema garss da garsic iWimeba. daWimul 
mdgomareobaSi myof ujreds turgescentuli ewodeba, xolo TviT garsis 
daWimul mdgomareobas _ turgori. 
 ujredis moTavsebisas xsnarSi, romlis osmosuri potencialic ujredis 
osmosur potencialze maRalia, maRali osmosuri potencialis mqone gare 
xsnari iwyebs wylis gamowovas ujredis  wvenidan, citoplazma mcirdeba 
moculobaSi, igi ujredis kuTxeebSi dascildeba garss, Semdeg ki savsebiT 
kargavs masTan kavSirs. citoplazmasa da garss Soris warmoqmnili are gare 
xsnariT ivseba. aseTi saxis mqone ujreds plazmolizebels uwodeben, xolo 
TviT garsidan plazmis dacilebis movlenas ki, rac ujredis wvenis 
gauwyloebiT aris ganpirobebuli, plazmolizi ewodeba. 
 ujredis xangrZlivi dayovnebisas maplazmolizebel nivTierebaSi kvlav 
izrdeba ujredis moculoba, matulobs misi wneva citoplazmaze da ujredi 
aRidgens Tavis turgors. ujredis dabrunebas plazmolizebuli 
mdgomareobidan turgescentulSi ewodeba deplazmolizi. ujredis 
deplazmolizi ki imiT aixsneba, rom maplazmolizebeli nivTiereba marTalia 
nela, magram mainc SeaRwevs vakuolSi da izrdeba ujredis wvenis osmosuri 
potencialic, gadaametebs ra gare xsnaris potencials, uzrunvelyofs wylis 
Seswavlas ujredSi. 

samuSaos mimdinareoba: samarTebliT  gakeTdes iseTi ujredebis 
epidermisis anaTali, romelic antocianis Semcvelia. ujredTa epidepmisi, rom 
ar daziandes, sasurvelia anaTalSi ujredTa ori Sre mohyves. 
 anaTali /SeRebili ujredis wvenis mqone ujredebi/ movaTavsoT sasagne 
minaze dawveTebul wyalSi, davafaroT safari mina da gavsinjoT mikroskopSi. 
Semdeg /sasagne minaze arsebuli/, wyali SevcvaloT saxarozis 1 M xsnariT. 
safari minisqveS arsebuli wylis erT mxareze saqarozis moluri xsnari 
davasxaT, meore mxrisken ki filtris qaRaldis naweri movaTavsoT. qaRaldi 
wyals Seiwovs, mis adgils ki saqaroza daikavebs da mcenareuli masala 
saqarozis xsnarSi aRmoCndeba. momzadebul preparats vsinjavT mikroskopSi. 
15-20 wT-Si miviRebT mkafiod gamosaxul plazmolizs. plazmolizebul 
ujredebs Tu isev Cveulebriv wyalSi movaTavsebT, SevniSnavT, rom wyali  
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daiwyebs ujredebSi Sesvlas, protoplazma aRidgens pirvandel mdgomareobas, 
e.i. moxdeba deplazmolizi. 
 momzaddes epidermisis meore Wrilic, movaTavsoT igi sasagne minaze 
ufro mozrdil wylis wveTSi da odnav wamovaduRoT spirtquraze 
/wamoduRebisas sasagne minaze wyali ar unda aSres/. sasagne minaze darCenili 
wyali filtris qaRaldiT gamovwovoT, xolo sasagne minaze wylis adgili 
davakavebinoT saxarozis 1 M xsnars, davaxuroT safari miniT da aseTnairad 
momzadebuli preparati gavsinjoT mikroskopSi. davakvirdeT da davadginoT 
xdeba Tu ara ujredebSi plazmolizi. Tu ar xdeba ratom? 
 dakvirvebis Sedegebi CaviweroT. CavxatoT ujredis ZiriTadi Semadgeneli 
nawilebi, asoebiT vaCvenoT plazmolizis da deplazmolizis procesebi. 
 
 
 
samuSao 3. 

 dakvirveba CaCisebur plazmolizze 
 

masala da mowyobiloba: 1. xaxvi; 2. mikroskopi; 3. sasagne da safari 
minebi; 4. minis wkirebi; 5. samarTebeli; 6. KNO3 -is moluri xsnari. 
 

ganmarteba. rogorc ukve avRniSneT, zedapirul plazmatur apkebs -
plazmalemasa da tonoplasts sxvadasxva agebuleba aqvT. plazmalema 
lipoidebis monomolekuluri apkia, xolo tonoplasti - lipoidTa 
molekulebis ori Srisgan Semdgari apki. sxvadasxva agebulebasTan 
dakavSirebiT maTi SeRwevadobac gansxvavebulia. plazmalema ufro SeRwevadia, 
vidre tonoplasti. amaSi advilad gvarwmunebs CaCisebri plazmolizi. 
CaCisebri plazmolizi ewodeba iseT plazmolizs, romlis drosac SeimCneva 
mezoplazmis Zlieri gajirjveba. es gajirjveba vlindeba imaSi, rom 
plazmolizebuli protoplastis boloebSi warmoiqmneba plazmis CaCi. 
 CaCiseburi plazmolizi warmoiSveba marilebis moqmedebiT, romelnic 
plazmalemis gavliT aRweven mezoplazmas da iwveven mis /e.i. mezoplazmis/ 
gajirjvebas. es marilebi tonoplasts SigniT ver aRweven, anda gadian metad 
nela. 

muSaobis mimdinareoba xaxvis epidermisis anaTlebs, romlis ujredebic 
Seicaven wiTel ujredovan wvens, 1 sT-iT aTavseben kaliumis gvarjilis 1,0 
molur xsnarSi. mikroskopuli gasinjvis dros mTel rig ujredebSi naTlad 
mJRavndeba CaCisebri plazmolizi. ujredis plazmalema da birTvi moculobaSi 
metismetad izrdebian. mezoplazmis sisqe imdenad mniSvnelovani xdeba, rom 
Rebulobs CaCisebri grovebis saxes, romlebic dakidebulia SeRebil 
vakuolze. citoplazmis moculobis es zrda /CaCi/ Sepirobebulia kaliumis 
ionebis gamaTxevadebeli moqmedebiT. kaliumis ionebi plazmalemis saSualebiT 
SedarebiT advilad SeaRweven mezoplazmaSi da ufro nelaSeaRweven Semdeg 
vakuolSi, rac gviCvenebs, rom tonoplasti kaliumis ionebisTvis gacilebiT 
naklebad SeRwevadia. amis Semdeg awarmoeben calkeuli ujredebis Caxatvas, 
sadac kargad gamoxatulia CaCiseburi plazmolizi. 
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samuSao 4.  

 
SeRebvis meTodiT Teslis cxovelmyofelobis gansazRvra. 

 
masala da mowyobiloba: 1. mecadineobis dawyebamde ramdenime sT-iT adre 

wyalSi dambali bardas Tesli /muSaobisTvis sasurvelia aRebuli iqnes 
Teslebi, romelTa aRmocenebis unari 80-%-ze meti araa/ 2. indigokarminis 
xsnari 1:2000  /e. i. 0,5 g. 1l gamoxdil wyalze/; 3. faifuris an minis jami; 4. 
Wiqa naxerxiT; 5. sapreparato nemsi. 6. TefSi; 7. minaze mweri fanqari. 

ganmarteba. Teslis aRmocenebis unaris gansazRvrisTvis TeslTa 
SeRebvis wesi dafuZnebulia saRebavisTvis /mag. indigokarmini, mJave fuqsini/ 
cocxali citoplazmis gaumtareblobaze, maSin rodesac mkvdari citoplazma 
advilad iRebeba. aris SemTxvevebi, rodesac Canasaxi mkvdaria da mainc 
saRebevSi Teslis CaSvebisas igi ar iRebeba, radganac Teslis Canasaxis 
garSemomfeni nawili ar atarebs saRebavs. amisaTvis aucilebelia Canasaxis 
winaswari gaSiSvleba /kanis Semocla/. endospermian Teslebs Canasaxi unda 
movaciloT an Tesli sigrZeze gaiWras, xolo uendospermo Teslebs 
movaciloT Teslsafari. 

samuSaos mimdinareoba. arCevis gareSe avTvaloT wyalSi gaRivebuli 
bardis aTi Tesli da frTxilad, lebnebis dauzianeblad sapreparato nemsiT 
kanisgan gavwmindoT. gawmendil Teslebs davasxaT indigokarminis xsnari da 
davtovoT masSi 30--40wT, amis Semdeg saRebavi ukan boTlSi gadavasxaT, xolo 
Teslebi ki saRebavis zedmeti nawilisagan wyliT CavrecxoT. gamovTvaloT 
Teslebi, romelTac ar aqvT aRmocenebis unari /lurj ferad SeRebili, 
sustad SeRebili da SeuRebavi Teslebi.                                   
 
 
 
 
 
 
 
samuSao 5.   

 
plazmis Jonvadobis cvlileba dazianebis dros. 

 
masala da mowyobiloba: 1. 30%-iani ZmarmJava; 2. 50%-iani spirti; 

3.qloroformi; 4. wyali; 5. Warxlis naWeri; 6. sinjarebi; 7. spirtqura; 
8.saxazavi. 

ganmarteba; cocxal plazmas aqvs Tviseba Seakavos da ar gaataros 
ujredis wvenSi arsebuli nivTiereba. xolo aracocxali citoplazma kargavs 
nivTierebaTa SerCeviT gatarebis unars, ris Semdeg ujredis wvenSi arsebuli 
nivTierebani Tavisuflad gamodis gareT. aseTi movlena gansakuTrebiT maSin 
SeinCneva, rodesac ujredis wveni Seferilia. 
muSaobis mimdinareoba: sufTad garecxili wiTeli Warxlis rbili nawilisagan 
gamoWrian Tanabari zomis 1,5 - 2sm-is sigrZisa da 0,5 - 0,7 sm-is siganis naWrebs 
da recxaven wyliT manam, sanam ar Sewydeba wiTeli pigmentebis gamoyofa. 
moaTavseben 5 sinjaraSi TiTo-TiTo naWers.                               
#1 sinjaraSi moTavsebulia aduRebuli wyali /gaciebuli/.                            
#2 sinjaraSi - aduRebuli wyali                                                       
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#3 sinjaraSi - 10 ml. aduRebuli wyali, 6 wveTi qloroformi.                        
#4 sinjaraSi - 10 ml. 30%-iani ZmarmJava.                                                
#5 sinjaraSi - 10 ml. 50%-iani spirti.                                                 
   #2 sinjaraSi moTavsebul Warxlis naWers aduReben 1 wT-is 
ganmavlobaSi. Semdgom gadaasxamen cxel wyals.                                        
 
 yvela sinjaras daayovneben 1sT-is ganmavlobaSi. amis Semdeg TiToeul 
sinjaraSi aRniSnaven xsnaris Sefervas da akeTeben daskvnas Tu rogor 
imoqmeda citoplazmis Jonvadobaze maRalma temperaturam, narkozulma 
nivTierebebma /qloroforma/ da Sxamebma /Zmarmjavam da spirtma/.   
 
        
                            
samuSao 6.  
 

plazmuri meTodiT ujredis osmosuri wnevis gansazRvra. 
 

masala da mowyobiloba: 1. lurji xaxvis bolqvi an tradeskanciis 
foToli; 2. NaCl-is an saxarozis 1M xsnari; 3. gamoxdili wyali; 4. biuretebi 
ZabriT /2/. 5. saaTis minebi; 6. qilebi an tigelebi xsnarebisaTvis /7/. 7. saxuravi 
an minis naWrebi qilebis dasaxuravad /7c/; 8. mikroskopi; 9. safari da sasagne 
minebi; 10. lanceti; 11. samarTebeli; 12. sapreparato nemsi; 13. funji; 14. minis 
wkirebi; 15. Wiqa aduRebuli wyliT; 16. filtris qaRaldis naWrebi; 17. minaze 
saweri fanqari; 18. oTaxis Termometri.                                                 

Gganmarteba. wnevas, romelic SeiZleba xsnarma ganaviTaros da naxevrad 
SeRwevadi apkiT Seiwovos wyali, osmosuri ewodeba. romelime xsnaris 
osmosuri wnevis sidide pirdapirproporciulia misi koncentraciis e.i. 
moculobis erTeulSi gaxsnili nawilakebis ricxvis da absoluturi 
temperaturis. ujredis wvenis koncentracia, romelic organul da mineralur 
nivTierebaTa didi raodenobis sxvadasxvagvari xsnaria, umetesad isazRvreba 
misi osmosuri wnevis sididiT. ujredis wvenis osmosuri wnevis gansazRvris 
yveleze martivi plazmolizuri meTodia. cnobili, rom plazmolizi SeiZleba 
gamoiwvios mxolod hipertonulma xsnarebma, maSin rodesac izotonur da 
hipotonur xsnarebSi plazmolizi ar SeiniSneba.                                       
 plazmolizuri meTodiT ujredis wvenis osmosuri wnevis 
gansazRvrisaTvis sakvlevi qsovili Wrilebi Tavsdeba cnobili koncentraciis 
rig xsnarebSi. plazmolitikad Cveulebriv saxarozas iyeneben, Tumca SeiZleba 
kargi Sedegebi iqnes miRebuli qloronatriumis xsnaris gamoyenebis drosac. 
naxuloben iseT xsnars, romelic iwvevs plazmolizis /kuTxeebSi/ dawyebas. 
amasTan aseTi odnav SesamCnevi plazmolizi unda SeiniSnebodes xsnarSi 
CaSvebul ujredTa 50%-is mimarT. izotonuri xsnari moTavsebuli iqneba am 
xsnarsa da Semdgom ufro sust xsnars Soris /romelic plazmolizs ar 
iwvevs/. aqedan gamomdinareobs, rom izotonuri xsnaris koncentracia 
mosazRvre /mezobel/ xsnarTa koncentraciebis saSualo ariTmetikulis toli 
iqneba. 
 adgenen ra izotonuri xsnaris koncentracias, osmosur wnevas 
angariSoben, vant-hofis mixedviT. 
 
                   P=RTCI 
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sadac  
 P_ aris osmosuri wneva atmosferoebSi 
 R_ universaluri gazTa mudmiva / 0,0821 / 
 T_absoluturi temperatura / 273+t0 C / 
 C_xsnaris koncentracia molebSi 
 I_izotonuri koeficienti 
 araeleqtrolitebisaTvis, magaliTad saxarozisTvis --- 1. 
 
 eleqtroliti xsnarebisTvis sidide --- damokidebulia ionebis ricxvze, 
romlebzedac molekulebi iSlebian da disociaciis xarisxze. 
 mniSvneloba --Nacl xsnarebisTvis mocemulia cxrilSi #1 

 
 
 
cxrili 1. 

 
 

 
koncentacia 

--------- 

 
1,0 

 
0,8 

 
0,7 

 
0,6 

 
0,5 

 
0,4 

 
0,3 

 
0,2 

 
0,1 

 
0,01 

 
izotonuri 
koeficienti 

 
1,62 

 
1,64 

 
1,66 

 
1,68 

 
1,70 

 
1,73 

 
1,75 

 
1,78 

 
1,83 

 
1,93 

 

muSaobis mimdinareoba. momzaddes Nacl -is an saxarozis 0,7; 0,6; 0,5; 0,4; 
0,3; 0,2; da 0,1 koncentraciis xsnarebi. CavasxaT qilebSi saTanado moluri 
xsnarebi. qilebze unda iqnes warwerebi, Tu romelSi romeli moluri xsnaria. 
 molur xsnarTa damzadebisTvis Semdegnairad viqceviT; ase mag. 10 ml. 0,7 
M xsnaris mosamzadeblad saWiroa aviRoT 7 ml xsnari da 3 ml wyali. 0,6 M 
xsnaris mosamzadeblad __ 6 ml xsnari da 4 ml wyali da a.S.  kargad arevis 
Semdeg aorTqlebis Tavidan asacileblad vxuravT maT Tavisive saxuraviT an 
minis firfitiT. 
 samarTeblis saSualebiT momzaddes sakvlevi qsovilebis 14 Wrili: mag. 
lurji xaxvis kani movaTavsoT wylian saaTis minaze / wyali unda gadaduRdes, 
raTa  masSi ar iqnes haeris buStebi /. wyalSi Wrilebis CaSvebisas 
dazianebuli ujredebis zedapiridan gadmodinebuli wveni moirecxeba da 
yvela Wrilis erTnairi mdgomareoba miiRweva ramdenime wuTis Semdeg funjiT 
/jagrisiT/ wylidan amoiReba Wrilebi, gavaSrobT maT filtris qaRaldiT da 
yovel xsnarSi umaRlesi koncentraciidan umdablesamde CavdebT or-or Wrils. 
 sayuradReboa is, rom Wrilebi xsnaris zedapirze ki ar unda 
tivtivebdnen, aramed CaSvebuli unda iyos siTxeSi /Tu Wrili tivtivebs 
sapreparato nemsiT, CavZiroT/, 20-30 wT-is Semdeg koncentraciebis 
TanmimdevrobiT sasagne minaze moTavsebul xsnaris wveTSi myofi Wrilebi 
gavsinjoT mikroskopSi. minis wkiri /romliTac xsnari gadagvqonda sasagne 
minaze/, funji, minebi usaTuod unda gairecxos muSaobis Semdeg, gaiwmindos 
sufTa tiloTi an filtris qaRaldiT. 
cdis Sedegebi gavaformoT cxrili 2-is SevsebiT. 
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 cxrili 2. 

 
xsnaris 
koncentracia 
molebSi - M  

 
0,7 

 
0,6 

 
0,5 

 
0,4 

 
0,3 

 
0,2 

 
0,1 

plazmolizis 
xarisxi 

       

ujredebis 
suraTi 

       

 
 meore striqonSi unda vuCvenoT ra mdgomareobaSia Wrilis ujredTa 
umetesoba. mesame striqonSi sqematurad unda Caixatos erTi ujredi, romelic 
damaxasiaTebeli iqneba mocemuli WrilisTvis. 
 movZebnoT izotonuri koncentracia da vant-hofis gantolebiT 
gamoviangariSoT ujredis wvenis osmosuri wneva. 
 gakeTdes daskvna, im damokidebulebaze rac aris garemo xsnaris 
koncentraciasa da ujredebis plazmolizis xarisxs Soris. 
 
 
 
 
 
 
samuSao 7.  

ujredis Semwovi Zalis gansazRvra 
/uSprungis gamartivebuli meTodi/ 

 
masala da mowyobiloba: 1. kartofilis tuberi; 2. qloriani natriumis 1% 

xsnari; 3. gamoxdili wyali; 4. biuretebi /2cali/ ZabrebiT; 5. filtris 
qaRaldi; 6. TefSi; 7. dana didi /samzareulosi/ 8. lanceti; 9. petris jamis 
saxuravebi /7cali/ 10. pinceti; 11. minaze saweri fanqari; 12. minis naWeri swori 
kuTxeebiT sasagne mina/; 13. milimetrebiani qaRaldi 1X10 sm-ze; 14. oTaxis 
Termometri. 

ganmarteba. xsnars, romelsac ujredis wvenze meti Semwovi Zala aqvs 
masSi sakvlevi mcenareuli qsovilis naWrebis moTavsebisas, qsovili wyals 
arTmevs da misi zoma mcirdeba. xolo Tu ujredebis Semwovi Zala metia 
xsnaris Semwov Zalaze, maSin ujredebi iwoven wyals da moculobaSic 
matulobs. ujredebisa da xsnaris Semwov ZalaTa tolobisas, ujredebis zoma 
ucvleli rCeba. 

samuSaos mimdinareoba. momzadebuli iqnes Nacl-is 20 m-lis moculobiT 
Semdegi koncentraciis xsnarebi: 1,0; 0,8; 0,6; 0,4; 0,2 da 0,1 jamSi Sesabamisi 
moluri xsnaris raodenoba da gamoxdili wyali kargad ereva erTmaneTSi. erT 
jamze davasxaT wminda /sufTa/ wyali. kartofilis tuberidan daniT gamovWraT 
3-4 mm-sisqis firfita /rekomendebulia anaTali gakeTdes tuberis ganiv 
Wrilze. rac ufro grZelia anaWeri, miT ukeTesia am firfitidan gamovWraT 
sworkuTxedi 40-60 mm-is sigrZis /Tu meti sigrZis iqneba sjobia/, amis Semdeg 
es sworkuTxedi davWraT ramdenime calad /gamzadebuli xsnarebis raodenobis 
mixedviT/, erTnairi zolebis saxiT, siganiT 2-3 mm-i/ saxazavis magier SeiZleba 
gamoviyenoT sworkuTxovani mina. naWris sigrZe gaizomos zustad /0,5 mm-is 
sizustamde/. naWrebis momzadeba da gazomva swrafad unda Catardes, raTa ar  
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moxdes misi gaSroba da daWknoba. amave dros masala wyals ar unda 

exebodes.. mSrali tuberis gaWrisas gamodinebuli wveni filtris qaRaldiT 
unda iqnes mocilebuli /amSrali/. 
 tuberidan gakeTebuli TiToeuli gamonaWeri CavuSvaT gansxvavebuli 
koncentraciis natrium qloris xsnarebSi. Wrilebi mTlianad CavuSvaT 
xsnarSi. 
     30 wT-is Semdeg gavimeoroT sigrZeze naWrebis gazomvebi da Sedegebi 
SevitanoT cxrilSi.   

 
tuberidan  gakeTebuli gamonaWrebis gazomv 

 
                                                                   cxrili 3. 
 
Nacl koncentracia 1,0 0,8 0,6 0,4 0,2 0,1 0 

 
naWrebis sawyisi zoma  

 
      

naWrebis sigrZe 30 
wT-is Semdeg mm-Si 

       

sxvaoba mm-Si  
 

      

turgori  
 

      

 
 monacemi meoTxe striqonisTvis miRebuli unda iqnes gamoangariSebiT 
didi sidididan mcires gamoklebiT. amasTan sigrZis momateba aRvniSnoT niSani 
+ -iT. xolo Semcireba niSani _ -iT. ukanasknel striqonSi aRvniSnoT rogoria 
ujredebis turgori /Zlieri, susti, saSualo Tu sul araa,/.  
 gakeTdes daskvnebi, aixsnas Wrilebis /zolebis/ sigrZis cvlilebis 
mizezi da moiZebnos xsnarSi Cawyobis wina ujredebSi arsebuli Semwovi Zala 
da saTanado formuliT gamoangariSebuli iqnes Sesabmisi xsnaris osmosuri 
wneva.                    S= RTCI 
 
     sadac:   S – qsovilis Semwovi Zala, romelic udris gare xsnaris osmosur 
                     wnevas. 
             R- gazis konstanta (mudmivs) udris 0,082. 
                          T- absolituri temperatura  273 t0 
                          C – gare xsnaris koncetracia, romlis drosac qsovilis  
                monakveTis sigrZe ar icvleba. 

I- izotonuri koeficienti – 1,5 
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g a n a k v e T i @2 
 

mcenareTa wyalcvla 
 

     
     wylis mniSvneloba mcenarisaTvis. mcenareebi, ise rogorc sxva cocxali 
organizmebi, Sedgabian wylisagan. wyali aris citoplazmazSi, daaxloebiT 
90%. igi vakuolSi arsebuli ujredis wvenis 90%-s Seadgens. yvela 
fiziologiuri procesi ujredSi wylis maRali Semcvelobis dros 
mimdinareobs. wylis sul mcire dakargvac ki amcirebs aRniSnuli procesebis 
intensiurobas, xolo haermSral mdgomareobamde qsovilebis gauwyloeba, 
citoplazmis sikvdils iwvevs. 
   mineralur nivTierebaTa ionebis Sesvla ujredebSi wyliani xsnarebidan 
warmoebs maTi adsorbciis gziT. qlorofilis matarebel ujredebSi 
naxSirorJangis Sesvlac, agreTve mWidroTaa dakavSirebuli wylian aresTan da 
warmoebs ujredebis koloidebis gamajerebel wyalSi naxSirorJangis gaxsnis 
gziT. amrigad, wyali ujredis kvebisaTvis aucilebel nivTierebaTa 
gamxsnelia. ujredis SigniT nivTierebaTa gadamuSavebis procesebi bioqimiuri 
katalizatori-fermentebis uSualo monawileobiT warmoebs, romelTa 
moqmedebis intensiuroba da xasiaTi imiT isazRvreba, Tu ramdenadaa ujredi 
wyliT najeri. amgvarad, aramarto SeRweva, aramed ujredebSi nivTierebaTa 
gadamuSaveba mudmiv damokidebulebaSia wyalze. rogorc wyali uzrunvelyofs 
ujredis kontaqts garemo aresTan, aseve, erTimeoresTan ujredebis kavSiric 
wylis monawileobiT xorcieldeba. wylis denasTan erTad, adgili aqvs 
fesvidan foTlebis da zrdis wertilisaken gaxsnil mineralur nivTierebaTa 
miwodebas. aseve moxmarebis adgilebisaken gaxsnili saxiT gadadian foTlebis 
mier gamomuSavebuli organuli nivTierebebic. 
    Dda bolos, mniSvnelovani fiziologiuri procesi-fotosinTezi 
xasiaTdeba naxSirorjangidan-naxSirbadis, xolo wylidan-wyalbadis 
erTdroulad SeTvisebiT. 
    amrigad, wyali mcenaris sicocxlisaTvis metad mniSvnelovani da 
aucilebelia, igi mravalmxrivad moqmedebs masze. 
     zemoaRniSnuli yvela miznisaTvis, mcenareebs SedarebiT wylis mcire 
raodenoba esaWiroebaT, miuxedavad amisa, wyalze mcenareTa faqtiuri 
moTxovnileba Zalian didia. es imiT aixsneba, rom mcenaris miwiszeda 
nawilebi, gamudmebiT da Zalian didi raodenobiT kargaven wyals aorTqlebia 
procesSi. foTlebis mier wylis maragis dakargva-gacema, aucilebels xdis 
niadagidan wylis Sewovas. mcenareSi mimdinare wyalcvlis mTel am 
erTianobas-wylis reJimi ewodeba. 
     mTlianad wylis reJimi sami elementisagan Sedgeba. a) niadagidan wylis 
SeTviseba, b) misi gatareba fesvis, Rerosa da foTlis qsovilebSi da g) wylis 
aorTqleba miwiszeda organoebis mier, umTavresad foTlebiT /transpiracia/. 
     yvela es samive elementi mWidro damokidebulebaSia erTimeoresTan, 
radgan niadagidan wylis SewoviTa da mcenareSi misi Semdgomi gadasvliT 
xdeba matranspirirebeli foTlebis wylis maragis uzrunvelyofa. aseve, 
mcenareSi wylis denis mamoZravebeli Zala transpiraciis procesSi 
warmoiqmneba. miRebul da daxarjul wylebs Soris SefardebiT ganisazRvreba 
mcenaris wylis balansi, rodesac wylis xarjva aRemateba mis miRebas, 
mcenareebSi wylis deficitia. 
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samuSao 8.  

 
wylisa da mSrali nivTierebebis gansazRvra mcenareul masalaSi 

 
 
    masala da mowyobiloba: 1. analizuri saswori, 2. saSrobi karada, 3. biuqsi, 
4. eqsikatori. 
    Gganmarteba. cocxali mcenaris mudmivi Semadgeneli nawilia wyali. wylis 
yvelaze meti SemcvelobiT xasiaTdeba zrdis wertilis cxovelmoqmedi 
ujredebi, foTlis mezofili da wvniani nayofebis rbilobi. aq, wylis 
Semcveloba nedli masis wonis 80-85 %-s aRwevs. am qsovilebis fiziologiuri 
aqtivoba pirdapir damokidebulebaSia wyliT ujredebis najerobis xarisxTan. 
ufro meti wyalia wvnian nayofebSi, mag. kitrSi-96% mwife pomidorSi -94%, 
sazamTroSi - 92%, vaSlSi-84%, kartofilSi-77%. vegetaciuri organoebidan 
wyliT SedarebiT mdidaria, foTlebi, romlebSic wyali 85%-mdea. 
       wylis Semcveloba mcenareSi aramyaria da icvleba rogorc dRis 
ganmavlobaSi, ise vegetaciis periodSi. vegetaciis periodis bolos wylis 
Semcveloba klebulobs mcenaris xelovnuri rwyvis drosac ki. wyali 
aucilebelia mcenaris aqtiuri sinTezuri moqmedebis ganxorcielebisTvis, 
romelic ecema misi Semcvelobis klebasTan erTad hidrolizuri procesebis 
SedarebiT gaZlierebis dros. mxolod dabal safexurze mdgom, xavsis msgavs 
mcenareebs SeuZliaT uvneblad gadaitanon uwyloba haermSral 
mdgomareobamde. maRal safexurze mdgomi mcenareebidan aseT gauwyloebas 
mxolod udabnos floris zogierTi warmomadgeneli itans. 
       mcenareSi Sesuli wylis didi raodenobidan mxolod misi umniSvnelo 
nawili Sedis  organul nivTierebaTa SemadgenlobaSi. zomieri havis 
pirobebSic ki mcenareSi Sesuli wylis 1000 g-dan mxolod 1,5-2g xmardeba 
organul nivTierebaTa sinTezs, xolo danarCeni 998,5 – 99mg aorTqlebaze 
daxarjul wyals anazRaurebs. 
       wylis Semcveloba mcenareul qsovilebSi Cveulebriv gamoiTvleba 
procentebSi an mSrali masidan. 
    muSaobis mimdinareoba. wylisa da mSrali nivTierebis raodenoba 
foTlebSi isazRvreba woniTi meTodiT. cda tardeba or variantad, risTvisac 
gamoiyeneba qveda da zeda iarusis foTlebi. cdisTvis unda aviRoT mxolod 
normalurad ganviTarebuli da mwvane foTlebi, romlebsac ar eqnebaT 
dazianebisa da Wknobis niSnebi. TiToeuli gansazRvra unda Catardes 3 
ganmeorebad, saanalizod aRebuli unda iqnas aranakleb 5g nedli foToli. 
zustad unda davadginoT, romeli foToli miekuTvneba qveda iaruss da 
romeli zedas. es aucilebelia davicvaT cdisTvis gankuTvnili yvela 
mcenarisTvis. 
      dasawyisSi ganisazRvreba aboluturad mSrali biuqsis masa, risTvisac 
biuqsi saxuravTan erTad unda gavrecxoT da movaTavsoT vertikalur 
mdgomareobaSi saSrob karadis Taroze 100-1050 -C temperaturaze. erTi saaTis 
Semdeg pincetiT viRebT biuqsebs da vaTavsebT Ria mdgomareobaSi eqsikatorSi 
30 wT-iT. gasaciveblad. amis Semdeg biuqss vaxuravT Tavs, viRebT pincetiT da 
vwoniT analizur sasworze. Semdeg xelmeored Tavsdeba saSrob karadaSi 20-30 
wT-iT, vacivebT eqsikatorSi da xelmeored vwoniT. Tu biuqsis masa ar 
Secvlila, masSi SeiZleba movaTavsoT sinji. 
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       biuqss mcenareuli masaliT vwoniT analizur sasworze da vdgamT 5sT 
saSrob karadaSi 1050C temperaturaze, Semdeg vacivebT eqsikatorSi /biuqsi 
SeiZleba Tavdauxuravi iyos/. da xelmeored vwoniT. magram 5sT zogjer 
sakmarisi ar aris, risTvisac biuqss xelmeored vaTavsebT saSrob karadaSi 
imave temperaturaze, Semdeg vacivebT biuqss eqsikatorSi da xelaxla vwoniT. 
ase vimeorebT manam, sanam biuqsis masas ar eqneba mudmivi wona. muSaobis dros 
aucilebelia Semdegi wesebis dacva. biuqsSi nedli masala unda moTavsdes 
fxvierad. ar SeiZleba misi gaCereba saSrob karadaSi 5 sT Semdeg Sesvenebis 
gareSe da sxv. /cxr.5/ 

                                               
 

           
 wylis Semcevlobis gansazRvra mcenaris foTlebSiA 

        
cxrili 5. 
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samuSao 9.  
 

    qlorkobaltis meTodis gamoyenebiT foTlis qveda da zeda 
  mxareebis transpiraciis Sedareba. 

 
    masala da mowyobiloba: 1. romelime mcenaris axlad mowyvetili foToli 
/tradenskacia, hortenzia, fuqsia/; 2. qlorkobaltiani qaRaldis naWeri zomiT 
8X10 sm; 3. erTiani SuSis firfitebi 6X9sm /2 cali/; 4. rezinis rgolebi, minis 
firfitis Sesaxvevi /2 cali/;  5. eleqtroqura;  6. pinceti;  7. mikroskopi; 8. 
samarTebeli; 9. sasagne da safari minebi; 10. sapreparato nemsi; 11. Wiqa wyaliT. 
   Gganmarteba. Tu foTolze mivakravT qloriani kobaltis xsnariT 
gaJRenTil da winaswar gamomSral filtris qaRalds, transpiraciis dros 
gamoyofili wylis orTqlis STanTqmis gamo daiwyebs feris Secvlas, 
cisferidan /mSrali COCL2-iisferi gadava vardisferSi /COCL2  6H2 O/ imisda  
mixedviT Tu gavardisfereba ra siswrafiT xdeba, daaxloebiT SeiZleba 
vimsjeloT transpiraciis intensiobaze. 
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 muSaobis mimdinareoba. eleqtroquraze an sxva sacxelebelze gavaSroT 
COCL2-Si gavlebuli filtris qaRaldi. gaSroba gagrZeldes, vidre ar miiReba, 
mkafio cisferi. amis Semdeg swrafad davadoT isini axlad mowyvetil an 
uSualod mcenareze myof foTols orive mxareze. qlorkobaltiani qaRaldi 
unda gvekavos pincetiT, ise rom mas TiTebiT ar SevexoT /radgan TiTebidan 
gadasuli teniT SeiZleba gavardisferdes da vardisferi laqa gaCndes/. 
atmosferos teni rom avaciloT foTolze dadebul cisfer qaRaldebs vadebT 
minis firfitebs da gadavaxvevT /davamagrebT/ rezinis rgolebiT. 
     davakvirdeT qlorkobaltiani /cisferi/ qaRaldis feris cvlas da Sedegi 
CaviweroT. gavakeToT Wrilebi sakvlevi foTlis qveda da zeda epidermisebis 
/an imave mcenaris sxva foTlis/ didi gadidebiT, gavsinjoT isini mikroskopSi 
da CavixatoT. 
     gavakeToT daskvnebi mocemuli mcenaris foTlis zeda da qveda mxris 
transpiraciis intensivobis gansxvavebulobis mizezze. Sefardeba baguri da 
kutikularuli transpiraciis Sesaxeb gamoviyvanoT. 
 
 
 
 
 
samuSao 10.  
 

    mcenaris wylis damWerunarianobis gansazRvra "Wknobis " 
     meTodiT (arlandis mixedviT) 

 
 
    masala da mowyoboloba: 1. Stativi, 2. teqnikuri saswori, 3. makrateli, 4. 
15 dRiani Svria, anda xorbali, 5. parafini, 6. Seferili sudan 111 . 
    ganmarteba. mcenaris wylis regulirebaSi mniSvnelovan rols asrulebs  
wylis damWeri Zala, romelic ZiriTadad ganpirobebulia ujredebSi 
osmosurad aqtiuri nivTierebebis Semcvelobaze da koloidebiT gajirjvebis 
unarze. 
     ujredis wylisdamWeri unarianoba damokidebulia mcenaris aRzrdis 
pirobebze. saxeldobr, did gavlenas axdens kvebis pirobebi. optimalur 
pirobebSi wylis damWerunarianoba izrdeba, wylis gacema 30 wT - Si Seadgens  
4 - 6 % sawyisi sididisgan. 
     arlandis mixedviT wylis damWerunarianoba dafuZvnebulia Wknobis dros 
dakarguli wylis aRricxvaze.  
    muSaobis mimdinareoba. aiReT 15 dRiani Svriis mcenare aRzrdili silaze, 
sadac Setanili iyo sasuqebi (sacdeli da usasuqo sakontrolo). frTxilad 
amoiReT 40 mcenare  TiToeuli variantidan da gamoyaviT miwiszeda nawilebi 
fesvebisagan. Semdeg Reros nawili, romelic iyo miwis qveviT, dafareT 
parafiniT, raTa gamoricxuli iqnas misi monawileoba wylis aorTqlebaSi. 
risTvisac Reros qveda eTiolirebuli nawili CavuSvaT gamdnar parafinSi 
Seferili sudan III-iT, romlis temperatura ar unda aRemarebodes 500C. 
     aiwonos mTlianad mcenare teqnikur sasworze frTxilad damagrebul 
StativTan erTad, 30 wT-is intervalis gamotovebiT. masaSi kleba giCvenebT 
wylis absolutur raodenobas aorTqlebuls sacdeli mcenaris mier, yoveli 
30 wT-is intervalSi. 
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 amaorTqlebeli masis dadgenisTvis aiwonos parafinirebuli nawili da 
gamoakldes igi mcenaris sawyis masas. 
     isargebleT miRebuli monacemebiT, gamoakleT aorTqlebuli wylis 
raodenoba procentebSi amaorTqlebeli masidan 30 wT-is intervalSi. 
     gamoxateT grafikulad wylis gacemis dinamika, gakeTdes daskvna mcenaris 
wylis damWerunarianobaze, kvebis sxvadasxva pirobebSi gamozrdisas. cdis 
Semdeg SeitaneT cxrilSi.                       
                                         
                                                 

mcenaris wylisdamWerunarianobis gansazRvra 
 
 cxrili 6. 

 

 
 
samuSao 11.   
 

transpiraciis gansazRvra woniTi meTodiT 
(Secvlili varianti) 

 

 
masala da mowyobiloba: 1. gerani; 2. saswori; 3. girebi; 4. makratlebi; 5. 

milimetrebiani saxazavi; 6. abazana; 7. qaRaldi; 8. saaTi; 9. 100_ml-iani 
konusuri kolba kauCukis sacobiT. 

muSaobis mimdinareoba. gerans moaWrian foTols yunwianad. yunws 
mWidrod Caamagreben gaxvretil rezinis sacobSi da yunwisa da sacobis 
SeerTebis adgils sacxiT gozaven. Semdeg yunws qvevidan 1 sm-ze gadaWrian 
wyalSi da aseT foTolCamagrebul sacobs daucoben konusur kolbs, romelic 
oTaxis temperaturis pirobebSi winaswaraa avsebuli wyliT. kolbas (masSi 
yunwiT Camagrebuli foToliTurT) cdis dawyebisas wonian teqnikur sasworze. 
erTi saaTis Semdeg kvlav wonian. pirvel da meore wonas Soris sxvaobiT 
adgenen wylis im raodenobas, romelic sacdelma foTolma aaorTqla erTi 
saaTis ganmavlobaSi.  
     miRebuli Sedegebis safuZvelze gamoiangariSeba transpiraciis 
intensivoba, e. i. wylis raodenoba gramobiT, romelsac aaorTqlebs foTlis  
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farTobis erTeuli (1 m2) drois erTeulSi (1 saaTSi) aseTi gaangariSebisaTvis 
saWiroa im foTlis farTobis gansazRvra romelzedac Catarda cda. 
     foTlis farTobis gansazRvrisaTvis (gamosaangariSeblad) saWiroa 
qaRaldisagan gamoiWras 100 sm2 moculobis kvadrati (e. i. 10X10 sm) da aiwonos 
igi. Semdeg am kvadratze aseTsave qaRaldis sxva naWerze dadeben cdis dros 
gamoyenebul foTols. qaRaldze zustad Semoxazaven foTlis konturs, 
amoWrian da wonian mas.  
     miRebuli monacemebis mixedviT adgenen proporcias da monaxaven ucnobs 
anu foTlis zedapirs. 
     mag. Tu kvadratis formis qaRaldi iwonis A grams, misi kvadratis 
farTobia 100 sm2, foTlis konturis Sesabamisi nawili iwonis B grams, 
foTlis saZiebeli farTobi ki aris x sm2, maSin gveqneba toloba: 
 
                     X= 100x B  =C sm2 
                                                      A 
         transpiraciis intensivobis gaangariSebas awarmoeben Semdegnairad: C sm2 
foTlis farTobma erTi saaTis ganmavlobaSi aaorTqla D grami wyali. 
foTlis 10.000 sm2 farTobis erTi saaTis ganmavlobaSi aaorTqlebs X gram 
wyals. 
     aqedan 
                 X=D x 10000=E grams. 
                                                C 
 
 
samuSao 12.  
 

bageTa gaxsnilobis xarisxis gamorkveva 
infiltraciis meTodiT 

 
   naklebad zusti, magram samagierod bunebriv pirobebSi Zalian advili 
gamosayenebelia infiltraciuli meTodi, romelic SemoiRo moliSma. Tu 
gaxsnilbageebiani foTlis zedapirze davawveTebT siTxes, romelic kargad 
asvelebs kutikulas da sazogadod ujredis garss. igi kapilarebiT swrafad 
Seva foTlis sirbileSi da amoavsebs maxlobel ujredTSorisebs. amgvarad 
moxdeba ujredTSorisebis infiltracia siTxiT da amis gamo foTlebze 
warmoiSoba cal-calke, patar-patara muqi wertilebi (gamaval sinaTleSi ki 
gamWvirvale), romlebic bolos SeerTdebian da erT mTlian mozrdil laqas 
Seqmnian. 

masala da mowyobiloba: 1. biuqsebi; 2. sprti, benzoli, qsiloli; 3. 
pincetebi; 4. skalpeli; 5. sxvadasxva foTlovani mcenare; 6. minis wkiri. 

muSaobis mimdinareoba.  sufTa spirts, benzols an qsilols (an sxva 
SerCeul siTxes) aTavseben SuSebSi, romlebic rezinis sacobebiTaa dacobili. 
am sacobebSi damrgvalebuli boloTi gayrilia minis wkiri. am wkiris 
saSualebiT SerCeuli siTxis wveTi gadaaqvT sruliad saR, dauzianebel 
foTolze da Tvalyurs adevneben laqebis warmoSobas. imis mixedviT, Tu 
romeli siTxe moaxdens infiltracias, msjeloben bageebis mdgomareobis 
Sesaxeb.                                                         
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  cxrili 7  
 

moliSis wyeba Stalis wyeba bageebis mdgomareoba 

 

spirti 

benzoli 

qsiloli 

 

Txevadi parafini 

navTi 

navTob-eTeri 

 

Zalian gaxsnili 

Seviwroebuli 

TiTqmis daxuruli 

 

  sruliad daxurul bageebSi arc erTi aRniSnuli siTxe ar gaivlis. 
kaperlingi sufTa spirtis magier urCevs spirtSi gaxsnili fuqsinis xmarebas. 
aseTi xsnari aaSkaravebs infiltraciis arsebobas zogierTi saeWvo SemTxvevis 
drosac ki.  
   infiltraciis meTodi sruliad saimedo Sedegebs mxolod im foTlebze 
iZleva, romlebsac orive mxareze aqvs bageebi, radgan am SemTxvevaSi 
ujredTSorisebidan gamodevnili haeri advilad gamodis gareT mowinaaRmdege 
mxares ganlagebuli bageebidan. im foTlebze, romelTac  bageebi mxolod erT 
mxareze aqvT damakmayofilebeli Sedegebis misaRebad saWiroa mxolod erTi, 
Zalian patara siTxis dawveTeba, raTa haers mezobeli bageebidan gamosvlis 
saSualeba mieces. Tu mozrdil wveTs davawveTebT, rogorc es Cveulebrivad 
keTdeba xolme, igi SeiZleba sul Sevides foTolSi im SemTxvevaSic ki, roca 
bageebi gaxsnilia. SeiZleba agreTve, rom infiltracia mxolod wveTis 
napirebze moxdes da damkvirveblisaTvis SeumCneveli darCes (l. jafariZe). 

muSaobis mimdinareoba. dRis ganmavlobaSi, saxeldobr dilis 8 saaTidan 
10 saaTamde, dRis 12 saaTidan 2 saaTamde da saRamos 6 saaTidan 8 saaTamde, 
mcenaris garkveuli sarTulis foTlis zeda da qveda mxareze (sasurvelia 
yvela variantSi erTi da igive sarTuli iyos) pipetiT an minis wkiriT 
daawveTeben spirtis, benzolis an qsilolis wveTs. imisda mixedviT, es wveTi 
foTols daaCndeba Tu aorTqldeba da gaqreba, msjeloben dRis sxvadasxva 
saaTSi bageTa gaxsnilobis xarisxze. miRebuli Sedegebi SeaqvT qvemomoyvanil 
cxrilSi (cxrili 8). bagis gaxsniloba aRiniSneba +, xolo 
daxuruloba_(foTolze laqis gaCena miuTiTebs bagis gaxsnilobaze. wveTis 
gaqroba_bageTa daxurulobaze da sxv.)  
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cxrili 8 
 

8-dan 10-mde 12-dan 2 sT-mde 6-dan 8 sT-mde 

#
 varianti 

spirti qsiloli spirti qsiloli spirti qsiloli

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

       

 
 
samuSao 13.  
 

wylis deficitis gansazRvra mcenareSi 
 
 

masala da mowyobiloba: 1. analizuri saswori 2. biuqsebi 3. eqsikatori  
4. maSa 5. sacobis xvretela 6. rezinis firfitebi 7. kristalizatori   8. 
filtris qaRaldi 9. saSrobi karada 10. 10-15 dRiani mzesumziris, anda 
simindis mcenare. 

Gganmarteba. haersa da niadagSi tenis ukmarisoba arRvevs mcenareSi 
wyalcvlas. qsovilebSi wylis Semcireba cvlis ujredSi bikoloidebis 
mdgomareobas, ris Sedegadac irRveva protoplastis struqtura, fermentTa 
moqmedeba da mdgomareoba, rac mcenareSi nivTierebaTa cvlas arRvevs. 
mcenareSi wylis Semcireba iwvevs fotosinTezis intensivobis mkveTr 
daqveiTebas, sunTqvis intensivobis gaZlierebas, irRveva daJangva da 
fosforilireba, ris Sedegadac Zlier mcirdeba sunTqvis integraluri 
efeqturoba. mcenareSi wylis reJimis daZabulobis xarisxobriv maCveneblad 
gamoiyeneba wylis deficiti. orive SemTxvevaSi mcenareul qsovilebSi wylis 
Semcveloba edareba mis raodenobas imave qsovilebSi srul turgorul 
mdgomareobaSi yofnisas.  
   teniT ujredis sruli gajerebisaTvis foToli Tavsdeba wyalSi, anda 
tenian atmosferoSi. wylis saerTo Semcveloba ganisazRvreba foTlebis 100-
1050 gamoSrobiT. 
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      wylis deficitis qveS igulisxmeba ujredis wyliT arasakmarisi 
gajereba gamoxatuli procentebiT, mis saerTo SemcvelobasTan, roca 
qsovilebi wyliT sruladaa gajerebuli. 
   bunebriv piribebSi foTlebis wyliT sruli gajereba praqtikulad ar 
SeinaSneba, umetes SemTxvevaSi mcenareebSi wylis deficiti meryeobs 10-12-dan 
30-35%-mde. aseTi maCvenebeli karg korelaciaSia mcenaris wyalmomaragebasTan 
da SeiZleba iyos gamoyenebuli wylis reJimis daxasiaTebisTvis. 

samuSaos mimdinareoba. aiReT mzesumziris an simindis mcenare, 
gamozrdili araerTnairi tenianobis niadagze. magaliTisTvis foTlidan 
amokveTili 1g masala moTavsdes winaswar awonil absoluturad mSral 
biuqsSi, daixuros da dauyonebliv aiwonos: Semdeg masala moTavsdes wylis 
zedapirze daxurul petris jamSi da darCes 2sT-iT qsovilebis wyliT 
gajerebisTvis foTlis garedan gamoiSros turgescentruli amonakveTi 
filtris qaRaldiT da aiwonos. kontrolisTvis diski xelaxla moTavsdes 
wyalSi 30wT-iT da aiwonos. 
   Tu qsovilis masa ar Seicvala, maSin is sruladaa gajerebuli wyliT. amis 
Semdeg ganisazRvreba absoluturad mSrali qsovilis masa.  
   miRebuli monacemebis safuZvelze gamoiTvleba mcenaris wyalmomaragebis 
maCvenebeli. 
 
 
 
                   organoebSi wylis raodenoba 
                   gajerebul mdgomareobaSi /wylis raodenoba/   X100 
wylis deficiti   wylis raodenoba gasajerebel organoebSi 
    
 
 
 

   fardobiTi turgescentuloba aris sidide, romelic gviCvenebs procentis 
ra nawils Seadgens wylis raodenoba sruli turgoris dros misi 
Semcvelobisgan. 
 
 
 
fardobiTi turgescentruloba   nedli qsovilis masa _ mSrali qsovilis masa              X100 
                                turgescentruli qsovilebis masa X mSrali qsovilis masa 
 
   
 

   sidides, romelic gviCvenebs ramdeni wyalia aucilebeli mcenaris 
foTlebis turgescentrul mdgomareobamde moyvanisTvis, ewodeba SefardebiTi 
turgescentrulobis deficiti. 
 
 
.  
SefardebiTi turgescent.deficiti  100=   nedli qsovilis masa -mSrali qsovilis masa 
                                             turgescent. qsovilis masa-mSrali qsovilis masa 
 

 
 
cdis Sedegebi Segvaqvs cxrilSi 
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cxrili 9 
 

 
wyliT 

uzrunvelyofis 

maCvenebeli % 

 

cdis varianti 
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samuSao 14.  
 

transpiraciis koeficientisa da produqtiulobis 
gansazRvra 

 
 

masala da mowyobiloba: 1. teqnikuri saswori 2. saSrobi karada       
3. kristalizatori 4. pergamenti 5. filtris qaRaldi 6. minis Wiqa 7. 3 da 5 
dRiani xorblis mcenare 8. qviSis kulturaze aRzrdili 1l tevadobis 
WurWlebSi. 

Gganmarteba. mcenaris wyalcvlis sruli daxasiaTebisTvis aucilebelia 
wylis xarjvis efeqturobis maCveneblebis codna: transpiraciis 
produqtiulobis e.i. mSrali nivTierebis raodenoba g-Si warmoqmnili 1kg 
/litri/ wylis aorTqlebisas da Sebrunebuli sididis – transpiraciis 
koeficientis (1g nivTierebis Sesaqmnelad saSualod ixarjeba 300-500g wyali). 
ufro dabali mniSvnelobis transpiraciis koeficientiT gamoirCeva 
marcvlovani fetvi, seli da mravalwliani balaxebi, mniSvnelovan gavlenas 
axdens wylis gamoyenebis efeqturobaze mcenaris aRzrdis pirobebi: rac ufro 
ukeTesia kvebis pirobebi da mcenaris wyalmomarageba, miT maRalia mosavali 
da naklebi raodenobiT ixarjeba wyali mis warmoqmnaze. 
   wylis gamoyenebis produqtiulobis maCvenebeli Cveulebriv ganisazRvreba 
vegetaciis ganmavlobaSi, magram mxedvelobaSi unda iqnes miRebuli, rom is 
ontogenezSi cvalebadia. mag. saSemodgomo xorblisTvis transpiraciis 
koeficienti ufro didia aRmocenebis periodSi, Semdeg mcirdeba da minimums 
aRwevs bartyobis damTavrebisas, amis Semdeg xelaxla matulobs aRerebis 
periodSi, maqsimums aRwevs daTavTavebis fazaSi, Semdeg mcirdeba. samuSaos 
mizania xorblis mier wylis xarjvis efeqturobis gansazRvra bartyobisa da 
daTavTavebis fazaSi. 
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samuSaos mimdinareoba. muSaobisTvis qviSis kulturaSi 1/2 normis 

xoglandis mkvebav narevze gamozardeT 3 da 5 dRiani mcenareebi. SearCieT eqvs-
eqvsi WurWeli Tanabari ganviTarebis erTdroulad naTesi mcenareebiT. yoveli 
variantis sami WurWlidan frTxilad amoiReT mcenareebi, gasufTavdes 
qviSisgan, gaaSvreT filtris qaRaldiT da gansazRvreT haermSrali masalis 
sawyisi masa yovel WurWelSi cal-calke. amisTvis mcenare daaqucmaceT da Ria 

kolofSi pergamentiT moaTavseT saSrob karadaSi, 105º temperaturaze. aseT 
temperaturaze mimdinareobs yvela fermentis inaqtivacia, rac gamoTiSavs 
mSrali nivTierebis Semdgom cvlilebas. amis Semdeg masala gamoaSreT haerze 

an saSrob karadaSi 60º C da awoneT teqnikur sasworze meore niSnamde 
sizustiT. 
   yoveli variantis darCenili sami WurWeli danomreT, morwyeT sadrenaJo 
miliT mudmiv masamde /60% tenianoba zRvruli tentevadoba/ da erTi kviris 
ganmavlobaSi SeiswavleT mcenaris mier gaxarjuli wylis raodenoba. 
   zusti aRricxva SesaZlebelia mxolod fesvTa samyofeli garemodan wylis 
aorTqlebis gamoTiSviT. amisTvis qviSis zedapirze daasxiT gamdnari parafini 
/cxeli ar unda iyos/ romelic fenas amagrebs da wylisTvis SeuRwevads xdis. 
parafini SeiZleba Seicvalos arahigroskopuli bambis feniT. 
   erTi kviris Semdeg ganisazRvreba yovel WurWelSi mcenaris haermSrali 
masa. miRebuli monacemebi mcenaris mier TiToeuli WurWlidan gaxarjuli 
wylis raodenobiTA da am periodSi dagrovili mSrali nivTierebiT 
gaiangariSeba transpiraciis produqtiuloba da transpiraciis koeficienti.  
.  
 

wylis xarjvis efeqturobis gansazRvris maCvenebeli 

cxrili 10 

 

sawyisi 

haermSrali 

masa, g. 

kviraSi 

gaxarjuli 

wyali, m. 

dagrovili 

haermSrali 

masa, g. 
obieqti xnovaneba 

ganviTarebis 

faza 

1 2 3 saS. 1 2 3 saS. 1 2 3 saS.
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3-4 kvira 

5,6 kvira 

bartyoba 

daTavTaveba 
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fotosinTezi 
 

 
    mcenaris mwvane ujredebSi xdeba sxvadasxva organuli nivTierebis 
sinTezi, romelTa Soris raodenobis mxriv pirvel adgilze unda davayenoT 
naxSirwylebi. am sinTezzs ewodeba fotosinTezi, radgan is mimdinareobs mzis 
energiis xarjze. organizmebSi organul nivTierebaTa gardaqmnis gza 
sxvadasxvaa, magram miuxedavad amisa araorganuli SenaerTebidan organuli 
nivTierebis pirveladi sinTezi yvela mwvane organizmebisaTvis erTnairia da 
gamoisaxeba Semdegi Semajamebeli gantolebiT: 6 CO2+6H2O+674kkal→C6H12O6 +6O2   
   fotosinTezs sxvanairad naxSirorJangis asimilaciasac uwodeben. amitom 
fotosinTezis unaris mqone organoebs saasimilacios uwodeben. 
   mcenaris mSrali nivTierebis daaxloebiT 90-95% organuli nivTierebaa, 
romelic iqmneba fotosinTezisa da mis pirvelad produqtTa Semdgomi 
gadamuSavebis Sedegad cocxali nivTierebis SedgenilobaSi Semavali azotis, 
gogirdis, fosforis da sxva elementebis aTvisebiT. 
   organul nivTierebaTa sinTezis garda, mwvane mcenareebi fotosinTezis 
procesSi atmosferoSi yovelwliurad gamohyofen 460 mlrd. t Tavisufal 
Jangbads. mwvane mcenareTa moqmedebiT Seiqmna da ganisazRvra sicocxlis is 
mravalferovneba da silamaze, romelic dedamiwis zedapirzea, amitom, rogorc 
sruliad samarTlianad gansazRvra k. a. timiriazevma, maTi roli namdvilad 
kosmiuria. 
   mwvane mcenareebs aqvT unari miaRwion gansakuTrebul gaZlierebul zrdas, 
xasiaTdebian ra maT SedgenilobaSi Semaval nivTierebaTa ganuwyveteli 
dagrovebiT. zrdadamTavrebuli mcenare aTasjer, milion da miliardjer 
aRemateba wonaSi im Tesls, romlidanac TviT mcenarea miRebuli. mcenaris 
mSrali nivTiereba saSualod Seicavs 45% C-s, 42% O-s, 6,5% H-s, 1,5%N-s da 5% 
nacars. 
    mTavar Semadgenel nawilad iTvleba Jangbadi, romelzedac mcenaris 
mSrali masis TiTqmis naxevari modis. mcenareSi Semaval TiTqmis yvela 
nivTiereba Seicavs naxSirbads, am elementis unari-sxvadasxvanairad Seexamos 
sxva elementebs, apirobebs organul nivTierebaTa im mravalferovnebas, rac 
damaxasiaTebelia cxovelebisa da mcenareebisaTvis. 
 
 
 
  samuSao 15.  

foTlis mwvane pigmentebi 
 
 

masala da mowyobiloba: 1. nedli an gamxmari romelime mcenaris 
foTlebi;    2. 96%-iani eTilis spiriti; 3. KOH-is 20%-iani xsnari; 4. HCl-is 
10%-iani xsnari; 5. benzini; 6. feradi fanqrebi; 7. ZmarmJava TuTia; 8. kvarcis 
qviSa an SuSis fxvnili; 9. faifuris rodini; 10. Zabri; 11. minis wkiri; 12. 
Stativi sinjarebiT; 13. wyali; 14. pipetebi; 15. makrateli; 16. lanceti; 17. 
sinjarebis damWeri;      18. spirtnaTura. 19. vazelini; 20. filtris qaRaldi; 
21. asanTi. 

Gganmarteba. fotosinTezi SeiZleba ganxorcieldes mcenaris mxolod 
mwvane nawilebSi da mxolod im ujredebSi, romlebic mwvane pigments _  
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qlorofils Seicavs. qlorofili Tavmoyrilia gansakuTrebul warmonaqmnebSi 
_ mwvane plastidebSi _ qloroplastebSi, romelSic sinaTleze 
naxSirorJangis SeTviseba da Jangbadis gamoyofa xdeba. qloroplastebi 
rTuli Sedgenilobisaa, masSi Sedian cilovan-lipoiduri  plazmuri fuZe 
/stroma/ da Semdegi pigmentebi: qlorofili “a” C55 H72 O5 N4 Mg momwvano-
molurjo feriT; qlorofili “b” C 55H70 O6 N4 Mg momwvano-moyviTalo feriT. 
isini warmoadgenen qlorofilis dikarbomJavas rTul eTerebs, romlis erT 
karbroqsilSi wyalbadi Canacvlebulia meTilis spirits narCeniT /CH6 OH/, 
xolo meoreSi ki erTatomiani ujeri spirtis – fitolis narCeniT.  
       “b”  qlorofili, “a”   qlorofilisagan   mxolod    imiT   
gansxvavdeba,  rom    mesame   naxSirbadovan   atomTan    meore     periodul   
rgolSi   CH3   meTilis   jgufis   nacvlad   dgas   aldehiduri   jgufi  
        / H.       

C                 qlorofilis  molekulaSi centraluri adgili ukavia magniumis atoms.       
        \\O                                                                                                                                                                                 
qlorofilebi rogorc rTuli eTerebi, ixsnebian spirtSi, qloroformSi, 
eTerSi, gogirdnaxSirbadSi da lipofiluri naerTebis sxva gamxsnelSi.  
     qloroplastebSi qlorofils mudam Tan axlavs yviTeli pigmentebi, 
romlebic monawileoben sinaTlis STanTqmasa da fotosinTezSi. yviTel 
pigmentebTan, romlebic gaerTianebuli arian karotinoidebis saerTo 
saxelwodebiT umaRles mcenareebSi  tipobrivia da farTodaa  gavrcelebuli  
ori karotini, romlis zogadi formulaa C40H56 yviTeli narinjisferi da  
oratomiani spirti _ qsantofili C40H56 O2   moyviTalo-oqrosferi. 
     yvela es pigmenti uxsnadia wyalSi, magram ixsnebian organul 
gamxsnelebSi /spiriti, acetoni, benzini da sxv/. am samuSaos daniSnulebaa 
mcenaris mwvane foTlebidan spirtuli gamonawuris miReba da pigmentebis 
zogierT TvisebaTa gacnoba. 
   
 
              

spirtuli gamonawuris miReba /momzadeba/ 
 
 muSaobis mimdinareoba. nedl an xmel foTlebs movaciloT mTavari 
ZarRvi da yunwi, davWraT makratliT wvrilad da movaTavsoT faifuris 
sanaySi, davumatoT mcire raodenobiT Ca Co3  /ujredis wvenis mJavas 
ganeitralebis mizniT/ kvarcis qviSa da gavsrisoT, Tanac TandaTanobiT 
vumatoT cota-cota eTilis spirti. gasresa gavagrZeloT spirtis intensiuri 
mwvane feris miRebamde. gasresili masala minis wkiris daxmarebiT 
gadavitanoT filtrian ZabrSi. miRebuli spirtuli xsnari warmoadgens 
pigmentebis narev xsnars, romelSic gaxsnilia, rogorc mwvane ise yviTeli 
feris pigmentebi. 
     Tu spirtuli gamonawuris Senaxvaa saWiro ramdenime dRiT, maSin 
WurWeli, romelSic igi CavasxiT, unda daixuros sacobiT da movaTavsoT bnel 
adgilas, radganac sinaTlisa da Jangbadis moqmedebis pirobebSi qlorofilis 
gamonawuri swrafad iSleba, kargavs damaxasiaTebel mwvane fers da mura 
wablisferi xdeba. 
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pigmentTa gayofa krausis mixedviT 
 

muSaobis mimdinareoba. pigmentebis erTmaneTisagan daclilebis es xerxi 
emyareba spirtsa da benzinSi am pigmentTa gansxvavebuli xsnadobis unars. 
     sinjaraSi CavasxaT 4-5 ml spirtuli gamonawuri da davumatoT 6-8 ml 
benzini. spirti rom ar Seerios benzinSi davumatoT ramdenime /2-5/ wveTi 
wyali. Semdeg sinjaras davaWiroT TiTi, ramdenjerme Zlier SevanjRrioT da 
davayovnoT, vnaxavT, rom sinjaraSi xsnari or Sred gaiyofa. benzini, rogorc 
ufro msubuqi zeviT moeqceva, xolo spirti qvemoT. spirtuli Sre SeiRebeba 
yviTlad, radganac masSi gadava yviTeli pigmenti qsantofili, romelic 
rogorc orfuZiani spiriti, TiTqmis ar ixsneba benzinSi, xolo benzinis Sre _ 
mwvaned, mwvane feris pigmentebis, qlorofilebis arsebobis gamo. meore 
yviTeli feris pigmenti karotini benzinis SreSi gadava.  
     muSaobis Semdeg CavixatoT pigmentebis dacilebis suraTi. 
 
  
                 

qlorofilis gasapvna tutiT 
 
     gasapvnis dros qlorofilis molekulidan fitolis mocilebisas, 
SeinarCuneba mwvane feris Seferiloba da izrdeba miRebuli marilebis 
hidrofiloba. 
 
                                      COOCH3                                                                 COONaN 
C32 H30 ON4 Mg                                   + 2NaOH  = C32 H30 ON4 Mg                              + CH3OH+C20H39OH 
                   COOC2OH39                                                            COONa        meTilis   fitoli 
                                    
                                                                              spirti                        
 
                             qlorofili “a” 
    
 
 

qlorofilinmJavas marili -  qlorofilis gasapvna 
 
      qlorofilmJavas marilebi xsnadia ganzavebul spirtSi. 

muSaobis mimdinareoba. sinjaraSi Casxmul 4-5 ml spirtul gamonawurs 
davumatoT 2-3 ml natriumis tutis 20%-iani xsnari da SevanjRrioT. tutesTan 
gamonawuris Serevis Semdeg sinjara CavdgaT mduRare wylian WurWelSi, 
rogorc ki xsnari daiwyebs duRils, sinjara amoviRoT da gavacioT. gaciebul 
xsnars imave sinjaraSi xsnaris ukeTesad gayofis mizniT davumatoT 
gamonawuris moculobis benzini da ramdenime wveTi wyali. Semdeg sinjara 
Zlier SevanjRrioT da davayovnoT.  
    benzinis SreSi gadava karotini da qsantofili, xolo spiritSi _ 
qlorofilinmJavas natriumis marili. 
    amgavarad, qlorofilis gasapvnis Sedegad xdeba spirtebis_meTilis da 
fitolis gaxleCa, xolo orfuZiani mJava_ qlorofilini iZleva marils 
/qlorofilis gasapvna/ aRniSnuli marili mwvane ferisaa, magram 
qlorofilisagan gansxvavdeba  _ xasiaTdeba benzinSi uxsnadobiT.     
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feofitinis miReba da liTonorganuli 

kavSiris aRdgena 

 
 
     qlorofilis molekulis centraluri nawilis agebuleba saSualebas 
iZleva mivakuTvnoT igi porfirinebis jgufs. mis molekulaSi, rogorc 
cnobilia,  centraluri adgili ukavia magniumis atoms. qlorofilze mJavebis 
moqmedebisas magniumi Seinacvleba wyalbadis ori atomiT da miiReba wengo-
muraferis naerTi, romelsac feofitini ewodeba. Tu feofitinis molekulaSi 
iseve SevitanT metals, mag:  Zn, CH an P mwvane Seferiloba aRdgeba, Tumca am 
SemTxvevaSi mwvane Seferiloba ramdenadme elferisaa. 

muSaobis mimdinareoba. aviRoT ori sinjara, romelSic Casxmulia 4-5 ml 
spirtuli gamonawuri da orTaves davumatoT marilmJavas 10%-iani xsnaris 2-3 
wveTi. miviRebT yomrali feris nivTierebas _ feofitins _ produqts, sadac 
magniumis magivrad  Canacvlebulia wyalbadis ori atomi. 
     erTerT feofitinian sinjaraSi  lancetis wveriT SevitanoT ZmarmJava 
TuTiis mcire raodenoba da gavacxeloT aduRebamde. Tu feofitinis feri ar 
Seicvleba, isev davumatoT ZmarmJava TuTia da ganvagrZoT gacxeleba. 
aRvniSnoT feris cvalebadoba, rac xdeba liTonorganuli kavSiris aRdgenis 
Sedegad. davweroT am reaqciis gantoleba. 
 
 
 
                                      COOCH3                                                          COOCH3                                                                     
C32 H30 ON4 Mg                                     + 2HCl=C32H30ON4H2                                                       +MgCl2 
                   COOC2OH39                                                     COOC20H39       
 
 
 
 
               COOCH3                                                                        COOCH3 
C32H30ON4H2                                                      +C4( CH3 COO)2   → C32H30N4C4                                        + 2CH3COOH                               
               COOC2OH39                                                                   COOC20H39 
 
 
 
 
 
 samuSao 16. 
   

pigmentebis optikuri Tvisebebi. 
 
 

masala da mowyobiloba: 1. mwvane foTlis pigmentTa spirtovani an 
acetilovani gamonawuri. 2. karotinisa da qsantofilis xsnari.       
3. speqtroskopi. 4. magidis naTura. 5. 5-10 ml-iani danayofebiani pipeti.      
6. sinjarebi. 7. feradi fanqrebi. 

Gganmarteba. mwvane foToli STanTqavs masze dacemuli sxivis 
daaxloebiT 70%s, xolo 30% misi zedapiridan airekleba da gatardeba 
foTolSi.  
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      mze dedamiwaze afrqvevs sxivebs, romelTa talRis sigrZe da fizikur-
qimiuri Tvisebebi erTmaneTisagan mkveTrad gansxvavebulia. cnobilia, rom 
fotosinTezuri TvalsazrisiT yvelaze ufro mniSvnelovania talRis is 
nawili, romlis sigrZe meryeobs 400- 720 wm-mde. mas fotosinTezurad aqtiuri 
radiacia /far/ uwodes. fotosinTezurad aqtiuri radiacia xiluli radiaciaa. 
     fotosinTezurad aqtiuri /xiluli/ radiacia Semdegi talRebisagan 
Sedgeba. 1. 400-500 grZeltalRiani ultraiisferi da lurj-iisferi sxivebi. 2. 
500-720 mwvane, narinjisferi, wiTeli da yviTeli sxivebi. speqtris es nawili 
yvelaze mniSvnelovania fotosinTezisaTvis. fotosinTezis maqsimumi modis 
wiTel sxivebze /430-660 /, radganac swored es sxivebi STainTqmebian mwvane 
pigmentebis mier. kerZod, damtkicebuli iqna, rom “a” qlorofilis STanTqmis 
speqtris maqsimumi modis swored wiTelsa da lurji feris talRebze /429-660/, 
xolo “b” qlorofilisa ki 453-643 sigrZis talRaze. 
     qimiuri struqturis TaviseburebebiT Sepirobebuli qlorofilis 
optikuri Tvisebebi sazRvraven sxivuri energies  amorCeviT STanTqmas, rac 
saWiroa fotosinTezis ganxorcielebisaTvis. “a” da “b” qlorofilebis 
STanTqmis speqtri axlos dganan erTmaneTTan. maT aqvT ori mkveTrad 
gamosaxuli maqsimumi, erTi wiTel sxivebSi, romelic Seesabameba 660 da 640 wm 
da lurj-iisfer sxivebSi 430 da 450 wm. STanTqmis minimumi modis mwvane 
sxivebSi. amiT aisaxeba pigmentebis mwvane Seferiloba. 
      cocxal foTlebSi qlorofilebs aqvT  ufro farTo da mkveTrad 
gamosaxuli STanTqmis speqtri. mag. qloroplastSi qlorofil ”a”-s wiTel 
maqsimumSi aqvs ramdenime piki: 670, 683, 700 wm /wona metri/, qlorofil “b”-Si is 
modis 650-655 nm talRis sigrZeze, analogiur gadaadgilebas grZeltalRovan 
nawilis mxares ganicdis lurji maqsimumic. aRniSnuli gansxvaveba qlrofilis 
STanTqmis speqtrSi foTolsa da xsnarSi ganpirobebulia pigmentis 
molekulis agregaciis xarisxiT da lamelebSi lipoproteinul kompleqsTan 
maTi kavSiris xasiaTiT. 
     karotinebi da qsantofilebi sinaTles STanTqaven mxoloD lurj-iisfer 
talRaze. 
     pigmentebis optikuri Tvisebebi gamowveulia maTi qimiuri agebulebis 
TaviseburebebiT. qlorofilis molekulaSi liTonorganuli bmis arseboba 
sazRvravs mis mier speqtris grZeltalRiani sxivebis STanTqmas. 
     qlorofils sxivuri energiis STanTqmis specifikuri speqtri gaaCnia. am 
STanTqmis gansazRvrisaTvis Cveulebriv speqtroskops iyeneben. Tu 
qlorofilis xsnarian sinjaras speqtroskopis damSled prizmaSi gamdinare 
mzis sxivis gzaze movaTavsebT, speqtrSi calkeuli Savi zolebi gaCndeba. es 
imas niSnavs, rom Sesabamisi sxivebi qlorofilis mier STainTqmeba. 
qlorofilis STanTqmis speqtrSi yovelTvis aris 2 aseTi Savi zoli. erTi 
marcxniv _  wiTel sxivebSi, meore speqtris marjvena nawilSi _ lurj da 
iisfer sxivebSi. qlorofilis koncentraciis zrdis mixedviT wiTel sxivebSi 
STanTqmis viwro zoli izrdeba. pirvelad marjvniv, speqtris mwvane nawilamde, 
gafarToebis xarjze, marcxniv kidura wiTeli da infrawiTeli sxivebisaken 
STanTqmis zoli TiTqmis ar farTovdeba lurj-mwvane sxivebis xarjze. 
amgvarad, SedarebiT koncentrirebuli xsnarebi ar STanTqaven mxolod mwvane 
da kidura  wiTel sxivebs. foTlebis xiluli Sefardeba swored am ori feris 
SexamebiT aris Sepirobebuli.  

muSaobis mimdinareoba. mwvane pigmentTa STanTqmis speqtri. mivmarToT 
speqtroskopi sinaTlis wyarosaken ise, rom mTlianad speqtrs hqondes  
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erTnairi ganaTeba. CavasxaT sakvlevi xsnari kiuvetSi da movaTavsoT 
speqtroskopis win. ganvsazRvroT Savi zolebis raodenoba, romelic 
Seesabameba qlorofilis STanTqmis speqtrs. 
     STanTqmis speqtri damokidebulia pigmentebis koncentraciaze an xsnaris 
sisqeze. qlorofilis sxvadasxva koncentraciis xsnarebSi STanTqmis speqtris 
Sesaswavlad unda ganvazavoT xsnari spirtiT aseTi TanmimdevrobiT: 1:1, 1:3, 1:5, 
1:15 da ganvsazRvroT TiToeulis STanTqmis speqtri. cdis damTavrebis Semdeg 
gavakeToT daskvna qlorofilis STanTqmis speqtrze. koncentraciaze 
damokidebulebiT da avxsnaT momxdari faqti. 
 

qlorofilis STanTqmis speqtri 
                                                                      cxrili 11 
 
ganzavebuli 
gamonawuri 

iisferi 
lurji 

cisferi mwvane yviTeli narinjis- 
feri 

wiTeli 

1:15       
1:5       
1:3       
1:1       
ganuzavebeli 
gamonawuri 
 

      

  
 

karotinisa da qsantofilis STanTqmis speqtri. karotinoidebis 
STanTqmis speqtris misaRebad frTxilad viRebT benzinis xsnars pipetiT, 
romelSic gadasulia karotini da qsantofili qlorofilis gasapvnis 
Sedegad. gadagvaqvs xsnari kiuvetSi da kiuvets vaTavsebT speqtroskopis win. 
vnaxavT yviTeli pigmentebis STanTqmis speqtrs da mas SevadarebT 
qlorofilis STanTqmis speqtrs.  
     Semdeg CavxatavT orive STanTqmis speqtrs.  
  
        
 

yviTel pigmentTa STanTqmis speqtri 
                                                                       cxrili 12 
                                                                
xsnari iis-

feri 
 
lurji 

cis- 
feri 

 
mwvane 

 
yviTeli 

narinjis 
feri 

wiTe-
li 
 

 
karotini 
 

       

 
qsantofili 
 

       

 
 

qlorofilis fluorenscencia. qlorofilebis damaxasiaTebeli Tvisebaa 
fluorenscencia.  “a” qlorofilis spirtuli xsnari areklil sinaTleze  
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gveCveneba alublisfer-wiTel ferad, xolo “b” qlorofilis _ mixakisfer-
wiTlad. cocxal, normalurad momuSave foTolSi qlorofilis 
fluorenscencia gacilebiT sustia, vidre qlorofilis xsnarSi. 
fluorenscencia izrdeba mcenaris funqciis moSlasTan erTad, rac ama Tu im 
xarisxiT arRvevs fotosinTezs. rogorc Cans, fluorenscenciis intensiuroba 
rogorRac dakavSirebulia fotosinTezis warmoebisaTvis foTlis mier 
STanTqmuli energiis gamoyenebis xarisxTan. qlorofilis fluorenscencia 
koloidur xsnarebSi Semcirebulia. fluorenscencia aixsneba aRgznebuli 
qlorofilis normalur mdgomareobaSi gadasvliT. fluorenscencia 
maCvenebelia qlorofilis fotoqimiuri aqtivobisa.  
 fluorenscenciaze dasakvirveblad pigmentebis gamonawuriani sinjara 
movaTavsoT fanjris an elnaTuris bnel fonze da gavxedoT im mxridan, 
saidanac ecema sinaTle. qlorofilis gamonawuri iqneba muqi wiTeli 
Seferilobis. 
F  fluorenscenciaze dakvirveba SeiZleba cocxal foTlebzec. amisaTvis 
aviRoT wylis mcenare elodea. movaTavsoT sakvlevi mcenare sasagne minaze da 
gavsinjoT mikroskopSi. mikroskops anaTeben iisferi-lurji sxivebiT, 
romelTa moqmedebis Sedegad mwvane pigmentebi daiwyeben naTebas wiTel ferad.  
 
 
 
samuSao 17. 

 
pigmentebis dacileba qaRaldis qromatografiis 

meTodiT. 
 

masala da mowyobiloba: 1. mcenaris nedli foTlebi; 2. 96%-iani spirti;  
3. petrolentis eTeri; 4. benzoli; 5. acetoni; 6. kvarcis qviSa an SuSis 
fxvnili; 7. CaCo3; 8. qromatografiis qaRaldi; 9. 50 ml-iani kolbebi; 10. 10 ml-
iani cilindri; 11. minis wkiri; 12. 1 ml-iani pipeti; 13. filTaqva; 14 bunzenis 
mSrali, sufTa kolbi sacobiT, romelSiac Cadgmulia SuSis #2 filtri;     
15. komovskis tumbo; 16. minis biuqsebi /2c/; 17. minis cilindrebi 20x25 sm 
simaRlis milesili saxuraviT; 18. saswori sawonebiT; 19. makrateli;       
20. vazelini. 

Gganmarteba. qaRaldis qromatografiis meTodi sul ufro da ufro 
gamoyenebas poulobs pigmentebis raodenobriv gansazRvraSi da maTi 
erTmaneTisagan dacilebaSi. qromatografiuli meTodis gamoyenebam saSualeba 
mogvca mcenareebis sxvadasxva klasebidan gamogveyo 10-mde qlorofili da 30-
mde karotinoidebi.  
     pigmentebis erTmaneTisagan dacilebis mizniT qromatografiis qaRaldze 
qvemoT gadaaqvT gamonawuri viwro zolis saxiT. Semdeg qaRalds aTavseben 
gamxsnelSi. gamxsneli aiwevs ra qaRaldze Tan moaqvs pigmentebi. sxvadasxva 
pigmentebi xasiaTdebian ra sxvadasxva xsnadobiT am gamxsnelSi da sxvadasxva 
adsorbciis unariT, qaRaldze gadaadgildebian sxvadasxva adgilas. rac metia 
pigmentTa xsnadoba gamxsnelSi da rac ufro naklebia qaRaldze misi 
adsorbcia, miT ufro Cqara da Sors gadaadgildeba misi zoli.  

muSaobis mimdinareoba.  dakuwuli 1 g nedli foToli movaTavsoT 
fialaSi, davumatoT cotaodeni kvarcis qviSa an SuSis fxvnili da CaCO3. 
davasxaT 3-4 ml acetonis spirtTan narevi 3:1 da gavsrisoT. gamonawuri 
gadavitanoT benzinis kolbaSi Cadgmul SuSis #2 filtrSi ise, rom ar 
daikargos arc erTi wveTi. gamovqaCoT gamonawuri tumbos daxmarebiT. es  
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operacia gavimeoroT pigmentTa srul gaxsnamde. gamonawuri CavasxaT 25 ml-ian 
sazom kolbaSi da SevavsoT niSan xazamde. 
     miRebuli acetovan-spirtovani gamonawuri gamoiyeneba pigmentebis 
gansazRvrisaTvis.  
    qromatografiis qaRaldze zomiT 16x16 sm gadaaqvT 1-2 ml gamonawuri 
viwro zolis saxiT. qveda boloze yoveli wveTis gadatanis Semdeg qaRaldi 
unda gavaSroT ventiliatoriT. gamonawuris mTlianad gadatanis Semdeg 
warmoiqmneba muqi mwvane zoli. zoli ar unda aRematebodes 0,5-0,6 sm. Semdeg 
gamovaSroT qromatografiis qaRaldi acetonis sunis srul gaqrobamde. 
movamrgvaloT ise rom qveda boloebi ar emTxveodes erTmaneTs. xolo zeda 
boloebi davakavSiroT samagrioT da CavdoT cilindrSi, romelSic Casxmulia 
20 ml benzolisa da petroleinis eTeris narevi SefardebiT 2:1. cilindrs 
davaxuroT mWidroT milesili saxuravi da SemovakraT Savi naWeri an qaRaldi. 
     20-30 wuTis Semdeg gaxsnili pigmentebi qaRaldze ganlagdeba Semdegi 
TanamimdevrobiT: qvemoT qlorofili “b”, mis maRla qlorofili “a”, Semdeg 
qsantofili, xolo yvelaze zemoT karotini. 
     amis Semdeg amoviRebT qaRalds cilindridan,  gamovaSrobT da gamovWriT 
calkeul zolebs, rogorc yviTeli ise mwvane pigmentebisa. Semdeg TiToeul 
zols calcalke davWriT patara nawilebad movaTavsebT biuqsebSi an 
faifuris jamSi, davasxamT 2-3 ml acetonisa da spirits narevs 3:1 SefardebiT 
pigmentebis gasaxsnelad. am operacias vimeorebT manam sanam qaRaldi mTlianad 
ar gauferuldeba. Semdeg gamxsneli gadagvaqvs 10 ml sazom cilindrSi, 
vavsebT niSan xazamde da vsazRvravT pigmentebis koncentracias 
fotoeleqtrokolorimetrze, /fek/-ze. 
     qlorofil “a” da”b”-s Semcvelobas sazRvraven formuliT: 
 
                               X = C V U 
                                                                         m n 
 
    sadac X qlorofilis raodenobaa ml/g-Si nedl wonaSi; C _ pigmentebis 
koncentracia napovni sayalibo mrudze, mg/ml xsnarSi; V _ gamonawuris 
saerTo raodenoba, ml;  U _ eluatis moculoba, ml; m _ analizisaTvis 
aRebuli foTlis wona gramobiT; n _ qromatografiis qaRaldze gadatanili 
gamxsnelis raodenoba, ml. 
     analogiurad iqcevian yviTeli pigmentebis gansazRvris dros. 
            
 
 
 samuSao 18. 
   
                  fotosinTezis aRmoCena saxameblis sinjiT 
 

masala da mowyobiloba: 1. 2-3 dRiT sibneleSi moTavsebuli balba 
/sasurvelia WrelfoTliani/; 2.spirti; 3. iodis xsnari /koncentrirebuli 
xsnari wyalSi ganzavebuli 3-jer/; 4. tutis 30%-iani xsnari; 5. eleqtronaTura 
200-300 vat; 6. makrateli; 7. pinceti; 8. sinjariani Stativi; 9. spirtqura;       
10. konusuri kolba; 11.  faifuris jami; 12. wylis abazana; 13. eleqtroqura;   
14. minis sadgarze dadgmuli SuSis zarxufi; 15. lanodini; 16. patara Wiqebi    
/2 cali/; 17. Zabri; 18. sinjarebis damWeri; 19. samarTebeli; 20. asanTi;       
21. feradi fanqrebi. 
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ganmarteba: fotosinTezis Sedegad foTlebSi dagrovil naxSirwylebidan 

yvelaze advilad SiZleba gamovlindes saxamebeli. saxameblis 
gamosavlineblad sinaTleze namyof foTols gaauferuleben spirtSi da 
Semdeg daamuSaveben iodis xsnariT. saxameblis warmoqmnis mixedviT SeiZleba 
aRvniSnoT metad mkveTri fotosinTezuri reaqcia. foTolSi warmoqmnil 
saxamebels, rogorc fotosinTezis pirveladi produqtebis uaxloesi 
gardaqmnis Sedegs ewodeba pirveladi saxamebeli, gansxvavebiT meoradi 
saxameblisagan, romelic foTlebidan ukudenili naxSiwylebidan warmoiqmneba 
mcenaris uferul nawilebSi /Rero, tuberebi/.  
     saxamebelze iodis sinji, misi intensiuroba foTlis ganaTebas da 
fotosinTezisaTvis saWiro sxva pirobebze damokidebulebiT SeiZleba 
ganixilos rogorc fotosinTezis gansazRvris Tvisebrivi meTodi. am meTodiT 
advilia imis Cveneba, rom fotosinTezi mimdinareobs mxolod mcenaris 
ganaTebul mwvane foTlebSi.  
     saxameblis sinjiT fotosinTezis aRmosaCenad umjobesia cda CavataroT 
mowyvetil da wyalSi yunwiT CaSvebul foTolze, radgan gamoricxulia 
nivTierebaTa ukudena.  
     pirveladi saxameblis warmoqmnaze dasakvirveblad saWiroa 
Tavdapirvelad foTolSi ar iyos es nivTiereba. saxameblisgan foTlis dacla 
SeiZleba misi sibneleSi moTavsebiT ramdenime dRis ganmavlobaSi. am drois 
ganmavlobaSi iq arsebuli saxamebeli gadadis SaqrebSi, romelTa nawili 
gadava ReroSi, xolo nawili daixarjeba ujredis sunTqvaze. 

muSaobis mimdinareoba. mcenare movrwyaT da movaTavsoT sibneleSi 2-3 
dRiT /an calkeuli foTlebi davxuroT Suqgaumtari masaliT/. 
     SevamowmoT foToli mTlianad daicala Tu ara saxameblisagan, risTvisac 
foTols movaWraT patara naWeri, movaTavsoT sinjaraSi da vaduRoT wyalSi, 
ujredebis mosaklavad. gadavasxaT wyali, Semdeg sinjaraSi CavasxaT spirti da 
vaduRoT wylis abazanaze pigmentebis srul gaxsnamde. duRili unda 
vawarmooT frTxilad, raTa Tavidan aviciloT sinjaridan spiritis amosxma. 
amis Semdeg gadavRvaroT spirti. spirtis moqmedebiT foToli uxeSdeba. 
foTlis naWris dasarbileblad sinjaraSi CavasxaT wyali. Tu foToli 
lurjad ar SeiReba, es niSnavs, rom foTolSi ar aris saxamebeli. Tu sinji 
SeiRebeba lurjad, maSin es foToli sacdelad ar gamodgeba, radgan Znelia 
dakvirveba vawarmooT saxameblis warmoqmnaze.  
     orive mxridan foToli davfaroT muyaos naWriT, romelzedac amoWrilia 
figurebi, an zemodan foTols davakraT kontrastuli, magram ara Zalian muqi 
fotonegativi. 
     meore foToli, romelic ar Sicavs saxamebels, yunwiT CavuSvaT wylian 
sinjaraSi da movaTavsoT unaxSirorJango atmosferoSi, risTvisac sinjaris 
gverdiT davdgaT _ movaTavsoT Zlieri tute da SevdgaT zarxufis qveS. 
hermetulobisaTvis saWiroa foTliani sinjara da mwvave tute davdgaT minis 
naWerze da zarxufis kideebi SemovlesoT lanoliniT. gamovdgaT  orive 
foToli mzis sxivebis an eleqtro ganaTebaze. /eleqtro ganaTebis 
gamoyenebisas 200-300 vatiani varvaranaTurebis SemTxvevaSi foTlebis 
gadaxurebis Tavidan asacileblad naTurebsa da foTlebs Soris manZili unda 
iyos aranakleb 30 sm/. 
     erTi an ramdenime sT-is Semdeg davamuSaoT foTlebi, rogorc es 
aRwerili iyo foTlis naWrebisaTvis, roca SevamowmeT foTlebSi saxameblis 
arseboba; CavdoT aduRebul wyalSi, gavauferuloT spirtSi, davalboT wyalSi  
 



 
 
 
 
 
 
 
   
 
 
 
 
 

34 
 

 
 
 
da davamuSaoT iodis xsnariT. /foTlebis gauferulebas awarmoeben 
Tavdaxurul kolbSi spirtis aorTqlebis Tavidan acilebis mizniT./ 
     CaviweroT Sedegebi. aRvniSnoT, foTlis ra nawilebSi warmoiqmneba 
saxamebeli /Wreli foTlebisaTvis yuradReba mivaqcioT TeTr ubnebs/ 
CavixatoT cda da avxsnaT Sedegebi. iodis xsnariT damuSavebuli foToli 
SeiZleba SevinaxoT, Tu mas gamovaSrobT gazeTis or naWers Soris wnexis qveS. 
     daskvnebSi vuCvenoT, ra pirobebia saWiro fotosinTezisaTvis. 
 
 
 
 
  samuSao 19. 
 

sinaTlis gavlena qlorofilis warmoqmnaze 
/eTiolaciis movlena/ 

 
 

masala da mowyobiloba: 1. xorblis Teslebi; 2. petris jami /2 cali/; 3. 
pinceti; 4. filtris qaRaldi; 5. wyali; 6. bneli karada; 7. zarxufi. 

Gganmarteba.  qlorofili metad rTuli nivTierebaa da warmoiqmneba mis 
winamorbed nivTierebaTa gardaqmniT. am dros arsebiT rols asrulebs 
sinaTle /sxva faqtorebTan erTianobaSi/. qlorofilis warmoqmna sinaTleze 
xdeba. amis kargi dadasturebaa sibneleSi TeslTa aRmonaceni. usinaTlo 
pirobebSi mcenare qlorofils ver iviTarebs. rCeba moTeTro-yviTeli feris, 
rasac eTiolirebuli mcenare ewodeba. 
     eTiolirebuli mcenare mwvane mcenareebisagan gansxvavdeba imiT, rom maTi 
Rero susti da ganuviTarebelia. aseve ganuviTarebelia foTlebic. 
     eTiolirebul mcenareTa sinaTleze moTavsebisas iwyeba gamwvaneba; e.i. 
warmoiqmneba qlorofili. amrigad, dgindeba sinaTlis aucilebloba 
qlorofilis warmoqmnisaTvis. eTiolirebul mcenareebSi warmoqmnili 
nivTiereba, romelic ganaTebis SemTxvevaSi advilad gardaiqmneba 
qlorofilad, cnobilia protoqlorofilis saxelwodebiT. “a” da “b” 
qlorofilebs Seesabameba Tavisi protoqlorofilebi. 

muSaobis mimdinareoba. aviRoT petris ori jami da maT fskerze 
movaTavsoT fskeris zomaze gamoWrili filtris dasvelebuli qaRaldi da 
pincetis daxmarebiT am qaRaldze davTesoT xorblis Teslebi. jamebi cal-
calke davdgaT ori zarxufis qveS sadgarze, gverdiT davdgaT wyliani Wiqa, 
maRali tenianobis Seqmnis mizniT zarxufis SigniT. erTi movaTavsoT 
sinaTleze, meore sibneleSi. aRmocenebis Semdeg davukvirdeT da gavakeToT 
daskvnebi sinaTlis rolis Sesaxeb qlorofilis warmoqmnaSi. 
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 samuSao 20. 
 

fotosinTezis produqtiulobis aRricxva dagrovil 
nivTierebaTa raodenobis mixedviT 

/foTlis naxevrebis meTodi/ 
 
 

masala da mowyibiloba: 1. mcenare simetriuli foTlebiT; 2. biuqsis 
Wiqebi; 3. Termometri; 4. analizuri saswori; 5. xvretela; 6. makrateli. 

Gganmarteba. fotosinTezis gansazRvris meTodebi damyarebulia 
fotosinTezis Sejamebul gantolebaze. fotosinTezi SeiZleba aRiricxos 
STanTqmuli naxSiroJangisa da gamoyofili Jangbadis raodenobis mixedviT _ 
airovani meTodaebi. warmoqmnili organuli nivTierebaTa raodenobisa _ 
woniTi meTodi da dagrovili energiis raodenobis mixedviT. 
     fotosinTezis gansazRvris woniTi meTodi mdgomareobs imaSi, rom drois 
tol SualedSi, Cveulebriv 2-3 sT-Si aRricxaven gansazRvruli farTobis 
foTlis wonis cvlilebebs. am drois ganmavlobaSi foTolSi grovdeba 
fotosinTezis produqtebi _ organuli nivTierebebi da foTlis wona 
Sesabamisad izrdeba. foTolSi organul nivTierebaTa dagrovebasTan erTad 
xdeba maTi ukudena mcenaris sxva organoebisaken. foTlebidan nivTierebaTa 
ukudenis siswrafeze gavlenas axdens rogorc maTi raodenoba, ise garemo 
pirobebi, gansakuTrebiT sinaTle. amitom woniTi meTodiT asimilaciis zusti 
gansazRvrisaTvis saWiroa an SevaCeroT nivTierebaTa ukudena foTlidan, an 
gaviTvaliswinoT misi sidide. 
     foTlis naxevrebis meTodi fotosinTezis gamorkvevis arapirdapir 
meTods ekuTvnis. am meTodiTac SeiZleba davakvirdeT fotosinTezis dros 
organul nivTierebaTa dagrovebas formuliT: 
 

6CO2 + 6H2O + 674kkal →  C6H12O6+6O2 

 
     rogorc formulidan Cans, fotosinTezis procesSi naxSirorJangisa da 
wylis eqvs-eqvsi molekulisagan da qlorofilis mier sinaTlis saxiT 
STanTqmuli 674 000 kaloriiT iqmneba naxSirwylis erTi molekula /C6H12 O6/ 
da Tanaur produqtad gamoiyofa Jangbadi /6O2/ amrigad, Saqris sinTezze 
daxarjuli energia bmuli saxiT organul nivTierebaSi rCeba. 

muSaobis mimdinareoba. muSaobis dawyebis win erTi RamiT an meti droiT 
abneleben simetriuli foTlebis mqone mcenares. Semdeg diliT adre moWrian 
foTlis naxevars, xolo meore naxevars mTavari ZarRviT toveben mcenareze. 
moWrili foTlis nawils aTavseben swor zedapirze da awarmoeben zustad 
gansazRvruli farTobis amoWras. amoWris dros yuradReba unda mieqces 
imasac, rom sinjebs ar gahyves mTavari ZarRvi. amoWril nawils aTavseben 
faifuris jamebze da erTi saaTis ganmavlobaSi aSroben saSrob karadaSi 70 C  
temperaturaze. gamSrali masala gadaaqvT zustad gamowonil biuqsebSi da 
ganagrZoben gamoSrobas mudmiv wonamde. aseTi wesiT adgenen cdis win foTlis 
garkveuli farTobis wonas. mcenareze datovebuli da kargi ganaTebis 
pirobebSi myofi foTlis meore naxevars Wrian 4 an 8 sT-is gavlis Semdeg. 
damuSavebas awarmoeben imave wesiT, rogorc foTlis pirveli naxevari 
damuSavdeba. sinaTleze namyofi foTlis meore naxevris wona meti iqneba, 
vidre pirveli naxevrisa. wonis momatebas gadaiangariSeben drois erTeulze 
/erT sT-ze/.  
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        mgvarad, miRebuli woniTi sxvaoba mainc ar iZleva zust warmodgenas 
fotosinTezis siZliereze. igi warmoadgens mxolod sxvaobas fotosinTezis 
dros Seqmnili produqtebis /asimilatebis/ da im produqtebis wonas Soris, 
romlebmac foTlidan moaswres gadasvla mcenaris sxva nawilebSi an kidev 
sunTqvis procesSi daixarjnen.  
     meti sizustisaTvis cdaSi SeaqvT aseTi Sesworeba. danaklisis 
aRsaricxavad iReben iseTive /msgavs/ foTols da mis naxevars toveben 
sibneleSi. Semdeg amuSaveben imave wesiT, rogorc es zemoT iyo aRwerili. am 
SemTxvevaSi gaangariSebis Sedegad Rebuloben ara namats, aramed danakliss 
farTobis erTeulze. am danaklisisa da cdis dros /sinaTleze/ miRebuli 
namatis SejamebiT Rebuloben sinamdvilesTan miaxloebul sidides. 
     magaliTi. mSrali nivTierebis wona 50 sm2-- foTolSi dilis 8 sT-ze 
udrida 0,250 g-s, mSrali nivTierebis wona 50 sm2—ganaTebul foTolSi dRis 2 
sT-ze udrida 0,285 g-s. 
     mSrali nivTierebis wona 50 sm2-- foTolSi dilis 2 sT-ze udrida 0,225g-s, 
aqedan 6sT-is ganmavlobaSi wonis namati udrida 0,285_0,225 =0,035. danaklisi 
asimilatebis ReroSi gadasvlis gamo 0,250_0,225=0,025 g. 
     50 sm2 —foTolSi 6 sT-is ganmavlobaSi Seqmnili nivTierebis saerTo 
raodenoba = 0,035 _ 0,025 _ 0,060 g-s. foTlis farTobis 1 kv.m-ze ki /10000 sm2 / 1 
sT-is ganmavlobaSi. 
                         0,060 
                       ----------- . 10000 
                          50              12 
                    --------------------------- ═ ------ ═ 2 g-s 
                          6               6 
 
samuSao 21. 
  

garegani pirobebis gavlena wylis mcenaris 
fotosinTezis intensivobaze 

 
 

masala da mowyobiloba: 1. akvariumi elodiaTi; 2. 250 ml-iani sami qila.   
3. 10 %-iani kaliumis biqromati; 4. 4 %-iani Sabiaminis xsnari; 5. amiaki; 6. 
sacobebi; 7. sinjarebi; 8. eleqtronaTura; 9. qviSis 1-3-5 wT-iani saaTebi;  10. 
Termometri; 11. saWmeli soda; 12. kolbebi; 13. saxazavi; 

ganmarteba. fotosinTezis airovan meTodebs ekuTvnis buStebis daTvlis 
meTodi, romelic gamoiyeneba sademonstracio miznebis da agreTve 
fotosinTezis raodenobrivi gansazRvrisaTvis. sinaTleze foTolSi xdeba 
fotosinTezi, romlis produqciaa Jangbadi da romelic grovdeba 
ujredSorisebSi. ylortebis moWrisas zedmeti haeri gamoedineba Wrilobis 
zedapiridan buStebis saxiT. maTi warmoSobis siCqare damokidebulia 
fotosinTezis intensivobaze. 
     buStebis daTvlis meTodi ar SeiZleba CaiTvalos zust meTodad, radgan 
gadaWrili Rerodan gamoyofili airi Jangbadis garda Seicavs sxva airebsac, 
mag. azotsa da naxSirorJangs, magram martivi da moxerxebulia imisaTvis, rom 
naTel warmodgenas iZleva fotosinTezis kavSirze garemo faqtorebTan. 
     amave samuSaoebSi gavecnobiT speqtris sxvadasxva sxivebis gavlenas 
fotosinTezis procesze. 
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       timiriazevis gamokvlevebamde fiqrobdnen, rom TiTqos fotosinTezi 
yvelaze Zlierad yviTel /energiiT Rarib/ sxivebSi warmoebda. timiriazevma mis 
mier konstruirebul xelsawyoTi, fotosinTezis speqtris Semadgenel 
sxvadasxva ferSi cal-calke gansazRvra. dadginda, rom wiTeli sxivebiT 
ganaTebuli foTlis ubani meti raodenobiT saxamebels agrovebda, bevri iyo 
saxamebeli foTlis im nawilSi, sadac xdeboda lurj-iisferi sxivebiT 
ganaTeba. e.i. iq, sadac yvelaze ufro intensiurad xdeboda qlorofilis mier 
sinaTlis STanTqma. 
     fizikosTa mier sinaTlis kvanturi Teoriis damuSavebamde naTeli gaxda 
wiTel ferebSi fotosinTezis maqsimaluri mimdinareoba. dadginda, rom 
kvantis sidide talRis sigrZis mixedviT icvleba, rac ufro grZelia talRis 
sigrZe, miT ufro naklebia kvantis sidide. grZeltalRian wiTel sxivebs 
patara zomisa da meti raodenobis kvanti aqvs, ris gamoc isini fotoqimiurad 
ufro produqtiuli arian fotosinTezis pirveli fotoqimiuri fazis 
jerovani siswrafiT warmarTvisaTvis. 
     isic dadginda, rom foToli masze dacemuli energiis daaxloebiT 85-90%-
s STanTqavs, magram energiis am raodenobidan fotosinTezze 1-5% /iSviaTad 
10%-mde/ gamoiyeneba. foTlis mier STanTqmuli energiis 90%-ze meti Tbur 
energiaSi gadadis da xmardeba wylis airovan mdgomareobaSi gadayvanasa da  
transpiraciis process. am samuSaos Catarebis mizania studentebma naxon 
speqtris sxvadasxva ferSi rogori gansxvavebulobiT aris warmodgenili 
fotosinTezis procesi, romelSi ufro Zlieria da sxva. 

muSaobis mimdinareoba. elodeas ylorti, romlis kenwruli kvirti 
dauzianebelia movaTavsoT wylian WiqaSi da ganvaaxloT Wriloba, rom 
Tavidan aviciloT gamtari WurWlis dacoba haeris buStebiT. gadanaWeri 
ylorti boloTi CavuSvaT wylian sinjaraSi. wyali winaswar gamdidrebulia 
naxSirorJangiT, rac xerxdeba wyalSi sodis CamatebiT. sinjara elodeas 
ylortiT movaTavsoT qvemoT aRweril ama Tu im pirobebSi da davelodoT 
haeris buStebis Tanabar gamoyofamde. gadavabrunoT qviSis saaTi da avTvaloT 
buStebis gamoyofa gansazRvruli drois manZilze. sinaTlis wyarod 
gamoviyenoT 200-300 vat. naTura da CavataroT Semdegi cdebi. 
     a. ganaTebulobis gavlena. 300 C-mde gamTbari wyali CavasxaT kolbSi an 
cilindrSi, romelzedac mimagrebulia wylis gamosaSvebi da am WurWelSi 
movaTavsoT elodeas ylortiani sinjara. daviTvaloT Jangbadis gamoyofa 
sxvadasxva ganaTebulobaze. 
     b. sinaTlis speqtruli Sedgenilobis gavlena.  
cdisaTvis iReben erTnairi moculobisa da formis sam qilas. Sig asxamen 
qimiur xsnarebs, romlebic asruleben feradi ekranis daniSnulebas. aseTi 
xsnarebia: 1. 1%-iani orqromiani kaliumis xsnari, romelic STanTqavs speqtris 
lurj-iisfer sxivebs da atarebs wiTels. 2. 4%-iani Sabiamnis amiakuri xsnari, 
romelic STanTqavs speqtris wiTeli feris naxevars da atarebs lurj-
iisfers. 
     Sabiamnis amiakuri xsnari mzaddeba Semdegi wesiT: iReben CuSO4 -is 4%-ian 
xsnars, umateben amiaks, sanam dasawyisSi warmoSobili naleqi ar gaixsneba da 
xsnari ar miiRebs kriala lurj-iisfers. 
     mesame qilaSi asxamen sufTa wyals /uferuli ekrani/. qilebSi sacobis 
saSualebiT amagreben sinjarebs.  qilebi da masSi Casadgmeli sinjarebi ise 
unda SevarCioT, rom qilebis kedelsa da masSi Cadgmuli sinjarebis kedels 
Soris manZili 0,5 sm-s udrides. savaldebuloa, rom samive qilaSi siTxis 
sisqe erTnairi iyos. 
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       sinjaraSi SeaqvT elodeas toti, romelic awarmoebs fotosinTezs. 
rodesac totis gadanaWeridan buStebis gamoyofa drois Tanabar  monakveTSi 
intensivibiT daiwyeba, Seudgebian gamoyofili buStebis aRricxvas.  
     cdis Tanmimdevroba aseTia: jer elodeas totidan sinjaras CauSveben 
qilaSi, romelSic sufTa wyalia /uferuli ekrani/, Semdeg gadaaqvT orqromian 
kaliumis xsnarSi _ wiTeli ekrani, xolo Semdeg im qilaSi, romelSic amiakis 
4%-iani xsnaria _ lurji ekrani. 
     TiToeul xsnarSi buStebs iTvlian erTi wuTis ganmavlobaSi. aTvlas 
imeoreben daaxloebiT 5-6-jer, xolo Semdeg gamohyavT saSualo da adareben 
erTmaneTs. 
     yovel xsnarSi cda erTsa da imave elodeas totiT warmoebs. sxvadasxva 
totis gamoyenebis SemTxvevaSi SesaZlebelia Tavi iCinos individualurma 
Taviseburebam da buStebi iseTi gansxvavebuli raodenobiT gamoiyos, rac 
SecdomaSi Segviyvans. 
     miRebuli cifrobrivi monacemebi SeaqvT cxrilSi. cxrilidan Cans, rom 
buStebi didi ramodenobiT gamoiyofa TeTr da wiTel sxivebSi, xolo lurj 
ferSi gamoyofili Jangbadis buStebis ramodenoba mcirea. miRebuli Sedegi 
migviTiTebs, rom fotosinTezi ufro intensiurad ufro TeTr da wiTel 
sxivebSi mimdinareobs. 
                                                                 
                                                                     cxrili 13. 
 elodeas totis mier wuTSi gamoyofili buStebis raodenoba  
 
# speqtris sxivebi Jangbadis buStebis raodenoba 
1 
2 
3 

TeTri ekrani 
wiTeli ekrani 
lurji ekrani 

140 
117 
22 
 

 
3. temperaturis gavlena. gare WurWelSi CavasxaT jer Tbili, xolo Semdeg 
civi wyali da avTvaloT buStebis gamoyofa, sinaTlis wyarodan erTnair 
manZilze.  
 
                                                                  cxrili 14 
 
manZili sinaTlis 
wyarodan sm-Si 

    ekrani temperatura 

5 
10 
20 
5 
5 
5 
5 
5 

TeTri 
TeTri 
TeTri 
TeTri 
wiTeli 
lurji 
TeTri 
TeTri 

30 
30 
30 
30 
30 
30 
30 
10 

 
     Sedegebi CavweroT cxrilSi. /manZili sinaTlis wyarodan da temperatura 
mocemulia saorientaciod/. 
     gamovitanoT daskvnebi moqmedi faqtorebidan fotosinTezis intensiobaze. 
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mcenareTa sunTqva 
 
     sunTqva ewodeba organul nivTierebaTa bioqimiur daJangavas 
naxSirorJangamde da wylamde, rasac Tan sdevs energiis ganTavisufleba. 
 

C6H12O6+6O2 → 6CO2 + 6H2O + 674kkal 
 
     moyvanili gantolebis Tanaxmad, glukozis yovel daJangul molekulaze 
STainTqmeba 6 molekula O2  da warmoiqmneba 6 molekula wyali, am dros 
Tavisufldeba is energia, romelic SeboWili iyo. fotosinTezis procesSi. 
cocxal organizmSi Saqris daJangva mimdinareobs SedarebiT dabali 
temperaturis dros da xorcieldeba Sualeduri reaqciebis mTeli seriiT, 
romlebic katalizdebian saTanado fermentebiT. amitom energiis 
ganTavisufleba xdeba ara erTbaSad, aramed safexureobrivad misi erTi 
formis meore formaSi gardaqmniT. 
     energia, romelic sunTqvis dros gamoTavisufldeba, mravalgvar 
bioqimiur da fiziologiur procesSi gamoiyeneba. 
     sunTqva damaxasiaTebelia yoveli cocxali ujredisaTvis da masSi igi 
ganuwyvetliv mimdinareobs. sunTqvis procesSi organuli nivTierebebis 
daJangva damJangav-aRmdgeneli da gamTiSveli fermentebis monawileobiT xdeba. 
sxva fiziologiur movlenaTa msgavsad sunTqva sxvadasxva intensiurobiT 
xasiaTdeba, rac garemo pirobebsa da mcenaris asakobriv mdgomareobazea 
damokidebuli. 
     sunTqva SeiZleba ganisazRvros sxvadasxva meTodiT, romelic emyareba 
mcenaris garemomcvel atmosferoSi naxSirorJangis airisa da Jangbadis 
SemcvelobaTa cvalebadobis aRricxvasa da agreTve, mcenaris mSrali 
nivTierebis danakargis mixedviT, romelic cdis ganmavlobaSi mSrali wonis 
danakargiT gaiTvaliswineba. 
     mwvane mcenareebSi pirveli ori maCvenebeli SesamCnevi iqneba maSin, Tu 
gamoricxuli iqneba sawinaaRmdego, e.i.  fotosinTezis procesis mimdinareoba. 
amitom, mcenaris qlorofilis Semcveli organoebis sunTqva SeiZleba 
ganisazRvros mxolod sibneleSi, Tumca TviT sunTqvis procesi maTSi 
sinaTlezec mimdinareobs. 
     radgan sunTqva mxolod cocxali ujredebis Tvisebaa, amitom intensiurad 
is organoebi sunTqaven, romelTa qsovilebic mraval aseT ujreds Seicaven. 
amitom foTlebs ReroebTan SedarebiT sunTqvis maRali intensiuroba 
axasiaTebs, Zveli gaxevebuli ylortebi ufro sustad sunTqaven, vidre 
axalgazrda, jer kidev gauxevebeli ylortebi; erTi da imave organos 
sxvadasxva qsovilis sunTqvis intensivobac sxvadasxvanairia. sunTqvis 
intensivoba kidev ufro Zlier aris damokidebuli TviT cocxali ujredis 
fiziologiur mdgomareobaze. mag: zrdis wertilebis ujredebi mosvenebis 
mdgomareobaSi Zlier sust sunTqvas amJRavneben, xolo rodesac ujredebi 
dayofas iwyeben, maTi sunTqva ramdenjerme diddeba. Mmcenaris yvela organo 
sunTqvis procesis intensivobis mixedviT SeiZleba Semdegi  TanmimdevrobiT 
davalagoT: maRivari Teslebi, gaSlis mdgomareobaSi myofi yvavilebi _ 
mozardi fesvebi P_ kvirtebi _ xnieri foTlebi _ xnieri Reroebi da fesvebi. 
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samuSao 22. 
  

  dakvirveba maRivari Teslebis mier sunTqvis dros 
  STanTqmul Jangbadze 

 
 
     masala da mowyobiloba: 1. xorblis maRivari Teslebi; 2. sunTqvis 
xelsawyo _ bunzenis kolba; 3. Seferili siTxe; 4. korpis sacobi kolbis 
dasaxuravad; 5. minis milebi; 6. sinjarebiKKOH-is xsnariT. 
     Gganmarteba. sunTqvisaTvis mniSvnelovani faqtori mcenaris garemomcvel 
atmosferoSi Jangbadia. sunTqvis intensivoba ar ecema  Jangbadis parcialuri 
wnevis 0,2 atm-mde Semcirebisasac ki, xolo Jangbadis _ 0,1-0,05 atm-ze naklebi. 
wnevis dros sunTqva mkveTrad mcirdeba. Mmcenaris miwiszeda nawilebi 
Cveulebriv kargad aris uzrunvelyofili JangbadiT, xolo miwisqveSa 
organoebi _ fesvebi, fesvurebi, Zirxvenebi, Zirnayofebi ki arc Tu yvela 
pirobebSi arian JangbadiT kargad uzrunvelyofilni.  
     mcenareTa sunTqva Tavisi arsiT cxovelTa sunTqvis analogiuria, rac 
cxoveluri da mcenareuli organizmebis warmoSobis erTianobas mowmobs.  
     sunTqvis dros gamoyofili energia saWiroa protoplazmis struqturis 
SesanarCuneblad, sinTezisa da nivTierebaTa gadaadgilebis, mcenaris 
organoTa zrdisa da moZraobis procesebisaTvis da agreTve niadagidan 
mineralur nivTierebaTa STanTqmisaTvis.  
    muSaobis mimdinareoba. kolbaSi yrian gaRivebul Teslebs, romelzedac 
vertikalurad dgamen sinjaras. sinjaraSi Casxmulia KOH. kolbis yeli 
mWidrod ixureba kauCukis sacobiT. kolbas aqvs gverdiTi mili, romlis bolo 
CaSvebulia ferad siTxeSi. sunTqvis procesSi maRivari Teslebi STanTqaven 
Jangbads, xolo am dros gamoyofil naxSirorJanga gazs tute STanTqavs. gazis 
moculoba Semcirdeba da kolbidan gamosul milSi Seferili siTxe aiwevs.  
     samasalo qilaSi yrian gaRivebul Teslebs kargad /mWidrod/ daaxuraven 
korpis sacobs da dgamen bnel adgilas. meore dRes qilas xdian sacobs da 
SeaqvT Sig  anTebuli kvari. kvari Caqvreba radgan qilaSi moxvdeba 
naxSirorJangis dagroveba.  
 
 
 
samuSao 23. 
 

sunTqvis intensivobis gansazRvra gamoyofili 
naxSirorJangis raodenobiT 
/boisne-iensenis mixedviT/ 

 
 
     masala da mowyobiloba: 1. gaRivebuli da gauRivebeli Teslebi. 
gaRviZebuli kvirtebi, foTlebi, yvavilebi da sxva mcenareuli masala;       
2. Ba(OH)-is 0,1 N xsnari, Casxmuli sinjaraSi da daxuruli sacobi, sadac 
Cadgmulia natronis kiriani mili; 3. HCl-is 0.1 N xsnari – biuretSi;       
4. fenoftaleini sawveTurSi; 5. saswori; 6. sawonebi; 7. erTnairi konusuri 
kolbebi /3 cali/ da maTze morgebuli rezinis sacobebi /2 sacobi liTonis  
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saxuraviT/; 8. dolbandis naWeri 10x10 sm zomisa /2 cali/; 9. parafini;       
10. eleqtro qura. 
     Gganmarteba. sunTqvis intensivobis gansazRvrisaTvis gamoyofili 
naxSirorJangis mixedviT, daxurul WurWelSi moaTavseben sakvlev masalasa da 
tutis gansazRvrul raodenobas. sunTqvis dros gamoyofili naxSirorJangi 
reagirebs tutesTan da tutis koncentracia mcirdeba:  
 

Ba(OH2 + CO2) = BaCO3+H2O 
 
 

     gansazRvruli drois Semdeg WurWelSi darCenil tutes titraven: 
 

Ba(OH)2+2HCl=BaCl2+H2O 
 
     miRebul sidides adareben imave moculobis sawyisi xsnaris gatitvrisas 
miRebul Sedegebs. es aucilebelia tutis sawyisi koncentraciis dadgenisaTvis 
da erTdroulad    CO2 –is im raodenobis gansazRvrisaTvis, romelic iyo 
WurWelSi cdis dawyebamde. sacdel da sakontrolo xsnarebis titris sxvaoba 
pirdapir proporciulia sunTqvis dros gamoyofil CO2 –is raodenobisa. 
     eqspoziciis xangrZlivoba damokidebulia masalis wonasa da sunTqvis 
intensivobaze. mokle eqspoziciisas sakvlev da sakontrolo xsnarTa titris 
sxvaoba arasaimedoa, piriqiT Tu kolbSi darCeba cota bariti, maSin 
SesaZlebelia moxdes CO2 –is arasruli STanTqma. amisaTvis sasurvelia 
gavzardoT eqspozicia im angariSiT rom CO2 –is SeboWvaze daixarjos tutis 
10-40% /mag. Tu sakontrolo baritis gasatitravad daixarja 10 ml HCl, maSin 
sacdeli baritis gasatitravad unda daixarjos ara umetes 9-isa da ara 
nakleb 6 ml HCl-isa/.  
     muSaobis mimdinareoba. sakvlevi masala /5-10 g/ movaTavsoT dolbandis 
parkSi da mivamagroT sacobs masSi Cadgmuli kauWis saSualebiT. cdis 
dawyebis win SevamowmoT Tavisuflad Cadis Tu ara masaliani parki kauWis 
yelSi da xom ar eSveba Zalian dabla. kolbSi  CavawveToT fenoftaleinis 22 
wveTi, ris Semdeg CavasxaT 10 ml. Ba(OH)2 –is decinormaluri xsnari, kolbSi 
swrafad CavuSvaT sakvlevi masala, davxuroT sacobiT da daviniSnoT dro. Tu 
sacobi korpisaa saWiroa misi parafinireba.  
     cdis daniSnulebaa _ sxvadasxva obieqtebis sunTqvis intensivobis 
erTmaneTTan Sedareba. amisaTvis saWiroa aviRoT 2 kolba da masSi movaTavsoT 
erTi da igive mcenaris sxvadasxva nawili. mag. foTlebi da ylortebi, an 
gaRivebuli da gauRivebeli Teslebi da a.S. 
     sakontrolo /cariel/ kolbaSi CavasxaT 10 ml baritis xsnari, 2 wveTi 
fenoftaleini da mWidrod davaxuroT sacobiT. qlorofilis Semcvleli 
masala fotosinTezis Tavidan acilebis mizniT aucileblad unda movaTavsoT 
sibneleSi.  
     drodadro saWiroa kolbis SenjRreva, raTa daiSalos baritis zedapirze 
warmoSobili Txeli apki BaCO3 , romelic xels uSlis CO2 –is STanTqmas. 
amasTan araviTar SemTxvevaSi baritis wveTebi ar unda moxvdes  masalian 
parks. 
     1-2 sT-s Semdeg masala amoviRoT, kolba Cqara davxuroT sacobiT da 
daviniSnoT cdis damTavrebis dro. kolbaSi darCenili tute, gavtitroT 0,1 
/normalobis/ marilmJavas xsnariT vardisfris gaqrobamde acilebisaTvis, rac 
xdeba haeris naxSirorJangis baritis koncentraciis dacemis Tavidan  
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STanTqmis xarjze. kolba unda daixuros orxvreliani sacobiT, erT maTganSi 
gatarebulia natrinovani kiri, xolo meoreSi biureti.  
     sakontrolo kolbaSi moTavsebuli bariti SeiZleba gaititros cdis 
dawyebidan 20 wuTis Semdeg /am drois ganmavlobaSi saWiroa kolbi drodadro 
SevanjRrioT/. 
     Sedegebi CavweroT cxrilSi       
                     

                                                              cxrili 15. 
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sunTqvis intensioba gaiangariSebaSemdegi formulis mixedviT: 

 
X= (q+d) K 22 

 PPt 
 
    sadac q aris sakontrolo kolbSi moTavsebuli xsnaris titri,  d _ 
sacdel kolbSi moTavsebuli xsnaris titri; K- titris HCl-is Sesworeba; 2,2 
mg CO2, romelic ekvivalenturia 1 ml /normalobis/ HCl-is; 
     P – masalis wona g-Si; t – cdis xangrZlivoba saaTebSi.  
     gavakeToT daskvnebi, SevudaroT erTmaneTs sxvadasxva obieqtis sunTqvis 
intensivoba.  
    
 



 
 
 
 
 
 
 
   
 
 
 
 
 

43 
 

 
 
 
  samuSao 24. 
   

dakvirveba sunTqvis dros gamoyofil 
siTboze 

 
     masala da mowyobiloba: 1. diuaris xelsawyo; 2. mgrZnobiare Termometri, 
0,1 danayofiT, bamba, biuqsi; 3. NaOH-is 5-10% xsnari; 4. sacdel masalad 
SieZleba aviRoT maRivari Teslebi. 
     Gganmarteba. sunTqvis dros organul nivTierebaTa bioqimiur Jangvas Tan 
sdevs energiis gamoTavisufleba, rac moixmareba mcenareSi mimdinare 
sasicocxlo procesebisaTvis. sunTqva ufro Zlierad mimdinareobs mcenaris im 
qsovilebSi, sadac didi raodenobiTaa cocxali ujredebi da, maSasadame 
cocxali materiis /mocemul/ SemTxvevaSi _ protoplastis arsebobasTan gvaqvs 
saqme. intensiuri sunTqviT xasiaTdeba kvirtebi, yvavilebi, gaRivebis 
mdgomareobaSi myofi Teslebi da a. S. 
     muSaobis mimdinareoba. 2-3 kg xorbals asveleben wyalSi 12 sT-is 
ganmavlobaSi da aRiveben ganier kristalizatorebSi an sxva rame Sesafer 
WurWelSi sveli filtris qaRaldze. gaRivebuli xorbali Semdeg gadaaqvT 
diuaris WurWelSi an Termosis rezervuarSi, romelic kargad aris daculi 
siTbos dakargvisagan. WurWlis fskerze winaswar moaTavseben zonarze Sebmul 
patara Wiqas mwvave kaliumis tutiT. es tute STanTqavs sunTqvis dros 
gamoyofil CO2 –s; marcvlebi am WiqaSi rom ar Cacvivdes, ukanasknels 
Seukraven pirs dolbandiT. WurWlis gavsebis Semdeg, masSi CauSveben 
Termometrs im angariSiT, rom vercxlis wylis svetis bolo nawili moxvdes 
WurWelSi Cayrili Teslis masis SuagulSi. sivrce Termometrsa da WurWlis 
yels Sua unda amoivsos bambiT, romelic ar unda iyos Zalian datkepnili. 
ramdenime saaTis Semdeg sinjaven Termometris Cvenebas. es cda warmodgenas 
iZleva imaze, Tu ramdenad maRali temperaturis ganviTareba SeuZliaT 
gaRivebis dros energiulad msunTqav Teslebs.  
 
                    

Jangva-aRmdgeneli fermentebi 
 
 
     organizmis yvela sasicocxlo procesi moiTxovs nivTierebaTa cvlas, 
ris drosac sinTezisa da daSlis procesebi erTdroulad mimdinareobs. am 
dros adgili aqvs nivTierebaTa gardaqmnas.  erTi maTganis Jangvas Tan sdevs 
meoris aRdgena. Ffermentebs, romlebic am process awarmoeben, Jangva-aRmdgeni 
fermentebi ewodeba.  
     Jangbadis mierTeba an wyalbadisa da eleqtronebis arTmeva Jangvas 
warmoadgens, xolo Jangbadis arTmeva an wyalbadisa da eleqtronebis mierTeba 
aRdgenaa. erTi nivTierebis molekulis dakarguli yoveli eleqtroni 
dauyovnebliv STainTqmeba meore nivTierebis molekulis mier cocxal 
organizmebSi. Jangvas Cveulebriv organuli nivTierebebi ganicdian, romelTa 
molekulebi wyalbads gascems. 
     radganac wyalbadis atomi Sedgeba erTi protonisa da eleqtronisagan, 
nivTierebis mier wyalbadis dakargva /daJangva/ dakavSirebulia mis mier 
erTdroulad eleqtronis dakargvasTanac. nivTiereba, romelic wyalbads 
ierTebs /aRdgena/ eleqtronsac ierTebs. 
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      Jangva, rac wyalbadis arTmevasTan aris dakavSirebuli, sxvanairad 
dehidrirebad iwodeba. misi reaqcia sqematurad Semdegnairad gamoixateba. 
  
                    AH2  + B         A+ BH2 
                                     
nivTiereba AH2, romelic H2 –s gascems, wyalbadis donorad iwodeba, xolo 
nivTiereba B, romelic donoridan H2 –s Rebulobs _  wyalbadis aqceptorad. 
es sqematuri reaqcia ar asaxavs katalizatorebis moqmedebis Sualedur 
reaqciebs, romlebic wyalbadis gadamtanebs warmoadgenes. 
     cocxal ujredebSi wyalbadis gadamtanebis Sualedur rols 
gansxvavebuli fermentebi _ dehidrazebi asruleben. 
     sunTqva specipikuri, e.w. sunTqvis fermentebis monawileobiT 
xorcieldeba, maTgan ufro mniSvnelovania: hidrolazebi, fosforilazebi, 
katalazebi, dehidrazebi da oqsidazebi. 
     hidrolazebi akatalizeben hidrolizis reaqciebs, e.i. rTul organul 
nivTierebaTa daxleCas wylis monawileobiT. 
     fosforilazebi akatalizeben rTul organul nivTierebebis gaxleCis 
reaqciebs fosformJavas monawileobiT, ris Sedegadac warmoiqmnebian 
SedarebiT martivi nivTierebebi da fosformJavas rTuli cximebi.  
     katalaza orkomponentiani fermentia, romelic cilisagan da masTan 
dakavSirebuli aqtiuri jgufisagan Sedgeba. am fermentis roli sakmaod didia, 
radgan igi Slis sunTqvis procesSi warmoqmnili ujredisaTvis momSxamvel 
wyalbadis zeJangs. igi yvela cocxal ujredSi gvxvdeba.  
    oqsidazebi iseTi fermentebia, romelTa funqcias atmosferos Jangbadis 
aqtivacia warmoadgens, sxvanairad maT aerobuli dehidrogenazebs uwodeben. 
isini axorcieleben Jangva-aRdgeniT reaqciebs wyalbadis atomebis an 
calkeuli eleqtronebis gadatanis gziT. wyalbadi am dros uerTdeba 
dehidrazas da aRadgens mas, xolo nivTiereba, romelsac wyalbadi 
moscildeba daiJangeba. dehidrogenazebis mag. SeiZleba davasaxeloT fermenti 
polifenoloqsidaza, romelic polifenolebis Jangvas akatalazebs da wylis 
gamoyofiT gardaqmnis mas Sesabamis qinonebad. 
     dehidrogenaza bevri gvxvdeba maRivar TeslebSi, sadac gaZlierebulad 
mimdinareobs Jangva-aRdgeniTi procesebi. safuara sokos ujredebic fermentTa 
mTel kompleqss Seicavs, maT Soris bevria dehidrogenazac, ris gamoc igi 
xasiaTdeba Zlieri aRdgeniTi unariT. 
     peroqsidaza zeJangebis Jangbadis maaqtivirebeli fermentia, kerZod 
wyalbadis zeJangis damJangveli unari peroqsidis moqmedebiT Zlierdeba.  
 
 
 
   samuSao  25.    

peroqsidazis gansazRvra 
 
 
     wyalbadzeJangiT organul naerTTa daJangva organizmSi mimdinareobs 
fermentis moqmedebiT, romelsac peroqsidaza ewodeba. peroqsidazas SeuZlia 
ama Tu im naerTis daJangva wyalbadzeJangis an romelime organul zeJangis 
daxmarebiT. peroqsidaza     wyalbadzeJangTan warmoqmnis kompleqs -- naerTs, 
ris Sedegadac zeJangi aqtiurdeba da iZens Tvisebas imoqmedos, rogorc 
wyalbadis aqceptorma. 
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      peroqsidaza Jangavs polifenolebs da zogierT armoatul amins. 
peroqsidaza iseve rogorc katalaza orkomponentiani fermentia, romlis 
aqtiuri jgufi Seicavs samvalentian rkinas mZime, hematiniseburad SeerTebuls 
oTxi pirolis rgolis naSTebTan. peroqsidazas da katalazas hematins erTi 
da igive aRnagoba aqvT. katalazas da peroqsidazas katalizuri funqciis 
sxvadasxvaoba aisaxeba am fermentebSi erTsa da imave aqtiur jgufTan 
SekavSirebuli cilebis TvisebaTa sxvaobiT.  
     ramdenadac peroqsidaza gansakuTrebiT advilad Jangavs polifenolebs is 
mniSvnelovan rols asrulebs mcenareTa sunTqvaSi, radganac 
polifenoloqsidazasTan erTad SeuZlia k.i. paladinis sunTqvis qromogenebis 
dajangva sunTqvis pigmentebad. 
     rogorc zemoT aRvniSneT peroqsidaza zeJangebis Jangbadis, kerZod 
wyalbadis zeJangis maaqtivirebeli fermentia, wyalnbadis zeJangis 
damJangveli unari diddeba peroqsidazis moqmedebiT.Amaszea dafuZnebuli am 
fermentis gamomJRavnebis meTodi. 
      masala da mowyobiloba: 1. kartofilis gorgali; 2. 1 %-iani 
hidroqinonis xsnari; 3. 3 %-iani wyalbadis zeJangis xsnari; 4. dana;       
5. saxexi; 6. dolbandi; 7. Zabri; 8. kolba; 9. sinjarebi sadgariT; 10. 1 ml da 10 
ml pipetebi. 
     muSaobis mimdinareoba. gasufTavebul kartofilis gorgals xexaven 
saxexze. misgan dolbandSi gamowuraven wvens da agroveben kolbaSi. 
moamzadeben 4 sinjaras. masSi SeaqvT 5 ml 1 %-iani hidroqinonis xsnari. 
pirvel sinjaraSi umateben 1 ml 3 %-iani wyalbadis zeJangis xsnars da 1 ml 
kartofilis wvens. meoreSi _ 1 ml 3 %-ian wyalbadis zeJangis xsnars, mesameSi 
1 ml kartofilis wvens, meoTxeSi _ 1 ml kartofilis wvens, winaswar 
wamoduRebuls 1 wuTis ganmavlobaSi da 1 ml wyalbadis zeJangs. 
     hidroqinonis qinonad daJangvisas xdeba xsnaris swrafi gaxureba. 
SeiniSneba gaxureba TviT kartofilis wvenSic hidroqinonisa da wyalbadis 
zeJangis xsnaris damatebis gareSe, romelic dakavSirebulia 
polifenoloqsidazis moqmedebasTan. 
     aRniSnaven sinjarebSi xsnarebis Seferilobas da cdis Sedegebi SeaqvT 
cxrilSi.  
     peroqsidazis aRmoCena kartofilis tuberis wvenSi.  
                
 
                                                                   cxrili 16. 
 

     narevis Semadgenloba sinjarebSi  
 
varianti 

kartofilis 
wveni 

HH2O2 

                

hidroqinoni 

sinjarebSi 
xsnaris 
Seferiloba 

1 + + +  
2 _ + +  
3 + _ +  
4 _ _ +  
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samuSao 26. 

katalazas aqtivobis gansazRvra mcenareul 
obieqtSi 

 
     katalazas aqtivobis gansazRvra dafuZnebulia am fermentis unarze _ 
daSalos wyalbadis zeJangi wylad da molekulur Jangbadad. 
     am dros gamoyofili Jangbadis moculoba fermentis aqtivobis 
maCvenebelia. 
     masala da mowyobiloba: 1. kartofilis gorgalis Rivebi da rbilobi, an 
sxva mcenareuli masala; 2. 3 %-iani wyalbadis zeJangi. 3. 5 ml-iani pipeti.      
6. carcis fxvnili. 7. faifuris rodini; 8. katalazas ganmsazRvreli xelsawyo. 
9. wammzomi. 
     muSaobis mimdinareoba. 1 g mcenareul masalas kvarcis qviSasTan erTad 
sresen faifuris rodinSi. tute ares Sesaqmnelad umateben carcis fxvnils 
/pH 7,7 optimaluria mocemuli fermentisaTvis/.  
     dasresis dros mcire ulufebiT asxamen wyals, romlis saerTo moculoba 
unda Seadgendes 20 ml-s. miRebuli narevi SeaqvT sakatalazes erT muxlSi, 
meore muxlSi ki _ 5 ml 3% wyalbadis zeJangi. sakatalazes uerTeben kauCukis 
mils, ise rom ar moxdes siTxeebis erTmaneTSi Sereva.  
     aRniSnulis  Semdeg xsnian momWers da Zabris gadanacvlebiT wylis done 
biuretSi nulamde dahyavT. ketaven momWers da sakatalizes mdgomareobis 
swrafi SecvliT orive muxlSi ureven siTxeebs. Amis Semdeg sakatalizes 
ganuwyvetliv anjRreven, biuretSi wylis donis dawevis mixedviT aRniSnaven 
Jangbadis moculobis mililitrobiT, romelic gamoiyo 3 wT-is ganmavlobaSi.  
     aTvlis dros wyali mrgval Zabrsa da biuretSi erT doneze unda iyos 
gaCerebuli.  
     angariSoben agreTve ferment katalazas aqtivobas zeda da qveda iarusis 
foTlebSi da Sedegebs iweren cxrilSi. 
 
 
 
               ferment katalazas aqtivobis gansazRvra 
                                                                     cxrili 17.  
 

 
 

iarusi 
 

 
 

foTlis wona 

 
gamoyofili O 2O 

3 wT 
ganmavlobaSi 

 

katalazas 
aqtivoba 1 g 

nedl masalidan 
gamoyofil O2 O  

ml-iT 
       

zeda 
qveda 

 

 
1 
1 
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mcenareTa mineraluri kveba 
 
 

    Mmineraluri kvebis fiziologia Seiswavlis mcenaris fesvis ,Reros, foTlis, 
gamtari sistemis qsovilebisa da calkeuli ujredebis strukturuli 
Taviseburebebis mniSvnelobas, ionuri da molekuluri  transportebis Zalebsa da 
maT regulacias mcenaris gamtari sistemis fiziologiisa da bioqimiis codnis 
safuZvelze. Mmineraluri kvebis fiziologiis mniSvnelovan nawils warmoadgens 
urTierTdamokidebulebaTa Seswavla sakveb nivTierebaTa miwodebasa da niadagur-
klimatur faqtorTa Soris. 
    Mmcenaris qimiur SemdgenlobaSi Sedis TiTqmis yvela cnobili elementi, 
magram zogierTi maTgani ar aris aucilebeli da Seucvleli. Aaucilebel 
elementad iTvleba: 1. Tu misi uTanaoba gmoricxavs mcenaris normalur  
sasicocxlo cikls. 2. Tu am elementis ukmarisoba da uTanaoba iwvevs mcenaris 
cxovelmoqmedebis specifikur darRvevas, rac aucilebels xdis am elementis 
sakveb areSi Setanas. 3. Tu es elementi uSualod monawileobs nivTierebaTa da 
energiis gardaqmnis procesSi. 
     UumaRles mwvane mcenareebisaTvis aucilebel elementebs (naxSirbadis, 
wyalbadis da Jangbadis garda) miekuTvneba makroelementebi-azoti, fosfori, 
gogirdi, kaliumi, kalciumi, da magniumi..  mikroelementebi – rkina, manganumi, 
spilenZi, TuTia, bori, molibdeni, kobalti. 
      Mmcenre STanTqavs makro- da mikroelementebs fesvbiT ionebis saxiT. 
M      minerlur nivTierebaTa ionebi koncentrirdebian mcenareTa qsovilebSi 
TiToeuli ojaxis, gvarisa da saxeobisaTvis gansazRvruli raodenobiTa da 
SefardebiT. Mmag. kaliumsa da kalciums Soris Sefardeba uCvenebs Tu kalium-
kalciumiani kvebis romel tips miekuTvneba mcenare. 
      Mmcenaris moTxovnileba aucileblad nacrovan elementebze SeiZleba 
dadgindes mxolod xelovnur sakveb areSi /wylisa da qviSis kulturebi/,maTi 
gamozrdis pirobebi, aRniSnulis SemTxvevaSi gamoiyeneba destilirebuli wyali, 
qimiurad sufTa kvarcis qviSa, marilebi, WurWeli xsnarebis Nmosamzasdeblad da 
Sesanaxad. 
      AAAAaseTAcdebs awarmoeben specialur nagebobebSi vegetaciur saxlebSi. civi 
sezonis dros saxlSi awyoben gaTbobas/aseT sadgurebs-oranJeriebs uwodeben/. 
bolo dros gamoiyeneba xelovnuri sinaTle: Cveulebrivi varvara naTurebi, 
luminescenciuri qsenonis lamfebi da sxv. nagebobebs, sadac xdeba mcenaris 
zrdisaMda ganviTarebis faqtorebis regulireba ewodeba laboratoriebi anu 
xelovnuri klimatis sadgurebi da ukeT mowyobili fitotronebi.   
        sakvebi marilebi. wylisa da qviSis kulturebSi, mcenareTa gamosazrdelad 
gamoiyeneba marilebis narevi, romlebic SeicavsYyvela aucilebel mikro da 
makroelementebs. Nniadagis gamoyenebis SemTxvevaSi ki SeaqvT mxolod 
mcenarisaTvis ukmarisi marilebi. 
          radgan zog elements mcenare iTvisebs kaTionebisa da zogierTs 
anionebis saxiT, SeiZleba SeirCes iseTi marilebi, romlebic aucilebeli 
elementebi imyofebian saakveb areSi, rogorc anionebis, ise kaTionebis saxiT. 
Uufro xSirad gamoiyeneba azotmJava kalciumis Ca(NO3)2 an kaliumis nitrati KNO3 

,azotmJava amoniumi NH4NO3N,HNerTCanacvlebuli kaliumis fosfati KH2PO4,        
orCanacvlebuli kalciumis fosfati /qviSovani kulturebi/, gogirdmJava 
kaliumiKK2SO4, gogirdmJava magniumiMMg2SO4. TiToeuli am marilTagani Seicavs or 
aucilebel elements, magram elementTa Soris saWiro Sefardebis Sesaqmnelad,  
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sxva marilebi, romlebic mxolod erT elements Seicaven /mag. KCl /, sakveb narevSi 
rTaven mikroelementebis mdgrad marilrbs.YYyvelaze metad mcenares esaWiroeba 
rkina /5-10mg/, romelsac aZleven an rkinis qloridis FeCl3  an rkinis sulfatis-

FFe2(SO4)3-is saxiT.  fosfatis an rkinis hidroJangis daleqvisa da qlorozis 
acilebis mizniT, sakvebi xsnaris neitraluri an susti tute reaqciis dros 
iyeneben limonmJava an rkinmJavas. 
 manganumi, spilenZi da TuTia SeaqvT gogirdmJavas an marilmJavas marilebis 
saxiT, molibdeni molibdenmJavis H2MaO4, natriumis an amoniumis marilebis saxiT, 
boris mJavis H3BO3 saxiT.Mmanganumisa da boris koncentracia narevSi unda 
Seadgendes 0,1mg-de spilenZis, TuTiisa da molibdenisa -0,01-0,10 mg-mde. 
 mcenareTa fiziologiisa da agroqimiis cnobarebSi moyvanilia mravali sakvebi 
narevis Semadgenlobebi, yvelaze xSirad gamoiyeneba knopis /1859/, herligelis /1883/, 
prianiSnikovis /1900/, xoglandisa da snaidersis /1933/ narevebi. 
 TiToeuli sakvebi narevi ara marto unda Seicavdes mcenarisaTvis aucilebel 
yvela elements, aramed unda iyos optimaluri wyalbadis ionebis koncentraciis 
mixedviT, mcenareTa umravlesobisaTvis xsnaris optimaluri PH mdebareobs 5,5 da 
7,8 Soris. xsnaris sawyisi PH damokidebulia marilebis qimiur di hidrolizur 
mJavianobaze an tutianobaze da maT buferianobis unarze. xolo misi cvalebadoba 
mcenaris kvebis procesSi-marilebis fiziologiur mJavianobaze an tutianobaze. 
Aaqedan sakvebi narevis sawyisi mJavianobaa 5,5-5,6 radgan qimiurad mJave 
marilia.Nnitratebi fiziologiurad tute marilebia, ramdenadac NO3 ioni, 
STainTqmeba ufro meti siCqariT vidre kaliumisa da miT kalciumis ionebi, amitom 
sakvebis xsnari tutiandeba. amasTan deficiti anionebisa kompensirdeba fesvebis 
mier gamoyofili naxSiroJangiT, romelic warmoiqmneba sunTqvis procesSi. 
 
 
 
    samuSao 27.          

nitratebis aRmoCena mcenreSi 
  
 

masala da mowyobiloba: 1. cocxali mcenareebi; 2. sawveTurebi, magar 
gogirdmJavaSi (0,1 g 10ml mJavaSi) gaxsnili difenilaminis xsari; 3. faifuris 
TeTri TefSi: 4. makrateli; 5. minis wkiri; 6. wyliani Wiqa; 7. filtris qaRaldi. 
 G  ganmarteba. niadagidan fesvebiT STanTqmuli azotmJavas marilebi (nitratebi), 
mcenareSi aRdgebian amiakamde, romelic Semdgom dakavSirdeba ketonmJavebiT 
(piroyurZenmJaviT, mJaunZmarJaviT, alfa-ketogutanmJaviT) warmoqmnis ra  e.w. 
pirvelad aminomJavebs-alaninis. Aasparginis da glutaminisas. sxva aminomJavebi 
warmoiqmnebian gadaaminirebis dros. Aamiakis mniSvnelovani nawilis dakavSireba 
xdeba agreTve amidirebis procesSi. 
  xsnadi naxSirwylebi sakmaod maRali Semcvelobisaa da Sesabamisi fermetebis 
maRali aqtiurobis dros CamoTvlili bioqimiuri procesebi mimdinareoben 
fesvebSi, magram nitratebis nawilma (xSirad mniSvnelovani nawili) SeiZleba 
gaiaros fesvis parenqimaSi ucvleli saxiT. am SemTxvevaSi nitratebi adin 
aRmavali deniT FfoTlebSi, sadac maTi aRdgena xdeba. 
  nitratebis gamosavlenad SeiZleba gamoyenebul iqnes reaqcia difenilaminis 
monawileobiT, romelic NO3 ionis arsebobisas warmoqmnis analinis lurj 
saRebavs. silurjis intensiurobis mixedviT SeiZleba miaxloebiTi msjeloba 
kvlevis obieqtSi nitratebis raodenobaze. 
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     muSaobis mimdinareoba. romelime mcenaris yunwisa da foTlis firfitis 
naWrebi moTavsdes faifuris TeTr TefSze minis wkiriT daisrisos (minis wkiri 
yovelTvis unda gairecxos da SemSraldes) da Zlier gogirdmJavaSi daesxas 
difenilaminis xsnari. gamokvleul iqmnes 2-3 sxvadasxva saxis mcenare. sasurvelia 
agreTve analizis sxvadasxva pirobebSi Catareba da Sedegebis me- 19 cxrilSi 
Setana 5- baliani sistemiT galurjebis SefasebiT. 
                                                    
      
                                                                         cxrili 18       
                                                                                               

mcenaris 
saxelwodeba 
 
 

pirobebi    nitratebis raodenoba 

  yunwSi foTlis 
firfitaSi 

 
 
 
 

   

  
 
 
 
   samuSao 28. 

    nacris elementebis qimiuri analizi 
 
 
    masala da mowyobiloba: foTlebis dawvis Sedegad miRebuli nacari an 
Tambaqos ferfli;  2. marilmJavas 10%-iani xsnari; gogirdmJavas 1%-iani xsnari. 4. 
amiakis 10% -iani xsnari; 5. NaHPO4 – is 1%-iani xsnari; 6. molibdenmJava amoniumis 
1%-iani xsnari 1% -ian azotmJavaSi; 7. sisxlis yviTeli marilis 1% - ni xsnari 
(sawveTurSi); 8. gamoxdili wyali WiqiT; 9. sinjarebi (2 cali); 10. patara Zabrebi; 11. 
qaRaldis filtri; 12. maxvilwveriani minis wkirebi (2 cali); 13. sasagne minebi (3 
cali); 14. mikroskopi; 15. filtris qaRaldis naWrebi.  

ganmarteba. Mmcenaris dawvis Sedegad miRebuli nacari didi raodenobiT 
Seicavs elementebs, romelTa Sorisac ganasxvaveben makroelementebs (fosfori, 
gogirdi, kaliumi, kalciumi, magniumi) da mikroelementebs (rkina, spilenZi, TuTia, 
magniumi, molibdeni, bori da sxva). 
    Nnacris qimiuri Sedgenilobis Sesaswavlad SeiZleba gamoyenebul iqnes 
mikroqimiuri analizis meTodi, romlisTvisac saWiroa masalis mcire raodenoba.   
   muSaobis mimdinareoba. sinjaraSi Caiyaros nacris mcire raodenoba da daesxas 
mas daaxloebiT oTxjer meti moculobis 10%-iani marilmJava. mcire filtris 
saSualebiT sufTa sinjaraSi gaifiltros miRebuli xsnari. Catardes Ca,  Mg, da P-
ze reaqciebi sasagne minebze minis wkiris blagvi boloTi daewveTos gamonawuris 
patara wveTi da 4-5 mm-is daSorebiT ki Sesabamisi reaqtivis wveTi. Semdeg minis 
wkiris maxvili boloTi SeerTdes wveTi rkalisebri arxiT. SeerTebis adgilas 
moxdeba reaqcia, arxis kideebze SeimCneva reaqciis Sedegad miRebuli produqtebis 
swrafi kristalizacia. warmoqnili kristalebi gaisinjos mikroskopSi. minis  
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wkirebi yoveli reaqtivis dawveTebis Semdeg kargad unda gairecxos da filtris 
qaRaldiT gaiwmindos. 
       k a l c i u m z e reaqtivad gamoiyeneba 1%-ni gogirdmJava. am dros 
qloriani kalciumi, romelic gamonawurSia Sesuli, reagirebs mJavasTan Semdegi 
gantolebis mixedviT: 
 
                              CaCl2+  H 2SO4→ CaSO4+2 HCl  
          
 warmoSobili TabaSiri ileqeba nebismieri kristalebis saxiT. 
        m a g n i u m i s gamosavlineblad sakvlevi xsnaris wveTs sasagne minaze 
Jer unda daematos amiakis xsnaris wveTi, xolo Semdeg RarakiT unda SeerTdes 
reaqtivTan, romelic fosformJava natriums 1^%-ian xsnars warmoadgens. 
warmoiqmneba fosforamiakur-magneziuri marili, romlis dakristaleba xdeba 
sworkuTxedis saxiT saxuravebis varskvlavis an frTis saxiT da sxva. aRniSnulis 
reaqcia Semdegnairad mimdinareobs: 
  
                       MgCl2  + Na2 HPO4+ NH3→  NH4 MgPO4+ NaCl 
   
        Ff o s f o r i s gamosavlineblad gamonawuris wveTi unda SeuerTdes 
amoniumis molibdatis 1%-ian xsnars azotmJavaSi. miiReba fosformolibdenis 
amiakis momwvano-moyviTalo naleqi. 
 
          H2PO4 + K(NH4)2MoO + 21HNO3 → (NH4 3 PO4 + 12MoO3+21NH4 NO3 + 12H2O 
 
      
                   r k i n a SeiZleb gamovlindes sisxlis yviTeli marilis xsnaris 
daxmarebiT. Aam reaqciis Sedegad warmoiqmneba berlinis laJvardi:  
 
                        4FeCI3 + 3K4 Fe(CN)6 → Fe4[Fe(CN)6]3 + 12KCI 
 
reaqcia rkinaze rekomendebulia Catardes sinjaraSi: nacris gamonawuris narCens 
wveTwveTobiT unda daematos sisxlis yviTeli marilis xsnari lurji Sefervis 
warmoqmnamde.  
       muSaobis Sedegebi unda gaformdes TabaSiris, fosforul-amiakur-magneziuri 
marilebisa da fosforul _ molibdenuri amiakis kristalebis saxiT. Caiweros 
reaqciebis gantolebebi. 
 

 
 
       

 
organul nivTierebaTa cvla mcenareSi 

mcenareebSi organul nivTierebaTa klasifikacia 
 

 

 
   mcenaris sxeulSi Semavali mravalferovani organuli nivTiereba, organizmis 
sicocxleSi  maTi rolis mixedviT SeiZleba davyoT or ZiriTad jgufad: 
konstituciur jgufad da plastikur nivTierebaTa jgufad.  konstituciur 
nivTierebaTa jgufs is organuli nivTierebebi miekuTvneba, romlebic ukve  
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Sevidnen ujredis struqturiani elementebis: plazmis, plastidebis, birTvis, 
garsis da sxva SenebaSi. yvela danarCeni organuli nivTiereba mcenaris plastikur 
masalas Seadgens, Tavis mxriv plastikuri nivTierebani iyofian samaragod, 
energetikulad, satransportod da damcvelebad, e.i. maragad gadasadeblad, 
energiis miRebisaTvis gamosayeneblad, moZraobis mdgomareoba myofad da dacviTi 
funqciis Semsruleblad.  moyvanili klasifikacia mniSvnelovan wilad pirobiTia 
ramdenadac organul nivTierebebs  SeuZliaT Tavisi fiziologiuri roli 
icvalon da gadavidnen erTi jgufidan meoreSi mag.  samarago nivTiereba 
saxamebeli-Saqrad, fermentaciuli gadamuSavebis Semdeg SeiZlebna gamoviyenoT 
rogorc energetikuli, satransporto an konstituciuri masala. zogierTi 
konstituciuri niTiereba sasunTqi masalis ukmarisobis SemTxvevaSi, SeiZleba 
gamoviyenoT rogorc energetikuli masala da a.S.  mcenareuli ujredebis 
mniSvnelovan konstituciur nivTierebebs SeiZleba warmoadgendnen rTuli cilebi 
– protoplazmis, birTvisa da plastidebis, nukleoproteidebi da lipoproteidebi, 
ujredebis garsis celuloza, plastidis qlorofili da karotinoidebi. samarago 
nivTierebaTa ricxvs miekuTvneba naxSirwylebidan - saxamebeli, hemiceluloza, 
inulini, saqaroza, glukoza da fruqtoza. cilebidan umTavresad 
martivi/proteini/_globulinebi da prolaminebi. cximebidan glicerinis rTuli 
eTerebi da najeri an ujeri cximovani mJave. organuli nivTierebebidan romelTac 
energetikuli mniSvneloba aqvs aRsaniSnavia: naxSirwylebi da cximebi, xolo ufro 
nakleb xarisxovnad- cilebi. satransporto nivTierebaTa jgufs umTavresad 
aminomJavebi da saqaroza miekuTvneba.  mikroorganizmebisa da cxovelebisagan 
dacvis finqcias asruleben ujredSi myofi alkaliodebi, mTrimlavi nivTierebebi 
da glukozidebi. amave miznebs emsaxureba mcenaris mier gamomuSavebuli eTerovani 
zeTebi, kauCuki da fitoncidebi. 

 
 
    

samuSao 29.                 organul nivTierebaTa gardaqmna 
     maragi Saqris aRmoCena mcenareul masalaSi 

 
 

masala da mowyobiloba: 1.nedli an gamomSrali mcenareuli masala ( xaxvi, 
stafilo, Saqris Warxali). 2 . glukoza; 3.saqaroza; 4. CuSO4 – is 4 % xsnari;  
5.segnetis marilis tutiani xsnari (200g. segnetis marili da 150g KOH  an NaOH  1l. 
wyalSi); 6..20%-iani HCl sawveTurSi 7. Na2 CO3 fxvnilisebri; 8. TefSebi (3c.); 
9.skalpeli (3c.); 10. Stativi rezinis rgolebiani sinjarebiT (15c.) ; 11. wylis 
abazana; 12. spirtnaTura: 13. sazomcilindri 100-200 ml. ; 14. kolbi felingis 
siTxisaTvis; 15. pipeti 2-3 ml. (3c.) ; 16. sinjarebis saWerela ; 17. Zabri (3c) ; 
18.qaRaldis filtri; 19 . qimiuri Wiqa ; 20. asanTi.  

Gganmarteba. yvela monoSaqari da agreTve maltozis tipis disaqaridebi. imis 
gamo rom Seicaven aldehidur an ketonur jgufs, reducirdebian, e.i. maT gaaCniaT 
aRmdgeni Tvisebebi. mcenareebSi friad gavrcelebuli saqaroza –arareducirebadi 
nivTirebaa, radgan misi molekula Sedgeba glukozisa da fruqtozis naSTebisagan, 
romlebic SeerTebulni arian glukozis aldehiduri jgufis da fruqtozis 
ketonuri jgufis xarjze.  reducirebad Saqrebze damaxasiaTebeli reaqcia – 
pelingis siTxis aRdgenis reaqciaa. am siTxes amzadeben uSualod xmarebis win, 
ureven erTmaneTSi Tanabari moculobiT spilenZis Sabiamnis xnars da tutis  
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xsnars segnetis mariliT. ukanasknels umateben imisTvis rom ar moxdes 
warmoqmnili spilenZis Jangis hidratis gamoleqva:  
     

                    CuSO4  +2 KOH = K2 SO4 + Cu(OH) 2             
 
 
 
 
            COOK                             COOK 
           │                                  │  
 
           CHOH                              CHO  \ 
      │          +Cu (OH)2=        │        Cu+ 2H2O                  
      CHOH                              CHO ⁄ 
       │                                        │                                      
            COONa                            COONa 
                                          
                                    
reducirebadi e.i Saqrebs, romlebsac aqvT aldehiduri an ketonuri jgufi – 
aRmosaCenad umateben sakvlev xsnars Tanabari moculobiT felingis siTxes da 
acxeleben aduRebamde. am dros spilenZis Jangi aRdgeba da miiReba qveJangi, 
romelic gamoileqeba mowiTalo- agurisfer naleqis saxiT.  
                O                   ⁄⁄  O 
                    RC       + 2CuO=RC       + Cu2 O  
                                H                       OH 
  
 saqarozis aRmoCenisaTvis saWiroa jer misi hidrolizeba glukozad da 
fruqtozad da mxolod amis Semdeg vawarmovoT reaqcia felingis siTxiT. 
spilenZis qveJangis naleqis raodenobis mixedviT SegviZlia vimsjeloT 
reduqcirebul nivTierebaTa Sesaxeb, rogorc amosaval masalaSi, ise saqarozis 
hidrolizis Sedegad warmoqmnilze.  

muSaobis mimdinareoba. mcenareul masalis analizis dawyebamde saWiroa 
damzadebul iqnas  felingis siTxe da Catardes Semdegi TvisebiTi reaqciebi:    1. 
movaTavsoT sinjaraSi cotaodeni glukoza. gavxsnaT igi umniSvnelo raodenobis 
wyalSi, davasxaT Tanabari odenoba Ffelingis siTxe da gavacxeloT aduRebamde. 2. 
gavxsnaT wyalSi cotaodeni saqaroza, davumatoT felingis siTxe da avaduRoT. 3. 
movamzadoT simjaraSi saqarozis xsnari, davumatoT 2-3 wveTi 20%-iani HCL da 
vaduRoT 1 wuTi, gavaneitraloT mJava sodiT (CavyaroT TandaTanobiT CO2 –is 
gamoyofa vidre Sewydebodes). davasxaT Tanabari odenobiT felingis siTxe da 
kvlav avaduRoT.  avRniSnoT, warmoiqmneba Tu ara sinjaraSi agurisferi naleqi da 
gavakeToT daskvna SemCneul mizezebis Sesaxeb.  

mcenareuli masalis analizi. wvrilad davWraT xaxvis bolqvi, stafilo, 
Saqris Warxali, cal-calke movaTavsoT sinjarebSi (daaxloebiT 1/4 sinjarisa), 
davasxaT cotaodeni wyali da gavacxeloT ara nakleb 5 wuTisa maduRari wylis 
abazanaze. gadanawuri gavfiltroT da filtraciis Tanabari porciebi gadavitanoT 
pipetiT or sufTa sinjaraSi. erT porciaze CavataroT reaqcia reducirebul 
Saqrebze, meore simjaraSi ki vawarmooT Saqris hidrolizi marilmJavaTi da mJavis 
neitralizaciis Semdeg mivumatoT felingis siTxis Tanabari raodenoba da kvlav 
gavacxeloT 1000 C. 
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SeniSvna. yvela sinjaras, romelSic reaqciebi tardeba unda gaukeTdes etiketi.    

miRebuli Sedegebi SevitanoT cxrilSi spilenZis qveJangis raodenobis -- balebSi 
gamosaxviT.   
 
                                                                           cxrili 19 
 

obieqti  spilenZis qveJangis raodenoba 
 
 

SeniSvna 

  uhidrolizod hidrolizis Semdeg 
 

 

 
 
 
 
 
 
 

   

 
      
   samuSao 30.   

    saxameblis hidrolizi mJavaTi. 
 

masala da mowyobiloba: 1. saxamebel; 2. marilmJavas 20% xsnari ; 3. J –is 
xsnari KJ-Si (sawveTurSi); 4. Na2CO3; 5. feilingis siTxe; 6. eleqtroqura an gazqura; 
7. teqnikuri saswori abrebiT; 8. 100-150 ml kolba; 9. sazomi (danayofebiani 
cilindri); 10. qimiuri Wiqa; 11. Stativi sinjarebiT; 12. 2 ml graduirebuli pipeti; 
13. kalka.  
 Gganmarteba. saxamebeli polisaqaridia (ufro xSirad  ori polisaqaridis-
amilazis da amilopeqtinis) empiriuli formuliT  (C6 H10 C5 )x X  H2 O. saxameblis 
molekula Sedgeba didi raodenoba glukozis naSTebisagan, wyvil-wyvilad 
SeerTebuli, rom arian maltozaSi. saxamebeli uxsnadia civ wyalSi, xolo cxel 
wyalSi qmnis koloidur xsnaris-saxameblis kleisters. saxameblis kleisteris 
mineralur mJaveebTan aduRebisas saxamebeli hidrolizdeba rigi Semosuli 
mcirebadi molekuluri wonis produqtebis-deqstrinebis warmoqmniT glukozamde.     
 saxameblis hidrolizze dakvirveba SeiZleba iodis xsnariT, romelic Rebavs 
saxamebels lurjad, amilodeqstrins-iisfrad, eritrodeqstrins –wiTlad, 
axiodeqstrins – narinjisfrad, xolo maltodeqstrinze da maltozaze ar 
moqmedebs (rCeba yviTlad).     
 muSaobis mimdinareoba. vamzadebT 0,1% saxameblis kleisters, amisaTvis 
teqnikur sasworze vwoniT 0,05 gr saxamebels, vaTavsebT WiqaSi, vumatebT 10ml 
wyals da guldasmiT avurevT. kolbaSi vasxamT 40ml wyals, vacxelebT aduRebamde 
da masSi gadagvaqvs Wiqis Semcveloba, vanjRrevT isev  vaduRebT da gadmovdgamT. 
Stativze vamagrebT 6-7simjaras. pirvelSi vasxamT 4-5 ml saxameblis kleisters. 
kolbaSi vumatebT 1,5 ml 20% marilmJavas da vacxelebT eleqtro an gazquraze. 
pirveli buStebis gamoCenisTanave (duRilis dasawyisi) kolbidan gadmogvaqvs 4-5 
ml meore sinjaraSi. kolbis duRils vagrZelebT  da yoveli 5-10 wuTis Semdeg 4-5 
ml gadagvaqvs Semdgom sinjaraSi.  
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sinjarebSi nimuSebi unda gacivdes, Semdeg ganvazavebT wyliT da davumatebT 5-5 
wveT iodis xsnars JK-Si. Tu iodiT SeRebva ver miviReT, hidrolizi 
damTavrebulad SeiZleba CaiTvalos. kolbaSi darCenil xsnarSi vatarebT reaqcias 
reducirebul Saqrebze: vasxamT sufTa sinjaraSi 2-3 ml siTxes, mJavas 
vaneitralebT sodiT, vumatebT felingis siTxis Tanabar raodenobas, vacxelebT 
aduRebamde. Sedegebi Segvaqvs cxrilSi.                           
 
                                         
                           cxrili 20. 
   

hidrolizis 
xangrZlivoba 

T  wuTobiT  
   0     

 
   5     

   
   10    15    20    25 

  xsnaris  
  Seferva 

                                                   
GAgavakeToT daskvna xsnarebis Seferilobis Secvlis mizezebze da vuCvenoT dro, 
romlis ganmavlobaSi moxda saxameblis sruli hidrolizi. 
 
 
 
          
    samuSao 31.   

mTrimlav nivTierebaTa aRmoCena. 
 

  
 masala da mowyobiloba: 1. broweulis qerqi; 2. Fe2Cl6 xsnari; 3. K2Cr2O7  
(kaliumis biqromatis) xsnari; 4. molibdenmJava  amoniumi; 5. sinjarebi; 6.sasagne 
minebi da sxva.      
 Gganmarteba. mTrimlavi nivTierebebis anu tanidebis saxelwodebiT cnobilia 
araerTgvarovani mcenareuli warmoSobis nivTierebaTa jgufebi, romlebic 
moipovebian mcenareTa uamrav warmomadgenlebSi. tanidebSemcveli mcenaris 
saxeobis Sesabamisad mTrimlavi nivTiereba grovdeba sxvadasxva  organoebSi – 
foTlebSi, nayofebSi, qerqSi, fesvebsa da sxva. tanidebis Semcveloba sxvadasxva 
saxeobis mcenareebSi did farglebSi meryeobs. tanidebis raodenobis gansazRvras 
didi mniSvneloba aqvs mcenareuli nedleulis kvebiTi Tvisebebis Sesafaseblad. 
daumwifebel nayofebSi mTrimlav nivTierebaTa raodenoba ufro metia vidre 
mwifeSi. bostneulSi tanidebis raodenoba gacilebiT didia vidre xileulSi.     
 muSaobis mimdinareoba: mTrimlavi nivTierebebis aRmosaCenad iReben broweulis 
qerqs an sxva TrimliT mdidar mcenareul masalas da masze saTanado reaqtivis 
moqmedebiT axdenen mTrimlav nivTierebaTa aRmoCenas.     
 melnis reaqcia: mTrimlavi nivTierebani Fe2CL6 – is xsnaris moqmedebiT 
iferebian muq lurji feridan Savamde.     
 sanios reaqcia:  mTrimlav nivTierebebze kaliumis biqromatis (K2Cr2O2 ) 
moqmedebiT miiReba yavisferi uxsnadi SenaerTi.     
 gardineris reaqcia: molibdenmJava amoniumis koncentriuli xsnari Sereuli 
koncentriul amoniumis qloridSi mTrimlav nivTierebebTan iZleva wiTel 
Sefervas.  
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     samuSao  32.   
      askorbinmJavas (vitamin-C) gansazRvra. 

 
    
 masala da mowyobiloba: 1. 2% HCl ;  2. 1% - iani kaliumiodi; 3.0,001 n KIO3; 4.1 % 
saxamebeli; 5. 25 ml-iani cilindri; 6. 1ml-ni pipeti; 7. 3 ml-iani pipeti; 8. 
erlenmeieris kolbebi; 9. faifuris cilindri; 10. gamoxdili wyali; 11. 
mikrobiureti  12. Zabri;  13. filtris qaRaldi.    
 Gganmarteba. vitaminebi sxvadasxva fiziologiur da bioqimiur procesebSi 
aucilebel monawiles warmoadgenen. maTi uTanaoba an arasakmarisoba iwvevs 
nivTierebaTa cvlis darRvevas. fiziologiuri da bioqimiuri procesebis moSlas 
da a.S.      
 askorbinmJavas funqcia mravalmxrivia. is warmoadgens Jangva aRdgeniTi 
procesebis aucilebel monawiles. sxvadasxva faqtorebis mimarT amaRlebs 
organizmis gamZleobas, xels uwyobs nivTierebaTa cvlis normaler msvlelobas. 
mcenareebSi is sinTezirdeba Teslis gaRivebis pirvelive dReebidanve da 
Rebulobs aqtiur monawileobas mcenaris Semdgom zrda ganviTarebaSi.     
 muSaobis mimdinareoba. viRebT masalas 0,5 gr-is raodenobiT, romelic 
gadagvaqvs gasasresad faifuris jamze. jamze gadatanis Semdeg nel-nela vasxamT 
2%-ian 25 ml marilmJavas, romelic winaswar gvqonda Casxmuli erlenmeieris 
kolbaSi. gasresis gaadvilebis mizniT vumatebT kidev minis fxvnils da yvelas 
erTad CavfiltravT imave kolbaSi, romelSic iyo marilmJava.     
  gafiltvris Semdeg filtridan viRebT 1 ml filtrats da vasxamT patara 
kolbaSi, vumatebT 3 ml wyals, 0,5 1% kaliumioids, 3-4 wveT saxamebelsa da 
vtitravT 0,001n-is  KIO3 – iT lurji feris miRebamde. gamoiangariSeba Semdegi 
formuliT:  
       
                      C    =   25 × 100 × 0,088 ×KIO3      ml.g% 
                                     0,5 × 1,0            
 
                              
 

mcenareTa zrda 
 
  
  mcenareTa zrda da ganviTareba ZiriTadi fiziologiuri procesebia 
romlebic gansazRvraven mosavlis struqturas, raodenobasa da xarisxs. 
    zrda aris mcenaris zomaSi da wonaSi Seuqcevadi momateba, dakavSirebuli 
organizmis struqturuli elementebis axlad warmoqmnasTan. Tavis mxriv mcenareTa 
zrda Sedgeba ujredTa, qsovilTa da organoebis zrdisagan.  ganviTareba ki aris 
mcenarisa da mis calkeuli nawilebis – organoebis qsovilebis, ujredebis 
xarisxobrivi cvalebadoba warmoqmnili ontogenezis procesSi.      
 mcenareTa zrdisa da ganviTarebis yvela procesi xorcieldeba ujredTa 
dayofis gaWimvisa da diferenciaciis ( diferencirebis) gziT. simaRleSi zrda 
ylortebisa da fesvebis datotva xdeba ylortebis wveroebis da fesvTa 
daboloebebis apikaluri meristemebis moqmedebis Sedegad.  zrdis periodSi 
kambiumisa da meristemebis ujredebi ganuwyvetliv iyofian, ujredTa gare nawili 
(mxare) rCeba meristematur mdgomareobaSi xolo danarCeni izrdeba da 
diferencirdeba qsovilebsa da organoebSi. maSasadame warmoSobili TiToeuli  
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       ujredi zrdisas gadis 3 fazas : 1. meristemuls anu embrionalurs; 2. zrdis 
anu gaWimvis da 3. diferencirebis fazas.   
  embrionalur fazaSi ujredebis garsi SemadgenlobiT  peqtocelulozuria 
gamovsili citoplazmiT da ar aris vakuolebi. gaWimvis fazaSi ujredebi 
matuloben zomaSi wylis STanTqmisa da vakuolTa warmoSobis gamo. am fazaSi 
matulobs agreTve ujredis garsisa da citoplazmis masa. gaWimvis zona fesvebis 
ujredebisa 1 sm_mde aRwevs, xolo ReroSi ki 5-10 sm_mde, mesame faza ujredTa 
Sinagani difirencirebaa, romlis SemTxvevaSic erTnairi formis, moyvanilobisa da  
daniSnulebis ujredebi qmnian qsovilebs.  sruli diferencireba da zrda sisqeSi 
SeiniSneba dasaxelebuli zomis _ zemo ReroSi da qvemo fesvebSi.     zrdis 
damaxasiaTebelia (saerTo kanonia) araTanabroba anu perioduloba  ganpirobebuli 
mcenaris Sinagani mizezebiT.  pirvelad organos an mTliani mcenaris  zrda xdeba 
nela, Semdeg ufro swrafad da Semdeg isev neldeba. organos an mcenaris mTeli 
masis  mateba grafikulad gamoixateba S –magvarad, xolo zrdis siCqare ki 
metnaklebad simetriuli erTi maqsimumiani mrudiT.    mcenaris zrdisa da 
ganviTarebis mniSvnelovan Sinagan faqtors miekuTvneba fiziologiurad aqtiuri 
nivTierebebi, romelTac miiRes (aerTianeben) zrdisa da ganviTarebis 
regulatorebis saxelwodeba, maT miekuTvnebian: auqsinebi, hiberelinebi, kininebi 
da inhibitorebi.   radgan es nivTierebebi warmoiqmnebian mcenaris erT qsovilsa 
da organoSi, xolo gadaadgildebian ra, moqmedeben sxva qsovilebsa da 
orgamnoebze maT fitohormonebsac uwodeben.  fitohormonebis koncentraciaze da 
maT Sefardebaze damokidebulebis mixedviT maT SeuZliaT ama Tu im 
fiziologiuri procesis rogorc stimulireba da aCqareba iseve Sewyveta da 
Seneleba.  sinTezirebulia mcenareTa zrdis mravali xelovnuri regulatori 
romelnic farTod gamoiyieneba sarevela mcenaris zrdis Sesaneleblad, zedmeti 
kvirtebis  dacvenis dasaCqareblad, mosavlis aRebis win nayofebis  cvenis 
Sesaferxeblad,  nayofebis zrdisaTvis, uTeslo nayofebis misaRebad da sxva.     
mcenaris zrda – ganviTarebaze did gavlenas axdens garemo faqtorebi: sinaTlis 
intensivoba da speqtruli Sedgeniloba, dRe-Ramis xangrZlivoba, haerisa da 
niadagis temperatura, tenianoba da gansakuTrebiT organuli da mineraluri 
sasuqebi.  

 
 
 
    samuSao 33.  

         zrdis aRricxva niSandebis mixedviT 

   

 masala da mowyobiloba: 1. xorblis, mzesumzirisa da sxvaTa Teslebi; 2. 
heteroauqsinis 0,01%_iani xsnari; 3. kolba; 4. petris jamebi (5c) ; 5. pipetebi 10ml 
da 1ml-ni danayofebiT (2c); 6. webo: 7. qaRaldi ; 8. milimetrebiani saxazavi .   
 ganmarteba. mcenareuli ujredebis zrdis regulireba xdeba auqsinebis jgufis 
fitohormonebiT, romelTa Soris ufro metad mniSvnelovania heteroauqsini 
(C10H9O2N).     am nivTierebaTa dabali koncentraciebi astimulirebs zrdas, xolo 
maRali koncentraciebi mcenaris ujredebze uaryofiT gavlenas axdens.    
 muSaobis mimdinareoba. iReben 5 petris jams, ukeTeben etiketebs (nomraven) da 
asxamen sxvadasxva koncentraciis heteroauqsinis xsnars:  
1 jamSi asxamen 10ml 0,01 %_ian xsnars;   
me-2 jamSi – 1 ml 0,01 % -ian xsnars da 9 ml wyals;   
me-3 jamSi – 1 ml xsnars me_2 jamidan da 9 ml wyals ;    
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me-4 jamSi – 1 ml xsnars me-3 jamidan da 9ml wyals;    
me-5 jamSi _ 10 ml wyals.(erTi jamidan meoreSi xsnaris gadatana SeiZleba erTi da 
imave pipetiT).     
 TiToeul jamSi SeZlebisdagvarad moaTavseT aT-aTi erTnairi Teslebi, 
daaxureT jams saxuravi da dadgiT Tbil da bnel adgilas. 5-7 dRis Semdeg 
gazomeT yvela aRmonacenis fesvakebi da miRebuli Sedegebi SeitaneT cxrilSi.    
 gaakeTeT daskvnebi mcenareTa fesvebis  zrdaze heteroauqsinis koncentraciis 
gavlenis Sesaxeb. 
                              

                                                                          cxrili 21 

jamis # heteroauqsinis 
koncentracia %-Si 

aTi aRmonacenis fesvebis saerTo 
sigrZe 

1 
2 
3 
4 
5 

0,01 
0,001 
0,0001 
0,00001 
0 

 

        
 
 
 
      samuSao 34.  
 

         heteroauqsinis moqmedebiT yunwis nastiuri gadaxra 
     
  masala da mowyobiloba: 1.hortenziis egzempliari qoTniT; 2. 
heteroauqsinis 0,01% -iani xsnari; 3. lanolini; 4.wylis abazana;   5. faifuris 
jami; 6. minis wkiri; 7. pipeti 5 ml-iani.    
 Gganmarteba. yunwis zeda da qveda mxaris araerTnairi zrda iwvevs 
foTlis qveviT gadaxras _ epinastias an zeviT gadaxras _ hiponastias. es 
moZraoba-Sedegia auqsinebis araTanabari ganawilebiT yunwis zeda da qveda 
mxareze. foTlis nastiuri moZraoba SeiZleba xelovnuradac gamoviwvioT, Tu 
yunwze wavacxebT sacxs, romelSic mcire raodenoba zrdis stimulatoria 
Sezelili.  
 muSaobis mimdinareoba. mzaddeba zrdis stimuliator  Semcveli sacxi, 
risTvisac faifuris jamSi Tavsdeba daaxloebiT 5 gr. (Cais kovzi) lanolini, 
gaadneT lanolini wylis abazanaSi, miumateT 5 ml 0,01% iani heteroauqsinis 
xsnari da gulmodgineT asriseT minis wkiriT aranakleb 10 wuTisa.  
 daamuSaveT hortenziis foTlis mopirispire mxare zrdis stimulatoriT, 
risTvisac wausviT zrdis stimulatoriani pasta 1 foTlis yunwis qveda 
mxareze da meore foTlisas yunwis zeda mxareze. ramdenime dRis Semdeg 
amoxateT miRebuli Sedegebi da gaakeTeT daskvna am movlenis mizebze 
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     samuSao 35.  

mcenaris fototropizmi 
 
 

 masala da mowyobiloba: 1. Svriis 3 - 4 sm simaRlis aRmonaceni, romelic 
gazrdilia srul sibneleSi patara miwian WurWlebSi; 2. fototropiuli 
kamera (sinaTlis gaumtari yuTi, romelsac Signidan gamokerebuli aqvs Savi 
qaRaldi da erT kedelze aqvs patara amoWrili sarkmeli; 3. kalafiri;       
4. asanTi; 5. tuSi.  
 Gganmarteba. fototropizmi ewodeba iseT process rodesac mcenaris 
mozardi nawilebi gadaixrebian sinaTlis calmxrivi (gverdiTi) moqmedebiT. 
fototropizmis movlena ufro kargad SeiniSneba marcvlovanTa koleoptileze 
(koleoptile aris pirveli saxeSecvlili foToli romelsac aqvs CaCis 
forma, xolo SigniT ki aris danarCeni foTlebi) Reros msgavsad koleoptile 
izrdeba sigrZeSi Tavisi wveriT. 
    muSaobis mimdinareoba. koleoptilze erTi meorisgan Tanabari manZilis 
daSorebiT tuSis xazebiT movniSnoT. zogierT aRmonacens CamovacvaT 
sinaTlis gaumtari CaCi (CaCis mosamzadeblad daaxloebiT erTi sm. siganis 
kalafiri (stanioli) SemovaxvioT asanTis Reros garSemo da davamagroT 
zeviT). 
     movaTavsoT aRmonaceni fototropiul kameraSi, ise rom koleoptiles 
moniSnuli adgilebi aRmoCndes dabnelebul mxareze e.i. iyos mimarTuli 
amoWrili mxaris sawinaaRmdego kedlisaken. davdgaT kamera fanjris rafaze 
anda magidis naTuris win ise, rom kameris amoWrili mxare mimarTuli iyos 
sinaTlis wyarosaken. 
       1-2 dRis Semdeg davukvirdeT aRmonacens mivaqcioT yuradReba tuSis 
niSnebis ganlagebas. CavxatoT aRmonaceni cdis dasawyissa da cdis bolos. 
       gavakeToT da gavceT pasuxi Semdeg kiTxvebze: 
       1. sad aris adgili sinaTlis calmxrivi aTvisebisa? 
       2. romel zonaSi xdeba fototropuli gadaRunva? 
       3. rogoria meqanizmi fototropul gadaRunvisas. 
 
 
             

     samuSao 36.    

mcenaris geotropizmi 

 
masala mowyobiloba: 1. selis an mdogvis Tesli; 2. konservis minis qila 

an sworkuTxovani kiuveta, romelsac zevidan exureba minis naWeri; 3. minis 
kvadratuli firfita qilaze cota naklebi sididis; 4. filtris qaRaldi;   5. 
makrateli; 6. pinceti; 7. lanceti. 

Gganmarteba. geotropizmi ewodeba iseT process, rodesac mcenaris 
mozardi nawilebi gadaixrebian dedamiwis mizidulobis Zalis calmxrivi 
moqmedebis Sedegad. fesvis an Reros geotropiuli gadaRunvis misaRebad 
saWiroa isini movaTavsoT horizontalur an daxril mdgomareobaSi da 
SeuqmnaT zrdisaTvis xelsayreli pirobebi. 

muSaobis mimdinareoba. gavaxvioT kvadratuli minis firfita filtris 
qaRaldSi. davasveloT qaRaldi wyliT, ganvalagoT firfitis zeda mxareze  
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selis an mdogvis fesvakiani Tesli daxril mdgomareobaSi erTmaneTTan 2 sm-is 
daSorebiT (maxvili wveriT) fesvakis wveriT Zirs. Tesli kanis lorwos 
SemweobiT ewebeba qaRalds.  

Tesliani firfita movaTavsoT WurWelSi odnav daxril mdgomareobaSi, 
romlis fskerze CavasxaT mcire raodenobis wyali. davxuroT WurWeli miniT 
da movaTavsoT sibneleSi. 

ramdenime dRis Semdeg, rodesac fesvaki miaRwevs 2_3 sm-s, aviRoT 
firfita, SemovabrunoT 900-iT da xelaxla CavdoT WurWelSi, ise rom yvela 
fesvi aRmoCndes horizontalur mdgomareobaSi. dayofis zona romlis 
gamosavlineblad geotropizmis movlenis dros fesvis wveris mozardi nawili 
unda gadavWraT maxvili lanceti (1_2 mm-ze). davxuroT WurWeli da xelaxla 
movaTavsoT is sibneleSi. 1_2 dRis Semdeg davukvirdeT da CavxatoT 
aRmonaceni. 

daskvnebSi aRvniSnoT dedamiwis mizidulobis Zalis moqmedebis adgili, 
geotropiuli gadaRunvis zona da am gadaRunvis meqanizmi. 

         
 
 
 

    samuSao 37.  
mcenareTa hidrotropizmi 

 
 
masala da mowyobiloba: 1. selis an mdogvis Tesli; 2. konservis minis 

qila an gaTlili Wiqa (2 c); 3. minis naWeri qilis dasaxurad; 4. minis firfita 
moTavsebuli qilaSi an WiqaSi daxril mdgomareobaSi  (2 c.);       5. filtris 
qaraldi. 

ganmarteba. wylis calmxrivi moqmedebiT gamowveul tropizms 
hidrotropizmi ewodeba. dadebiTi hidrotropiuli gadaRunva kargad 
axasiaTebT fesvebs, romlebic iseT niadagSia, sadac araTanabradaa 
ganawilebuli teni, ris gamoc isini miemarTebian ufro meti tenianobisaken. 

muSaobis msvleloba. gavaxvioT 2 minis firfita filtris qaRaldSi, 
davasveloT qaRaldi wyliT da masze ganvalagoT erT mxareze rigrigobiT 
selis an mdogvis Tesli. Tesli lorwoTi ewebeba qaRalds. qilaSi an WiqaSi 
CavasxaT mcire raodenobis wyali da firfita (romelzec Teslebia mikruli) 
daxrilad movaTavsoT qilaSi, ise rom Teslebi minis firfitis qveda mxares 
moeqces. erT qilas mWidrod xuraven miniT, raTa orTqliT gaJRenTili 
atmosfero Seiqmnas, xolo meores Riad toveben da orive qilas aTavseben 
bnel adgilas. 

ramdenime dRis Semdeg ukvirdebian da orive WurWlidan xataven fesvakebis 
mdgomareobas. 

daskvnebSi axseniT sxvadasxva variantis fesvebis araerTnairi zrdis 
mizezebi. 
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  samuSao 38. 

  
     dakvirveba zrdaze horizontaluri mikroskopis gamoyenebiT 

 
 
masala da mowyobiloba: 1. teniani kamera, selis, bardis, lobios, cercvis 

an simindis Teslebis aRmonacenebiT; 2. mikroskopi;                     3. 
okularmikrometri.  

muSaobis mimdinareoba: mikroskopis magidaze amagreben tenian kameras 
Teslebis aRmonacenebiT, ise rom mxedvelobis areSi mcire gadidebiT 
gamoCndes fesvis swori wveri. mikroskopis tubusi unda gadaviyvanoT 
horizontalur mdgomareobaSi. fesvis wveri davayenoT okularmikrometris 
skalis romelime danayofTan da 30 wuTis Semdeg avRniSnoT fesvis wveris 
nazardis gadanacvleba (gadaweva). fesvis realuri nazardi (namati) 
gamoiangariSeba okularmikrometris erTi danayofis realur sidideSi 
gadayvaniT. 
 
 
 

mcenareTa gamZleoba araxelsayrel garemo 
pirobebisadmi 

 
 

 samuSao 39. 
 

       Saqris damcveli moqmedeba citoplazmaze gayinvisas 
 

 
masala da mowyobiloba: 1. sufris Warxlis Zirxvenebi. 2. 1,0 da 0,5 m 

saqarozis xsnarebi; 3. 8% NaCl xsnari sawveTurSi; 4. Tovli an yinuli qvabSi 
an taStze; 5. sufris marili; 6. niCabi Tovlis asarevad; 7. Termometri _ 250C; 
8. skalpeli; 9. samarTebeli; 10. faifuris jami; 11. sinjarebi rezinis 
rgolebiT (3 c); 12. Wiqa; 13. mikroskopi; 14. sasagne da safari minebi;          15. 
funji; 16. minaze saweri fanqari; 17. filtris qaRaldis naWrebi. 

ganmarteba. gayinvisas mcenareul qsovilTa ujredSorisebSi warmoiqmneba 
yinulis kristalebi, romlebic iwoven wyals citoplazmidan. Tu citoplazma 
sakmaod yinvagamZle araa, igi ver uZlebs gauwyloebas da agreTve meqanikur 
dawolas yinulis kristalebisa da koagulirdeba. citoplazmis dazianebis 
xarisxze SegviZlia vimsjeloT citoplazmis unaris mixedviT, Seakavos 
ujredis wveni. citoplazmis koloidebis gamZleobis unaris gadideba 
SeiZleba damcveli nivTierebebiT, romelTa Soris mniSvnelovani roli 
ekuTvnis xsnad Saqrebs. 

muSaobis mimdinareoba. gasufTavebuli sufris Warxlis Zirisagan 
mzaddeba 12_15 zomiT erTnairi arc Tu ise Txeli (1 mm sisqis daaxloebiT) 
anaTlebi. anaTlebs vaTavsebT faifuris jamSi da guldasmiT vrecxavT 
dazianebuli ujredebidan gamosuli wvenis mosacileblad. 3_4 anaTali 
gadagvaqvs etiketian 3 sinjaraSi, pirvel sinjaraSi vasxavT wyals, meoreSi 
amdenive 0,5 m saqarozis xsnars, mesameSi _ 1,0 m saqarozis xsnars. 
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vamzadebT gamacivebel narevs: 3 nawil Tovls an yinulis namtvrevebs 

davumatebT 1 nawil sufris marils da guldasmiT avurevT (temperatura unda 
iyos daaxloebiT _ 200C), CavuSvaT yvela sinjara gamacivebel narevSi 10_15 
wuTiT, ris Semdeg CavdgaT WiqaSi oTaxis temperaturiani wyliT. galRobis 
Semdeg aRvniSnoT Seferva siTxisa sinjarebSi da Seferva anaTalebisa. 
SevamowmoT ujredebis sicocxlis unarianoba plazmoliziT 8% NaCI  xsnarSi.  

Sedegebi CavweroT cxril 22-Si. 
 
                            cxrili 22 
 

varianti 
gareTa xsnaris 
Seferiloba 

Wrilis Sefarva 
plazmolizebul 
ujredTa 
raodenoba %-iT. 

wyali 
0,5 m. saqaroza 
1,0 m. saqaroza 

   

 
daskvnebSi avsaxoT gansxvaveba variantebs Soris, aRvniSnoT Saqris, 

rogorc damcveli nivTierebebis mniSvneloba. 
 
 
 

    samuSao 40. 
                      mcenareTa sicxegamZleobis gansazRvra  

(f. mackovis mixedviT) 
 

masala da mowyobiloba: 1. romelime mcenaris nedli foTlebi; 2. 0,2 n 
xsnari marilmJavasi; 3. wylis abazana; 4. Termometri; 5. pinceti; 6. petris 
jamebi (5 cali); 7. Wiqa wyliT; 8. minaze saweri fanqari. 

ganmarteba. temperaturis awevisas optimumis zeviT mcenareSi irRveva 
nivTierebaTa cvla da amis Sedegad adgili aqvT momwamvlel nivTierebaTa 
dagrovebas. ufro maRal temperaturaze mkveTrad matulobs citoplazmaturi 
membranis SeRwevadoba, xolo Semdeg iwyeba plazmis cilis koagulacia da 
ujredebis sikvdili. 

Tu foTolze maRali temperaturiT vimoqnedebT, xolo Semdeg CavuSvebT 
marilmJavas sust xsnarSi, dazianebuli da mkvdari ujredebi rux fers 
miiReben, imis gamo, rom mJava SeaRwevs maTSi da gamoiwvevs qlorofilis 
gardaqmnas feofitinad; dauzianebeli ujredebi ki SeinarCuneben mwvane fers. 
mcenareSi, romlis ujredis wveni mJavea, feofitinizacia SeiZleba moxdes 
marilmJavaTi damuSavebis gareSec, radgan tonoplastis naxevarSeRwevadobis 
darRvevisas organuli mJavebi ujredis wvenidan gadadian citoplazmaSi da 
qlorofilis molekulebidan gamoaZeveben magniums. 

muSaobis mimdinareoba. wylis abazanas vacxelebT 400 C; CavuSvebT masSi 
sakvlev mcenareTa 5_5 foTols da vamyofebT am temperaturaze 30 wuTis 
ganmavlobaSi. Semdeg viRebT pirvel sinjs; amogvaqvs TiTo foToli TiToeuli 
saxis mcenarisa da vaTavsebT petris jamSi civi wyliT (jams saTanado 
warwera unda gaukeTdes). wylis abazanis temperaturas avwevT 500C da aqedan 
10 wuTis Semdeg kidev amogvaqvs TiTo foToli wylis abazanidan da gadagvaqvs 
petris axal jamze civ wyalSi. ase TandaTanobiT temperetura agvyavs 800C-mde  
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da yoveli 100C temperaturis momatebisas yoveli aTi wuTis Semdeg viRebT 
sinjebs. 

jamebze wyals SevcvliT 0,2 marilmJaviT da 20 wuTis Semdeg aRricxavT 
foTlis dazianebis xarisxs ruxi laqebis raodenobis mixedviT. Sedegs 
CavwerT 23 cxrilSi, gauruxeblobas aRvniSnavT niSniT `_~, sust garuxebas _ 
`+~, garuxebas foTlis farTis 50% _ `++~ da mTlian garuxebas _ `+++~. 

 
                                     cxrili 23. 

 
foTlis dazianebis xarisxi 

obieqti 
400C 500C 600C 700C 800C 

 
 
 
 
 
 
 
 

     

 
 
gavakeToT daskvnebi gamokvleul mcenareTa sicxeamtanobis xarisxis 

Sesaxeb. 
 

 
 
 
 

samuSao 41. 
 

saSemodgomo xorblis gamowrTobis xerxi da yinvagamZleobis  
gansazRvra egzogenuri Saqrebis gamoyenebiT. 

 
 

masala da mowyobiloba. 1. sxvadasxva yinvagamZleobis mcenareebi;  2. 50 ml 
moculobis Wiqebi; 3. saqarozas 5-10-15% xsnarebi; 4. macivari. 

ganmarteba. saSemodgomo xorbali Tbil oTaxSi gamozrdisas advilad 
iyineba –3 - 40-ze, xolo daweul temperaturaze gamozrdisas gamoirCeva maRali 
yinvagamZleobiT. yinvagamZleobis amaRleba daweuli temperaturisas 
dakavSirebulia ujredis Semcvelobis Rrma cvlilebasTan. samarago 
naxSirwylebi mag: saxamebeli am dros hidrolizdeba, ujredSi grovdeba 
Saqrebi, romelTac gaaCniaT yinvebisagan dacvis Tviseba. ufro yinvagamZle 
mcenareebSi, rogorc wesi, grovdeba meti Saqrebi. ujredSi Semavali wylis 
meti nawili gadadis bmul mdgomareobaSi, ris gamoc yinvebis dros ujredSi 
yinulis naklebi kristalebi warmoiSoba. wylis gadasvla bmul mdgomareobaSi 
iwvevs nivTierebaTa cvlis Sesustebas, ris gamoc naklebi Saqrebi ixarjebian. 
am dros icvleba agreTve protoplazmis biokoloidebis Tvisebebi _ siblante, 
SeRwevadoba. 

daweuli temperaturis zemoqmedebiT mcenareTa yinvagamZleobis gadidebam, 
rac uzrunvelyofs maT gamZleobas, `gamowrTobis~ saxelwodeba miiRo. i.  
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tumanovis mixedviT, romelmac Seiswavla es procesi, mcenareTa gamowrToba 
or fazad mimdinareobs. pirveli faza mdgomareobs ujredebSi damcveli 
Saqrebis dagrovebaSi da am dros saWiroa 00-ze maRali temperatura. 
gamowrTobis meore faza mimdinareobs 0-ze dabal temperaturaze. am dros 
xdeba wylis Semcvelobis Semcireba, rac xels uSlis yinvis kristalebis 
warmoqmnas da icvleba protoplazmis koloiduri Tvisebebi, rac amaRlebs 
mcenaris yinvagamZleobas. mcenareTa yinvagamZleoba SeiZleba ganisazRvros 
pirdapiri da arapirdapiri meTodebiT. 

pirdapiri meTodebi damyarebulia mcenareze an mis calkeul nawilebze 
dabali temperaturis uSualo moqmedebis aRricxvaze. 

muSaobis mimdinareoba. Semodgomaze mindorSi Tesaven xorbals da 
momdevno wlis gazafxulze aRricxaven gamozamTrebul mcenareTa raodenobas. 
am meTodiT mcenareTa gamocda unda moxdes rigi wlebis ganmavlobaSi, radgan 
yoveli zamTari xasiaTdeba Taviseburi klimaturi pirobebiT. mcenareTa 
gamozamTrebis xarisxis mixedviT msjeloben maT yinvagamZleobaze. saWiroa 
agreTve zamTris ganmavlobaSi aRiricxos temperaturis mdgomareoba. 
mcenareTa yinvagamZleobis gansazRvrisaTvis ufro xSirad mimarTaven maT 
gamozrdas specialur kamerebSi, sadac qmnian sasurvel temperaturas. 
mcenareebs gayinaven specialur kamerebSi da Semdeg gaalRoben. dazianebis 
xarisxi maCvenebelia maTi yinvagamZleobisa. yinvagamZleobis gansazRvris 
arapirdapiri meTodebis dros mcenareebSi ganisazRvreba Saqrebis Semcveloba 
da ujredis koloidebSi bmuli wylis raodenoba, rac metia Saqrebisa da 
bmuli wylis Semcveloba, miT metia mcenaris yinvagamZleoba. 

 
 
 
    samuSao 42. 

 mcenaris yinvagamZleobis gansazRvra Rivebze 
 

 
masala da mowyobiloba: 1. ori, sami jiSis mcenareTa Teslebi;  2. 

kristalizatori; 3. Termostati; 4. eqsikatori; 5. samacivre kamerebi;   6. 
milimetrebiani qaRaldi; 7. dolbandi; 8. mcenareTa aRsazrdeli navebi. 

muSaobis mimdinareoba. sacdel TeslTa yovel nimuSs yrian cal-calke 
eqsikatorSi, asxaven wyals ise, rom Teslebis zeviT wyali iyos  4-5 sm da 
dgaven TermostatSi   gasaRiveblad 15 dRe-Ramis ganmavlobaSi. Semdeg wyals 
gadmoasxaven da Teslebs toveben igive temperaturaze 2 dRis ganmavlobaSi 
gasaRiveblad. gamowrTobis win TiToeuli nimuSidan gamoarCeven 50-100 Tesls 
daaxloebiT Tanabari zomisa (5-8 mm), gamoaxveven kargad gawurul etiketian 
dolbandSi da aTavseben eqsikatorSi gamosawrTobad. eqsikators aTavseben 
macivarSi 7 dRis ganmavlobaSi 00, 20 temperaturaze. am xnis manZilze Rivebi 
gadian gamowrTobis pirvel fazas. Semdeg uqmnian pirobebs gamowrTobis meore 
fazisaTvis (temperatura 4-50 3 dRis ganmavlobaSi). Semdeg yinaven 1-3 dRiT 10-
150-ze. gayinul mcenareebs alRoben dRe-Ramis ganmavlobaSi 20-ze. amis Semdeg 
eqsikators fskerze asxaven wyals atmosferos tenianobis Seqmnis mizniT da 
amyofeben kidev 2 dre 20-250-ze. Semdeg mcenareebi gadaaqvT sazardulebSi. 7 
dRis Semdeg sazardulebSi sadac temperatura 20-250 iyo, iTvlian saR 
mcenareebs da akeTeben daskvnas mcenareTa gamZleobis irgvliv. 
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   samuSao 43.  
                 sxvadasxva sicxegamZle mcenareTa ujredebis 

    protoplazmis siblantis gansazRvra 
 

 
masala da mowyobiloba: 1. sakvlevi obieqti; 2. neitraluri wiTeli (1:5000); 

3. filtris qaRaldi; 4. saqarozas 1m xsnari;  5. vazelini;             6. 
samarTebeli; 7. sasagne da safari minebi; 8. mikroskopi; 9. sapreparato nemsi; 10. 
saaTis minebi an saxuraviani qilebi 50-100 ml moculobis. 

ganmarteba. maRali temperaturuli moqmedebisas mcenaris ujredebi, 
romelTac gaaCniaT protoplazmis maRali siblante da elastiuroba, 
metwilad ewinaaRmdegebian damazianebul zemoqmedebas. protoplazmis 
siblante SeiZleba ganisazRvros Cazneqili plazmolizidan amozneqil 
plazmolizSi gadasvlis drois xangrZlivobiT. 

muSaobis mimdinareoba. amzadeben foTlis ganiv ganaWers (aloe, xaxvis 
epidermisi an sxva mezofitis foTols), aTavseben saaTis minaze da 55-10 wuTis 
ganmavlobaSi Rebaven neitraluri wiTliT (1 : 5000) gaavleben wyalSi, 
gaamSraleben filtris qaRaldiT da gadaaqvT sasagne minaze 1 m saqarozis 
xsnaris wveTSi. daafareben safar minas, romlis garSemo Semoacxeben vazelins, 
raTa ar aorTqldes wyali. anaWrebs amowmeben mikroskopis qveS, aTvlian 
Cazneqil da amozneqili plazmolizis dros. amozneqili plazmolizis 
miRebamde drois xangrZlivobis mixedviT msjeloben protoplazmis 
siblanteze. 
 

 
 

 samuSao 44. 
           mcenareTa gvalvagamZleobis gansazRvra saxamebelis sinjis 

mixedviT. 
 
 

    masala da mowyobiloba: 1. erTmaneTisgan gvalvagamZle-obiTYgansxvavebuli 
mcenareTa foTlebi; 2. spirti; 3. lugolis xsnari;  4. pinceti; 5. qimiuri 
Wiqebi. 
   ganmarteba. gvalvagamZle mcenareebi gvalvis dros inarCuneben sinTezis 
unars da Seicaven met saxamebels, vidre dabalgamZleebi. 
   muSaobis mimdinareoba. cdebSi axdenen erTi saxeobis mcenareTa Sedarebas, 
magram sxvadasxvagvarad damuSavebuls, romelic cvlis maT gvalvagamZleobas. 

mzian amindSi dRis 11-12 saaTze, roca foTlebSi dagrovilia saxamebelis 
sakmaod didi raodenoba, sacdel mcenareebs mowyvitaven 5-10 foTols (erTi 
iarusis foTlebs) da aTavseben CrdilSi 2-3 saaTs, Semdeg TiToeul foTols 
an maT nawils (4-5 sm2) auferuleben spirtiT da ikvleven saxamebels lugolis 
daxmarebiT. 

Sedegebs (saSualo ariTmetikuli) gamoxataven Skalaze: 1. saxamebeli ar 
aris; 2. saxamebeli aris; 3. saxamebeli bevria da SeaqvT sqemaSi. 
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cxrili 26 
 

varianti balebis raodenoba daskvnebi gvalvagamZleobaze 
     1. 
 
     2. 
 
 
 

  

 
 

 
 

samuSao 45.  
              mcenaris marilgamZleobis gansazRvra mwvane foTlebSi 

   albuminebis Semcvelobis mixedviT. 
 

masala da mowyobiloba. 1. marilgamZleobis mixedviT sxvadasxva gamZle 
mcenareTa 2-3 jiSi; 2. mSrali gogirdmJava amoniumi;N3. sanayi faifuris;       4. 
50 ml moculobis kolbebi; 5. Zabri filtriT; 6. centrifuga; 7. saswori;    8. 
10 ml-iani pipetebi; 9. centrofugis danayofebiani sinjarebi. 

ganmarteba. albuminebis didi Semcveloba maCvenebelia mcenaris maRali 
marilgamZleobisa. 

muSaobis mimdinareoba. sakvlev mcenareTa mwvane foTlebis wonas 2 gramis 
raodenobiT nayaven 10 ml moculobis wyalSi, gamonawurs aTavisufleben 
nawilakebisagan gafiltvriT an centrifugas gamoyenebiT, 5 ml gamonawurs 
asxamen centrofugas danayofebian sinjaraSi da umateben mSral gogirdmJava 
amoniums srul maZRrobamde (daaxloebiT   15 m). marilis gaxsnidan 15 wT-is 
Semdeg gelis mdgomareobaSi gamoleqil alumins ukeTeben centrofugirebas 3 
wT-is ganmavlobaSi 4000-5000 bruni wT-Si da adgenen albuminis moculobiT 
odenobas (sinjaris danayofis mixedviT). 

 
 
 

 samuSao 46.  
                 marilgamZleobis gansazRvra qlorofilis 
             gauferulebis xarisxis mixedviT (genkelis mixedviT). 
 

 
masala da mowyobioba: 1, sxvadasxva marilgamZle jiSebis mcenareebi;   2. 

Nacl an N2SO4-is 2-4%-iani xsnarebi; 3. kristalizatorebi; 4. qimiuri Wiqebi     10 
ml moculobisa. 

ganmarteba. tenmomaragebis gauaresebis SemTxvevaSi marilebis 
zemoqmedebiT xdeba qloroplastebis destruqcia, irRveva qlorofil “a” da 
“b“-s sinTezi, plastidebSi icvleba qlorofilis qlorofil-cilovan-
lipoiduri kavSiris simtkice. mcenareTa marilgamZleoba SeiZleba 
ganisazRvros qlorofilis gaxunebis siCqariTa da xarisxiT. 

muSaobis mimdinareoba. sacdel mcenareTa foTlebs moWrian wylis qveS 
yunwis fuZesTan, sakontrolo mcenareebs aTavseben yunwebiT wyalSi, 
sacdelebs 2-4%-ian Nacl an N2SO4-is xsnarebSi da ayovneben 7 dRis ganmavlobaSi.  
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gabneul marilebis zemoqmedebiT qlorofil-cilovan-lipoduri kompleqsis 
daSlis Sedegad xdeba qlorofilis TandaTanobiT gaxuneba, an warmoiSobian 
moTeTro laqebi. foTlis Seferilobis cvalebadobas amowmeben me-3, me-7 dRes. 
aragamZle mcenareebSi gaxuneba xdeba ufro swrafad da meti xarisxiT. 
 

 
 
samuSao 47. 
 

     xorblovnebis Cawolis winaaRmdeg gamZleobis gansazRvra  
Reros anatomiuri agebulebiT 

 
 

masala da mowyobiloba: 1. Cawolis winaaRmdeg gamZle xorblovnebis 2-3 
jiSi; 2. samarTebeli; 3. safraninis xsnari; 4. okularmikrometri;  5. sasagne da 
safari minebi. 

ganmarteba. Cawola mniSvnelovnad amcirebs xorblovanTa mosavals. 
bunebriv pirobebSi Cawolas win uZRvis fiziologiuri an anatomiur-
morfologiur monacemTa TandaTanobiTi araxelsayreli cvalebadoba. 
anatomiur da fiziologiur xasiaTTan urTierTSedareba Cawolisas, 
saSualebas iZleva gamovlindes mcenaris reaqcia sazomi zrdis pirobebze. 
Cawolis winaaRmdeg gamZleobis prognozisaTvis sazRvraven sayrden qsovilebs 
gamZle da aragamZle mcenareTa jiSebSi. 

muSaobis mimdinareoba. Cawolis mimarT sxvadasxva gamZle mcenareTa 2-3 
jiSis mTavar Reroze akeTeben ganiv anaTlebs, ori pirveli qvedanawilis 
muxlTaSorisebidan rZisebr da cvilisebr simwifis fazaSi sasagne minaze 
preparats SeRebaven safraninis 1%-iani xsnariT okular-mikroskopis 
daxmarebiT /6X10/ zomaven aRebuli Reros sisqes, sklerenqimuli rgolebis 
sisqes da aTvlian ujredTa mwkrivebis raodenobas, risganac Sedgeba 
sklerenqimuli rgolebi, WurWel-boWkovani konebis raodenobas pirneqimaSi da 
sklerenqimaSi, Sedegebi SeaqvT sqemaSi. 

 
 

      cxrili 29 
 

jiSi 
Reros 
sisqe 
mm-iT 

sklerenqimiuri 
rgolebis mkr-
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