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gzamkvlevze muSaobdnen:

TinaTin buTxuzi _ demirelis saxelobis kerZo kolejis qimiis maswav­
lebeli;

iuri papava _ ivane javaxiSvilis saxelobis Tbilisis saxelmwifo uni­
versitetis zogadi fizikis laboratoriis gamge;

Tea elerdaSvili _ saqarTvelos universitetis saSualo skolis bio­
logiis maswavlebeli;

eTer oqruaSvili _ ilia vekuas saxelobis Tbilisis 42-e sajaro sko­
lis qimiis maswavlebeli;

nana metreveli _ ilia vekuas saxelobis Tbilisis 42-e sajaro skolis 
fizikis maswavlebeli;

lamara maWavariani - sicocxlis Semswavlel mecnierebaTa centris 
mecnier-TanamSromeli;

ganaTlebisa da mecnierebis saministros erovnuli saswavlo gegmis 
departamentis sabunebismetyvelo jgufis TanamSromlebi:

manana varazaSvili, 

maia zibzibaZe, 

marika kapanaZe, 

naTia saRinaZe, 

ekaterine slovinski,

zurab xideSeli,

mixeil WiWinaZe - fotografi.

samuSao jgufi madlobas uxdis demirelis saxelobis kerZo kolejis 
administracias ”ainStainis” laboratoriul  resursze xelmisawvdo­
mobisaTvis. 
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F0007  
solenoidi

F0029  ampermetri (0-5A )
F0030  ampermetri (25-0-25mA)

F0055 moqnili sadenebi F0099 koWa (300 xvia)
F0101 koWa (600 xvia)
F0098 koWa (1200 xvia)

F0166 denielis Wiqa F0170 liTonis fxvnili 
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F0202 dinamometri (1 kg)
F0203 dinamometri (500 gr)

F0205 winaRobaTa nakrebi 
(sademonstracio sxvadasxva 
winaRobis el. sqemis asawyobad)

F0235  xelis strobopskopi Ø25 F0240 eleqtroskopi ( statikuri 
eqsperimentebisaTvis)

F0276 rgoli da burTi (metalis, 
siTburi movlenenbisTvis)

F0305   sworkuTxa prizma (optikuri 
eqsperimentebisTvis)
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F0220 sadgamiani naTuris samagri 
(el. wredis asawyobi)

F0344 
klipsebiani sadenebi (40 sm )

F0421 U magvari magniti 
F0420 I magvari magniti

F0422 mikrometri  (aranakleb 0,001 
mm sizustis)

F0038 ormagi sarke cvladi kuTxiT F0460 elementebis kolofi
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F0471 plastmasis cilindri F0035 sadgamiani CamrTveli

F0477 potenciuri energiis nakrebi 
(zambara,girebi)

F0506 
zambara

F0493 kompasi F0613 klipsebiani sadeni (10m)
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F0031 naTura (2.5 VOLT 0,3 A)
F6850 radiometri (sinaTlis 
energiaze dasakvirveblad)

F0594 voltmetri  (0-30 V AC)
F0596 vvoltmetri (3-15 V DC)

F0608  optikuri nakrebi iungis 
cdisaTvis ( naTura, Suqfiltrebi 
da saxazavi)

F0172 koWis gulana  U magvari F0173 koWis gulana I magvari
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F6900 paskalis sfero F6750 dinamos modeli

F6600 magdeburgis naxevarsferoebi

F0544 xis bloki (Rero da kauWiT)

F0201 tribometri (xaxunis Zalebis 
sademonstracio)

F0444 optikuri nakrebi
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F0293 induqciuri koWa F0237 eleqtrozaris modeli

F0442 optikuri linzebis nakrebi F0607 sxvadasxva masalis kubebi

F0095 ziarWurWeli F0302 intensiuri sinaTlis wyaro (12 
volti)
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F0393 WoWonaqi F0390 ormagi WoWonaqi

F0039 arqimedes vedro F0211 kamertoni

F0233 TeTri ekrani F0464 vakuum tumbo
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F0258 vakuum tumbos zarxufi F6625 xelsawyo bgeriTi talRebis 
demonstraciisaTvis

F6660 planetaruli modeli F0236 eleqtroZravis modeli

F0608  Suqfiltrebi optikuri 
nakrebidan

F6700 eleqtrofonuli manqana 
(muxtebi, statika)
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F0011 kvebis wyaro 80 W F0492 reostati

F0017 aluminis firfitebi
F0064 spilenZis firfitebi
F0350 tyviis firfitebi

F0049 gamyofi Zabri 250 ml

F0125 minis mili onkaniT F0069 distilatori 500 ml
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F0114 sinjarebis sadgami F0128 minis mili (Ø 18x140mm U 
magvari)

F0127 minis milebis nakrebi F0427 mineralebis nakrebi

F0342 sakristalizacio finjani F0331 samkuTxedi faifuris milebiT
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F0345 faifuris Wiqa saxuraviT F0379 rezinis sacobi (8/4X20 mm.)
F0373 rezinis sacobi (31/25X30 mm)

F0374 rezinis sacobi (31/25X30mm) 
ori naxvretiT
F0377 rezinis sacobi (36/29mm) ori 
naxvretiT

F0376 rezinis sacobi (36/29mm erT 
naxvretiani )

F0381 macivari (spiraluri)
F0382 macivari (sworxazovani)  F0428 molekularuli modeli 

(asawyobi)
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F0466 rezinis mili (Q 10X12 mm)
F0465 rezinis mili (Q 6.5X9 mm)

F0288 plastmasis Zabri

F0144 mimRebi F0113 sawveTuri onkaniT (50ml)

F0605 air mimRebi (500 ml) F0110 Stativi
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F0576 sinjaris sawmendi (mokle 
jagrisi)
F0111 sinjarebis sawmendi (grZeli)

F0577 xis samagri

F0573 lakmusis qaRaldi  (RED)
F0574 lakmusis qaRaldi (BLUE)

F0548 filtris qaRaldi

F0021 rezinis xelTaTmanebi F0275 damcavi saTvale
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F0096 skalpeli

F0453 pinceti

F6975 cxviris modeli F0105 Tirkmlis modeli

F0254 saketiani parkebi 
nimuSebisaTvis (polieTilenis)

F0450 lanceti (saCxvleti nemsi, 
erTjeradi sisxlis analizebisTvis)
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F0207 sarWi lancetiT F0206 sarWi nemsiseburi

F0139 mikroskopis sadebi saxazavi F0161 mikroskopis Cazneqili sasagne 
mina

F0152 yvavilis modeli

F0340 mcenaris fesvis modeli
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F0212 dnm-is modeli F0294 adamianis torsis modeli

F6985 adamianis Tavis modeli F0423 mikroskopi  600X-1600 
gadidebiT, el. ganaTebiT
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F0310 adamianis gulis modeli

F0273 mcenaris Reros modeli

FS080 adamianis ConCxi

 
FM4130 mudmivi preparatebi 
(adamianis ujredebi)
FM4140 mudmivi preparatebi 
(zoologiuri ujredebi)

F0600 foTlis modeli
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F0052 ormagi samagri (Stativis) F0053 kauWiani samagri (Stativis)

F0059 spilenZis eleqtrodi
F0153 cinkis eleqtrodi

F0108 Stativis samagri TaTi

 F0463 pipeti (10 ml) minis F0461 pipeti (1 ml) minis
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F0497 sadgami (samfexi uJangavi 
foladis)

F0300 spirtqura minis ( saxuraviT 
da fiTiliT)

F0333 qimiuri Termometri
F0332 Termometri(-10+110ºC)

 
F0579 sxvadasxva zomis sinjarebis 
sadgami

F0177 sinjara (25X150 mm) minis
F0175 sinjara  (minis) (13x100 mm)
F0176 sinjara (minis) (18X180 mm)

F0586 asawyobi Stativis sadgami 
(Tujis)
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F0006 sawonebis nakrebi (2 kg-mde) F0005 sawonebis nakrebi (110 gr–
mde)

F0469 plastmasis abazana F0501 Stativis sayrdeni rgoli

F0073 kolba saxuraviT 500ml F0185 menzura mina (50 ml)
F0178 menzura mina (10 ml)
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F0071 kolba saxuraviT 1000ml
F0072 kolba saxuraviT 250ml

F0187 menzura mina (500 ml)
F0183 menzura mina (250 ml)

F0089 qimiuri Wiqa (800 ml)
F0088 qimiuri Wiqa (600 ml)   

F0085 qimiuri Wiqa (400 ml)
F0083 qimiuri Wiqa (250 ml)   
F0080 qimiuri Wiqa (100 ml)
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F0119 kolba 500 ml
F0183 menzura 250 ml
F0117 kolba 100 ml

F0249 erlenmeieris kolba (500 ml)
F0246 erlenmeieris kolba (250 ml)
F0245 erlenmeieris kolba (150 ml)

F0107 airis sanTura (e.w. farsunka)

F0281 faifuris Tasi sanayiT (100mm)

F0474 faifuris Tasi (80X24)
F0473 faifuris Tasi (40X50)

F0438 erlenmeieris flakoni 500 ml
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F0492 pipetis msxali rezinis F0601 sawonebis nakrebi (blinebi) 
1kg–mde

F0556 liTonis bade (70X140mm)
F0558 liTonis bade (140X140mm)

F0606 boTli sawveTuriT plastmasis 
(500 ml)

F0165 boTli pipetiT 30 ml

F0266 danayofebiani sinjara (mina 50 
ml)
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F0121 minis mili (Ø 5 mm,15 sm )
F0131 minis mili (Ø 7mm.75sm )

F0050 minis Rero  (20 X 0.5sm )

F0133 minis mili S  magvari 0,5mm 
diametri

F0287 minis Zabri (Q 55 mm)

F0563 meqanikuri saswori (3 kg) F0285 berketiani saswori  (500 gr)
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sabunebismetyvelo mecnierebebis 
safuZvlebi

VII  klasi
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VII klasi,  qimiuri movlenebi

cda1.  yoveldRiur cxovrebaSi gamoyenebuli mJavebi  
da fuZeebi

Sedegi esg-dan: bun.VII.12 moswavles SeuZlia fuZeebis da mJavebis gansx­
vaveba maTi Tvisebebis mixedviT.

indikatori esg-dan:

yy asaxelebs yofa-cxovrebaSi mJavebis gamoyenebis magaliTebs (mag., 
Zmari, limonmJava, xilis wveni, wamlebi, sarecxi saSualebebi);

yy iyenebs indikatorebsa da pH-is skalas fuZe, mJava da neitraluri 
xsnarebis amosacnobad; aRwers xsnaris pH-is cvlilebas neitra­
lizaciis procesSi; 

ras vikvlevT: rogoria sxvadasxva sayofacxovrebo xsnaris pH-is miax­
loebiTi mniSvneloba?  

cdis mizani: mcenareebisgan damzadebuli indikatoriT sxvadasxva sayo­
facxovrebo xsnaris pH-is mniSvnelobis gansazRvra da maTi erTmaneT­
Tan Sedareba.

rekomendacia: cda CaatareT sademonstraciod.

resursebi:

qimiuri WurWeli da masala: qimiuri Wiqa, 800 ml (1cali) kodi F0089; qi­
miuri Wiqebi, 100 ml (10) F0080 ; eleqtroqura; pipeti (1) F0461; minis 
wkirebi; 

nivTierebebi: gamoxdili wyali 400 ml; limonis wveni; TeTri Rvinis an 
vaSlis Zmari 20 ml; sufris marili; vaSlis wveni 20 ml; Txevadi sa­
poni 20 ml (sasurvelia gamWvirvale); Sampuni 20 ml (sasurvelia gamW­
virvale); sasmeli soda; gazquris an niJaris sawmendi saSualeba 20 ml; 
wiTeli kombosto 100g.

cdis msvleloba:

yy mcenareuli indikatoris dasamzadeblad  did  (800 ml-ian) qimiur 
WiqaSi moaTavseT 100 g wiTeli kombostos patara naWrebi da daa­
mateT gamoxdili wyali, daaxloebiT 400 ml;

yy Wiqa moaTavseT eleqtroquraze da aduReT iqamde, vidre xsna­
ri ar miiRebs muq iisfers. Wiqa frTxilad gadmodgiT quridan 
(gamoiyeneT momWeri an raime naWeri), gaaciveT. kombostos wveni 
frTxilad gadmoasxiT patara (100 ml-ian) WiqaSi;
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yy 100 ml-ian qimiur Wiqebs daawereT zemoT CamoTvlili nivTiere­
bebis (gamoxdili wyali, limonis wveni,  TeTri Rvinis an vaSlis 
Zmari, vaSlis wveni, sufris marilis wyalxsnari, sasmeli sodis 
wyalxsnari, saponi, Sampuni, sawmendi saSualeba) saxelebi;

yy sufris marilis da sasmeli sodis wyalxsnarebis dasamzadeblad  
maTi mcire raodenobebi (daaxloebiT 2-2 g) gaxseniT 20-20  ml ga­
moxdil wyalSi;

yy sakvlevi xsnarebis 20-20 ml moaTavseT Sesabamis WiqebSi;

yy TiToeul Wiqas pipetiT daamateT kombostos wvenis 10-15 wveTi 
xsnari da mourieT minis wkirebiT;

yy daakvirdiT feris cvlilebas TiToeul WiqaSi. Catarebuli cdis 
safuZvelze SeavseT qvemoT mocemuli cxrili, amisaTvis gamoiye­
neT wiTeli kombostodan miRebuli indikatoris feris cvlilebis 
Skala. gamoitaneT Sesabamisi daskvnebi da SeavseT laboratoriu­
li oqmi. 

nivTiereba feri miaxlobiTi pH

gamoxdili wyali

limonis wveni

TeTri Rvinis an vaSlis Zmari

vaSlis wveni

sufris marilis wyalxsnari

sasmeli sodis wyalxsnari

saponi

Sampuni

sawmendi saSualeba

feri muqi 
wiTeli

Ria iis­
feri

iisferi lur­
ji-mwvane

mwvane-yvi­
Teli

miaxloe­
biTi pH

1-2 3-5 7 8-10 11-13
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cdis analizi:  wiTeli kombostos indikatorad gamoyeneba  efuZneba 
masSi nivTiereba antocianis arsebobas. es  aris wyalSi kargad xsnadi 
nivTiereba da mJava da tute areSi fers icvlis: Zlier mJava areSi is 
Rebulobs wiTel fers, xolo Zlier tute areSi _ moyviTalo mwvane 
fers. misi gamoyenebiT SesaZlebelia mJava da tute bunebis nivTierebe­
bis pH - is miaxloebiTi gansazRvra. misi momzadeba Zalian advilia da 
SegiZliaT gamoiyenoT saojaxo pirobebSi xsnarebis mJavianobis  dasad­
genad.  antociani Sedis sxva mcenareebis SemadgenlobaSic. magaliTad, 
mas Seicavs Savi mocxari, anwli, mayvali. 
sakvebi produqtebi, ZiriTadad, mJava bunebisaa   da maTi  pH 2-5-is 
farglebSia. sufris marilis wyalxsnari neitraluria, amitom misi Se­
feriloba Tavad indikatoris Seferilobis iqneba. higienuri daniSnu­
lebis da sawmendi xsnarebi fuZe bunebis aris da maTi pH icvleba 8-12-
mde. wiTel kombostos  indikatorad ver gamoiyenebT Seferili xsnare­
bis pH - is dasadgenad, radgan TviT xsnaris  Seferiloba  SeuSlis xels 
feris sworad gansazRvras. 

rekomendacia:  wiTeli kombostos nacvlad SegiZliaT gamoiyenoT moc­
vis an sxva feradi xilis an bostneulis  wveni. aseve SesaZlebelia sak­
vlevad  sxva nivTierebebis aReba.
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cda 2.  mJava wvimebi

Sedegi:  bun.VII.12  moswavles SeuZlia fuZeebisa da mJavebis gansxvaveba 
maTi Tvisebebis mixedviT.

rekomendacia:  cda CaatareT sademonstraciod.

ras vikvlevT:  ra gavlenas axdens `mJava wvimebi~ qandakebebze.

cdis mizani: `mJava wvimebis~ gavlenis Seswavla qandakebebze kirqvis na­
texebis magaliTze.

resursebi:

saWiro WurWeli da masala: qimiuri Wiqebi 100 ml-iani (3) F0080; kirqvis, 
marmarilos an carcis patara natexebi.

nivTierebebi: wyali; ZmarmJava; ganzavebuli gogirdmJava.

cdis mimdinareoba: iqidan gamomdinare, rom bevri qandakebis ZiriTadi 
Semadgeneli nawili kirqva an marmariloa, qandakebebze`mJava wvimebis~ 
gavlenis Sesaswavlad SeiZleba qandakebis  Canacvleba kirqvis an marma­
rilos natexebiT.
yy kirqvis patara natexebi CayareT 3 qimiur WiqaSi. Tu kirqva ar geq­

nebaT, SegiZliaT gamoiyenoT marmarilos an carcis natexebi. erT 
Wiqas daawereT wyali, meores - ZmarmJava, mesames - gogirdmJava. 
Sesabamisad, daamateT wyali, ZmarmJava da gogirdmJava. 

yy daakvirdiT cvlilebebs. cdis mimdinareoba da Sedegebi SeitaneT 
laboratoriul oqmSi.

monacemTa cxrili

wyali ZmarmJava gogirdmJava

kirqvis an carcis 
natexebi

cxrilSi sityvebiT aRwereT dakvirvebis Sedegad SemCneuli cvlilebe­
bi.

cdis analizi:   mravali qandakebis ZiriTadi Semadgeneli nawili kirqvaa, 
romelic umTavresad  kalciumis karbonatisgan Sedgeba. es ukanaskne­
li, rogorc susti mJavas marili, mJava wvimebis gavleniT  qimiurad 
gardaiqmneba. mJava wvima formirdeba  atmosferoSi. amas ganapirobebs 
haerSi sxvadasxva gamonabolqvi airis (azotis oqsidebi da gogirdis 
dioqsidi) urTierTqmedeba wyalTan da JangbadTan, ris Sedegadac war­
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moiqmneba mJavebi. mJava wvima uaryofiT gavlenas axdens mcenareebsa da 
cxovelebze, gansakuTrebiT Tevzebze. mocemul eqsperimentSi moswav­
les saSualeba aqvs mJava wvimis mavne zegavlena dainaxos kirqvis maga­
liTze. mJavebSi kirqva gaixsneba, gamoiyofa naxSirbadis dioqsidi da 
warmoiqmneba sxva marili. 
kalciumis karbonati sufTa wyalSi uxsnadia, amitom moswavles am maga­
liTze SeiZleba isic  aCvenoT, rom Tu wvima ar Seicavs mJavebs,  maSin 
is ar daazianebs qandakebebs. mJava wvimebis zemoqmedebiT qandakebebis 
dazianeba qimiuri movlenis kargi magaliTia.
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cda 3.  qromatografia

Sedegi:  bun.VII.13 moswavles SeuZlia xsnarebis Taviseburebebis Sesaxeb 
msjeloba.

indikatori:
yy aRwers narevisgan komponentebis gamoyofis xerxs (mag., distili­

reba, aorTqleba/kondensireba, qromatografia). CamoTvlis wylis 
bunebrivi gafiltvris magaliTebs.

ras vikvlevT: rogor davaciloT narevis Semadgeneli komponentebi 
qromatografiis gamoyenebiT.

rekomendacia: cda CaatareT sademonstraciod.

cdis mizani: qaRaldis qromatografiiT mcenareuli pigmentebis erTma­
neTisgan dacileba.

resursebi:

saWiro WurWeli da masala: qimiuri Wiqa, 100 ml (1) F0080; sawveTuri; fa­
ifuris rodini sanayiT F0281; sinjara (1) F0177; filtris qaRaldi (1), D 
12.5 sm F0548;

nivTierebebi: acetoni an samedicino spirti (eTilis spirti); romelime 
balaxi, ispanaxi an sxva  mwvanili.

cdis mimdinareoba:

yy mcire raodenobis balaxi an ispanaxi an romelime  mwvanili mak­
ratliT daWeriT patara nawilebad. gadaitaneT faifuris rodin­
ze;



42

yy daamateT acetonis an samedicino spirtis 4-5 ml da  sanayiT kar­
gad gasriseT. daayovneT ramdenime wuTi;

yy Seferili siTxe frTxilad gadaitaneT/gadawureT sinjaraSi;

yy nebismieri zomis qimiuri Wiqis zedapirze moaTavseT filtris qa­
Raldi. sawveTuris gamoyenebiT erTi wveTi eqstraqti daawveTeT 
filtris qaRaldis centrSi. dakvirvebis Sedegebi SeitaneT labo­
ratoriul oqmSi;

yy daacadeT siTxes, daasrulos gavrceleba da kidev daamateT wve­
Ti;

yy ase gaimeoreT drois garkveuli intervaliT (imdeniT, ramdenic 
saWiroa siTxis gavrcelebisTvis) 3-4 jer;

yy filtris qaRaldze ganTavsebul eqstraqts garkveuli drois Sem­
deg kidev daamateT ramdenime wveTi acetoni an eTanoli.

yy cdis mimdinareoba da dakvirvebis Sedegebi SeitaneT oqmSi.

cdis analizi: qromatografia narevebis dayofis erT-erTi Tanamedrove 
meTodia, romelic STanmTqmel zedapirze gamxsnelSi gaxsnili  kompo­
nentebis sxvadasxva siCqariT gadaadgildebas emyareba.   zogadad, qro­
matografiis saSualebiT SesaZlebelia iseTi komponentebis dacileba, 
romlebic  raime zedapiriT   sxvadasxvagvarad STainTqmeba. mcenareeb­
Si Semaval pigmentebs sxvadasxva feri aqvT da  filtris  qaRaldi maT 
sxvadasxvagvarad STanTqavs.  mocemul cdaSi eTilis spirtis gamoyene­
biT mcenaridan gamowvliluli komponentebi filtris qaRaldze  sxva­
dasxva siCqariT gadaadgildeba da  rgolis formis  laqebs tovebs. 
sxvadasxva komponenti sxvadasxva manZilze gadaadgildeba, amitom  sxva­
dasxva diametris rgolebi miiReba.
 qaRaldis qromatografia aris am meTodis gamoyenebis martivi magali­
Ti. sTxoveT moswavleebs, internetSi moiZion da Tanaklaselebs wa­
rudginon informacia qromatografiis sxva meTodebis da maTi gamoye­
nebis Sesaxeb.
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cda 4.  fizikuri da qimiuri movlenebi

Sedegi:  bun.VII.11. moswavles SeuZlia martivi qimiuri reaqciebis aRwe­
ra

indikatori:
	 cdis procesSi akvirdeba fizikuri da qimiuri movlenebis ga­
regnul niSnebs, monacemebs warmoadgens cxrilis saxiT da msjelobs 
maT (fizikur da qimiur movlenebs) Soris gansxvavebebis Sesaxeb.

ras vikvlevT:  ra gansxvavebaa fizikur da qimiur movlenebs Soris.

rekomendacia:  cda CaatareT jgufurad. TiToeuli jgufi atarebs er­
Tsa da imave cdas.

cdis mizani:  nivTierebaTa cvlilebebze dakvirveba da fizikuri an qi­
miuri movlenebisadmi maTi mikuTvneba.

resursebi (erTi jgufisaTvis):

saWiro WurWeli da masala: sinjarebi (4) F0177 ; sinjarebis sadgami (1) 
F0114; sinjarebis damWeri (1) F0577; spirtqura F0300; bamba; Spateli; 
damcavi saTvaleebi;

nivTierebebi: 5 g Saqris kristalebi; yinulis natexebi; 5 g sasmeli so­
dis (natriumis bikarbonatis) kristalebi; 15 ml wyali; 15 ml Zmari.

cdis mimdinareoba:
yy moaTavseT sinjarebi sinjarebis sadgamSi da danomreT 1-dan 

4-mde. moaTavseT maTSi  yinulis natexebi, Saqari, wyali,  Zmari. 
oqmSi CaiwereT sinjaris nomrebi da miuTiTeT, romel sinjaraSi 
ra nivTierebaa.

yy aanTeT spirtqura. pirvel da meore sinjaras gaukeTeT bambis sa­
cobi. 

yy  jer gaacxeleT yinulis natexebiani sinjara: daiWireT sinjara 
damWeriT da gaacxeleT. gacxeleba ganagrZeT  yinulis gadnobam­
de.

yy Semdeg gaacxeleT meore sinjara, romelSic moTavsebulia Saq­
ris kristalebi. gacxeleba gaagrZeleT iqamde, vidre ar SeamCnevT 
cvlilebebs. dakvirvebis Sedegebi SeitaneT laboratoriul oqm­
Si.

yy sinjarebis sadgamSi moTavsebul #3 da #4 sinjarebSi SpateliT 
CayareT mcire raodenobiT sasmeli sodis (natriumis bikarbona­
tis) kristalebi.

yy daakvirdiT cvlilebas sinjarebSi.
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yy cdis mimdinareoba da Sedegebi SeitaneT oqmSi.

yy gaaanalizeT miRebuli Sedegebi da maT safuZvelze gansazRvreT, 
romel movlenas miakuTvnebT ama Tu im sinjaraSi momxdar cvli­
lebas da ratom?  

cdis analizi:  movlenebi iyofa fizikur da qimiur movlenebad. fiziku­
ri movlenebis dros nivTierebis Sedgeniloba rCeba igive, icvleba mxo­
lod misi garegnuli forma. qimiuri movlenebis dros miiReba axali 
nivTiereba. mocemul cdaSi, # 1 sinjaraSi yinuli mxolod dneba, yinu­
lis dnoba fizikuri movlenaa da axali nivTiereba ar miiReba. #2 sin­
jaraSi moTavsebuli Saqari jer dneba (fizikuri movlena), Semdeg nel-
nela icvlis fers da Savdeba (qimiuri movlena). analogiurad, #3 sin­
jaraSi moTavsebul sasmel sodaze wylis damatebisas soda gaixsneba 
(fizikuri movlena). am etapze SegiZliaT hidrolizis movlena ar gaiT­
valiswinoT.  #4 sinjaraSi sasmel sodasTan Zmari Sedis qimiur reaqci­
aSi, gamoiyofa airi da warmoiqmneba axali marili.
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cda 5.  qimiuri reaqciis niSnebi

Sedegi:  bun.VII.11. moswavles SeuZlia martivi qimiuri reaqciebis aRwera

indikatori:
yy atarebs cdebs nivTierebebis fizikuri da qimiuri cvlilebebis 

(mag., agregatuli mdgomareobis Secvla, formis Secvla, nivTi­
erebis gaxsna, airis gamoyofa, feris Secvla) gamosakvlevad da 
msjelobs am cvlilebebis gamomwvev mizezebze (mag., gacxeleba, 
Sereva, dawva, meqanikuri zemoqmedeba);

yy atarebs cdebs da akvirdeba qimiuri reaqciebis Sedegad axali niv­
Tierebebis warmoqmnas;

yy ikvlevs mJavaTa monawileobiT mimdinare martiv reaqciebs, ro­
melTa erT-erTi produqti gazia.

ras vikvlevT:  ra garegnuli niSnebi axlavs qimiur reaqcias.

rekomendacia:  cda CaatareT jgufurad. sasurvelia CamoTvlili cde­
bidan sxvadasxva jgufs misceT sxvadasxva davaleba. TiToeulma jguf­
ma miRebuli monacemebi Seitanos cxrilis Sesabamis grafebSi. cdis bo­
los Sedegebi warmoadginon erTiani saxiT. 

cdis mizani: sxvadasxva sayofacxovrebo nivTierebis da xsnarebis erT­
maneTTan urTierTqmedebis Tanamdevi garegnuli niSnebis kvleva.

resursebi (erTi jgufisaTvis):

saWiro WurWeli da masala:  qimiuri Wiqa, 100 ml (5) F0080; minis  wkiri 
(5) F0050;

nivTierebebi: 50 ml  mawoni; 50 ml  rZe; kartofilis naWeri; 40 ml  li­
monis wveni; 20 g soda; 10-20 mlZmari; 1 sanTeli; asanTi; iodis 10 %-iani 
spirtxsnaris ramdenime wveTi; 5 g Saqari; 150 ml  wyali.

cdis mimdinareoba:
yy kartofili gaTaleT da patara naWerze daawveTeT ramdenime wve­

Ti iodis 10 %-iani spirtxsnari. daakvirdiT cvlilebas da Seita­
neT winaswar momzadebul laboratoriul oqmSi.

yy 50 ml  mawoni CaasxiT WiqaSi da SpateliT daumateT  daaxloebiT 5 
g soda. mourieT wkiriT. dakvirvebis Sedegebi SeitaneT cxrilSi.

yy aanTeT asanTi da moukideT sanTels. daakvirdiT asanTis da sanT­
lis cvlilebebs da Sedegebi SeitaneT cxrilSi.

yy mcire raodenobiT,  daaxloebiT 5 g soda CayareT qimiur WiqaSi, 
daasxiT,  50 ml wyali da daumateT 10-20 ml Zmari. dakvirvebis 
Sedegebi SeitaneT cxrilSi.
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yy WiqaSi CaasxiT 50 ml wyali da SpateliT CayareT 5 g Saqari. mouri­
eT wkiriT Saqris srul gaxsnamde. dakvirvebis Sedegebi SeitaneT 
cxrilSi.

yy WiqaSi SpateliT CayareT mcire raodenobiT, daaxloebiT 10 g  so­
da, ise, rom dafaros Wiqis fskeri da daasxiT  20 ml limonis wve­
ni. dakvirvebis Sedegebi SeitaneT cxrilSi.

yy WiqaSi CaasxiT 50 ml rZe, daamateT 20 ml  limonis wveni. mourieT 
wkiriT. daakvirdiT reaqciis mimdinareobas. cdis mimdinareoba da 
Sedegebi SeitaneT cxrilSi.

SeniSvna: wkirebis saWiro raodenobis arqonis SemTxvevaSi, yoveli gamo­
yenebis Semdeg wkiri kargad garecxeT da ise gamoiyeneT Semdeg etapze.

procesi airis ga­
moyofa

naleqis 
gamoyo­

fa

sunis 
warmo­
qmna

sinaT­
lis gam­
oyofa

feris 
cvli­
leba

cvli­
leba ar 
SeimCneva

karto­
filze 
iodis mo­
qmedeba

mawvnis 
Sereva so­
dasTan

sanTlis 
wva

sodiani 
wylis 
Sereva 
ZmarTan

Saqris 
gaxsna wy­
alSi

sodaze 
limonis 
wvenis 
damateba

rZeze 
limonis 
wvenis 
damateba

cxrilis Sesabamis ujraSi dasviT niSani X.
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cdis analizi:  qimiuri reaqciebis mimdinareobas axlavs sxvadasxva ga­
regnuli niSani, romelic migvaniSnebs, rom qimiuri reaqcia namdvilad 
moxda. mocemul cdaSi kartofilze iodis moqmedebiT miiReba lurji 
feris laqa. rogorc cnobilia, kartofili didi raodenobiT Seicavs 
saxamebels, romelzec iodis moqmedebiT miiReba lurji Seferiloba. 
feris cvlileba aris erT-erTi niSani, ris mixedviTac moswavles SeuZ­
lia imsjelos qimiuri reaqciis mimdinareobaze. mawonze sodis moqme­
debiT mimdinareobs reaqcia, romelzec moswavles mianiSnebs airis buS­
tukebis gamoyofa. aseve airis gamoyofiT mimdinareobs sodis urTier­
Tqmedeba ZmarTan da limonis wvenis moqmedeba sodaze. samive SemTxve­
vaSi  sakveb produqtebSi Semavali mJava moqmedebs marilTan, rasac 
axlavs naxSirorJangis gamoyofa. rac Seexeba sanTlis da asanTis wvas, 
aq qimiuri reaqciis garegnuli niSnebia sinaTlis da siTbos gamoyofa. 
rZeze limonis wvenis moqmedebiT gamoiyofa TeTri feris naleqi, rome­
lic moswavles mianiSnebs rZis SemadgenlobaSi Semavali nivTierebebsa 
da limonis wvens Soris mimdinare qimiur reaqciaze.  Saqris wyalSi gax­
snisas raime garegnuli niSani ar SeimCneva, anu am SemTxvevaSi qimiuri 
reaqcia ar moxda. amis dasamtkiceblad damatebiT SegiZliaT aaorTq­
loT Saqriani wyali da moswavleebs aCvenoT  Saqris kristalebi. mianiS­
neT moswavleebs, rom  qimiuri reaqciis mimdinareobisTvis aucilebeli 
pirobaa nivTierebaTa urTierTSexeba, Tumca  zogjer es ar aris sakma­
risi da saWiroa damatebiTi pirobis Seqmna, magaliTad, gacxeleba, an­
Teba, gaxureba da sxv.
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cda 6.  nivTierebaTa xsnadoba sxvadasxva siTxeSi

Sedegi:  bun.VII.13. moswavles SeuZlia xsnarebis Taviseburebebis Sesaxeb 
msjeloba.

indikatori:
yy atarebs cdebs da ganasxvavebs nivTierebebs wyalSi xsnadobis mi­

xedviT.

ras vikvlevT:  ixsneba Tu ara erTidaigive nivTiereba sxvadasxva gamxs­
nelSi.

rekomendacia:  cda CaatareT sademonstraciod.

cdis mizani: gamxsnelisa da gaxsnili nivTierebis bunebaze nivTierebe­
bis xsnadobis damokidebulebis Seswavla.

resursebi:

saWiro WurWeli da masala: sinjarebi (9) F0176; sinjarebis sadgami (1) 
F0579; sazomi cilindi 10 ml (3) F0178; saswori F0285; sinjarebis zomis 
Sesabamisi rezinis sacobebi.

nivTierebebi:1 g sufris marili (natriumis qloridi); 1 g Saqari; 1 g 
carcis fxvnili (kalciumis karbonati); 10 ml samedicino spirti; 10 ml 
mcenareuli zeTi; 10 ml gamoxdili wyali. 

cdis mimdinareoba:
yy danomreT sinjarebi 1-dan 9-mde. sazomi cilindis gamoyenebiT Ca­

asxiT sinajarebSi 10-10 ml siTxe Semdegi SesabamisobiT: wyali 
- ## 1, 2, 3,  sinjarebSi;  samedicino spirti - ## 4, 5, 6,  sin­
jarebSi;  mcenareuli zeTi - ## 7, 8, 9, sinjarebSi. TiToeuli 
siTxisTvis gamoiyeneT sufTa sazomi cilindri.

yy winaswar awonili zemoT CamoTvlili myari nivTierebebi cal-cal­
ke CayareT wylian sinjaraSi. moargeT sinjarebs sacobebi da Sean­
jRrieT. daayovneT ramdenime wuTi. 

yy igive procedura gaimeoreT da gamxsnelad gamoiyeneT samedicino 
spirti da  mcenareuli zeTi.

yy dakvirvebis Sedegebi da cdis mimdinareoba SeitaneT cxrilSi.
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myari nivTiereba xsnadoba wyalSi xsnadoba samed­
icino spirtSi

xsnadoba 
mcenareul zeTSi

sufris marili

Saqari

carcis fxvnili

cdis analizi:  sxvadasxva nivTierebis xsnadoba gansxvavebulia sxvadasxva 
gamxsnelSi da damokidebulia rogorc gaxsnili nivTierebis, aseve 
gamxsnelis bunebaze. aucilebelia gaiTvaliswinoT, rom rodesac 
vlaparakobT gamxsnelis da gaxsnili nivTierebis bunebaze, nivTiereba 
da gamxsneli ise unda SearCioT, rom maT Soris ar xdebodes qimiuri 
urTierTqmedeba. 
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cda 7.  xsnarebi

Sedegi - bun.VII.13. moswavles SeuZlia xsnarebis Taviseburebebis Sesaxeb 
msjeloba.

indikatori:
yy cdebis safuZvelze adgens, rom xsnaris masa gamxsnelisa da ga­

saxsneli nivTierebebis masebis jamis tolia (mag., Tu 5 g marils 
gaxsnian 200 g wyalSi, miRebuli xsnaris masa iqneba 205 g);

yy gegmavs, atarebs cdas da adgens nivTierebaTa gaxsnis procesze 
moqmed faqtorebs (mag., temperatura, gamxsnelisa da gaxsnili 
nivTierebis raoba da masa, nawilakebis zoma, moreva). Sedegebs 
warmoadgens cxrilis saxiT.

ras vikvlevT:  ra faqtorebi axdenen gavlenas myari nivTierebis gaxsnis 
procesze.

rekomendacia: cda moicavs ramdenime etaps, amitom, Tqveni survilis 
mixedviT, cda SegiZliaT gayoT or nawilad.  cda CaatareT jgufurad. 
SesaZlebelia sxvadasxva jgufma Caataros cdis sxvadasxva nawili.
SeniSvna:  cdis meore nawilSi  dgindeba sxvadasxva faqtoris gavlena 
gaxsnis procesze.  CamonaTvalSi aseTi 6 faqtoria.  SeiZleba TiTo 
jgufs   erTze meti  faqtoris gavlenis Seswavla mouxdes, rasac  erTi 
gakveTili ar eyofa. SesaZlebelia sakiTxis Seswavlas ori gakveTili 
daeTmos an moswavleebs daevaloT cdebis saxlSi Catareba da miRebuli 
Sedegebis  Semdeg gakveTilze warmodgena.

cdis mizani:  pirveli nawili: xsnaris masis damokidebulebis Seswavla  
gamxsnelisa da gasaxsnelis nivTierebebis masebze;  meore nawili: gaxs­
nis procesze temparaturis, gasaxsneli nivTierebis bunebis, masis, na­
wilakebis zomis da morevis   gavlenis Seswavla.

resursebi:

saWiro WurWeli da masala: qimiuri Wiqebi 250 ml-ani  (2) F0083; sazomi 
cilindri, 200 ml-ani (1) F0183; saswori F0285; spirtqura F0300; minis 
wkirebi.

nivTierebebi: Saqris kristalebi,  50 g;  Saqris natexebi, TiTo natexi;  
carcis fxvnili, 5 g; wyali 1l.

cdis mimdinareoba:

yy pirveli nawili

cdis mizani: gamxsnelisa da gasaxsneli nivTierebebis masebze xsnaris 
masis damokidebulebis Seswavla.  



51

	sasworze awoneT daaxloebiT 5 grami Saqari. CawereT zusti mona­
cemi laboratoriul oqmSi. 

	250 ml-ian qimiur WiqaSi CaasxiT daaxloebiT 150 ml wyali. awoneT 
wyliani Wiqa da CaiwereT monacemi. gaiTvaliswineT, rom wylis 
simkvrive 1g/ml-is tolia. e.i. 1 ml wylis masa aris 1g. 

	Saqari CayareT wylian WiqaSi. kargad mourieT wkiriT srul gaxs­
namde da kvlav awoneT. CaiwereT monacemebi cxrilSi.

	cdis monacemebis mixedviT ra mimarTebaa xsnaris masasa da gamxs­
nelisa da gasaxsneli nivTierebebis masebs Soris?

yy meore nawili

a) cdis mizani: temperaturaze nivTierebis gaxsnis drois  damokidebu­
lebis Seswavla.

mudvivi sidideebi: gasaxsneli nivTierebis raoba da raodenoba, gamxsne­
lis  raoba da moculoba, Wiqis zoma, morevis intesivoba,  Saqris nawi­
lakebis zoma.  

damoukidebeli cvladi : wylis temperatura.

damokidebuli cvladi: gasaxsneli nivTierebis sruli gaxsnis dro.

	aiReT 2 cali 250 ml-iani qimiuri Wiqa. erTSi CaasxiT 150 ml oTa­
xis temparaturis wyali, xolo meoreSi imave raodenobis, daaxlo­
ebiT, 60OC-mde gacxelebuli wyali. orive WiqaSi erTdroulad Ca­
uSviT erTjeradi Cais paketi da daakvirdiT Seferilobis warmoq­
mnis dros. CainiSneT dro paketis WiqaSi CaSvebidan Seferilobis 
warmoqmnamde   da dakvirvebis Sedegebi SeitaneT oqmSi.

	gaaanalizeT dakvirvebis Sedegebi da gamoitaneT daskvna.

b) cdis mizani:  gaxsnis drois  damokidebuleba gasaxsneli nivTierebis 
raodenobaze.

mudmivi cvladebi: wylis temperatura, wylis moculoba, Wiqis zoma, mo­
revis intensivoba, Saqris nawilakebis zoma. 

damoukidebeli cvladi: Saqris raodenoba/masa. 

damokidebuli cvladi: gasaxsneli nivTierebis sruli gaxsnis dro.

aiReT 2 cali 250 ml-iani qimiuri Wiqa. erTSi CayareT daaxloebiT 5 
grami Saqari, xolo meoreSi ki - oTxjer meti (daaxloebiT 20 grami). 
daamateT erTi da imave raodenobis wyali (150 ml). orive SemTxvevaSi 
erTnairi intensivobiT mourieT wkiriT Saqris srul  gaxsnamde.
	daakvirdiT gaxsnis procesebs, orive SemTxvevaSi CainiSneT more­

vis dro  Saqris srul gaxsnamde da Sedegebi SeitaneT oqmSi.

	gaaanalizeT dakvirvebis Sedegebi da gamoitaneT daskvna.
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g) cdis mizani:  gasaxsneli nivTierebis nawilakebis zomaze gaxsnis dro­
is  damokidebulebis Seswavla.

mudvivi sidideebi:wylis temperatura, wylis moculoba, Wiqis zoma, mo­
revis intesivoba, Saqris raodenoba/masa.

damoukidebeli cvladi : Saqris nawilakebis zoma.

damokidebuli cvladi:  gasaxsneli nivTierebis gaxsnis dro.

	awoneT Saqris 1 natexi. CaiwereT monacemi. awoneT imave masis Saq­
ris fxvnili. erT    250 ml-ian WiqaSi moaTavseT awonili Saqris 
natexi, meoreSi _ Saqris fxvnili. daamateT erTi  da imave raode­
nobis oTaxis temperaturis wyali. mourieT wkiriT Saqris srul 
gaxsnamde. TiToeuli SemTxvevisTvis CainiSneT sruli gaxsnis  
dro. monacemebi  SeitaneT oqmSi.

	gaaanalizeT dakvirvebis Sedegebi da gamoitaneT daskvna.

d) cdis mizani:  morevaze/morevis intensivobaze gaxsnis drois  damoki­
debulebis Seswavla.

mudvivi cvladebi: wylis temperatura, wylis moculoba, Wiqis zoma,  
Saqris raodenoba/masa, Saqris nawilakebis zoma.

damoukidebeli cvladi:  morevis intensivoba.

damokidebuli cvladi:   gasaxsneli nivTierebis  sruli gaxsnis dro.

	250 ml-ain 2 qimiur WiqaSi CayareT erTi da imave raodenobis/ma­
sis, daaxloebiT 5 grami Saqris fxvnili/kristalebi. daamateT er­
Ti da imave raodenobis wyali. erTi Wiqa dadgiT morevis gareSe 
da daayovneT Saqris srul gaxsnamde.  meore Wiqas ki  wkiriT in­
tensiurad mourieT Saqris srul gaxsnamde.

	orive SemTxvevaSi daafiqsireT Saqris sruli gaxsnisTvis saWiro 
dro. monacemebi  SeitaneT oqmSi.

	gaaanalizeT dakvirvebis Sedegebi da gamoitaneT daskvna.

	SeniSvna: SesaZlebelia, xsnars orive SemTxvevaSi mourioT, magram 
sxvadasxva intensivobiT da daakvirdeT  morevis intensivobis gav­
lenas gaxsnis  procesze.

e) cdis mizani - nivTierebis raobaze gaxsnis drois damokidebulebis 
Seswavla.
mudmivi  cvladebi:  wylis temperatura, wylis moculoba, Wiqis zoma, 
Saqris da carcis masa, nawilakebis zoma, morevis intensivoba.

damoukidebeli cvladi:  gasaxsneli nivTierebebi.

damokidebuli cvladi:  gasaxsneli nivTierebebis (am kerZo SemTxvevaSi, 
erT-erTis)  sruli gaxsnis dro.
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	250 ml-ian or qimiur WiqaSi cal-calke CayareT  erTi da imave rao­
denobis/masis Saqris kristalebi da kargad gafxvierebuli carcis 
fxvnili. daamateT erTi da imave raodenobis wyali. mourieT wkiriT 
Saqris srul gaxsnamde. dakvirvebis Sedegebi SeitaneT oqmSi.

	gaaanalizeT dakvirvebis Sedegebi da gamoitaneT daskvna.

monacemTa cxrili pirveli nawilisaTvis

Saqris masa wyliani Wiqis masa Wiqis masa Saqriani wyliT

monacemTa cxrili meore nawilisaTvis

tempera­
turis 
gavlena 
gaxsnis 
procesze

nivTiere­
bis masis 
gavlena 
gaxsnis 
procesze

nawilakis 
zomis 
gavlena 
gaxsnis 
procesze

morevis 
gavlena 
gaxsnis 
procesze

nivTiere­
bis bunebis 
gavlena 
gaxsnis 
procesze

dakvir­
vebis Se­
degi
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fizika

VII klasi

cda 1. urTierTqmedeba nivTierebis Semadgenel nawilakebs Soris	
cda 2. magdeburgis naxevarsferoebi	
cda 3. paskalis sfero	
cda 4. wneva airSi	
cda 5. arqimedes Zala	
cda 6. ziarWurWlis kanoni	
cda 7. myari sxeulebisa da siTxeebis simkvrivis gansazRvra	
cda  8. difuziis movlena siTxeebSi	
cda  9. hukis kanoni, zambaris sixiste 	
cda  10. erTi wrfis gaswvriv mimarTuli Zalebis Sekreba	 	
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VII klasi,  fizikuri movlenebi

cda 1.  urTierTqmedeba nivTierebis Semadgenel  
 nawilakebs Soris

Sedegi esg-dan: fiz.VII.8.  moswavles SeuZlia nivTierebis atomur- mo­
lekuluri struqturis aRwera.

indikatori esg-dan: aRwers movlenebs, romlebic mianiSneben  nivTie­
rebis atomur- molekulur agebulebas. 

cdis organizacia: moswavleebi muSaoben jgufurad*.

ras vikvlevT: urTierTqmedeben Tu ara sxvadasxva nivTierebis mole­
kulebi erTmaneTTan?

cdis mizani: sxvadasxva nivTierebis molekulebs Soris  urTierTqme­
debis demonstrireba.

cdisTvis saWiro xelsawyoebi:  
1)	minis (an organuli minis) firfita;
2)	plastmasis abazana  (kodi F0459);
3)	dinamometri  (F0203);

cdis msvleloba:
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1)	aiReT iseTi zomis minis firfita, rom eteodes plastmasis aba­
zanaSi;

2)	CaasxiT abazanaSi wyali;
3)	minis firfita CamokideT dinamometris kauWze da daimaxsovreT 

dinamometris Cveneba;
4)	CauSviT minis firfita  plastmasis abazanaSi ise, rom minis fir­

fitis qveda zedapiri mTlianad wyalSi iyos CaZiruli, daakvir­
diT dinamometris Cvenebas da SeadareT mis sawyis Cvenebas;

5)	nela aswieT  dinamometri zeviT, sanam minis firfita ar mowyde­
ba wylis zedapirs. awevis procesSi daakvirdiT dinamometris 
Cvenebas da SeadareT mis sawyis Cvenebas.

cdis analizi:  dinamometris sawyisi Cveneba firfitis wonis tolia. 
firfitis wyalSi CaSvebisas dinamometris Cveneba Semcirdeba arqime­
des Zalis moqmedebis gamo. firfitis zeviT awevisas dinamometris 
Cveneba iwyebs zrdas, gautoldeba sawyis Cvenebas da agrZelebs zrdas. 
firfitis wylis zedapiridan  mowyvetis momentSi dinamometris Cvene­
ba mis sawyis Cvenebaze sagrZnoblad meti iqneba. dinamometris Cvenebis 
gazrda gamoiwvia minisa da wylis molekulebis urTierTmizidvis Za­
lam. amrigad, cda migvaniSnebs rogorc nivTierebis molekulur aRna­
gobaze, aseve molekulebs Soris urTierTmizidvis Zalebis arseboba­
ze.

rekomendacia: firfita SegiZliaT gamoaWrevinoT moswavleebs organu­
li minidan. gamodgeba Cveulebrivi minis natexic, oRond gverdebi 
qlibiT moagluveT, rom cdis dros vinmem xeli ar gaiWras. firfitas 
gardigardmo SemoakariT zonari, romlis bolo unda Camoikidos dina­
mometris kauWze.

internetresursi:. youtube.com/watch?v=P_RQuRzp7SE 

*) Tu araa miTiTebuli, maSin jgufSi igulisxmeba 4-5 moswavle.
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cda 2.  magdeburgis naxevarsferoebi

Sedegi:  fiz.VII.10. moswavles SeuZlia  wnevis daxasiaTeba.

indikatori: atarebs cdebs atmosferuli wnevis moqmedebis gamosav­
lenad.                                                        

cdis organizacia: jgufuri samuSao.                                                                              

ras vikvlevT : ramdenad didia atmosferuli wneva da  rogor Sevafa­
soT atmosferuli wneviT gamowveuli Zala.

cdis mizani: atmosferuli wnevis demonstrireba da atmosferuli wne­
viT gamowveuli Zalis Sefaseba.

cdisTvis saWiro xelsawyoebi:  
1)	 magdeburgis naxevarsferoebi (F6600)
2)	 vakuumuri tumbo (F0464)
3)	 rezinis mili (F0465)

cdis msvleloba:  
1)	erT-erT naxevarsferos aqvs onkani, romelic rezinis miliT un­

da SeuerToT vakuumur tumbos;
2)	gaxseniT onkani da naxevarsferoebi mWidrod miadeT erTmaneTs;
3)	sTxoveT erT-erT moswavles vakuumuri tumboTi amotumbos hae­

ri naxevarsferoebidan;
4)	daketeT onkani da CaxseniT tumbosTan SemaerTebeli mili;
5)	aCveneT, rom naxevarsferoebi ise mWidrod arian mikruli erTma­

neTTan, rom maTi daSoriSoreba xeliT SeuZlebelia;
6)	gaxseniT onkani da aCveneT, rom naxevarsferoebi TavisiT daSor­

debian erTmaneTs.

cdis analizi: amotumbvamde wneva naxevarsferoebis SigniT da maT ga­
reT erTnairi iyo da udrida atmosferul 0P  wnevas. haeris amotumbvis 
Semdeg wneva naxevarsferoebis SigniT P mniSvnelovnad Semcirda, gaCn­
da wnevaTa sxvaoba 0P P−  naxevarsferoebis gare da Sida zedapirebs 
Soris. am wnevaTa sxvaobis namravli naxevarsferoebis zedapirebis far­
Tobze gvaZlevs im Zalas, romliTac naxevarsferoebi miekro erTma­
neTs. onkanis gaxsnisas naxevarsferoebis SigniT Sedis haeri, wnevebi 
Tanabrdeba da naxevarsferoebi TavisiT Sordeba erTmaneTs.  cdis Se­
degi ufro damajerebli iqneba, Tu daurTavT raodenobriv Sefasebas.  
naxevarsferoebis radiusebi daaxloebiT 4 sm-ia (gazomeT!), xolo tum­
boTi wnevas Tu SevamcirebT 0.5 0P -mde, maSin naxevarsferoebis dasaSo­
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riSoreblad saWiro Zala iqneba:  2
0 0( ) 0.5 4F P P S P rπ= − = ⋅ ≈ 1 kn. cxa­

dia, aseTi Zalis ganviTareba Cveulebriv adamians ar SeuZlia.
rekomendacia:  atmosferuli wnevis demonstrireba SeiZleba martivi 
yofiTi eqsperimentiT - drekadi gamWvirvale miliT  WurWlidan 
wylis gadmosxmiT. 
swored atmosferuli wnevis gavleniT adis siTxe milSi, roca mis me­
ore bolos mWidrod mividebT tuCebze da Rrmad SevisunTqavT haers.

internetresursi:   http://youtu.be/k1-XLjACzss
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cda 3.  paskalis sfero

Sedegi: fiz.VII.10.  moswavles SeuZlia  wnevis daxasiaTeba.
indikatori:  atarebs cdebs da akvirdeba siTxeebsa da airebSi wnevis 
ganawilebas, dakvirvebis Sedegebs  aanalizebs da gamoitans Sesabamis 
daskvnebs.
ras vikvlevT:  rogoraa ganawilebuli WurWelSi zedapiruli ZalebiT 
gamowveuli wneva.
cdis organizacia: jgufuri samuSao.
cdis mizani: paskalis kanonis demonstrireba. 
cdisTvis saWiro xelsawyoebi:  

1.	paskalis sfero (F6900)
paskalis sfero warmoadgens naxvretebian sferos, romelic  SeerTe­
bulia tumbosTan. 

cdis msvleloba:  
1)	aavseT sfero wyliT; 
2)	tumbos saSualebiT SeqmeniT wneva sferos SigniT. aCveneT, rom 

sferos naxvretebidan wylis Wavlebi erTnairi siZlieriT gamo­
ityorcneba.  

cdis analizi:  tumboze dawolisas sferoSi moTavsebul wyalze moqme­
debs zedapiruli ZalebiT gamowveuli wneva, romelic Tanabrad gadae­
cema yvela mimarTulebiT (paskalis kanoni). amitom yoveli naxvreti­
dan, miuxedavad misi mdebareobisa, wylis erTnairi Wavli gamoityorc­
neba, rac pirdapir adasturebs paskalis kanons. Sedarebis mizniT Se­
giZliaT aCvenoT, rom simZimis ZaliT gamowveuli wneva (hidrostati­
kuri wneva) araa erTnairi sxvadasxva wertilSi: Tu sferodan wyali 
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gamoedineba tumbos moqmedebis gareSe (mxolod simZimis Zalis gavle­
niT), maSin Wavlis gamodinebis siCqare miT naklebi iqneba, rac ufro 
maRlaa  naxvreti. 

rekomendacia:  cda ufro efeqturi iqneba, Tu moaxerxebT mis Catare­
bas Seferili airiT (kvamliT), radgan am dros simZimis ZaliT gamowve­
uli wneva umniSvneloa da Wavlebi TiTqmis ar gansxvavdeba erTmane­
Tisgan, miuxedavad naxvretebis mdebareobisa.

internetresursi:  www.youtube.com/watch?v=2AzUOQcOgyg
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cda 4.  wneva airSi

Sedegi: fiz.VII.10.  moswavles SeuZlia  wnevis daxasiaTeba.

indikatori: atarebs cdas atmosferuli wnevis moqmedebis gamosavle­
nad, aanalizebs da gamoaqvs  Sesabamisi daskvnebi.

cdis organizacia: jgufuri samuSao.

ras vikvlevT:  rogor SeiZleba gavberoT sahaero buSti.

cdis mizani: airSi wnevis warmoqmnis meqanizmis  demonstrireba

cdisTvis saWiro xelsawyoebi:  
1)	vakuumuri tumbo (F0464);
2)	zarxufi (F0258);
3)	rezinis mili (F0465);
4)	sahaero buSti.
5)	

cdis msvleloba:  
1)	aiReT sahaero buSti, odnav CabereT da mWidrod moukariT Tavi;
2)	moaTavseT buSti zarxufis qveS;
3)	zarxufis onkani rezinis miliT SeuerTeT vakuumtumbos;
4)	gaxseniT onkani da daiwyeT  haeris gamotumbva zarxufidan; 
gaamaxvileT moswavleTa yuradReba imaze, Tu rogor ibereba zarxu­

fis qveS moTavsebuli sahaero buSti zarxufidan haeris gamotum­
bvisas. aq aucileblad  gaakeTeT SeniSvna, rom Turme burTis ga­
saberad sulac araa aucilebeli masSi haeris Catumbva!

5)	 CaxseniT mili da aCveneT, rom buStma daibruna pirvandeli forma. 

cdis analizi:  airis wneva ganpirobebulia airis nawilakebis dajaxebiT 
WurWlis kedlebze. rac metia  dajaxebaTa ricxvi farTis erTeulze 
drois erTeulSi, miT meti iqneba wneva. dajaxebaTa ricxvi ki miT metia, 
rac metia nawilakTa ricxvi moculobis erTeulSi (koncentracia). zar­
xufidan haeris amotumbvamde sahaero buStis Sida da gare zedapirze 
nawilakTa dajaxebebis ricxvi daaxloebiT erTnairi iyo. zarxufidan ha­
eris amotumbvis Sedegad klebulobs nawilakTa ricxvi zarxufis qveS, 
e.i. klebulobs dajaxebaTa ricxvi buStis gare zedapirze, maSin, rode­
sac dajaxebaTa ricxvi buStis Sida  zedapirze ar icvleba (buSts Tavi 
Sekruli aqvs). amdenad, wneva buStis Signidan aWarbebs wnevas garedan da 
buSti ibereba. zarxufis qveS haeris SeSvebiT dajaxebaTa ricxvi gaTa­
nabrdeba da buStic aRidgens pirvandel formas _ daiCuteba.

rekomendacia: cdis dasawyisSi buStSi  haeris Caberva arc dagWirde­
baT, Tu mas winaswar ramdenjerme gaberavT da daCutavT - buSti gai­
weleba da masSi sakmarisi haeri isedac iqneba.

 internetresursi:  www.youtube.com/watch?v=pCJ-jLDIt4E
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cda 5.  arqimedes Zala

Sedegi:  fiz. VII.9.   moswavles SeuZlia advilad dakvirvebadi Zalebis 
da maTi moqmedebis Sedegebis Sesaxeb msjeloba. 

indikatori:  cdebis saSualebiT akvirdeba  sxeulTa tivtivs, curvas, 
CaZirvas. aanalizebs Sedegebs da raodenobrivad ayalibebs arqimedes 
kanons.

cdis organizacia: moswavleebi wyvil-wyvilad muSaoben.

ras vikvlevT: razea damokidebuli siTxeSi CaZirul sxeulze moqmedi 
amomgdebi Zala.

cdis mizani: siTxeSi CaZirul sxeulze  amomgdebi Zalis moqmedebis aR­
moCena da am Zalis raodenobrivi Sefaseba.

cdisTvis saWiro xelsawyoebi:  
1)	asawyobi Stativis sadgami (F0586);
2)	Stativis samagri TaTi (F0108);
3)	Stativis Rero (F0194);
4)	dinamometri (F0203);
5)	sasxmeliani WurWeli;
6)	arqimedes vedro (F039)
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arqimedes vedro aris cilindruli formis WurWeli, romlis mocu­
loba masSi moTavsebuli cilindruli sxeulis moculobis tolia. am 
sxeuls gakeTebuli aqvs kauWi, igi SeiZleba amoviRoT WurWlidan da 
kauWiT CamovkidoT WurWelze. Tavis mxriv, WurWels orive boloze 
aqvs mavTulis naxevarrgolebi kauWis misamagreblad da dinamometrze 
Camosakidad.

cdis msvleloba:  
1)	aawyveT Stativi, samagr TaTze CamokideT dinamometri 1, dinamo­

metrze _ cilindruli WurWeli 2 da cilindruli sxeuli 3 (nax. 
a);

2)	dinamometris CvenebiT iangariSeT WurWlisa da sxeulis sruli 
wona F

0 
da  SeitaneT cxrilSi; gaiTvaliswineT, rom dinamometri 

dagraduirebulia masis erTeulebSi. wonis gamosaTvlelad dina­
mometris Cveneba kilogramebSi unda gaamravloT 9,8 n/kg. 

3)	sasxmeliani vedro 4 bolomde aavseT wyliT, dadgiT dinamomet­
ris qveS, sasxmel tuCTan miadgiT zustad iseTive WurWeli 5, ro­
goric kidia dinamometrze (nax. b).

4)	3 cilindri CauSviT sasxmelian vedroSi ise, rom mTlianad daifa­
ros wyliT, gadmoRvrili wyali mTlianad aavsebs 5 WurWels.

5)	dinamometris Cveneba Semcirdeba da datvirTis wona  gaxdeba F
1
-

SeitaneT cxrilSi.
6)	awoneT  savse 5 WurWeli, gamoakeliT carieli WurWlis wona da 

miRebuli Sedegi FA 
SeitaneT cxrilSi.
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7)	gadaasxiT wyali 5 WurWlidan imave moculobis 2 WurWelSi da 
daakvirdiT dinamometrs - igi unda daubrundes sawyis  Cvenebas 
- F

0
-s.

8)	SeadareT erTmaneTs FA 
da F

0
-F

1
. 

cxrili

tvirTis ma­
sa, m, kg

tvirTis 
wona,F

0
, n

wona wyalSi,
 F

1
,  n

wonis 
danakargi,

F
0 

–F
1
, n

arqimedes 
Zala, FA, n

cdis analizi: siTxeSi CaZirvisas sxeuli iklebs wonaSi da `wonis dana­
kargi~ arqimedes Zalis tolia. meores mxriv, arqimedes Zala sxeulis 
mier gamodevnili wylis wonis tolia:  FA= F

0
-F

1
. cdaze arqimedes Zala 

izomeba orive xerxiT da orive Sedegi daaxloebiT erTnairia.

rekomendacia:  cilindruli WurWeli winaswar awoneT, rom gadmoRvri­
li wylis awona gagiadvildeT. cdis dasawyisSi sasxmeliani vedro ise 
gaavseT, rom cota wyali gadmoiRvaros WurWelSi, mere WurWeli da­
caleT da isev miudgiT vedros.

internetresursi:   www.youtube.com/watch?v=rpPsnUqEtW0
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cda 6.  ziarWurWlis kanoni

Sedegi:  fiz. VII.10.  moswavles SeuZlia  wnevis daxasiaTeba.

indikatori:  atarebs cdas da  xsnis ziarWurWlebis moqmedebis prin­
cips.

cdis organizacia: moswavleebi wyvil-wyvilad muSaoben.

ras vikvlevT : razea damokidebuli sxvadasxva siTxis svetis simaRlee­
bi ziarWurWlebSi.

cdis mizani: ziarWurWlis kanonis demonstrireba da misi raodenobri­
vi Sefaseba. 

cdisTvis saWiro xelsawyoebi:  

1)	 U-s magvari mili (F0128);
2)	ziarWurWeli (F0095);
3)	Seferili wyali;
4)	siTxe, romelic ar ixsneba wyalSi (zeTi, navTi, ...)
5)	milimetrebiani qaRaldi.
6)	Stativi(F0110);
7)	Stativis samagri TaTi (F0108);
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cdis msvleloba:

1)	 CaamagreT sadgamze ziarWurWeli;
2)	 CaasxiT masSi Seferili wyali;
3)	 ziarWurWlis ukan vertikalurad moaTavseT milimetrebiani qa­

Raldi. dainaxavT, rom wylis svetis simaRle samive milSi erTna­
iria. 

4)	 aawyveT Stativi.
5)	 U-s magvari mili CaamagreT Stativis TaTSi vertikalurad. 
6)	 CaasxiT U-s magvar milSi  Seferili wyali  mcire raodenobiT
7)	 marcxena muxlSi CaasxiT zeTi (an sxva siTxe, romelic ar ixsneba 

wyalSi) iseTi raodenobiT, rom zeTisa da wylis gamyofi sazRva­
riU-s magvari milis qveda wertilSi moxvdes ;

8)	 U-s magvari milis ukan vertikalurad moaTavseT milimetrebiani 
qaRaldi, aiTvaleT zeTisa da wylis svetebis simaRleebi 1 2,h h , 
Sesabamisad,  da SeitaneT cxrilSi.

9)	 CaamateT wyali marjvena muxlSi;
10)	zeTisa da wylis gamyofi sazRvari amjerad ganlagdeba marcxena 

muxlSi. am sazRvridan aiTvaleT  zeTisa da wylis svetebis si­
maRleebi 1 2,h h , Sesabamisad,  da SeitaneT cxrilSi.

11)	CaamateT zeTi  marcxena muxlSi iseTi raodenobiT, rom zeTisa 
da wylis gamyofi sazRvari  ganlagdes marjvena muxlSi. am sazR­
vridan aiTvaleT  zeTisa da wylis svetebis simaRleebi 1 2,h h , Se­
sabamisad,  da SeitaneT cxrilSi;

12)	samive SemTxvevisTvis gamoTvaleT fardoba 1 2/h h  da SeadareT 
igi fardobas 2 1/ρ ρ , sadac 1 2,ρ ρ  zeTisa da wylis simkvriveebia, 
Sesabamisad.
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zeTis 
svetis 

simaRle,

1h , mm

wylis 
svetis 

simaRle,

2h , mm

zeTis 
sim­

kvrive, 

1ρ , kg/m3

wylis 
sim­

kvrive, 

2ρ , kg/m3

1 2/h h
2 1/ρ ρ

cdis analizi: cdis pirvel nawilSi davadgenT ziarWurWlebis kanons  
erTgvarovani siTxisTvis da xazs vusvamT, rom WurWlis formas ara 
aqvs mniSvneloba.  cdis meore nawilSi vamowmebT ziarWurWlebis kanons 
sxvadasxva siTxisTvis. yuradReba gaamaxvileT im donis arCevaze, sai­
danac aiTvleba siTxis svetis simaRleebi. cxrilis bolo or svetSi 
daaxloebiT erTnairi ricxvebi unda iyos.

rekomendacia: wylis Seferva sasurvelia wylis donis mkafiod gamosa­
Cenad. amisTvis sakmarisia wyalSi erTi-ori wveTi marganecis xsnaris 
CawveTeba. simkvrivis mniSvnelobebi SeiZleba aiRoT cxrilidan, magram 
umjobesia simkvrivis gansazRvras calke laboratoriuli samuSao mi­
uZRvnaT da mere es mniSvneloba gamoiyenoT.

internetresursi:  www.youtube.com/watch?v=HaoKB6HcNqU
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cda 7.  myari sxeulebisa da siTxeebis simkvrivis gansazRvra

Sedegi:  moswavle atarebs cdebs sxvadasxva myari sxeulisa da siTxis 
simkvrivis gasazomad.

cdis organizacia: moswavleebi muSaoben wyvil-wyvilad.

cdis mizani: martivi gazomvebisTvis aucilebeli eqsperimentuli Cveve­
bis SeZena, simkvrivis gansazRvra araswori geometriuli formis sxeu­
lisTvis.

cdisTvis saWiro xelsawyoebi:  
1)	berketiani saswori (F0285);
2)	menzura (F0183);
3)	sasxmeliani Wiqa;
4)	sxvadasxva masalis kubebi (F0607);
5)	araswori geometriuli formis sxeuli.

cdis msvleloba:
1)	awoneT menzura da misi masa m SeitaneT cxrilSi;
2)	CaasxiT menzuraSi wyali, awoneT da wyliani menzuris masas gamoa­

keliT menzuris masa, miRebuli sidide (wylis masa) SeitaneT 
cxrilSi;

3)	menzuraSi Casxmuli wylis moculoba V SeitaneT cxrilSi;

4)	formuliT
M
V

ρ =
 
gamoTvaleT wylis simkvrive da SeitaneT 

cxrilSi;
5)	gaimeoreT 2, 3, 4 punqtebSi aRwerili procedurebi zeTisTvis da 

zeTis simkvrive SeitaneT cxrilSi;
6)	aiReT erTerTi kubi, gazomeT misi wibo a , gamoTvaleT misi mocu­

loba 3V a= da SeitaneT cxrilSi;
7)	awoneT kubi da misi masa 1M  SeitaneT cxrilSi;

8)	formuliT 1
1

M
V

ρ =  gamoTvaleT kubis simkvrive da SeitaneT 
cxrilSi;

9)	gaimeoreT 6, 7, 8 punqtebSi aRwerili procedurebi danarCeni ku­
bebisTvis da maTi simkvriveebi SeitaneT cxrilSi;

10)	 aiReT raime  araswori geometriuli formis sxeuli (rkinis saye­
luri, qva, ...), awoneT da misi masa 0M SeitaneT cxrilSi;

11)	 CaasxiT menzuraSi wyali da CainiSneT misi sawyisi  moculoba V ′
;

12)	 Zafze miabiT araswori geometriuli formis sxeuli, CauSviT 
menzuraSi da  CainiSneT saboloo moculoba V ′′ ;
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SeniSvna: sxeuli, menzura da wylis moculoba menzuraSi ise SearCi­
eT, rom SesaZlebeli iyos sxeulis mTlianad CaZirva wyalSi.

13)	  ipoveT sxeulis moculoba 1V V V′′ ′= − da SeitaneT cxrilSi;

14)	 formuliT 0

1

M
V

ρ = gansazRvreT araswori geometriuli formis 

sxeulis simkvrive da SeitaneT cxrilSi.

sxeuli menzuris 
masa,
m , kg

sxeulis 
masa, M , kg

sxeulis 
moculoba,

V , m3

sxeulis 
simkvrive, ρ

, kg/m3

wyali

zeTi

I kubi

II kubi

III kubi

X 

cdis analizi: yuradReba unda gaamaxviloT gazomvis unar-Cvevebis ga­
momuSavebaze da erTeulTa sistemebis gamoyenebaze. moswavleebma SeiZ­
leba masa gramebSi gazomon, moculoba ki mililitrebSi. maT unda Se­
eZloT am sidideebis gadayvana SI sistemaSi. sasurvelia zeTis simkvri­
vis miRebuli mniSvneloba gamoiyenon ziarWurWlebis kanonis Semowme­
bisas.

rekomendacia: sasurvelia kubis moculobis gazomva menzuris meSveo­
biT (rogorc es aRwerilia bolo aqtivobaSi) da miRebuli sididis Se­
dareba wibos meSveobiT gamoTvlil moculobasTan. aq bunebrivad wamo­
iWreba sakiTxi gazomvis sizustis Sesaxeb da SeiZleba gacnobiTi xasia­
Tis informaciis miwodeba.

internetresursi:   www.youtube.com/watch?v=CgdsYp-94-Y
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cda 8.  difuziis movlena siTxeebSi

Sedegi:    fiz.VII.8. moswavles SeuZlia nivTierebis atomur- molekuluri 
struqturis aRwera.

indikatori:  atarebs cdebs da ikvlevs difuziis movlenas siTxeebSi, 
gamoaqvs Sesabamisi daskvnebi.

cdis organizacia: moswavleebi muSaoben jgufurad.

ras vikvlevT: rogor mimdinareobs difuzia siTxeebSi.

cdis mizani: difuziis movlenis Seswavla Sabiamnis xsnarisa da wylis 
TavisTavadi urTierTSerevisas.

cdisTvis saWiro xelsawyoebi:  
1)	minis cilindruli WurWeli (qimiuri Wiqa, F0080);
2)	Sabiamnis koncentrirebuli wyalxsnari;
3)	minis grZelyeliani Zabri (F0287) .

cdis msvleloba:
1)	daamzadeT Sabiamnis koncentrirebuli wyalxsnari (muqi lurji 

feris);
2)	minis cilindrul WurWelSi CaasxiT wyali;
3)	WurWelSi fskeramde CauSviT minis Zabris yeli;
4)	frTxilad CaasxiT ZabrSi Sabiamnis  xsnari. sanam Zabrs amoiRebT, 

CaasxiT masSi cota wyali, rom Zabris yelidan mTlianad gamoidev­
nos Sabiamnis xsnari;

5)	daakvirdiT mkafio sazRvars wyalsa da Sabiamnis xsnars Soris. ra 
cvlilebebs amCnevT siTxeebis gamyof sazRvarze?

cdis analizi: cda ar iqneba damajerebeli, Tu sawyis mdgomareobaSi  ar 
iqneba mkveTri sazRvari wyalsa da Sabiamnis xsnars Soris. svamT Se­
kiTxvas _ siTxeebis urTierTSereva xom araa ganpirobebuli simZimis 
ZaliT? detalurad arCevT moswavleebis pasuxebs da mxolod amis Sem­
deg iZleviT cdis analizs: ufro mZime (didi simkvrivis) siTxe _ Sabi­
amnis xsnari WurWlis qveda nawilSi iyo moTavsebuli, msubuqi siTxe 
(wyali) ki _ zeda nawilSi, amitom siTxeebis   urTierTSereva  ganpiro­
bebulia ara simZimis ZaliT, aramed molekulebis qaosuri moZraobiT, 
ris gamoc siTxeebis molekulebi gamyof sazRvarze adgils ucvlian 
erTmaneTs da sazRvari nel-nela fermkrTaldeba da bolos miiReba er­
Tgvarovani siTxe. aqve SegiZliaT dasvaT kiTxva: ra gavlenas moaxdens 
temperatura  difuziaze? difuziis siCqare daukavSireT molekulebis 
qaosuri moZraobis siCqares, romelic izrdeba temperaturis zrdisas.
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rekomendacia: sasurvelia difuziis procesis demonstrireba airebSi - 
imis saCveneblad, Tu ramdenad swrafia es procesi airebSi siTxeebTan 
SedarebiT. am mizniT SeiZleba gamoiyenoT flakoni mZafri sunis siTxiT 
(magaliTad navTiT) an iaffasiani sunamo. 

internetresursi:  www.youtube.com/watch?v=pu5SWO6sGo0
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cda  9.  hukis kanoni, zambaris sixiste 

Sedegi:  fiz.VII.9. moswavles SeuZlia advilad dakvirvebadi Zalebis da 
maTi moqmedebis Sedegebis Sesaxeb msjeloba. 

indikatori: atarebs cdebs, gamoaqvs Sesabamisi daskvnebi da raodenob­
rivad ayalibebs hukis kanons.

cdis organizacia: moswavleebi muSaoben wyvilebad.
ras vikvlevT: ra kavSiria drekadobis Zalasa da deformaciis sidides 
Soris.

cdis mizani: zambaris sixistis dadgena da hukis kanonis aRmoCena.

cdisTvis saWiro xelsawyoebi:  
1)	asawyobi Stativis sadgami (F0586);
2)	Stativis Rero (F0194);
3)	Stativis kauWiani samagri (F0053)
4)	zambarebi (F0477) an((F0506);
5)	sawonebis nakrebi (blinebi) (F0601);
6)	saxazavi (F0417)  an milimetrebiani qaRaldi;

cdis msvleloba:
1)	Stativze horizontalurad daamagreT Rero;
2)	CamokideT Stativze  zambara, masze  miamagreT sawonebis dasadebi 

kauWebiani Rero.  gazomeT  zambaris sawyisi sigrZe 0l  da SeitaneT 
cxrilSi;

3)	dadeT erTi sawoni kauWebian sadgamze, sawonis masa m SeitaneT 
cxrilSi;

4)	gazomeT  zambaris  sigrZe l  da SeitaneT cxrilSi;
5)	gamoTvaleT zambaris wagrZeleba l∆  da SeitaneT cxrilSi;
6)	daumateT TiTo-TiTo sawoni (yoveli sawonis damatebisas sawone­

bis masa izrdeba m -iT)  da gaimeoreT 3, 4 punqtebSi aRwerili 
procedurebi (sul - 5 sawoni mainc).

zambaris 
sawyisi 
sigrZe, 

0l , m

sawonis 
masa, m
kg

zambaris  
sigrZe, 
l ,m

zambaris  
wagr­
Zeleba, 

l∆ , m

drekado­
bis Zala,
F , n

sixiste,
k , n/m

sixistis 
saS.
mniSv-ne-
loba, k
, n/m
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cdis analizi:  pirvel rigSi, adgenT damokidebulebas zambaraSi aRZ­
rul drekadobis Zalasa da zambaris wagrZelebas Soris. drekadobis 
Zala sididiT zambaraze Camokidebuli tvirTis simZimis Zalis tolia. 
simZimis Zalis gamosaTvlelad sawonebis masa kilogramebSi unda gavam­
ravloT 9.8 n/kg-ze.  cdis monacemebidan Cans, rom drekadobis Zala 
pirdapirproporciulia zambaris wagrZelebisa, rac hukis kanonis rao­
denobrivi Camoyalibebis saSualebas iZleva.  amis Semdeg TiToeuli 
SemTxvevisTvis vsazRvravT zambaris sixistes  formuliT 

1 2
1 2

1 2

, ,....
F Fk k
l l

= =
∆ ∆

, sadac 1 2, 2 ,....F mg F mg= = da Segvaqvs cxrilSi. sa­

bolood, vpoulobT sixistis saSualo mniSvnelobas da Segvaqvs cxril­
Si.

rekomendacia:   SesaZlebelia cdis saSualebiT zambaris dagraduireba, 
anu martivi dinamometris damzadeba. sasurvelia cdis Catareba rezi­
nis zonarisTvisac.

internetresursi:    http://www.youtube.com/watch?v=pVdGUTRI49E
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cda 10.  erTi wrfis gaswvriv mimarTuli Zalebis Sekreba

Sedegi:   fiz.VII.9.  moswavles SeuZlia advilad dakvirvebadi Zalebis da 
maTi moqmedebis Sedegebis Sesaxeb msjeloba. 

indikatori:  ganmartavs veqtors da veqtorul fizikur sidides. Zale­
bis magaliTze ganixilavs erTi wrfis gaswvriv mimarTuli veqtorebis 
Sekrebas.

cdis organizacia: moswavleebi muSaoben   individualurad.

cdis mizani:  erTi wrfis gaswvriv mimarTuli veqtorebis Sekrebis Ses­
wavla.

cdisTvis saWiro xelsawyoebi:  
1)	dinamometri (F0203) – 2c;
2)	dinamometri (F0202);
3)	sawonebis nakrebi (F0006);

cdis msvleloba:
1)	erT-erTi dinamometriT (5 n) awoneT meore iseTive  dinamometri 

da misi wona 0F SeitaneT cxrilSi;
2)	CamokideT erT-erT dinamometrze (5 n) 200 g masis sawoni da dina­

mometris Cveneba 1F SeitaneT cxrilSi;
3)	CamokideT  meore dinamometrze (5 n) 500 g masis sawoni da dinamo­

metris Cveneba 2F  SeitaneT cxrilSi; 
4)	CamokideT orive dinamometri TavianT sawonebianad mesame dinamo­

metrze  (10 n)  da am  dinamometris Cveneba F  SeitaneT cxrilSi;

5)	SeamowmeT, daculia Tu ara toloba: 0 1 22F F F F= + +
   

, romelic am 

SemTxvevaSi daiyvaneba skalarul tolobaze 0 1 22F F F F= + + . 

6)	gaimeoreT cda sawonebis sami sxvadasxva kombinaciisTvis;

dinamometris 

wona, 0F , n

 pirveli 
dinamome- tris 

Cveneba , 1F , n

meore dinamome-  
tris Cveneba ,

2F , n

mesame dinamome-
tris Cveneba ,

F , n
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cdis analizi:  cdaze ganixileba veqtorebis Sekreba Zalebis magaliTze 
umartives SemTxvevaSi, roca veqtorebi erTi wrfis gaswvriv erT mxa­
res aris mimarTuli. cxadia, rom 1F  da 2F ,  Sesabamisad, 2 da 5 n-is 
toli unda iyos. 0F  SeiZleba mcire iyos danarCenebTan SedarebiT, mag­
ram mis gaTvaliswinebas garkveuli pedagogiuri datvirTva aqvs - mos­
wavleebs unda gauCndeT sizustis gaumjobesebis survili, roca amisi 
SesaZlebloba arsebobs. 

rekomendacia:   sasurvelia, Tavidan cda CaataroT dinamometris wonis 
gaTvaliswinebis gareSe (maSin 1 2F F F= + ),  Semdeg ki  dasvaT kiTxva: ro­
gor SeiZleba cdis sizustis gaumjobeseba? yuradRebiT moismineT Se­
moTavazebuli variantebi (iqneba araerTi!), gaanalizeT da ise miiReT 
saboloo gadawyvetileba - pirvel rigSi, ra gziT moxerxdeba cdis si­
zustis gaumjobeseba.
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cocxali samyaro

VII klasi

cda 1. ujredis Seswavla mikroskopiT	
cda 2. umartivesebis Seswavla Tivis nayenSi	
cda 3. usqeso gamravleba 	
cda 4. mwerebis piris aparatis Seswavla	
cda 5. mikroskopuli zomis sokoze dakvirvebiT cocxali  ujredebis 	
             kvleva	
cda 6. erTi saxeobis farglebSi niSan-Tvisebebis Seswavla	
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VII klasi,  cocxali samyaro

cda 1.  ujredis Seswavla mikroskopiT

Sedegi esg-dan:  bun. VII. 5. – moswavles SeuZlia imsjelos ujredze, ro­
gorc organizmis agebulebisa da ganviTarebis erTeulze.

indikatori esg-dan:  amzadebs droebiT preparats, iyenebs sinaTlis mik­
roskops sxvadasxva dakvirvebisTvis, Sedegebs warmoadgens naxatis da/
an modelis saxiT.

rekomendacia: preparatebi daamzados yvela moswavlem da Semdeg mik­
roskopis raodenobis Sesabamisad rig-rigobiT TiToeuli daakvirdes 
damoukideblad momzadebul sakvlev preparats.

cdis mizani:  preparatis damzadeba da ujredis ZiriTadi nawilebis Ses­
wavla.

cdisTvis saWiro masalebi:
sinaTlis mikroskopi (kodi F0423), sasagne mina (F0360), safari mina 
(F0361), skalpeli (F0096), sapreparate nemsi, pinceti (F0453), pipeti an 
minis wkiri (F0131), filtris qaRaldi (F0548), xaxvis bolqvi, iodi.

cdis msvleloba:
1.	sTxoveT moswavleebs sinaTlis mikroskopSi obieqtis dasaTvali­

ereblad winaswar moamzadon preparati, romelic Sesaswavli obi­
eqtidan aRebuli Txeli fena an anaTalia.

2.	amisaTvis dasakvirvebel obieqts, magaliTad xaxvis bolqvs, Semo­
acalon gareTa mSrali safari.

3.	xaxvis TeTri xorciani qerqlis zedapiridan frTxilad, skalpe­
liT (lancetiT) aaTalon kanis Txeli patara naWeri.

4.	sasagne minaze pipetiT an minis wkiriT daawveTon wyali. 
5.	xaxvidan aRebuli anaTali pincetis saSualebiT moaTavson sasagne 

minaze wylis wveTSi (Tu xaxvis kani gaikeca, gaSalon nemsiT) da 
zemodan daadon safari mina.

6.	im SemTxvevaSi, Tu wyali safari minis kideebs gareT gadmova, fil­
tris qaRaldiT aaSron.

7.	saWiroebis SemTxvevaSi anaTali SeiZleba specialuri saRebaviT 
SeiRebos (mag. iodiT), rac ukeTesad danaxvis saSualebas iZleva.

8.	mikroskopSi kvlevisTvis Tavdapirvelad daayenon sarke ise, rom 
sarkidan areklilma sxivma Sesaswavl obieqtSi gaiaros, saidanac 
igi uSualod obieqtis zemoT moTavsebuli obieqtivis linzebSi 
moxvdeba, iqedan ki – okularis linzebis gavliT aRiqmeba TvaliT.
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9.	damzadebuli droebiTi preparati TiToeulma moswavlem rig-ri­
gobiT moaTavsos mikroskopis didi xvrelis mqone sasagne magida­
ze. 

10.	 sakvlevi obieqtis gadidebuli gamosaxulebis simkveTris mosama­
teblad mikroskopis specialuri xraxnebi  amoZraon da Secvalon 
manZili Sesaswavl masalasa da obieqtivis linzebs Soris. 

11.	 daakvirdnen, obieqtivsa da okularze aRniSnul ricxvebs, maTi 
namravli mikroskopis saerTo gadidebas gviCvenebs. gamoTvalon 
mikroskopis saerTo gamadidebloba.

12.	 kargad daakvirdnen mikroskopiT preparats, ipovon: ujredis ke
deli – mkvrivi garsi. citoplazma – garsis SigniT moTavsebuli, 
uferuli, blanti nivTiereba. birTvi – citaplazmaSi mdebare pa­
tara mkvrivi sxeuli.

13.	 danaxuli ujredis nawilebi  gadmoixaton da aRweron.
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cdis gamaanalizebeli kiTxvebi:
1.	ratom aris aucilebeli mikroskopSi gamokvlevisaTvis obieqtis 

Txeli anaTalis momzadeba? (Txeli anaTlis ganaTeba SesaZlebe­
lia gamWoli sinaTlis sxiviT. sqel anaTalSi sxivi ver gadis ase­
Ti obieqtis Seswavlisas saWiroa areklili sxivis gamoyeneba).

2.	Sens mier momzadebuli masala droebiT anu svel preparatad iT­
vleba, rogor fiqrob, ratom? (momzadebuli preparati droebi­
Tia, imitom rom wyliT aris momzadebuli da ar aris fiqsirebuli 
raime fiqsatoriT mag: balzamiT).

3.	rogori iqneba preparati, romelsac sagangebod amuSaveben da xan­
grZlivad inaxeba? (sagangebod damuSavebis Sedegad momzadebuli 
preparati aris mudmivi).

rekomendacia:
sasurvelia moswavleebs misceT davaleba saxlSi Sesasruleblad: 

1.	daamzadon ujredis modeli (amisaTvis SeiZleba gamoiyenon, fera­
di furclebi, plastelini, Tixa, mcenaris Teslebi da a.S).

2.	sqemis saxiT gamosaxon gza, romelsac sinaTlis sxivi gaivlis sar­
kidan mxedvelobis organomde.

internetresursebi:
http://www.youtube.com/watch?v=zIQgcaxhxcw

kvlevis unar-Cvevebi:
aRniSnuli cdis safuZvelze moswavleebs uyalibdebaT mecnieruli 
kvlevis Semdegi unar-Cvevebi:
yy cdis Catarebisa da saTanado masalis/aRWurvilobis gamoyenebis 

unari.

yy dakvirvebis da aRweris unarebi.
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cda 2.  umartivesebis Seswavla Tivis nayenSi

Sedegi:  biol.VII. 7.  moswavles SeuZlia daaxasiaTos cocxali samyaros 
mravalferovneba, gamoiyenos klasifikaciis principi da imsjelos 
jgufebs Soris msgavseba-gansxvavebaze.

indikatori : moipovebs informacias da aRwers cocxali samyaros same­
foebs.

rekomendacia: sasurvelia cda Catardes jgufebSi. jgufebis raodeno­
ba da jgufSi moswavleTa raodenoba gansazRvreT klasSi moswavleTa 
raodenobis mixedviT. aseve gaiTvaliswineT laboratoriis aRWurvilo­
bis Sesabamisi raodenoba.

cdis mizani:  Tivis nayenSi umartivesebis (infuzoriebis) aRmoCena da 
maTze dakvirveba.

cdisTvis saWiro masalebi:
600ml-iani qimiuri Wiqa (F0088) an qila Tivis nayeniT, lupa (F0116), sa­
sagne mina (F0360), mikroskopi (F0423), sinjara (F0176).

cdis msvleloba:
1.	winaswar moamzadeT Tivis nayeni. aiReT qila an qimiuri Wiqa, masSi 

moaTavseT wvrilad daWrili Tiva da CaasxiT mdinaris an guburis 
wyali.

2.	qila moaTavseT Tbil adgilas (+150C-dan 200C-mde temperaturaze).
3.	daaxloebiT 2-3 kviris Semdeg  amgvari wesiT momzadebuli nayeni 

SeiZleba gamoiyenoT dakvirvebisTvis. 
4.	sTxoveT moswavleebs gamoTqvan varaudi, romeli cocxali arse­

bebi SeiZleba aRmoCndes Tivis nayenSi?
5.	mcireodeni wyali frTxilad gadmoasxiT sinjaraSi da lupiT da­

aTvaliereT. dainaxavT moZrav umartivesebs, romelTa Soris iqne­
bian sxva umartivesebi

6.	SeecadeT sasagne minaze daawveToT wyali, romelsac gadmoyveba 
umartivesebic (maT Soris infuzoria – qalamana).

7.	sasagne mina moaTavseT winaswar momzadebul mikroskopSi da daaT­
valiereT jer mcire gadidebaze da Semdeg did gadidebaze.

8.	gaakeTeT rveulSi Canaxatebi. 
9.	CamoayalibeT Tqvens mier Catarebuli cdis mizani, gamoTqmuli 

varaudi SeadareT cdis Sedegebs da gaakeTeT daskvna;
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 	  infuzoriebi sinaTlis   		  Paramecium aurelia, erT-erTi 
                mikroskopSi 			              infuzoria

cdis mizani

varaudi (hipoTeza) 

cdis Sedegi

cdis mizani Tivis nayenSi umartivesebis (infuzoriebis) 
aRmoCena da maTze dakvirveba.

varaudi (hipoTeza) Tivis nayenSi SesaZloa iyos sxva umartivesebi 
maT Soris infuzoriebi

cdis Sedegi Tivis nayenSi aRmoCnda sxvadasxva umartivesi 
organizmebi, maT Soris infuzoriebi. 
infuzoriebis agebulebaze dakvirveba moxda 
mikroskopiT.  

cdis Sedegi/daskvna:
Tivis nayenSi umartivesebis kvlevisas SesaZlebelia daakvirdeT infu­
zoriebs. infuzoria qalamana erTujrediani umartivesia, mas aqvs qa­
lamnis forma, ujredi garedan dafarulia wamwamebiT, romlis meSveo­
biTac igi gadaadgildeba. 

kvlevis unar-Cvevebi:
aRniSnuli cdis safuZvelze moswavleebs uyalibdebaT mecnieruli 
kvlevis Semdegi unar-Cvevebi:
yy kvlevis miznis Camoyalibebis unari.

yy varaudis gamoTqmis unari.

yy cdis Catarebisa da Sesabamisi masalis saTanadod gamoyenebis unari.

yy dakvirvebis unari.



82

cda 3.  usqeso gamravleba 

Sedegi: bun. VII.6. moswavles SeuZlia daaxasiaTos cxovelTa da mcenare­
Ta sasicocxlo cikli da daasabuTos gamravlebis biologiuri mniSvne­
loba.

indikatori:  agrovebs informacias mcenaris, cxovelis usqeso da sqe­
sobrivi gamravlebis mravalferovnebis Sesaxeb.

rekomendacia:  SesaZlebelia samuSaos Sesruldes rogorc wyvilebSi, 
ise individualurad.
cdis mizani:   usqeso gamravlebis sxvadasxva formebze dakvirveba.

cdisTvis saWiro masalebi:
hidra, wyliani qila, lupa (F0116), kartofili, xaxvi, skalpeli (F0096), 
uzumbaris ia, 250ml-iani qimiuri Wiqa (F0083), miwiT savse qoTani.

cdis msvleloba:   wyvilebs daurigeT Sesabamisi masalebi da mieciT in­
struqcia, Tu rogor unda awarmoon dakvirveba da Canawerebis gakeTe­
ba.
davaleba 1 – aiReT kartofilis gorgali da  kargad daaTvaliereT lu­
piT. moZebneT masze patara kvirtebi. daiTvaleT, ramdeni axali mcena­
re SeiZleba ganviTardes am erTi gorglidan. SeadareT kvirtebis rao­
denoba meore kartofilis gorgalze arsebul kvirtebs. Semdeg karto­
filis gorglebi moaTavseT Tbilsa (25-300C-ze)  da tenian adgilas. 
daakvirdiT kvirtebis ganviTarebas - rogor fiqrobT, ramdeni mcenare 
SeiZleba ganviTardes TiToeuli kartofilidan? (ramdeni kvirtic 
aris masze) gaakeTeT rveulSi Canaweri. 
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davaleba 2 – aiReT xaxvis bolqvi da skalpeliT CaWeriT sigrZeze. da­
aTvaliereT lupiT da  moZebneT misi gabrtyelebuli da gasqelebuli 
Rero (bolqvis Ziri), aseve wvniani TeTri qerqlebi (foTlis saxecvli­
lebebi), wvnian qerqlebs Soris SeiZleba kvirtebic ki naxoT. gamoTqviT 
varaudi, romelma nawilma SeiZleba misces dasabami axali mcenaris gan­
viTarebas?  meore xaxvis bolqvi moaTavseT ZiriT qvemoT wylian qila­
Si, (gadauReT foto) daakvirdiT ramden dReSi gamoezrdeba fesvebi da 
rogor moxdeba mwvane Reros gamozrda  (dafesvianebul da mwvane Re­
roian xaxvis bolqvsac gadauReT foto),  gaakeTeT rveulSi Canawerebi, 
aRwereT msvleloba,  CaakariT fotoebi da SeadareT erTmaneTs.

davaleba 3 – tbis an mdore mdinaris napiridan amoiReT mcenare, qva, an 
raime sagani. moaTavseT wylian WiqaSi. Wiqa dadgiT Tbil adgilas (25-
300C-ze), ramdenime dRis Semdeg SeaTvaliereT Wiqis kedlebi da daak­
virdiT lupiT, dainaxavT patara zomis sacecebian arsebas - es hidraa. 
daakvirdiT misi sxeulisa da saceceebis moZraobas; Tvalyuri adevneT 
hidras sxeulze kvirtebis gaCenas. CainiSneT kvirtis zomisa da formis 
cvlilebebi. ramden dReSi moscildeba kvirti deda organizms? aqvs Tu 
ara yvela kvirts saceceebi? gadaiReT fotoebi da gaakeTeT rveulSi 
Canawerebi. 

davaleba 4 – aiReT qoTnis mcenare uzumbaris ia. skalpeliT moacaleT 
mozrdili foTlebi da moaTavseT wylian WiqaSi. (gadauReT foto) da­
akvirdiT, ramden dReSi gamoezrdeba foTlebs fesvebi (dafesviandeba)  
dafesvianebul foTols gadauReT foto. aseTi dafesvianebuli foTo­
li ukve SeiZleba CargoT qoTanSi. ramdenime ki pirdapir CargeT miwian 
qoTanSi da zomierad morwyeT. daakvirdiT, ramden dReSi moxdeba foT­
lis dafesvianeba da rodis gamoCndeba miwis zedapirze axali foToli.
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rekomendacia: dakvirvebis dasrulebis Semdeg sakuTar Canawerebze day­
rdnobiT da Teoriuli codnis safuZvelze gaakeTon mokle prezenta­
cia da imsjelon usqeso gamravlebis konkretul tipze. 
aseve upasuxon SekiTxvas: usqeso gamravlebis romel formebze moxda 
dakvirveba praqtikuli samuSaos msvlelobisas?

internetresursebi:
http://www.youtube.com/watch?v=RRolaqaUR3U
http://www.youtube.com/watch?v=Go_lG3or4cg
http://www.youtube.com/watch?v=uzOGHPfuN8M
http://www.youtube.com/watch?v=489CSop00sY

kvlevis unar-Cvevebi:
aRniSnuli cdis safuZvelze moswavleebs uyalibdebaT mecnieruli 
kvlevis Semdegi unar-Cvevebi:
yy cdis Catarebisa da Sesabamis masalis/aRWurvilobis saTanado ga­

moyenebis unari.

yy dakvirvebis da aRweris unarebi.
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cda 4.  mwerebis piris aparatis Seswavla

Sedegi: bun. VII. 7. moswavles SeuZlia daaxasiaTos cocxali samyaros mra­
valferovneba.

aqtivoba I

aqtivobis mizani:  dakvirveba peplis kveba­
sa da piris aparatze.

aqtivobisTvis saWiro masalebi:
patara zomis akvariumi, wvrili bade an mi­
na akvariumze dasafareblad, lupa (F0116), 
peplis saWeri bade, minis Tavsaxuriani qi­
la, plastelini, xis nafoti, mwife banani, 
Saqris fxvnili.

aqtivobis msvleloba:
mieciT moswavleebs instruqcia: 

1.	 daiWireT ramdenime pepela da moaTavseT isini minis Tavsaxurian 
qilaSi (peplis frTebi moaTavseT Tqvens TiTebs Soris da frTxi­
lad amoiyvaneT peplis saWeridan).

2.	 akvariumSi CadeT xis nafoti da miamagreT plasteliniT Zirze. 
3.	 plasteliniT gaakeTeT aseve patara Wiqa da miamagreT igi nafotis 

wverze.
4.	 plastelinis WiqaSi moaTavseT bananis naWeri, moayareT Saqris 

fxvnili da danameT mcireodeni wyliT.
5.	 garedan daamagreT lupa ise, rom Wiqa kargad Candes.
6.	 moaTavseT akvariumSi peplebi da daafareT zemodan mina an bade.
7.	 frTxilad miuaxlovdiT akvariums da daiwyeT dakvirveba lupi­

dan.
8.	 CaiwereT dakvirvebis Sedegebi.

savaraudod moswavleTa dakvirvebis Sedegebi amgvari iqneba:  Tavdapirve­
lad peplebis moZraoba iqneba qaosuri, magram daaxloebiT 1 wT-is Sem­
deg damSviddebian da daiwyeben axal sacxovrebel garemosTan Seguebas. 
romelime pepela aRmoaCens sakvebs da dajdeba plastelinis Wiqaze. 
cota xanSi SesamCnevi gaxdeba, rogor ikvebeba pepela Tavisi xorTumiT. 
pepelas aqvs e.w. xorTumi da misi piris aparati mwuwnavia.pepela arWobs 
sxvadasxva adgilas Tavis xorTums da SesamCnevi xdeba Tu rogor mcir­
deba banani zomaSi. 

aqtivoba II
mwerebis piris aparatis Seswavla mikropreparatebze dakvirvebiT
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aqtivobis mizani:  mwerebis piris aparatis Seswavla.

aqtivobisTvis saWiro masalebi: 
mikroskopi (F0423), mikropreparatebi: (Honeybee mouth parts w. m. - fut­
kris piris aparati, House fly mouth parts w. m. - saxlis buzis piris apa­
rati), (FM4140) mwerebis piris aparatis amsaxveli ilustraciebi.

aqtivobis msvleloba: 
1.	sTxoveT romelime moswavles moamzados mikroskopi kvlevisTvis.
2.	sasagne magidaze moaTavsos mwerebis piris aparatis amsaxveli mik­

ropreparatebi - Honeybee mouth parts w. m. - futkris piris apara­
ti, House fly mouth parts w. m. - saxlis buzis piris aparati

3.	daakvirdes preparatebs jer mcire gadidebaze da Semdeg did ga­
didebaze. 

4.	rig-rigobiT yvela moswavle mivides mikroskopTan, daakvirdes 
preparatebs da rveulebSi gaakeTon Canaxatebi. 
Canaxatebis mixedviT da Teoriul codnaze dayrdnobiT imsjelon 
mwerebis piris aparatis mravalgvarobaze., maTi kvebis Tavisebu­
rebebze. piris aparatebis mravalferovneba dakavSirebulia kve­
bis mravalferovnebasTan.

aCveneT moswavleebs mwerebis piris aparatebis amsaxveli ilustracia 
da sTxoveT moswavleebs dafiqrdnen da upasuxon SekiTxvas: - ratom 
aqvT mwerebs aseTi gansxvavebuli piris aparatebi? (mwerebi gansxvave­
buli sakvebiT ikvebebian, ramac ganapiroba gansxvavebuli piris apara­
tebis ganviTareba)

koRo

buzi

pepela
kalia 

qveda yba

zeda yba

tuCi

sacecebi

zeda tuCiulvaSi
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internetresursebi:
mwerebis piris aparati
http://www.youtube.com/watch?v=Hdgk0Zd7iBw
http://www.youtube.com/watch?v=LJcjkdbJrkE
http://www.youtube.com/watch?v=lRemHPI_FTs
http://www.youtube.com/watch?v=RLIYuXlUS3k
http://www.youtube.com/watch?v=vqXAN6XRsV8
http://www.youtube.com/watch?v=MYWPWTme_YI&list=PL8A9C9739FE38E8BD

kvleviTi unar-Cvevebi:
aRniSnuli cdis safuZvelze moswavleebs uyalibdebaT mecnieruli 
kvlevis Semdegi unar-Cvevebi:
yy Sesabamis masalis/aRWurvilobis saTanado gamoyenebis unari.

yy dakvirvebis unari.

yy aRweris unari
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cda 5.  mikroskopuli zomis sokoze dakvirvebiT  
 cocxali ujredebis kvleva

Sedegi: bun.VII.5. moswavles SeuZlia imsjelos ujredze, rogorc  or­
ganizmis agebulebisa da ganviTarebis erTeulze.

indikatori:  amzadebs droebiT preparats, iyenebs sinaTlis mikroskops 
sxvadasxva dakvirvebisaTvis, Sedegebs warmoadgens naxatis  saxiT.

rekomendacia:  sasurvelia preparatebis momzadebaze da cdis Sedegebis 
gaanalizebaze moswavleebma imuSaon wyvilebSi (an mcire jgufebSi), xo­
lo mikroskopSi daTvaliereba, Canaxatebis gakeTeba Sesruldes indivi­
dualurad.
mikroorganizmebis cocxal ujredebs ikvleven ori meTodiT:
1. gaSlili (gaWyletili) wveTis meTodi.                                                                       
2. Camokidebuli wveTis  meTodi. 
orive meTodi gamoiyeneba moZravi ujredebis gamosavlenad, maT gam­
ravlebaze, sporebis ganviTarebaze dasakvirveblad, sxvadasxva qimiur 
naerTebze mikroorganizmebis reaqciis gamosavlenad, ujredebis mde­
bareobis da zomebis Sesaswavlad, agreTve ujredSi samarago nivTiere­
bebis gansazRvrisaTvis.
orive SemTxvevaSi SesaZlebelia obieqtis SeRebva saRebavebiT - meTi­
lenis lurjiT an neitraluri wiTliT, maTi koncentracia unda iyos 
0,001-dan 0,0001-mde%. orive meTodiT xdeba SedarebiT msxvili mikro­
organizmebis kvleva,  mag: safuaris da obis sokoebis.

I. gaSlili wveTis meTodiT preparatis momzadeba
cdis mizani:  obis da safuaris sokos ujredebis agebulebaze dakvirve­
ba da Seswavla.

cdisTvis saWiro masalebi:
mikroskopi(F0423), baqteriologiuri maryuJi, 2 sasagne mina(F0360), 2 
safari mina(F0361), spirtqura(F0300), pipeti(F0461), minis wkiri(F0123), 
distirilebuli wyali, filtris qaRaldi(F046), 100ml  da 400ml mocu­
lobis qimiuri Wiqa(F0080) (F0085), Termometri (F0232). daobebuli puri 
(mikroskopuli obis sokos kulturebi). 

cdis msvleloba:
miawodeT moswavleebs cdis instruqcia da Tvalyuri adevneT maTi mu­
Saobis process.

a) obis sokos preparatis momzadeba
1. sufTa, gawmendil sasagne minaze daawveTeT onkanis wyali. (sasagne 

minis zedapiri preparatis momzadebamde aucileblad unda gasuf­
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Tavdes, imisaTvis rom siTxis wveTi, romelic masze unda moTavs­
des, Tanabrad ganawildes (garecxeT sasagne mina sapniT, CarecxeT 
wyliT da Semdeg SeamSraleT mitklis naWriT).

2. daobebuli puridan baqteriologiuri maryuJiT (maryuJi gaaste­
rileT spirtquris alze) aiReT mikroskopuli obis sokos kultu­
rebi da frTxilad SeurieT wylis wveTs.

3.  daafareT safari mina ise, rom mis qveS ar gaCndes haeris buStu­
kebi.

4. minis wkiriT daaWireT safar minas da filtris qaRaldiT aaSreT 
gamoJonili zedmeti wyali. 

5. momzadebuli preparati moaTavseT mikroskopSi da daaTvaliereT 
jer mcire gadidebaze da Semdeg did gadidebaze.

6. mikroskopSi daTvalierebis Semdeg CaixateT rveulSi obis sokos 
ujredebis formebi.

b) safuaris sokos preparatis momzadeba
1. safuaris sokos Sesaswavlad moamzadeT suspenzia. 100ml-ian qimi­

ur WiqaSi CaasxiT 50ml distirilebuli wyali, mwikvi dapresili 
safuari da minis wkiriT mourieT.

2. suspenzia moaTavseT TermostatSi (SesaZlebelia mikrotalRuri 
Rumelis gamoyeneba) an wylis abazanaSi (qimiuri Wiqa, romelSic 
moamzadeT suspenzia CadgiT 400ml-ian qimiur WiqaSi ise, rom 
wylis simaRle suspenzias odnav aRematebodes. wylis temperatu­
ra unda iyos 300-C, winaswar gazomeT TermometriT da gaaCereT 20 
wT). 

3. sufTa, gawmendil  sasagne minaze daawveTeT 1 wveTi safuaris sus­
penzia.

4. daafareT safari mina ise, rom mis qveS ar gaCndes haeris buStu­
kebi.

5. minis wkiriT daaWireT safar minas da filtris qaRaldiT aaSreT 
gamoJonili zedmeti wyali.

6. momzadebuli preparati moaTavseT mikroskopSi da daaTvaliereT 
jer mcire gadidebaze da Semdeg did gadidebaze.

7. mikroskopSi daTvalierebis Semdeg CaixateT rveulSi safuaris 
ujredebis formebi.

II.  dakidebuli wveTis meTodiT preparatis momzadeba
dakidebuli wveTis preparats iyeneben mikroorganizmis ujredebze 
xangrZlivi dakvirvebisTvis. 
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cdis mizani:  dakiduli wveTis meTodiT preparatis momzadeba da safu­
aris sokos  ujredebze dakvirveba.

cdisTvis saWiro masalebi:
Cazneqil sadebiani sasagne mina(F0161), safari mina(F0361), mikrosko­
pi(F0423), sapreparate nemsi, NaCl 0,9%-iani xsnari, safuari soko, vaze­
lini.

cdis msvleloba:
1. sufTa safar minaze  sapreparate nemsiT SeiyvaneT mikroorganizmebi, 
romelic gamozrdilia fiziologiur xsnarSi ( NaCl 0,9%)
2. safari mina (2) amoatrialeT da moaTavseT sterilur Cazneqil sade­
bian sasagne minaze (1) ise, rom wveTi (3) moxvdes Cazneqil sadebSi Camo­
kidebuli saxiT.
3. hermetiulobisTvis Cazneqilobis garSemo wausviT vazelini.

4. momzadebuli preparati moaTavseT mikroskopSi da daaTvaliereT 
jer mcire gadidebaze da Semdeg did gadidebaze.
5. mikroskopSi daTvalierebis Semdeg CaixateT safuaris da mikrosko­
puli sokoebis ujredebis formebi, miceliumis agebuleba da sporebi.
kvleviTi unarebi:
aRniSnuli cdis safuZvelze moswavleebs uyalibdebaT mecnieruli 
kvlevis Semdegi unar-Cvevebi:
•	 cdis Catarebisa da Sesabamis masalis/aRWurvilobis saTanado 
gamoyenebis unari.
•	    dakvirvebis da aRweris unarebi.
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cda 6.  erTi saxeobis farglebSi niSan-Tvisebebis  
  Seswavla

Sedegi: bun.VII.7. moswavles SeuZlia daaxasiaTos cocxali samyaros mra­
valferovneba, gamoiyenos klasifikaciis principi da imsjelos sxva­
dasxva saxeobebs Soris msgavseba-gansxvavebaze.

indikatori:   moipovebs informacias erTi da imave saxeobis individebSi 
ama Tu im organos variaciaze (mag., mcenaris foTlis sigrZe an sigane, 
nayofis masa),  adarebs maT erTmaneTs da msjelobs variaciebis mraval­
ferovnebaze;

rekomendacia: SearCieT TqvenTvis  xelmisawvdomi mcenaris nayofebi, 
mag: vaSlis, msxlis, atmis da sxva.
cvladi niSan-Tvisebis Seswavlisas saWiroa didi raodenobis individe­
bis gamokvleva.

ras vikvlevT:   rogoria erTi saxeobis (vaSli, atami, msxali) farglebSi 
nayofis masis cvalebadoba anu variantTa Sexvedris sixSire.

cdis mizani:   erTi saxeobis farglebSi niSan-Tvisebebis Seswavla.

cdisTvis saWiro masalebi:
erTi xis nayofebi (vaSli, atami, msxali ....) saswori (F0275), sawone­
bi(F0006).

cdis msvleloba:
1.	sTxoveT moswavleebs winaswar Seagrovon erTi xis nayofebi;
2.	danomron TviToeuli nayofi (mag. vaSli);
3.	awonon TiToeuli nayofi;
4.	CainiSnon monacemebi da monacemebis mixedviT Seavson Sesabamisi 

cxrili;

№ nayofis masa

(cxrilSi grafebis raodenoba SeusabameT gamosakvlevi nayofebis 
raodenobas).

5. Sevsebuli cxrilis mixedviT aagon svetebiani diagrama;
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6. gansazRvron Tvisebis saSualo sidide;
7. daTvalon,  ra masis nayofi SexvdaT yvelaze meti raodenobiT; 

masa nayofebis 
raodenoba

 (savaraudod saSualo masis nayofi SedarebiT xSirad SexvdebaT).
8. imsjelon cvladebs Soris damokidebulebaze, niSan-Tvisebis cva­

lebadobis savaraudo mizezebze;
9. gaakeTon saboloo daskvna - rogoria variantTa Sexvedris sixSi­

re?

cdis ganmarteba:  organizmis sxvadasxva niSan-Tvisebebi ( mag: nayofis 
masa) garemo faqtorebis gavleniT sxvadasxva  xarisxiT icvleba. amis 
gamo niSan-Tvisebis  cvalebadobis farglebi sxvadasxvaa. niSan-Tviseba­
Ta cvalebadobis farglebisa da variantTa Sexvedris sixSiris gansazR­
vris mizniT mosaxerxebelia niSan-TvisebaTa cvalebadobis sqematuri 
gamosaxuleba. mag: ricxviTi monacemebis mixedviT svetebiani diagramis 
an grafikis ageba.

kvleviTi unar-Cvevebi:
aRniSnuli cdis safuZvelze moswavleebs uyalibdebaT mecnieruli 
kvlevis Semdegi unar-Cvevebi:
yy cdis Catarebisa da Sesabamis masalis saTanadod  gamoyenebis una­

ri.

yy dakvirvebis unari.

yy gazomvebis  monacemebis saTanado sizustiT registrirebis unari;

yy monacemebis cxrilis da diagramis saxiT warmodgenis unari.

yy monacemebis gaanalizebis unari.
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qimia
VIII-XI klasebi
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qimia

VIII klasi

cda 1.  narevebis dayofa
cda 2.    narevis da naerTis Tvisebebis Sedareba
cda 3.  qimiuri reaqciis mimdinareobis niSnebi
cda 4.  qimiuri reaqciebis klasifikacia
cda 5.   nivTierebaTa modelebis awyoba
cda 6.   nivTierebaTa fizikuri Tvisebebi
cda 7.   mJavebis Tvisebebis kvleva
cda 8.   fuZeebis Tvisebebis kvleva
cda 9.   kavSiri naerTTa klasebs Soris
cda 10.  narevebis dayofa
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cda 1.  narevebis dayofa

Sedegi:  qim.VIII.6 moswavles SeuZlia nivTierebaTa klasificireba, nare­
vis komponentebad dayofa.

indikatori:
yy flobs narevis komponentebad dayofis xerxebs; gegmavs da ata­

rebs Sesabamis cdebs.

ras vikvlevT:   rogor gamovyoT sufTa saxiT nivTiereba narevidan.

rekomendacia:  moswavleebi SeiZleba dayoT sam jgufad da TiToeuls 
misceT gamosakvlevad sxvadasxva narevi. 

cdis mizani:  sxvadasxva tipis narevebis dayofa Semadgenel komponentebad.

resursebi (TiToeuli jgufisaTvis): 

WurWeli da masala: qimiuri Wiqa, 100 ml (2) F0080; erlenmeieris kolba, 
150 ml (1) F0245; Zabri (1) F0287; wkiri (1); faifuris jami, patara (1) 
F0473; samfexa sadgami (1) F0497; liTonis bade (1) F0558; spirtqura (1) 
F0300; pipeti, 10 ml (1) F0463; damcavi saTvale; filtris qaRaldi.

nivTierebebi: pirveli jgufi _ 5-5g qviSa da marili; meore jgufi -5-5g 
carcis fxvnili da Saqari; mesame jgufi _ 5-5g gogirdis fxvnili da 
Sabiamani. gamoxdili an onkanis wyali 50 ml.

cdis mimdinareoba: samive jgufis SemTxvevaSi erTi da igivea.
yy sufTa qaRaldze moaTavseT mocemuli ori  nivTierebis, daaxlo­

ebiT, 5-5 grami da SeurieT wkiriT.  miRebuli narevi gadaitaneT 
qimiur WiqaSi da  daumateT wyali. mourieT wkiriT iqamde, vidre 
erT-erTi komponenti ar gaixsneba. dakvirvebis Sedegebi SeitaneT 
laboratoriul oqmSi.
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yy erlenmeieris kolbaSi moaTavseT Zabri. ZabrSi CadeT filtris qa­
Raldi da daasveleT ise, rom filtris qaRaldi mWidrod miekras 
Zabris kedlebs. 

yy nareviani qimiuri Wiqa kargad SeanjRrieT da wkiris gamoyenebiT 
mcire ulufebiT CaasxiT filtrisqaRaldian ZabrSi.

yy rodesac narevi srulad gaifiltreba,  Wiqas moavleT mcire rao­
denobiT wyali da isev gafiltreT.

yy filtratidan (gamWvirvale xsnari, romelic gavida filtris qa­
RaldSi), daaxloebiT  3 ml xsnari moaTavseT faifuris jamze. 

yy samfexa sadgamze dadeT liTonis bade, aanTeT spirtqura (gamoiCi
neT sifrTxile cecxlTan!!!), faifuris jami dadgiT asaorTqleblad.
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yy daakvirdiT aorTqlebis da nivTierebis gamokristalebis pro­
cess.

yy CaaqreT spirtqura, roca SeamCnevT, rom wyali TiTqmis aorTqlda.

yy daelodeT, sanam faifuris jami gacivdeba.

yy daakvirdiT faifuris jamze darCenil mSral naSTs.

yy dakvirvebis Sedegebi SeitaneT oqmSi.

cdis analizi: mocemuli narevebis komponentebad dayofa efuZneba maT 
Tvisebebs. kerZod, am narevSi Semavali komponentebidan erT-erTi wyal­
Si uxsnadia. amitom narevis komponentebis erTmaneTTan dasacileblad 
narevs emateba wyali. xsnadi komponenti gadadis xsnarSi (mocemuli 
cdis SemTxvevaSi xsnadia sufris marili, Saqari da spilenZis (II) sul­
fati), xolo uxsnadi komponentebi (qviSa, gogirdis fxvnili, carcis 
fxvnili) ar ixsneba wyalSi da maTi danaxva SesaZlebelia vizualurad. 
qviSa ileqeba WurWlis fskerze, gogirdis fxvnili ki wylis zedapirze 
tivtivebs. sTxoveT moswavleebs, axsnan es movlena da gaixsenon nivTi­
erebaTa fizikuri Tvisebebi.
narevis  gafiltvriT filtratSi gadava xsnadi nivTiereba. xolo fil­
trze darCeba uxsnadi. uxsnadi nivTierebis sufTa saxiT gamosayofad, 
filtris qaRaldi gaaSreT. sTxoveT moswavleebs, sufTa saxiT miRebu­
li nivTierebebi Seadaron sawyis nivTierebebs. amiT moswavle SeZlebs, 
gamoitanos daskvna imis Sesaxeb, rom narevSi Semavali komponentebi 
inarCuneben individualur Tvisebebs. filtratis (homogenuri narevi) 
aorTqlebiT sufTa saxiT miiReba narevis meore (xsnadi) komponenti.  

rekomendacia:
am eqsperimentSi SegiZliaT gamoiyenoT sxvadasxva narevi. 
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cda 2.  narevis da naerTis Tvisebebis Sedareba

Sedegi:  qim.VIII.6 moswavles SeuZlia nivTierebaTa klasificireba, nare­
vis komponentebad dayofa.

ras vikvlevT :   icvleba Tu ara nivTierebaTa Tvisebebi maTi urTierT­
qmedebis Sedegad.

rekomendacia:  moswavleebis organizeba moaxdineT wyvilebad an mcire 
jgufebad. 

cdis mizani: rkinisa da gogirdis narevis Tvisebebis Sedareba maT mier 
warmoqmnil naerTTan.   

resursebi (erTi jgufisTvis):

WurWeli da masala: sinjara (1) F0177; sinjarebis sadgami F0579; wkiri (1) 
F0050; Stativis Rero da damWeri (1) F0110; spirtqura (1) F0300; magniti; 
damcavi saTvale F0275.

nivTierebebi: gogirdis fxvnili, 1.2.g da rkinis naqlibi, 2.1 g.

cdis mimdinareoba:
yy awoneT 2.1 g rkinis naqlibi da 1.2 g gogirdis fxvnili da moaTav­

seT sxvadasxva furcelze.

yy daakvirdiT TiToeul nivTierebas da CaiwereT oqmSi maTi vizua­
luri aRweriloba.

yy moaTavseT nivTierebebi sufTa furcelze da wkiriT kargad Seu­
rieT.

yy narevTan axlos miitaneT magniti. dakvirvebis Sedegebi SeitaneT 
oqmSi. 

yy nivTierebebi isev SeurieT da frTxilad gadaitaneT sinjaraSi.



99

yy sinjara daxrilad daamagreT Stativze da sinjaris qveS moaTav­
seT   spirtqura da aanTeT.

yy rogorc ki SeamCnevT reaqciis dawyebas, spirtqura CaaqreT. dae­
lodeT reaqciis dasrulebas da Sedegebi SeitaneT oqmSi.

yy reaqciis damTavrebis Semdeg sinjara gaaciveT. radgan miRebuli 
nivTiereba myaria, mis gadmosatanad sinjara gatexeT.  miRebuli 
nivTiereba gadaitaneT petris jamze.

yy daakvirdiT miRebul nivTierebas,  aRwereT misi garegnuli niSne­
bi da SeadareT sawyisi nivTierebebis garegnul niSnebs.

yy miitaneT magniti miRebul nivTierebasTan.

yy dakvirvebis Sedegebi SeitaneT oqmSi da SeavseT cxrili.

yy cdis damTavrebis Semdeg yvela moswavlem maswavleblis miTiTebe­
bis Sesabamisad moawesrigos samuSao magida.
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nivTiereba feri magnitis 
gavlena

simkvrive
(g/sm3)

lRobis 
temperat­
ura (OC)

rkina

gogirdi

rkinis (II) sulfidi

yy sTxoveT moswavleebs, internetSi moZebnon cdaSi gamoyenebuli 
da miRebuli  nivTierebebis fizikuri Tvisebebi (magaliTad, simk­
vrive, lRobis temperatura da sxv.). 

cdis analizi:  rkinis da gogirdis narevis dacilebas safuZvlad udevs 
rkinis Tviseba, magnitiT mizidva. es Tviseba ar axasiaTebs gogirds. am 
cdiT dasturdeba, rom narevSi Semavali komponetebi inarCuneben indi­
vidualur Tvisebebs. gacxelebiT gogirdi da rkina reaqciaSi Sedis 
erTmaneTTan da miiReba gansxvavebuli Tvisebebis mqone nivTiereba_ 
rkinis sulfidi, romelic aRar miizideba magnitiT, anu naerTSi rkina 
aRar amJRavnebs im Tvisebas, romelic  mas reaqciaSi Sesvlamde hqonda. 
Tu rkinas aiRebT Warbi raodenobiT, reaqciaSi Seusvleli rkina miizi­
deba magnitiT, anu reaqciaSi Seusvleli rkina  inarCunebs individua­
lur Tvisebas. 
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cda 3.  qimiuri reaqciis mimdinareobis niSnebi

Sedegi: qim.VIII.8 moswavles SeuZlia sxvadasxva saxis qimiuri reaqciebis 
daxasiaTeba, wvisa da Jangvis procesebis Sedareba.

ras vikvlevT:   ra garegani niSnebi axlavs qimiuri reaqciebis mimdinare­
obas.

rekomendacia: moswavleebis organizeba moaxdineT wyvilebad an mcire 
jgufebad. 

cdis mizani - qimiuri reaqciebis mimdinareobis niSnebis aRwera.

resursebi (erTi jgufisaTvis):

WurWeli da masala: sinjarebi saSualo zomis (8) F0175; sinjarebis sad­
gami F0114; Termometri (1) F0333; pipeti F0463; pipetis msxali;  damcavi 
saTvale.

nivTierebebi: natriumis hidroqsidi, 1M, 20 ml; marilmJava,1M, 20 ml; 
ganzavebuli marilmJava, 5 %-iani, 20 ml; natriumis sulfati, 1M, 10 
ml; bariumis qloridi 1M, 10 ml; tyviis (II) nitrati 1M, 10 ml; kaliumis 
iodidi 1M, 10 ml; mcire zomis carcis natexi; wyali.

cdis mimdinareoba: 
yy sinjarebi moaTavseT sadgamSi da danomreT. sinjaraSi moaTavseT 

xsnarebi Semdegi TanmimdevrobiT:

№ 1.  marilmJava, 1M,20 ml
№2. natriumis hidroqsidi1M; 20 ml
№3. natriumis sulfati, 1M; 10 ml
№4. bariumis qloridi, 1M; 10 ml
№5. carcis natexi; 
№6. marilmJava 5 %-iani; 20 ml
№7. tyviis (II)-is nitrati, 1M; 10 ml
№8. kaliumis iodidi, 1M.  10 ml
laboratoriul oqmSi SeitaneT, romel sinjaraSi romeli xsnaria.
yy Termometris saSualebiT gazomeT temperatura #1 sinjaraSi, 

romelSic asxia marilmJava. monacemi CaiwereT oqmSi. SeurieT mas 
imave koncentraciis natriumis hidroqsidis xsnari №2 sinjaridan 
da mciredi dayovnebis Semdeg isev gazomeT temperatura. dakvir­
vebis Sedegebi SeitaneT oqmSi.

yy № 3 sinjaraSi, romelSic moTavsebulia natriumis sulfatis xsna­
ri, №4 sinjaridan SeurieT bariumis qloridis xsnari. dakvirvebis 
Sedegebi SeitaneT cxrilSi. 
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yy #5 sinjaraSi, romelSic moTavsebulia carcis natexi, CaasxiT 
ganzavebuli marilmJavas xsnari #6 sinjaridan. dakvirvebis Sede­
gebi SeitaneT cxrilSi.

yy SeurieT erTmaneTs #7 da #8 sinjarebSi moTavsebuli tyviis (II) 
nitratis da kaliumis iodidis xsnarebi. dakvirvebis Sedegebi Se­
itaneT cxrilSi.

yy Sedegebi gaaanalizeT da gamoitaneT Sesabamisi daskvnebi.

№1 da № 2 
(natriumis 
tute da 
marilmJava)

№ 3 da № 4 
(natriumis 
sulfatis 
da bariumis 
qloridi) 

№5 da № 6 
(carcis na­
texi da mar­
ilmJava)

№7 da № 8 
(kaliumis 
iodidi da 
tyviis ni­
trati)

tempera­
turis mate­
ba

airis 
buStukebis 
gamoyofa

naleqis 
warmoqmna

feris 
cvlileba

Sesabamis ujraSi dasviT niSani  X

cdis analizi: qimiuri reaqciebis mimdinareobas axlavs ramdenime Ziri­
Tadi garegnuli niSani: siTbos gamoyofa, feris Secvla, naleqis war­
moqmna, airis gamoyofa. neiralizaciis reaqcia natriumis hidroqsidsa 
da marilmJavas Soris egzoTermuli procesia da axlavs siTbos gamo­
yofa. xsnaris temparatura moimatebs ramdenime gradusiT.
natriumis sulfatsa da bariumis qlorids Soris reaqciis Sedegad ga­
moiyofa bariumis sulfatis TeTri feris naleqi.
kalciumis karbonatsa da marilmJavas Soris reaqcias axlavs airis - 
naxSirbadis dioqsidis gamoyofa. 
tyviis nitratisa da kaliumis iodidis ufero xsnarebis Serevis Sede­
gad miiReba tyviis iodidi, romelic aris mkveTri yviTeli feris nale­
qi. sTxoveT moswavleebs daakvirdnen yoveldRiur cxovrebaSi mimdina­
re movlenebis garegnul niSnebs.
rekomendacia: Tu maswavlebels ara aqvs aRniSnuli reaqtivebi, SeuZlia 
gamoiyenos nebismieri sxva msgavsi Tvisebis mqone reaqtivi. mag., ganza­
vebuli gogirdmJava an azotmJava; kaliumis an amoniumis hidroqsidi. 
aseve marilebi, romlebic warmoqmnian naleqs da amavdroulad miiReba 
feradi Seferilobis marilebi.
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cda 4.  qimiuri reaqciebis klasifikacia

Sedegi:  qim.VIII.6 moswavles SeuZlia nivTierebaTa klasificireba, nare­
vis komponentebad dayofa.

indikatori:
yy axasiaTebs sxvadasxva tipis qimiur reaqciebs, msjelobs maT Soris 

msgavseba-gansxvavebaze, adgens reaqciebis zogad sqemebs;

yy asaxelebs sxvadasxva tipis reaqciebis magaliTebs da adgens Sesa­
bamis qimiur gantolebebs.

rekomendacia:  moswavleebi SeiZleba dayoT or jgufad da TiToeuls 
misceT sxvadasxva davaleba.

ras vikvlevT: sxvadasxva tipis qimiur reaqciebs.

cdis mizani:  sxvadasxva tipis qimiur reaqciebSi monawile reagentebsa 
da produqtebze dakvirveba, maTi klasifikacia da qimiuri gantolebe­
bis Sedgena.

resursebi:

qimiuri WurWeli da masala (erTi jgufisaTvis): sinjarebi (5) F0177; sak­
ristalizacio finjani (1) F0342; spirtqura (1) F0300; Stativi F0110; 
zumfaris qaRaldi; foladis marwuxi; damcavi saTvale; 

nivTierebebi: pirveli jgufi -  malaqiti, (spilenZis fuZe karbonatis 
mwvane feris fxvnili),10 g; spilenZis firfita, 1 cali; aluminis fir­
fita 2-3 cali; ganzavebuli gogirdmJava, daaxloebiT, 10 %-iani, 20 ml; 
natriumis hidroqsidi10 %-iani, 10 ml; spilenZis (II) sulfati 10 %-iani, 
10 ml;
meore jgufi - axladdaleqili spilenZis (II) hidroqsidi, 10-15 g; spi­
lenZis firfita, 1 cali; magniumis burbuSela an lenta (daaxloebiT 2 
sm); TuTiis firfita an granulebi, 3-4 cali; ganzavebuli marilmJava, 
10 %-aini; natriumis sulfati 1M, 10 ml; bariumis qloridi 1M, 10 ml.
cdis mimdinareoba: orive jgufis SemTxvevaSi cdis msvleloba erTi da 
igivea.

yy cdis pirveli nawili:  mizani - dakvirveba daSlis reaqciaze.

	pirveli jgufi - moaTavseT malaqitis fxvnilis  daaxloebiT 10 
grami sinjaraSi; sinjara daamagreT Stativis TaTze daxrilad da 
gaacxeleT spirtquris alze; gacxeleba ganagrZeT iqamde, vidre 
sinjaraSi moTavsebuli nivTiereba fers ar Seiclis. daakvirdiT 
sinjaris kedlebze warmoqmnil wylis wveTebs. dakvirvebis Sede­
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gebi SeitaneT oqmSi. dawereT mimdinare qimiuri reaqciis Sesabami­
si  toloba. gaanalizeT cdis Sedegebi. ra miganiSnebT, rom mimdi­
nare qimiuri reaqcia aris daSlis reaqcia? romeli nivTierebebi 
miiReba? dawereT mimdinare qimiuri reaqciis Sesabamisi toloba.

SeniSvna:  Tu saSualeba gaqvT, sinjaras moargeT airgamyvani mili da 
CauSviT kirian wyalSi (kalciumis hidroqsidis xsnari), romelic aimR­
vreva daSlis reaqciis mesame produqtis, naxSirorJangis gamoyofis 
gamo.  
	meore jgufi - moswavleebisTvis winaswar moamzadeT spilenZis (II) 

hidroqsidis naleqi. miRebuli naleqi gaaxureT spirtquris alze. 
sinjara ar miitanoT alTan Zalian axlos. sinjara ise daiWireT, 
rom misi piri ar iyos mimarTuli Tqveni saxisken. gaxureba gaagr­
ZeleT lurji feris srul cvlilebamde. sinjara CadgiT sadgamSi 
da daayovneT ramdenime wuTi. daakvirdiT miRebul nivTierebebs. 
SeadareT erTmaneTs sawyisi nivTiereba da miRebuli nivTierebebi. 
ra miganiSnebT, rom mimdinare qimiuri reaqcia aris daSlis reaq­
cia? dawereT mimdinare qimiuri reaqciis Sesabamisi qimiuri to­
loba.

yy cdis meore nawili: mizani - dakvirveba SeerTebis reaqciaze.

	pirveli jgufi - spilenZis firfitis zedapiri gaasufTaveT zum­
faris qaRaldiT, vidre metali ar daiwyebs bzinvas. 

	aanTeT spirtqura da foladis marwuxiT spilenZis firfita mii­
taneT alis yvelaze cxel nawilTan. daelodeT, daaxloebiT, 2 
wuTi. ra feri miiRo spilenZis firfitam,  ratom? romeli nivTi­
ereba Sevida mierTebis reaqciaSi spilenZTan? ra nivTiereba war­
moiqmna? gaaanalizeT Sedegebi da gamoitaneT saTanado daskvnebi. 
dakvirvebis Sedegebi SeitaneT oqmSi.

	meore jgufi - magniumis burbuSela an lenta foladis marwuxiT 
miitaneT spirtquris alTan. daakvirdiT reaqciis mimdinareobas. 
ra garegnuli niSani axlavs reaqcias? ra feris aris miRebuli 
nivTiereba?

yy cdis mesame nawili: mizani - dakvirveba Canacvlebis reaqciaze.

	pirveli jgufi - aluminis firfitis zedapiri gaasufTaveT zum­
faris qaRaldiT. CaagdeT sinjaraSi da daasxiT 20 ml ganzavebuli 
gogirdmJavas xsnari; ra cvlilebebi SeniSneT? ra nivTiereba ga­
moiyo reaqciis mimdinareobis Sedegad. dakvirvebis Sedegebi gaaa­
nalizeT da SeitaneT oqmSi. 

	meore jgufi - TuTiis firfita CaagdeT sinjaraSi da daasxiT gan­
zavebuli marilmJavas xsnari; ra cvlilebebi SeniSneT? ra nivTie­
reba gamoiyo reaqciis mimdinareobis Sedegad. dakvirvebis Sedege­
bi gaaanalizeT da SeitaneT oqmSi.

	 dawereT TiToeuli reaqciis Sesabamisi qimiuri toloba.
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yy cdis meoTxe nawili:   mizani - dakvirveba mimocvlis reaqciaze.

	pirveli jgufi - SeurieT erTmaneTs    10 ml natriumis hidroq­
sidisa da 10 ml spilenZis (II) sulfatis xsnarebi.

	meore jgufi - SeurieT erTmaneTs  10 ml natriumis sulfatisa da 
10 ml bariumis qloridis xsnarebi.

	daakvirdiT momxdar cvlilebebs da gaaanalizeT. romeli nivTie­
rebebi warmoiqmna? romeli garegnuli niSnebiT SeiZleba imsje­
loT reaqciis mimdinareobaze? dawereT TiToeuli reaqciis Sesa­
bamisi qimiuri toloba. dakvirvebis Sedegebi SeitaneT oqmSi.

yy dakvirvebis Sedegebi SeitaneT oqmSi da SeavseT cxrili.

pirveli 
nawili

meore 
nawili

mesame 
nawili

meoTxe 
nawili

daSlis 
reaqcia

SeerTebis 
reaqcia

Canacvlebis 
reaqcia

mimocvlis 
reaqcia

Sesabamis ujraSi dasviT niSani  X

cdis analizi:  qimiuri reaqciebis klasifikacia ramdenime niSnis mixed­
viT xdeba. erT-erTi aris steqiometriuli klasifikacia. daSlis reaq­
ciis Sedegad, erTi nivTierebidan miiiReba ori an meti axali nivTiere­
ba. moswavle  mocemuli cdidanxedavs, rom malaqitis daSlisas miiReba 
sami axali nivTiereba: Savi feris spilenZis oqsidi, sinjaris kedlebze 
SeimCneva wylis wveTebi,  xolo Tu sinjaris pirTan  mbJutav kvars mi­
itans, is Caqreba, rac naxSirbadis dioqsidis warmoqmnis maCvenebelia. 
SeerTebis reaqciaSi spilenZis firfita urTierTqmedebs haerSi arse­
bul JangbadTan da miiReba Savi feris spilenZis oqsidi. firfita dai­
fareba spilenZis (II) oqsidis Savi feris feniT. 
Canacvlebis reaqciis Seswavlis magaliTad aRebulia aluminis da Tu­
Tiis urTierTqmedeba mJavaTa wyalxsnarebTan. reaqciis Sedegad alumi­
ni da TuTia Caanacvlebs wyalbads mJavaSi da wyalbadi gamoiyofa airis 
buStukebis saxiT. Canacvlebis magaliTad SegiZliaT gamoiyenoT rkinis 
an TuTiis urTierTqmedeba spilenZis (II) sulfatis xsnarTan, Canacvle­
buli spilenZi mowiTalo feris fenis saxiT daileqeba rkinis an TuTi­
is zedapirze. mimocvlis reaqciis mimdinareobis erT-erTi pirobaa na­
leqis gamoyofa. mocemul cdaSi natriumis hidroqsidisa da spilenZis 
(II) sulfatis xsnarebis urTierTqmedebis erT-erTi produqtia spilen­
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Zis (II) hidroqsidi, romelic lurji feris naleqia. mimocvlis meore 
produqti, natriumis sulfati rCeba xsnarSi. aseve mimocvlis reaqciis 
magaliTia marilTa xsnarebs (natriumis sulfati da bariumis qloridi) 
Soris reaqcia, romlis erT-erTi produqtia bariumis sulfatis TeTri 
feris naleqi.
rekomendacia:  am eqsperimentSi Tqveni Sexedulebis da SesaZleblobis 
Sesabamisad ganaxorcieleT sxva qimiuri reaqciebi. magaliTad naxSiris 
wva, rogorc SeerTebis reaqciis magaliTi.  Canacvlebis reaqciis maga­
liTad SegiZliaT gamoiyenoT reaqcia rkinis lursmansa da spilenZis (II) 
sulfats Soris.
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cda 5.  nivTierebaTa modelebis awyoba

Sedegi: qim.VIII.5 moswavles SeuZlia elementebis, atomebisa da moleku­
lebis SedarebiTi daxasiaTeba.
indikatori:
yy iyenebs nawilakovan modelebs da aRwers elementebis urTierTq­

medebisas nivTierebebis warmoqmnis process.

ras vikvlevT - rogor SeiZleba gamoviyenoT molekulebis modelebi 
saswavlo procesSi

aqtivobis mizani: martivi da rTuli nivTierebebis modelebis awyoba, 
reaqciebis modelebis awyoba da maTi Sedareba

aqtivobisaTvis saWiro masala:molekulebis modelebis asawyobi nakrebi 
F0428. SegiZliaT gamoiyenoT plastilinisgan damzadebuli burTulebi; 
xis Cxirebi an asanTis Rerebi.

aqtivobis mimdinareoba:

yy moswavleebs dafaze dauwereT nivTierebebis formulebi. magaliTad, 

wyalbadi (H2)(H2); Jangbadi (O2)(O2); wyali - (H2O)(H2O); meTani - (CH4)(CH4); 

amoniaki - (NH3)(NH3) sxva Tqveni survilis mixedviT.

yy sTxoveT moswavleebs gaixsenon elementebis valentobebi.

yy nakrebidan TiToeul elements Seusabamon sxvadasxva feris da 
zomis burTulebi;

yy valentobebis gaTvaliswinebiT Seadginon martivi da rTuli niv­
Tierebebis modelebi;

yy modelebis gamoyenebiT aCvenon martivi reaqciebis dros momxdari 
gardaqmnebi. magaliTad, wyalbadis, Jangbadis da wylis moleku­
lebis modelebis  gamoyenebiT Seadginon wylis warmoqmnis reaq­
ciis sqema.
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rekomendacia: moswavleebs SegiZliaT misceT aqtivobaSi aRwerili 
formulebisagan gansxvavebuli formulebi sxva nivTierebebis modele­
bis asawyobad da sTxovoT am modelebis gamoyenebiT sxvadasxva tipis 
reaqciebis mimdinareobis demonstrireba.

aqtivobis analizi: mocemuli aqtivobis mixedviT moswavleebs SeiZleba 
vizualurad vaCvenoT nivTierebis agebuleba, molekulaSi atomTa da­
kavSirebis Tanmimdevroba. aseve reaqciaTa sqemebis awyobiT moswavles 
saSualeba aqvs naTlad dainaxos qimiuri reaqciis dros molekulebSi 
atomTa gadawyoba.
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cda 6.  nivTierebaTa fizikuri Tvisebebi

Sedegi: qim.VIII.6 moswavles SeeuZlia nivTierebaTa klasificireba, nare­
vis komponentebad dayofa.

indikatori:
	 asaxelebs misTvis nacnob sxvadasxva nivTierebas, axasiaTebs maT 
fizikuri Tvisebebis mixedviT.
	
ras vikvlevT :  ra meTodebiT ganvsazRvroT paralelepipedis an kubis 
formis da uformo sagnebis simkvrive.

rekomendacia:  moswavleebi dayaviT wyvilebad an mcire jgufebad, 
Tqveni survilis mixedviT da TiToeul jgufs gamosakvlevad mieciT 
sxvadasxva nivTiereba.

cdis mizani: myari nivTierebebis simkvrivis gansazRvra sxvadasxva me­
TodiT.

resursebi:

WurWeli da masala (erTi jgufisaTvis): sazomi cilindri, 50 ml (1) 
F0185; saswori (mTeli klasisaTvis) F0563; saxazavi; Zafi.

nivTierebebi: mcire zomis wyalSi uxsnadi mineralebi, qanebi an qvebi; 
paralelepipedis da/an kubis formis mcire sagani.

cdis mimdinareoba:
yy cdis pirveli nawili - paralelepipedis an kubis formis sagnis mo­

culobis da simkvrivis gansazRvra.

	awoneT sagani. CaiwereT miRebuli mniSvneloba laboratoriul 
oqmSi winaswar momzadebul cxrilSi.

	saxazaviT gazomeT sagnis gazomilebebi (sigrZe, sigane, simaRle).

	monacemebi SeitaneT laboratoriul oqmSi da CawereT winaswar 
momzadebul cxrilSi.

	gamoiyeneT Tqvens mier Segrovili monacemebi da gamoTvaleT sag­
nis moculoba da simkvrive.

yy cdis meore nawili - uswormasworo zedapiris mqone sagnis mocu­
lobis da simkvrivis gansazRvra.

	awoneT uswormasworo zedapiris mqone sagani. CaiwereT miRebuli 
mniSvneloba laboratoriul oqmSi winaswar momzadebul cxrilSi.

	daaxloebiT 20 ml wyali CaasxiT 50 ml-ian moculobis sazom ci­
lindrSi. CaiwereT siTxis sawyisi moculoba (zusti mniSvneloba). 
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iqidan gamomdinare,  rom cilindrSi wylis zedapirs aqvs mrudi 
forma, moculoba aiTvaleT Tvalis doneze mrudis udables wer­
tilSi. siTxis mrude zedapirs meniski ewodeba.

	sagans moabiT Zafi da frTxilad CauSviT wyalSi, ise, rom wyali 
ar amoSxefdes.  aiTvaleT wylis saboloo moculoba.

	 saboloo moculobas gamoakeliT sawyisi moculoba. miRebuli 
Sedegi iqneba sagnis moculobis toli. dakvirvebis da gazomvis 
Sedegebi SeitaneT laboratoriul oqmSi winaswar momzadebul 
cxrilSi.

cdaSi miRebuli monacemebis gamoyenebiT gamoTvaleT aRebuli sagnis 
simkvrive
yy SeavseT cxrili

sworkuTxa 
sagnis  masa 
-  m (g)

sagnis ganzomilebebi (sm) sagnis mocu­
loba - V
sm3

(x · y · z)

sigrZe (x) sigane (y) simaRle (z)



111

araswori zeda­
piris mqone 
sagnis masa masa 
- m (g)

wylis moculoba moculoba - V (sm3)
V = V2 -  V1sawyisi - V1 V1 saboloo - V2 V2

yy gamoTvlebi:

swori sagnis simkvrive: 

araswori sagnis simkvrive: 

cdis analizi: nivTierebis simkvrive erT-erTi mniSvnelovani fizikuri 
Tvisebaa, romelsac didi mniSvneloba aqvs qimiaSi. sxvadasxva nivTiere­
bis  simkvriveebs Soris gansxvavebis safuZvelze SesaZlebelia nareve­
bis dayofa. es exeba rogorc myar, aseve Txevad nivTierebebs.  mocemul 
cdaSi aRwerilia myari nivTierebis simkvrivis gansazRvra. simkvrivis 
gansazRvrisTvis aucilebelia orive (paralelepipedis an kubis formis 
da uformo) sagnis masis codna. sworkuTxa formis nivTierebis simkvr­
vis gansazRvris magaliTad mocemul cdaSi SegiZliaT gamoiyenoT kubis 
an paralelepipedis formis sagani. aseTi nivTierebis moculoba gamo­
iTvleba misi sami ganzomilebidan (sigrZe, sigane, simaRle). xolo aras­
wori (uformo) myari nivTierebis simkvrivis dasadgenad moculoba un­
da ganisazRvros mis mier gamoZevebuli wylis moculobiT. miRebuli 
monacemebi CasviT simkvrivis gamosaTvlel formulaSi. gaiTvaliswi­
neT, rom am meTodis gamoyenebiT ver gansazRvravT im nivTierebis sim­
kvrives, romelic wyalSi ixsneba an qimiur urTierTqmedebaSi Sedis 
masTan. 
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cda 7.  mJavebis Tvisebebis kvleva

Sedegi: qim.VIII.9.  moswavles SeuZlia araorganul naerTTa ZiriTadi 
klasebis daxasiaTeba.

ras vikvlevT:  rogor moqmedebs mJavebi sxvadasxva nivTierebasa da in­
dikatorze.

rekomendacia:  cda CaatareT jgufurad.
cdis mizani:  rogor urTierTqmedebs mJava indikatorebze, marilebze 
da  metalebze.

resursebi (erTi jgufisaTvis):

WurWeli da masala: sinjarebi (15) F0177; pipetebi (3) F0463; zumfaris na­
Weri.

nivTierebebi: 15 ml ganzavebuli marilmJava; 15 ml ganzavebuli gogir­
dmJava; 15 ml ZmarmJava; 3 cali lakmusis qaRaldi; 9-12  wveTi fenol­
ftaleini; kalciumis karbonati 3 g; TuTiis granulebi, 9 cali; spilen­
Zis firfitebi, 3 cali. 

cdis mimdinareoba:
yy aiReT 5 sinjara da danomreT A1, A2, A3, A4, A5. TiToeulSi Caas­

xiT 3-3 ml marilmJava. analogiurad, Semdeg 5 sinjaraSi (B1 – B5) 
CaasxiT 3-3ml ganzavebuli gogirdmJava, xolo  kidev 5 sinjaraSi 
(C1 – C5) 3 ml ZmarmJava.

yy A1, B1 da C1 sinjarebSi CauSviT lurji lakmusis qaRaldi. da­
akvirdiT feris cvlilebas da Sedegi CaiwereT laboratoriul 
oqmSi.

yy A2, B2 da C2 sinjarebs daamateT 3-4 wveTi fenolftaleini. Caiwe­
reT monacemebi.

yy A3,B3 da C3 sinjarebSi CayareT kargad dafxvnili erTnairi rao­
denobis carcis fxvnili (kalciumis karbonati). dakvirvebis Se­
degebi SeitaneT oqmSi. SeadgineT mimdinare qimiuri reaqciebis 
Sesabamisi tolobebi.

yy A4, B4 da C4 sinjarebSi CauyareT TuTiis granulebi. dakvirvebis 
Sedegebi SeitaneT oqmSi.SeadgineT mimdinare qimiuri reaqciebis 
Sesabamisi tolobebi.

yy A5, B5 da C5 sinjarebSi moaTavseT spilenZis firfitebi. dakvir­
vebis Sedegebi SeitaneT oqmSi.

yy miRebuli Sedegebi gaaanalizeT da gamoitaneT saTanado daskvne­
bi.
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rekomendacia: Tqveni Sexedulebisamebr SegiZliaT gamoiyenoT sxva niv­
Tierebebi da indikatorebi.

cdis analizi:  mJavebi gansxvavebulad moqmedeben sxvadasxva nivTiere­
baze. lakmusis qaRaldi mJavebSi ifereba wiTlad. Sefervis intensioba 
gansxvavebuli iqneba mJavas siZlieris da koncentraciis mixedviT. 
fenolftaleini mJavebSi fers ar icvlis. 
kalciumis karbonatze mJavebis moqmedebiT gamoiyofa airi, radgan es 
marili aris susti mJavas marili da mJavebTan reaqciis Sedegad gamo­
yofs naxSirorJangs. 
rac Seexeba metalebze mJavebis moqmedebas, am SemTxvevaSi reaqcia da­
mokidebulia metalze da mJavaze. is metalebi, romlebic metalTa aq­
tiurobis mwkirivSi mdebareoben wyalbadis Semdeg, ganzavebul mJaveb­
Tan ar moqmedeben da ar gamoyofen wyalbads. amitom reaqcia ar mimdi­
nareobs spilenZis SemTxvevaSi. aluminTan reaqcia mimdinareobs aqtiu­
rad, Tumca aucilebelia, rom metalis zedapiri winaswar gasufTavdes 
zumfaris qaRaldiT, raTa moSordes oqsidis fena, romelic xels SeuS­
lis reaqciis warmarTvas.
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cda 8.  fuZeebis Tvisebebis kvleva

Sedegi:  qim.VIII.9.  moswavles SeuZlia araorganul naerTTa ZiriTadi 
klasebis daxasiaTeba.

ras vikvlevT:   rogor moqmedeben tuteebi sxvadasxva nivTierebasa da 
indikatorze. 

rekomendacia:  cda CaatareT jgufurad.

cdis mizani:  rogor gavlenas axdens sxvadasxva tute indikatorebze, 
mJavebsa da marilebze.

resursebi (erTi jgufisaTvis):

WurWeli da masala: sinjarebi (10)  F0177; pipetebi (3) F0463.

nivTierebebi: lakmusis qaRaldi; fenolftaleini; natriumis hidroqsi­
di, 1M, 15 ml; kalciumis hidroqsidi, 1M, 15 ml; spilenZis (II) qloridis 
xsnari, 1M, 6 ml; rkinis (III) nitratis xsnari 1M, 6 ml; natriumis karbo­
natis xsnari, 1M, 6 ml.    

cdis mimdinareoba:
yy aiReT 5 sinjara da danomreT A1, A2, A3, A4, A5.  TiToeulSi Caas­

xiT 3 ml natriumis hidroqsidi. analogiurad Semdeg 5 sinjaraSi 
(B1 – B5) CaasxiT 3 ml kalciumis hidroqsidis xsnari.

yy A1 da B1 sinjarebSi CauSviT lurji lakmusis qaRaldi. daakvir­
diT feris cvlilebas da CaiwereT laboratoriul oqmSi winaswar 
momzadebul cxrilSi.

yy A2 da B2 sinjarebs daamateT 3-4 wveTi fenolftaleini. daakvir­
diT feris cvlilebas da CaiwereT laboratoriul oqmSi. A3 da B3 
sinjarebSi daamateT 3-3 ml spilenZis (II) qloridis xsnari;

yy A4 da B4 sinjarebSi daamateT 3-3 ml rkinis (III) nitratis xsnari;

yy A5 da B5 sinjarebSi daamateT 3-3 ml natriumis karbonatis xsna­
ri.    

yy daakvirdiT sinajarebSi mimdinare reaqciebs. gaaanalizeT Sedege­
bi da gamoitaneT daskvnebi. Sedegebi SeitaneT oqmSi.

yy uxsnadi fuZeebis Tvisebebis dasadgenad A3 da B3 sinjarebSi miRe­
buli nivTierebebi gaacxeleT spirtquris alze da daakvirdiT, ra 
moxdeba. sinjarebi ise daiWireT, rom Ria Tavi Tqvens sapirispirod 
iyos mimarTuli. gamoiyeneT sinjarebis damWeri.

yy gaimeoreT igive A4 da B4 sinjarebisTvis. 

yy laboratoriul oqmSi dawereT yvela mimdinare reaqciis Sesabami­
si qimiuri tolobebi.
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yy daakvirdiT cvlilebebs sinjarebSi gacxelebis Semdeg. dakvirve­
bis Sedegebi SeitaneT oqmSi. 

yy gaanalizeT miRebuli Sedegebi, gamoitaneT daskvnebi da SeitaneT 
oqmSi.  

yy dawereT mimdinare qimiuri reaqciebis Sesabamisi tolobebi.

cdis analizi:  fuZeebi sxvadasxva nivTierebaze naerTTa sxva klasebis 
warmomadgenlebisgan  gansxvavebulad moqmedeben. tuteebis wyalxsna­
rebSi lakmusis Seferiloba xdeba lurji, xolo fenolftaleini   
mkveTr Jolosfers Rebulobs. uxsnadi fuZeebi indikators fers ar 
ucvlis. tuteebi reaqciaSi Sedis zogierT marilTan da am reaqciis 
mimdinareobis aucilebeli pirobaa, rom miRebuli produqtebidan erT-
erTi  uxsnadi iyos. 
rkinis da spilenZis marilebze tutis moqmedebiT  rkinisa da spilenZis 
uxsnadi hidroqsidebi miiReba. natriumis karbonatze natriumis hid­
roqsidis moqmedebiT reaqcia ar mimdinareobs, xolo kalciumis hid­
roqsidTan reaqciis Sedegad  uxsnadi kalciumis karbonati gamoiyofa. 
uxsnadi hidroqsidebis erT-erTi mniSvnelovani ganmasxvavebeli niSania 
maTi daSlis reaqciebi. tuteebisgan gansxvavebiT (amoniumis hidroqsi­
dis garda), uxsnadi hidroqsidebi gaxurebiT martivad iSleba Sesabami­
si fuZe oqsidisa da wylis warmoqmniT. 
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cda 9.  kavSiri naerTTa klasebs Soris

Sedegi: qim.VIII.9 moswavles SeuZlia araorganul naerTTa ZiriTadi kla­
sebis daxasiaTeba.
ras vikvlevT:   naerTTa sxvadasxva klass Soris urTierTkavSirs.
rekomendacia:  moswavleebma cda Seasrulon wyvilebSi.
cdis mizani:  sxvadasxva klasis naerTebs Soris kavSiris Cveneba konkre­
tuli gardaqmnebis 
(  magaliTze.

resursebi (TiToeuli wyvilisaTvis):

WurWeli da masala: sinjara (1) F0177; sinjarebis sadgami F0114; sinjare­
bis damWeri F0577; foladis marwuxi; spirtqura F0300; 

nivTierebebi: spilenZis firfita, 1 cali; gogirdmJava 10 %-iani, 20 ml; 
natriumis hidroqsidis xsnari 10 %-iani, 20 ml; marilmJava 10 %-iani, 
20 ml.

cdis mimdinareoba:

yy aanTeT spirtqura da foladis marwuxis gamoyenebiT spilenZis 
firfita SeitaneT spirtquris alSi. gaaCereT ramdenime wuTi. da­
akvirdiT feris cvlilebas. CainiSneT Sedegi. CawereT mimdinare 
reaqciis toloba. ra tipis reaqcis moxda? naerTTa romel klass 
miekuTvneba miRebuli nivTiereba?
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yy miRebuli spilenZis (II) oqsidi moaTavseT sinjaraSi da daamateT 
20 ml ganzavebuli gogirdmJavas xsnari. aanTeT spirtqura. daiWi­
reT sinjara damWeris saSualebiT da gaacxeleT. moerideT xsna­
ris aduRebas. daakvirdiT feris cvlilebas da Sedegebi SeitaneT 
laboratoriul oqmSi. romeli nivTiereba warmoiqmna? naerTTa 
romel klass miekuTvneba miRebuli nivTiereba? CawereT mimdina­
re reaqciis toloba.

yy oqsidis srulad gaxsnis Semdeg, sinjara gaaciveT da daamateT 
20 ml natriumis hidroqsidis xsnari. CawereT mimdinare reaqciis 
toloba. am reaqciis safuZvelze naerTTa romeli klasis Tvise­
bebis Seswavlaa SesaZlebeli? naerTTa romel klass miekuTvneba 
miRebuli nivTiereba? daakvirdiT cvlilebas da CaiwereT oqmSi. 

yy aanTeT spirtqura, daiWireT sinjara   damWeris gamoyenebiT da  
frTxilad   gaacxeleT. sinjara ar miitanoT alTan Zalian axlos. 
gacxeleba gaagrZeleT, sanam lurji Seferiloba mTlianad ar gaq­
reba. CawereT mimdinare qimiuri reaqciis Sesabamisi toloba. ra 
nivTiereba miiReba? dakvirvebis Sedegebi SeitaneT laboratori­
ul oqmSi. 

yy sinjaris gacivebis Semdeg daelodeT naleqis dawdomas da sinja­
ras daamateT marilmJavas xsnari. SeadareT meore etapze mimdi­
nare qimiuri reaqcia am etapze mimdinare movlenas.  daakvirdiT 
feris cvlilebas da Sedegebi SeitaneT oqmSi.

	 gaaanalizeT mTliani procesi da gamoitaneT daskvna, rogori 
genetikuri kavSiri arsebobs naerTTa klasebs Soris. 

rekomendacia: Tqveni Sexedulebisamebr, gardaqmna SegiZliaT CaataroT 
sxva nivTierebebis gamoyenebiT. 
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cdis analizi:  mocemul aqtivobaSi aRwerili  gardaqmnebis magaliTze 
kargad Cans naerTTa klasebs Soris genetikuri kavSiri. spilenZis wva 
aris oqsidebis miRebis erT-erTi xerxis  magaliTi. spilenZis oqsidi 
reaqciaSi Sedis mJavasTan, rac aris rogorc fuZe oqsidebis, aseve mJa­
vebis qimiuri Tvisebis magaliTi. reaqciis Sedegad miiReba marili. es 
reaqcia aris marilebis miRebis aTi ZiriTadi xerxidan erT-erTi. miRe­
buli spilenZis (II)sulfati reaqciaSi Sedis natriumis hidroqsidTan. 
es aris rogorc marilebis da tuteebis qimiuri Tviseba, aseve marile­
bis miRebis erT-erTi xerxi da, amavdroulad, uxsnadi hidroqsidebis 
miRebis erTaderTi meTodi. miRebuli spilenZis (II) hidroqsidi gaxure­
biT advilad iSleba Sesabamisi fuZe oqsidis da wylis warmoqmniT. es 
ukanaskneli gardaqmna aris uxsnadi fuZeebis Tvisebis amsaxveli (rac­
maT tuteebisagan ganasxvavebs) da, amavdroulad, fuZe oqsidebis miRe­
bis xerxi. miRebuli fuZe oqsidi advilad Sedis reaqciaSi mJavasTan. am 
SemTxvevaSi gamoyenebulia sxva mJava (marilmJava), reaqciis Sedegad mi­
iReba isev marili, rac kvlav asaxavs  marilebis miRebis xerxs. am gar­
daqmnis safuZvelze moswavlisTvis ufro naTeli gaxdeba kavSiri naer­
TTa sxvadasxva klass Soris. 
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cda 10.  narevebis dayofa

Sedegi - qim.VIII. 6 moswavles SeuZlia nivTierebaTa klasificireba, na­
revis komponentebad dayofa
yy flobs narevis komponentebad dayofis xerxebs; gegmavs da ata­

rebs Sesabamis cdebs.

ras vikvlevT:   rogor davaciloT erTmaneTs narevis Txevadi komponen­
tebi.

rekomendacia:  cda CaatareT sademonstraciod. 

cdis mizani:    wylis da mcenareuli zeTis dacileba.

resursebi:

WurWeli da masala: qimiuri Wiqa, 250 ml (1) F0083; gamyofi Zabri (1) 
F0049; moculobis sazomi cilindri, 50 ml (1) F0185; Stativi (1) F0110 ; 
Stativis samagri (1) F0052 ; Stativis samagri TaTi (1) F0108; 

nivTierebebi: 15 ml mcenareuli zeTi;  25 ml wyali.

cdis mimdinareoba:
yy 150 ml -ian qimiur WiqaSi sazomi cilindriT gadaitaneT 25 ml 

wyali.

yy daamateT 15 ml mcenareuli zeTi. kargad mourieT  wkiriT.

yy CaketeT gamyofi Zabris onkani. 

yy CaasxiT momzadebuli narevi gamyof ZabrSi da daaxureT Zabrs 
Tavsaxuri. Zabri kargad SeanjRrieT.

yy Stativze daamagreT samagri da TaTi. 

yy Stativis TaTze moargeT gamyofi Zabri da daayovneT ramdenime 
wuTi.

yy gamyof Zabrs moxseniT Tavsaxuri.

yy Zabris qveS dadgiT qimiuri Wiqa. Zabris  onkani frTxilad gaxse­
niT da siTxe CauSviT qimiur WiqaSi.

yy onkani daketeT, roca siTxeebis gamyofi zedapiris qvemoT arse­
buli siTxe mTlianad Camova WiqaSi. 

yy daakvirdiT ZabrSi darCenil da WiqaSi gadasul siTxeebs da  dak­
virvebis Sedegebi SeitaneT laboratoriul oqmSi. 

yy Sedegebi gaaanalizeT.
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cdis analizi:    zeTis da wylis dacileba efuZneba maT  simkvriveebs So­
ris gansxvavebas. zogadad, mZime anu maRali simkvrivis mqone  siTxe ga­
moeyofa dabali simkvrivis mqone im siTxes, romelsac ar ereva da grov­
deba ufro dabla. am meTodiT ar moxerxdeba spirtis da wylis daci­
leba, radgan es ori nivTiereba erTmaneTs ereva nebismieri proporci­
iT. maT dasacileblad unda gamoiyenoT  gamoxdis meTodi, romliTac 
SesaZlebelia iseTi siTxeebis dacileba, romlebic erTmaneTisgan  du­
Rilis temparaturiT gansxvavdeba. 
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cda 1.  kristalhidratebi

Sedegi: qim.IX.5 moswavles SeuZlia metalTa da arametalTa Tvisebebis 
kvleva.

rekomendacia: mocemuli eqsperimenti Sedgeba ori nawilisagan. cda Se­
asruleT sademonstraciod. survilis mixedviT, cda SegiZliaT Caata­
roT sxvadasxva gakveTilze. moswavleebma gamoTvlebi Seasrulon indi­
vidualurad.

ras vikvlevT:  ra nivTierebebisagan Sedgeba kristalhidrati? ra mo­
luri TanafardobiT Seicavs kristalhidrati mocemul nivTierebebs?

cdis mizani: ra nivTiereba gamoiyofa Sabiamanis  (spilenZis (II) sulfa­
tis kristalhidrati) kristalebis gaxurebis Sedegad. SabiamanSi wyli­
sa da spilenZis (II) sulfatis moluri Tanafardobis dadgena.

resursebi:

saWiro WurWeli da masala: qimiuri Wiqa, 600 ml (1) F0088; qimiuri Wiqa 
100 ml (1) F0080; sinjara saSualo (2) F0175; pipeti (1) F0463; Termometri 
(1) F0333; minis mili, swori (1) F0121; minis mili,  swori kuTxiT moxrili 
(1); rezinis sacobi erTi naxvretiT (1) F0376; rezinis mili, 10 sm sigrZis 
(1) F0466; Stativi damWerebiT (2) F0110; faifuris rodini sanayiT (1) 
F0281; spirtqura (1) F0300; faifuris jami (1) F0474; samfexa sadgami 
F0497; saswori F0285; Spateli; damcavi saTvale F0275.

qimiuri nivTierebebi: spilenZis (II) sulfatis kristalhidrati, 15-20 g, 
civi wyali, 400 ml.

cdis  mimdinareoba: 

yy pirveli nawili

cdis mizani -kristalhidratis SedgenilobaSi wylis Semcvelobis dad­
gena.
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	Sabiamnis kristalebi kargad gaafxviereT faifuris rodinSi. sin­
jara naxevramde SeavseT cisferi kristalebiT.

	rezinis sacobSi gaatareT minis swori mili(rezinis sacobSi minis 
milis gatarebis gasaadvileblad  mils garedan wausviT gliceri­
ni). 

	swori minis mils moargeT rezinis mili, romlis meore bolosTa­
nac miaerTeT  swori kuTxiT moxrili minis mili.

	rezinis sacobi moargeT sinjaras da sinjara, Stativis ormagi sa­
magris da TaTis gamoyenebiT, odnav daxril mdgomareobaSi daa­
magreT Stativis Reroze (daaxloebiT, 30 sm simaRleze). 

	qimiur WiqaSi CaasxiT wyali, daaxloebiT, Wiqis moculobis 2/3 anu 
400ml.

	meore Stativis Reroze (daaxloebiT, 15 sm simaRleze) Stativis 
ormagi samagris da TaTis gamoyenebiT daamagreT meore sinjara 
ise, rom wylian WiqaSi CadgaT.

	sinjaraSi CauSviT moxrili milis meore bolo. 

	spirtqura aanTeT da daudgiT qvemodan kristalebis Semcvel 
daxril sinjaras saWiro simaRleze. simaRle daaregulireT raime 
sadgamiT.

	gaiTvaliswineT: sinjaraSi CaSvebuli moxrili minis mili ar unda 
Seexos sinjaraSi dagrovil siTxes.

	sinjaris gacxeleba gaagrZeleT iqamde, vidre ar Sewydeba siTxis 
gamoyofa. dakvirvebis Sedegebi CaiwereT oqmSi.

	SewyviteT gacxeleba da gamoikvlieT gamoyofili siTxe.

	moxseniT sinjara Statividan da dadgiT gasagrileblad. 
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	sinjaridan marili gadmoyareT da gaanawileT or saaTis minaze. 
erT nawils daawveTeT gamoxdili wylis ramdenime wveTi, xolo 
meore nawils daawveTeT sinjaraSi Segrovili siTxis ramdenime 
wveTi. daakvirdiT spilenZis (II)sulfatis feris cvlilebas. ra­
tom Seicvala feri? dakvirvebis Sedegebi SeitaneT laboratori­
ul oqmSi.

	miRebuli Sedegebis analizis safuZvelze gamoitaneT daskvna, ra    
gamoiyofa Sabiamanis  (spilenZis (II) sulfatis kristalhidrati) 
kristalebis gaxurebis Sedegad.

yy meore nawili.

mizani: kristalihidratis SedgenilobaSi Semavali komponentebis mo­
luri Tanafardobis dadgena.

	faifuris jamze moaTavseT mcire raodenobiT Sabiamnis krista­
lebi. isev awoneT da  Sedegi cxrilSi CawereT.

	jami moaTavseT sadgamze da gaacxeleT spirtquriT iqamde, vidre 
cvlilebebi ar Sewydeba. 

	 daaxloebiT 5 wuTis Semdeg dakvirvebis Sedegebi CaiwereT labo­
ratoriul oqmSi.

	SewyviteT gacxeleba da jami gaaciveT.

	jami kvlav awoneT. 

	jami kvlav gaacxeleT da awoneT. es gaimeoreT ramdenimejer, vid­
re sasworis bolo ori Cveneba erTnairi ar iqneba. cxrilSi Caiwe­
reT saboloo maCvenebeli.
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monacemTa cxrili:

faifuris jamis masa mariliT, gacxe­

lebamde (g) -  

faifuris jamis masa mariliT, 

gacxelebis Semdeg (g) - 

gamoTvlebi: m(H2O) = m2 - m1

 kristalhidratis zogadi formula aRniSneT Semdegnairad: 
. mocemuli formulis mixedviT 1 mol marilTan kristal­

deba n moli wyali. gamoTvaleT Tqvens mier aRebuli marilis raodeno­
ba molebSi da gamoyofili wylis raodenoba. daadgineT Tanafardoba. 
SeadareT Tqvens mier miRebuli Sedegi Teoriul mniSvnelobas.

cdis analizi:  araorganuli marilebis didi nawili arsebobs kristal­
hidratebis saxiT. maT Soris erT-erTi aris spilenZis (II) sulfatis 
kristalhidrati , anu Sabiamani. es marili 
aris mkveTri cisferi Seferilobis. am fers ganapirobebs masSi krista­
lizaciuri wylis arseboba. marili gaxurebis Sedegad kargavs krista­
lizaciur wyals da, Sesabamisad,  kargavs fers. rogorc ki uwylo spi­
lenZis (II) sulfati wyals miierTebs, feri aRdgeba. Sabiamnis gacxele­
bisas gamoyofili siTxe rom namdvilad  wyalia, SeiZleba daadasturoT 
duRilis temperaturis gansazRvriT. rac Seexeba kristalhidratSi ma­
rilsa da wyals Soris moluri Tanafardobis dadgenas, amisaTvis isazR­
vreba garkveuli masis marilis gaxurebisas aorTqlebuli wylis masa, 
saidanac gamoiTvleba marilis da wylis raodenobebi (molebSi) da 
dgindeba maTi Tanafardoba.  
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cda 2.  metalTa aqtiurobis mwkrivi

Sedegi:   qim.IX.6 moswavles SeuZlia metalTa aqtiurobis mwkrivis gamo­
yeneba.

ras vikvlevT:   riT gansxvavdeba metalebi erTmaneTisgan.

rekomendacia:  SesaZleblobis mixedviT, cda SeasruleT sademonstra­
ciod, an moswavleebi dayaviT jgufebad.

cdis mizani: metalTa aqtiurobis Sedareba,  marilTa wyalxsnarebTan 
maTi urTierTqmedebis Seswavlis safuZvelze.

resursebi (erTi jgufisaTvis):

saWiro WurWeli da masala: sinjarebi (16) F0176; pipetebi (4) F0463; zum­
faris naWeri.

nivTierebebi: aluminis, TuTiis, tyviis da spilenZis metaluri  naWrebi; 
 - is,  - is,  - is, 
 - is 1M xsnarebi, TiToeuli 5 ml. 

cdis mimdinareoba:
yy danomreT pirveli 4 sinjara Semdegi wesis mixedviT: 

 danarCenebi,  Sesabamisad,  

yy sinjarebSi CaasxiT CamoTvli xsnarebis 5-5 ml Semdegnairad: 

yoveli seriis pirvel sinjaraSi (A
1
, B

1
, C

1 
da D

1
)

;  yoveli seriis meore sinjaraSi (A
2
, B

2
, C

2 
da D

2
)

; yoveli seriis mesame sinjaraSi (A
3
, B

3
, C

3
 

da D
3
)  da yoveli seriis meoTxe simja­

raSi (A
4
, B

4
, C

4
 da D

4
) ;

yy zumfaris qaRaldiT gaaprialeT metalis naWrebi.

yy aluminis naWrebi moaTavseT yoveli seriis pirvel
)  sinjarebSi, TuTiis naWrebi _ yoveli seriis meo­

re  sinjarebSi. tyviis naWrebi _ yoveli seriis mesame  sinjarebSi 
da spilenZis naWrebi _ yoveli seriis  meoTxe  sinjarebSi. 

yy daakvirdiT 5 wuTis ganmavlobaSi, ra moxdeba TiToeul sinjaraSi 
da  dakvirvebis Sedegebi cxrilSi  CawereT.

yy gaaalizeT Sedegebi da gamoitaneT daskvnebi. dawereT yvela mim­
dinare qimiuri reaqciis Sesabamisi toloba.

yy cdis analizi:  metalebi erTmaneTisgan gansxvavdeba qimiuri aq­
tiurobis mixedviT. amis safuZvelze Sedgenilia metalTa aqti­



127

urobis mwkrivi. wyalbadis aqtiuroba miRebulia nulis tolad. 
danarCeni metalebis aqtiuroba ki Sedarebulia wyalbadis aqtiu­
robas. amis mixedviT metalTa didi nawili, romlebic  aqtiurobis 
mwkrivSi wyalbadis win arian ganTavsebuli, qimiur reaqciebSi aZe­
veben wyalbads ganzavebul mJavaTa wyalxsnarebidan. xolo wyal­
badis Semdeg   ganTavsebuli metalebi ver aZeveben wyalbads mJava­
Ta wyalxsnarebidan.  amis garda,  yoveli metali aZevebs metalTa 
aqtiurobis mwkrivSi mis Semdeg mdgom metals marilTa wyalxs­
narebidan. mocemul cdaSi Sedarebulia oTxi metalis (alumini, 
TuTia, tyvia, spilenZi) aqtiuroba. yvelaze aqtiuri metali (alu­
mini) aZevebs danarCen sam metals maT marilTa wyalxsnarebidan, 
xolo yvelaze pasiuri metali (spilenZi) ver aZevebs verc erT 
metals.
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cda 3.  metalebis Tvisebebi

Sedegi: qim.IX.5. moswavles SeuZlia metalTa da arametalTa Tvisebebis 
kvleva.
indikatori:
yy atarebs cdebs metalTa fizikur Tvisebebze (mag., Tbogamtaroba, 

eleqtrogamtaroba) dasakvirveblad; msjelobs metalTa sxva Tvi­
sebebze (mag., maRali lRobis temperatura, bzinvareba, Wedadoba, 
SenadnobTa warmoqmna, magnituroba);

yy gegmavs da atarebs cdebs ganzavebul mJavebTan metalebis urTi­
erTqmedebis kanonzomierebebis gamosavlenad; gamoiTvlis gamo­
yofili wyalbadis moculobas da/an raodenobas.

ras vikvlevT:     ra fizikuri da qimiuri Tvisebebi axasiaTebs metalebs.

rekomendacia:  cda SeasruleT jgufurad.
cdis mizani:  rkinis, aluminis da spilenZis fizikuri Tvisebebi kvleva 
da maTi urTierTqmedebis Seswavla ganzavebul mJavebTan.

resursebi (erTi jgufisaTvis): 

WurWeli da masala: sinjarebi (6) F0176; moculobis sazomi cilindi (2) 
F0089;

nivTierebebi: rkinis naqlibi, 1g F0170; aluminis firfitebi F0017 an Tu­
Tiis granilulebi, 2 cali; spilenZis firfitebi F0064; ganzavebuli 
(2M) marilmJava, 25 ml; ganzavebuli (2M) gogirdmJava, 25 ml.

mimdinareoba:
yy pirveli nawili: aqtivoba - metalTa fizikuri Tvisebebi

	metalebs daakvirdiT vizualurad. dakvirvebis Sedegebi SeitaneT 
qvemoT mocemul cxrilSi. moswavleebs winaswar mieciT davaleba 
moiZion saxelmZRvaneloSi, cnobarSi an internetSi informacia am 
metalebis fizikuri Tvisebebis Sesaxeb da Seavson cxrili.

metali/
Tviseba

feri sim­
kvrive

lRobis 
tem­

peratu­
ra

bzinva­
reba

(axasi­
aTebs 

Tu ara)

romel 
Senad­
nobebs 
warmo­
qmnis

magni­
turoba
(axasi­
aTebs 

Tu ara)

rkina

alumini

spilen­
Zi
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yy meore nawili: cda - metalTa qimiuri Tvisebebi

	danomreT sinjarebi 1-dan 6-mde. 

	awoneT, daaxloebiT, 1 grami rkinis naqlibi da aluminis firfitebi 
an TuTiis granulebi. CaiwereT masebi laboratoriul oqmSi; 

	moaTavseT nivTierebebi sinjarebSi Semdegnairad:

	#1 da #4 - rkinis naqlibi

	#2 da #5 - aluminis firfitebi an TuTiis garnulebi

	#3 da #6 - spilenZis firfitebi.

	#1, 2, 3 sinjaras sazomi cilindriT daamateT zustad 25 ml 
marilmJavas (2M) xsnari. 

	#4, 5 da 6 sinjarebs daamateT 25 ml gogirdmJavas xsnari. 

	saWiroebis SemTxvevaSi(Tu reaqcia kargad ar wava),sinjarebi 
odnav SeaTbeT spirtquraze.  

yy dawereT reaqciebis tolobebi da maT safuZvelze gamoTvaleT ga­
moyofili  wyalbadis moculoba da warmoqmnili marilis masa, im 
SemTxvevaSi Tu aRebuli metali srulad gaixsneba mJavaSi. 

reaqcia marilmJavasTan

metali masa warmoqmni­
li marilis 
formula

gamoyofili 
wyalbadis 
moculoba

warmoqmnili 
marilis masa 

rkina

alumini

	 reaqcia gogirdmJavasTan

metali masa warmoqmnili 
marilis for­

mula

gamoyofili 
wyalbadis moc­

uloba

warmoqmni­
li mari­
lis masa 

rkina

alumini

cdis analizi:  metalebi erTmaneTisagan gansxvavdebian fizikuri da qi­
miuri TvisebebiT. maT axasiTebT gansxvavebuli simkvrive, lRobis tem­
peratura, aseve gansxvavdebian Tbo- da eleqtrogamtarobiT da qimiur 
reaqciebSi sxvadasxva nivTierebebTan reaqciisunarianobiT. metalTa 
aqtiurobis mwkrivSi wyalbadis win mdgomi metalebi aZeveben wyalbads 
zogierTi ganzavebuli mJavas xsnaridan. Tu mJava aRebuli iqneba Warbi 
raodenobiT da mocemuli metali (romelic winaswar zustad aris awo­
nili) mTlianad gaixsneba mJavaSi, maSin qimiuri reaqciis tolobis sa­
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fuZvelze SegiZliaT gamoTvaloT gamoyofili wyalbadis moculoba da 
warmoqmnili marilis masa. aseve SegiZliaT wyalbadi SeagrovoT dana­
yofebian (graduirebul) sinjaraSi, wylis gamoZevebis meTodiT. moce­
mul cdaSi aqtiuri metalebi, alumini da rkina, Sedian reaqciaSi mJa­
vebTan da gamoaZeveben wyalbads. spilenZi ar reagirebs ganzavebul 
mJavebTan.  
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cda 4.  marilebis miReba

Sedegi: qim.IX.5. moswavles SeuZlia metalTa da arametalTa Tvisebebis 
kvleva

indikatori:
yy efeqtianad iyenebs laboratoriul aRWurvilobas da atarebs 

cdebs marilebis sxvadasxva gziT (mag., fuZeze mJavis damateba, 
mJavebis moqmdeba metalTa oqsidebTan) misaRebad;

yy  wers reaqciebis tolobebs simboloebiT da sityvierad (mag., mJa­
va+tute marili +wyali); asaxelebs sxvadasxva marilis gamoyene­
bis sferoebs.

ras vikvlevT:  rogor miviRoT marilebi sxvadasxva xerxiT.

rekomendacia:   cda CaatareT wyvilebSi an jgufurad.

cdis mizani:  miviRoT ramdenime marili sxvadasxva gziT.

resursebi (erTi jgufisaTvis):

WurWeli da masala: sinjarebi, (8) F0176; menzura, (8) F0183 (sxvadasxva 
xsnarisaTvis axali menzura gamoiyeneT an kargad garecxeT yoveli  ga­
moyenebis Semdeg).

nivTierebebi: TuTiis firfitebiani granulebi, 3 cali; marilmJava 2M, 
45 ml; natriumis hidroqsidi, 2M 35 ml; spilenZis (II) sulfatis xsnari 
1M, 25 ml; spilenZis (II) oqsidi, 1 g an sxva romelime metalis oqsidi; 
gogirdmJava (2M), 20 ml; natriumis karbonatis xsnari   (2M), 5 ml; ka­
liumis iodidis xsnari (0.2M), 5 ml; tyviis (II) nitratis 0.1M xsnari, 5 
ml; fenolftaleini.

cdis mimdinareoba:
yy metalisa da mJavas urTierTqmedeba: moaTavseT TuTiis firfita 

sinjaraSi. daamateT 20 ml 2M marilmJava. dakvirvebis Sedegebi 
SeitaneT laboratoriul oqmSi. 

yy amfoteruli metalisa da tutis urTierTqmedeba: moaTavseT TuTi­
is firfita sinjaraSi. daamateT 20 ml 2M natriumis hidroqsidi. 
sinjara odnav SeaTbeT spirtquraze. dakvirvebis Sedegebi Seita­
neT laboratoriul oqmSi. 

yy metalisa da marilis urTierTqmedeba: sinjaraSi CaasxiT 20 ml spi­
lenZis (II) sulfatis xsnari. CaagdeT masSi TuTiis firfita. dak­
virvebis Sedegebi SeitaneT laboratoriul oqmSi. 

yy metalis oqsidisa da mJavas urTierTqmedeba: sinjaraSi moaTavseT 
spilenZis (II) oqsidis, daaxloebiT, erTi grami. daamateT 20 ml 
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gogirdmJavas 2M xsnari. sinjara frTxilad gaaTbeT spirtqura­
ze. daakvirdiT reaqciis mimdinareobas da Sedegebi SeitaneT oq­
mSi.

yy tutisa da mJavas urTierTqmedeba: sinjaraSi CaasxiT 10 ml natri­
umis hidroqsidis 2M xsnari. daamateT 1-2 wveTi fenolftaleini. 
CaiwereT miRebuli Seferiloba. miRebul xsnars daamateT 10 ml 
2M marilmJavas xsnari. Tu xsnari srulad ar gauferulda, kidev 
daamateT ramdenime wveTi marilmJava. dakvirvebis Sedegebi Seita­
neT   oqmSi. 

yy tutisa da xsnadi marilis urTierTqmedeba: sinjaraSi CaasxiT 5 ml 
spilenZis (II) sulfatis xsnari. sazomi cilindris gamoyenebiT da­
amateT 5 ml natriumis hidroqsidis xsnari. dakvirvebis Sedegebi 
SeitaneT laboratoriul oqmSi.

yy mJavasa da marilis urTierTqmedeba: sinjaraSi CaasxiT 5 ml nat­
riumis karbonatis 2M xsnari da daamateT mas 10 ml marilmJava.  
daakvirdiT reaqciis mimdinareobas da Sedegebi SeitaneT oqmSi.

yy xsnadi marilebis urTierTqmedeba: erT sinjaraSi CaasxiT 5 ml 2M 
kaliumis iodidis xsnari. daamateT tyviais  (II) nitratis 5 ml 
xsnari. dakvirvebis Sedegebi SeitaneT laboratoriul oqmSi.

yy laboratoriul oqmSi CawereT mimdinare qimiuri reaqciebis Sesa­
bamisi tolobebi.

cdis analizi:  mocemul cdaSi marilebis miRebis 10 ZiriTadi xerxidan 
Svidia ganxilulia. metalis urTierTqmedebiT mJavasTan miiReba mari­
li da gamoiyofa wyalbadi. marilis miReba aseve SesaZlebelia amfote­
ruli metalebis tutesTan urTierTqmedebiT. Tumca am SemTxvevaSi sa­
Wiroa sinjaris SeTboba. marilebis miRebis erT-erTi xerxia fuZe oq­
sidebis urTierTqmedeba mJavebTan. am SemTxvevaSi miiReba marili da 
gamoiyofa wyali. aseve marili da wyali miiReba tutisa da mJavas ur­
TierTqmedebiT. igive produqtebi miiReba, Tu aRebulia uxsnadi fuZe. 
marilebi miiReba aseve  marilebTan tutis, mJavas da sxva marilis ur­
TierTqmedebiT. am SemTxvevaSi aucilebelia, miRebuli produqtebidan 
erT-erTi iyos uxsnadi.
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cda 5.  egzoTermuli da endoTermuli reaqciebi

Sedegi: qim.IX.8. moswavles SeuZlia aRweros qimiuri reaqciebis roli 
axali masalebis warmoebasa da energiis miRebaSi.

indikatori:
yy ganasxvavebs erTmaneTisagan egzoTermul da endoTermul reaqci­

ebs.

ras vikvlevT:    egzoTermuli da endoTermuli procesebis mimdinareoba 
xsnarebSi.

rekomendacia:  moswavleTa organizeba moaxdineT jgufurad.

cdis mizani - temperaturis cvlilebaze dakvirveba sxvadasxva nivTie­
rebis gaxsnisas da qimiuri gardaqmnebis dros sxvadasxva nivTierebis 
gaxsnis siTbos da reaqciebis siTbos kvleva 

resursebi: (TiToeuli jgufisaTvis)

WurWeli da masala: qimiuri Wiqebi, 250 ml (4) F0083; Termometri F0333; 
moculobis sazomi cilindri, 50 ml (1) F0185; saswori F0285; damcavi 
saTvale F0275.

nivTierebebi: koncentrirebuli gogirdmJava, 15 ml; natriumis hidroq­
sidis granulebi, 4 gr; marilmJava2M, 100 ml; natriumis hidroqsidis 
xsnari 2M, 100 ml; amoniumis nitrati, 10 gr.

cdis mimdinareoba:
yy danomreT qimiuri Wiqebi 1-dan 4-mde. 

yy #1, # 2 da # 3- Si CaasxiT 100-100 ml gamoxdili wyali; #4 - Si 
100 ml 2M natriumis hidroqsidis xsnari; xsnarebi daayovneT gar­
kveuli drois ganmavlobaSi, raTa miiRon oTaxis temperatura.

yy Termometris gamoyenebiT TiToeul WiqaSi gazomeT sawyisi tempe­
ratura. monacemebi CaiwereT laboratoriul oqmSi winaswar mom­
zadebul cxrilSi.

yy moculobis sazomi cilindriT 15 ml koncentrirebuli gogir­
dmJava CaasxiT #1 qimiur WiqaSi. kargad mourieT TermometriT. 
CaiwereT Termometris Cveneba monacemTa cxrilSi.

o	gansakuTrebuli sifrTxiliT imoqmedeT koncentrirebuli go
girdmJavis gamoyenebisas. 

yy awoneT, daaxloebiT, 4 grami natriumis hidroqsidis granulebi 
da CayareT #2 sinjaraSi. kargad mourieT TermometriT, aiTva­
leT Termometris Cveneba da Sedegi CaiwereT monacemTa cxrilSi.

yy awoneT, daaxloebiT, 10 g amoniumis nitrati da daamateT #3 qi­
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miur WiqaSi. kargad mourieT TermometriT, gazomeT temperatura  
da Sedegi CaiwereT monacemTa cxrilSi.

yy #4 qimiur Wiqas daamateT 100 ml 2M marilmJavas xsnari. kargad 
mourieT TermometriT da monacemTa cxrilSi CaiwereT Termo­
metris Cveneba.

monacemTa cxrili

Wiqis # 1 2 3 4

sawyisi temperatura

saboloo temperatura

cdis analizi: qimiuri reaqciebi siTburi efeqtis mixedviT iyofa egzo­
Termul da endoTermul reaqciebad. siTbos gamoyofiT mimdinare pro­
cesebs egzoTermuli ewodeba, xolo im reaqciebs, romlebic saWiroe­
ben siTbos garemodan miwodebas, endoTermuli procesebi ewodeba.
siTburi efeqti axlavs gaxsnis procesebsac. zogierTi nivTierebis gax­
snisas didi raodenobiT siTbo gamoiyofa, rac gamowveulia gasaxsneli 
nivTierebis nawilakebis urTierTqmedebiT gamxsnelis molekulebTan. 
gaxsnis  process SesaZloa axldes siTbos STanTqmac. mocemul cdaSi, 
gogirdmJavas da tutis wyalSi gaxsnas axlavs didi raodenobiT siTbos 
gamoyofa, rac gamowveulia hidratirebuli ionebis warmoqmnisas didi 
raodenobiT energiis gamoyofiT. aseve energiis gamoyofiT mimdinare­
obs neitralizaciis reaqcia. endoTermuli reaqciis Catareba labora­
toriul pirobebSi gansakuTrebul sifrTxiles moiTxovs, amitom mo­
cemul cdaSi ganxilulia mxolod amoniumis nitratis wyalSi gaxsnis 
endoTermuli procesi. 
siTbos cvlileba TiToeul SemTxvevaSi fiqsirdeba sistemis tempera­
turis cvlilebiT.
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cda 6.  qimiuri reaqciebi, rogorc denis wyaroebi

Sedegi: qim.IX.8. - moswavles SeuZlia aRweros qimiuri reaqciebis roli 
axali masalebis warmoebasa da energiis miRebaSi.

indikatori: 
yy akavSirebs sxvadasxva metalis monawileobiT mimdinare Canacvle­

bis reaqciebis Sedegad gamoyofil energiebs metalTa aqtiurobis 
mwkrivSi am metalebis mdebareobasTan (mag., metalTa aqtiuro­
bis mwkrivSi erTmaneTisagan ufro  metad dacilebuli metalebis 
wyvilis, magniumisa da spilenZis moanawileobiT mimdinare Canac­
vlebis reaqciebSi ufro meti enerfia gamoiyofa, vidre naklebad 
dacilebuli wyvilis, rkinisa da spilenZis, monawileobiT mimdi­
nare analogiur reaqciebSi);

yy asaxelebs qimiuri reaqciebis energiis wyarod gamoyenebis magali­
Tebs (mag., asanTi, qimiuri elementi, batarea)

ras vikvlevT: SesaZlebelia Tu ara qimiuri reaqciis Sedegad eleqtro­
denis miReba.

rekomendacia:  cda CaatareT sademonstraciod.

cdis mizani:  naxevarreaqciis ori ujredis Seqmna da qimiuri reaqciis 
Sedegad Zabvis cvlilebaze dakvirveba.

resursebi: 

WurWeli da masala: qimiuri Wiqebi, 250 ml (2) F0083;  U -s magvari mili 
F0128; volmetri F0594; klipsebiani sadenebi (2) F0344 ;  zumfaris qa­
Raldi; bamba; TuTiis eleqtrodi (1) F0153; spilenZis eleqtrodi (1) 
F0059.

nivTierebebi: TuTiis sulfatis xsnari 1M, 200 ml; spilenZis (II) sulfa­
tis xsnari 1M, 200 ml; kaliumis nitratis xsnari, 1M;
cdis mimdinareoba:
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yy TuTiis da spilenZis eleqtrodebi  kargad gaaprialeT zumfaris 
qaRaldiT.

yy erT-erT qimiur WiqaSi CaasxiT 200 ml 1M spilenZis (II) sulfatis 
xsnari, masSi CauSviT spilenZis eleqtrodi;

yy meore qimiur WiqaSi CaasxiT 200 ml 1M TuTiis sulfatis xsnari 
da masSi CauSviT TuTiis eleqtrodi.

yy eleqtrodebi da voltmetri SeaerTeT klipsebiani sadenebiT. da­
akvirdiT voltmetris Cvenebas da CainiSneT laboratoriul oq­
mSi.

yy moxseniT sadenebi.

yy U -s magvari mili SeavseT 1M kaliumis nitratis xsnariT. boloebi 
dauceT bambis sacobebiT da CauSviT qimiur WiqebSi, ise rogorc 
naCvenebia suraTze.

yy isev SeaerTeT eleqtrodebi da voltmetri klipsebiani sadene­
biT. daakvirdiT voltmetris Cvenebas da CainiSneT laboratori­
ul oqmSi.

yy daayovneT  ramdenime wuTi.

yy gamorTeT wredi. amoiReT eleqtrodebi da dakvirvebis Sedegebi 
SeitaneT laboratoriul oqmSi. 

yy CainiSneT voltmetris maCvenebeli.

yy gaanalizeT Sedegebi da gamoitaneT Sesabamisi daskvnebi. 

cdis analizi:  galvanuri elementi aris denis qimiuri wyaro. es aris 
mowyobiloba, romelSic qimiuri procesis Sedegad warmoiqmneba eleq­
tromamoZravebeli Zala. mocemul cdaSi moyvanilia galvanuri elemen­
tis klasikuri magaliTi, danielis elementi, romelic ori naxevarele­
mentisgan Sedgeba. TuTiis eleqtrodi CaSvebulia -is 
xsnarSi, xolo spilenZis eleqtrodi_ -is xsnarSi. eleqt­
rodebze mimdinareobs Jangva-aRdgeniTi reaqciebi. naxevarelementebi 
erTmaneTTan dakavSirebulia marilis xidiT: U-s magvari miliT, rome­
lic am SemTxvevaSi Sevsebulia eleqtrolitis, kaliumis nitratis, 
xsnariT. am marilis nacvlad SegiZliaT aseve gamoiyenoT kaliumis 
qloridi an sulfati. eleqtrolitis xsnari  eleqtrogamtaris rols 
asrulebs.  Tu Wiqebi ar aris SeerTebuli eleqtrolitis xsnariT, 
voltmetris Cveneba ar Seicvleba, anu deni ar aRiZvreba. marilis xi­
diT SeerTebis Semdeg ki miiReba e.w. danielis elementi, sadac eleqt­
ronebi aqtiuri metalidan (TuTia) miemarTebian pasiuri metalisken 
(spilenZi). am SemTxvevaSi aRiZvreba deni da voltmetris Cveneba Sead­
gens 1.1 V.
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cda 7.  energiis sxvadasxva wyaro

Sedegi:    qim.IX.8. moswavles SeuZlia  aRweros qimiuri reaqciebis roli   
axali  masalebis warmoebasa da energiis miRebaSi.                 

ras vikvlevT: energiis sxvadasxva wyaros mniSvneloba.

rekomendacia:  aqtivoba CaatareT jgufurad.

aqtivobis mizani: energiis sxvadasxva wyaros Seswavla, maTi dadebiTi 
da uaryofiTi mxareebi; gamoyenebis aspeqtebi.

resursebi: saxelmZRvaneloebi; enciklopedia; wignebi; kompiuteri; in­
terneti; posteri; markeri.

zogadi rekomendaciebi proeqtis mosamzadeblad: moswavleebis mier 
proeqtis momzadebis mizania moswavleebSi kvleviTi unar-Cvevebis ga­
momuSaveba, komunikaciis unaris amaRleba, gunduri muSaobis gamocdi­
lebis SeZena da saprezentacio unarebis ganviTareba. proeqtebze muSa­
obis dros moswavleebi swavloben urTierTTanamSromlobas da Tavisu­
fali azris gamoTqmas. moswavleebi proeqts asruleben damoukideb­
lad, maswavlebeli uwevs maT xelmZRvanelobas da aZlevs rekomendaci­
ebs. proeqtis Sesrulebisas Zalian mniSvnelovania saTauris SerCeva da 
miznis sworad gansazRvra. moswavleebs mieciT drois raRac monakveTi, 
raTa isini proeqtze muSaobis dros mieCvion drois ganawilebas. pir­
vel etapze sTxoveT moswavleebs, SerCeul TemasTan dakavSirebiT sxva­
dasxva wyarodan moiZion informacia. isargeblon skolis an, saWiroe­
bis SemTxvevaSi, qalaqis romelime biblioTekiT, gamoiyenon internet-
resursebi.  proeqti unda moicavdes Temis Sesabamisi ukve arsebuli 
literaturis mcire mimoxilvas, mizans da aqtualobas. gamokveTili 
unda iyos Sesasrulebeli amocanebi da am amocanebis Sesrulebis gzebi. 
proeqti SeiZleba iyos Teoriuli (am SemTxvevaSi proeqti  emyareba Te­
mis Sesaxeb ukve arsebuli masalebis Seswavlas da maT gaanalizebas 
sxvadasxva kuTxiT) an eqsprimentuli (am 
SemTxvevaSi moswavleebi atareben eqsperiments da eqsperimentis safuZ­
velze gamoaqvT daskvnebi). SesaZloa, moswavleebma Seadginon da gamoi­
yenon kiTxvari sxvadasxva sakiTxze TavianTi Tanatolebis an  ufrose­
bis informirebulobis an azris gamosakvlevad. Semdeg daamuSaon Sede­
gebi da gamoitanon Sesabamisi daskvnebi. proeqti aucileblad unda 
moicavdes samuSaos mimdinareobis mokle aRweras. moswavleebma  Sede­
gebi unda warmoadginon  sxvadasxva saxiT (mag. cxrilebi, diagramebi, 
grafikebi). proeqtis bolos aucilebelia Sejameba da daskvnebis gamo­
tana. gaiTvaliswineT, rom yvela proeqts unda daurToT gamoyenebuli 
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literaturis sia, rogorc wignebis, aseve eleqtronuli resursebis. 
qvemoT mocemulia erT-erTi proeqtis Serulebis mokle aRwera.
moswavleebma proeqtebi unda warmoadginon  zepiri prezentaciis an 
sastendo moxsenebis (posteris)  saxiT da mieceT  saSualeba rom, Sesa­
fason Tanatolebis mier momzadebuli proeqtebi.
qvemoT SemoTavazebul  cxrilSi mocemulia, zogadad,   proeqtis Se­
madgeneli komponentebi: 

mizani

amocanebi

saqmianoba

miznobrivi jgufi

samuSao gegma

pasuxismgebeli pirebi

mosalodneli Sedegebi

biujeti
(am  punqtis Sesruleba yovelTvis araris 
saWiro )

aqtivobis mimdinareoba:
yy moswavleebi dayaviT 5 jgufad;

yy TiToeul jgufs mieciT davaleba: moamzados proeqti energiis 
wyaroebze: Tboenergetika; hidroenergetika; birTvuli energia; 
qaris energia; mzis energia; 

yy sTxoveT moswavleebs, TiToeulma jgufma   namuSevari  warmoad­
ginos posteris an prezentaciis saxiT;

yy moswavleebis mier warmodgenili TiToeuli proeqti unda Seicav­
des Semdeg informacias: 

	rogor muSaobs es teqnologia zogadad: mis teqnologiur sqemas. 
maswavlebelma unda miuTiTos, sad moiZon moswavleebma saTanado 
informacia ( mag.,  moiZion enciklopediaSi).

	sul cota,sam Rirsebas, romelic axasiaTebs maT mier Seswavlil 
teqnologias. agreTve, riT sjobs esa Tu is teqnologia  sxvas

	da konkretul magaliTebs.
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	sul cota, sam nakls, romelic axasiaTebs maT mier Seswavlil  
teqnologias da  xels uSlis am teqnologiis gamoyenebas da  kon­
kretul magaliTebs.

	aRwerili meTodis samomavlo perspeqtivebs:  aris Tu ara raime 
gaumjobeseba energiis ama Tu im wyaros efeqturobaSi. saTanado  
konkretul magaliTebs. 

	 Sesabamis daskvnebs ama Tu im teqnologiis efeqturobaze da sxva 
teqnologiebTan Sedarebis Sedegebs.

yy moswavleebma unda gaiTvaliswinon, rom  miTiTebuli unda hqon­
deT maT mier gamoyenebuli informaciis wyaro: wigni, Jurnali da/
an internet- resursi.

yy prezentacia unda iyos 5-7 wuTis xangrZliobis. masSi unda mona­
wileobdes jgufis yvela wevri. TiToeuli moswavle unda Sefas­
des ara marto Tematikis  codnis, aramed namuSevris warmodgenis 
unar-Cvevebis mixedviTac.
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qimia

X klasi

cda 1. wyalbadis miReba
cda 2. wyalbadis fizikuri da qimiuri Tvisebebi
cda 3. naxSirorJangis miReba da Tvisebebi 
cda 4. amiakis miReba misi marilebidan da Tvisebebi
cda 5. Jangbadis miReba
cda 6. qimiuri reaqciis siCqareze moqmedi faqtorebi -1
cda 7. qimiuri reaqciis siCqareze moqmedi faqtorebi - 2
cda 8. qimiuri reaqciis siCqareze moqmedi faqtorebi - 3
cda 9.  qimiuri wonasworoba
cda 10. Jangva-aRdgeniTi reaqciebi
cda 11.  xsnarebis damzadeba 
cda 12.  xsnaris moluri koncentraciis dadgena
cda 13.  eleqtrolizi
cda14.   xsnarebi
cda15.    sxvadasxva ionis gansazRvra alis Seferilobis mixedviT
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cda 1.  wyalbadis miReba

Sedegi: qim.X.12. moswavles SeuZlia qimiuri elementebis da maTi naer­
Tebis daxasiaTeba, maTi mniSvnelobis Sesaxeb msjeloba

indikatori:
yy icnobs elementebis da maTi mniSvnelovani naerTebis miRebis Zi­

riTad meTodebs.

ras vikvlevT:   rogor SeiZleba zogierTi nivTierebis miReba labora­
toriaSi.

rekomendacia:   cda CaatareT sademonstraciod. 

cdis mizani:  wyalbadis miReba da identificireba.

WurWeli da masala: sakristalizacio jami (1);  qimiuri Wiqa, 250 ml (1) 
F0083; sinjara (3) F0176;  rezinis sacobi erTi naxvretiT (1) F0376; re­
zinis mili, 10 sm (1) F0466; swori kuTxiT moxrili minis mili (1) F0127; 
mimRebi minis mili  moxrili wveriT (1) F0127;  Stativis samagri TaTi (3) 
F0108; Stativis samagri (3) F0052; Stativi F0110.

nivTierebebi: gogirdmJava (1M), daaxloebiT 10 ml; TuTiis granulebi, 
daaxloebiT 5-6 cali.

cdis mimdinareoba: 

nawili 1 -wyalbadis miReba
yy erT Stativze daamagreT ori samagri da ori TaTi. 

yy sakristalizacio jami aavseT wyliT.

yy erT-erTi sinjara aavseT wyliT, daaWireT cera TiTi da gadmo­
abruneT. gadmobrunebuli sinjara  daamagreT Stativis TaTze, 
CauSviT wyliT savse  sakristalizacio  jamSi da auSviT TiTi. 
gaimeoreT igive nabijebi meore sinjarisTvis da daamagreT meore 
samagrze.

yy swori kuTxiT moxrili minis mili gaatareT erTnaxvretian sa­
cobSi. minis milis meore bolos miuerTeT, daaxloebiT, 10 –12 
sm sigrZis rezinis mili. rezinis milis meore bolos ki miuerTeT 
moxrili wveris mqone mimRebi minis mili. es ukanaskneli ki CauS­
viT sakristalizacio jamSi, ise rom milis wveri Sediodes jamSi 
CaSvebul erT-erT sinjaraSi.

yy meore Stativze daamagreT Stativis samagri da TaTi. daamagreT 
carieli sinjara swor mdgomareobaSi. 
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1 -  minis mili moxrili swori kuTxiT
2 - mimRebi minis mili moxrili wveriT
3 - Stativis samagri
4 - Stativis TaTi
5 - Stativi
6 - rezinis mili

yy CayareT sinjaraSi TuTiis granulebi. daaxloebiT, 3 sm simaRleze 
dafareT gogirdmJavaTi da swrafad daaxureT milgayrili saco­
bi.

yy rogorc ki  Stativze damagrebuli ori sinjaridan erT-erTi sin­
jara, romelSic Sedis moxrili milis wveri, gamoyofili wyalba­
diT aivseba (roca wyali srulad gamoZevdeba sinjaridan) gadai­
taneT mimRebi minis mili meore sinjaraSi da aavseT.

yy daakvirdiT cdis mimdinareobas da dakvirvebis Sedegebi SeitaneT 
laboratoriul oqmSi.

nawili 2 - cdis pirvel nawilSi gamoyofili airis identificireba
yy aanTeT spirtqura. sakristalizacio jamidan amoRebul meore sin­

jaras Tavi dauceT cera TiTiT. miitaneT sinjara spirtquris al­
Tan axlos da auSviT TiTi. dakvirvebis Sedegebi SeitaneT labo­
ratoriul oqmSi. ra miganiSnebT rom gamoyofili airi wyalbadia?

yy gaanalizeT Sedegebi da SeitaneT laboratoriul oqmSi.
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1 - mimRebi minis mili moxrili wveriT
2 - sakristalizacio jami
3 - sinjarebi wyalbadis misaRebad 

cdis analizi:  laboratoriaSi wyalbadis misaRebad SegiZliaT gamoiye­
noT aqtiuri metalebi (magniumi, alumini, rkina, TuTia) da ganzavebuli 
mJavebi (gogirdmJava, marilmJava). wyalbadi aris wyalSi uxsnadi, ami­
tom aqtiuri metalisa da ganzavebuli mJavas urTierTqmedebisas gamo­
yofili wyalbadis Segroveba advilad SeiZleba gadmobrunebul, wyliT 
savse sinjaraSi. roca sinjaridan wyali srulad gamoZevdeba, es niS­
navs, rom sinjara savsea wyalbadiT. sinjaraSi wyalbadis arsebobis Se­
samowmeblad sinjara gadmoubruneblad amoiReT wylidan, dauceT cera 
TiTi da miitaneT spirtquris alTan. TiTi auSviT. gaismeba mciredi 
(susti) afeTqebis xma, rac wyalbadis JangbadSi wvis maCvenebelia. imis 
dasadastureblad, rom miRebuli nivTiereba wyalbadia, SegiZliaT aan­
ToT pirdapir milidan gamosuli wyalbadi da alTan miitanoT oTaxis 
temperaturis an ufro civi TefSi an Wiqa. civ zedapirTan Sexebis Se­
degad, milidan gamosuli airis wvis Sedegad warmoqmnili wylis orTq­
li  kondensirdeba da  wveTebis saxiT gamoCndeba TefSze an Wiqis ked­
lebze.

2

1
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cda 2.  wyalbadis fizikuri da qimiuri Tvisebebi

Sedegi:  qim.X.12. moswavles SeuZlia qimiuri elementebis da maTi naer­
Tebis daxasiaTeba, maTi mniSvnelobis Sesaxeb msjeloba.

indikatori:
yy akavSirebs elementebis fizikur da mniSvnelovan qimiur Tvisebebs 

maT gamoyenebasTan.

ras vikvlevT: ra qimiuri da fizikuri Tvisebebi axasiaTebs wyalbads.

rekomendacia:  cda CaatareT sademonstraciod.

cdis mizani:  wyalbadis aRmdgeni Tvisebis kvleva.

resursebi:

WurWeli da masala: sinjara (2) F0176; sworkuTxa minis mili (1) F0127; 
swori minis mili (1); rezinis sacobi erTi naxvretiT (1) F0376; rezinis 
mili, 10 sm (1) F0466; Stativi (2) F0110; Stativis TaTi (2) F0108; Stativis 
samagri (2) F0052; saswori F0285; samfexa F0497; spirtqura F0300; damcavi 
saTvale F0275.

nivTierebebi: spilenZis (II) oqsidi, 0.5g; 15 ml  marilmJava,  3M; TuTiis 
granulebi daaxloebiT 5-6 cali.
cdis dawyebamde saxelmZRvanelos an internetis saSualebiT moiZieT 
informacia wyalbadis fizikuri Tvisebebis Sesaxeb: feri, suni, gemo, 
simkvrive, wyalSi xsnadoba. moiZieT informacia misi bunebaSi gavrce­
lebis da gamoyenebis Sesaxeb.

cdis mimdinareoba:

1 - pirveli sinjara
2 - meore sinjara
3 - minis mili moxrili 
boloTi
4 - minis swori mili
5 - rezinis mili
6 - spilenZis (II) oqsidi
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yy erT Stativze daamagreT erTi samagri da TaTi.  TaTze swor mdgo­
mareobaSi  daamagreT  sinjara #1. 

yy sworkuTxa minis mili gaatareT rezinis sacobSi. minis milis meo­
re bolos moargeT rezinis mili.

yy rezinis milis meore bolos miuerTeT swori minis mili. 

yy meore sinjaraSi (#2) CayareT, daaxloebiT, 0.5 g spilenZis (II) oq­
sidi;  sinjara daxril mdgomareobaSi daamagreT meore Stativze 
iseT simaRleze, rom mas qvemodan daudgaT samfexze dadgmuli 
spirtqura. swori minis mili SeuSviT oqsidis Semcvel sinjaraSi. 

yy pirvel sinjaraSi CayareT TuTiis granulebi da daamateT, daax­
loebiT, 15 ml marilmJava. swrafad daafareT milgayrili sacobi.

yy wyalbadis buStukebis gamoyofa rom daiwyeba, meore sinjaris qveS 
dadgmuli spirtqura aanTeT. 

yy daakvirdiT reaqciis mimdinareobas da dakvirvebis Sedegebi Sei­
taneT laboratoriul oqmSi.

yy gaanalizeT miRebuli Sedegi da gamoitaneT daskvna.

cdis analizi:  wyalbadi samyaroSi yvelaze gavrcelebuli elementia. is 
yvelaze msubuqi, ufero, usuno airia. amitom spilenZis oqsidis Semc­
veli sinjara unda davamagroT daxrilad, Ria boloTi qvemoT. wyalb­
dis erT-erTi yvelaze mniSvnelovani Tvisebaa  aRmdgeni unari: moleku­
luri wyalbadi martivad aRadgens metalebs maTi oqsidebidan. moce­
mul cdaSi TuTiis granulebze marilmJavas moqmedebiT gamoyofili 
wyalbadi Sedis sinjaraSi, romelSic moTavsebulia spilenZis  (II) oqsi­
di. reaqciis dawyebidan Zalian male sinjaraSi SeimCneva wiTeli feris 
spilenZis warmoqmna da wylis wveTebi.
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cda 3.  naxSirorJangis miReba da Tvisebebi 

Sedegi:   qim.X.12. moswavles SeuZlia qimiuri elementebis da maTi naer­
Tebis daxasiaTeba, maTi mniSvnelobis Sesaxeb msjeloba.

indikatori:
yy icnobs elementebis da maTi mniSvnelovani naerTebis miRebis Zi­

riTad meTodebs;

yy akavSirebs elementebis fizikur da mniSvnelovan qimiur Tvisebebs 
maT gamoyenebasTan.

ras vikvlevT:   zogierTi rTuli nivTierebis miRebis meTodebi da qimi­
uri Tvisebebi.

rekomendacia: cda CaatareT sademonstraciod.

cdis mizani:  naxSirorJangis miReba kalciumis karbonatidan da misi 
Tvisebebis Seswavla.

resursebi: 

WurWeli da masala: gamyofi Zabri (1) F0049; erlenmeieris kolba (1) 
F0246; qimiuri Wiqa, 800 ml (1) F0089; qimiuri Wiqa, 400ml (1) F0085; qimi­
uri Wiqa, 250 ml (1) F0083; sinjara (1) F0177; sworkuTxa minis mili (2); 
Stativi (1); Stativis samagri da TaTi (2) F0108; sacobi ori naxvretiT 
(2); damcavi saTvale.

nivTierebebi: kalciumis karbonati 10 g; marilmJava 10 % 200 ml; kiri­
ani wyali (kalciumis hidroqsidis xsnari), 20 ml; sanTeli, (sami, sxva­
dasxva sigrZis).

cdis mimdinareoba:

pirveli nawili: 

mizani -  naxSirorJangis miReba
yy rezinis sacobis erT naxvretSi gaatareT gamyofi Zabris mili. 

yy meoreSi naxvretSi gaatareT sworkuTxa minis mili, romelTanac 
rezinis miliT  daakavSireT sworkuTxa minis mili.

yy gamyofi Zabris onkani gadaketeT da ZabrSi, daaxloebiT, naxevram­
de CaasxiT  marilmJavas xsnari. 

yy erlenmeieris kolbaSi CayareT 10 -15 g kalciumis karbonatis 
fxvnili. 

yy kolbas moargeT sacobi, romelSic gatarebulia gamyofi Zabri da 
minis mili. gamyofi Zabri daamagreT Stativze.  

yy meore Stativze daamagreT sinjara. CaasxiT masSi 20 – 25 ml ki­
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riani wyali (kalciumis hodroqsidis xsnari). CauSviT xsnarSi re­
zinis milTan dakavSirebuli sworkuTxa minis mili. 

yy frTxilad da nela gaxseniT gamyofi Zabris onkani da ramdenime 
wveTi marilmJava CauSviT kolbaSi. daketeT onkani. 

yy daakvirdiT reaqciis mimdinareobas da dakvirvebis Sedegebi Sei­
taneT laboratoriul oqmSi.

meore nawili: 

mizani - naxSirorJangis Tvisebebze dakvirveba
yy kidev CauSviT kolbaSi marilmJava.

yy daakvirdiT kalciumis hidroqsidis xsnars. ratom SeimRvra xsna­
ri? dawereT mimdinare reaqciis toloba.

yy xsnaris SemRvrevis Semdeg gaagrZeleT naxSirorJangis gatareba.

yy daakvirdiT reaqciis mimdinareobas da dakvirvebis Sedegebi Seita­
neT laboratoriul oqmSi. ratom gaxda xsnari isev gamWvirvale?

yy kalciumis hidroqsidis Semcveli sinjara moxseniT.

yy rezinis mils moxseniT meore boloze mimagrebuli minis mili.

yy 800 ml-iani qimiuri Wiqis  fskerze daamagreT sxvadasxva  zomis 
sami anTebuli sanTeli. 

yy rezinis mili bolomde CauSviT qimiur WiqaSi. 

yy frTxilad da nela gaxseniT gamyofi Zabris onkani da ramdenime 
wveTi marilmJava CauSviT kolbaSi. daketeT onkani. 

yy daakvirdiT reaqciis mimdinareobas da dakvirvebis Sedegebi Sei­
taneT laboratoriul oqmSi. ra mosdis sanTlebs garkveuli dro­
is Semdeg? romeli sanTeli Caqreba yvelaze adre?

yy gaaanalizeT miRebuli Sedegebi  da SeitaneT laboratoriul oqmSi.
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1, 2 - sworkuTxa minis milebi
3 - rezinis mili
4 - gamyofi Zabri
5 - kalciumis hidroqsidis xsnaris Semcveli sinjara 
6 - erlenmeieris kolba kalciumis karbonatiT

cdis analizi: naxSirbadis dioqsidi (naxSirorJangi) ufero, usuno, ha­
erze daaxloebiT 1.5-jer mZime airia. wyalSi mciredxsnadia. misi Sesa­
bamisi mJava - naxSirmJava susti mJavaa da gamoyofisTanave iSleba nax­
SirorJangisa da wylis gamoyofiT. naxSirmJava advilad miiReba karbo­
natebze mJavas moqmedebiT. -is  aRmomCeni reaqciaa misi     ze­
moqmedebiT kalciumis hidroqsidis xsnaris SemRvreva uxsnadi kacliu­
mis karbonatis warmoqmnis gamo. mRvieri xsnari Warbi naxSirbadis di­
oqsidis gatarebiT isev gamWvirvale xdeba, radgan warmoiqmneba xsnadi 
kalciumis hidrokarbonati. -is aRmoCena aseve SesaZlebelia, Tu 
mas CauSvebT anTebulsanTlebian WiqaSi. sanTlebi Caqreba. amasTan Tu 
mili bolomdea CaSvebuli, pirveli Caqreba yvelaze dabali sanTeli, 
radgan  haerze mZime airia, gamoaZevebs mas da daikavebs mis ad­
gils.  -is arsebobis dasadastureblad aseve SegiZliaT gamoyo­
fili airiT aavsoT carieli Wiqa. Sevsebis sisrule SeamowmeT mbJutavi 
kvariT, romelic Caqreba WurWlis pirTan mitanisas. naxSirorJangiT 
savse Wiqa gadmoabruneT anTebuli sanTlebis Tavze, sanTlebi Caqreba, 
magram am SemTxvevaSi jer yvelaze maRali sanTeli Caqreba da Semdeg - 
ufro dablebi.  am SemTxvevaSi Seasrulebs dasxmuli   wylis 
rols.

3

2
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cda 4.  amiakis miReba misi marilebidan da Tvisebebi

Sedegi:  qim.X.12. moswavles SeuZlia qimiuri elementebis da maTi naer­
Tebis daxasiaTeba, maTi mniSvnelobis Sesaxeb msjeloba.

indikatori:
yy icnobs elementebis da maTi mniSvnelovani naerTebis miRebis Zi­

riTad meTodebs;

yy akavSirebs elementebis fizikur da mniSvnelovan qimiur Tvisebebs 
maT gamoyenebasTan.

ras vikvlevT:  zogierTi rTuli nivTierebis miRebis meTodebi da qimi­
uri Tvisebebi.

rekomendacia:  cda CaatareT sademonstraciod.

cdis mizani:  amiakis miReba da misi Tvisebebis Seswavla.

resursebi:

WurWeli da masala: sinjarebi (2) F0176; sawveTuri (1); Stativi (1) F0110; 
Stativis samagri da TaTi (1) F0108; spirtqura F0300, rezinis sacobi (1); 
swori minis mili F0121; sakristalizacio jami F0342; fenolftaleini;

nivTierebebi: myari amoniumis qloridi, 2-3 g; myari natriumis hidroq­
sidi, 5-6 granula; an myari kalciumis hidroqsidi, 4-5 g;  wiTeli lak­
musis qaRaldi, 1 cali; gamoxdili wyali; 

cdis mimdinareoba:
yy aawyeT Stativi da daamagreT  TaTze sinjara iseT simaRleze, rom 

mis qveS spirtqura daidgas. 

yy calke WiqaSi SeurieT myari amoniumis qloridi da natriumis hid­
roqsidi (an kalciumis hidroqsidi). narevi gadaitaneT sinjaraSi.

yy spirtqura aanTeT da sinjara nela gaacxeleT. 

yy sinjaris pirTan miitaneT jer mSrali lakmusis qaRaldi, xolo Sem­
deg gamoxdil wyalSi dasvelebuli lakmusis qaRaldi. daakvirdiT 
cvlilebebs da dakvirvebis Sedegebi SeitaneT laboratoriul oqmSi.

yy gaagrZeleT gacxeleba da sinjaras moargeT rezinis mili masSi 
gatarebuli swori minis miliT.

yy minis milze odnav daxrilad daiWireT gadmopirqvavebuli sinja­
ra da SeagroveT gamoyofili airi. sinjaris Sevsebis sisrule Se­
amowmeT gadmopirqvavebuli sinjaris pirTan sveli lakmusis qa­
Raldis mitaniT.

yy savse sinjaras gamopirqvavebul mdgomareobaSi miafareT sasagne 
mina.
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yy sakristalizacio jamSi CaasxiT gamoxdili wyali da CaawveTeT fe­
nolftaleinis ramdenime wveTi. 

yy airiT savse sinjara dafarebuli sasagne miniT SeitaneT gamox­
dilwylian sakristalizacio jamSi da wyalSive moacileT sasagne 
mina.

yy daakvirdiT cvlilebebs da dakvirvebis Sedegebi SeitaneT labo­
ratoriul oqmSi. rogor Seifera xsnari sinjaraSi? ratom?

yy miRebuli Sedegebi gaaanalizeT da daskvna gamoitaneT.

cdis analizi:  amoniumis qloridisa da tutis urTierTqmedebiT gamoi­
yofa amiaki, romelic mZafri, usiamovno sunis mqone msubuqi airia. sin­
jaris pirTan mitanili  mSrali lakmusis qaRaldi fers ar icvlis, 
xolo gamoxdili wyliT dasvelebuli lakmusis qaRaldi miiRebs tu­
tisTvis damaxasiaTebel lurj Seferilobas, radgan warmoqmnili amiaki 
reaqciaSi Sedis wyalTan da miiReba susti tute -  amoniumis hidroqsi­
di. amiaki wyalSi kargad xsnadi airia, amitom misis Segroveba ar SeiZ­
leba  sinjaridan wylis gamoZevebiT. radgan is aris haerze msubuqia, 
SegviZlia SevagrovoT mxolod gadmopirqvavebuli sinjaridan haeris 
gamoZevebiT. sakristalizacio jamSi Setanil sinjaraSi Seva wyali, 
radgan amiaki wyalSi kargad xsnadia da xsnari Seifereba Jolosfrad, 
radgan miiReba tute, romelic fenolftaleins Jolosfers aZlevs.
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cda 5.  Jangbadis miReba

Sedegi:  qim.X.12. moswavles SeuZlia qimiuri elementebis da maTi naer­
Tebis daxasiaTeba, maTi mniSvnelobis Sesaxeb msjeloba.

indikatori:
•	 icnobs elementebis da maTi mniSvnelovani naerTebis miRebis Zi­
riTad meTodebs;

ras vikvlevT:   rogor SeiZleba zogierTi nivTierebis miReba labora­
toriaSi?

rekomendacia:  cda CaatareT sademonstraciod. 

cdis mizani:  nawili 1 - Jangbadis miReba da Segroveba,  nawili 2 - miRebu
li Jangbadis identificireba misi Tvisebebis safuZvelze.

resursebi:

WurWeli da masala: gamyofi Zabri (1) F0049; erlenmeieris kolba (1) 
F0249; qimiuri Wiqa, 800 ml (1) F0089; qimiuri Wiqa, 400ml (1) F0085; qimi­
uri Wiqa, 250 ml (1) F0083; sinjara (1); sworkuTxa minis mili (1); swori 
minis mili (1); Stativi (1) F0110; Stativis samagri da TaTi (2) F0108; sa­
cobi ori naxvretiT (2) F0377; damcavi saTvale.

nivTierebebi: wyalbadis peroqsidi - 20 % -iani, 200 ml; manganumis (IV) 
oqsidi, 2-3 grami; wvrili xis Cxiri.

cdis mimdinareoba: 

pirveli nawili:

cdis mizani - Jangbadis miReba da Segroveba
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1 - gamyofi Zabri, romelSic Casxmulia wyalbadis peroqsidi
2 - gamyofi Zabris onkani
3 - sworkuTxa minis mili
4 - rezinis mili
5 - moxrilwveriani minis mili 
6 - sakristalizacio jami
7 - Jangbadis mosagrovebeli sinjarebi
8 - erlenmeieris kolba, romelSic moTavsebulia manganumis dioqsidi

yy rezinis sacobis erT naxvretSi gaatareT gamyofi Zabris mili. 

yy gamyofi Zabris onkani gadaketeT da ZabrSi, daaxloebiT, naxevram­
de CaasxiT wyalbadis peroqsidi.

1 - moxrilwveriani minis mili
2 - sinjarebi Jangbadis Sesagroveblad 

yy erT Stativze daamagreT ori samagri da ori TaTi.  sakristali­
zacio jami aavseT wyliT.

yy erT-erTi sinjara aavseT wyliT, Tavi cera TiTiT dauceT da gad­
moabruneT. gadmobrunebuli sinjara daamagreT Stativis TaTze, 
CauSviT wyliT savse jamSi da auSviT TiTi. gaimeoreT igive meore 
sinjarisTvis da daamagreT imave Stativis  meore samagrze.

yy erlenmeieris kolbaSi CayareT mcire raodenobiT manganumis (IV) 
oqsidi. 

yy kolbas moargeT  sacobi,  romelSic gatarebulia gamyofi Zabri 
da moxrilwveriani minis mili. gamyofi Zabri TaTiT daamagreT me­
ore Stativze.  

yy swori kuTxiT moxrili minis mili gaatareT sacobis meore naxv­
retSi. minis mili, daaxloebiT, 10 sm sigrZis rezinis miliT miu­
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erTeT moxrilwverian mimRebi   minis mils.

yy minis moxrili wveri  unda Sediodes erT-erT sinjaraSi.

yy gaxseniT Zabris onkani da CauSviT wyalbadis peroqsidi kolbaSi. 

yy daakvirdiT airis gamoyofas. rodesac airis mimRebi pirveli sin­
jararidan mTlianad gamoZevdeba wyali masSi airis dagrovebis 
gamo,gadaitaneT minis milis wveri, meore sinjaraSi. 

nawili meore: 

cdis mizani - Jangbadis identificireba
yy imis dasadastureblad, rom gamoyofili airi Jangbadia, amoiReT 

sinjara sakristalizacio jamidan da dauceT cera TiTi. aanTeT 
xis Cxiri. cota xnis mere SeubereT, CaaqreT da mbJutav mdgomare­
obaSi swrafad SeitaneT gamoyofili airiT savse sinjaraSi. 

yy daakvirdiT cvlilebas da Sedegebi SeitaneT laboratoriul oq­
mSi.

yy gaaanalizeT miRebuli Sedegebi.

cdis analizi: wyalbadis peroqsidi manganumis (IV)oqsidis (katalizato­
ri) Tanaobisas iSleba Jangbadis gamoyofiT. Jangbadi wyalSi mcired 
xsnadi, ufero, usuno airia da sinjaraSi misi Segroveba SesaZlebelia   
sinjaridan  wylis an haeris gamoZevebiT. misi aRmoCena SesaZlebelia 
mbWutavi kvariT, romelic inTeba sufTa Jangbadis garemoSi da wvas ga­
nagrZobs. Jangbadis Segroveba SegiZliaT sinjaridan  haeris gamoZeve­
biT, radgan is haerze mZimea, sinjara piriT zemoT daamagreT Stativis 
TaTze da rezinis mili CauSviT sinjaraSi bolomde. sinjaris avsebis 
sisrule SeamowmeT mbJutavi kvariT.
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cda 6.  qimiuri reaqciis siCqareze moqmedi faqtorebi -1

Sedegi: qim.X.11.moswavles SeuZlia ganWvritos qimiuri wonasworobis ga
daxris mimarTuleba

ras vikvlevT:    rogor icvleba qimiuri reaqciis siCqare sxvadasxva faq­
toris gavleniT.

rekomendacia:  cda SeasruleT jgufurad.

cdis mizani:  kalciumis karbonatsa da marilmJavas Soris mimdinare re­
aqciis siCqareze moreagire nivTierebaTa koncentraciis, temperaturi­
sa da urTierTSexebis zedapiris farTobebis gavlenis Seswavla.

resursebi (erTi jgufisaTvis):

saWiro WurWeli da masala: sinjarebi (7) F0177; moculobis sazomi ci­
lindri (1) F0187; spirtqura F0300.

nivTierebebi: carcis an marmarilos (kalciumis karbonatis) natexebi 
(daaxloebiT erTnairi zomis); marilmJavas xsnarebi 2%-iani, 10 ml; 5%-
iani 50 ml; 10%-iani,  10 ml.

nawili pirveli – cdis mizani: moreagire nivTierebaTa koncentraciis 
gavlena qimiuri reaqciis siCqareze.

mudmivi sidideebi: moreagire nivTierebebis urTierTSexebis zedapiris 
farTobebi da temperatura.

damoukidebeli cvladebi: moreagire nivTierebaTa koncentraciebi.

damokidebuli cvladi: qimiuri reaqciis siCqare.

cdis mimdinareoba:
yy sinjarebi  danomreT 1-dan 7-mde.

yy ##1, 2, 3 sinjarebSi CaasxiT, Sesabamisad, 10-10 ml  2%-iani, 5%-
iani  da 10%-iani marilmJavas erTi da imave temperaturis xsnare­
bi. samive sinjaraSi CaagdeT carcis erTnairi zomis TiTo-TiTo 
natexi. daakvirdiT TiToeul sinjaraSi reaqciis mimdinareobis 
(airis gamoyofis) siCqares da dakvirvebis Sedegebi SeitaneT la­
boratoriul oqmSi. 

nawili meore – cdis mizani: temperaturis  gavlena qimiuri reaqciis 
siCqareze.
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mudmivi sidideebi: moreagire nivTierebebis koncentraciebi da urTi­
erTSexebis zedapiris farTobebi.

damoukidebeli cvladi: temperatura

damokidebuli cvladi: qimiuri reaqciis siCqare

cdis mimdinareoba:
yy #4 da #5 sinjarebSi CaasxiT 10 – 10 ml 5 %-iani marilmJavas 

xsnari. aanTeT spirtqura da erT-erTi sinjara gaacxeleT. magram 
ar aaduRoT.

yy orive sinjaraSi CaagdeT erTnairi zomis carcis natexebi, daak­
virdiT TiToeul sinjaraSi reaqciis mimdinareobis (airis gamo­
yofis) siCqares da dakvirvebis Sedegebi SeitaneT laboratoriul 
oqmSi. 

nawili  mesame – cdis mizani: moreagire nivTierebebis urTierTSexebis 
zedapiris farTobebis gavlena  qimiuri reaqciis siCqareze.

mudmivi sidideebi:  moreagire nivTierebebis koncentraciebi da tempe­
ratura.

damoukidebeli cvladebi: moreagire nivTierebebis urTierTSexebis ze­
dapiris farTobebi.

damokidebuli cvladi: qimiuri reaqciis siCqare.

cdis mimdinareoba:
yy #6 da #7 sinjaraSi CaasxiT 10 – 10 ml 5%-iani marilmJavas erTi 

da imave temperaturis mqone xsnarebi.

yy aiReT, daaxloebiT, erTnairi zomis carcis natexebi. erTi natexi 
faifuris rodinSi kargad gaafxviereT sanayiT. 

yy #6 sinjaraSi CaagdeT carcis natexi, xolo # 7 sinjaraSi ki Ca­
yareT carcis fxvnili.

yy daakvirdiT TiToeul sinjaraSi reaqciis mimdinareobis (airis ga­
moyofis) siCqares da dakvirvebis Sedegebi SeitaneT laboratori­
ul oqmSi. 

gaaanalizeT mimdinare procesebi, gamoitaneT daskvnebi da Seita­
neT laboratoriul oqmSi.

cdis analizi:  qimiuri reaqciebis mimdinareobis siCqareze sxvadasxva 
faqtori axdens gavlenas. maT Soris, temperatura, moreagire nivTie­
rebaTa koncentracia, moreagire nivTierebebis Sexebis zedapiris far­
Tobebi (myari nivTierebebis SemTxvevaSi), wneva (airebis SemTxvevaSi) da 
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katalizatori. mocemul cdaSi ganxilulia sami faqtoris gavlena kal­
ciumis karbonatsa (carci) da marilmJavas Soris mimdinare reaqciaze. 
sxvadasxva koncentraciis (2 %; 5 %; 10 %) marilmJavis damatebisas car­
cis, daaxloebiT, erTi da imave zomis natexebze - is gamoyofis 
siCqare mniSvnelovnad metia 10 % - iani marilmJavas moqmedebisas, rac 
vizualurad kargad Cans. Tu SevadarebT naxSirorJangis gamoyofis siC­
qares sxvadasxva temparaturis marilmJavas areSi, naTlad Cans, rom 
reaqcia gacilebiT swarafad mimdinareobs cxel marilmJavaSi, vidre 
oTaxis temparaturaze. moreagire nivTierebaTa zedapiris farTobebis 
gavlenis Seswavlis mizniT, carcis natexi da, daaxloebiT, imave masis 
carcis fxvnilze vmoqmedebT erTi da imave temperaturis da koncent­
raciis (erTnairi moculobis) marilmJavaTi.  - is gamoyofis siC­
qare mniSvnelovnad aRemateba carcis fxvnilsa da marilmJavas Soris 
mimdinare reaqciis dros. es adasturebs, rom moreagire nivTierebaTa  
Sexebis zedapiris farTobebis gazrdiT reaqciis siCqare izrdeba.
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cda 7.  qimiuri reaqciis siCqareze moqmedi faqtorebi - 2

Sedegi:   qim.X.11.moswavles SeuZlia ganWvritos qimiuri wonasworobis 
gadaxris mimarTuleba.

ras vikvlevT:   rogor icvleba qimiuri reaqciis siCqare sxvadasxva faq­
toris gavleniT.

rekomendacia:  cda SeasruleT sademonstraciod an jgufurad.

cdis mizani: natriumis Tiosulfatsa da marilmJavas Soris mimdinare 
reaqciis siCqareze  moreagire nivTierebaTa koncentraciebis  gavlenis 
Seswavla.

mudmivi sidide: temperatura

damoukidebeli cvladi: moreagire nivTierebaTa koncentraciebi

damokidebuli cvladi: qimiuri reaqciis siCqare (naleqis warmoqmnis 
dro)

resursebi (erTi jgufisaTvis):

saWiro WurWeli da masala: sinjarebi (3); moculobis sazomi cilindri, 
25 ml (1); sinjarebis sadgami (1); wamzomi (1);

WurWeli da masala: sinjara (1) F0177; qimiuri Wiqa, 250 ml (2) F0083; sam­
fexa (1) F0497; mavTulis bade (1) F0558; spirtqura (1) F0300; wkiri (1) 
F0050;

nivTierebebi: marilmJava, 2M,  10 ml; natriumis Tiosulfatis xsnari, 
0.25M, 30 ml; gamoxdili wyali, 50 ml. 

cdis mimdinareoba:
yy sinjarebi moaTavseT sinjarebis sadgamSi da danomreT 1-dan 3-mde.

yy moculobis sazomi cilindris gamoyenebiT CaasxiT sinjarebSi 
natriumis Tiosulfatis momzadebuli xsnari qvemoT mocemuli 
raodenobebiT:

yy #1 - 15 ml natriumis Tiosulfatis xsnari; 

yy #2 - 10 ml natriumis Tiosulfatis xsnari; 

yy #3 - 5 ml natriumis Tiosulfatis xsnari; 

yy TiToeul sinjaras daamateT gamoxdili wyali im raodenobiT, 
rom xsnaris saerTo moculoba yvela sinjaraSi iyos 15 ml  anu 

yy #2  - 5 ml gamoxdili wyali; 
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yy #3  - 10 ml gamoxdili wyali;

yy moculobis sazomi cilindiT aiReT 3 ml marilmJavas xsnari, da­
amateT #1 sinjaras da CarTeT wammzomi. 

yy sinjara SeanjRrieT erTi-orjer da isev CadgiT sinjarebis sad­
gamSi.

yy dainiSneT dro sinjaraSi simRvrivis (rac naleqis warmoqmnis maC­
venebelia) gaCenamde. rogorc ki sinjaraSi warmoiqmneba simRvri­
ve, gaaCereT wamzomi da Cveneba CainiSneT laboratoriul oqmSi 
winaswar momzadebul cxrilSi.

yy gaimeoreT wina sami etapi ##2  da 3 sinjarebisTvis.

yy imisaTvis, rom simRvrivis warmoqmna yvela sinjaraSi erTnairad 
daafiqsiroT, TeTr furcelze Savi markeriT dawereT `+~ niSani. 
furceli daiWireT sinjaris ukan. dro dainiSneT iqamde, vidre 
sinjaris miRma `+~aRar gamoCndeba.

monacemTa cxrili:

sinjarebi #1 #2 #3

dro (wm)

cdis analizi: natriumis Tiosulfatsa da marilmJavas Soris 
mimdinareobs Semdegi reaqcia:

reaqciis Sedegad gamoiyofa gogirdi, romelic uxsnadia da warmoqmnis 
simRvrives. simRvrivis warmoqmnis siCqare damokidebulia Tiosulfatis 
koncentraciaze. mocemul cdaSi ganzavebis Sedegad vRebulobT 
Tiosulfatis sam sxvadasxva koncentracias, romlebic SegiZliaT 
gamoTvaloT formulebiT:

   (1,) sadac
 - natriumis Tiosulfatis sawyisi koncentracia, anu am SemTxvevaSi 

0.25M;
  - 0.25M natriumis Tiosulfatis moculoba ml-Si. am SemTxvevaSi 

(15 ml, 10 ml  da 5 ml);
 - natriumis Tiosulfatis koncentracia ganzavebis Semdeg.

 - natriumis Tiosulfatis moculoba ganzavebis Semdeg (TiToeul 
SemTxvevaSi 15 ml);

    (2)
monacemTa cxrili:

sinjaris # #1 #2 #3

Tiosulfatis 
koncentracia
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zemoT mocemuli  formulis (2) mixedviT gamoTvaleT ganzavebis Sede­
gad TiToeul SemTxvevaSi miRebuli xsnaris koncentracia. marilmJavas 
damatebis Semdeg CainiSneT TiToeul sinjaraSi simRvrivis warmoqmnis 
dro. aageT grafiki, romelic asaxavs naleqis (simRvrivis) warmoqmnis 
drois damokidebulebas Tiosulfat-ionis koncentraciaze.
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cda 8.  qimiuri reaqciis siCqareze moqmedi faqtorebi - 3

Sedegi: qim.X.11.moswavles SeuZlia ganWvritos qimiuri wonasworobis 
gadaxris mimarTuleba.

ras vikvlevT:   rogor icvleba qimiuri reaqciis siCqare sxvadasxva faq­
toris gavleniT.

rekomendacia: cda SeasruleT sademonstraciod an jgufurad.

cdis mizani:  natriumis Tiosulfatsa da marilmJavas Soris midinare 
reaqciis siCqareze temperaturis gavlenis Seswavla.

mudmivi sidide: moreagire nivTierebaTa koncentraciebi.

damoukidebeli cvladi: temperatura.

damokidebuli cvladi: qimiuri reaqciis siCqare (naleqis warmoqmnis 
dro).

resursebi (erTi jgufisaTvis):

saWiro WurWeli da masala: sinjarebi (6) F0176; moculobis sazomi ci­
lindri, 10 ml-ani (1) F0178; qimiuri Wiqa, 250 ml-ani (1) F0083; sinjare­
bis sadgami (1) F0579; Termometri (1) F0333; wamzomi (1);spirtqura F0300; 
samfexa F0497; liTonis bade F0556;

nivTierebebi: marilmJava, 2M. 10 ml; natriumis Tiosulfatis xsnari 
0.15M, 50 ml; gamoxdili wyali.

cdis mimdinareoba:
yy 5 sinjara moaTavseT sinajrebis sadgamSi da danomreT 1-dan 5-mde.

yy moculobis sazomi cilindris gamoyenebiT TiToeul sinjaraSi 
CaasxiT 10 ml natriumis Tiosulfatis xsnari.

yy 250 ml-iani qimiuri Wiqa, daaxloebiT, 2/3 - mde SeavseT gamoxdili 
wyliT.

yy liTonis bade dadeT samfexze, badis qveS dadgiT spirtqura, sam­
fexis badeze dadgiT wyliani Wiqa. 

yy sinjarebis sadgamidan amoiReT #1 sinjara da CadgiT wylian Wi­
qaSi.

yy moculobis sazomi cilindris gamoyenebiT 2 ml marilmJavas xsna­
ri gadaitaneT daunomrav  sinjaraSi. 

yy sinjara moaTavseT wylian WiqaSi, Tiosulfatis Semcvel #1 sin­
jarasTan erTad. 

yy WiqaSi CadeT Termometri da wyali gaacxeleT 30 - mde.
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yy SewyviteT gacxeleba da marilmJava CaasxiT #1  sinjaraSi. 

yy CarTeT wamzomi.  dainiSneT dro naleqis warmoqmnamde. naleqis 
warmoqmnis dro aiTvaleT ise,  rogorc wina eqsperimentSi iyo 
aRwerili. 

yy naleqis warmoqmnis dro CaiwereT laboratoriul oqmSi winaswar 
momzadebul cxrilSi.

yy igive etapebi gaimeoreT #2 da #3, sinjarebisaTvisac, oRond Wi­
qaSi wyali gaacxeleT, Sesabamisad, 40oC-mde; 50oC-mde.

yy CaiwereT TiToeuli SemTxvevisTvis  naleqis warmoqmnis dro 
cxrilSi.

monacemTa cxrili:

sinjaris nomre­
bi  da
wylis temperatura

#1 (30 ) #2 (40 ) #3 (50 )

drois intervali

cdis analizi:  natriumis Tiosulfatsa da marilmJavas Soris mimdina­
reobs Semdegi reaqcia:

reaqciis Sedegad gamoiyofa gogirdi, romelic wyalSi uxsnadia da war­
moqmnis simRvrives. simRvrivis warmoqmnis siCqare damokidebulia xsna­
ris temperaturaze. mocemul cdaSi sxvadasxva temperaturaze (

-da -mde) aiTvaleT naleqis warmoqmnis dro da aageT gra­
fiki, romelic asaxavs damokidebulebas naleqis warmoqmnis drosa da 
xsnaris temperaturas Soris. cdis monacemebis mixedviT, gamoTvaleT 
reaqciis temperaturuli koeficienti vant-hofis gantolebis gamoye­
nebiT.
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cda 9.  qimiuri wonasworoba

Sedegi: qim.X.11. moswavles SeuZlia ganWvritos qimiuri wonasworobis 
gadaxris mimarTuleba.

indikatori:
yy iyenebs le-Satelies princips da ganWvrets sxvadasxva faqtoris 

(wneva, nivTierebaTa koncentracia, temperatura) qimiur wonaswo­
robaze gavlenis xasiaTs. CamoTvlis saTanado magaliTebs.

ras vikvlevT:   ra gavlenas axdens qimiur wonasworobaze sxvadasxva faq­
tori.

rekomendacia:  cda CaatareT jgufurad.

cdis mizani:  qimiur wonasworobaze ganzavebis da Tanamosaxele ionis  
gavlenis Seswavla.

resursebi (erTi jgufisaTvis):

WurWeli da masala: sinjara (1) F0177; qimiuri Wiqa, 250 ml (2) F0083;  wki­
ri (1) F0050;

nivTierebebi: spilenZis (II) qloridi 18 g; natriumis qloridi 2-3; gamox­
dili wyali

mudmivi sidide: moreagire nivTierebaTa koncentraciebi
damoukidebeli cvladi: wylis raodenoba an Tanamosaxele ionis raode­
noba

damokidebuli cvladi: xsnaris feri, romlis mixedviT ganisazRvreba 
qimiuri wonasworobis darRveva da gadaxra romelime  mxares.

cdis mimdinareoba:
yy moamzadeT spilenZis (II) qloridis najeri xsnari: oTaxis tempe­

raturaze ( ) 18 grami spilenZis (II) qloridi gaxseniT 25 
gram gamoxdil wyalSi.  daakvirdiT najeri xsnaris Seferilobas 
da CainiSneT. 

yy miRebuli xsnaris 10 ml gadaitaneT sinjaraSi da daamateT 10 ml 
gamoxdili wyali. daakvirdiT miRebuli xsnaris Seferilobas da 
CainiSneT laboratoriul oqmSi. raTia gamowveuli feris cvli­
leba?

yy ganzavebul xsnars daamateT natriumis qloridis kristalebi. da­
akvirdiT miRebuli xsnaris Seferilobas da CainiSneT laborato­
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riul oqmSi. riTia gamowveuli feris cvlileba?

yy gaanalizeT Sedegebi da gamoitaneT Sesabamisi daskvnebi.

cdis analizi:  spilenZis (II) qloridis najeri xsnari mwvane ferisaa, 

radgan sawyis xsnarSi aris rogorc (cisferi) da hidra­

tirebuli ionebi, aseve dauSleli anu aradisocirebuli 

-is yviTeli feris kompleqsuri marili, romelTa kombinacii­

Tac aris ganpirobebuli xsnaris mwvane Seferiloba. xsnaris ganzavebi­

sas kompleqsis Sida sfero (    disocirdeba, wonas­

woroba irRveva da matulobs  ionebis raodenoba da xsnari 

xdeba cisferi. Tu ganzavebisas miRebul xsnars davamatebT natriumis 

qloridis kristalebs (an SegiZliaT gamoiyenoT koncentrirebuli ma­

rilmJava), izrdeba qloris ionebis (anu xsnarSi ukve arsebuli ionebis 

Tanamosaxele ionebis) raodenoba da wonasworoba gadaixreba marcxniv 

anu aradisocirebuli, yviTeli feris -is mxares da 

da xsnari isev gamwvandeba. mimdinareobs Semdegi procesi  

, xolo ganzave­

bisas   . wonasworobis ga­

daxra aseve SesaZlebelia temperaturis gazrdiT. am dros  matulobs 

 - ionebis raodenoba, izrdeba xsnadoba da disociaciis xaris­

xi.
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cda 10.  Jangva-aRdgeniTi reaqciebi

Sedegi: qim.X.8. moswavles SeuZlia daaxasiaTos Jangva-aRdgeniTi reaq­
ciebi.

ras vikvlevT:  rogor mimdinareobs Jangva-aRdgeniTi reaqciebi.

rekomendacia: cda CaatareT sademonstraciod.

cdis mizani: qromis Jangvis ricxvis cvlileba Jangva-aRdgeniT reaqci­
ebSi.

resursebi:

WurWeli da masala: sinjara (1) F0176; sinjarebis sadgami (1) F0579; 
pipeti (1) F0463 ; pipetis msxali F0492; mzomi cilindri F0187; sakrista­
lizacio jami (1) F0342; asanTi; 

nivTierebebi: kaliumis biqromatis ganzavebuli xsnari, 5 ml; rkinis (II) 
sulfatis xsnari, 5 ml; koncentrirebuli gogirdmJava, 10-15 wveTi; 
amoniumis biqromatis fxvnili, 20-30 grami.

cdis mimdinareoba: 
yy sinjaraSi CaasxiT 5 ml kaliumis biqromatis xsnari.

yy pipets gaukeTeT msxali, frTxilad amoiReT koncentrirebuli 
gogirdmJava da 10-15 wveTi CaawveTeT sinjaraSi;

yy sinjaras pipetiT wveT-wveTobiT daamateT  rkinis (II) sulfatis 
xsnari  feris cvlilebamde. dakvirvebis Sedegebi SeitaneT labo­
ratoriul oqmSi.

yy sakristalizacio jamze konusiseburad dayareT mcire raodeno­
biT amoniumis biqromatis fxvnili. anTebuli asanTi CauSviT ko­
nusis wverSi da gaaCereT reaqciis dawyebamde. rogorc ki reaqcia 
daiwyeba asanTi moaSoreT da CaaqreT.

yy reaqciis dasrulebis Semdeg daakvirdiT momxdar cvlilebebs da 
Sedegebi CaiwereT laboratoriul oqmSi. dawereT mimdinare qimi­
uri reaqciebis Sesabamisi tolobebi da gaaTanabreT eleqtronu­
li balansis meTodiT.

cdis analizi: zogierTi elementis Sesabamisi naerTi Jangvis xarisxis 
cvlilebis mixedviT sxvadasxva Seferilobisaa. cdaSi ganxilulia biq­
romat-ionis aRdgena -is ionamde mJava areSi. kaliumis biqro­
mati, sadac qromis ionis Jangvis ricxvi aris +6, aris mkveTri narin­
jisferi, mJava areSi is Jangavs ions -mde, xolo Ta­
vad aRdgeba +3-mde, miRebuli naerTi ki aris mwvane feris. rac Seexeba 
meore reaqcias, aqac igive cvlilebas ganicdis elementi qromi, am Sem­
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TxvevaSi narinjisferi amoniumis biqromatis (sadac qromis ionis Jang­
vis ricxvi aris +6) daSlis Sedegad miiReba, muqi, Waobisferi mwvane 
feris myari nivTiereba qromis (III) oqsidi, gamoiyofa azoti da  wyali. 
e.i. Jangva-aRdgeniTi reaqciebis mimdinareobaze dakvirveba SesaZlebe­
lia feris cvlilebis mixedviT.
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cda 11.   xsnarebis damzadeba 

Sedegi: qim.X.9. moswavles SeuZlia xsnarebis Tvisebebis axsna eleqtro­
lituri disociaciis Teoriis safuZvelze.

ras vikvlevT:   rogor davamzadoT sasurveli masuri wilis  mqone da 
moluri koncentraciis  xsnarebi.

rekomendacia: cda CaatareT jgufurad.

cdis mizani: 10 %-iani natriumis hidroqsidis xsnaris damzadeba. 500 
ml 0.1M natriumis hidroqsidis xsnaris damzadeba.

resursebi (erTi jgufisaTvis):

WurWeli da masala: qimiuri Wiqa, 250 ml (1) F0083; moculobis sazomi 
kolba, 500 ml (1) F0073; moculobis sazomi cilindri, 100 ml (1) F0183;  
minis wkiri; Camrecxi boTli F0606;  saswori F0285.

nivTierebebi: natriumis hidroqsidi (myari), 20 g; gamoxdili wyali,  da­
axloebiT, 700 ml.

cdis mimdinareoba:
yy pirveli nawili - natriumis hidroqsidis 150 g 10 %-aini xsnaris dam

zadeba

	gamoTvaleT natriumis hidroqsidis masa mis 150 g 10 %-ian xsnarSi.

	gamoTvaleT wylis raodenoba romelic saWiroa am xsnaris mosam­
zadeblad.

	awoneT 15 g natriumis hidroqsidi da CayareT qimiur WiqaSi.

	moculobis sazomi cilindriT daamateT 135 ml wyali. (radgan 
wylis simkvrive aris 1 g/ml amitom 135 g wylis moculobaa 135 
ml).

	kargad mourieT wkiriT.

	aRwereT cdis mimdinareoba laboratoriul oqmSi.

yy meore nawili - natriumis hidroqsidis 500 ml 0.1M xsnari.

	gamoTvaleT xsnaris dasamzadeblad saWiro natriumis hidroqsi­
dis masa.
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   da     

 

	 zemoT mocemuli formulis,   mixedviT, 

; 

	awoneT 2 g natriumis hidroqsidi.

	awonili nivTiereba gadaitaneT qimiur WiqaSi, daamateT mcire ra­
odenobiT wyali da gaxseniT moreviT. xsnari Zabris da wkiris ga­
moyenebiT gadaitaneT sazom kolbaSi. gamoxdili wyali mcire 
ulufebiT ramdenjerme gamoavleT Wiqas da gadaitaneT kolbaSi. 

	kolba Wdemde SeavseT gamoxdili wyliT. 

	daaxureT  kolbas sacobi da gadaabrun-gadmoabruneT ramodeni­
mejer,   Tanabrad Sesarevad. 

	aRwereT cdis mimdinareoba laboratoriul oqmSi.

cdis analizi: cnobili masuri wilis mqone xsnaris mosamzadeblad unda 
gamoTvaloT gaxsnili nivTierebis masa, awonoT zustad da daamatoT 
wylis Sesabamisi raodenoba, rom miiRoT saWiro masis xsnari. cnobili 
moluri koncentraciis xsnaris mosamzadeblad, gamoTvaleT moluro­
bis Sesabamisi gaxsnili nivTierebis masa da gadaitaneT iseTi moculo­
bis sazom kolbaSi, ra moculobis xsnaris damzadebac gWirdebaT da 
SeavseT Wdemde wyliT. im SemTxvevaSi Tu koncentrirebuli xsnaridan 
gindaT ganzavebuli xsnaris momzadeba, aucilebelia icodeT am xsnare­
bis sawyisi da saboloo koncentraciebis Sesabamisi simkvrive, raTa ga­
moTvaloT Txevadi nivTierebis masa misi moculobidan. sxvadasxva kon­
centraciis xsnarebis Sesabamisi simkvriveebi mocemulia qimiis cnoba­
rebSi.   
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cda 12.  xsnaris moluri koncentraciis dadgena

Sedegi: qim.X.9. moswavles SeuZlia xsnarebis Tvisebebis axsna eleqtro­
lituri disociaciis Teoriis safuZvelze.

ras vikvlevT:  rogor davadginoT xsnaris koncentracia gatitvriT.

rekomendacia: cda CaatareT sademonstraciod.
cdis mizani: natriumis hidroqsidis xsnaris koncentraciis dadgena ma­
rilmJavas standartuli xsnariT.

resursebi:

WurWeli da masala: biureti (1); Stativi (1) F0110; Stativis samagri da 
TaTi (1) F0108; erlenmeieris kolba, 250 ml (1) F0246; 

nivTierebebi: marilmJavas xsnari 0.1M, 50-100 ml (imis mixedviT, ra kon­
centraciis aris tute); ucnobi koncentraciis natriumis hidroqsidis 
xsnari, 20 ml; fenolftaleini.

cdis mimdinareoba: 

1	 -  biureti (Sevsebuli marilmJavas xsnariT)
2	 -  biuretis onkani (damWeri)
3	 -  erlenmeieris kolba (tutis xsnariT)

3
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yy Stativze daamagreT samagri da TaTi. TaTi  biurets moargeT.

yy biureti jer kargad garecxeT  gamoxdili wyliT, Semdeg mcire 
raodenobis marilmJavas xsnari gamoavleT.

yy daketeT biuretis onkani;

yy SeavseT biureti 0.1M marilmJavas xsnariT. 

yy daakvirdiT rom biuretis wverSi ar iyos darCenili haeri. Tu ha­
eri darCenilia,  mouSviT biuretis onkani da gamouSviT xsnari. 
amis Semdeg kvlav daketeT onkani.

yy biuretSi xsnari miiyvaneT raime niSnulamde da CaiwereT siTxis 
zusti moculoba.

yy erlenlmeieris kolbaSi CaasxiT 20 ml natriumis hidroqsidis uc­
nobi koncentraciis xsnari (ganzavebuli).

yy kolbaSi CaawveTeT 3 wveTi fenolftaleinis xsnari da msubuqad 
SeanjRrieT, rom  kolbaSi xsnari  erTgvarovani Jolosferi gax­
des.

yy gaxseniT onkani da tutis xsnars wveTwveTobiT amateT mJavas xsna­
ri, vidre xsnari ar gauferuldeba. ar SewyvitoT kolbis njRreva.

yy wveTebi amateT frTxilad/nel-nela, raTa   zustad daafiqsiroT    
xsnaris gauferulebis momenti (zedmeti mJava  ar unda daamatoT).

yy rogorc ki mJavas wveTis damatebis Semdeg xsnari gauferuldeba, 
daketeT onkani da aiTvaleT biuretze marilmJavas moculoba da 
monacemi oqmSi daafiqsireT..

yy es procedura gaimeoreT kidev orjer da CaiwereT yvela monacemi 
laboratoriul oqmSi monacemTa cxrilSi.

monacemTa cxrili:

marilmJavas 
sawyisi moculoba 

(  ml

marilmJavas 
saboloo 

moculoba (  
ml

daxarjuli 
marilmJavas 
moculoba (

 ml

pirveli 
cda

meore 
cda

mesame 
cda

gamoiyeneT formula da gamoTvaleT TiToeul cdaSi natriumis 
hidroqsidis koncentracia                                       
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sadac

 - aris natriumis hidroqsidis koncentracia (romelic 

unda davadginoT);

 - aRebuli natriumis hidroqsidis moculoba (am SemTxvevaSi, 

20 ml);

 - marilmJavas koncentracia, romelic cnobilia (am SemTxvevaSi, 

0.1M);

 - gatitvraze daxarjuli marilmJavas moculoba (romelic unda 

aiTvaloT biuretze)

pirveli 
cda

meore cda mesame cda saSualo

-is 
koncentracia 
(moli/l)

cdis analizi:  tutis an mJavas koncentraciis dadgenis mizniT gamoi­
yeneba gatitvris meTodi: cnobili koncentraciis xsnariT (tutis an 
mJavas) vtitravT ucnobi koncentraciis, magram cnobili zusti mocu­
lobis xsnars (mJavas an tutes). ganeitralebis maCvenelia ekvivalento­
bis wertili anu wertili, roca erTi xsnari meoreTi srulad ganeit­
raldeba anu Warbad aRar aris arc mJava da arc tute. am wertilis 
zustad dasadgenad gamoiyeneba indikatorebi _ nivTierebebi, romelTa 
Seferiloba icvleba maTze mJavas an tutis moqmedebiT. mocemul cdaSi 
gamoyenebulia fenolftaleini, romelic tuteSi Seferilia Jolosf­
rad da mJavaSi uferoa. gatitvris dasawyisSi, roca tute jer kidev 
aris Warbi, vidre mJava, dawveTebis adgilze xsnari uferuldeba momen­
talurad da isev aRidgens fers. rogorc ki  xsnari srulad gaufe­
ruldeba, SewyviteT mJavas damateba. wveTebi unda daamatoT nel-nela, 
raTa ar moxdes Warbi mJavas damateba da xsnari ar gadaititros. tutis 
koncentraciis dasadgenad gamoiyeneT zemoT moyvanili formula. ga­
titvra gaimeoreT 2-3 -jer mainc, raTa maqsimalurad zustad daafiq­
siroT daxarjuli mJavas moculoba. miRebuli monacemebidan gamoTva­
leT tutis koncentraciis saSualo mniSvneloba.
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cda 13.  eleqtrolizi

Sedegi: qim.X.10. moswavles SeuZlia daaxasiaTos eleqtrolizis movle­
na da misi roli teqnikasa da mrewvelobaSi.

ras vikvlevT:  rogor iSleba nivTiereba eleqtrodenis saSualebiT.

cdis mizani: wylis daSla martiv nivTierebebad eleqtrodenis zemoqme­
debiT.

resursebi: 

WurWeli da masala:  qimiuri Wiqa, 500 ml (1) F0088; sinjarebi (2) F0175; 
      wkiri;  denis wyaro (1) F0011; uJangavi foladis eleqtrodi (2); 
klipsebiani 
      sadenebi (2) F0344. 

nivTierebebi:  natriumis sulfati, ramdenime kristali; gamoxdili wya­
li, 400 ml; xis wvrili Cxiri;

cdis mimdinareoba:

1 - denis wyaro
2 - uJangavi foladis eleqtrodebi
3 - sadenebi

3
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yy qimiuri Wiqa  2/3-mde SeavseT gamoxdili wyliT.

yy sinjara SeavseT wyliT. dauceT cera TiTi da da CauSviT qimiur 
WiqaSi. igive gaimeoreT  meore sinjarisTvisac.

yy uJangavi foladis eletrodebi CauSviT wyalSi ise, rogorc su­
raTzea naCvenebi: eleqrodebis meore bolo unda Sediodes sinja­
rebSi.

yy miuerTeT eleqtrodebs klipsebiani sadenebi da SeuerTeT mudmi­
vi denis gammarTvels (wyaros).

yy denis wyaroze Zabva daayeneT 5V -dan 10 V-mde. 

yy daakvirdiT eleqtrodebze mimdinare procesebs.

yy wyalSi CaagdeT natriumis sulfatis ramdenime kristali da wki­
riT mourieT srul gaxsnamde. daakvirdiT procesis mimdinareo­
bas da dakvirvebis Sedegebi SeitaneT oqmSi.

yy kidev daamateT xsnars natriumis sulfatis kristalebi. daakvir­
diT eleqtrodebze airis gamoyofis siCqares.

yy rodesac airi dagrovdeba da wyali gamoZevdeba sinjarebidan, ga­
morTeT denis wyaro.

yy kaTodze (-) mogrovili airi SeamowmeT wyalbadis Semcvelobaze. 
(testi, romelic aRwerilia wyalbadis miRebis cdaSi: me-10 klasi, 
cda 1).

yy anodze (+) mogrovili airi SeamowmeT Jangbadis Semcvelobaze. 
(testi, romelic aRwerilia Jangbadis miRebis cdaSi: me-10 klasi, 
cda 5).

cdis analizi: eleqtrolizi aris Jangva-aRdgeniTi procesi, romelic 
mimdinareobs eleqtrolitSi  eleqtrodenis gatarebisas. mocemul 
cdaSi aRwerilia wylis daSla martiv nivTierebebad. kaTodze da anod­
ze mimdinareobs Jangva-aRdgeniTi reaqciebi. kaTodze ganimuxteba 
wyalbadi da gamoiyofa martivi nivTiereba wyalbadi, xolo anodze ga­
nimuxteba hidroqsidis ionebi da gamoiyofa Jangbadi. wyalSi natriumis 
sulfatis an romelime eleqtrolitis damateba zrdis xsnaris eleqt­
rogamtarobas da eleqtrolizis process aCqarebs. amasTan, eleqtro­
liti ise unda SearCioT, rom eleqtrodebze ar moxdes am eleqtroli­
tis ionebis Jangva-aRdgena anu aiRoT Zlieri tutis da Zlieri mJavas 
marili. 
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cda14.  xsnarebi

Sedegi: qim.X.9. moswavles SeuZlia xsnarebis Tvisebebis axsna eleqtro­
lituri disociaciis Teoriis safuZvelze.

ras vikvlevT: rogor movamzadoT zenajeri xsnari.

rekomendacia:  cda CaatareT sademonstraciod.

cdis mizani: natriumis acetatis  zenajeri xsnaris momzadeba.

resursebi:

WurWeli da masala:  qimiuri Wiqa, 250 ml (1) F0083; sakristalizacio ja­
mi (1) F0342; moculobis sazomi cilindri (1) F0187  ; wkiri (1) F0050; 
spirtqura (1) F0300; liTonis bade (1) F0558; saswori F0285.

nivTierebebi: natriumis acetatis kristalhidrati, 126 g; wyali, 12. 5 
ml.

cdis mimdinareoba:
yy awoneT 125 grami natriumis acetatis kristalhidrati da gadai­

taneT qimiur WiqaSi.

yy sazomi cilindriT daamateT 12.5 ml wyali. wkiriT kargad mou­
rieT.

yy qimiuri Wiqa gaacxeleT spirtquraze  nivTierebebis srulad  gax­
snamde. 

yy Wiqas daafareT sufTa qaRaldi da datoveT gasaciveblad.

yy sakristalizio jamSi CayareT mSrali natriumis acetatis ramde­
nime kristali.

yy gacivebuli xsnari frTxilad gadmodgiT da nel-nela CaasxiT sak­
ristalizacio jamSi.

yy daakvirdiT mimdinare process da dakvirvebis Sedegebi SeitaneT 
laboratoriul oqmSi.

cdis analizi:   xsnari, masSi gaxsnili nivTierebis raodenobis mixedviT, 
SeiZleba iyos najeri, ujeri da zenajeri. zenajer xsnars ramdenime 
nivTiereba warmoqmnis. zenajer xsnarSi mocemul temperaturaze ufro 
meti nivTierebaa gaxsnili, vidre es misi xsnadobis mixedviT aris daS­
vebuli. aseTi sistema Termodinamikurad arastabiluria da nebismieri 
saxis wonasworobis darRveva iwvevs gaxsnili nivTierebis srul gamok­
ristalebas. mocemul cdaSi natriumis acetatis zenajeri xsnari mzad­
deba, romelic gacivebis Semdeg, Tu masze raime zemoqmedebas movax­
denT (ramdenime kristalis damateba an wkiriT Sexeba), srulad gamok­
ristaldeba da gamyardeba. 
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cda15.  sxvadasxva ionis gansazRvra alis Seferilobis     
   mixedviT

Sedegi:  qim.X.12.moswavles SeuZlia qimiuri elementebis da maTi  naer­
Tebis daxasiaTeba,maTi mniSvnelobis Sesaxeb msjeloba.

ras vikvlevT: rogor ganvasxvavoT sxvadasxva ioni erTmaneTisgan?

rekomendacia:  cda CaatareT sademonstraciod.

cdis mizani:  naerTebSi  natriumis, kaliumis, liTiumis, kalciumis, ba­
riumis da spilenZis ionebis Semcvelobis gansazRvra alis Seferilo­
bis mixedviT.

resursebi:

WurWeli da masala: spirtqura (1) F0300; pinceti an rkinis an niqromis 
mavTuli (1); 

nivTierebebi: natriumis qloridi, 1g; kaliumis qloridi, 1g; liTiumis 
qloridi, 1g; kalciumis qloridi, 1g; bariumis qloridi, 1g; spilenZis 
(II)sulfati, 1g; koncentrirebuli marilmJava, 20 ml.

cdis mimdinareoba:
yy awoneT TiToeuli marili, daaxloebiT  1 grami.

yy pinceti (an rkinis an niqromis mavTuli) CadeT koncentrirebuli 
marilmJavas xsnarSi da gaasufTaveT.

yy aanTeT spirtqura.

yy pinceti SeitaneT alSi da gaavarvareT iqamde, vidre ar Sewydeba 
alis feris cvlileba.

yy gavarvarebuli pincetis (an mavTulis) wveri SeaxeT erT-erT niv­
Tierebas da SeitaneT spirtquris alis aramnaT nawilSi. 

yy daakvirdiT alis feris cvlilebas.

yy TiToeuli nivTierebisaTvis gaimeoreT igive da SeitaneT labo­
ratoriul oqmSi dakvirvebis Sedegebi. ra feri misca als TiToe­
ulma  nivTierebam?

cdis analizi: zogierTi metalis ioni cvlis alis Seferilobas, rac ma­
Ti identificirebis saSualebas iZleva. natriumis ioni als feravs 
yviTlad, xolo kaliumis ioni _ iisfrad. liTiumis ionis alis   feria 
wiTeli, bariumis ionis _  mwvane, kalciumis ionis _ mowiTalo odnav 
yviTeli elferiT. spilenZis ioni als aZlevs mkveTr mwvane Seferilo­
bas. Tqveni survilis da SesaZleblobis mixedviT, SegiZliaT gamoiye­
noT zemoT CamoTvlili ionebis Semcveli sxva nivTierebebi.
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qimia

XI klasi

cda 1. esterifikaciis reaqcia
cda 2.  sapnis miReba
cda 3.  acetilenis miReba da Tvisebebi
cda 4.  naxSirwylebi
cda 5.  polisaqaridebi
cda 6.   cximebi
cda 7.   cilebi
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cda 1.   esterifikaciis reaqcia

Sedegi: qim.XI.5. moswavles SeuZlia organuli naerTebis daxasiaTeba, 
maTi mniSvnelobis Sesaxeb msjeloba.

ras vikvlevT: karbonmJavebis urTierTqmedeba spirtebTan.

rekomendacia: cda CaatareT sademonstraciod.

cdis mizani: ZmarmJavisa da eTilis spirtis urTierTqmedebiT eTilace­
tatis miReba.

resursebi:

saWiro WurWeli da masala: qimiuri Wiqa, 250 ml (1) F0083; sinjara (2) 
F0176; moculobis sazomi cilindri, 10 ml (1) F0178; spirtqura (1) F0300; 
samfexa (1) F0497; sinjarebis sadgami (1) F0579; liTonis bade (1) F0556; 
damcavi saTvale;

nivTierebebi: koncentrirebuli gogirdmJava, 1 ml; koncentrirebuli 
ZmarmJava, 4 ml; eTilis spirti, 4 ml; gamoxdili wyali.

cdis mimdinareoba:
yy moculobis sazomi cilindrebis gamoyenebiT 4 ml koncentrire­

buli ZmarmJava da 4 ml eTilis spirti CaasxiT sinjaraSi. 

yy moculobis sazomi  cilindriT an msxliani pipetiT aiReT 1 ml 
koncentrirebuli gogirdmJava, CaasxiT imave  sinjaraSi da kar­
gad SeanjRrieT.

yy qimiuri Wiqa naxevramde SeavseT wyliT da dadgiT samfexze, rom­
lis qveS dgas spirtqura. 

yy aanTeT spirtqura da gaacxeleT wyali.   wylis  aduRebis Semdeg,   
spirtqura  CaaqreT.

yy CadgiT sinjara cxel wyalSi, daaxloebiT, 5 wuTiT. CaiwereT dak­
virvebis Sedegebi laboratoriul oqmSi.

yy amoiReT sinjara. CadgiT sinjarebis sadgamSi da gaaciveT.

yy meore sinjara naxevramde SeavseT gamoxdili wyliT da CaasxiT 
masSi gacivebuli narevi. SeamowmeT miRebuli xsnaris suni.

yy dakvirvebis Sedegebi CaiwereT oqmSi.

cdis analizi: esterebis miRebis meTodia karbonmJavebze spirtebis moq­
medeba. procesi, warmoqmnili esteris hidrolizis gamo, Seqcevadia. am 
reaqciaSi koncentrirebuli gogirdmJava katalizatori da, amave dros, 
wyalwamrTmevi nivTierebaa da Seqcevad reaqcias gadaxris marjvniv, anu 
esteris warmoqmnis mimarTulebiT. mocemul cdaSi mimdinareobs reaq­
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cia ZmarmJavasa da eTilis spirts Soris, miiReba eTilacetati. dabal­
molekulur esterebs aqvT sxvadasxva xilis damaxasiaTebeli suni. Cvens 
SemTxvevaSi miRebul eTileTanoats anu eTil-acetats  aqvs motkbo, 
msxlis wvenis msgavsi suni.
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cda 2.  sapnis miReba

Sedegi: qim.XI.5. moswavles SeuZlia organuli naerTebis daxasiaTeba, 
maTi mniSvnelobis Sesaxeb msjeloba.

ras vikvlevT:  rogor SeiZleba miviRoT saponi.

rekomendacia:  cda CaatareT sademonstraciod.

cdis mizani: sapnis miReba cximidan

resursebi:

saWiro WurWeli da masala: qimiuri Wiqa, 250 ml (1) F0083; qimiuri Wiqa, 
100 ml (1) F0080; moculobis sazomi cilindri, 10 ml (1) F0178; erlenme­
iris kolba, 250 ml (1) F0246; Zabri (1) F0287; sinjara (1) F0177; pipeti (1) 
F0463; wkiri (1);  filtris qaRaldi; rezinis sacobi naxvretis gareSe (1) 
F0373; saswori F0285; spirtqura (1) F0300; samfexa (1) F0497; liTonis ba­
de (1) F0556; damcavi saTvale.

nivTierebebi: cximi (an zeTi), daaxloebiT 3 Cais kovzi; eTilis spirti, 
5 ml; natriumis hidroqsidi, 25 %, 10 ml; natriumis qloridis koncen­
trirebuli xsnari, 20 %, 100 ml; gamoxdili wyali. 

cdis mimdinareoba:
yy daaxloebiT, 3 Cais kovzi cximi moaTavseT 250 ml-ian qimiur Wiqa­

Si da dadgiT  liTonis badeze, romelic moTavsebulia samfexze.

yy aanTeT spirtqura da  cximi nela gaacxeleT gadnobamde.

yy imave WiqaSi CaawveTeT 10 wveTi eTilis spirti da 5 ml gamoxdili 
wyali.

yy nel-nela daamateT 10 ml 25%-iani natriumis hidroqsidis xsnari 
da gaagrZeleT gacxeleba 10 wuTis ganmavlobaSi. urieT wkiriT.

yy gacxelebis procesSi aorTqlebuli wylis nacvlad frTxilad da­
amateT mcire raodenobiT gamoxdili wyali.

yy CaaqreT spirtqura da miRebuli narevi swrafad gadaitaneT nat­
riumis qloridis Semcvel WiqaSi. wkiriT kargad mourieT, daax­
loebiT, 2-3 wuTis ganmavlobaSi.

yy narevi daayovneT gacivebamde da gafiltreT.

yy SpateliT amoiReT warmoqmnili myari nivTierebis mcire raodeno­
ba da gadaitaneT sinjaraSi. 

yy sinjaras daamateT gamoxdili wyali ise, rom  myari masa daifa­
ros. daaxureT sinjaras  sacobi da kargad SeanjRrieT.

yy daakvirdiT cvlilebebs da dakvirvebis Sedegebi SeitaneT labo­
ratoriul oqmSi.
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cdis analizi:  sapnebi aris cximovani mJavebis (umaRlesi karbonmJavebis) 
natriumis da kaliumis marilebi. sapnebis SedgenilobaSi, ZiriTadad, 
Sedis palmitinis, sterianis da oleinis mJavebi. sapnebi miiReba cxime­
bidan, romlebic warmoadgenen glicerinis esters umaRles karbonmJa­
vebTan. hidrolizi xorcieldeba natriumis hidroqsidiT da miRebuli 
saponi naleqis saxiT gamoiyofa koncentrirebuli natriumis qloridis 
xsnaris damatebiT. Tu xsnarSi CaumatebT ramdenime wveT surnelovan 
nivTierebas, sapons eqneba sasiamovno suni.
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cda 3.  acetilenis miReba da Tvisebebi

Sedegi: qim.XI.5. moswavles SeuZlia organuli naerTebis daxasiaTeba, 
maTi mniSvnelobis Sesaxeb msjeloba.

ras vikvlevT: acetilenuri rigis naxSirwyalbadebis miRebas da maT 
Tvisebebs acetilenis magaliTze.

rekomendacia: cda CaatareT sademonstraciod.

cdis mizani:  acetilenis miReba da misi Tvisebebis Seswavla

resursebi:

saWiro WurWeli da masala: sinjara (3) F0556; sakristalizacio Tasi (1) 
F0342; sworkuTxa minis mili (1) F0127; mimRebi mili moxrili wveriT (1) 
F0127; sinjarebis sadgami (1) F0579; Stativi (2) F0110; Stativis TaTi da 
samagri (2) F0108,  F0052; rezinis sacobi erTi naxvretiT (1) F0376; rezi­
nis sacobi naxvretis gareSe  (2) F0373; rezinis mili, 20 sm (1) F0466; 
spirtqura (1) F0300; damcavi saTvale;

nivTierebebi: kalciumis karbidi, 0.5 g; spilen (I) -is qloridi, 25 ml; 
amoniumis hidroqsidi, 5 ml; gamoxdili wyali.

cdis mimdinareoba:

nawili 1.

cdis mizani: acetilenis miReba.
yy erT Stativze daamagreT ori samagri da ori TaTi. 

yy sakristalizacio jami aavseT wyliT.

yy erT-erTi sinjara aavseT wyliT, daaWireT cera TiTi da gadmo­
abruneT. gadmobrunebuli sinjara  daamagreT Stativis TaTze, 
CauSviT wyliT savse  sakristalizacio  jamSi da auSviT TiTi. 
gaimeoreT igive nabijebi meore sinjarisTvis da daamagreT meore 
samagrze.

yy swori kuTxiT moxrili minis mili gaatareT erTnaxvretian sacob­
Si. minis mili,   daaxloebiT, 10 –12 sm sigrZis rezinis miliT 
miuerTeT moxrili wveris mqone mimReb minis mils. es ukanaskneli 
ki CauSviT sakristalizacio jamSi, ise rom milis wveri Sediodes 
jamSi CaSvebul erT-erT sinjaraSi.

yy meore Stativze daamagreT Stativis samagri da TaTi. daamagreT 
carieli sinjara swor mdgomareobaSi (ix. suraTi me-10 klasi, 
wyalbadis miReba cda #1).

yy sinjaraSi CayareT 0.5 g kalciumis karbidi.

yy sinjara, daaxloebiT, 2 sm simaRlemde SeavseT gamoxdili wyliT.
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yy daaxureT  sinjaras  sworkuTxa minismiliani  sacobi. 

yy 15 wamis Semdeg SeuSviT minis milis moxrili wveri sinjaraSi, ro­
melic avsebulia wyliT.

yy roca pirveli sinjaridan wyali srulad gamoZevdeba, minis milis 
wveri meore sinjaraSi gadaitaneT. 

yy sinjarebs wyalqveS moargeT sacobebi da Semdeg  CadgiT sinjare­
bis sadgamSi. 

nawili 2.

cdis mizani:  acetilenisa da  spilenZis (I)  qloridis amiakuri xsnaris 
urTierTqmedebaze dakvirveba.
yy moazadeT spilenZis (I)  qloridis amiakuri xsnari: 25 ml spilenZis 

(I)   qloridis xsnars daumeteT 5 ml koncentrirebuli amoniumis 
hidroqsidis xsnari.

yy sinjaras, romelSic moTavsebulia miRebuli airi, frTxilad mox­
seniT sacobi, swrafad daamateT momzadebuli xsnari da maSinve 
daaxureT sacobi.

yy kargad SeanjRrieT sinjara da dakvirvebis Sedegebi SeitaneT la­
boratoriul oqmSi.

cdis analizi: kalciumis karbidis hidroliziT miiReba acetileni, ro­
melic wyalSi uxsnadi, haerze msubuqi airia. misi Segroveba SesaZlebe­
lia gadmobrunebul sinjaraSi (sinjaridan wylis gamoZevebiT). ujeri 
bmebis aRmomCeni reaqciebi aris amgvari bmebis Semcvel naerTebTan ur­
TierTqmedebisas bromiani wylis da kaliumis permanganatis xsnaris ga­
uferuleba. Tumca acetileni urTierTqmedebs spilenZis (I) qloridis 
amiakur xsnarTan da gamoiyofa spilenZis acetilenidis naleqi, es re­
aqcia ganasxvavebs sammagi bmis Semcvel naerTebs ormagi bmis Semcveli 
naerTebisgan, romelTac ar axasiaTebT naleqis warmoqmna. cdis Catare­
bisas  gamoiCineT sifrTxile, radgan mSrali acetilenidi feTqebadia.
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cda 4.  naxSirwylebi

Sedegi: qim.XI.5. moswavles SeuZlia organuli naerTebis daxasiaTeba, 
maTi mniSvnelobis Sesaxeb msjeloba

ras vikvlevT:  monosaqaridebis da disaqaridebis Tvisebebi.

rekomendacia: cda CaatareT jgufurad.

cdis mizani: glukozis, saqarozis da laqtozis aRmdgeni Tvisebebisa da 
saqarozis hidrolizis Seswavla.

resursebi:

saWiro WurWeli da masala: qimiuri Wiqa, 250 ml (1) F0083; qimiuri Wiqa, 
100 ml (3) F0080; moculobis sazomi cilindri, 10 ml (1) F0185; sinjara 
(4) F0175; pipeti (1) F0461; wkiri (1) F0050; Spateli (1); rezinis sacobi (3); 
spirtqura (1) F0300; samfexi (1) F0497; liTonis bade (1) F0558;

nivTierebebi: glukoza, 1 gr; saqaroza, 1 gr; laqtoza 1 gr; marilmJavas 
xsnari, 0.1 M, 1 ml; natriumis hidroqsidis xanari, 0.1 M; vercxlis oq­
sidis amiakuri xsnari; spilenZ (II)- is sulfati; gamoxdili wyali; lak­
musis qaRaldi.

cdis mimdinareoba:

nawili 1.

cdis mizani:  glukozis, saqarozis da laqtozis aRmdgeni Tvisebebis 
Seswavla.
yy xsnarebis momzadeba: 100 ml-ian sam qimiur WiqaSi SpateliT moa­

TavseT daaxloebiT erTi da imave raodenobis, daaxloebiT, TiTo 
grami glukoza, laqtoza da saqaroza. TiToeuls daamateT 25 ml 
gamoxdili wyali da mourieT wkiriT gaxsnamde. 

yy moaTavseT sinjarebis sadgamSi 3 sinjara da danomreT. TiToeul­
Si moaTavseT momzadebuli xsnarebis  5-5 ml Semdegi Tanmimdev­
robiT: #1 - glukoza; #2 - saqaroza da # 3-laqtoza.

yy vercxlis oqsidis amiakaluri xsnaris mosamzadeblad 10 ml 0.1 M 
vercxlis nitratis xsnars daamateT Warbi raodenobiT amoniumis 
hidroqsidis 10 %- iani xsnari.

yy sinjarebSi Casxmul xsnarebs daumateT vercxlis oqsidis amiaku­
ri xsnari. daaxureT rezinis sacobebi. foladis marwuxis gamoye­
nebiT SeaTbeT spirtquraze.

yy anjRrieT ramdenime wuTis ganmavlobaSi. daakvirdiT sinjarebs 
da dakvirvebis Sedegebi SeitaneT laboratoriul oqmSi.
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nawili 2.

cdis mizani: saqarozis hidrolizis Seswavla.
yy 250 ml-iani qimiuri Wiqa onkanis wyliT SeavseT  daaxloebiT 2/3-

mde. dadgiT liTonisbadian samfexze, badis qveS dadgmuli   spir­
tqura aanTeT da wyali aaduReT.

yy sinjaraSi moaTavseT 10 ml saqarozas xsnari. daumateT sinjaras 
1 ml 0.1 M marilmJavas xsnari. 

yy CadgiT sinjara mduRarewylian WiqaSi da aduReT  kidev, daaxlo­
ebiT, 15 wuTi.

yy CaaqreT spirtqura. amoiReT sinjara Wiqidan da gaacieT.

yy sinjaraSi arsebuli xsnari srulad gaanaitraleT natriumis hid­
roqsidis xsnariT. ganeitralebis sisrule SeamowmeT lakmusis qa­
Raldis gamoyenebiT.

yy ganeitralebis Semdeg sinjaras daamateT axaldaleqili spilenZ 
(II)-is hidroqsidis xsnari. sinjara gaacxeleT spirtquraze.

yy daakvirdiT cvlilebebs  da miRebuli Sedegebi SeitaneT labora­
toriul oqmSi.

cdis analizi:  naxSirwylebi iyofa monosaqaridebad, disaqaridebad da 
polisaqaridebad.  monosaqaridi glukoza aldehidspirtia.  misi wyal­
xsnari avlens aRmdgen Tvisebas masSi aldehiduri jgufis arsebobis 
gamo da, aqedan gamomdinare, glukozas axasiaTebs aldehidebisaTvis 
damaxasiaTebeli Tvisebebi: Sedis reaqciaSi vercxlis oqsidis amiakur 
xsnarTan (`vercxlis sarkis reaqcia~) da axlad daleqil spilenZis (II)
hidroqsidTan. es ukanaskneli reaqcia aris aseve mravalatomiani spir­
tebis aRmomCeni reaqcia. monasaqaridebisagan gansxvavebiT,  disaqari­
debSi ar aris Tavisufali aldehiduri jgufi. saqaroza sust mJava 
areSi ganicdis hidrolizs da iSleba or monosaqaridad - glukozad da 
fruqtozad. warmoqmnil glukozas ki aqvs aRmdgeni unari da axasia­
Tebs zemoT CamoTvlili Tvisebebi. mocemul cdaSi, glukozis urTier­
TqmedebiT vercxlis oqsidis amiakur xsnarTan sinjaris kedlebze ile­
qeba vercxli. igive reaqcia ar axasiaTebs laqtozas da saqarozas. ma­
rilmJavas areSi saqaroza hidrolizdeba da warmoqmnili glukoza re­
agirebs spilenZis (II) hidroqsidTan. miiReba spilenZis (I) hidroqsidis 
yviTeli feris naleqi, romelic gacxelebiT iSleba da miiReba spilen­
Zis (I) oqsidis wiTeli feris naleqi. 



184

cda 5.  polisaqaridebi

Sedegi:  qim.XI.5. moswavles SeuZlia organuli naerTebis daxasiaTeba, 
maTi mniSvnelobis Sesaxeb msjeloba.

ras vikvlevT:  ra miiReba polisaqaridebis hidroliziT?

rekomendacia:  cda CaatareT sademonstraciod.

cdis mizani: saxameblis da misi hidrolizis produqtebis Tvisebebis 
Seswavla.

resursebi:

saWiro WurWeli da masala: qimiuri Wiqa, 250 ml F0085 (1); moculobis 
sazomi cilindri, 10 ml (1) F0185; sinjara (4) F0177; pipeti (1) F0463; wki­
ri (1); Spateli (1); spirtqura (1) F0300; samfexa (1) F0497; liTonis bade 
(1) F0556; lakmusis qaRaldi.

nivTierebebi: saxamebeli, 1g; marilmJavas xsnari, 0.1 M, 5 ml; natriumis 
hidroqsidis xanari, 0.1 M, 50 ml; spilenZ (II)- is sulfati, 10 ml; gamox­
dili wyali; iodis spirtxsnari.

cdis mimdinareoba:
yy saxameblis xsnaris momzadeba: 1 g saxamebeli moaTavseT sinjaraSi, 

daamateT 10 ml gamoxdili wyali da mourieT kargad erTgvarova­
ni suspenziis miRebamde. miRebuli suspenzia frTxilad gadaita­
neT 120 ml mduRare gamoxdil wyalSi. aduReT xsnari kidev 2 wuTi 
da Semdeg gaaciveT.

yy sami sinjara danomreT da moaTavseT sainjarebis sadgamSi. #1 da 
#2 sinjarebSi CaasxiT 5-5 ml  saxameblis xsnari. #3 sinjaraSi ki 
CaasxiT 10 ml saxameblis  xsnari.

yy #1 sinjaras daamateT  axaldaleqili spilenZ (II)-is hidroqsidis 
xsnari. daakvirdiT cvlilebebs da Sedegebi SeitaneT laborato­
riul oqmSi.

yy #2 sinjaras daamateT iodis spirtxsnaris ramdenime wveTi. daak­
virdiT cvlilebebs da Sedegebi SeitaneT laboratoriul oqmSi.

yy 250 ml-iani qimiuri Wiqa onkanis wyliT SeavseT,  daaxloebiT, 2/3-
mde. dadgiT samfexze, romelzec winaswar dadeT liTonis bade. 
aanTeT spirtqura da wyali aaduReT.

yy # 3   sinjaras daamateT 1 ml 0.1 M marilmJavas xsnari. 

yy CadgiT sinjara mduRarewylian WiqaSi da aduReT, daaxloebiT, 30 
wuTi.

yy CaaqreT spirtqura. amoiReT sinjara Wiqidan da gaacieT.

yy sinjaraSi arsebuli xsnari gaaneitraleT natriumis hidroqsidis 
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xsnariT. neitraloba SeamowmeT lakmusis qaRaldis gamoyenebiT.

yy sinjaris SigTavsis naxevari gadaitaneT sxva sinjaraSi da daa­
mateT axaldaleqili spilenZ (II)-is hidroqsidis xsnari. sinjara 
gaacxeleT spirtquraze. daakvirdiT cvlilebebs da Sedegebi Sei­
taneT laboratoriul oqmSi.

yy #3 sinjaris SigTavss  daamateT iodis spirtxsnaris ramdenime 
wveTi. daakvirdiT cvlilebebs da Sedegebi SeitaneT laborato­
riul oqmSi.

cdis analizi:  polisaqaridebi Sedgeba monosaqaridebis naSTebisgan. sa­
xamebeli α-glukozas naSTebisgan Sedgeba. saxameblis xsnari ar reagi­
rebs spilenZis (II) hidroqsidTan. saxameblis aRmomCeni reaqciaa misi 
iodTan urTierTqmedeba, miiReba lurji Seferiloba. saxamebeli mJava 
areSi ganicdis hidrolizs, warmoiqmneba glukoza, romelic iZleva mis­
Tvis damaxasiaTebel reaqciebs, anu avlens mravalatomiani spirtis Tvi­
sebebs da aRmdgen Tvisebebs, masSi aldehiduri jgufis arsebobis gamo. 
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cda 6.  cximebi

Sedegi:  qim.XI.5.moswavles SeuZlia organuli naerTebis daxasiaTeba, ma­
Ti mniSvnelobis Sesaxeb msjeloba.

ras vikvlevT:  cximis Semcvelobas sakveb produqtebSi.

rekomendacia:  cda CaatareT jgufurad. moswavleebi gayaviT sam jgu­
fad da sakvlevad mieciT sxvadasxva produqti.

cdis mizani: cximis Semcvelobis gansazRvra SokoladSi, kartofilis 
Cifsebsa da mzesumziris marcvlebSi. 

resursebi (erTi jgufisaTvis):

saWiro WurWeli da masala: petris jami (1) F0456; qimiuri Wiqa, 100 ml-
ani (1) F0080; qimiuri Wiqa, 600 ml-ani (1) F0088; moculobis sazomi ci­
lindri, 50 ml-ani (1) F0185; saswori F0285; qaRaldis xelsaxoci, ramde­
nime feniT; folga; patara CaquCi; damcavi saTvale F0275; rezinis xel­
TaTmanebi F0021.

nivTierebebi: Sokoladis fila, 2 gr (sasurvelia Savi Sokoladi, naxev­
rad tkbili, rZis gareSe,); kartofilis Cifsebi, 2 gr (danamatebis gare­
Se); mzesumziris marcvlebi, 2 gr; acetoni, daaxloebiT 50 ml (ar gamo­
iyenoT frCxilebis laqis mosacilebeli saSualeba).

cdis mimdinareoba:

pirveli nawili - sakveb produqtebSi arsebuli cximis Tvisebrivi Ses­
wavla.
yy pirveli jgufi 

	Sokoladi daaqucmaceT patara natexebad an gaxexeT samzareulos 
saxexze. 

	awoneT 2 grami daqucmacebuli Sokoladi. gadaitaneT qaRaldis 
xelsaxocze, gadakeceT da TiTebis msubuqi moZraobiT gasriseT. 

	gaaCereT 5 wuTi. gaSaleT xelsaxoci, daakvirdiT mas da dakvirve­
bis Sedegebi CaiwereT cxrilSi.

yy meore jgufi

	awoneT 2 grami kartofilis Cifsi. 

	gaimeoreT igive etapebi, rac Sokoladis SemTxvevaSi. dakvirvebis 
Sedegebi SeitaneT cxrilSi.

yy mesame jgufi

	awoneT 2 grami mzesumziris marcvlebi.

	gaimeoreT igive etapebi. dakvirvebis Sedegebi SeitaneT cxrilSi.
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meore nawili - sakveb produqtebSi arsebuli cximis gamoyofa da rao­
denobrivi Seswavla. 

rekomendacia: acetonis gamoyenebis dros cda CaatareT amwov karadaSi.
	qimiur Wiqebs daawereT erT-erTi im sakvebi produqtis dasaxele­

ba, romelsac ikvlevT (Sokoladi - pirveli jgufi, kartofilis 
Cifsi - meore jgufi, mzesumziris marcvlebi - mesame jgufi);

	awoneT TiToeuli Wiqa da CawereT cxrilSi zusti wona.

yy pirveli jgufi

	awoneT, daaxloebiT, 5 grami Sokoladi;

	produqti gadaitaneT folgaze, folga gadakeceT da produqti 
patara CaquCiT frTxilad gaafxviereT an produqti  gaxexeT, rac 
SeiZleba, patara nawilakebis miRebamde. 

	gadaitaneT daqucmacebuli Sokoladi Sesabamis qimiur WiqaSi da 
awoneT Wiqa. CaiwereT monacemi cxrilSi.

	WiqaSi gadatanil kargad gafxvierebul Sokolads daamateT 10 ml 
acetoni.

	acaleT dawdoba da siTxe frTxilad gadmowureT Wiqidan petris 
jamze ise, rom ar gadmoyves Sokoladi.

	Sokolads kidev daamateT 10 ml acetoni da gaimeoreT wina etapi 
da gadmoitaneT siTxe imave petris jamze.

	acetoniani petris jami da Sokoladiani Wiqa  mTeli Ramis ganmav­
lobaSi datoveT amwov karadaSi an iseT adgilas, romelic kargad 
niavdeba.

	meore dRes daakvirdiT cxims petris jamze. dakvirvebis Sedegebi 
SeitaneT cxrilSi.

	awoneT Semdegi Wiqa da CaiwereT Sedegi cxrilSi.

yy meore jgufi

	awoneT 5 g kartofilis Cifsebi da yvela etapi gaimeoreT ise, ro­
gorc Sokoladis SemTxvevaSi.

yy mesame jgufi

	awoneT 5 g mzesumziris marcvlebi da yvela etapi gaimeoreT ise, 
rogorc Sokoladis SemTxvevaSi.

	gaaanalizeT miRebuli Sedegebi da gamoitaneT saTanado daskvna.
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cxrili cdis pirveli nawilisaTvis:

sakvebi produqti daaxasiaTeT laqa, romelic darCa qaRaldis 
xelsaxocze

Sokoladi

kartofilis Cifsi

mzesumziris marcvlebi

cxrilebi cdis meore nawilisTvis:

sakvebi 
produqti

Wiqis 
masa 
(gr)

Wiqis 
masa 
nedli 
produ
qtiT 
(gr)

nedli 
pro­
duqtis 
masa 
(gr)

Wiqis 
masa 
gamS­
rali 
pro­
duqtiT 
(gr)

masis 
dana­
kargi 
(gr)

cximis 
Semcve
loba 
(%)

Sokoladi

kartofi­
lis Cifsi

mzesum­
ziris 
marcvlebi

gamoTvlebi: 
nedli produqtis masa = (Wiqis masa nedli produqtiT) – (Wiqis masa)
masis danakargi  = (Wiqis masa nedli produqtiT) – (Wiqis masa gamSrali 
produqtiT)

cxrili petris jamze arsebuli cximis daxasiaTebisaTvis

sakvebi produqti feri suni agregatuli 
mdgomareoba

Sokoladi

kartofilis 
Cifsi

mzesumziris 
marcvlebi
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cdis analizi: cximi aris glicerinisa da umaRlesi karbonmJavebis este­
ri. myari cximebi Seicavs najer umaRles karbonmJavebs, xolo Txvevadi 
cximebis SedgenilobaSi  ujeri mJavebi Sedis. sakvebi produqtebi Sei­
caven sxvadasxva cximebs. cximi wyalSi uxsnadi nivTierebaa, magram kar­
gad ixsneba organul gamxsnelebSi. mocemul cdaSi gamxsnelad gamoye­
nebulia acetoni da gamokvleulia Sokoladis, mzesumziris da karto­
filis CifsebSi Semavali cximebi. mzesumziris cximi da cximi, romel­
Sic mzaddeba kartofilis Cifsi, aris Txevadi, xolo Sokoladis Sedge­
nilobaSi Semavali kakaos cximi myaria.
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cda 7.  cilebi

Sedegi:  qim.XI.5. moswavles SeuZlia organuli naerTebis daxasiaTeba, ma­
Ti mniSvnelobis Sesaxeb msjeloba.

ras vikvlevT:  cilebis Semcvelobas sxvadasxva nivTierebaSi.

rekomendacia:   cda CaatareT sademonstraciod.

cdis mizani:  cilebis da peptiduri bmis aRmoCena kvercxis cilaSi bi­
uretis testis gamoyenebiT.

resursebi:

saWiro WurWeli da masala: sinjarebi (2) F0176; moculobis  sazomi ci­
lindri, 10 ml (2) F0178; pipeti (2) F0463; sinjarebis sadgami F0114, pipe­
ti F0461, rezinis msxali F0492.

nivTierebebi: kvercxis cila, 2 ml; gamoxdili wyali; spilenZis (II) sul­
fatis 1 %-iani xsnari, 5 ml; natriumis hidroqsidis 10 %-iani xsnari, 5 
ml.

cdis mimdinareoba:
yy sinjarebi danomreT da CadgiT sinjarebis sadgamSi. oqmSi Caiwe­

reT sinjarebis nomrebi da miuTiTeT romel sinjaraSi ra nivTi­
erebaa.

yy erT sinjaraSi SeitaneT 2 ml wyali, xolo meoreSi  _ 2 ml kver­
cxis cila.

yy TiToeul sinjaras daamateT 2-2 ml 10 %-iani natriumis hidroq­
sidis xsnari.

yy sinjarebi kargad SeanjRrieT.

yy TiToeul sinjaras pipetiT daamateT 2 wveTi spilenZis (II) sulfa­
tis 1 %-iani xsnari. daakvirdiT Seferilobis cvlilebas da dak­
virvebis Sedegebi SeitaneT laboratoriul oqmSi.

cdis analizi:  cilebi Seicavs peptidur bmebs. peptiduri bmebis aRmom­
Ceni reaqciaa e.w. biuretis testi. spilenZis (II) sulfatisa da natriu­
mis hidroqsidis xsnarTan peptiduri bma warmoqmnis iisferi Seferilo­
bis kompleqsur naerTs, rac peptiduri bmebis da, Sesabamisad, cilebis 
aRmomCeni reaqciaa.  
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fizika
VIII-XI klasebi
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fizika

VIII klasi

cda 1.  uZravi WoWonaqi
cda 2.   berketi
cda 3.   muSaoba, simZlavre
cda 4.   kinetikuri da potenciuri energiebis urTierTgardaqmna
cda5.   spirtquris margi qmedebis koeficienti
cda 6.   eleqtruli muxti
cda 7.    omis kanoni
cda 8.    gamtarebis mimdevrobiTi  SeerTeba
cda 9.    gamtarebis paraleluri  SeerTeba 
cda 10.   denis magnituri moqmedeba
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cda 1.  uZravi WoWonaqi

Sedegi:  fiz.VIII.6. moswavles SeuZlia sxeulTa wonasworobis da martivi 
meqanizmebis moqmedebis principis daxasiaTeba.   

indikatori:  aRwers martiv meqanizms - uZrav WoWonaqs  da afasebs Wo­
Wonaqis margi qmedebis koeficients .

cdis organizacia: moswavleebi muSaoben jgufurad.

ras vikvlevT: iZleva Tu ara uZravi WoWonaqi mogebas ZalaSi. rogoria 
misi mqk da razea igi  damokidebuli.

cdis mizani:  martivi meqanizmebis daniSnulebis da moqmedebis princi­
pis demonstrireba, mqk-s Sefaseba.

cdisTvis saWiro xelsawyoebi:
1)	WoWonaqi (F0393);
2)	dinamometri (F0203);
3)	Stativi (F0110);
4)	Stativis samagri (F0052);
5)	Stativis Rero (F0191);
6)	sawoni - kauWebiani gira (F0477)

cdis msvleloba:
1)	Stativze horizontalurad miamagreT Rero;
2)	CamokideT Reroze WoWonaqi;
3)	kauWebian giras miabiT zonari, zonaris meore bolo miamagreT di­

namometrze;
4)	gadakideT zonari WoWonaqze da vertikalurad qveviT  CamoqaCeT 

dinamometri ise, rom gira haerSi daekidos. sTxoveT moswavleebs, 
Seadaron erTmaneTs dinamometris Cveneba da giris wona - isini 
daaxloebiT erTnairia - WoWonaqi ar iZleva mogebas ZalaSi ;

5)	zonaris is nawili, romelzec dinamometria mibmuli, gadaxareT 
vertikalidan sxvadasxva kuTxiT. aCveneT moswavleebs, rom dina­
mometris Cveneba ar icvleba - WoWonaqi mxolod Zalis mimarTu­
lebas cvlis;

6)	sawonis (giris) wona 0F   CawereT cxrilSi; 
7)	WoWonaqi isev vertikalurad ganalageT da dinamometris  Cveneba 

1F  CawereT cxrilSi;
8)	moqaCeT dinamometri da Tanabrad aswieT gira, dinamometris  Cve­

neba 2F  CawereT cxrilSi; 
9)	gamoTvaleT WoWonaqis mqk 0 0

2 2

F h F
F h F

η = = da CawereT cxrilSi;

10)	 cda gaimeoreT sxvadasxva masis sawonebisTvis.
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sawonis wona, 

0F , n

dinamometris Cvene-

ba uZraobisas, 1F  , n

dinamometris Cveneba  

moZraobisas, 2F ,   n

mqk, %

cdis analizi:   yuradReba gaamaxvileT imaze, rom dinamometris Cveneba 
uZraobisas 1F  odnav naklebia giris 0F   wonaze, xolo giris  Tanabrad 
awevisas  dinamometris Cveneba 2F   odnav metia giris 0F   wonaze. gans­
xvavebis mizezi WoWonaqis RerZSi aRZruli xaxunis Zalaa - tvirTis Se­
kavebaSi es Zala xels gviwyobs (uZraobis xaxunis Zala), tvirTis awevaSi 
ki - xels gviSlis (srialis xaxunis Zala).  Tu WoWonaqis RerZSi burTu­
lasakisrebia gamoyenebuli, maSin srialis xaxuni Seicvleba gorvis xa­
xuniT da ZalebSi gansxvaveba ufro mcire iqneba. 
rekomendacia:   cdis pirvel nawilSi xdeba uZravi WoWonaqis moqmedebis 
proncipis demonstrireba - igi ar iZleva mogebas ZalaSi, mxolod 
cvlis Zalis mimarTulebas.cdis analizisas sakmao dro dauTmeT xaxu­
nis Zalis Taviseburebebs (uZraobis, srialis, gorvis)  da misi rolis  
garkvevas mqk-is mniSvnelobaSi. 

internetresursi: www.youtube.com/watch?v=9T7tGosXM58
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cda 2.  berketi

Sedegi:  fiz.VIII.6. moswavles SeuZlia sxeulTa wonasworobis da martivi 
meqanizmebis moqmedebis principis daxasiaTeba.    

indikatori:  moswavle amzadebs berketis martiv models, gamoTqvams 
hipoTezas misi moqmedebis principis Sesaxeb da amowmebs cdebiT. 

cdis organizacia: moswavleebi muSaoben jgufurad.

ras vikvlevT: raSi mdgomareobs berketis wonasworobis piroba. iZleva 
Tu ara igi mogebas ZalaSi da muSaobaSi.

cdis mizani:  berketis wonasworobis pirobis dadgena da meqanikis oq­
ros wesis Semowmeba. 

cdisTvis saWiro xelsawyoebi: 
1)	dinamometri (F0202);
2)	Stativi (F0110);
3)	Stativis samagri (F0052);
4)	Stativis Rero (F0191);
5)	sawonebi;
6)	saxazavi(F0417).

cdis msvleloba:
1)	daamzadeT berketi (saxazavi an erTgvarovani Rero), mis simZimis 

centrSi gaukeTeT kauWi; gazomeT berketis sigrZe l da SeitaneT 
cxrilSi; 

2)	 Stativze horizontalurad miamagreT Rero;
3)	 CamokideT berketi kauWiT Stativis horizontalur Reroze;
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4)	 berketis simZimis centridan 1l  manZilze CamokideT m masis sawo­
ni, berketis meore boloze miamagreT dinamometri.m  masis da 1l
manZilis mniSvnelobaSeitaneT cxrilSi ; 

5)	 moiyvaneT sistema wonasworobaSi - CamoqaCeT  dinamometri qve­
viT da misi  Cveneba 1F  SeitaneT cxrilSi. 

6)	 cvaleT 1l  manZili (sami mniSvneloba mainc aiReT),  dinamometris 
Sesabamisi Cvenebebi  SeitaneT cxrilSi;

7)	 SeamowmeT, ramdenad zustad sruldeba wonasworobis piroba 

1 1 / 2mgl Fl=  samive SemTxvevaSi;
8)	 isev CamokideT m masis sawoni berketis simZimis centridan 1l man­

Zilze, xolo  berketis meore boloze miamagreT dinamometri. 
9)	 daayeneT sistema wonasworobaSi horizontalurad, saxazaviT ga­

zomeT manZilebi magidis zedapiridan sawonamde da dinamometris 
kauWamde - h  da 1h . CamowieT dinamometri ise, rom kauWi aRmoC­
ndes magididan 1h′  simaRleze. am dros sawoni aiweva h′ simaRlem­
de.

10)	 gamoTvaleT 1 1 1,h h h h h h′ ′∆ = − ∆ = −  da SeitaneT cxrilSi;
11)	gamoTvaleT muSaobebi A mgh= da 1 1 1A F h= da SeitaneT cxrilSi;
12)	SeamowmeT, ramdenad zustad sruldeba meqanikis oqros wesi 

1 .A A=

berke­
tis sig­
rZe,

l , m

sawonis 
masa, m ,
kg

 Zala, 

1F
,

n

simaR­
lis 
cvli­
leba, 

h∆ ,m

simaR­
lis 
cvli­
leba, 

1h∆ ,m

muSaoba,

A , j

muSaoba,

1A , j

cdis analizi:   cdis pirvel etapze amowmebT wonasworobis pirobas anu 
berketis wess (momentebis wess) :  1 1 / 2mgl Fl=  - raki dinamometri ber­
ketis boloSia mibmuli, misi mxari iqneba / 2l . vinaidan berketi Camoki­
debulia Tavis simZimis centrze, misi simZimis Zalis momenti nulia da 
wonasworobis pirobaze gavlenas ar axdens. SegiZliaT cdis garTuleba: 
berketi ar dakidoT simZimis centrze. maSin dagWirdebaT berketis ma­
sis gazomvac. 
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meore etapze amowmebT meqanikis oqros wess - dinamometrze modebuli 
Zalis muSaoba sawonis simZimis Zalis muSaobis toli unda iyos sidi­
diT. aqac martivad SeiZleba cdis gamravalferovneba.

rekomendacia:    yuradReba miaqcieT berketis damzadebis etaps. SeiZle­
ba araerTgvarovani Reros aRebac - maSin moswavleebs mouwevT Reros 
simZimis centris povna, rac maTTvis damatebiTi stimulia. 

internetresursi:     www.youtube.com/watch?v=Us2KfO_yrPA  
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cda 3.  muSaoba, simZlavre

Sedegi:   fiz.VIII.5.   moswavles SeuZlia  meqanikuri muSaobis, simZlavris 
da  meqanikuri energiis Sesaxeb msjeloba.   
indikatori:  raodenobrivad axasiaTebs meqanikuri muSaobisa da simZ­
lavris damokidebulebas maT ganmsazRvrel sidideebTan.
cdis organizacia: moswavleebi muSaoben samkacian jgufebad.
cdis mizani: meqanikuri muSaobisa da simZlavris eqsperimentuli gan­
sazRvra.
cdisTvis saWiro xelsawyoebi: 

1)	dinamometri (F0202);
2)	xis bloki kauWiT (F0544);
3)	sawonebis nakrebi (F0006);
4)	wamsazomi.

cdis msvleloba:
1)	moniSneT magidaze erTmaneTisgan aranakleb 50 sm-iT daSorebuli 

ori wertili (stikeriT), gazomeT maT Soris manZili S da Seita­
neT cxrilSi;

2)	awoneT xis bloki da misi masa M da SeitaneT cxrilSi;
3)	xis blokis kauWze miabiT dinamometri da bloki dadeT magidaze 

ise, rom misi kide emTxveodes erTerT moniSnul wertils;
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4)	dadeT xis blokze  sawoni da misi masa m  SeitaneT cxrilSi (aiReT 
100g-iani sawoni);

5)	moqaCeT dinamometri horizontalurad da bloki nela da  Tanab­
rad gaasrialeT moniSnul wertilebs Soris. erT-erTi damxmare  
aiRebs dinamometris F   Cvenebas, meore damxmare gazomavs moniS­
nul wertilebs Soris blokis moZraobis t  dros. orive sidide  
SeitaneT cxrilSi;

6)	gamoTvaleT muSaoba formuliT A FS=  da simZlavre formuliT 

FSN
t

=  da  SeitaneT cxrilSi;

7)	daumateT TiTo-TiTo sawoni (sanam sawonebis masa ar miaRwevs 1 
kg-s) da gaimeoreT  5, 6 punqtebSi aRwerili procedurebi.

8)	bloki ufro swrafad gadaaadgileT (SeamcireT t dro) da gaimeo­
reT 5, 6, 7 punqtebSi aRwerili procedurebi.

dasviT problemuri kiTxva: ratom SevitaneT cxrilSi blokisa da sa­
wonebis masa, Tuki isini ar gvWirdeba muSaobisa da simZlavris 
gamosaTvlelad?

manZili, 

S , m

blokis 

masa, M
, kg

sawonebis 
masa, m
, kg

Zala,

F  ,kg

muSaoba,

A ,  j

sim­
Zlavre, 

N , vt

cdis analizi:   cdis Sesrulebisas mniSvnelovania, rom moZraoba iyos 
Tanabari, ris miRweva arc ise martivia - saWiroa garkveuli gavarjiSe­
ba. amis miRweva ufro rTulia swrafi moZraobisas - am dros faqtiurad 
vsazRvravT saSualo simZlavres. 
daubrundiT problemur kiTxvas - raSi gvWirdeba  blokisa da sawone­
bis masa? moZraoba Tanabari iqneba, Tu F Zala blokze moqmedi srialis 
xaxunis Zalis toli iqneba, srialis xaxunis Zala ki ( )M m gµ + -s to­
lia. Tu gvecodineba xaxunis koeficienti µ (igi SeiZleba martivad ga­
izomos amave cdaze), gavigebT ra ZaliT unda movqaCoT dinamometri, 
rom moZraoba iyos Tanabari.
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rekomendacia:   sasurvelia winaswar (an calke laboratoriuli samuSa­

os dros) gansazRvroT xaxunis koeficienti magidasa da bloks Soris, 

magaliTad, 
( )

F
M m g

µ =
+

 formuliT.

internetresursi:    www.youtube.com/watch?v=1_PbjlmoYBw
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cda 4.  kinetikuri da potenciuri energiebis  
  urTierTgardaqmna

Sedegi:  moswavles SeuZlia  meqanikuri muSaobis, simZlavris  da  meqa­
nikuri energiis Sesaxeb msjeloba (VIII.5),  CamoTvlis kinetikuri da po­
tenciuri energiebis urTierTgardaqmnis magaliTebs.

cdis organizacia: moswavleebi muSaoben jgufurad.

ras vikvlevT: rogor xdeba kinetikuri da potenciuri energiebis ur­
TierTgardaqmna zambaraze mimagrebuli tvirTis rxevis dros.

cdis mizani: kinetikuri da potenciuri energiebis urTierTgardaqmnis 
Seswavla.

cdisTvis saWiro xelsawyoebi: 
1)	zambarebis nakrebi( F0506);
2)	sawonebi (F0477);
3)	saxazavi(F0417)an milimetrebiani qaRaldi;

cdis msvleloba:

1)	daiWireT erT-erTi zambara  xelSi, zambaraze kauWiT CamokideT 
erT-erTi sawoni nakrebidan;

2)	moiyvaneT sistema wonasworobaSi;
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3)	zambaris ukan ganalageT saxazavi an  milimetrebiani qaRaldi;
4)	CamoqaCeT zambara garkveul simaRlemde da gauSviT xeli;

mieciT  davaleba moswavleebs  - aRweron sawonis rxeva, miuTiTon sa­
wonis potenciuri da kinetikuri energiebi mis sawyis da maqsimaluri 
gadaxris mdgomareobaSi da gaaanalizon. gaakeTon naxazi.

cdis analizi:   rodesac tvirTi wonasworobaSia, misi simZimis Zala ga­
wonasworebulia zambaris drekadobis ZaliT. rodesac tvirTs Camovqa­
CavT, es wonasworoba irRveva - drekadobis Zala metia simZimis Zalaze 
da Tu tvirTs xels gavuSvebT, igi amoZravdeba drekadobis Zalis gav­
leniT zeviT.  wonasworobis mdgomareobaSi gavlisas tvirTze moqmedi 
Zalebi ki abaTileben erTmaneTs, magram tvirTs ukve siCqare aqvs da igi 
inerciiT agrZelebs moZraobas gaCerebamde. Semdeg procesi meordeba. 
saxazavis saSualebiT Cans, rom tvirTi TiTqmis imave simaRlemde Camo­
iweva - energiis Senaxvis kanoni.

rekomendacia:  cda SeiZleba Catardes maRal klasebSic, sadac ukve ici­
an deformirebuli zambaris potenciuri energia - am dros srulyofi­
lad SeiZleba energiis Senaxvis kanonis demonstrireba.
vinaidan zambarebs Zalian mcire sixiste aqvT, maTi deformacia Zalian 
didia, amitom girCevT, zambara daiWiroT xelSi ise, rom misi nawili 
iyos mimagrebuli kauWze - am dros zambaris rxeva martivi dasakvirve­
belia. tvirTi ki ise SearCieT, rom zambaris wagrZeleba Zalian didi ar 
iyos.

internetresursi:   www.youtube.com/watch?v=vl4g7T5gw1M
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cda 5.  spirtquris margi qmedebis koeficienti

Sedegi:   fiz.VIII.8. moswavles SeuZlia aRweros nivTierebis agregatuli 
mdgomareobebi da erTi agregatuli mdgomareobidan meoreSi gadasvla.
indikatori: aanalizebs wvis siTbos,  gamoiTvlis mas. 
cdis organizacia: moswavleebi muSaoben jgufurad.
cdis mizani: spirtquris mqk-s gamoTvla.
cdisTvis saWiro xelsawyoebi: 
1)	spirtqura (F0300);
2)	danayofebiani kolbasaxuraviT (F0072);
3)	Termometri(F0332)
4)	meqanikuri saswori (F0563);
5)	samfexa sadgami (F0497);

cdis msvleloba:
1)	 CaasxiT spirtquraSi spirti, awoneT spirtqura da misi  masa 1m

CawereT cxrilSi;
2)	 menzuriT aiReT 100 ml wyali. gamoTvaleT misi masa  2m  da Cawe­

reT cxrilSi. SeiZleba wyali pirdapir aiwonos - winaswar awoneT 
menzura, Semdeg CaasxiT 100 ml wyali da awoneT. sasworis Cvene­
baTa sxvaoba mogcemT wylis masas.

3)	 CaasxiT 100 ml wyali kolbaSi,  siTburi wonasworobis damyarebis 
Semdeg gazomeT misi temperatura  1t  da SeitaneT cxrilSi;
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4)	 dadgiT kolba samfexa sadgamze, qvemodan SeudgiT spirtqura da 
aanTeT;

5)	 miiyvaneT wyali duRilamde, gazomeT duRilis temperatura  2t   
da SeitaneT cxrilSi;

6)	  gamorTeT spirtqura da awoneT.  misi saboloo masa 1m′  CawereT 
cxrilSi;

7)	 gamoTvaleT damwvari spirtis masa  1 1m m m′= −  da SeitaneT 
cxrilSi;

8)	 spirtis wvis kuTri siTbo  q = 29 mgj/kg CawereT cxrilSi;
9)	 wylis kuTri siTbotevadoba c = 4,2 kj/kg.grad  CawereT cxril­

Si;
10)	gamoaTvlevineT moswavleebs damwvari spirtis mier gamoyofili 

siTbos raodenoba (sruli siTbo), Semdeg - siTbos raodenoba, 
romelic moxmarda wylis gaTbobas (sasargeblo siTbo). amis Sem­

deg moswavleebi TviTon mivlen spirtquris mqk-is gamosaTvlel­

formulamde: 2 2 1( )cm t t
qm

η −
= .

SeniSvna: Tu kolbis gasaTbobad saWiro siTbos raodenobas sasargeblo 
siTbod CavTvliT, maSin am wiladis mricxvels daemateba wevri 

1 2 1( )c M t t− , sadac  1c  kolbis kuTri siTbotevadobaa, M - kolbis masa. 
Sesabamisad, saWiro iqneba kolbis awonva da cnobaridan minis kuTri 
siTbotevdobis aReba. 

spirt-
quris

sawy.

ma-

sa, 1m
kg

wylis 
masa, 

2m , kg

wy-
lis
sawy.
temp.  

1t ,
0C

spirt-
quris
sabol.
masa,

1m′ ,kg

dam-
wvari 
spirtis
masa,   m
kg

wylis
duR.

temp. 2t
, 0C

spirtis
wvis 
kuTri 
siTbo, 

q  ,  j/
kg

wylis 
kuTri 
siT-
bot.  
c j/

kg.grad

spirt-
quris
mqk,

η

cdis analizi:   cdis dawyebamde moswavleebma kargad unda gaigon wvis 
kuTri siTbos da kuTri siTbotevadobis arsi. wylis awonvis Semdeg 
darwmundebian, rom 1 ml wylis masa 1 g-ia. cdis Sedegebis ganxilvisas 
xazi gausviT, Tu ra faqtorebi ganapirobeben spirtquris mqk-s (kolba, 
sadgami, gabneuli siTbo). dasviT SekiTxva: ras izamdiT spirtquris 
mqk-s gasazrdelad?
rekomendacia:   Tu gsurT moswavleebi aaridoT kontaqts mduRare 
wyalTan, nu gazomavT duRilis temperaturas, CawereT 100 0C , magram 
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aucileblad aRniSneT, rom TbilisSi wylis  duRilis temperatura od­
nav naklebia  100 0C -ze zRvis donidan simaRlis gamo - amiT moswavle­
ebs SeaxsenebT wylis duRilis temperaturis damokidebulebas atmos­
ferul wnevaze da  atmosferul wnevis damokidebulebas zRvis donidan 
simaRleze. 
internetresursi:   www.youtube.com/watch?v=8aqko_7fnYA. 
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cda 6.  eleqtruli muxti

Sedegi:   VIII.7. moswavles SeuZlia martivi eleqtruli da magnituri mov­
lenebis kvleva.   

indikatori:  atarebs cdebs damuxtuli sxeulebis urTierTqmedebis Se­
saswavlad,  aanalizebs da gamoitans Sesabamis daskvnebs.

cdis organizacia: moswavleebi muSaoben jgufurad.

ras vikvlevT: rogor davmuxtoT sxeuli.  rogor gavigoT, damuxtulia 
Tu ara igi.

cdis mizani: damuxtuli sxeulebis urTierTqmedebis Seswavla.

cdisTvis saWiro xelsawyoebi: 
1)	eleqtroskopi (F0240);
2)	ebonitis Rero (F0467);
3)	minis Rero ((F0050);

cdis msvleloba:
1)	gaaxaxuneT ebonitis joxi maudze an Salze  (ebonitis joxi am 

dros imuxteba uaryofiTad) da miuaxloveT eleqtroskopis Re­
ros - eleqtroskopis furclebi gaiSleba;

2)	SeaxeT damuxtuli ebonitis joxi eleqtroskopis Reros - eleqt­
roskopis furclebi gaiSleba;

3)	isev gaaxaxuneT ebonitis joxi maudze da  SeaxeT  joxi eleqtros­
kopis Reros - eleqtroskopis furclebi ufro metad gaiSleba;

4)	ebonitis joxis nacvlad aiReT minis Rero, gaaxaxuneT abreSumze 
da gaimeoreT pirvel sam punqtSi aRwerili procedurebi (minis 
Rero am dros imuxtebadadebiTad) ;

5)	axla damuxteT eleqtroskopi ebonitis joxiT da SeaxeT eleqt­
roskopis Reros damuxtuli minis Rero - eleqtroskopis furc­
lebi daeSveba;

6)	damuxteT ebonitis joxiT erTi eleqtroskopi da Semdeg  misi Re­
ro SeaerTeT sadeniT meore, daumuxtav eleqtroskopis RerosTan  
- pirveli eleqtroskopis furclebi daeSveba, meorisa - gaiSleba;

cdis analizi:   pirvel cdaze vakvirdebiT gavleniT eleqtrizacias - 
eleqtrostatikur induqcias: damuxtuli ebonitis Rero ganizidavs 
imave niSnis - uaryofiT muxtebs (eleqtronebs), es muxtebi grovdebian 
furclebze da furclebi gaiSleba. rogorc ki joxs movacilebT, eleq­
troskopis furclebi daeSveba, radgan eleqtroskops Warbi muxti ar 
miuRia, moxda muxtebis gadanawileba Rerosa da furclebs Soris. meo­
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re cdaze eleqtronebi gadadian ebonitis joxidan eleqtroskopis Re­
roze, ris gamoc eleqtroskopis furclebi gaiSleba. Tu axla joxs 
movacilebT, furclebi gaSlili darCeba - maT SeinarCunes muxti. minis 
ReroTi Catarebuli cdebi zustad igive Sedegebs iZleva. mexuTe cdaze 
aSkarad Cans, rom ebonits da minas sxvadasxva niSnis muxtebi gaaCniaT, 
muxtebi nawilobriv (an mTlianad) aneitraleben erTmaneTs. meeqvse 
cdaze Cans, rom liTonis sadeni atarebs eleqtrul muxts - muxtebi 
gadanawilda eleqtroskopebs Soris, pirvelis muxti Semcirda, meores 
- gauCnda muxti. 

rekomendacia:   SegiZliaT CaataroT efeqturi cdebi Stativze abreSu­
mis (izolatori) ZafiT Camokidebul qaRaldis hilzebze.

internetresursi:
https://docs.google.com/document/d/1Zf4M-PqvehHG3rwuqvaytk5mUyG2rA_
dD53KnqU3Isg/edit?hl=en_US&pli=1
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cda 7.  omis kanoni

Sedegi:   fiz.VIII.7. moswavles SeuZlia martivi eleqtruli da magnituri 
movlenebis kvleva.

indikatori:    raodenobrivad axasiaTebs  denis Zalis, Zabvis,winaRobis 
damokidebulebas maT ganmsazRvrel sidideebTan, raodenobrivad aya­
libebs omis kanons wredis ubnisTvis.

cdis organizacia:  moswavleebi muSaoben jgufurad.

ras vikvlevT:  ra damokidebulebaa gamtarSi gamaval densa da mis bolo­
ebze modebul Zabvas Soris, aseve  gamtarSi gamaval densa da mis winaR­
mdegobas Soris mudmivi Zabvis pirobebSi.

cdis mizani:  omis kanonis Seswavla.

cdisTvis saWiro xelsawyoebi: 
1)	 ampermetri (F0029);
2)	 voltmetri(F0596);
3)	 winaRobaTanakrebi (F0205);
4)	 kvebis wyaro (F0011);
5)	 reostati(F0494);

cdis msvleloba:
1)	amoarCieT winaRobaTa nakrebSi   winaRoba R =  10 omi, romelic na­

xazze  2 da 4  wertilebs Sorisaa;
2)	aawyveT wredi naxazis mixedviT:

3)	CarTeT mudmivi Zabvis kvebis wyaro 6 v-ze;
4)	reostatiT cvaleTU  Zabva R winaRobaze, romelsac aiTvliT 

voltmetriT, Sesabamis I  dens aiTvliT ampermetrze. denisa da 
Zabvis mniSvnelobebi (aranakleb 5) SeitaneT 1 cxrilSi;

5)	denisa da Zabvis yvela  mniSvnelobisTvis gamoTvaleT winaRoba UR
I

′ =  da SeadareT igi  R winaRobas.
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6)	aawyveT igive wredi, oRond reostatis gareSe;
7)	kvebis wyaro daayeneT 3 v-ze da aRar SecvaloT.
8)	cvaleT winaRobebi (winaRobaTa nakrebi CarTeT 1-2,  3-4 , 5-6 wer­

tilebiT), denisa da winaRobis mniSvnelobebi SeitaneT 2 cxrilSi;
gamoTvaleT Zabvebi sxvadasxva winaRobebze formuliT U IR′ =  da 

SeadareT wyarodan modebul  U  Zabvas.

cxrili 1, R =10 omi;                                         cxrili 2, U = 3 v;

Zabva, 

U ,v

deni,

I   , a

winaRoba,

R′ ,omi

deni,

I   , a

winaRoba,

R ,omi

Zabva, 

U ′ ,v

cdis analizi: pirvel etapze iRebT erT romelime winaRobas, zomavT 
masSi gamaval dens da Zabvas masze.  cvliT Zabvas reostatiT. Zabva Se­
iZleba cvaloT uSualod kvebis wyarodan reostatis gareSe, magram 
reostatis gamoyeneba mizanSewonilia - moswavles ganuviTardeba saTa­
nado Cvevebi. meore etapze reostats aRar iyenebT - Zabva iqneba mudmi­
vi, cvliT winaRobebs. orive cdis mizani erTia - omis kanonis Semowme­
ba. yuradReba gaamaxvileT sizusteze - ramdenad zustia gazomili si­
didis Tanxvdena mocemul mniSvnelobasTan.

vvrekomendacia:  eleqtrul wredebTan muSaobisas ar dagaviwydeT usaf­
rTxoebis wesebis dacva. aucileblad SeamowmeT sqema, sanam moswavle 
CarTavs Zabvas. cdis dros SeiZleba sxva winaRobebis gamoyenebac. kve­
bis wyaros nacvlad SeiZleba batareis gamoyeneba.

internetresursi: www.youtube.com/watch?v=-mHLvtGjum4, http://phet.colora
do.edu/en/simulations/translated/ka
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cda 8.  gamtarebis mimdevrobiTi  SeerTeba

Sedegi:   fiz.VIII.7. moswavles SeuZlia martivi eleqtruli da magnituri 
movlenebis kvleva.  

indikatori:   agebs eleqtrul wreds gamtarTa mimdevrobiTi  SeerTe­
biT, ikvlevs raodenobriv kavSirs eleqtruli wredis maxasiaTebel pa­
rametrebs Soris.

cdis organizacia: moswavleebi muSaoben jgufurad.

ras vikvlevT:  rogoria wredis  sruli winaRoba mimdevrobiTi SeerTe­
bis dros? rogoraa ganawilebuli Zabvebi winaRobebs Soris?

cdis mizani: gamtarTa mimdevrobiTi  SeerTebis Seswavla, eleqtruli 
wredis gaangariSeba.

cdisTvis saWiro xelsawyoebi: 
1)	ampermetri (F0029);
2)	voltmetri(F0596) – 3 c;
3)	winaRobaTanakrebi (F0205);
4)	kvebis wyaro (F0011);

cdis msvleloba:
1)	miuerTeT winaRobaTa nakrebi kvebis wyaros 2  da 3 wertilebiT;

2)	2 da 3 wertilebTan paralelurad miaerTeT pirveli  voltmetri;
3)	2 da 4 wertilebTan paralelurad miaerTeT meore voltmetri;
4)	3 da 4 wertilebTan paralelurad miaerTeT mesame voltmetri;
5)	erTerT winaRobasTan mimdevrobiT CarTeT ampermetri;
6)	CaketeT wredi, aiReT voltmetrebis Cvenebebi 1 2 3, ,U U U  da Seita­

neT cxrilSi;
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7)	aiReT ampermetris Cveneba I da SeitaneT cxrilSi;

8)	gamoTvaleT wredis sruli winaRoba 1UR
I

=  da SeitaneT cxrilSi;

winaRo

ba, 2R , 
omi

winaRo-

ba, 3R , 
omi

Zabva, 

1U , v

Zabva,

2U  ,  v

Zabva, 

3U , v

deni, 

I , a

winaRo-

ba, R , 
omi

cdis analizi:    sTxoveT moswavleebs - yuradRebiT gaaanalizon cxrilis 

monacemebi, ris safuZvelzec SeiZleba daadginon kanonzomierebebi: 

1 2 3U U U= +  da 2 2

3 3

U R
U R

= ; anu, jer erTi, sruli Zabva calkeul  

winaRobebze Zabvebis jamis tolia, da meore - Zabvebi winaRobebis propor­
ciulia.  imave cxrilis monacemebze dayrdnobiT moswavleebs kidev erTi 
kanonzomierebis aRmoCena SeuZliaT - sruli winaRoba udris Tu ara cal­
keul winaRobaTa jams:  2 3R R R= + . sasurvelia SeamowmoT, rom deni erT­
nairia orive gamtarSi - aiReT kidev erTi ampermetri da miaerTeT meore 
winaRobasTan mimdevrobiT. SeadareT ampermetris Cvenebebi erTmaneTs. 

rekomendacia:    gaimeoreT cda winaRobaTa sxvadasxva kombinaciebisTvis: 
CarTeT winaRobaTa nakrebi wredSi wertilebiT 1  da 3, 1 da 4, 1 da 5, 1 
da 6, 2 da 6; gaiTvaliswineT, rom damatebiT dagWirdebaT voltmetrebi. 

internetresursi:     http://www.youtube.com/watch?v=BDEyvgrp8N4
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cda 9.  gamtarebis paraleluri  SeerTeba 

Sedegi:  fiz.VIII.7. moswavles SeuZlia martivi eleqtruli da magnituri 
movlenebis kvleva.               

indikatori:  agebs eleqtrul wreds gamtarTa  paraleluri SeerTebiT, 
ikvlevs raodenobriv kavSirs eleqtruli wredis maxasiaTebel para­
metrebs Soris.

cdis organizacia: moswavleebi muSaoben jgufurad.

ras vikvlevT: rogoria wredis  sruli winaRoba paraleluri SeerTebis 
dros. rogoraa ganawilebuli denebi winaRobebs Soris.

cdis mizani: gamtarTa paraleluri  SeerTebis Seswavla, eleqtruli 
wredis gaangariSeba.

cdisTvis saWiro xelsawyoebi: 
1)	ampermetri (F0029)– 3 c;
2)	voltmetri(F0596);
3)	winaRobaTa nakrebi (F0205);
4)	kvebis wyaro (F0011);

cdis msvleloba:
1)	 miuerTeT winaRobaTa nakrebi kvebis wyaros 2  da 4 wertilebiT;

2)	 2 da 3 wertilebi  miaerTeT erTmaneTTan sadeniT - 2R da 3R  wi­
naRobebi erTmaneTTan paralelurad iqneba CarTuli;

3)	 2 da 4 wertilebTan paralelurad miaerTeT  voltmetri;
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4)	 2 wertilsa da kvebis wyaros momWers Soris mimdevrobiT CarTeT 
pirveli ampermetri;

5)	 2R da 3R winaRobebTan mimdevrobiT miaerTeT meore da mesame am­
permetri;

6)	 CaketeT wredi, aiReT voltmetris Cveneba  U  da SeitaneT cxril­
Si;

7)	 aiReT ampermetrebis Cvenebebi  1 2 3, ,I I I da SeitaneT cxrilSi;

8)	 gamoTvaleT wredis sruli winaRoba 
1

UR
I

=  da SeitaneT cxril­
Si;

9)	 nacvlad 2 da 3 wertilebisa, erTmaneTs sadeniT  miuerTeT 1 da 

4 wertilebi - am dros 2R da 1R  winaRobebi erTmaneTTan parale­
lurad iqneba CarTuli;

10)	gaimeoreT 3) - 8) punqtebSi aRwerili procedurebi, gaiTvaliswi­

neT, rom 3R  winaRobis nacvlad geqnebaT 1R  winaRoba.

winaRo

ba, 2R , 
omi

winaRo-

ba, 3R , 
omi

Zabva, 

U , v

deni, 

1I , a

deni, 

2I , a

deni, 

3I , a

winaRo-

ba, R , 
omi

cdis analizi:   sTxoveT moswavleebs - yuradRebiT gaaanalizon cxri­

lis monacemebi, ris safuZvelzec SeiZleba daadginon kanonzomierebebi: 

1 2 3I I I= + da 32

3 2

RI
I R
= ; anu, jer erTi, sruli deni calkeul ubnebze  

denebis jamis tolia, da meore - denebi winaRobebis ukuproporciulia.  
imave cxrilis monacemebze dayrdnobiT moswavleebs kidev erTi kanon­

zomierebis aRmoCena SeuZliaT: 2 3

2 3

R RR
R R

⋅
=

+
. 

rekomendacia:    gaimeoreT cda sami winaRobis  kombinaciebisTvis: Car­
TeT winaRobaTa nakrebi wredSi wertilebiT 2  da 4 ,  erTmaneTs sade­
nebiT  miuerTeT 1 da 4, 2 da 3 wertilebi - am dros 1R , 2R da 3R  wina­
Robebi erTmaneTTan paralelurad iqneba CarTuli; gaiTvaliswineT, 
rom damatebiT dagWirdebaT ampermetri.
roca moswavleebi gaiwafebian, SeiZleba ufro rTuli wredebis agebac.

internetresursi:    http://www.youtube.com/watch?v=BDEyvgrp8N4
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cda 10.   denis magnituri moqmedeba

Sedegi:    fiz.VIII.7.  moswavles SeuZlia martivi eleqtruli da magnituri 
movlenebis kvleva.    

indikatori:   cdebis saSualebiT akvirdeba  denis magnitur moqmedebas, 
Tvisobrivad  aanalizebs da gamoitans Sesabamis daskvnebs.

cdis organizacia: moswavleebi muSaoben jgufurad.

ras vikvlevT: ra aqvT saerTo mudmiv magnits da eleqtrul dens?

cdis mizani:  deniani gamtaris mier Seqmnilmagnitur velze dakvirveba.

cdisTvis saWiro xelsawyoebi: 
1)	 mudmivi magniti(F0420);
2)	 mudmivi denis wyaro(F0011);
3)	 reostati(F0494);
4)	 sadeni(F0055);
5)	 kompasi(F0493);
6)	 sadgamiani CamrTveli (F0035);

cdis msvleloba:
1)	pirvel rigSi, aCveneT, rom kompasis isari mudmiv magnitTan miax­

loebisas Semobrundeba da garkveul pozicias iWers;
2)	reostati daayeneT maqsimalur winaRobaze 
3)	kvebis wyaros (an batareas) reostatis gavliT miuerTeT sadeni;
4)	sadeni moaTavseT vertikalurad ( xeliT daikaveT an Stativze ga­

dakideT;
5)	CaketeT wredi da kompasi miuaxloveT sadens;  ras xedavT?
6)	SeucvaleT adgilebi wyaros polusebs. ras xedavT?



215

cdis analizi:   kompasis isari denian gamtarTan miaxloebisas Semobrun­
deba  da garkveul pozicias daiWers; kompasis isari deniani gamtaris 
siaxloves iseve iqceva, rogorc mudmivi magnitis gverdiT - e.i. deniani 
gamtari qmnis magnitur vels. wyaros polusebis gadanacvleba iwvevs 
denis mimarTulebis Secvlas sapirispiroTi. am dros kompasis isari 
1800-iT Semobrunda,rac imas niSnavs, rom magnituri velis mimarTule­
bac Seicvala sapirispiroTi. 

rekomendacia:   sadenis vertikaluri ganlageba imitomaa sasurveli, 
rom am dros misi  magnituri veli horizontalur sibrtyeSia moTavse­
buli da kompasis isris orientacia mkafiod Cans. 
 sasurvelia imis Cvenebac, rom Tu urTierTsapirispiro mimarTulebis 
da sididiT toli deni gadis erTmaneTis axlos mdebare paralelur sa­
denebSi, maSin kompasis isari araviTar reagirebas ar axdens maTSi gama­
val denze. es imas niSnavs, rom am denebis mier Seqmnili jamuri magni­
turi veli nulis tolia.

internetresursi:  www.youtube.com/watch?v=3KjvrWBfl8w
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cda 1.   mzis sistemis planetebis moZraoba

Sedegi:  fiz.IX.5.   moswavles SeuZlia sxeulTa Tanabari da araTanabari 
moZraobis aRwera   

indikatori:  akvirdeba da moipovebs informacias mzis sistemis plane­
tebis moZraobis Sesaxeb Tavisi RerZisa da mzis garSemo. 

cdis organizacia: sademonstarcio samuSao.

cdis mizani:  planetebis moZraobis ganxilva msoflio mizidulobis ka­
nonis gaTvaliswinebiT.

cdisTvis saWiro xelsawyoebi:  
1)	planetaruli modeli (F6660);

cdis msvleloba:
1)	aawyveT planetaruli modeli; 
2)	SeadareT mzidan daSorebebi da Sesabamisi mimoqcevis periodebi;

cdis analizi: astronomiuli monacemebis moSveliebiT daaxasiaTeT mzis 
sistemis planetebi;
 isaubreT planetebis Tanamgzavrebze, kavSirzemaT raodenobasa da 
planetis masas Soris;  isaubreT sxva ciur obieqtebzec.

rekomendacia:  aucileblad gamoiyeneT Zalian mdidari masala inter­
netsivrcidan.

internetresursi:    www.astrogorizont.com
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cda 2.  Tavisufali vardnis aCqarebis gazomva 

Sedegi:   fiz.IX.6. moswavles SeuZlia sxeulTa moZraobis da urTierTq­
medebebis aRwera.  

indikatori:  gegmavs da atarebs cdebs sxeulebis dinamikis Sesaswavlad  
da gansazRvravs Tavisufali vardnis aCqarebas.

cdis organizacia: moswavleebi muSaoben jgufurad.

ras vikvlevT: rogor ganvsazRvroT gadabmul sxeulTa sistemis aCqareba.

cdis mizani:  gadabmuli sxeulebis aCqarebis povna da misi saSualebiT 
Tavisufali vardnis aCqarebis gansazRvra

cdisTvis saWiro xelsawyoebi:  
1)	WoWonaqi (F0393);
2)	Stativi (F0110);
3)	Stativis kauWiani samagri (F0053);
4)	sawonebis nakrebi (blinebi , F0601);
5)	sawonebis nakrebi ( F0005);
6)	saxazavi ( F0417);
7)	wamsazomi

cdis msvleloba:
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1)	 aiReT Stativi da  miamagreT mis zeda kidesTan kauWiani samagri;
2)	 CamokideT samagrze WoWonaqi;
3)	 zonari gaatareT WoWonaqSi, zonris erT boloze miamagreT sawo­

ni (masa 20 - 40 g), meoreze sawonebis nakrebi (blinebi); zonaris 
sigrZe mcired  unda aRematebodes manZils magidis zedapiridan 
WoWonaqis RerZamde: erTerTi sawoni rom magidaze devs, meore 
haerSi unda ekidos WoWonaqidan  5-7 sm-ze;

4)	 blinebis mimatebiT an gamoklebiT moiyvaneT sistema wonasworo­
baSi;

5)	 blinebis jamuri masa m SeitaneT cxrilSi;
6)	 blinebi moaTavseT rac SeiZleba maRla, gazomeT saxazaviT h  

manZili magidis zedapiridan blinebamde da SeitaneT cxrilSi;
7)	 daamateT erTi blini da misi masa 1m SeitaneT cxrilSi;
8)	 mieciT sistemas moZraobis saSualeba, gazomeT blinebis vardnis 

t  dro magidis zedapiramde da SeitaneT cxrilSi; (masebs Soris 
sxvaobas aiRebT mcires da gaxdeba gazomvadi).

9)	 gansazRvreT sistemis aCqareba formuliT  2

2ha
t

=  da SeitaneT 
cxrilSi;

10)	gansazRvreT Tavisufali vardnis aCqareba formuliT  

1

1

2m mg a
m
+

=   da SeitaneT cxrilSi;

11)	gaimeoreT cda 5-jer, gamoTvaleT Tavisufali vardnis aCqarebis 
saSualo mniSvneloba g da SeitaneT cxrilSi;
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sawone
bis masa, 
m , kg

damatebi-
Ti sawo-
nis masa, 

1m , kg

manZili, 

h , m

vardnis 
dro, 

t , wm

aCqareba,
a ,m/wm2

Tavisu-
fa-
vardnis 
aCqareba,

g , m/wm2

g ,
m/wm2

cdis analizi:  cdis Catarebamde moswavleebs  amoaxsnevineT  amocana: 
WoWonaqze uwonadi ZafiT gadakidebuliam  da 1m m+   masis sawonebi. 
ipoveT sawonebis aCqareba. WoWonaqze xaxuni ugulebelyofilia.  aCqa­

rebisTvis miiRebT  1

12
ma g

m m
=

+
. Tu gazomavT sawonebis aCqarebas, 

gamoTvliT  Tavisufali vardnis aCqarebas zemoT moyvanili  formu­

liT. damatebiTi sawonis masa 1m mcire unda iyos (magaliTad, 1 5
mm =  ), 

maSin aCqareba mcire iqneba da vardnis dros iolad gazomavT. cdomi­
lebis mTavari mizezi cdaze aris vardnis dro. amitom saWiroa cdis 
gameoreba ramdenjerme. SegiZliaT SecvaloT damatebiTi sawonis masa 
da isev gaimeoroT cda.

rekomendacia:  magida rom ar daziandes sawonis dartymisas, im adgilas 
gadaafareT paralonis naWeri an rezinis Txeli firfita. gamoTvlebSi 
ugulebelyofilia xaxuni  WoWonaqis RerZze, romelic mcirea. misi Se­
faseba SeiZleba martivad:  WoWonaqze erTnairi tvirTebi gadakideT, 
Semdeg ki daamateT Zalian msubuqi (Txeli) blini ise, rom sistema TiT­
qmis iwyebdes moZraobas. am blinis simZimis Zala iqneba   swored  xaxu­
nis Zala  WoWonaqis RerZze. 

internetresursi:    http://5fan.ru/wievjob.php?id=11278
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cda 3.   xaxunis koeficientis gansazRvra

Sedegi:   fiz. IX.6.  moswavles SeuZlia sxeulTa moZraobis da urTierT­
qmedebebis aRwera. 

indikatori:   gegmavs da atarebs cdebs sxeulebis dinamikis Sesaswavlad 
daxril sibrtyeze  gansazRvravs xaxunis koeficients.

cdis organizacia: moswavleebi muSaoben jgufurad.

ras vikvlevT: rogor ganvsazRvroT xaxunis koeficienti.

cdis mizani:  xaxunis koeficientis eqsperimentaluri  gansazRvra.

cdisTvis saWiro xelsawyoebi:  
1)	daxrili sibrtye *;
2)	sawoni ( F0006);
3)	saxazavi ( F0417);
*) daxril sibrtyed SeiZleba gamoiyenoT kargad gaprialebuli xis Txe­
li ficari an liTonis firfita. 

cdis msvleloba:
1)	saxazaviT gazomeT  daxril sibrtyis sigrZe l  da SeitaneT cxril­

Si;
2)	daxrili sibrtye moaTavseT magidaze  horizontalurad (daxris 

kuTxe nulis tolia);
3)	moaTavseT daxril sibrtyeze  200 g masis sawoni; 
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4)	nela aswieT daxrili sibrtyis erTerTi bolo maRla, daafiqsi­
reT momenti, roca sawoni iwyebs Camosrialebas. kuTxes, romel­
sac am dros daxrili sibrtye qmnis horizontalur zedapirTan, 
uwodeben xaxunis kuTxes;

5)	gazomeT daxrili sibrtyis zeda kidis simaRle h  magidis zedapi­
ridan  srialis dawyebis momentSi da SeitaneT cxrilSi;

6)	gamoiyvaneT moswavleebTan erTad xaxunis koeficientis gamosaan­

gariSebeli  formul 
2 2

htg
l h

µ θ= =
−

7)	gansazRvreT xaxunis koeficienti  zemoT moyvanili formuliT  
da SeitaneT cxrilSi;

8)	gaimeoreT cda 5-jer,  gamoTvaleT xaxunis koeficientis saSualo 
mniSvneloba µ da SeitaneT cxrilSi;

daxrili sibr

tyis sigrZe, l , m

daxrili sibrty-

is simaRle, h , m

xaxunis koefici-

enti, µ
µ

cdis analizi:  daxril sibrtyeze Tanabrad Camosrialebisas xaxunis Za­
la tolia simZimis Zalis mdgenelisa daxrili sibrtyis gaswvriv (e.w. 
`Camomsrialebeli Zala~): cos sinmg mgµ θ θ= , saidanac miiReba xaxunis 
koeficientis gamosaTvleli formula. cdis Sesrulebisas mTavaria 
moZraoba iyos Tanabari. srialis xaxunis koeficienti odnav naklebia 
uZraobis xaxunis koeficientze, amitom srialis dawyebisTanave odnav 
SeamcireT daxris kuTxe.

rekomendacia:  sasurvelia gaimeoroT cda sxvadasxva masis sawonebisT­
vis da aseve, Tu SesaZlebelia, sxvadasxva zedapirebisTvis da sxvadasx­
va sxeulebisTvis (magaliTad, sawonis nacvlad gamoiyeneT erTerTi ku­
bi nakrebidan).

internetresursi:  http://www.fearofphysics.com/Friction/friction.html
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cda 4.   moZraoba daxril sibrtyeze

Sedegi:   fiz.IX.6. moswavles SeuZlia sxeulTa moZraobis da urTierTq­
medebebis aRwera.  

indikatori:   gegmavs da atarebs cdebs sxeulebis dinamikis Sesaswav­
lad daxril sibrtyeze. 

cdis organizacia: moswavleebi muSaoben jgufurad.

ras vikvlevT: rogoria sxeulis aCqareba  daxril sibrtyeze Camosria­
lebisas.

cdis mizani:   daxril sibrtyeze moZraobis dinamikis Seswavla.
cdisTvis saWiro xelsawyoebi: 
1)	 daxrili sibrtye *;
2)	 sawoni ( F0006);
3)	 saxazavi ( F0417);
4)	 wamsazomi;
*) daxril sibrtyed SeiZleba gamoiyenoT kargad gaprialebuli xis Txe­
li ficari an liTonis firfita.

cdis msvleloba:
1)	saxazaviT gazomeT  daxril sibrtyis sigrZe l  da SeitaneT cxril­

Si;
2)	moaTavseT daxril sibrtyeze  100 g masis sawoni;
3)	aswieT daxrili sibrtyis bolo iseT h simaRlemde, rom sawoni aC­

qarebiT Camosrialdes daxril sibrtyeze. daafiqsireT sibrtye am 
simaRleze, h -is mniSvneloba SeitaneT cxrilSi; *)

4)	gamoTvaleT daxris kuTxis sinusi formuliT  sin
h
l

θ =  da Seita­
neT cxrilSi;

5)	gamoTvaleT daxris kuTxis kosinusi formuliT  2cos 1 sinθ θ= −  
da SeitaneT cxrilSi:

6)	gazomeT sawonis Camosrialebis dro t  da SeitaneT cxrilSi;

7)	gamoTvaleT aCqareba formuliT: 2

2la
t

= da SeitaneT cxrilSi;

8)	gaimeoreT cda 5-jer,  gamoTvaleT aCqarebis saSualo mniSvnelo­
ba a da SeitaneT cxrilSi;
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daxri­
li sib­
rtyis 
sigrZe,

l , m

daxri­
li si­
brtyis 
simaR­

le, h
, m

sinθ cosθ aCqare­
ba,

a∗
,m/

wm2

Camos­
ria-
lebis 

dro, t
, wm

aCqare­
ba,
a ,m/wm2

a , m/
wm2

cdis analizi:   cdis Catarebamde klasSi moswavleebTan erTad  amoxse­
niT  amocana: sxeuli aCqarebiT misrialebs daxril sibrtyeze. daxris 
kuTxea θ, xaxunis koeficienti - μ.  miiRebT  aCqarebis gamosaangariSe­
bel formulas: (sin cos )a g θ µ θ∗ = − . xaxunis koeficientis mniSvneloba 
aiReT wina laboratoriuli samuSaodan,  Tavisufali vardnis aCqarebis 
mniSvnelobad aiReT g =10 m/wm2 da formuliT gansazRvruli aCqareba 
a∗  SeadareT cdiT gansazRvrul aCqarebis saSualo mniSvnelobas. 

rekomendacia: daxris kuTxe SesamCnevad unda aRematebodes xaxunis 
kuTxes (ix. wina samuSao), rom moZraoba aCqarebuli iyos. meores mxriv, 
kuTxe Zalian didic ar unda iyos, Torem Camosrialebis dro iqneba 
mcire da misi gazomva rTuli iqneba. sasurvelia SecvaloT sawonis ma­
sa da cda gaimeoroT - amiT aCvenebT, rom aCqareba araa damokidebuli 
sawonis masaze.

internetresursi:   www.youtube.com/watch?v=ua1C6m7kEXg
*) sibrtyes nelnela swevT maRla. mas Semdeg, rac sawoni daiwyebs sri­
als, odnav gazrdiT daxris kuTxes - moZraoba gaxdeba aCqarebuli.
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cda 5.   konservatuli Zalebis muSaoba

Sedegi:   fiz.IX.6. moswavles SeuZlia meqanikuri muSaobisa da energiis 
Sesaxeb msjeloba.  

indikatori:  akavSirebs  energiis cvlilebas  Sesrulebul muSaobasTan.

cdis organizacia: moswavleebi muSaoben jgufurad.

ras vikvlevT: ra kavSiriakonservatuli Zalis mier Sesrulebul muSao­
basa da  potenciuri energiis cvlilebas Soris.

cdis mizani: konservatuli Zalebis muSaobis eqsperimentuli Seswavla.

cdisTvis saWiro xelsawyoebi: 
1)	Stativi(F0110);
2)	Stativis samagri (TaTi)(F0108);
3)	dinamometri (F0202);
4)	potenciuri energiis  nakrebi (F0477);
5)	saxazavi ( F0417);

cdis msvleloba:
1)	CaamagreT dinamometri Stativis TaTSi;
2)	 8-10 sm sigrZis zonaris erTi bolo miabiT sawonze, meore - dina­

mometris kauWze;
3)	sawonis masa  m SeitaneT cxrilSi;
4)	awieT sawoni dinamometris kauWis donemde;
5)	gauSviT sawons xeli, aiTvaleT dinamometris maqsimaluri Cveneba 

F  (am momentSi sawoni myisierad Cerdeba udables wertilSi)  da 
SeitaneT cxrilSi;

6)	imavdroulad gazomeT dinamometris isris wanacvlebis sidide x  
da SeitaneT cxrilSi;

7)	gaaCereT sawoni da  CamoqaCeT ise, rom dinamometrma igive F  Zala 
aCvenos. gazomeT sawonis vardnis simaRle h  - manZili sawonis ka­
uWis  saboloo mdebareobidan dinamometris kauWis sawyis mdeba­
reobamde da SeitaneT cxrilSi;
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8)	 gaimeoreT cda 5-jer,  gamoTvaleT F , x , h  sidideebis saSualo 
mniSvnelobebi da  SeitaneT cxrilis Sesabamisi svetis boloSi;

9)	 gamoTvaleT drekadobis Zalis muSaobis sidide  formuliT
  
   

2
F xA =  da SeitaneT cxrilSi;

10)	gamoTvaleT sawonis potenciuri energiis cvlilebis sidide  
formuliT pW mgh∆ =  da SeitaneT cxrilSi;

11)	SeadareT erTmaneTs  A  da pW∆ . 
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sawonis 
masa,
m ,  kg

drekado-
bis Zala,  

F , n

dinamomet
ris zambaris 
wagrZeleba, 
x , m

sawonis vard-
nis simaRle, 

h , m

A , j
pW∆ , j

F = x = h =

cdis analizi:   vardnis procesSi sawonis  potenciuri energia mcirdeba 
mgh  sididiT. am dros dinamometris zambara iWimeba da misi potenci­

uri energia izrdeba 
2

F xA =  sididiT. energiis Senaxvis kanonis Tanax­

mad, ramdeniTac mcirdeba sawonis potenciuri energia, imdeniT unda 
gaizardos zambaris potenciuri energia. magram zambaris potenciuri 
energiis cvlileba drekadobis Zalis muSaobis tolia Sebrunebuli 
niSniT. aqedan gamomdinareobs toloba pW A∆ = , romlis dadgenac 
aris am cdis mizani.

rekomendacia:   cdis Casatareblad dagWirdebaT damxmareebi: erTi uyu­
rebs dinamometris Cvenebas, meore -  zomavs dinamometris isris wanac­
vlebas. aucilebelia SearCioT zambara,  sawoni da zonris sigrZe ise , 
rom vardnis simaRle da dinamometris isris wanacvleba SesamCnevi iyos.  

internetresursi:    www.youtube.com/watch?v=2LTK9uW2fPQ
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cda 6.  xaxunis koeficientis gansazRvra energiis  
 Senaxvisa da gardaqmnis   kanonis safuZvelze

Sedegi:   fiz.IX.7.   moswavles SeuZlia meqanikuri muSaobisa da energiis 
Sesaxeb msjeloba.   

indikatori:  ikvlevs energiis Senaxvisa da gardaqmnis kanons.

cdis organizacia: moswavleebi muSaoben jgufurad.

ras vikvlevT: rogor icvleba sistemis meqanikuri energia, roca siste­
ma araa Caketili.

cdis mizani:  energiis Senaxvisa da gardaqmnis kanonis safuZvelze xaxu­
nis koeficientis gansazRvra

cdisTvis saWiro xelsawyoebi:  
1)	dinamometri (F0202);
2)	berketiani  saswori  (F0285);
3)	xis bloki kauWiT (F0544);
4)	sawonebis nakrebi (F0006);
5)	saxazavi ( F0417);

cdis msvleloba:
1)	awoneT xis bloki da misi masa M da SeitaneT cxrilSi;
2)	aiReT 15-20 sm sigrZis zonari, misi erTi bolo miabiT xis blokis 

kauWze, meore bolo - dinamometris kauWze;
3)	moaTavseT bloki horizontalur magidaze,  dadeT blokze 500 

g-iani sawoni, misi masa m SeitaneT cxrilSi (nax. a);
4)	dinamometri daamagreT uZravad, zambaris sawyisi sigrZe moniSneT 

magidaze (stikeriT);  
5)	moqaCeT bloks da gaWimeT zambara (nax. b) ise, rom xelis gaSvebis 

Semdeg, roca zambara daubrundeba aradeformirebul mdgomareo­
bas, blokma cota xans kidev imoZraos (nax.g);
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6)	gazomeT zambaris wagrZeleba x  da SeitaneT cxrilSi;
7)	gazomeT xelis gaSvebis Semdeg blokis mier gavlili manZili l  da 

SeitaneT cxrilSi;
8)	xaxunis koeficienti  SeiZleba gamoTvaloT energiis Senaxvis ka­

nonis safuZvelze: deformirebuli zambaris potenciuri energia 
moxmarda xaxunis Zalis winaaRmdeg Sesrulebul muSaobas. e.i. 

     ( )
2

Fx m M glµ= + ,  saidanac  
2( )

Fx
M m gl

µ =
+

,  Tavisufali vardnis

     aCqarebis mniSvnelobad aiReT g =10 m/wm2, Sedegi SeitaneT cxrilSi; 
9)	gaimeoreT cda 5-jer,  gamoTvaleT xaxunis koeficientis saSualo 

mniSvneloba µ da SeitaneT cxrilSi;

blokis 
masa,

M ,  kg

sawonis 
masa,
m ,  kg

zambaris 
wagrZele-

ba, 
x , m 

blokis mier 
gavlili man-

Zili, l ,  m

xaxunis 
koefi-ci-

enti, µ

µ
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cdis analizi:   cdis dawyebamde miawodeT Teoriuli masala:  zambaris 
gaWimvis Semdeg sistemis meqanikuri energia aris  gaWimuli zambaris 

potenciuri energia, romelic tolia 
2

2 2p
kx FxW W= = =  (gravitaciuli 

potenciuri energiis nulovan doned avirCioT magidis zedapiri); sabo­
loo mdgomareobaSi, roca bloki gaCerdeba, sistemis meqanikuri ener­
gia nulis toli gaxdeba. rogor cnobilia, Tu sistemaze moqmedebs 
arakonservatuli (gare) Zala, maSin sistemis meqanikuri energiis cvli­
leba am Zalis muSaobis tolia. arakonservatuli  Zalis rols cdaze 
xaxunis Zala asrulebs, romlis sidide ( )M m gµ + -is tolia.  amitom 

0 ( )
2

Fx M m glµ− = − + , saidanac miiReba zemoT moyvanili formula. yu­

radReba gaamaxvileT niSnebze!
rekomendacia:    Tavidan ramdenime sacdeli gaSveba CaatareT, rom daa­
zustoT zambaris deformaciis sasurveli sidide. Tu zambara defor­
mirebuli darCeba, maSin zemoT moyvanili toloba ar iqneba marTebuli.
sawonis dadeba imitom dagvWirda, rom bloki Zalian msubuqia. Tu mZime 
bloki geqnebaT, sawonis damateba ar iqneba saWiro.

internetresursi:     www.youtube.com/watch?v=YqoC0AxS9Hc
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cda 7.   sinaTlis arekvla brtyel sarkeSi

Sedegi: fiz.IX.8.  moswavles SeuZlia geometriuli optikis ZiriTadi 
principebis analizi.   

indikatori:  akvirdeba da aRwers sinaTlis arekvlas brtyel sarkeSi.

cdis organizacia: moswavleebi muSaoben jgufurad.

ras vikvlevT: rogor Seicvleba brtyeli sarkidan areklili sxivis mi­
marTuleba, Tu sarkes movatrialebT garkveuli kuTxiT?
cdis mizani:  sinaTlis arekvlis kanonis Semowmeba 

cdisTvis saWiro xelsawyoebi:  
1)	 brtyeli sarke optikuri nakrebidan  (F0444);
2)	 transportiri optikuri nakrebidan (F0444);
3)	 intensiuri sinaTlis wyaro (F0444) ;

cdis msvleloba:
1)	daamagreT optikur merxze (an magidis zedapirze) sinaTlis wyaro;
2)	daamagreT optikur merxze  brtyeli sarke ise, rom SeiZlebodes 

misi mobruneba vertikaluri RerZis irgvliv;
3)	CarTeT sinaTlis wyaro. ar dagaviwydeT, rom igi gaTvlilia 12 

v-ze da ar CarToT pirdapir qselSi!
4)	transportiriT gazomeT dacemis da arekvlis kuTxeebi( nax. a). 

amisTvis 

transportiri miadeT marTobulad sarkis zedapirs (am dros trans­
portiri magidis zedapiris paraleluri iqneba). transportiri sxivze 
odnav dabla ganaTavseT, rom kuTxis aTvla moaxerxoT;
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5)	aCveneT, rom dacemisa da arekvlis kuTxeebi erTmaneTis tolia;
6)	moabruneT sarke ϕ kuTxiT vertikaluri RerZis irgvliv. am 

kuTxes martivad aiTvliT transportiriT - igi dacemis kuTxis 
cvlilebis toli iqneba;

7)	gazomeT arekvlis kuTxe da aCveneT, rom sarkis ϕ kuTxiT mobru­
nebis Sedegad areklili sxivi mobrunda  2 kuTxiT;

cdis analizi:  cdis Catarebis Semdeg geometriuli agebiT da arekvlis 
kanonis gamoyenebiT daasabuTeT miRebuli eqsperimentuli Sedegi ( nax. 
b). 

rekomendacia:    amocanaSi naxsenebi sinaTlis wyaros nacvlad SeiZleba 
minilazeris(e.w. `saCvenebeli~) gamoyeneba. umjobesia cdis Catareba 
Cabnelebul oTaxSi sadac sinaTlis sxivi mkafiod Cans. ganaTebul 
oTaxSi saWiro iqneba ekrani da kuTxis gazomvac ufro rTuli iqneba.
internetresursi:    http://phet.colorado.edu/en/simulation/geometric-op­tics
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cda 8.   gamosaxuleba brtyel sarkeSi

Sedegi:     fiz.X.8. moswavles SeuZlia geometriuli optikis ZiriTadi 
principebis analizi.  

indikatori:  akvirdeba da aRwers sinaTlis arekvlas brtyel sarkeSi.

cdis organizacia: moswavleebi muSaoben jgufurad.

ras vikvlevT: ramdeni gamosaxuleba miiReba ormag brtyel sarkeSi?

cdis mizani:  ormag brtyel sarkeSi gamosaxulebis Seswavla.

cdisTvis saWiro xelsawyoebi: 
1)	 ormagi  sarke  cvladi kuTxiT  (F0038);
2)	 transportiri optikuri nakrebidan (F0444);

cdis msvleloba:
1)	daayeneT ormagi sarke erTmaneTis mimarT 900-iani kuTxiT;
2)	sarkeebs Soris moaTavseT raime sagani;
3)	gaarkvieT, ramdeni gamosaxuleba miiReba? 
4)	SecvaleT sarkeebs Soris kuTxe - daayeneT erTmaneTis mimarT 600-

iani kuTxiT;
5)	Seicvala gamosaxulebaTa raodenoba? ramdeni gamosaxuleba mii­

Reba?
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6)	gaimeoreT cda, roca sarkeebs Soris kuTxe 1200-ia. ramdeni gamo­
saxuleba miiReba am SemTxvevaSi?

cdis analizi:   eqsperimentuli Sedegis gasamyareblad moswavleebs mie­
ciT Teoriuli amocana - gamosaxulebaTa raodenobis damokidebuleba 
sarkeebs Soris kuTxeze. 900-iani kuTxis SemTxveva yvelaze martivia - 3 
warmosaxviTi gamosaxuleba miiReba, rac naTlad Cans agebidan.  ufro 
rTulia SemTxveva, roca sarkeebs Soris kuTxe 600-ia. am dros miiReba 5 
gamosaxuleba. Sesabamisi ageba mocemulia naxazze qvemoT. zogadad, 

roca brtyel sarkeebs Soris kuTxea ϕ  da 
360n
ϕ

=  mTeli ricxvia, maSin 

gamosaxulebaTa raodenoba  1m n= − .

rekomendacia:  yvela gamosaxuleba rom dainaxoT, sworad unda SearCi­
oT sagnis  da Tqveni Tvalis mdebareoba sarkeebis mimarT. garkveuli 
varjiSis Semdeg amas iolad miaRwevT.
 
internetresursi:   teacherlink.ed.usu.edu/tlnasa/units/Optics/09Activity03.pdf
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cda 9.   sinaTlis gardatexa,  sruli Sinagani arekvla

Sedegi:   fiz.IX.8.  moswavles SeuZlia geometriuli optikis ZiriTadi 
principebis analizi.   

indikatori: atarebs cdebs da ikvlevs sinaTlis gardatexas da srul 
Sinagan arekvlas ori garemos gamyof sazRvarze.

cdis organizacia: moswavleebi muSaoben jgufurad.

ras vikvlevT:   ra kavSiria dacemisa da gardatexis kuTxeebs Soris.  ro­
dis xdeba sruli Sinagani arekvla.

cdis mizani:  gardatexis kanonis aRmoCena, minis gardatexis maCveneblis 
eqsperimentuli gansazRvra.

cdisTvis saWiro xelsawyoebi: 
1)	 transportiri optikuri nakrebidan (F0444);
2)	 intensiuri sinaTlis wyaro (F0302) ;
3)	 minis naxevarcilindri optikuri linzebis nakrebidan (F0442);

cdis msvleloba:
1)	daamagreT optikur merxze (an magidis zedapirze) sinaTlis wyaro;
2)	optikuri merxis samagrze horizontalurad ganalageT minis naxe­

varcilindri da transportiri ise,rom sinaTlis horizontaluri 
sxivi ecemodes minis marTkuTxa an cilindrul zedapirs (nax. 1a);

3)	daayeneT minis naxevarcilindri  ise, rom sxivi ecemodes mis mar­
TkuTxa  zedapirs (nax. 1b). gazomeT dacemis α  da gardatexis β  
kuTxeebi da SeitaneT cxrilSi;

4)	gamoTvaleT Sefardeba 
sin
sin

α
β

 da SeitaneT cxrilSi;

5)	gaimeoreT cda dacemis kuTxis sxvadasxva mniSvnelobebisTvis 
(sul 5) da SeitaneT cxrilSi;

6)	axla daayeneT minis naxevarcilindri  ise, rom sxivi ecemodes mis 
cilindrul zedapirs radiusis gaswvriv (nax. 1a, g). gazardeT 
nelnela dacemis kuTxe, sanam gardatexili sxivi ar gauyveba gam­
yof sazRvars, gazomeT Sesabamisi dacemis 0α kuTxe (sruli Sinaga­
ni arekvlis zRvruli kuTxe) da SeitaneT cxrilSi;

7)	gansazRvreT minis gardatexis maCvenebeli formuliT 
0

1
sin

n
α

=  
da SeitaneT cxrilSi;
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dacemis 
kuTxe,α ,  0

gardatex-
is kuTxe,

β ,  0

sin
sin

α
β

dacemis zRvruli 

kuTxe, 0α ,  0

gardatexis 
maCvenebeli, n

cdis analizi:   Tu sxivi ecema minis naxevarcilindris  marTkuTxa  ze­
dapirs zustad mis SuaSi, maSin gardatexili sxivi gauyveba radiuss da 
mina-haeris sazRvarze mimarTulebas ar icvlis (nax. 1b).  Tu sxivi ece­
ma mis cilindrul zedapirs radiusis gaswvriv (nax. 1a, g), maSin haeri-
minis sazRvarze sxivi mimarTulebas ar icvlis - dacemis da gardatexis 
kuTxeebi nulis tolia da gardatexa xdeba mina- haeris sazRvarze. da­
cemis kuTxis neli zrdiT unda daafiqsiroT kuTxe, romlisTvisac gar­
datexili sxivi gaqreba - esaa swored  sruli sruli arekvlis zRvruli 
kuTxe, romlis saSualebiT ganisazRvreba minis gardatexis maCvenebeli.  

amrigad, 
0

1
sin

n
α

=  da 
sin
sin

n α
β

= . SeamowmeT, ramdenad zustad Tanxvde­

bian es sidideebi erTmaneTs.

rekomendacia:   sinaTlis wyarod  SeiZleba minilazeris(e.w. `saCvenebe­
li~) gamoyeneba (ukeTesicaa - Cabneleba ar iqneba saWiro). umjobesia 
cdis Catareba Cabnelebul oTaxSi sadac sinaTlis sxivi mkafiod Cans. 
Tu 3600-iani transportiri ara gaqvT, maSin erTmaneTs miadgiT ori 
1800-iani transportiri. 

internetresursi:    http://phet.colorado.edu/en/simulation/bending-light
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cda 10.   linzebi

Sedegi:  fiz.IX.8.  moswavles SeuZlia geometriuli optikis ZiriTadi 
principebis analizi.

indikatori:  ganixilavs sxivTa svlas  Txel linzebSi, iyenebs Sesabamis 
formulebs da aRwers gamosaxulebis miRebas.

cdis organizacia: moswavleebi muSaoben jgufurad.

ras vikvlevT: rogor ganvsazRvroT linzis optikuri Zala.

cdis mizani:  linzaSi gamosaxulebis ageba, linzis gadidebis da linzis 
optikuri Zalis Seswavla.

cdisTvis saWiro xelsawyoebi: 
1)	 intensiuri sinaTlis wyaro (F0444) ;
2)	 optikuri linzebis nakrebi (F0442) ;
3)	 saxazavi ( F0417);
4)	 TeTri ekrani ( F0233);

cdis msvleloba:
1)	daamagreT optikur merxze (an magidis zedapirze) sinaTlis wyaro;
2)	optikuri merxis samagrze ganalageT Semkrebi linza da ekrani;
3)	SearCieT ekranis mdebareoba ise, rom SegeZloT linzis gadaadgi­

lebiT ekranze miiRoT wyaros ori mkafio namdvili gamosaxuleba 
- gadidebuli da Semcirebuli. gazomeT manZili wyarodan ekranam­
de L da SeitaneT cxrilSi;
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4)	miiReT ekranze wyaros gadidebuli gamosaxuleba (nax a) , gazomeT 
manZili wyarodan linzamde d , linzidan ekranamde - f  da Seita­
neT cxrilSi;

5)	gamoTvaleT linzis optikuri Zala formuliT 
1 d fD
F df

+
= =  (1) 

da SeitaneT cxrilSi;
6)	gadaadgileT linza a  manZiliT (daaSoreT wyaros) ise, rom ekran­

ze miiRoT Semcirebuli namdvili gamosaxuleba (nax b). gazomeT 
manZili a  , manZili wyarodan linzamde 1d , linzidan ekranamde - 

1f  da SeitaneT cxrilSi;

7)	gamoTvaleT linzis optikuri Zala formuliT 1 1
1

1 1 1

1 d fD
F d f

+
= =   

(2) da SeitaneT cxrilSi;

8)	gamoTvaleT linzis optikuri Zala formuliT 2 2 2
2

1 4LD
F L a

= =
−

  
(3) da SeitaneT cxrilSi;

9)	SecvaleT manZili wyarodan ekranamde da gaimeoreT 3-8 punqtebSi 
aRwerili procedurebi.

manZili 
wyarodan 
ekranamde, 

L , m

manZili 
wyarodan 
linzamde, 

d , m

manZili 
linzidan 
ekranamde, 

f , m

gadideba,

Γ
manZili 

linzis or 
mdebareo-
bas Soris,

a , m

linzis 
optikuri 

Zala , D , 
dptr
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cdis analizi:  linzis optikuri Zalis gamosaangariSebeli  (1) da (2) 
formula pirdapir gamomdinareobs Txeli linzis formulidan. (3) 
formulis misaRebad ki klass  unda amoaxsnevinoT  Teoriuli amocana: 
manZili sagansa da ekrans Soris aris  L . linza iZleva sagnis mkafio 
gamosaxulebas misi ori mdebareobisTvis, romlebic erTmaneTisgan da­
Sorebulia a manZiliT. gansazRvreT linzis optikuri Zala (nax. a, b).  
am amocanis amoxsna iZleva (3) formulas. cdomilebis farglebSi samive 
Sedegi erTnairi unda iyos.

rekomendacia:   sasurvelia cdis Catareba sxvadasxva linzebisTvis. gar­
da amisa, moswavleebSi interess iwvevs TviTon maT mier gakeTebuli 
linzis optikuri Zalis gansazRvra. mieciT mrgvali kolba, auvseT 
wyliT (umjobesia, Tu amas Tavad moifiqreben) da sTxoveT, gaigon am 
`linzis~ optikuri Zala. yuradReba gaamaxvileT imaze, rom es `linza~ 
aRaraa Txeli da gamoTvlis Sedegic ar iqneba zusti. `linzis~ optiku­
ri Zalis gasagebad daayeneT moswavle fanjridan 3-4 metris daSorebiT 
kolbiT xelSi, meore xelSi daiWiros TeTri qaRaldis furceli kol­
bidan ramdenime sm-is daSorebiT da amoZraos aqeT-iqiT. raRac mdeba­
reobaSi qaRaldze miiReba fanjris mkafio gamosaxuleba. 

internetresursi:    fi­le:///C:/Program%20Files/PhET/en/si­mu­la­ti­on/geometric-op
tics.htmlwww.youtube.com/watch?v=b3SZ6KwyJKo



240

fizika

X klasi

cda 1.   damuxtuli sxeulebis urTierTqmedeba
cda 2.   eleqtruli muxtis gazomva
cda 3.   ekvipotenciuri zedapiri
cda 4.    denis wyaros emZ-s  da  Siga winaRobis gansazRvra
cda 5.   eleqtruli deni airSi
cda 6.   eleqtruli deni siTxeSi
cda 7.    eleqtromagnituri induqciis movlena da lencis wesi
cda 8.    induqciuri koWa
cda 9.    TviTinduqciis movlena
cda 10.   eleqtrozaris modeli
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cda 1.  damuxtuli sxeulebis urTierTqmedeba

Sedegi:   fiz.X.5. moswavles SeuZlia  eleqtruli da magnituri movle­
nebis kvleva.

indikatori:  aanalizebs kulonis kanonis sademonstracio cdas da Sesa­
bamis raodenobriv Tanafardobebs.

cdis organizacia: moswavleebi muSaoben jgufurad.

ras vikvlevT: rogor urTierTqmedeben damuxtuli sxeulebi.  razea da­
mokidebuli maTi urTierTqmedebis Zala.

cdis mizani:  ori niSnis muxtis arsebobis demonstrireba, maTi urTier­
Tqmedebis Zalis manZilze da muxtis sidideze damokidebulebis dadge­
na .

cdisTvis saWiro xelsawyoebi: 
1) 	ebonitis Rero (F0467);
2) 	minis Rero ((F0050);
3) 	Stativi(F0110);
1)	 Stativis samagri (F0052);
2)	 Stativis Rero (F0191);
3)	 kalafiris (qaRaldis) hilzebi;
4)	 abreSumis Zafi;

cdis msvleloba:
1)	Stativze samagriT daamagreT Rero horizontalur mdgomareoba­

Si;
2)	CamokideT Reroze abreSumis ZafiT kalafiris ori msubuqi hilza 

(kilita) erTmaneTisgan 5-8 sm manZilze;
3)	gaaxaxuneT ebonitis joxi maudze(Salze) (ebonitis joxi am dros 

imuxteba uaryofiTad); 
4)	SeaxeT damuxtuli ebonitis joxi kalafiris hilzebs - isini da­

Sordebian erTmaneTs - ganizidebian; 
5)	isev gaaxaxuneT ebonitis joxi maudze da  SeaxeT joxi kalafiris 

hilzebs - isini ufro metad  daSordebian erTmaneTs ; 
6)	 aiReT minis Rero, gaaxaxuneT abreSumze  (minis Rero am dros 

imuxteba dadebiTad), ebonitis joxi gaaxaxuneT maudze  ;
7)	jer ganmuxteT kalafiris hilzebi, Semdeg SeaxeT ebonitis  joxi 

erT kalafiris hilzas, minis Rero - meores. hilzebi dauaxlov­
debian erTmaneTs - miizidebian;

8)	daaSoreT erTmaneTs abreSumis Zafebi - Zafebis gadaxra vertika­
lidan Semcirdeba;
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cdis analizi:  pirveli daskvna, ris gakeTebac SeiZleba -  arsebobs ori 
niSnis muxti, erTniSna muxtebi erTmaneTs ganizidaven, sxvadasxva niS­
nisa - miizidaven. meore - urTierTqmedebis Zala izrdeba muxtebis gaz­
rdisas. amaze mianiSnebs  vertikalidan Zafis gadaxris kuTxis gazrda 
hilzebisTvis damatebiTi muxtis miwodebisas.  mesame - urTierTqmede­
bis Zala mcirdeba damuxtul sxeulebs Soris manZilis gazrdisas. amaze 
mianiSnebs  vertikalidan Zafis gadaxris kuTxis Semcireba Zafebis er­
TmaneTisgan daSorebisas.

rekomendacia: SegiZliaT CaataroT  cdebi eleqtroforuli manqanis ga­
moyenebiT. am dros gacilebiT ufro didi muxtebi Cndeba da Sedegebic 
TvalsaCinoa. eqsperimentulad miRebuli Sedegebis gasaazreblad amo­
axsnevineT moswavleebs  Teoriuli amocana: Zafebze dakidebuli erT­
niSna muxtebis mqone kilitebi erTmaneTisgan ganizidebian. Zafebi ver­
tikalTan qmnian  α kuTxes, kilitebis masebia m . gansazRvreT kili­
tebs Soris moqmedi kulonuri Zala cF ( kuTxis nacvlad SeiZleba moce­
muli iyos Zafis sigrZe l  da kilitebs Soris manZili r ).

muxtebi wonasworobaSia, e.i.  0cF T mg+ + =
 



. am gantolebis dagegmile­
biT horizontalur da vertikalur RerZebze miviRebT:  cF mgtgα= . 
amis Semdeg gasagebi iqneba kulonuri urTierTqmedebis Zalis damoki­
debuleba vertikalidan Zafis gadaxris kuTxeze.

internetresursi:  http://physics.samgtu.ru/node/51



243

cda 2.  eleqtruli muxtis gazomva

Sedegi:   fiz.X.5.   moswavles SeuZlia  eleqtruli da magnituri movle­
nebis kvleva 

indikatori:  aanalizebs kulonis kanonis sademonstracio cdas da Sesa­
bamis raodenobriv Tanafardobebs.

cdis organizacia: moswavleebi muSaoben jgufurad.

ras vikvlevT:  rogor gavzomoT eleqtruli muxti.

cdis mizani: damuxtuli sxeulis eleqtruli muxtis sididis gansazRvra. 

cdisTvis saWiro xelsawyoebi:  
1)	 eleqtroforuli manqana (F6700);
2)	 klifsebiani sadenebi (F0344);
3)	 Stativi(F0110);
4)	 Stativis samagri (F0052);
5)	 Stativis Rero (F0191);
6)	 kalafiris (qaRaldis)  hilzebi;
7)	 abreSumis Zafi;
8)	 saxazavi

cdis msvleloba:
1)	Stativze samagriT daamagreT Rero horizontalur mdgomareoba­

Si;
2)	daamzadeT kalafiris ori erTnairi hilza da maTi masa m Seita­

neT cxrilSi;
3)	CamokideT Reroze erTnairi sigrZis abreSumis ZafebiT kalafiris  

hilzebi erTmaneTisgan r  manZilze. Zafis sigrZe l  da r  manZilis 
sidide SeitaneT cxrilSi;

4)	aamuSaveT eleqtroforuli manqana da daagroveT muxtebi Reros 
bunikebze;

5)	klifsebiani sadenebis meSveobiT  eleqtroforuli manqanis Re­
ros bunikebi miuerTeT kalafiris hilzebs;

6)	hilzebi erTmaneTs miuaxlovdebian, gazomeT maT Soris manZili 1r  
da SeitaneT cxrilSi;

7)	gamoTvaleT vertikalidan Zafis gadaxris kuTxis tangensi for­

muliT 1

2 2
14 ( )

r rtg
l r r

α −
=

− −
 da SeitaneT cxrilSi;

8)	hilzebis muxtis sididisgamosaTvlelad visargebloT pirvel 
amocanaSi miRebul formuliT: cF mgtgα=  da gaviTvaliswinoT, 
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rom  
2

2
1

c
qF k
r

= , saidanac miviRebT  1
mgtgq r

k
α

= . Sedegi  SeitaneT 

cxrilSi;
cdis analizi: eleqtroforuli manqanis bunikebze sididiT toli da 

sawinaaRmdego niSnis muxtebi grovdeba. amitom hilzebis muxtebic 
TiTqmis erTnairi iqneba. vertikalidan Zafis gadaxris kuTxis tangen­
sis gamosaTvleli  formula naTlad Cans naxazidan. muxtebis wonaswo­
robis pirobidan da kulonis kanonidan ki miiRebamuxtis gamosaTvleli 
formula. Tu aRmoCnda (es damokidebulia amocanis parametrebze), rom 
vertikalidan Zafis gadaxris kuTxe mcirea,  tangensi SeiZleba Sevcva­

loT sinusiT, xolo 1sin
2

r r
l

α −
=   da  muxtis  gamosaTvleli  formula 

ufro martiv saxes miiRebs:

1
1

( )
2

mg r rq r
kl
−

=

rekomendacia: Tu hilzebi Zalian msubuqia da Znelia masis gazomva, Se­
giZliaT hilzebze plastelinis miwebeba (oRond masebi erTnairi unda 
iyos!). sasurvelia gamoiyenoT xis an plastmasis saxazavi, rom SemTxve­
viT  hilzebis ganmuxtva ar moxdes maT Soris manZilis gazomvisas.

internetresursi:  http://www.youtube.com/watch?v=ACZcAHJHdUw
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cda 3.  ekvipotenciuri zedapiri

Sedegi:   fiz.X.5. moswavles SeuZlia  eleqtruli da magnituri movle­
nebis kvleva 

indikatori:  akavSirebs  eleqtrostatikuri velis maxasiaTebel fizi­
kur sidideebs.

cdis organizacia: moswavleebi muSaoben jgufurad.

ras vikvlevT: rogoria potencialis mniSvneloba damuxtuli sxeulis 
zedapiris sxvadasxva wertilSi.

cdis mizani:  damuxtuli sxeulis zedapiris potencialis gamokvleva.

cdisTvis saWiro xelsawyoebi:  
1)	eleqtroforuli manqana (F6700);
2)	klifsebiani sadenebi (F0344);
3)	eleqtrometri  (F0240);
4)	Stativi(F0110);
5)	Stativis samagri (F0052);
6)	Stativis Rero (F0191);
7)	abreSumis Zafi;
8)	liTonis sxeuli (sfero, cilindri, konusi, ...);

cdis msvleloba:
1)	aiReT nebismieri formis liTonis sxeuli;
2)	abreSumis ZafiT sxeuli CamokideT Stativis Reroze;
3)	sadenis erTi bolo miamagreT eleqtroforuli manqanis bunikze, 

meore - miuerTeT Zafze Camokidebul sxeuls;
4)	 aamuSaveT eleqtroforuli manqana. sxeuli daimuxteba;
5)	CaxseniT sadenis bolo eleqtroforuli manqanis bunikidan da mi­

uerTeT eleqtrometris Reros - isari gadaixreba; 
6)	gadaadgileT sadenis meore bolo damuxtuli  sxeulis zedapirze 

da daakvirdiT eleqtrometris isars;
7)	gaimeoreT cda - eleqtrometris isris Cveneba sxva iqneba;

cdis analizi:  roca sadenis bolos amoZravebT damuxtuli  sxeulis ze­
dapirze da eleqtrometris isris Cveneba ar icvleba, es mianiSnebs, rom 
damuxtuli  sxeulis zedapiris yovel werils erTnairi potenciali 
aqvs. sasurvelia aiRoT araswori geometriuli formis liTonis sxeu­
li - amiT aCvenebT, rom, miuxedavad muxtebis araTanabari ganawilebisa 
sxeulis zedapirze (wvetian adgilebSi muxtis simkvrive metia), zedapi­
ris yovel wertils mainc erTnairi potenciali aqvs. cdis gameorebisas 
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sxeulis muxti da potencialic sxva iqneba, magram zedapiris yovel 
wertils isev erTnairi potenciali eqneba.

rekomendacia: Tu eleqtroforuli manqana gagifuWdaT, sxeulis da­
muxtva SegiZliaT Salze gaxaxunebuli ebonitis joxiT an abreSumze 
gaxaxunebuli minis joxiT. sasurvelia cdze raodenobrivi elementis 
Setanac: sxeulis muxti SeamcireT orjer (SeaxeT meore iseTive umux­
to sxeuls). dainaxavT, rom eleqtrometris isris Cvenebac orjer Sem­
cirdeba.
Zafze Camokidebis nacvlad sxeuli SegiZliaT moaTavsoT nebismier 
izolirebul sadgamze. 

internetresursi:  www.youtube.com/watch?v=i9xu3fmwIA4
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cda 4.  denis wyaros emZ-s  da  Siga winaRobis gansazRvra

Sedegi:  fiz.X.5. moswavles SeuZlia  eleqtruli da magnituri movlene­
bis kvleva msjelobs eleqtruli denis Sesaxeb.

indikatori:  ikvlevs  omis kanons sruli wredisTvis.

cdis organizacia: moswavleebi muSaoben jgufurad.

kvleviTi kiTxva: razea damokidebuli denis Zala Caketil wredSi.

cdis mizani:  omis kanonis analizi sruli wredisTvis.

cdisTvis saWiro xelsawyoebi:  
1)	 ampermetri (F0029);
2)	  voltmetri(F0596);
3)	 denis wyaro ;
4)	 reostati(F0494);
5)	 winaRoba (F0205);
6)	 sadgamiani CamrTveli (F0035);

cdis msvleloba:
1)	aawyveT wredi naxazze gamosaxuli sqemis mixedviT;
2)	miuerTeT denis wyaros momWerebi voltmetrs, aiReT anaTvali 

voltmetrze (gare wredi ganrTulia) da CawereT cxrilSi, ro­
gorc wyaros emZ - Є ;

3)	mudmiv winaRobad SegiZliaT aiRoT erTerTi winaRoba winaRobaTa 
nakrebidan.

4)	reostati daayeneT maqsimalur winaRobaze da CarTeT CamrTveli;
5)	reostatiT SearCieT denis Zalis  da Zabvis sasurveli ubani; 
6)	aiReT anaTvlebi ampermetrze da voltmetrze ,I U da SeitaneT 

cxrilSi;

7)	 gamoTvaleT denis wyaros Siga winaRoba formuliT 
Є Ur

I
−

=   (1) 

da SeitaneT cxrilSi;
8)	gaimeoreT cda denis Zalisa da Zabvis sami sxvadasxva mniSvnelo­

bisTvis, gamoTvaleT denis wyaros Siga winaRobis saSualo mniSv­
neloba r  da SeitaneT cxrilSi;
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denis wyaros 
emZ, Є,  v

denis Zala,

I , a
Zabva, U ,  v

denis wyaros 
Siga winaRo-
ba, r  ,  omi

r , omi

cdis analizi:  pirvel etapze vpoulobT wyaros emZ-s - igi tolia wya­
ros momWerebze Zabvisa ganrTuli gare wredis dros.  denis Zala Cake­
til wredSi damokidebulia  wyaros emZ-ze, gare wredis da wyaros Siga 
winaRobaze.  reostatiT SevarCevT gazomvebis sasurvel ubans, roca 
orive xelsawyos Cveneba Sors aris zRvruli mniSvnelobebidan. Siga wi­
naRobis gamosaangariSebeli formula martivad miiReba omis kanonidan 
sruli wredisTvis:  ( )Є I R r= + . Tu gaviTvaliswinebT, rom Zabvis var­
dna gare wredSi IR U= , miviRebT (1) formulas

rekomendacia: Tu gaqvT sxvadasxvanairi (gansxvavebuli Siga winaRobis) 
voltmetrebi, maSin sasurvelia wyaros emZ gaizomos gansxvavebuli Siga 
winaRobis voltmetrebiT. rac meti iqneba  voltmetris Siga winaRoba, 
miT ufro zustad daemTxveva  voltmetris Cveneba ganrTuli gare wre­
dis dros  wyaros emZ-s . 

internetresursi:  http://goodschooll.ucoz.ru/, h, 
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cda 5.  eleqtruli deni airSi

Sedegi:   fiz.X.5.  moswavles SeuZlia  eleqtruli da magnituri movle­
nebis kvleva 
indikatori:  msjelobs eleqtruli denis Sesaxeb airSi.
cdis organizacia: moswavleebi muSaoben jgufurad.
ras vikvlevT: airi izolatoria Tu gamtari? ra pirobebSi gaivlis deni 
airSi?
cdis mizani: ganmuxtvis Seswavla airebSi.
cdisTvis saWiro xelsawyoebi:  
1)	eleqtroforuli manqana (F6700);

cdis msvleloba:
1)	aamuSaveT eleqtroforuli manqana;
2)	nelnela miuaxloeT erTmaneTs eleqtroforuli manqanis bunike­

bi;
3)	rodesac bunikebs Soris naperwkali gaxteba da bunikebi ganimux­

teba, daaSoreT erTmaneTs bunikebi;
4)	isev aamuSaveT eleqtroforuli manqana;
5)	nelnela miuaxloeT erTmaneTs eleqtroforuli manqanis bunikebi 

iseT manZilze, rom ganmuxtva ar daiwyos;
6)	spirtquris (an sanTlis) aliT gaacxeleT haeri bunikebs Soris. 

daakvirdiT - gaxteba bunikebs Soris naperwkali Tu ara? 

cdis analizi:  haeri Cveulebriv pirobebSi izolatoria - roca eleqt­
roforuli manqanis bunikebi Sorsaa erTmaneTisgan, ganmuxtva ar xdeba, 
Tumca bunikebi damuxtulia da maT Soris arsebobs potencialTa sxva­
voba. roca bunikebs erTmaneTTan vaaxloebT, izrdeba eleqtruli ve­
lis daZabuloba da rogorc ki miaRwevs zRvrul mniSvnelobas, iwyeba 



250

haeris garRveva - bunikebs Soris gaivlis sakmaod didi deni, romelsac 
vamCnevT naperwklis saxiT (faqtobrivad, esaa xelovnuri `elva~).  meo­
re cdaze, rodesac bunikebs Soris manZili jer kidev didia da velis 
daZabulobas jer ar miuRwevia kritikul mniSvnelobamde, ganmuxtva ar 
mimdinareobs. spirtquris saSualebiT haeris gacxelebisas xdeba hae­
ris ionizacia -  Cndeba eleqtronebi da dadebiTi ionebi, xolo buni­
kebs Soris arsebuli Zabva iwvevs dens - gaCndeba naperwkali. am cdaze 
aSkarad Cans ionizatoris roli airad ganmuxtvaSi - spirtquris gareSe 
ganmuxtva ar xdeba, Tumca arsebobs potencialTa sxvaoba bunikebs So­
ris.  
rekomendacia:  sasurvelia, rom moswavleebs winaswar hqondeT sakmarisi 
warmodgena airSi ganmuxtvis saxeebze, rom gaerkvnen - ra pirobebSi ra 
saxis ganmuxtva mimdinareobs. kargi iqneba, Tu gaerkvevian dRis sinaT­
lis naTurebisa  da sareklamo milakebis moqmedebis principSi . 

internetresursi:  http://www.youtube.com/watch?v=bMt3n257988
http://www.youtube.com/watch?v=Emw5uYr8FBc
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cda 6.  eleqtruli deni siTxeSi

Sedegi:   fiz.X.5.  moswavles SeuZlia  eleqtruli da magnituri movle­
nebis kvleva.   

indikatori: msjelobs eleqtruli denis Sesaxeb siTxeSi.

cdis organizacia: moswavleebi muSaoben jgufurad.

kvleviTi kiTxva:   ras gadaaqvs deni siTxeSi?

cdis mizani:  siTxeSi denis gavlis meqanizmze dakvirveba.

cdisTvis saWiro xelsawyoebi:  
1)	kvebis wyaro (F0011);
2)	sadgamiani naTuris samagri(F0220);
3)	sadenebi(F0344);
4)	naTura (F0031);
5)	plastmasis cilindri  (F0471);
6)	Sabiamani

cdis msvleloba:
1)	aiReT plastmasis cilindri da CaasxiT masSi gamoxdili wyali;
2)	naTura CaxraxneT samagrSi;
3)	aawyveT wredi naxazze mocemuli sqemis mixedviT;
4)	kvebis wyarodan miawodeT Zabva 2.5 v;
5)	dakvirdiT, naTura anTia, Tu ara?
6)	sadenis boloebi amoiReT wylidan;
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7)	CayareT wyalSi mcireodeni Sabiamani da kargad mourieT, rom Sa­
biamani gaixsnas wyalSi;

8)	CauSviT sadenis boloebi Sabiamnis wyalxsnarSi;
9)	daakvirdiT, naTura anTia, Tu ara? Tu ara, maSin odnav moumateT 

Zabvas kvebis wyarodan;

cdis analizi: gamoxdili wyali dieleqtrikia, amitom pirveli cdisas 
wredi `gawyvetilia~ da naTura ar anTia. Sabiamani - 4CuSO  - iSleba 
wyalSi gaxsnisas  Cu++  da 4SO−−  ionebad. denis wyaros CarTvisas wredi 
Seikvreba da naTura ainTeba. eleqtruli deni siTxeSi gadaaqvT ionebs 
- siTxeebs  ionuri gamtaroba axasiaTebT.
CaumateT xsnarSi cotaodeni Sabiamani da cda gaimeoreT - naTuris si­
kaSkaSe moimatebs.

rekomendacia :  vinaidan naTura da Sabiamnis wyalxsnari wredSi mimdev­
robiT arian CarTuli, Zabvac maTzea gadanawilebuli. naTura 2.5 v-zea 
gaTvlili, amitom kvebis wyarodan ufro meti Zabvis aReba mogiwevT. 
kvebis wyarodan asaRebi Zabvis sidide damokidebuli iqneba Sabiamnis 
wyalxsnaris koncentraciaze - amiT aixsneba naTuris sikaSkaSis momate­
ba xsnarSi Sabiamnis Camatebisas.Tu mudmivi denis wyaros iyenebT, maSin 
naTurasTan mimdevrobiT CarTeT reostati, Tavidan maqsimalur wina­
Robaze daayeneT da mere cvaleT sasurveli sididiT. 
Sabiamnis nacvlad SeiZleba gamoiyenoT sufris marili.

internetresursi:  http://www.youtube.com/watch?v=Emw5uYr8FBc
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cda 7.  eleqtromagnituri induqciis movlena da lencis  
  wesi

Sedegi:   fiz.X.5. moswavles SeuZlia  eleqtruli da magnituri movle­
nebis kvleva. 

indikatori:  gegmavs da atarebs cdebs  eleqtromagnituri induqciis 
gamosakvlevad.

cdis organizacia: moswavleebi muSaoben jgufurad.

ras vikvlevT: ra ganapirobebs induqciis eleqtromamoZravebeli Zalis 
(emZ) aRZvras;  rogoria induqciuri denis mimarTuleba.

cdis mizani: eleqtromagnituri induqciis movlenaze dakvirveba.

cdisTvis saWiro xelsawyoebi:  
1)	koWa (F0098);
2)	swori magniti  (F0420);
3)	sadgamiani naTuris samagri(F0220);
4)	sadenebi (F0344);
5)	naTura (F0031);
6)	ampermetri.

cdis msvleloba:
1)	aiReT koWa da misi momWerebi miuerTeT sadgamiani naTuris samag­

ris momWerebs;
2)	CaxraxneT naTura samagrSi;
3)	amoZraveT swori magniti koWas mimarT (SeitaneT da gamoitaneT) 

da daakvirdiT naTuras;
4)	gaaCereT swori magniti koWas SigniT da daakvirdiT naTuras; 
5)	dasviT SekiTxva: rodis inTeboda naTura (e.i. aRiZvreboda induq­

ciis emZ)?
6)	naTuris nacvlad wredSi CarTeT ampermetri;
7)	SeitaneT swori magniti koWaSi da  daakvirdiT ampermetris Cvene­

bas;
8)	gaaCereT swori magniti koWas SigniT da daakvirdiT ampermetris 

Cvenebas;
9)	gamoitaneT swori magniti koWadan da  daakvirdiT ampermetris 

Cvenebas;
10)	  daakvirdiT, ra gavlenas axdens magnitis moZraobis siCqare am­

permetris Cvenebaze.
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cdis analizi: induqciis emZ aRiZvreba yovelTvis, roca icvleba koWas 
(an nebismieri konturis) gamWoli magnituri induqciis nakadi. Tu koWa 
(konturi) Sekrulia, aRiZvreba induqciuri deni, romelic iwvevs naTu­
ris anTebas (naTura mimdevrobiTaa CarTuli koWasTan da masTan erTad 
qmnis Sekrul wreds). cdis meore nawilSi saWiroa ampermetri (galvano­
metri) nuliT skalis SuaSi, romelic am kompleqtSi ar Sedis, magram, 
imedia, geqnebaT skolis fizikis kabinetSi. induqciuri denis mimarTu­
leba koWaSi magnitis Setanisas da gamotanisas urTierTsawinaaRmdegoa, 
rac lencis wesis pirdapiri dadasturebaa: magnitis Setanisas koWas 
gamWoli magnituri nakadi izrdeba, induqciuri denis mimarTuleba ki 
iseTia, rom Tavisi magnituri veliT xels uSlis nakadis zrdas; gamo­
tanisas - piriqiT (ixileT suraTi). magnitis moZraobis siCqaris zrdi­
sas izrdeba nakadis cvlilebis siCqare, e.i. induqciuri denis sididec.

rekomendacia:  cdis pirveli nawilis Catarebac umjobesia galvanomet­
ris saSualebiT,  Tuki kabinetSi igi mogepovebaT (nuli skalis SuaSi 
romc ar iyos). saqme imaSia, rom aRZruli induqciis emZ SeiZleba ar 
iyos sakmarisi naTuris asanTebad. am SemTxvevaSi dagWirdebaT an ufro 
naklebi winaRobis naTura, an koWa xviaTa meti ricxviT. 

internetresursi:  http://www.youtube.com/watch?v=u3LbNGP6ZKM
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cda 8.  induqciuri koWa

Sedegi:   fiz.X.5.  moswavles SeuZlia  eleqtruli da magnituri movle­
nebis kvleva 

indikatori:  gegmavs da atarebs cdebs  eleqtromagnituri induqciis 
gamosakvlevad.

cdis organizacia: moswavleebi muSaoben jgufurad.

kvleviTi kiTxva: raSi mdgomareobs induqciuri koWas moqmedebis prin­
cipi?

cdis mizani: induqciuri koWas moqmedebis principis Seswavla

cdisTvis saWiro xelsawyoebi:  
1)	induqciuri koWas modeli  (F6750);
2)	kvebis wyaro (F0011);
3)	klifsebiani sadenebi (F0344);
4)	sadgamiani CamrTveli (F0035);

cdis msvleloba:

1)	miuerTeT kvebis wyaros momWerebi induqciuri koWas momWerebs;
2)	kvebis wyaro daayeneT mudmivi Zabvis reJimSi 3.5 – 4 v SualedSi;
3)	Tu sanaperwkle SualedSi ganmuxtva ar daiwyo, odnav moumateT 

Zabvas - unda gaCndes stabiluri gamtari arxi mnaTi lentis saxiT, 
romelsac Tan axlavs damaxasiaTebeli xmac.
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cdis analizi:  aucilebelia, rom  moswavleebi gaerkvnen induqciuri 
koWas moqmedebis principSi. induqciuri koWa faqtobrivad transfor­
matoris erTerTi saxea, romlis orive gragnili erT swor gularzea 
wamocmuli
 (nacvlad Sekruli gularisa Cveulebriv transformatorSi). dasviT 
SekiTxva: transformatori xom cvlad Zabvas gardaqmnis, aq ki pirvela­
di gragnili mudmivi denis wyarosTanaa mierTebuli - xom ar gadaiwveba 
igi (Cveulebriv transformatorSi swored ase moxdeboda!)? es SekiTxva 
aucileblad migiyvanT mwyvetaras daniSnulebamde - swored misi daxma­
rebiT xdeba mudmivi denis wyaros ganuwyveteli CarTva-gamorTva. 
mwyvetara muSaobs avtomatur reJimSi, zustad iseve, rogorc Cveuleb­
rivi eleqtrozari: pirvelad xviaSi denis gavlisas  gulari magnitde­
ba, miizidavs rkinis Ruzas da gawydeba kontaqti Ruzasa da sakontaqto 
TiTbris  firfitas Soris - pirveladi gragnilis wredi gawydeba. ro­
gorc ki pirvelad gragnilSi deni Sewydeba, gulari ganmagnitdeba, aR­
dgeba kontaqti firfitasa da Ruzas Soris, gaCndeba deni, gulari da­
magnitdeba, miizidavs Ruzas - wredi gawydeba da
 a. S.. faqtobrivad, mwyvetaras saSualebiT mudmivi deni gardaiqmneba 
cvlad denad, romelic, eleqtromagnituri induqciis kanonis Tanax­
mad, iwvevs induqciis emZ-s aRZvras meorad gragnilSi. xviaTa ricxvi 
meorad gragnilSi mravaljer aRemateba xviaTa  ricxvs  pirvelad grag­
nilSi, amitom meoradi gragnilis momWerebze miiReba sakmaod maRali 
Zabva, romelic sakmarisia haerSi ganmuxtvis dasawyebad - sanaperwkle 
SualedSi miiReba uwyveti mnaTi rkali. 

rekomendacia:  Ruza sakmaod axlos unda iyos gularTan, rom  mizidvis 
Zala sakmarisi iyos kontaqtis gadawyvetad. Tavidan Ruzasa da  firfi­
tas Soris kontaqti mWidro unda iyos, magram Ruza ar unda iyos sagr­
Znoblad deformirebuli. SeiZleba dagWirdeT im Reros Semotrialeba 
1800-iT, romelzec Ruzaa mimagrebuli. 

internetresursi:   en.wikipedia.org/wiki/Induction_coil
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cda 9.  TviTinduqciis movlena

Sedegi:    fiz.X.5. moswavles SeuZlia  eleqtruli da magnituri movle­
nebis kvleva 

indikatori: gegmavs da atarebs cdebs   TviTinduqciis gamosakvlevad.

cdis organizacia: moswavleebi muSaoben jgufurad.

kvleviTi kiTxva:razea damokidebuliTviTinduqciis emZ?
cdis mizani: TviTinduqciis movlenazedakvirveba, nivTierebis magnitu­
ri Tvisebebis Seswavla.

cdisTvis saWiro xelsawyoebi:  
1)	kvebis wyaro  (F0011);
2)	koWa(F0098);
3)	swori gulari  (F0420);
4)	sadgamiani naTuris samagri(F0220);
5)	sadenebi (F0344);
6)	ori naTura (F0031);
7)	reostati (F0494);
8)	sadgamiani CamrTveli (F0035);

cdis msvleloba:
1)	aawyveT wredi qvemoT moyvanili sqemis mixedviT;
2)	kvebis wyaro daayeneT daaxloebiT 2.5 voltze;
3)	CarTeT CamrTveli, daelodeT, sanam  naTurebis sikaSkaSe mudmivi 

ar gaxdeba;
4)	reostatis saSualebiT miaRwieT imas, rom orive naTura erTnai­

rad anaTebdes da gamorTeT CamrTveli;
5)	CarTeT CamrTveli da daakvirdiT naTurebis sikaSkaSes (nax a);
6)	gamorTeT CamrTveli, koWas gaukeTeT gulari ;
7)	CarTeT CamrTveli da daakvirdiT naTurebis sikaSkaSes (nax.b). ra 

cvlilebebs amCnevT?
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cdis analizi:   pirvel rigSi, xazi gausviT reostatis rols sqemaSi: mi­
si saSualebiT xdeba paraleluri ubnebis winaaRmdegobebis gatoleba, 
anu orive naTuraSi  erTnairi deni gadis mudmivi denis reJimSi. wredis 
Caketvisas (nax. a) meore naTura garkveuli dagvianebiT ainTeba, rac 
ganpirobebulia koWaSi aRZruli TviTinduqciis emZ-iT, romelic ewina­
aRmdegeba denis zrdas (lencis wesis Tanaxmad).  meore cdaze (nax. b) 
koWas ukeTia gulari, rac mniSvnelovnad zrdis koWas induqtivobas -

0L L>> . Sedegad, meore naTuris dagvianeba gacilebiT TvalSisacemia. 
cdaze naTlad Cans gularis magnituri Tvisebebi - misi gavleniT Tvi­
Tinduqciis emZ mniSvnelovnad izrdeba. 
bolos dasviT damaintrigebeli kiTxva - ra moxdeba wredis gamorTvi­
sas? pasuxebis mosmenis Semdeg gamorTeT wredi. moswavleTa absolutu­
ri umravlesobis molodini, rom pirveli naTura maSinve Caqreba, meore 
ki - dagvianebiT, ar gamarTldeba! SeaxseneT moswavleebs, rom wredSi 
naTura anTia, Tu wredi Sekrulia.  wyaros gamorTvis Semdeg Caketili 
rCeba wredis zeda nawili, romelSic naTurebi mimdevrobiT arian erT­
maneTTan mierTebuli. mimdevrobiT CarTul naTurebSi ki erTnairi de­
ni gadis, amitom orive garkveuli dayovnebiT, magram erTdroulad Caq­
reba.

rekomendacia:   sizustis gazrdis mizniT SegiZliaT paralelur ubnebSi 
CarToT ampermetrebi da ufro zustad gautoloT erTmaneTs am ubne­
bis winaRobebi ( sikaSkaSis mixedviT Sefaseba naklebad zustia). 

internetresursi:   www.youtube.com/watch?v=2jZqGTu-GdQ,  electrophysic.ru/
yavleniya-i.../samoinduktsiya.-eds-samoinduktsii.html
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cda 10.  eleqtrozaris modeli

Sedegi: fiz.X.6. moswavles SeuZlia  fizikaSi mecnieruli aRmoCenebis 
dakavSireba yoveldRiurobasTan  

indikatori:   ikvlevs eleqtrozaris moqmedebis princips.

cdis organizacia: moswavleebi muSaoben jgufurad.

cdis mizani: eleqtrozaris moqmedebis principis Seswavla

cdisTvis saWiro xelsawyoebi:  
1)	eleqtrozaris modeli (F0237);
2)	kvebis wyaro  (F0011);
3)	sadgamiani CamrTveli (F0035);
4)	sadenebi (F0344);

cdis msvleloba:
1)	eleqtrozaris modeli CamrTvelis gavliT miuerTeT kvebis wya­

ros;
2)	kvebis wyaro daayeneT mudmivi denis reJimSi 3.5- 4 v SualedSi;
3)	CarTeT CamrTveli. Tu zaris xma ar ismis, daaregulireT Suale­

dis sigrZe eleqtromagnitsa da rkinis firfitas Soris;
4)	zaris xmis gasaZliereblad odnav moumateT Zabvas;
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cdis analizi: eleqtrozaris moqmedebis principi analogiuria induq­
ciuri koWas mwyvetaras moqmedebis principisa. aq, ubralod, damatebu­
lia ori elementi - CaquCi da zarxufi.  K CamrTvelis CarTvisas (ix. 
naxazi)  E eleqtromagnitSi gaivlis deni. am denis magnituri veli amag­
nitebs rkinis firfitas, romelic CaquCTan erTad saerTo A Rerozea  
damagrebuli. rkinis firfita miizideba eleqtromagnitis mier da Caqu­
Ci urtyams  B zarxufs. imavdrulad gawydeba T kontaqti, Sewydeba deni 
eleqtromagnitSi, rkina ganmagnitdeba da daubrundeba sawyis mdebare­
obas. T kontaqti isev aRdgeba da procesi ganmeordeba. 

rekomendacia:  aucilebelia Sualedis daregulireba eleqtromagnitsa 
da foladis firfitas Soris: Tu Sualedi saWiroze didi  iqneba, mizi­
dulobis Zala iqneba mcire da kontaqti ver gawydeba. Tu Sualedi Za­
lian mcire iqneba, maSin CaquCis dartymis xma iqneba susti - CaquCs ar 
eqneba saTanado amplituda. yovelTvis SeamowmeT kontaqtebis saimedo­
oba. 

internetresursi:    http://www.youtube.com/watch?v=2Y80QG-F7Fs
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cda 1.  maTematikuri qanqaris rxevis periodi

Sedegi: fiz.XI.5. moswavles SeuZlia meqanikuri rxevebisa da talRebis 
daxasiaTeba. 

indikatori:  gegmavs da atarebs cdebs meqanikuri rxevebis Sesaswavlad.

cdis organizacia: moswavleebi muSaoben jgufurad.

ras vikvlevT:   razea damokidebuli maTematikuri qanqaris rxevis peri­
odi.

cdis mizani:   qanqaris rxeviTi moZraobis Seswavla.

cdisTvis saWiro xelsawyoebi:  
1)	uWimadi Zafi (sasurvelia liTonis wvrili simi), aranakleb 50 sm sig­
rZisa;
2)	diametraluri naxvretis mqone masiuri burTula;
3)	saxazavi(F0417);
4)	wamsazomi;
5)	Stativi(F0110);
6)	Stativis samagri (F0052);
7)	Stativis Rero (F0191).

cdis msvleloba:
1)	CamoacviT burTula Zafze (Zafis boloze gaakeTeT msxvili kvan­

Zi);
2)	miamagreT Zafi Stativis Reroze. vinaidan Stativis simaRle araa 

sakmarisi, dadgiT igi magidis kideze ise, rom burTula magidis 
zedapirze dabla ekidos;
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3)	gazomeT manZili Zafis dakidebis wertilidan burTulamde - qan­
qaris sigrZe l da SeitaneT cxrilSi;

4)	gadaxareT burTula horizontalurad ise, rom Zafma vertikal­
Tan Seadginos  araumetes 80- iani kuTxe da gauSviT xeli;

5)	gazomeT wamsazomiT 10 rxevis dro t  da SeitaneT cxrilSi;

6)	gamoTvaleT qanqaris rxevis periodi  T  formuliT  
10
tT = da Se­

itaneT cxrilSi;

7)	gamoTvaleT qanqaris rxevis periodi  0T  formuliT  0 2
lT
g

π=

da SeitaneT cxrilSi ( Tavisufali vardnis aCqareba aiReT 10g =
m/wm2)  ;

8)	SeadareT erTmaneTs T   da 0T ;
9)	SecvaleT sawyisi gadaxris kuTxe da gaimeoreT 4 -8 punqtebSi aR­

werili procedurebi (CaatareT sami cda, gadaxris kuTxe unda 
iyos zemoxsenebul farglebSi);

       

qanqaris sigrZe, 

l  , m

10 rxevis dro, 

t  , wm

qanqaris rxevis 

periodi, T ,  wm

qanqaris rxevis 

periodi, 0T ,  wm

cdis analizi:  cdis mTavari mizania aCvenoT, rom  maTematikuri saqanis 
rxevis periodi araa damokidebuli rxevis amplitudaze (e.i. sawyisi ga­
daxris kuTxeze) da ganisazRvreba mxolod saqanis sigrZiT. Cveni saqani 
mxolod pirobiTad SeiZleba miviCnioT maTematikur saqanad, amitom  T   
da 0T -s Soris garkveuli gansxvaveba mosalodnelia. aucileblad deta­
lurad gaarCieT is pirobebi, romlis drosac samarTliania zemoT moy­
vanili  saqanis rxevis periodis gamosaTvleli Teoriuli formula.

rekomendacia:  vertikalidan Zafis gadaxris kuTxe radianebSi daaxlo­
ebiT tolia /x l∆ -is, sadac x∆ aris burTulis horizontaluri wanac­
vleba. es fardoba ar unda aRematebodes 0.1-s.
 sTxoveT moswavleebs am amocanis monacemebis saSualebiT  gansazRv­
ron Tavisufali vardnis aCqareba.

internetresursi: www.youtube.com/watch?v=yfWxo6faDN4
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cda 2.  zambariani  qanqaris rxevis periodi

Sedegi:   fiz.XI.5.  moswavles SeuZlia meqanikuri rxevebisa da talRebis 
daxasiaTeba 

indikatori:   gegmavs da atarebs cdebs meqanikuri rxevebis Sesaswavlad, 
atarebs Sesabamis gazomvebs da aRwers kavSirs rxevis maxasiaTebel si­
dideebs Soris.

cdis organizacia: moswavleebi muSaoben jgufurad.

ras vikvlevT:    razea damokidebuli zambaraze mimagrebuli tvirTis 
rxevis periodi?

cdis mizani: zambariani qanqaris rxevis Seswavla

cdisTvis saWiro xelsawyoebi:  
1)	zambarebis nakrebi( F0506);
2)	 sawonebi (F0477);
3)	saxazavi(F0417) an milimetrebiani qaRaldi;
4)	Stativi(F0110);
5)	Stativis samagri (F0052);
6)	Stativis Rero (F0191);

cdis msvleloba:
1)	 CamokideT zambara Stativis Reroze;
2)	 miamagreT zambaraze 50m = g masis tvirTi. masis mniSvneloba Sei­

taneT cxrilSi;;
3)	 aiTvaleT saxazaviT zambaris wagrZeleba x   da SeitaneT cxrilSi;

4)	 gamoTvaleT zambaris sixiste formuliT 
mgk
x

=
 
da SeitaneT 

cxrilSi;
5)	 CamoqaCeT tvirTi wonasworuli mdebareobidan da gauSviT xeli;
6)	 daiTvaleT 10 rxevis dro t  da SeitaneT cxrilSi;
7)	 gamoTvaleT zambaraze mimagrebuli tvirTis rxevis periodi  T  

formuliT  
10
tT = da SeitaneT cxrilSi;

8)	 gamoTvaleT zambaraze mimagrebuli tvirTis rxevis periodi for­

muliT 0 2
mT
k

π= da  SeitaneT cxrilSi;

9)	 SeadareT erTmaneTs T   da 0T ;
10)	SecvaleT sawonis masa da gaimeoreT 3 -9 punqtebSi aRwerili pro­

cedurebi;
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11)	SecvaleT zambaris sixiste  da gaimeoreT 3 -9 punqtebSi aRwerili 
procedurebi (zambaris sixistis Secvla SeiZleba misi sigrZis 
SecvliT an sxva zambaris aRebiT);

cda 
№

tvir-
Tis 
masa, 

 m ,  kg

zambaris 
wagrZele-

ba, 
x , m 

zam-
baris 
six-

iste,

k , n/m

10 rx-
evis 
dro, 

 t , wm 

rxevis pe-
riodi, 

 T ,  wm

rxevis perio-

di, 0T ,  wm

cdis analizi:  amocanis pirvel nawilSi ganisazRvreba zambaris sixiste. 
erTmaneTs unda SeadaroT cdiT gansazRvruli rxevis periodi da Teo­
riuli formuliT gamoTvlili igive sidide. 

rekomendacia:   zambaras mcire sixiste aqvs, amitom Stativze miamagreT 
misi nawili da saTanadod SearCieT sawonis masa, rom SeiZlebodes rxe­
vaze dakvirveba. SeiZleba Stativi dadgaT magidis kideze, Reroze Camo­
kidebuli tvirTiani zambara ki magidis zedapirze dabla iyos. 

internetresursi:  http://fizmat.by/kursy/kolebanija_volny/majatniki
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cda 3.  bgera

Sedegi:   fiz.XI.5.moswavles SeuZlia meqanikuri rxevebisa da talRebis 
daxasiaTeba.  

indikatori: atarebs cdebs da ikvlevs bgeris warmoqmnas da gavrcele­
bas.

cdis organizacia: moswavleebi muSaoben jgufurad.

ras vikvlevT: vrceldeba Tu ara bgera uhaero sivrceSi. 

cdis mizani:   bgeris gavrcelebis meqanizmis Seswavla. 

cdisTvis saWiro xelsawyoebi:  
1)	vakuumuri tumbo (F0464);
2)	zarxufi (F0258);
3)	rezinis mili (F0465);
4)	maRviZara saaTi.

cdis msvleloba:
1)	miuerTeT rezinis miliT vakuumuri tumbo zarxufs;
2)	zarxufis qveS dadeT momuSave maRviZara saaTi, romlis wikwiki 

garkveviT ismis;
3)	aamuSaveT vakuumuri tumbo da amotumbeT haeri zarxufidan. ras 

amCnevT haeris amotumbvis kvalobaze?

cdis analizi: bgera warmoadgens grZiv talRas, romelic vrceldeba 
drekad garemoSi. bgeris gavrceleba ganpirobebulia nivTierebis nawi­
lakebs Soris arsebuli Zaluri kavSirebiT. haeris amotumbvis kvaloba­
ze mcirdeba molekulebis koncentracia zarxufis qveS, izrdeba saSu­
alo manZili molekulebs Soris, rac iwvevs maT Soris urTierTqmede­
bis Sesustebas.  amitom haeris amotumbvis kvalobaze saaTis wikwiki 
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nelnela minavldeba da bolos savsebiT Sewydeba, Tumca saaTi muSaobs 
- isrebi moZraoben! am cdiT pirdapir dasturdeba, rom bgera uhaero 
sivrceSi ar vrceldeba. 

rekomendacia:  cdis warmateba mniSvnelovnad aris damokidebuli zar­
xufis da SeerTebebis hermetulobaze. zarxufs aucileblad gaukeTeT 
rezinis Suasadebi, xolo rezinis milis SeerTebis adgilebze wausviT 
vakuumuri sacxi.

internetresursi:  http://www.physicsclassroom.com/class/sound/u11l1c.cfm, 
http://www.youtube.com/watch?v=CzG0ioYIIFs
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cda 4.  kamertoni

Sedegi:   fiz.XI.5. moswavles SeuZlia meqanikuri rxevebisa da talRebis 
daxasiaTeba. 

indikatori:   atarebs cdebs da ikvlevs bgeris warmoqmnis meqanizms da 
akvirdeba bgeriT rezonanss.

cdis organizacia: moswavleebi muSaoben jgufurad.

ras vikvlevT: rogor warmoiSveba bgeriTi talRa;  rodis aqvs adgili 
rezonanss.

cdis mizani:  bgeris warmoqmnis meqanizmis Seswavla da bgeriTi rezo­
nansis dakvirveba.

cdisTvis saWiro xelsawyoebi:  
1)	ori erTnairi kamertoni (F0211)

cdis msvleloba:
1)	aiReT erTi kamertoni, msubuqad SemohkariT CaquCi kamertonis 

fexebs  da mousmineT bgeris JReradobas;
2)	imave kamertonis fexebs ufro Zlierad SemohkariT CaquCi da mo­

usmineT bgeris JReradobas - ra gansxvavebas amCnevT?
3)	miadgiT ori erTnairi kamertoni erTmaneTs rezonatoris Ria bo­

loebiT;
4)	SemohkariT erTerTi kamertonis fexebs CaquCi, Semdeg xelis Sexe­

biT SewyviteT misi JReradoba. ras amCnevT?
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cdis analizi:  kamertoni warmoadgens bgeris wyaros, romelic iZleva 
gansazRvruli sixSiris bgeras.bgeris warmoqmnis meqanizmi martivia: ka­
mertonis merxevi fexebi iwvevs haeris nawilakebis simkvrivis da Sede­
gad wnevis rxevas, romelic nawilakebs Soris Zaluri kavSirebis meSve­
obiT gadaecema mezobel ubnebs. SekumSvebisa da gaiSviaTebebis seria 
vrceldeba grZivi talRis saxiT, iwvevs wnevis rxevas yuris apkze, ra­
sac adamianis tvini aRiqvams bgeris saxiT. 
 sxvadasxva kamertoni iZleva sxvadasxva sixSiris bgeras (erTmaneTisgan 
gansxvavdebian geometriuli parametrebiT). bgeris aRZvra xdeba kamer­
tonis fexebze CaquCis SemortymiT. rac ufro Zlierad SemovartyamT, 
miT ufro didi iqneba bgeris amplituda - e.i. misi xmamaRloba. rode­
sac kamertonebs mivadgamT erTmaneTs rezonatorebis Ria boloebiT, 
maSin erTerTSi aRZruli rxeva iwvevs rxevas meore kamertonSic - maT 
xom erTnairi sixSireebi aqvT. amis saCveneblad `gaaCumebT~ im kamer­
tons, romelsac SemohkariT CaquCi - bgerebi  isev ismis, Tumca Sedare­
biT sustad. bgerebs gamoscems meore kamertoni, romelic rezonansSi 
iyo pirvelTan.

rekomendacia:  Tu kabinetSi gaqvT sxvadasxvanairi kamertoni, maSin Se­
giZliaT rezonansis aucilebeli pirobis - sixSireTa Tanxvdenis - de­
monstrireba: sxvadasxvanairi kamertonebi erTmaneTTan ar rezonire­
ben. 

internetresursi:   www.youtube.com/watch?v=6tzX90c2ZRo
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cda 5.  dinamos modeli

Sedegi: fiz.XI.6. moswavles SeuZlia eleqtromagnituri rxevebisa da 
talRebis daxasiaTeba.   

indikatori:  warmoadgens cvladi denis  generatoris sqemas da xsnis 
misi moqmedebis princips(dinamos magaliTze).

cdis organizacia: moswavleebi muSaoben jgufurad.

cdis mizani:  generatoris moqmedebis principis Seswavla.

cdisTvis saWiro xelsawyoebi:  
1)	dinamos modeli (F6750);

cdis msvleloba:
1)	saxeluriT daatrialeT borbali da daakvirdiT naTuras - is un­

da ainTos;
2)	Tu naTura ar ainTo, SeamowmeT kontaqtebi.

cdis analizi: dinamo warmoadgens mudmivi denis generatoris erTerT 
saxeobas. cvladi denis generatorisgan mas ganasxvavebs erTi mniSvne­
lovani detali - koleqtori. misi daniSnulebaa Secvalos denis mimar­
Tuleba yoveli naxevari  brunis Semdeg. Sedegad miiReba ara cvladi 
sinusoiduri deni, aramed mudmivi  mimarTulebis pulsirebadi cvladi 
sididis deni. 
   mocemul modelSi induqtors warmoadgens mudmivi magniti, romelic 
uZravadaa damagrebuli,  e.i. statoria. mbrunav nawils - rotors- war­
moadgens Ruza - mravali xviisgan Sedgenili gragnili (koWa). borbali 
Rveduri gadacemiT ukavSirdeba Ruzas. roca borbals vatrialebT, 
Ruza  brunavs nalisebri mudmivi magnitis polusebs Soris. Ruzis ga­



271

momyvanebi mierTebulia dabali Zabvis naTurasTan. Ruzis brunvisas 
aRZruli induqciis emZ sakmarisia naTuris asanTebad. 

rekomendacia:   Tu Tqveni mcdelobis miuxedavad naTura mainc ar ain­
To, maSin SeamowmeT  Ruza - xom araa igi gawyvetili, an xviebs Soris 
mokled CarTva xom ar xdeba. SeamowmeT musebis kontaqti koleqtoris 
naxevarrgolebTan. 

internetresursi: www.youtube.com/watch?v=Vmo7UUma1ko, 
www.youtube.com/watch?v=XTjiqF_FOPI
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cda 6.  eleqtroZravis modeli

Sedegi: fiz.XI.6. moswavles SeuZlia eleqtromagnituri rxevebisa da 
talRebis daxasiaTeba.   

indikatori:  warmoadgens eleqtroZravis sqemas da xsnis misi moqmede­
bis princips.

cdis organizacia: moswavleebi muSaoben jgufurad.

cdis mizani: eleqtroZravis moqmedebis principis Seswavla da energiis 
erTi saxidan meoreSi gardaqmnis demonstrireba.

cdisTvis saWiro xelsawyoebi:  
1)	eleqtroZravis modeli (F0236);
2)	kvebis wyaro  (F0011);

cdis msvleloba:
1)	eleqtroZravis modelis momWerebi miuerTeT kvebis wyaros po­

lusebs;
2)	kvebis wyaro daayeneT mudmivi denis reJimSi 3.5- 4 v SualedSi;
3)	CarTeT kvebis wyaro - eleqtroZravis Ruza daiwyebs brunvas. 

cdis analizi:   eleqtroZrava da dinamo urTierTSeqcevadi manqanebia. 
maTi moqmedebis principi absoluturad erTnairia: Tu dinamo Tavad 
gamoimuSavebda dens magnitis polusebs Soris Ruzis datrialebisas, 
eleqtroZravas Ruzas  deni miewodeba kvebis wyarodan, ris gamoc Ruza 
iwyebs brunvas magnitis polusebs Soris. amas martivi axsna aqvs: Ruzis 
xviaSi denis gatarebisas xviis mopirdapire gverdebze moqmedebs ZalTa 
wyvili, romelic qmnis mabrunebel moments. naxevari brunis Sesrule­
bis Semdeg ZalTa momenti brunvis damuxruWebas gamoiwvevda, magram 
amis Tavidan acileba xdeba komutatoris (analogiur funqcias dinamo­
Si asrulebs koleqtori) saSualebiT - naxevari brunis Semdeg avtoma­
turad icvleba RuzaSi denis mimarTuleba da mabrunebeli momenti ima­
ve mimarTulebiT moqmedebs - Ruza agrZelebs brunvas uwyvet reJimSi. 
Tu Ruzas lilvs Rveduri gadacemiT miuerTebT raime meqanikur xel­
sawyos (magaliTad, burRs), miiRebT meqanikur energias.



273

rekomendacia:   sademonstracio cdis gaanalizebisas aucileblad gaa­
maxvileT yuradReba energiis gardaqmnaze: dinamoSi meqanikuri energi­
is xarjze miiReba eleqtruli energia, eleqtroZravaSi -  piriqiT: 
eleqtruli energia gadadis meqanikur energiaSi.

internetresursi:   http://www.youtube.com/watch?v=OBW3Yir-y5M
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cda 7.  radiometri

Sedegi: fiz.XI.7. moswavles SeuZlia siTburi movlenebis analizi mole­
kulur-kinetikuri Teoriisa da Termodinamikis kanonebis daxmarebiT.    

indikatori:  atarebs cdebs da akvirdeba Termodinamikur movlenebs.

cdis organizacia: moswavleebi muSaoben jgufurad.

kvleviTi kiTxva: ra mizeziTaa ganpirobebuli radiometris frTebis 
brunva?

cdis mizani:  radiometruli efeqtis arsSi garkveva.

cdisTvis saWiro xelsawyoebi:  
1)	radiometri (F6850);
2)	intensiuri sinaTlis wyaro (F0302);
3)	kvebis wyaro  (F0011);

cdis msvleloba:
1)	miuerTeT intensiuri sinaTlis wyaro kvebis wyaros;
2)	kvebis wyaro daayeneT mudmivi denis reJimSi 12 v-ze;
3)	CarTeT kvebis wyaro - radiometris frTebi daiwyeben brunvas;

cdis analizi:  es cda sainteresoa imiT, rom mis asaxsnelad saWiroa ro­
gorc optikis, ise molekulur-kinetikuri Teoriis moSvelieba. radio­
metris frTebis erTi mxare Savadaa SeRebili - es mSTanTqmeli mxarea; 
meore mxare SeRebilia vercxlisfrad - es amrekli mxarea.  Savi zeda­
piris maxloblad haeri Tbeba, izrdeba molekulebis saSualo kvadra­
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tuli siCqare, e.i. wnevac. vercxlisferi zedapiri rCeba civi. warmoiS­
veba wnevaTa sxvaoba frTis zedapirebs Soris, rac iwvevs frTis amoZ­
ravebas Savi zedapiridan vercxlisferi zedapiris mimarTulebiT. swo­
red es movlena daimzireba  am xelsawyoze. meores mxriv, sinaTlis 
kvanturi Teoriis Tanaxmad, sinaTle garkveul wnevas axdens im zeda­
pirze, romelsac ecema. amrekl zedapirs sinaTlis kvantebi orjer met 
impulss gadascemen, vidre mSTanTqmel zedapirs. amitom frTebma brun­
va unda daiwyon  vercxlisferi zedapiridan  Savi zedapiris mimarTu­
lebiT - zustad winaT ganxilulis sawinaaRmdegod! romeli meqanizmi 
gadaZalavs? - es damokidebulia airis wnevaze kolbaSi. imisaTvis, rom 
sinaTlis wnevis meqanizmma imuSaos, saWiroa Zalian dabali wneva - da­
axloebiT 10-4paskali, xolo airis gaTbobis meqanizmi yvelaze mkafiod 
Cans daaxloebiT 1 pa wnevis dros. dakvirvebis Sedegi imaze miuTiTebs, 
rom wneva 1 pa-is maxloblobaSia da muSaobs pirveli meqanizmi.

rekomendacia:   atmosferuli wnevis pirobebSi es efeqti saerTod ar 
Cans, amitom Tu cdaze radiometris frTebi brunvas ar daiwyebs, e.i. 
kolbaSi vakuumi darRveulia. efeqti Cans daaxloebiT 100 pa wnevidan. 
SegiZliaT miawodoT cdis alternatiuli axsna: frTis zedapirebi ga­
nixiloT, rogorc siTburi Zravas saxurebeli da  macivari. temperatu­
raTa sxvaobis xarjze sruldeba muSaoba, romelic gardaiqmneba mbru­
navi frTebis kinetikur energiad. 

internetresursi:    http://www.youtube.com/watch?v=OKWVYe1LWIc
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cda 8.  boil-mariotis kanoni

Sedegi: fiz.XI.7.moswavles SeuZlia siTburi movlenebis analizi mole­
kulur-kinetikuri Teoriisa da Termodinamikis kanonebis daxmarebiT.    

indikatori:  raodenobrivad da Tvisobrivad akavSirebs erTmaneTTan 
idealuri airis wnevasa da moculobas mudmivi temperaturis pirobebSi.
cdis organizacia: moswavleebi muSaoben jgufurad.

ras vikvlevT: rogor gavzomoT atmosferuli wneva boil-mariotis ka­
nonis gamoyenebiT.

cdis mizani:  atmosferuli wnevis gansazRvra.

cdisTvis saWiro xelsawyoebi:  
1)	 U-s magvari mili (F0128);
2)	Stativi(F0110);
3)	Stativis samagri TaTi (F0108);
4)	saxazavi (F0417);

cdis msvleloba:
1)	aiReT U-s magvari mili da CaamagreT Stativis samagr TaTSi; 
2)	 CaasxiT mcre raodenobiT wyali U-s magvar milSi ise, rom milis 

mxolod qveda nawili daifaros wyliT (nax. a);
3)	erT-erT muxls mWidrod daaxureT rezinis sacobi;
4)	saxazaviT gazomeT haeris svetis simaRle daxurul muxlSi 1h  (nax. 

a) da SeitaneT cxrilSi;
5)	CaasxiT wyali Ria muxlSi TiTqmis bolomde;
6)	saxazaviT gazomeT wylis doneTa sxvaoba muxlebs Soris h∆ (nax. b) 

da SeitaneT cxrilSi;
7)	saxazaviT gazomeT haeris svetis simaRle daxurul muxlSi 2h  

(nax. b) da SeitaneT cxrilSi;

8)	gamoTvaleT atmosferuli wneva formuliT 2
0

1 2

gh hp
h h
ρ ∆

=
−

  da Sei­

taneT cxrilSi (Tavisufali vardnis aCqarebis mniSvneloba aiReT 
g = 10 m/wm2, wylis simkvrive 1000ρ = kg/m3) ;

9)	gaimeoreT cda h∆ -is 3 sxvadasxva mniSvnelobisTvis;
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cda № haeris sve-
tis simaR-

le, 1h ,mm

haeris sve-
tis simaR-

le, 2h ,mm

wylis 
doneTa 
sxvaoba, 

h∆ ,  m

atmos-
feruli 

wneva, 0p  
,105pa

0p , 
105pa

cdis analizi:   daxurul muxlSi moqceuli haeris masa da temperatura 
ucvlelia da SegviZlia visargebloT boil-mariotis kanoniT:  

0 1 0 2( )p Sh p g h Shρ= + ∆ , saidanac pirdapir miiReba zemoT moyvanili 
formula atmosferuli wnevis gamosaangariSeblad.aq xazi unda gaus­
vaT kidev erT garemoebas: imisaTvis, rom haeris moculoba  daxurul 
muxlSi Seicvalos 
1%-iT, wylis doneTa sxvaoba daaxloebiT 10 sm unda iyos. amitom as­
xamT Tavidan cota wyals, rom Semdeg haeris moculobis cvlileba Se­
samCnevi iyos. yovel SemTxvevaSi, haeris svetis simaRlis cvlileba 
mcirea da igi rac SeiZleba zustad unda gaizomos. 

rekomendacia:  cdis analizidan aSkarad Cans, rom  rac ufro grZeli 
iqneba U-s magvari mili, miT ufro sando iqneba cdis Sedegi. 

internetresursi:  http://www.youtube.com/watch?v=vSFVMJQ4J7U
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cda 9.  myari sxeulis gafarToeba gaTbobisas

Sedegi:   fiz.XI.7. moswavles SeuZlia siTburi movlenebis analizi mole­
kulur-kinetikuri Teoriisa da Termodinamikis kanonebis daxmarebiT.  

indikatori:  atarebs cdebs da akvirdeba  Termodinamikur movlenebs.

cdis organizacia: moswavleebi muSaoben jgufurad.

cdis mizani: sxeulis siTburi gafarToebis Seswavla.

cdisTvis saWiro xelsawyoebi:  
1)	rgoli da burTi (F0276);
2)	spirtqura (F0300);
3)	samfexa sadgami (F0497);

cdis msvleloba:
1)	moaTavseT spirtqura samfexa sadgamze;
2)	saeqsperimento danadgarze aCveneT moswavleebs, rom burTi Tavi­

suflad gadis rgolSi;
3)	CarTeT spirtqura da gacxeleT masze burTula daaxloebiT 
100 – 120 0C-mde;
4)	miitaneT burTi rgolTan - burTi ar gaeteva rgolSi.

cdis analizi:  cdaze aSkarad Cans, rom gaTbobisas burTi gafarTovda. 
dasviT kiTxva:  rogor SeiZleba am movlenis axsna molekulur-kineti­
kuri Teoris pirveli debulebis safuZvelze, romlis Tanaxmad yvela 
nivTiereba Sedgeba umciresi nawilakebisgan? moismineT moswavleTa mo­
sazrebebi.
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 gaTbobisas izrdeba nivTierebis Semadgeneli nawilakebis saSualo ki­
netikuri energia. myari sxeulisTvis es niSnavs, rom izrdeba wonaswo­
robis mdebareobis maxloblobaSi nawilakebis rxevis amplituda. rxe­
vis amplitudis gazrda ki ganapirobebs nawilakebs Soris saSualo man­
Zilis gazrdas - sxeuli farTovdeba. cxadia, rom es cda aris iribi 
dasabuTeba molekulur-kinetikuri Teoris pirveli debulebisa. 

rekomendacia:   cdis warmatebiT CatarebisTvis aucilebelia, rom bur­
Ti 100 gradusiT mainc gacxeldes. burTi datoveT rgolze - gakveTi­
lis damTavrebamde igi gacivdeba da Tavisuflad gava rgolSi. 

internetresursi:    http://td-school.ru/index.php?page=128
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cda 10.  Sinagani energiis gardaqmna muSaobad

Sedegi:   fiz.XI.7. moswavles SeuZlia siTburi movlenebis analizi mole­
kulur-kinetikuri Teoriisa da Termodinamikis kanonebis daxmarebiT.   

indikatori:  atarebs cdebs da akvirdeba  Termodinamikur  movlenebs.

cdis organizacia: moswavleebi muSaoben jgufurad.

kvleviTi kiTxva:   SeiZleba Tu ara  meqanikuri energiis miReba Sinagani 
energiis xarjze?

cdis mizani:  Termodinamikis pirveli kanonis Tvisobrivi demonstrireba.

cdisTvis saWiro xelsawyoebi: 
1)	sinjara (F0176);
2)	rezinis sacobi (F0375);
3)	Stativi(F0110);
4)	Stativis samagri TaTi (F0108);
5)	spirtqura (F0300);
6)	samfexa sadgami (F0497);

cdis msvleloba:
1)	CaasxiT wyali sinjaraSi daaxloebiT  1/4-mde;
2)	daamagreT sinjara Stativis samagr TaTSi daxril mdgomareobaSi 

ise, rom spirtquris ali mTlianad exebodes wyals;
3)	spirtqura dadgiT samfexa sadgamze da Stativis TaTi iseT simaR­

leze daafiqsireT, rom spirtquris ali  exebodes sinjaras;
4)	aanTeT spirtqura da aaduReT  wyali;
5)	duRili gaagrZeleT, sanam wylis orTqlis wneva xmauriT ar amo­

agdebs sacobs sinjaridan.

daicaviT usafrTxobis zomebi: isargebleT cecxlgamZle  sinjariT,  sa
cobis savaraudo gamovardnis mxare Tavisufali unda iyos.



281

cdis analizi:   Termodinamikis pirveli kanonis Tanaxmad, airis Sinagani 
energiis xarjze SeiZleba Sesruldes meqanikuri muSaoba (am principiT 
muSaobs siTburi Zravebi). mocemul cdaze wylis orTqlis Sinagani 
energiis xarjze sruldebs muSaoba, romelic xmardeba sacobsa da sin­
jaris kedlebs Soris xaxunis Zalis daZlevas da sacobisTvis kinetiku­
ri energiis miniWebas. is faqti, rom es muSaoba swored orTqlis Sina­
gani energiis xarjze sruldeba, dasturdeba sacobis gamovardnis Sem­
deg sinjaris kedlebze gaCenili wylis wveTebiT: orTqli gacivda (misi 
Sinagani energia Semcirda) 
da kondensirda .
rekomendacia:  nu ecdebiT, rom sacobi Zalian mWidrod iyos morgebuli 
sinjaraze, Torem SeiZleba sinjara gaskdes. Tu fizikis kabinetSi mo­
gepovebaT liTonis mili, maSin misi saSualebiT cdis Catareba gacile­
biT usafrTxo iqneba.
internetresursi:   http://class-fizika.narod.ru/8_17.htm
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biologia
VIII-XI klasebi
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biologia

VIII klasi

cda 1. adamianis organizmis qsovilebis Seswavla
cda 2.   ConCxis agebuleba, elastiuri Zvali
cda 3.   adamianis gulis agebulebisa da muSaobis Seswavla
cda4 . adamianis da bayayis sisxlis mikroskopuli
            agebulebis kvleva
cda 5.   adamianis sasqeso ujredebis agebuleba
cda 6.   Tvali- mxedvelobis organo
cda7.    Tirkmeli - gamomyofi organo
cda 8.  Tavis tvinis agebuleba da funqciebi
cda 9.   adamianis torsis modelis  magaliTze organoebis 
              da organoTa sistemebis Seswavla
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cda 1.  adamianis organizmis qsovilebis Seswavla

Sedegi: biol. VIII. 2.moswavles SeuZlia daaxasiaTos adamianis organiz­
mis anatomiuri da fiziologiuri Taviseburebebi.

indikatori: asaxelebs adamianis organizmis qsovilTa ZiriTad jgu­
febs. aRwers maTi agebulebis Taviseburebebs da akavSirebs Sesasrule­
bel funqciasTan.

cdis mizani:  adamianis qsovilTa sxvadasxva tipebis Seswavla.

cdisTvis saWiro masalebi: 
mikroskopi (F0423), adamianis sxvarasxva qsovilis mudmivi preparatebi: 
(FM4130) - Simple flag epithelium w. m - erTSriani epiTeliumi, stratified flat 
epithelium sec - mravalSriani epiTeliumi, skeletal muscle l.s.- ConCxis ga­
nivzoliani kunTi, smooth muscle teased preparation w. m -  gluvi kunTis 
preparati, cardiac muscle l.s - gulis ganivzoliani kunTebi, Motor neurons 
w. m. - motoruli neironebi, rveuli da fanqari.

cdis msvleloba:
1.	gaaxseneT moswavleebs mcenareuli Tu cxoveluri organizmebis 

ujreduli agebuleba da esaubreT adamianis organizmis ujredul 
agebulebaze.

2.	dasviT SekiTxvebi:
-	 ras warmoqmnis msgavsi agebulebis da funqciis ujredebi  da 

ujredSorisi nivTiereba? (qsovilebs)
-	 ra da ra tipis qsovilebi iciT? CamoTvaleT TqvenTvis cnobi­

li qsovilTa saxeebi. (epiTeluri, kunTovani, SemaerTebeli, 
nervuli qsovilebi)

-	 daasaxeleT adamianis organizmSi qsovilTa romeli tipebi 
gvxvdeba da sad?(epiTeluri - mag:kani, Sinagan organoTa Sida 
Sre, kunTovani -kunTebi, Sinagan organoTa gareTa Sre -Semaer­
Tebeli, nervuli nervuli sistema)

3. diskusiis Semdeg klasi dayaviT jgufebad  da TiToeul jgufs 
mieciT davaleba: 
a) TiTeuli jgufis wevrma rig-rigobiT daaTvalieros mikroskop­

Si sxvadasxva qsovilis mudmivi preparati da rveulSi gaakeTos 
Canaxatebi.

b) Canaxatebis mixedviT saCvenebel tabulaze ipoveT Sesabamis qso­
vilebi da sakuTar Canaxatebs gaukeTeT warwerebi. 

g) SearCieT da SeadareT or-ori qsovili: SeadgineT cxrili, Tavad 
SearCieT parametrebi,riTac unda SeadaroT SerCeuli qsovile­
bi ( mag: SeadareT  ujredebis forma, ujredSorisis raodenoba, 
aseve agebulebis Sesabamisoba maT Sesasrulebul funqciasTan).
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e) SeajameT damuSavebuli informacia da  gaakeTeT prezentacia.

aqtivoba II

rekomendacia:  CaatareT sademonstracio cda romelime moswavlis dax­
marebiT.

ras vikvlevT: romeli qsovili SeiZleba aRmoCndes loyis Sida zedapir­
ze. 

cdis mizani: droebiT preparatze dakvirvebiT kanis erTSriani epiTe­
liumis ujredebis gacnoba.

cdisTvis saWiro masalebi:
 mikroskopi (F0423), sasagne mina (F0360), safari mina (F0361), kovzi, iodi, 
pipeti(F0461), sapreparate nemsi.

cdis msvleloba: 
1.	loyis Sida zedapiridan kovziT frTxilad aiReT nadebi. 
2.	kovzze moyolili nadebi, romelzec aris qsovilis Txeli fena 

sapreparate nemsiT moaTavseT sasagne minaze.
3.	 pipetiT daawveTeT iodis xsnari da daafareT safari mina. 
4.	Tqvens mier momzadebuli droebiTi preparati moaTavseT winaswar 

momzadebul mikroskopSi da daaTvaliereT (preparati daaTvali­
eros yvela moswavlem rig-rigobiT).

5.	gamoTqviT Tqveni mosazrebebi: ra dainaxeT? romel qsovils miam­
sgavsebdiT  Tqven  mier danaxuls? SeadarebdiT Tqvens mier na­
naxs? SeadareT saxelmZRvaneloSi ilustraciebze an saCvenebel 
tabulaze mocemul qsovilTa suraTebs da gaakeTeT daskvna: ro­
meli qsovilis ujredebi naxeT preparatis daTvalierebisas?(er­
TSriani epiTeliumis ujredebi).

kvleviTi unar-Cvevebi:
aRniSnuli cdis safuZvelze moswavleebs uyalibdebaT mecnieruli 
kvlevis Semdegi unar-Cvevebi:
yy cdis Catarebisa da Sesabamis masalis/aRWurvilobis saTanado ga­

moyenebis unari.

yy dakvirvebis unari.

yy aRwerisa da Sedarebis unarebi.
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cda 2.  ConCxis agebuleba,  elastiuri Zvali

Sedegi:  biol. VIII.5. - moswavles SeuZlia daaxasiaTos adamianis anatomi­
uri da fiziologiuri Taviseburebebi.

indikatori:  ilustraciaze an maketze amoicnobs adaminis organoTa 
sistemebs da msjelobs maT funqciebze (mag: adamianis ConCxis ZiriTadi 
nawilebi, zogierTi Zvali da kunTi).

rekomendacia: aqtivobebis msvlelobisas CarTulia mTeli klasi.

aqtivoba I - ConCxis agebulebis Seswavla

aqtivobis mizani:  ConCxis agebulebis Seswavla modelis gamoyenebiT.

aqtivobisTvis saWiro masalebi:
adamianis ConCxis modeli (FS080), qalis da mamakacis menjis amsaxveli 
ilustracia. 
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aqtivobis msvleloba:
1. dadgiT yvelasTvis TvalsaCino adgilas ConCxis modeli. sTxoveT 

moswavleebs iyvnen yuradRebiT da dakvirvebiT. 
2. sTxoveT moswavleebs aRweron rig-rigobiT Tavis, tanis da kidu­

rebis ConCxi. 
3. aCvenon moswavleebma da ganmarton Zvlebis SeerTebis saxeebi. aC­

venon  Tavis qalas uZravi SeerTebis Zvlebi da  miuTiTon erTa­
derT moZrav Zvalze.

4.  ilustraciaze aCveneT qalis da kacis menjis  agebuleba. daakvir­
dnen da Seadaron erTmaneTs. ipovon ganmasxvavebeli niSnebi. amo­
icnon da daasabuTon. 

  

Male - mamakaci

Female - qali

ilium, ishium - menjis Zvali

sacrum, pubis - gavis Zvali

5. klasi dayaviT wyvilebad (wyvilebis raodenoba damokidebulia klas­
Si moswavleTa raodenobaze) da mieciT davaleba: - erTmaneTis daxmare­
biT sakuTar sxeulze aRmoaCinon ConCxis sxvadasxva Zvali da daasaxe­
lon maTi saxelebi.

aqtivoba II     elastiuri Zvali 

ras vikvlevT:   ra daemarTeba ramdenime dReSi Zvals ZmarSi moTavsebis  
Semdeg? ratom?

cdis mizani:  Zvlis Sedgenilobis Seswavla.

cdisTvis saWiro masalebi:
Tavsaxuriani qila, qaTmis wvrili Zvali,  Zmari, pinceti.

cdis msvleloba:
gasufTavebuli qaTmis Zvali mTlianad moaTavseT Zmrian qilaSi da da­
axureT Tavsaxuri. gamoTqvan varaudi:  ra daemarTeba Zvals ZmarSi de­
bisas?
 (cda grZeldeba 3-4 dRe)
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Zvlis qimiuri Sedgenilobis ganxilvis Semdeg aCveneT moswavleebs Tu 
ra mouvida ZmarSi ramdenime dRiT Cadebul Zvals. frTxilad amoiReT  
Zvali Zmridan pincetis gamoyenebiT, SeamSraleT xelsaxociT da sTxo­
veT moswavleebs, rom frTxilad gadaRunon.

cdis gamaanalizebeli kiTxvebi:
1.	ram ganapiroba Zvlis formis Secvla? (ZvalSi darCa mxolod or­

ganuli nivTiereba, romelic Zvals aniWebs elastiurobas. swo­
red amis gamo Zvali icvlis formas)

2.	rogor fiqrobT, Zmari rom sxva nivTierebiT Segvecvala (mag. 
wyliT), miviRebdiT Tu ara igive Sedegs? (wylis gamoyenebis Sem­
TxvevaSi igive Sedegs ar miviRebT, radgan ZvalSi arsebuli ara­
organuli nivTierebebi wyalTan reaqciaSi ar Sedian)
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cdis ganmarteba: ZmarTan reaqciaSi Sevida ZvalSi arsebuli araorganu­
li marilebi  da masSi mxolod organuli nivTiereba darCa. swored 
amitom Zvalma dakarga simtkice da gaxda elastiuri. eqsperimenti aCve­
nebs moswavleebs, Tu ramdenad mniSvnelovania  araorganuli nivTiere­
ba, romelic ZmarSi gaixsna, simtkicis SesanarCuneblad. misi naklebobi­
sas cxadia, Zvali kargavs misTvis damaxasiaTebel am Tvisebas da Sede­
gad Zvali advilad gadaiRuna.

rekomendacia:
1.	sasurvelia  saxlSi misceT moswavleebs davaleba, rom damouki­

deblad Caataron msgavsi cdebi. Zmris nacvalad gamoiyenon sxva 
nivTirebebi (mag: zeTi, acetoni, spirti) da miRebuli Sedegebi ga­
nixiloT klasSi.

2.	kargi iqneba esaubroT sakvebis mniSvnelobaze, romelic Zvlebs 
misTvis damaxasiaTebel Tvisebebs (elastiurobas da drekadobas) 
SeunarCunebs. aseve, rZis da sxva kalciumis Semcveli produqte­
bis sargeblobaze.

internetresursebi:

ConCxis agebuleba
http://www.youtube.com/watch?v=uxBe-BgmNTs

Zvlis Sedgenilobis kvleva
http://www.youtube.com/watch?v=jW8SyBrKyIk
http://www.youtube.com/watch?v=IIWnOYllg7Q

kvlevis unar-Cvevebi:
aRniSnuli cdis safuZvelze moswavleebs uyalibdebaT mecnieruli 
kvlevis Semdegi unar-Cvevebi:
yy cdis Catarebisa da Sesabamis masalis/aRWurvilobis saTanado ga­

moyenebis unari.

yy dakvirvebis, aRweris da Sedarebis unarebi.

yy Sedegebis gaanalizebis da daskvnis gamotanis unarebi.
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cda 3.  adamianis gulis agebulebisa da muSaobis Seswavla

Sedegi:  biol.VIII.5. moswavles SeuZlia daaxasiaTos adamianis anatomiu­
ri da fiziologiuri Taviseburebebi.

indikatori:  iyenebs an qmnis calkeul organoTa sistemebis models/
sqemas maTi moqmedebis (mag guli - tumbo, Tirkmeli - filtri, muxlis 
refleqsi) principis sademonstraciod da akavSirebs fizikur movle­
nebTan.

rekomendacia:  aqtivobebis msvlelobisas CarTulia mTeli klasi.

aqtivoba I

aqtivobis mizani:  gulis agebulebis Seswavla modelis gamoyenebiT.

aqtivobisTvis saWiro masalebi:     gulis agebulebis modeli F0310

aqtivobis msvleloba
1.	moswavleebs sTxoveT iyvnen yuradRebiT da dakvirvebiT da maT­

Tan erTad gulis modelze daaTvaliereT (SeecadeT yvela moswav­
lem axlodan daaTvaliros modeli da aCveneT misi agebuleba) 
kunTis fenebi, koronaruli sisxlZarRvebi, zeda da qveda Rru 
venebi, aorta, filtvis vena da filtvis arteria. 

	 dasviT kiTxva: ratom aris modelze aorta da filtvis vena wiT­
lad Seferili? (orive maTganSi moZraobs JangbadiT mdidari anu 
arteriuli sisxli), xolo filtvis arteria da Rru venebi lur­
jad? (orive maTganSi moZraobs naxSirorJangiT mdidari anu venu­
ri sisxli)
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2.	kargad ganixileT gulis modeli. moswavleebs moaZebnineT marjve­
na da marcxena winagulebi, aseve marjvena da marcxena parkuWebi. 

	 dasviT kiTxva: Semadgenlobis mxriv rogori sisxli moZraobs gu­
lis marjvena da marcxena naxevrebSi? (marjvena naxevarSi moZra­
obs venuri sisxli, xolo marcxena naxevarSi arteriuli sisxli). 
ra uzrunvelyofs im faqts, rom marjvena da marcxena naxevrebSi 
moZravi sisxli ar ereva erTmaneTs? (maT Soris aris kunTovani 
Zgide).

3.	sTxoveT moswavleebs daakvirdnen gulis agebulebas modelze da 
Seadaron gulis sxvadasxva ganyofilebis kedlis sisqe. 

	 dasviT kiTxa: ratom gansxvavdebian kedlebi sisqiT? (kedlis sis­
qis gansxvavebis mizezi aris maT mier Sesrulebuli samuSaos in­
tensivoba). romel ganyofilebas aqvs yvelaze sqeli kedeli? da 
ratom? (yvelaze sqeli kedeli aqvs marcxena parkuWs, radgan didi 
wneviT gadaisvris sisxls aortaSi). rogor fiqrobT, romeli qso­
vilisgan aris gulis kedeli agebuli? raSi mdgomareobs misi age­
bulebisa da funqciis Tavisebureba? (miokardiumis ujredebi 
warmoadgenen gulis ganivzoliani qsovils, maTzea damokidebuli 
gulis SekumSva, moduneba da sisxlis mimoqceva mTlian organizm­
Si. miokardiumis ujredebi Seicaven kumSvad cilebs - aqtinsa da 
miozins. kunTovani boWkos SekumSva ki swored am 2 cilis daxmare­
biT xorcieldeba. ase mag: miokardiumis ujredebSi gamoyofili 
Ca, iwvevs aqtinisa da miozinis _ cilovani Zafebis erTmaneTSi Se­
curebas da ujredi ikumSeba). 

4.	modelze aCveneT gulis romeli ganyofilebebi ukavSirdebian er­
TmaneTs. moswavleebma moZebnon jibiseburi da namgliseburi sar­
qvelebi, gaarkvieT romeli sisxlZarRvebi Sedis da romeli gamo­
dis gulis TiToeuli saknidan. axsnan ra funqcia akisriaT jibi­
sebur da namglisebur sarqvelebs.

aqtivoba II

aqtivobis mizani:  gulis muSaobis Seswavla eleqtrokardiogramis gamo­
yenebiT.

aqtivobisTvis saWiro masalebi:
eleqtrokardiogramis furceli.
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aqtivobis msvleloba:
1.	sTxoveT moswavleebs gaixsenon  ra aris gulis muSaobis cikli da 

ra fazebisgan Sedgeba igi. ganumarteT ra xdeba a) winagulebis Se­
kumSvisasb) parkuWebis SekumSvisas, g) gulis saerTo modunebi­
sas?ramden xans (wamebSi) grZeldeba gulis cikli. ramdeni wami 
ikumSeba winagulebi da parkuWebi? ramdeni wamia gulis saerTo 
moduneba? 

2.	 dasviT kiTxva: ra dros xarjavs guli muSaobaze da ra dros ando­
mebs igi dasvenebas? (guli muSaobaze xarjavs 0.4wm-sda dasvenebas 
andomebs aseve 0.4wm-s)gansazRvreT (daiTvaleT) Tu ramdenjer 
ikumSeba Tqveni guli konkretul momentSi 1 wuTis ganmavlobaSi?  

3.	auxseniT, rom gulis muSaobisas adamianis mTels sxeulSi vrcel­
deba eleqtruli talRebi. swored aseTi el. talRebis Canaweri 
sxeulis sxvadasxva adgilebidan keTdeba specialuri xelsawyoTi 
e.w. eleqtrokardiografiT da gakeTebul Canawers uwodeben eleq­
trokardiogramas.

4.	eleqtrokardiogramis lentis gamoyenebiT moswavleebTan erTad 
gaarkvieT Tu ras aRniSnavs TiToeuli klaknili xazi. gulis mu­
Saobis romel fazas Seesabameba TiToeuli kbili.

5.	sTxoveT moswavleebs gadaitanon rveulSi formatze an dafaze 
winaswar daxazuli cxrili da Seavson.

gulis muSaoba

gulis ciklis 
fazebi

xangrZlivoba parkuWebisa da 
winagulis  

mdgomareoba

karisebri 
sarqvelebis  
mdgomareoba
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cxrilis Sevsebuli varianti

gulis ciklis 
fazebi

xangrZlivoba parkuWebisa 
da winagulis 
mdgomareoba

karisebri 
sarqvelebis 
mdgomareoba

winagulebis 
SkumSva

0,1 wm parkuWebi 
modunebulia

Cakidulia 
parkuWebisken 
(Riaa)

parkuWebis 
SekumSva

0,3 wm winagulebi 
modunebulia

daxurulia

gulis saerTo 
moduneba

0,4 wm winagulebi 
da parkuWebi 
modunebulia

daxurulia

aqtivobis ganmarteba

eleqtrokardiogramis gaSifvra
ECG-s furceli Sedgeba patara ujredebisgan, patara ujredebi Tavis 
mxriv qmnian did ujrebs. 1 patara ujredi horizontaluri mimarTule­
biT, aris 0.04 wami. Sesabamisad, 5 patara ujredi Seesabameba 0.2 wams, 
xolo 5 didi ujredi – 1 wams.

vertikaluri mimarTulebiT 1 patara ujredi aris 0.1 mili volti, 5 
patara ujredi 0.5 mili volti, 2 didi ujredi ki 1 mili volti.

sistola - SekumSva, g kunTis anu miokardiumis moqmedebis erT-erTi 
faza - winagulebisa da parkuWebis kunTovani boWkoebis ritmuli Sekum­
Sva. winagulebis sistolis dros sisxli gadadis parkuWebSi; parkuWebis 
sistolisas  ki sisxli gadaisroleba aortaSi.
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diastola - g, g kunTis anu  m moqmedebis erT-erTi faza, romelic mos­
devs s anu SekumSvas. am dros winagulebisa da parkuWebis kunTovani 
boWkoebi modunebulia. adamianis gulis normaluri ritmis (wT-Si 75) 
dros winagulebis diastolis xangrZlivobaa 0.7 wm, parkuWebisa - 0.5 wm.  
urTierTmimdevari sistola da d Seadgenen gulis moqmedebis cikls. 
Tu a g  SekumSvaTa raodenoba 1 wT-Siaris 75, wina gulebis sistolis 
xangrZlivoba 0,1 wm iqneba, parkuWebisa ki 0,3 wm. winagulebis sistolis 
dros sisxli gadadis parkuWebSi; parkuWTa sistolisas ki sisxli gada­
isroleba  a.

QRS kbili Seesabameba gulis parkuWebis sistolas, xolo P kbili wina­
gulebis sistolas.

internetresursebi:
gulis modelis demonstrireba
http://www.youtube.com/watch?v=duwOnsD8PS4
http://www.youtube.com/watch?v=qsLw1TgDirE

gulis muSaoba
http://www.youtube.com/watch?v=84PrHxJri9Q

kvlevis  unar-Cvevebi:
aRniSnuli cdis safuZvelze moswavleebs uyalibdebaT mecnieruli 
kvlevis Semdegi unar-Cvevebi:
yy Sesabamis masalis saTanado gamoyenebis unari.

yy dakvirvebis da aRweris unarebi.
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cda 4.  adamianis da bayayis sisxlis mikroskopuli  
  agebulebis kvleva

Sedegi:  biol. VIII.5.  moswavles SeuZlia daaxasiaTos adamianis anatomi­
uri da fiziologiuri Taviseburebebi.

indikatori: asaxelebs adamianis organizmis qsovilTa ZiriTad jgu­
febs. aRwers maTi agebulebis Taviseburebebs da akavSirebs Sesasrule­
bel funqciasTan.

rekomendacia:  mikroskopi kvlevisTvis moamzados romelime moswavlem 
da rig-rigobiT yvela moswavlem daaTvalieros preparatebi.

cdis mizani:   adamianisa da bayayis sisxlis formiani elementebis agebu­
lebisa da funqciis Taviseburebebis Seswavla.

cdisTvis saWiro masalebi:
mikroskopi (F0423), adaminis da bayayayis sisxlis mudmivi preparatebi 
(Human blood smear; frog blood smear;).(FM4130; FM4140) 

cdis msvleloba:
1.	 sTxoveT romelime moswavles moamzados mikroskopi. sasagne magi­

daze daamagros adamianis sisxlis mikropreparati da rig-rigobiT 
yvela moswavlem daaTvalieros jer mcire gadidebaze(X10),xolo 
Semdeg did gadidebaze (X40); Seadaron erTmaneTs preparati da 
ilustracia. romeli formiani elementebi Cans preparatSi? (eriT­
rocitebi).

2.	 yuradReba miaqcion, erTgvarovania Tu ara eriTrocitis Seferi­
loba? (misi centraluri nawili SeRebilia ufro sustad, vidre 
periferiuli nawili), savaraudod ra iwvevs eriTrocitis aseT 
araTanabar Seferilobas? (hemoglobinis koncentrireba centr­
Si). gverdulad mdebare eriTrocitebze dakvirvebiT Cans, rom 
maT aqvT ormxriv Cazneqili diskos forma.

3.	 amoZraon preparati da moZebnon leikocitebi. rogoria maTi for­
ma da zomebi? SeadareT erTmaneTs leikociti da eriTrociti, ra 
gansxvavebas amCnevT?(adaminis eriTrocitebs birTvi ar aqvT, gan­
sxvavebulia zomebi da forma). romeli formiani elementebia ada­
mianis sisxlSi ufro bevri? axseniT ratom? (adamianis sisxlSi 
SedarebiT bevri aris eriTrocitebi, radgan isini monawileoben 
Jangbadis gadatanaSi).

4.	 SexvdaT Tu ara mxedvelobis areSi mesame formiani elementi? da­
asaxelon isini da isaubron maT funqciaze (mesame formiani ele­
menti aris trombociti. igi membraniT dafaruli ubirTvo ele­
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mentia, aqvs mrgvali an ovaluri forma,romelsac akisria sisxlis 
Sededebis funqcia).

5.	 sasagne magidaze moaTavson bayayis sisxlis mikropreparati. daaT­
valieron jer mcire gadidebaze da Semdeg gadaitanon did gadi­
debaze. ipovon sisxlis formiani elementebi: eriTrocitebi, lei­
kocitebi da trombocitebi. 

6.	 Seadaron bayayisa da adamianis eriTrocitebi. samuSaos Sedegebi 
gadaitanon  rveulSi specialur cxrilSi.

                                 adamianis eriTrocitebi
 

            
bayayis eriTrocitebi

niSnebi adamianis 
eriTrocitebi

bayayis eriTrocitebi

forma

birTvis arseboba 
ujredSi

citoplazmis 
Seferiloba

mxedvelobis areSi maTi 
raodenoba
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niSnebi adamianis 
eriTrocitebi

bayayis 
eriTrocitebi

zomebi patara didi

forma mrgvali ovaluri

birTvis arseboba 
ujredSi

ar aqvs birTvi aqvs birTvi

citoplazmis 
Seferiloba

moiisfro moTeTro

mxedvelobis areSi 
maTi raodenoba

SedarebiT meti SedarebiT mcire 

gamaanalizebeli kiTxvebi:
1.	rogor axsniT Tqvens mier dadgenil gansxvavebebs adamianisa da 

bayayis preparatebis Sedarebisas? (eriTrocitebs ar aqvT birTvi, 
aqvT momrgvalo forma, mcire zomisani arian da ufro mraval­
ricxovania maTi raodenoba. bayayis sisxlis eriTrocitebs aqvT 
birTvi, aqvT elifsuri forma, zomaSi SedarebiT didia da Sedare­
biT mcire ricxovani)

2.	 ra mniSvneloba SeiZleba qondes adamianisTvis ubirTvo eriTro­
citebis arsebobas sisxlSi? (adamianis sisxls aqvs meti Jangbadis 
SeerTebis da gadatanis unari, radgan mas ar aqvs birTvi da mis 
adgils ikavebs 400 mln-de  hemoglobinis molekula.

internetresursebi:
http://www.youtube.com/watch?v=8CAJ6KPmtx4
http://www.youtube.com/watch?v=w2WlGI93ejs

kvlevis unar-Cvevebi:
aRniSnuli cdis safuZvelze moswavleebs uyalibdebaT mecnieruli 
kvlevis Semdegi unar-Cvevebi:
yy cdis Catarebisa da Sesabamis masalis/aRWurvilobis saTanado ga­

moyenebis unari;

yy dakvirvebis aRricxvis unari;

yy monacemebis cxrilis saxiT warmodgenis unari;

yy Sedarebis unari.
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cda 5.  adamianis sasqeso ujredebis agebuleba

Sedegi:  biol.VIII. 8.  moswavles SeuZlia aRweros adamianis gamravlebis 
sistemis Taviseburebebi.

indikatori:  ilustraciaze amoicnobs adamianis sasqeso ujredebs da 
asaxelebs maT funqciebs.

rekomendacia:  mikroskopi kvlevisTvis moamzados  maswavlebelma an 
romelime moswavlem. Semdeg TiToeulma moswavlem daaTvalieros mik­
roskopSi preparatebi, gaakeTon Canaxatebi individualurad.

aqtivobis mizani:   adamianis sasqeso ujredebis agebulebis Tavisebure­
baTa Seswavla.

aqtivobisTvis saWiro masalebi:
mikroskopi(F0423),   mudmivi preparatebi(FM4130): - adamianis spermato­
zoidi (Sperms human smear) da kvercxujredi (Overy.sec). aseve, maTi Se­
sabamisi ilustraciebi.

aqtivobis msvleloba:
1.	sTxoveT romelime moswavles moamzados mikroskopi.
2.	moaTavsos mikroskopze kvercxujredis preparati, rig-rigobiT 

yvela moswavlem daaTvalieros jer mcire gadidebaze(X10),xolo 
Semdeg did gadidebaze (X40);,  aRweron rogoria misi zoma da for­
ma. (kvercxujredi mrgvali, didi zomis ujredia).

3.	gaakeTon  rveulSi mdedrobiTi sasqeso ujredis Canaxati. ujre­
dis romel struqturas ukavia yvelaze didi adgili? axseni ra­
tom? (citoplazmas, radgan citoplazma Seicavs sakveb nivTiere­
bebs - cilebs, cximebs da naxSirwylebs. am nivTierebebs moixmars 
Canasaxi).

4.	moZebnon preparatze birTvi, citoplazma da Canaxats gaukeTon 
warwerebi. 

5.	moaTavson mikroskopze spermatozoidis preparati, daaTvalie­
ron, moZebnon ujredis gareTa membrana, mezosoma, centrioli, 
moZravi kudi, citoplazma. aRweron misi zoma da forma. (sperma­
tozoidi patara zomis wawvetebulTaviani da kudis mqone ujre­
dia). gaakeTon rveulSi mamrobiTi gametas Canaxati, gaukeTon Se­
sabamisi warwerebi.

6.	preparatebze dakvirvebisa da  aRweris safuZvelze aseve  Canaxa­
tebze dayrdnobiT ipovon gansxvaveba sasqeso ujredebs Soris. 
axsnan ras ukavSirdeba maT mier nanaxi gansxvavebi? (gansxvavebu­
lia maTi forma da zomebi, rac ukavSirdeba maT funqciebs).
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7.	Seadaron preparatebze nanaxi sasqeso ujredebi Sesabamis ilust­
raciebs da Seamowmon, ramdenad sworad gaukeTes sasqeso ujrede­
bis struqturebs Sesabamisi warwerebi.

gamaanalizebeli kiTxvebi:
1.	 ratom aris kvercxujredi spermatozoidTan SedarebiT  ufro di­

di zomis ? (kvercxujredi Seicavs Canasaxis ganviTarebisTvis 
aucilebel sakveb nivTierebebs).

2.	 ra mniSvneloba aqvs spermatozoidisTvis kudis arsebobas? (kudis 
meSveobiT igi gadaadgildeba kvercxujredisken da xdeba ganayo­
fiereba)

internetresursebi:
http://www.youtube.com/watch?v=l5xEvGbsnB4
http://www.youtube.com/watch?v=McqIGKgD7V8

kvlevis unar-Cvevebi:
aRniSnuli cdis safuZvelze moswavleebs uyalibdebaT mecnieruli 
kvlevis Semdegi unar-Cvevebi:
yy cdis Catarebisa da Sesabamis masalis/aRWurvilobis saTanado ga­

moyenebis unari.

yy dakvirvebis unari.

yy Sedarebis unari.
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cda 7.  Tvali _ mxedvelobis organo

Sedegi:  biol.VIII. 5. moswavles SeuZlia daaxasiaTos adamianis organiz­
mis anatomiuri da fiziologiuri Taviseburebebi.

indikatori: akavSirebs calkeul organos Sesabamis organoTa sistemas­
Tan da asaxelebs mis ZiriTad funqcias.

rekomendacia:  klasi specialur organizebas ar saWiroebs, aqtivobebSi 
CarTulia TiToeuli moswavle individualurad da yvela erTad. 

aqtivoba I
aqtivobis mizani:   Tvalis agebulebisa da misi funqciis Seswavla mode­
lis gamoyenebiT.

saWiro masalebi:
Tvalis agebulebis modeli F0274

aqtivobis msvleloba:
1. Tvalis modeli dadeT yvelasTvis TvalsaCino adgilas da sTxo­

veT moswavleebs   detalurad aRweron Sesabamisi nawilebi, gan­
marton TiToeuli maTganis daniSnuleba, ra roli aqvT gamosaxu­
lebis aRqmaSi da mis fokusirebaSi.

2. dasviT kiTxvebi da warmarTeT mini-diskusia:
-	 ra aris Tvali da ra  funqcia aqvs mas? (Tvali aris mxedvelo­

bis organo. mxedvelobas Zalze didi roli aqvs adamianisTvis, 
raTa kavSiri daamyaros garemosTan.)
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-	 ra amoZravebs Tvals TvalbudeSi?(Tvalbudis kedlidan Tva­
lis kaklis gareTa zedapirisken miemarTeba kunTebi, romelic 
amoZravebs Tvals).

-	 ra mniSvneloba aqvs warbebs, wamwamebs da quTuToebs?(warbebi 
icavs Tvals Sublidan Camonadeni oflisgan, quTuToebi Tva­
lis zedapirs icavs gamoSrobisgan da wamwamebTan erTad -  
mtvris nawilakebisgan).

3. kiTxvebze pasuxis Semdeg sTxoveT romelime moswavles:  Seajamos 
Tema da gaakeTos prezentacia modelis gamoyenebiT.

aqtivoba  II
ras vikvlevT:   rogor xdeba gamosaxulebis proecireba (fokusireba) ba­
duraze?

cdis mizani:   Tvalis moqmedebis principebis Seswavla.

cdisTvis saWiro masalebi:
lupa, TeTri Tabaxis furceli, naTeli fanjara an lampa, dakvirvebis 
obieqti (mag: mcenare qoTanSi).

rekomendacia:   eqsperimentis CatarebaSi monawileobs ori moswavle. Tu 
saSualeba geqnebaT kargi iqneba moswavleebi daawyviloT, raTa yvela 
damoukideblad gaxdes eqsperimentis monawile.

cdis msvleloba:
1. CaabneleT oTaxi da erTi fanjara Ria datoveT.
2. fanjridan garkveul manZilze moaTavseT lupa (is SeiZleba mos­

wavles ekavos xelSi). 
3. lupis ukan dadeT TeTri qaRaldi. lupa ise daikaveT, rom dakvir­

vebis obieqtis (mag: mcenare qoTanSi) gamosaxuleba qaRaldze na­
Teli iyos, am mizniT cvaleT manZili lupasa da qaRalds Soris im 
momentamde, sanam qaRaldze ar miiRebT mcenaris gamosaxulebas. 
nu gagikvirdebaT, rom gamosaxuleba gadabrunebuli iqneba.

4. dasviT kiTxvebi da mini-diskusiis meSveobiT SeecadeT moswavle­
ebma axsnan, ganmarton cdis Sedegi.
-	 Tvalis agebulebis romeli nawilis funqciasasrulebs lu­

pa?(lupa asrulebs brolis funqcias)
-	 Tvalis agebulebis ra nawils SeiZleba Seadaro TeTri qaRal­

di, romelzec gamosaxuleba aisaxeba?(TeTri qaRaldi asru­
lebs baduras funqcias)
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cdis ganmarteba:
TvalSi aris broli (linza), romelic funqcionirebs rogorc lupa. si­
naTlis sxivebi minaSi gavlisas gardatydeba da erTmaneTsac gadakveTen 
linzis ukan, im adgilSi, romelsac Cven linzis fokuss veZaxiT. Semdeg 
sxivebi miemarTeba badurasken (Cvens SemTxvevaSi - qaRaldi) da iqmneba 
gadabrunebuli e.w. realuri gamosaxuleba. gamosaxuleba ikiTxeba si­
naTle mgrZnobiare receptorebiT, romelTa signalebi mxedvelobis 
nervis meSveobiT gadaicema Tavis tvinSi. sayuradReboa, rom adamiani 
gamosaxulebas xedavs normalur mdgomareobaSi (ara gadabrunebuls da 
naturalur zomebSi), koreqciis procesi Tavis tvinSi mimdinareobs, 
romelic amuSavebs miRebul informacias da abrunebs gamosaxulebas 
normalur mdgomareobaSi (zoma da orientacia). gamosaxulebis aRqma 
realurad Tavis tvinSi xdeba, xolo Tvali – mxolod Sesabamisi inst­
rumentia.

aqtivoba  III
ras vikvlevT:   ra gavlenas axdens brolis simrudis cvlilebis (akomo­
daciis) unari gamosaxulebis fokusirebaze.

cdis mizani:   normaluri da darRveuli mxedvelobis meqanizmis Seswav­
la linzebis gamoyenebiT. 

cdisTvis saWiro masalebi:
optikuri merxi nakrebidan (F0608), intensiuri sinaTlis wyaro (F0444), 
optikuri linzebis nakrebi (F0442),  saxazavi (F0417), TeTri ekrani 
(F0233), 2 sagani (mag: asanTis kolofi).
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cdis msvleloba:
1. daamagreT optikur merxze sinaTlis wyaro.
2. optikuri merxis samagrze daamagreT Semkrebi (amozneqili) linza 

da ekrani.
3. ganvixiloT ori sxvadasxva varianti.
a) linzasa da sinaTlis wyaros Soris  daiWireT raime sagani ( mag:asan­

Tis kolofi), sagani amoZraveT manamde, sanam ekranze ar iqneba 
mkafio gamosaxuleba (sagnis fokusireba). mkafio gamosaxulebis 
miRebis Semdeg gazomeT fokusuri manZili da CainiSneT.

b) optikur merxze daamagreT meore Semkrebi linza, SedarebiT nak­
lebad amozneqili da gaimeoreT igive, rac ganaxorcieleT    a) 
variantisTvis .

6. Semdeg sagnebs ar SeucvaloT mdebareoba da gadaaadgileT  lin­
zebi (SeucvaleT adgilebi). ekranze aRar gveqneba mkafio gamosa­
xuleba. dairRveva fokusuri manZili.  daukavSireT es movlena 
adamianis SemTxvevaSi mxevelobis darRvevis movlenas.

7. amoZraveT ekrani wina mimarTulebiT manam, sanam ar miiReb rome­
lime sagnis mkafio gamosaxulebas. gaaCereT ekrani da gazomeT 
fokusuri manZili.

8. amoZraveT ekrani ukana mimarTulebiT manam, sanam ar miiRebT ro­
melime sagnis mkafio  gamosaxulebas. gaaCereT ekrani da gazomeT 
fokusuri manZili.

9. SeadareT Tavdapirvelad gazomili fokusuri manZili ekranis moZ­
raobis Semdeg miRebul monacems da axseniT, ram gamoiwvia foku­
suri manZilis cvlileba. daukavSireT es movlena adamianis mxed­
velobis darRvevas.

cdis gamaanalizebeli kiTxvebi:
yy Tvalis agebulebis ra nawils SeiZleba Seadaro linza?(broli), 

ekrani?(badura)

yy imsjeleT, rogor SeiZleba gamoswordes  cdis mimdinareobisas 
ganxiluli mxedvelobis defeqtebi (brolis akomodaciis darRve­
visas adgili aqvs mxedvelobis ori tipis paTologias, rogoricaa 
axlomxedveloba (miopia) da Sorsmxedveloba (hipermetropia) ax­
lomxedel adamianis mxedvelobis gamosworeba SesaZlebelia Caz­
neqillinziani saTvalis  gamoyenebiT, xolo Sorsmxedveli adami­
anis mxedvelobis gamosworeba SesaZlebelia amozneqillinziani 
saTvalis gamoyenebiT).

cdis ganmarteba:  sagnis mkafiod dasanaxad aucilebelia, rom misi ga­
mosaxuleba zustad baduraze fokusirdebodes. am dros gadamwyveti 
roli brols eniWeba.
axlomdebare sagnis yurebisas broli amoburculia, xolo Sors mdeba­
re sagnis yurebisas broli Sebrtyelebulia. rodesac adamians mxedve­
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loba erRveva da sagnebs bundovnad xedavs es imas niSnavs, rom brolma 
dakarga cvlilebis unari anu akomodaciis unari. akomodaciis unaris 
darRvevisas adamians saTvale sWirdeba.
axlomxedveli adamiani sagnebs bundovnad xedavs, radgan gamosaxuleba 
ver aRwevs baduramde da mis win fokusirdeba. axlomxedvelebi Cazne­
qillinzian saTvales atareben. aseTi linza amcirebs sinaTlis sxivis 
gardatexis kuTxes.
Sorsmxedveli adamianis TvalSi gamosaxuleba baduras ukan fokusir­
deba. amis mizezi ki zedmetad brtyeli brolia. Sorsmxedvelebi amoz­
neqillinzian saTvales atareben. 

internetresursebi:
Tvalis modeli
http://www.youtube.com/watch?v=TXFt1Ikl__I
http://www.youtube.com/watch?v=M-67UjuBWR8
http://www.youtube.com/watch?v=q2zt1t8Cjts
http://www.youtube.com/watch?v=6YxffFmi4Eo
http://www.youtube.com/watch?v=RE1MvRmWg7I

gamosaxulebis aRqma
http://www.youtube.com/watch?v=sOATR1ZdA4g
http://www.youtube.com/watch?v=sOATR1ZdA4g
http://www.youtube.com/watch?v=j1Xuzw80ugg
http://www.myvideo.ge/?video_id=1252211
http://www.myvideo.ge/?video_id=1310111

kvlevis unar-Cvevebi:
aRniSnuli cdis safuZvelze moswavleebs uyalibdebaT mecnieruli 
kvlevis Semdegi unar-Cvevebi:
yy cdis Catarebisa da Sesabamis masalis/aRWurvilobis saTanado ga­

moyenebis unari;

yy dakvirvebis unari;

yy Sedarebis unari;

yy daskvnis gamotanis unari.
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cda 8.  Tirkmeli _ gamomyofi organo

Sedegi:  biol. VIII.7.  moswavles SeuZlia imsjelos organizmis Sinagani 
garemos mudmivobis SenarCunebis (homeostazi) mniSvnelobaze.

indikatori:   aRwers organizmis cxovelmoqmedebis Sedegad warmoqmni­
li narCeni produqtebis gamoyofis gzebs da asabuTebs Tirkmelebis 
mniSvnelobas wylis balansis SenarCunebaSi.

rekomendacia:   aqtivobis msvlelobisas CarTulia mTeli klasi.

aqtivobis  mizani:   Tirkmlis agebulebis da funqciis Seswavla modelis 
gamoyenebiT.

aqtivobisTvis saWiro masalebi:
Tirkmlis modeli

aqtivobis msvleloba:
1. aCveneT moswavleebs Tirkmlis modeli  (SeecadeT yvela moswavlem 

axlodan daaTvalieros igi).
2. sTxoveT daakvirdnen, gaixsenon misi agebuleba da funqcia.
3. sxvadasxva moswavles sTxoveT, rom modelze aCvenon Tirkmlis 

qerqovani da tvinovani nawilebi, Tirkmlis menji, kafsula, fia­
la. aRweron isini, isaubron maT funqciebze. aCvenon romeli sis­
xlZarRvi Sedis TirkmelSi da romeli gamodis Tirkmelidan gan­
marton ra aris nefroni, aRweron nefronis agebuleba da isaub­
ron mis funqciaze – Tu rogor xdeba Sardis warmoqmna.
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4. mouyeviT moswavleebs konkretuli situaciebi da  sTxoveT  gaaa­
nalizon  isini da upasuxon kiTxvebs.

situacia N1  - adamianis organizmSi nivTierebaTa cvlis mudmivma dar­
Rvevam  SesaZlebelia TirkmlebSi marilebis dagroveba da e.w. ,,qvebis” 
warmoqmna gamoiwvios. qvebis arseboba iwvevs Zlier tkivils, rogor 
fiqrobT ratom? (qvebi Sardis dinebas aZnelebs, maxvili kideebiT Sar­
dgamomtani gzebis lorwovan garss aRizianebs da Zlier tkivils iw­
vevs.) sTxoveT moswavleebs aCvenon Tirkmlis modelze, Tu sad SeiZle­
ba moxdes qvebis dagroveba da ra gza unda gaiaros aseTma qvam  rom 
moxdes misi organizmidan gamodevna? 

situacia N2 -. adamianis organizmSi orive Tirkmlis dazianebis SemTx­
vevaSi, xdeba organizmis Zlieri mowamvla da aseT dros SeiZleba ada­
miani gardaicvalos 3-5 dReSi. axseniT, romeli nivTierebebiT iwamleba 
adamiani, miuxedavad imisa, rom garedan mis organizmSi ar moxvedrila 
aranairi Sxamebi?(Tirkmlis funqciis darRvevis, an misi gaTiSvis Sem­
TxvevaSi adamianis mowamvla xdeba im nivTierebebiT, romlebic sisxli­
dan TirkmelebSi ver gaifiltra).
mocemuli situaciis analizis Semdeg esaubreT, rom Tirkmlebi warmo­
adgens adamianis organizmis Zlier filtrs. 1 wT-is ganmavlobaSi daax­
loebiT 1 l sisxlis gafiltvras aswreben, xolo dRe-Ramis ganmavlo­
baSi 1700 l-s. isini aTavisufleben sisxls mavne nivTierebebisgan da 
zedmeti siTxisgan. 

internetresursebi:
Tirkmlis modelis demonstrireba
http://www.youtube.com/watch?v=QyWr9E13-ik
http://www.youtube.com/watch?v=1QX0Wc_-MW0
http://www.youtube.com/watch?v=Scbv7fLLtc0
http://www.youtube.com/watch?v=AsU44qkLAUg

Tirkmlis funqcia
http://www.youtube.com/watch?v=glu0dzK4dbU
http://www.youtube.com/watch?v=TzwPmz5V6Xg
http://www.youtube.com/watch?v=aj-gbnOB4jM&feature=endscreen

kvleviTi unar-Cvevebi
aRniSnuli cdis safuZvelze moswavleebs uyalibdebaT mecnieruli 
kvlevis Semdegi unar-Cvevebi:
yy cdis Sesabamis masalis saTanado gamoyenebis unari.

yy dakvirvebis unari.

yy analizis unari.
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cda 9.  Tavis tvinis agebuleba da funqciebi

Sedegi: biol. VIII.5.  moswavles SeuZlia daaxasiaTos adamianis anatomi­
uri da fiziologiuri Taviseburebebi.

indikatori:  akavSirebs calkeul organos organoTa sistemasTan da 
asaxelebs mis ZiriTad funqcias.

rekomendacia: aqtivoba I CaatareT   vici/minda vicode/viswavle meTo­
diT wyvilebSi.

aqtivoba I

aqtivobis mizani:  adamianis Tavis tvinis agebulebis Seswavla modelis 
gamoyenebiT.

aqtivobisTvis saWiro masalebi:
adamianis Tavis modeli (F6985), xerxemlian cxovelTa Tavis tvinis am­
saxveli ilustracia, teqsti Tavis tvinis agebulebaze da mis funqci­
ebze.

aqtivobis msvleloba:        
1.	daxazeT dafaze cxrili vici/minda vicode/viswavle da dasviT 

kiTxvebi:
yy ra iciT Tavis tvins Sesaxeb?

yy ra gindaT rom icodeT?

yy moswavleTa pasuxebi SeitaneT Sesabamis or grafaSi.

2.	gamarTeT mini-diskusia da dasviT kiTxvebi:
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yy rogor fiqrobT, rac ufro didia adaminis Tavi miT ufro Wkvi­
ania igi?(ara, Tavis zoma ar gansazRvravs adamianis gonebriv gan­
viTarebas).

yy rogor fiqrobT, rasTan aris dakavSirebuli adaminis Tavis tvi­
nis zomebi?(adamianis Tavis tvinis zomebi dakavSirebulia adamia­
nis Tavis qalis zomebTan da Sesabamisad fizikur zomebTan).

yy rasTan aris dakavSirebuli adamianis iseTi fsiqiuri funqciebi, 
rogoricaa mexsiereba, metyveleba, azrovneba, qcevis regulacia? 
(didi naxevarsferoebis qerqTan).

yy riT gansxvavdeba adamianis Tavis tvini sxva xerxemliani cxove­
lebis Tavis tvinisgan? (gamoiyeneT xerxemlian cxovelTa Tavis 
tvinis amsaxveli ilustraciebi.- daakvirdnen, Seadaron da imsje­
lon).

3.	sTxoveT moswavleebs yuradRebiT waikiTxon teqsti Tavis tvinis 
agebulebaze da mis funqciebze.

4.	daurigeT moswavleebs Tavis tvinis agebulebis amsaxveli ilust­
racia da mieciT davaleba: Tavis tvinis yvela nawils gaukeTeT 
Sesabamisi warwerebi.

5.	 SeecadeT upasuxoT moswavleTa kiTxvebs, romelic CamowereT 
cxrilis meore grafaSi.

6.	moswavleebs sTxoveT individualurad Seavson cxrilis mesame 
grafa - viswavle.

7.	samuSaos dasrulebisas moswavleebma Sevsebuli cxrilisa da 
ilustraciis daxmarebiT aRweron Tavis tvinis agebuleba. model­
ze amoicnon tvinis ganyofilebebi da isaubron maT funqciebze,  
ganmarton ra aris TeTri da ruxi nivTiereba. aCvenon adgili, sa­
dac Tavis tvini uerTdeba zurgis tvins da axsnan Tu rogor xde­
ba es SeerTeba.  ra aris qerqi da ra funqcia akisria mas.
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aqtivoba 2

dakvirveba upirobo refleqsebze

cda N1
ras vikvlevT:  ganxorcieldeba Tu ara ylapva, Tu piris RruSi ar iqne­
ba konkretuli gamRizianebeli?

cdis mizani: ylapvis refleqsis warmoqmnisaTvis aucilebeli pirobis 
dadgena.

cdis msvleloba:
1.	 mieciT niSani da moswavleebma Zalian swrafad, zedized daiwyon 

ylapva ise, rom pirSi araferi edoT.
2.	 daTvalon ramdenjer Seasruleben ylapvis aqts
3.	 pirSi Caidon patara puris naWeri, daReWon
4.	 daTvalon ramdenjer Seasruleben ylapvis aqts
5.	 Seadaron gamRizianeblis gareSe da gamRizianebliT (puris naW­

riT) Sesrulebuli ylapvis aqtebis odenoba.
6.	 sTxoveT moswavleebs sqemis saxiT Seadginon  ylapvis refleqsis  

refleqsuri rkali (receptoridan efeqtoramde), Semdeg tvinis 
modelze moZebnon is nawili sadac, maTi azriT, mdebareobs ylap­
vis centri. dasviT kiTxva: kidev romeli centrebi  mdebareobs 
tvinis am ubanSi?

cdis Sedegi:  dakvirvebis Sedegad aRmoaCenen, rom ylapvis refleqsis 
gansaxorcieleblad aucilebelia gamRizianebeli (Tundac nerwyvi), 
romelic aagznebs  saWmlis monelebis centrs da Sesabamisad ganxorci­
eldeba ylapva. ganamtkiceben codnas Tavis tvinSi Sesabamisi centris 
lokalizaciasTan dakavSirebiT..

cda N2
ras vikvlevT: ra aris saorientacio refleqsis ganxorcielebis mizezi.

cdis mizani: dakvirveba saorientacio refleqsis warmoqmnaze. 

cdis msvleloba:
a) daakakuneT fanqari  ramdenjerme. moswavleTa umravlesoba moixe­
davs Tqvensken, saidanac xma moesmaT.dasviT kiTxva: ratom moixedeT 
Cemsken?(savaraudoT maTi pasuxi ,: radgan gaigones dakakunebis xma). 
romeli receptorebis gaRizianebis Sedegia es refleqsi?(smenis recep­
torebis) axalma gamRizianebelma gamoiwvia saorientacio refleqsi. 
gamRizianebelma imoqmeda smenis organoze.
b) moulodnelad CarTeT ganaTeba (mag: klasis ganaTeba,  fanari) cdis 
msvlelobisas ramdenjerme  gaimeoreT Tqveni qmedeba. moswavleTa um­
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ravlesoba gaixedavs sinaTlis wyarosken.es qmedeba gaimeoreT ramden­
jerme. dasviT kiTxva: ratom gaixedeT yvelam sinaTlis wyarosken? (sa­
varaudoT maTi pasuxi  iqneba : radgan moxda sinaTliT mxedvelobis ga­
Rizianeba) romeli receptorebis gaRizianebis Sedegia es refleqsi? 
(mxedvelobis receptorebis) ratom ar vlindeba refleqsi gameorebis 
SemTxvevaSi? (radgan gamRizianebeli unda iyos yovelTvis axali, game­
orebis  SemTxvevaSi gamRizianebeli kargavs Tavis mniSvnelobas) 
 maSasadame, gamRizianebelma imoqmeda mxedvelobis organoze da gamo­
iwvia saorientacio refleqsi.
sTxoveT moswavleebs, adamianis Tavis modelze moZebnon tvinis is nawi­
li romelic, maTi azriT, pasuxismgebelia am saxis refleqsebze. dasviT 
kiTxva: ra moxdeba, Tu adamians raime paTologiis Sedegad (mag. simsivne) 
dauziandeba Sua tvini?(Sua tvinis dazianeba gamoiwvevs kunTebis modu­
nebas, aRar gaigzavneba impulsebi ConCxis kunTebisken da moxdeba mxed­
velobiTi da bgeriTi saorientacio reqleqsebis darRveva).

cdis Sedegi/daskvna: saorientacio refleqsi SeiZleba gamowveuli iyos 
nebismieri gamRizianebliT -smeniT, mxedvelobiT, SexebiT. oRond gam­
Rizianebeli unda iyos moulodneli da Zlieri. unda aRiniSnos, rom 
gameorebis SemTxvevaSi gamRizianebeli kargavs Tavis mniSvnelobas da 
refleqsi aRar vlindeba.

cda N3
cdis mizani: gaSeSdi”-s brZanebis gacemisas gamovlenili refleqsis 
gansazRvra.

cdis msvleloba:  uTxariT moswavleebs, rom wamodgnen da klasSi imoZ­
raon Tavisuflad.  ucabedad gaeciT brZaneba -`gaSeSdi”da rogor po­
zaSic arian darCnen ise. sTxoveT moswavleebs aRweron ra igrZnes ga­
SeSebisas, (savaraudod maTi pasuxi daaxloebiT aseTi iqneba: kunTebi 
SekumSulia, magram saxsrebis moZraoba dablokilia, anu ar xorciel­
deba rTuli moZraobiTi refleqsebi). sTxoveT moswavleebs daasaxe­
lon tvinis is ubani, romelic, savaraudod, CarTulia  sxeulis  axal 
pozaSi dafiqsirebisas (Suamdebare tvini)   gaSeSebisas kunTebi tonus­
Sia da veRar axorcieleben moZraobis rTul refleqss.

cdis Sedegi:  brZanebam gamoiwvia moZraobis SeCereba. amasTanave parale­
lurad iblokeba sxeulis sxvadasxva saxsarSi moZraoba, Suamdebare 
tvinidan wamosuli impulsebis gavleniT kunTebi ikumSeba da sxeuli 
afiqsirebs axal pozas.

internetresursebi
Tavis tvinis modeli
http://www.youtube.com/watch?v=IpZcT1dnl2c
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http://www.youtube.com/watch?v=IDHr0u2zeKA
http://www.youtube.com/watch?v=jG09ulhROI8

kvleviTi unar-Cvevebi
aRniSnuli cdis safuZvelze moswavleebs uyalibdebaT mecnieruli 
kvlevis Semdegi unar-Cvevebi:
yy Sesabamis masalis saTanado gamoyenebis unari.

yy dakvirvebis da aRweris unarebi.
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cda 10.  adamianis torsis modelis  magaliTze  
   organoebis da organoTa sistemebis Seswavla

Sedegi: biol.VIII.5. moswavles SeuZlia daaxasiaTos adamianis anatomiuri 
da fiziologiuri Taviseburebebi.

indikatori:   akavSirebs calkeul organos organoTa sistemasTan da 
asaxelebs mis ZiriTad funqcias.

rekomendacia:    aqtivobis msvlelobisas CarTulia mTeli klasi. sasur­
velia mocemuli aqtivoba CaataroT organoTa sistemebis Seswavlis 
Semdeg.

aqtivobis mizani:   adamianis organoebisa da organoTa sistemebis Ses­
wavla adamianis torsis modelze dakvirvebiT.

aqtivobisTvis saWiro masalebi:
adamianis torsis modeli, janmrTeli da mweveli adamianis filtvis 
ilustraciebi.

aqtivobis msvleloba:
1.	gaacaniT moswavleebs aqtivobis mizani da moaTavseT adamianis 

torsis modeli TvalsaCino adgilas. sTxoveT moswavleebs yu­
radRebiT daakvirdnen da amoicnon adamianis sxeulis nawilebi.
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2.	torsis modelidan amoiReT erT-erTi romelime organo mag: kuWi. 
moswavleebs sTxoveT daasaxelon ra organoa es, sad mdebareobs? 
rogoria misi kedlis agebuleba da ra funqcias asrulebs,  romel 
organoTa sistemas ekuTvnis. aRweron saWmlis monelebis gza pi­
ris Rrudan  swor nawlavamde.

3.	dasviT kiTxvebi:
yy kuWis kedlis romel SreSia (lorwovani epiTeliumi, kunTovani da 

SemaerTebeli)  ganlagebuli jirkvlebi, sadac xdeba kuWis wvenis 
gamomuSaveba?(kuWis lorwovaniepiTeliumis danaoWebul garsSi ).

yy ra qmnis bariers kuWis wvensa da kuWis kedels Soris da ra moyveba 
am barieris darRvevas? (bariers qmnis lorwovani garsi. damcve­
lobiTi barieris darRvevis SemTxvevaSi proteazebi da marilmJa­
va ujredis kedels ,,gamoWamen» da warmoiqmneba wyluli).

yy sTxoveT moswavleebs gamoTqvan varaudi da imsjelon ra proble­
mebis winaSe SeiZleba aRmoCndes adamiani, Tu mas operaciis Sede­
gad  kuWs amokveTen? (savaraudod upasuxeben, rom sakvebi pirda­
pir moxvdeba Tormetgoja nawlavSi, kuWis ar arsebobis gamo ar 
moxdeba kuWis wvenis gamomuSaveba, rac Seaferxebs da gaarTulebs 
saWmlis monelebis process).

yy kuWis dapataravebis operaciis Sedegad adamiani iklebs wonaSi. 
rogor fiqrobT, ra SeiZleba iyos amis mizezi?(operaciis Sem­
deg sakvebi saylapavi milidan ,,patara kuWSi» da iqedan pirdapir 
wvril nawlavSi xvdeba. saWmlis momnelebeli wvenebi pirdapir 
wvril nawlavSi xvdeba. operaciis Semdeg miRebuli sakvebis ode­
noba sagrZnoblad mcirdeba. amasaTan, wvril nawlavSi naadrevad 
moxvedrili sakvebi iwvevs simaZRris myar SegrZnebas da ukargavs 
saWmlis miRebis survils, Cndeba gulgriloba Wamis mimarT).

5. kuWis modelis ganxilvis Semdeg sTxoveT romelime moswavles Se­
ajamos kuWis irgvliv msjeloba da gaakeTos prezentacia klasis 
winaSe.

6. Semdeg adamianis torsis models amoacaleT erTi filtvi (ise rom 
ver dainaxon) da sTxoveT daakvirdnen models da amoicnon rome­
li organo aklia; axsnan ra problema SeiZleba qondes aseT SemTx­
vevaSi adamians? (erTi filtvis mqone adamianis organizmi naklebi 
jangbadiT momaragdeba), aRweron organos agebuleba da isaubron 
mis funqciaze; daasaxelon romeli organoTa sistemis nawilia 
filtvebi; aCvenon modelze traqea, bronqebi, filtvebi.

7. Semdeg moswavleebs aCveneT janmrTeli da mweveli adamianis filtve­
bis ilustracia da sTxoveT, Seadaron erTmaneTs; imsjelon, ratom 
aris mweveli adamianis filtvebi SedarebiT patara da muqi feris? 
ra aris amis mizezi? (TambaqoSi Semavali kupri (Wvartli) ileqeba 
filtvis buStukebSi, rac iwvevs maT mier airTa cvlis Seferxebas, 
buStukebis kvdomas da zomaSi da raodenobaSi Semcirebas. Tambaqos 
mwevelis filtvebi elastiurobas kargavs, mcired Wimvadi xdeba, 
rac maT sasicocxlo tevadobas da ventilacias amcirebs).
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8. filtvis  modelis ganxilvis Semdeg sTxoveT romelime moswavles 
Seajamos filtvis  irgvliv msjeloba da gaakeTos prezentacia 
klasis winaSe.

9. klasi dayaviT 4 jgufad. TiToeulma jgufma amoirCios organo, 
daaxasiaTos misi agebuleba da funqciebi. aRweros am organos da­
zianebis SemTxvevaSi ra cvlilebebs elian sxva sistemaSi, mag: 
filtvis dazianebisas ra cvlilebebia mosalodneli gul-sisxl­
ZarRvTa sistemaSi, nervul sistemaSi  an gamomyof sistemaSi?

dasviT kiTxva: gagicdiaT Tu ara SiSi? xom ar SegSinebiaT romelime 
Tqvengans mag: ZaRlis? aRwereT SiSis gamomxatveli niSnebi (ga­
fermqrTaleba, gulis cemis da sunTqvis gaxSireba, gaqceva da 
a.S.).

Tqveni azriT, ra  iwvevs aseT reaqciebs? (nebismieri SiSis dros hi­
poTalamusis  gavleniT aqtiurdeba simpaTikuri nervuli sistema, 
Tirkmelzeda jirkvali gamoyofs hormon- adrenalins, viwrovde­
ba kanis sisxlZarRvebi, pulsi da sunTqva xSirdeba, sisxlis dine­
bis siCqare matulobs ConCxis kunTebSi, am dros saWmlis moneleba 
ferxdeba, RviZli iwyebs glukozis gamodevnas, kuWis SekumSvebi 
iblokeba.

mimarTeT moswavleebs: ra daskvnas gaakeTebT jgufebSi muSaobis Sem­
deg  (Sedegad moswavleebi midian daskvnamde, rom organizmi erTiani 
sistemaa).

rekomendacia:  es aqtivoba SeiZleba  ganavrcoT da torsis modelidan 
kidev sxva romelime organo amoarCioT, dasvaT kiTxvebi da amsjeloT 
organos agebulebisa da funqciis Taviseburebebze. 

internetresursebi:
adamianis torsis modeli
http://www.youtube.com/watch?v=2BIWOH8X6-Y
http://www.youtube.com/watch?v=H5cdonAZWJ8
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http://www.youtube.com/watch?v=w_qzpDkDWm4
http://www.youtube.com/watch?v=S37I9U1kheI
http://www.myvideo.ge/?video_id=1731374

kvleviTi unar-Cvevebi:
aRniSnuli cdis safuZvelze moswavleebs uyalibdebaT mecnieruli 
kvlevis Semdegi unar-Cvevebi:
yy Sesabamisi masalis saTanado gamoyenebis unari.

yy dakvirvebis, Sedarebis da aRweris unarebi.
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biologia

IX klasi

cda 1.   niadagis Sedgenilobis Seswavla
cda 2 . umartivesebis kvebis Tavisebureba infuzoria-qalamanas  magaliTze
cda 3. umartivesebisgamravleba sxvadasxva temperaturis pirobebSi
cda 4 .  wylis,  rogorc ekologiuri faqtoris gavlena mcenareebSi bagee
bis raodenobaze
cda 5.   wylis xarisxis Sefaseba  
cda 6.  wylis, rogorc ekologiuri faqtoris roli xorblis Teslis aR
mocenebaze
cda 7.  tenisa da temperaturis gavlenis Seswavla obis sokosganviTarebaze
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cda 1.  niadagis Sedgenilobis Seswavla 

Sedegi: biol.IX.8. moswavles  SeuZlia gaaanalizos urTierTkavSiri eko­
sistemis komponentebs  Soris da imsjelos organizmebis rolze eko­
sistemis stabilurobis SenarCunebaSi.

rekomendacia:  sasurvelia eqsperimenti Catardes jgufebSi. jgufebis 
raodenoba da jgufebSi moswavleTa raodenoba gansazRvreT klasSi 
moswavleTa raodenobis mixedviT.

usafrTxoeba:  sifrTxile daicaviT spirtquris gamoyenebisas.

ras vikvlevT:  ra nivTierebebs Seicavs niadagi.

cdis mizani:  niadagis Sedgenilobis Seswavla. 

cdisTvis saWiro masalebi:
niadagi, cecxlgaZle masalisgan damzadebuli (mag: rkinisgan) mcire zo­
mis yuTi, spirtqura (F0300), 3 qimiuri Wiqa (F0088), minis wkiri, Zabri, 
filtris qaRaldi, faifuris jami  (F0474), sasagne mina  (F0360), pipeti.

cdis msvleloba:
1.	aiReT cotaodeni niadagi, moaTavseT yuTSi da gaaxureT spirtqu­

ris alze.
2.	gamomwvari niadagis naxevari moaTavseT N1 qimiur WiqaSi, daama­

teT wyali da mourieT.
3.	morevis Semdeg miRebuli  siTxe daayovneT 5 wT.
4.	gadaRvareT siTxe, datoveT mxolod naleqi da SeavseT Wiqa sufTa 

wyliT. gaimeoreT es procedura 3-4-jer. daakvirdiT wylis simR­
vrivis cvlilebas. 

5.	gamomwvari niadagis meore naxevari CayareT N2 qimiur WiqaSi, da­
umateT wyali da datoveT 1 dRe-Ramis ganmavlobaSi. 

6.	meore dRes N2 qimiuri Wiqa frTxilad SeanjRrieT, mRvrie wyali 
gafiltreT.  filtris qaRaldi moTavsebuli unda iyos ZabrSi.

7.	gafiltruli wylis ramdenime wveTi pipetiT daawveTeT sasagne 
minaze. sasagne mina miitaneT spirtquris alTan da masze arsebuli 
wyali aaorTqleT.
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cdaSi miRebuli cvlilebebi SeitaneT cxrilis Sesabamis grafaSi. cda­
Si miRebuli Sedegebis gasaanalizeblad upasuxeT Semdeg  kiTxvebs:

cdis msvleloba Sedegi axsna

1

2

3

4

cdis gamaanalizebeli  kiTxvebi:
1.	ra nivTierebebi daiwva rkinis yuTSi?(niadagi Seicavs organul 

nivTierebebs neSompalas saxiT, romelic gaxurebis Semdeg daiw­
va).

2.	ratom aimRvra wyali gamomwvar niadagTan Serevis Semdeg N1 qimi­
ur WiqaSi? (wyals amRvrevs niadagis SemadgenlobaSi Semavali Ti­
xa).

3.	rogor Seicvala niadagis Sedegniloba WiqaSi ramdenjerme ga­
recxvis Semdeg? (garecxvis Sedegad niadagidan gamoidevna Tixa, 
romelmac  wyali aamRvria, xolo fskerze darCa qviSa).

4.	rogor fiqrobT, ra nivTierebebi gadavida filtratSi N2Wiqis 
SigTavsis gafiltvrisas? (wyalSi xsnadi mineraluri marilebi).

5.	ra darCa sasagne minaze filtratis aorTqlebis Semdeg? romeli 
nivTierebebis arsebobaze miuTiTebs es narCeni? (sasagne minaze 
darCa TeTri nafifqi, es aris mineraluri marilebi).

6.	cdis Sedegebis mixedviT gaakeTeT saboloo daskvna, ra nivTiere­
bebs Seicavs niadagi? (niadagi Seicavs neSompalas, Tixas, qviSas, 
mineralur marilebs).
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rekomendacia:  esaubreT moswavleebs ekosistemis formirebaSi niadagis 
rolze. niadagis sxvadasxva tipebze. aseve aCveneT winaswar momzadebu­
li patara parkebSi Cayrili sxvadasxva tipis niadagi (mag: Savmiwa, Tix­
nari, qviSnari, da sxva).
kargi iqneba, Tu cdis dawyebamde kiTxvebis saxiT gaaaqtiurebT codnas 
imis Sesaxeb, rom organul nivTierebebs aqvs wvis unari. dasvamT kiTx­
vebs Tixisa da qviSis Tvisebebis Sesaxeb, rac moexmareba moswavleebs 
sworad gaanalizon cdaSi miRebuli Sedegebi da gaakeTon swori daskv­
na.

kvlevis unar-Cvevebi:
aRniSnuli cdis safuZvelze moswavleebs uyalibdebaT mecnieruli 
kvlevis Semdegi unar-Cvevebi:
yy cdis Catarebisa da Sesabamis masalis/aRWurvilobis saTanado ga­

moyenebis unari usafrTxoebis wesebis dacviT.

yy dakvirvebis an/da gazomvebis aRricxvis unari.

yy monacemebis cxrilis saxiT warmodgenis unari.

yy monacemebis gaanalizebis da daskvnis gamotanis unarebi.
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cda 2.  umartivesebis kvebis Tavisebureba infuzoria- 
  qalamanas  magaliTze

Sedegi: biol. IX. 5.  moswavles  SeuZlia daaxasiaTos cocxali sistemis 
zogadi niSan-Tvisebebi.

indikatori: msjelobs cocxali sistemis ZiriTad kriteriumebze ( kve­
ba, gaRizianebadoba, gamoyofa, moZraoba, zrda, gamravleba, nivTiere­
baTa da energiis cvla).

rekomendacia:   jgufuri samuSao. jgufebis raodenoba da jgufSi mos­
wavleTa raodenoba gansazRvreT klasSi moswavleTa raodenobis Sesa­
bamisad. 

aqtivobis mizani:  infuzoria-qalamanas kvebaze dakvirveba.

aqtivobisTvis saWiro masalebi:
 mikroskopi (F0423), infuzoria-qalamanas kulturebi, ganzavebuli tu­
Sis saRebavi, filtris qaRaldi (F0548), pipeti (F0461), sasagne mina 
(F0360), safari mina (F0361).

aqtivobis msvleloba: 
1.	daamzadeT droebiTi preparati: sasagne minaze daawveTeT guburis 

wylis ramdenime wveTi, romelSic iqnebian infuzoriebi, daafareT 
safari mina da zedmeti wyali amoaSreT filtris qaRaldiT.

2.	daaTvaliereT preparati mikroskopSi jer mcire gadidebaze (X10), 
Semdeg ki did gadidebaze (X40). 

3.	daakvirdiT infuzorias ujredSi vakuolis arsebobas.
4.	preparatze im adgilas, sadac infuzoriebia pipetiT safari minis 

kideSi daawveTeT saRebavi.
5.	preparati moaTavseT mikroskopSi.
6.	preparati  daaTvaliereT mikroskopis did gadidebaze (X40). pre­

paratze unda Candes Savi laqebi, romlebic moZraoben piris SeR­
rmavebisken. ujredSi am laqebis moxvedrisas warmoiqmneba momne­
lebeli vakuoli,romelic iwyebs moZraobas citoplazmaSi. 
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7.	ramdenime wuTis Semdeg SeiZleba daakvirdeT, Tu rogor uaxlov­
deba saWmlis momnelebeli vakuoli ujredis garss da rogor ga­
modevnis saRebavis nawilakebs gareT.

aqtivobis gamaanalizebeli kiTxvebi:
1.	ratom gaCnda erTujredian infuzoria-qalamanas ujredSi Savi 

feris vezikulebi? (Savi saRebavi, specialuri Cazneqilobidan,  
piris xvrelis saSualebiT xvdeba citoplazmaSi. sadac maSinve ya­
libdeba saWmlis momnelebeli vakuoli, romelSic Savi saRebavi 
aRmoCndeba).

2.	rogor xdeba mounelebeli sakvebis gamodevna infuzorias ujre­
didan?(mounelebel sakvebs infuzoria gamodevnis mfeTqavi vaku­
olis meSveobiT)

aqtivobis Sedegi/daskvna:
infuzoria-qalamana ikvebeba wyalSi arsebuli organuli nivTierebebiT 
an baqteriebiT.  isini ujredSi xvdebian specialuri Cazneqilobidan - 
e.w. piris xvrelidan. qalamanas organuli nivTierebebis gadasamuSaveb­
lad aqvs saWmlis momnelebeli vakuoli, romelic warmoiqmneba sakvebis 
moxvedrisas. wyalTan erTad saRebavi xvdeba ujredSi, ris gamoc is 
iRebeba Savad.

internetresursebi:
http://www.youtube.com/watch?v=saLYHUs6cWk
http://www.youtube.com/watch?v=9Ynm5ZOW59Q
http://www.youtube.com/watch?v=bigRznfYjKE

kvleviTi unar-Cvevebi:
aRniSnuli cdis safuZvelze moswavleebs uyalibdebaT mecnieruli 
kvlevis Semdegi unar-Cvevebi:
yy cdis Catarebisa da Sesabamis masalis/aRWurvilobis saTanado ga­

moyenebis unari.

yy dakvirvebis unari.
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cda 3.  umartivesebis gamravleba sxvadasxva  
  temperaturis  pirobebSi

Sedegi: biol. IX. 8. moswavles SeuZlia gaaanalizos urTierTkavSiri 
ekosistemis komponentebs Soris da imsjelos organizmebis  rolze 
ekosistemis stabilurobis SenarCunebaSi.

indikatori: ganarCevs mcenareebsa da cxovelebze moqmed ZiriTad gare­
mo faqtorebs (mag: temperatura, ganaTeba, wyali, sakvebi nivTierebebi).

rekomendacia:  sasurvelia samuSao Sesruldes jgufebSi. jgufebis ra­
odenoba da jgufSi moswavleTa raodenoba gansazRvreT klasSi moswav­
leTa raodenobis mixedviT.

ras vikvlevT:  ra gavlenas axdens temperatura infuzoria-qalamanas 
gamravlebis intensivobaze?

cdis mizani:  infuzoria- qalamanas gamravlebis intensivobis tempera­
turaze damokidebulebis Seswavla.

cdisTvis saWiro masalebi:
mikroskopi (F0423), mudmivi preparatebi (zoologia) - (FM4140) - infu­
zoria-qalamanas mudmivi preparati (Paramecium. w. m), infuzoria-qala­
manas kulturebi, 4 sinjara (F0176) bambis sacobiT, wylis Termomet­
ri(F0332), pipeti(F0461), lupa(F0116), PH indikatori(F0459).

cdis msvleloba:
1.	aiReT 4 sinjara, CaasxiT naxevramde wyali, danomreT da  moaTav­

seT SeZlebisdagvarad Tanabari raodenobiT infuzoria-qalamane­
bi.

2.	TiToeul sinjaraSi pipetiT CaasxiT  wyliT ganzavebuli auduRa­
ri rZe  (saWiroa infuzoriebis gamosakvebad).

3.	sinjarebs gaukeTeT bambis sacobi da moaTavseT gansxvavebul tem­
peraturaze. mag:siTboSi, siciveSi ( fanjris rafaze). 

4.	wylis TermometriT gazomeT temperatura TiTeul sinjaraSi, 
sxvaoba ar unda iyos 100C- ze meti. mag 200-250C da meoreSi 100-150C.

5.	 1.5-2 kviris Semdeg daakvirdiT sinjarebs lupiT.
6.	aageT svetovani diagrama, rac TvalsaCinos gaxdis 4 sinjaraSi 

gamravlebis intensivobis damokidebulebas temperaturaze.
7.	gaanalizeT Sedegebi da gaakeTeT daskvna.
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cdis Sedegi:     siTboSi moTavsebul sinjaraSi infuzoriebis raodenoba 
gacilebiT meti iqneba,  vidre dabal temperaturaze myof sinjaraSi. e.i. 
siciveSi gamravlebis intensivoba klebulobs (gayofa xdeba yovel 24sT-
Si). maTi raodenoba bevrad ufro meti iqneba, vidre dabal temperatura­
ze moTavsebul sinjarebSi. siciveSi gamravlebis intensivoba iklebs. 

SeniSvna:  sasurvelia jgufebs misceT davaleba:
dagegmon da Caataron msgavsi cda, romelic Seamowmebs infuzoria-qa­
lamanas gamravlebis damokidebulebas mJava garemoSi. gamoiyenon pH 
indikatori.

cdis gamaanalizebeli kiTxvebi:
1. ra gavlenas axdens temperatura infuzoria-qalamanas gamravlebis 

intensivobaze? (maRal temperaturaze (250C -300C-mde) infuzorie­
bi swrafad mravldebian (gayofa xdeba yovel 24 saaTSi), xolo da­
bal temperaturaze gamravlebis intensivoba klebulobs).

2. romelia mocemul cdaSidamokidebuli da damoukidebeli cvlade­
bi? (damokidebuli cvladia infuzoriebis raodenoba, damouki­
debeli cvladia temperatura).

3. ra davadgineT kvlevis Sedegad? (maRali temperatura (25-30 0C) 
zrdis gamravlebis intensivobas ,xolo dabal temperaturaze (10-
150C) xdeba temperaturaze damokidebuli sxvadasxva sasicocxlo 
procesebis Seneleba, maT Soris gamravlebis).

4. sinjaraSi, sadac qalamanas zrda-ganviTarebisaTvis optimaluri 
pirobebia, moaTavseT 8 individi. gamoTvaleT, ramdeni qalamana 
iqneba sinjaraSi 5 dRis Semdeg, Tu saarsebo garemoSi temperatu­
ra 25-300C -is tolia (gayofa xdeba yovel 24 saaTSi. 8*2*5=80).

5. rogor damokidebulebaa temperaturasa da qalamanas gamravlebis 
intensivobas Soris?(pirdapiri).

internetresursebi:
infuzorias gamravleba
http://www.youtube.com/watch?v=vnlkvquWXS8
http://www.youtube.com/watch?v=d3MqPerFU7I
http://www.youtube.com/watch?v=u63DmlTxpBk

kvlevis unar-Cvevebi:
aRniSnuli cdis safuZvelze moswavleebs uyalibdebaT mecnieruli 
kvlevis Semdegi unar-Cvevebi:
yy cdis Catarebisa da Sesabamis masalis/aRWurvilobis saTanado ga­

moyenebis unari usafrTxoebis wesebis dacviT.

yy dakvirvebis  unari.

yy monacemebis gaanalizebis da daskvnis gamotanis unarebi.

yy cdis dagegmvis da miznis gansazRvris unari.
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cda 4.  wylis,  rogorc ekologiuri faqtoris gavlena   
 mcenareebSi bageebis raodenobaze

Sedegi: biol. IX. 9.moswavles SeuZlia gaaanalizos urTierTkavSiri eko­
sistemis komponentebs Soris da imsjelos organizmebis rolze ekosis­
temis stabilurobis SenarCunebaSi.

indikatori:  ganarCevs mcenareebsa da cxovelebze moqmed ZiriTad faq­
torebs (mag: temperatura, ganaTeba, wyali, sakvebi nivTierebebi).

rekomendacia:  sasurvelia samuSaos nawili Sesruldes jgufebSi (prepa­
ratebis damzadeba),  xolo mikroskopuli kvleva yvela jgufma rig-ri­
gobiT awarmoos maswavlebelTan erTad, winaswar momzadebul mikros­
kopSi. jgufebis raodenoba da jgufSi moswavleTa raodenoba gansazR­
vreT klasSi moswavleTa raodenobis mixedviT.

ras vikvlevT:  evoluciis procesSi ra gavlena moaxdina wyalma,  ro­
gorc ekologiurma faqtorma qserofitebis, mezofitebis da hidrofi­
tebis bageebis raodenobaze.

cdis mizani:  hidrofitebis, mezofitebis da qserofitebis bageebis ra­
odenobaze dakvirveba.

cdisTvis saWiro masalebi:
 mikroskopi(F0423), sasagne mina (F0360), safari mina(F0361), pinceti(F0453), 
pipeti (F0461), wyali.

cdis  msvleloba:
1.	SearCieT  qserofitebis, mezofitebis da hidrofitebis jgufis 

mcenareebidan TiTo warmomadgeneli. (mag: hidrofiti- dumfara, 
mezofiti -muxa, cacxvi, wabli da sxva, qserofiti - sukulentebi)

2.	aiReT SerCeuli mcenareebidan TiTo foToli da qveda zedapiri­
dan pincetiT moacaleT kanis Txeli anaTali.

3.	anaTali moaTavseT sasagne minaze da moamzadeT droebiTi prepa­
ratebi.

4.	preparatebi daaTvaliereT mikroskopSi jer mcire gadidebaze da 
Semdeg did gadidebaze.

5.	daakvirdiT bageebis raodenobas, daiTvaleT isini da monacemebi 
SeitaneT cxrilSi.
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mcenareTa jgufebi da 
maTi warmomadgenlebi

bageebis raodenoba

qserofiti - 

mezofiti - 

hidrofiti -

cdis gamaanalizebeli kiTxvebi: 
1.	gansxvavdeba Tu ara bageebis saerTo raodenobiT mcenareTa es sa­

mi jgufi?
2.	rogor exmareba bageebis ganlageba am mcenareebs, iarsebon wylis 

reJimis sxvadasxva pirobebSi?
3.	gaakeTeT saboloo daskvna: ram gamoiwvia evoluciis procesSi ba­

geebis sxvadasxva raodenoba mcenareTa sxvadasxva jgufis warmo­
madgelebSi?

cdis ganmarteba/ Sedegi:
hidrofitebisTvis wyali ara marto ekologiuri faqtori, aramed saar­
sebo garemocaa. zogierTi hidrofiti mTeli sxeuliT aris moTavsebu­
li wyalSi, zogi tivtivebs. fesvebi, meqanikuri qsovilebi, wyalgamtari 
WurWlebi da bageeebi kargad aqvT ganviTarebuli.  

mezofitebi gardamavali jgufia hidrofitebidan qserofitebisaken. es 
mcenareebi izrdebian zomierad tenian adgilebSi.  am jgufis mcenaree­
bi wylis deficitisadmi saSualo gamZleobiT gamoirCevian. am jgufSi 
gaerTianebuli arian mdelosa da tyis TiTqmis yvela balaxovani mcena­
re, gvimrebi da farTofoTlovani xe-mcenareebi. maTi  bageebis ganvi­
Tareba Seesabameba tenis raodenobas.                                                                                                                    

qserofitebi wylis ukiduresi deficitis pirobebSi mcxovrebi mcena­
reebia. isini efeqturad da ekonomiurad xarjaven mopovebul wyals. 
maT yvela danarCenTan SedarebiT naklebi raodenobis bageebi aqvT. 
wylis moxmarebis raodenoba pirdapir kavSirSia bageebis raodenobas­
Tan.  

kvlevis  unar-Cvevebi:
•	 cdis Catarebisa da Sesabamis masalis/aRWurvilobis saTanado ga­

moyenebis unari.
•	 dakvirvebis unari.
•	 monacemebis cxrilis saxiT warmodgenis unari.
•	 monacemebis gaanalizebis da daskvnis gamotanis unarebi.
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cda 5.  wylis xarisxis Sefaseba  

Sedegi:  biol.IX. 9. moswavles SeuZlia gaaanalizos garemo faqtorebis 
mniSvneloba adamianis janmrTelobisTvis.

indikatori: msjelobs ekologiurad sufTa garemos SenarCunebis mniS­
vnelobaze adamianis janmrTelobisTvis da akeTebs daskvnas.

rekomendacia:  jgufuri samuSao, sasurvelia jgufebs kvlevisTvis qon­
deT sxvadasxva xarisxis dabinZurebuli wyali.

ras vikvlevT:   ra fizikuri maxasiaTeblebiT SeiZleba Sefasdes wylis 
dabinZurebis xarisxi.

cdis mizani:   wylis xarisxis Sefaseba fizikuri meTodebiT.

davaleba 1.    wylis gamWvirvalobis gansazRvra

cdisTvis saWiro masalebi:
250 ml-iani kolba sakvlevi wyliT

cdis msvleloba:
wylis gamWvirvalobis Sefasebisas isargebleT Semdegi maxasiaTeblebiT
yy gamWvirvale wyali

yy moTeTro rZisferi 

yy odnav mRvrie

yy mRvrie 

yy Zalian mRvrie

davaleba  2.  wylis xarisxis gansazRvra feris mixedviT 

cdisTvis saWiro masalebi:
25 sm sigrZis minis cilindri, qaRaldis filtri, saxazavi, distilire­
buli da sakvlevi wyali, TeTri qaRaldis furceli.

cdis msvleloba:
1.	sakvlevi wyali gafiltreT filtris qaRaldSi;
2.	CaasxiT igi cilindrSi;
3.	meore cilindrSi CaasxiT distilirebuli (gamoxdili) wyali;
4.	cilindris qveS moaTavseT TeTri qaRaldi da SeadareT cilind­

rebi erTmaneTs. SeadareT sakvlevi wylisa da gamoxdili wylis 
Seferiloba. 
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Sedarebisas 20sm simaRleze Tu Seferiloba ar aris, maSin es wyali ga­
moiyeneba sasmelad, xolo Tu Seferiloba Cans ukve 10 sm simaRlemde, 
maSin aseTi wyali gamoiyeneba mxolod teqnikuri miznebisTvis.

davaleba 3.  wylis sunis gansazRvra

cdisTvis saWiro masalebi:
250 ml kolba  (F0083), kolbaze dasafarebeli mina, spirtqura, sunis 
intensivobis cxrili, wylis Termometri.

cdis msvleloba:
1.	gansazRvreT sunis intensivobis xasiaTi 200C-ze. sasmel wyalSi 

daSvebulia 200C-ze sunis arseboba ara umetes 2 qulisa (ix. sunis 
intensivobis cxrili).

2.	600C-ze sunis gansazRvrisTvis 100ml sakvlevi wyali CaasxiT 
200ml-ian kolbaSi, daafareT mina da spirtquraze SeaTbeT 50-600-
mde.

3.	amis Semdeg kolba SeanjRrieT  wriuli moZraobiT. moacaleT mina 
da gansazRvreT sunis xasiaTi da intensivoba cxrilis mixedviT.

sunis intensivobis cxrili

inten-
sivoba

qula sunis xasiaTi

usunoba, 
(sunis ar 
qona)

0 suni ar SeigrZnoba

Zalian 
susti

1 suni SeigrZnoba mxolod gamocdili damkvirveblebi­
sTvis, Tqven ki mas ver grZnobT

susti 2 suni igrZnoba mxolod im SemTxvevaSi, Tu vinme spe­
cialurad migaqcevinebT yuradRebas mis arsebobaze

SesamCnevi 3 suni, romelsac maSinve amCnevT

Zlieri 4 suni iqcevs yuradRebas da gaiZulebT uari TqvaT wy­
lis dalevaze

Zalian 
Zlieri

5 suni imdenad mZafria rom iwvevs zizRs 
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davaleba 4. wylis sunis mixedviT damabinZurebeli nivTierebebis 
gansazRvra

wylis suni damabinZurebeli nivTiereba

qloris Tavisufali qlori

navTobproduqtebis (nax­
Sirwyalbadis)

navTobis, benzinis nakadebi

obis organuli nivTierebebi

wamlis fenolebi

arasasiamovno kvercxis gogirdwyalbadi – lpobadi  organizme­
bis narCenebiT wylis Zlieri dabinZurebis 
maCvenebelia

lpobadi / xrwnadi damdgari sakanalizacio wylebi

miwis nedli miwa

gaakeTeT daskvna: rogor SegiZliaT SeafasoT Tqvens xelT arsebuli 
dabinZurebuli wylis fizikuri maxasiaTeblebi?
kvleviTi unar-Cvevebi:
aRniSnuli cdis safuZvelze moswavleebs uyalibdebaT mecnieruli 
kvlevis Semdegi unar-Cvevebi:

•	 cdis Catarebisa da Sesabamisi masalis/aRWurvilobis saTanado ga­
moyenebis unari.

•	 dakvirvebis an/da gazomvebis aRricxvis unari;
•	 cxrilis gamoyenebis unari
•	 Sedarebis unari.
•	 monacemebis gaanalizebis da daskvnis gamotanis unarebi.
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cda 6.  wylis, rogorc ekologiuri faqtoris roli  
  xorblis Teslis    aRmocenebaze

Sedegi: biol.IX.8. moswavles  SeuZlia gaaanalizos urTierTkavSiri eko­
sistemiskomponentebs  Soris da imsjelos organizmebis urTierTqme­
debis rolze ekosistemis stabilurobis SenarCunebaSi.

indikatori: atarebs cdebs organizmis ganviTarebasa da ekologiuri 
faqtoris intensivobas (optimumi, gamZleobis zeda da qveda zRvari) 
Soris damokidebulebis dasadgenad (mag: xorblis Teslis aRmonacenisa 
da wylis raodenobas Soris damokidebulebis dadgena). monacemebs war­
moadgens grafikulad.

ras vikvlevT: wylis ra raodenobaa optimaluri xorblis Teslis aRmo­
cenebisTvis?

cdis mizani:  xorblis Teslis aRmonacenis zrdasa da wylis raodenobas 
Soris damokidebulebis dadgena. 

cdisTvis saWiro masalebi:
5 petris Tasi(F0456), xorbali, bamba, wyali, 500 ml moculobis menzu­
ra(F0187), saxazavi.

cdis msvleloba:
1. aiReT 5 petris Tasi da CaafineT TiToeulSi bambis Txeli fena. 
2. moaTavseT bambaze daaxloebiT Tanabari raodenobis xorblis mar­

cvlebi 
3. petris Tasebi danomreT.
4. petris pirveli Tasi datoveT  wylis gareSe, xolo me-2, me-3, me-4 

da me-5 Tasebi morwyeT yovel meore dRes Semdegi raodenobis 
wyliT: meore Tasi yovelTvis 25ml, mesame - 50ml, meoTxe - 75ml, 
xolo mexuTe - 100ml. sarwyavi wylis odenoba gansazRvreT menzu­
ras danayofebis mixedviT.

6. SeimuSaveT cxrilis forma, SeitaneT masSi morwyvis TariRebi da 
damatebuli wylis raodenoba.

7. yoveli morwyvis Semdeg gazome aRmonacenebis simaRle, gamoTvale 
TiToeuli TasisTvis aRmonacenebis simaRlis saSualo ariTmeti­
kuli maCvenebeli da monacemi SeitaneT imave cxrilSi TariRis 
Sesabamisad.

8. aageT xorblis Teslis aRmonacenze wylis, rogorc ekologiuri 
faqtoris moqmedebis amsaxveli mrudi (X RerZze daitaneT morwy­
vis dros gamoyenebuli wylis raodenobebi, xolo  Y RerZze - aR­
monacenis simaRle).
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cdis gamaanalizebeli kiTxvebi:
1.	SeadareT xuTive petris Tasze aRmonacenTa raodenoba da simaR­

le. miRebuli monacemebis safuZvelze upasuxeT kvleviT SekiTx­
vas.

2.	gansazRvreT damokidebuli da damoukidebeli cvladebi. (damou­
kidebeli - wylis moculoba, damokidebuli - aRmonacenis simaR­
le).

3.	 Catarebuli cdis monacemebze dayrdnobiT SeafaseT  wylis rao­
denoba, romelmac iTamaSa SemzRudveli faqtoris roli xorblis 
marcvlis gaRivebasa da aRmocenebaze.

4.	gansazRvreT, wylis ra raodenoba yofila optimaluri mocemul 
pirobebSi xorblis marcvlis aRmocenebisa da zrdisTvis.

rekomendacia:  yvela sxva faqtori (sinaTle, temperatura) da piroba 
SeinarCuneT  mudmivi xuTive petris TasisTvis.

kvleviTi unar-Cvevebi:
aRniSnuli cdis safuZvelze moswavleebs uyalibdebaT mecnieruli 
kvlevis Semdegi unar-Cvevebi:
yy cdis Catarebisa da Sesabamis masalis saTanado gamoyenebis unari.

yy dakvirvebis unari.

yy gazomvebis monacemebis saTanado sizustiT registrirebis unari;

yy monacemebis cxrilis da diagramis saxiT warmodgenis unari.

yy Sedarebis unari.

yy monacemebis gaanalizebis unari.

yy Sefasebis unari.
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cda 7.  tenisa da temperaturis gavlenis Seswavla obis    
  sokos ganviTarebaze

Sedegi: biol.IX.8. moswavles  SeuZlia gaaanalizos urTierTkavSiri eko­
sistemis komponentebs  Soris da imsjelos organizmebis urTierTqme­
debis rolze ekosistemis stabilurobis SenarCunebaSi.

indikatori: atarebs cdebs organizmis ganviTarebasa da ekologiuri 
faqtoris intensivobas (optimumi, gamZleobis zeda da qveda zRvari) 
Soris damokidebulebis dasadgenad (mag: xorblis Teslis aRmonacenisa 
da wylis raodenobas Soris damokidebulebis dadgena). monacemebs war­
moadgens grafikulad.

ras vikvlevT:  rogor moqmedebs obis sokos ganviTarebaze teni da tem­
peratura?

cdis mizani:  tenisa da temperaturis gavlenis Seswavla obis sokos gan­
viTarebaze. 

cdisTvis saWiro masalebi:
Zveli puris naWrebi, 2 cali saketiani parki nimuSebisTvis (F0254), 2 
petris Tasi (F0456). 

cdis msvleloba:
hkiTxeT moswavleebs, SeumCneviaT Tu ara Zvel purze TeTri nafifqis 
warmoqmna, romelic ramdenime xanSi (1-2 dRe) moruxo fers iRebs. aux­
seniT, rom es gavrcelebuli soko, mukoria. mukoris sokos (igive obis 
sokos) miceliumi erTi mravalbirTviani ujredia. obis sokos ganviTa­
rebaze sxvadasxva faqtori axdens zegavlenas, magaliTad, wylis rao­
denoba, temperatura. maTi zemoqmedebis Sesaswavlad SesTavazeT mos­
wavleebs cdis dayeneba:

1.	moamzadeT puris naWrebis oTxi sakvlevi nimuSi da danomreT. 
2.	 N1 nimuSi moaTavseT saketian polieTilenis parkSi da datoveT 

oTaxis temperaturaze;
3.	 N2 nimuSi moaTavseT petris Tasze da datoveT oTaxis temperatu­

raze;
4.	 N3 nimuSi moaTavseT saketian parkSi da dadgiT siciveSi (macivar­

Si);
5.	 N4 nimuSi moaTavseT petris Tasze da dadgiT siciveSi (macivarSi, 

fanjris rafaze).
6.	aRwereT pirobebi, romelSic moTavsebulia sxvadasxva nimuSi (te­

ni+siTbo, simSrale+siTbo, teni+dabali temperatura, simSra­
le+dabali temperatura).
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7.	gamoTqviT varaudi, Tu ra SedegiT SeiZleba damTavrdes cdis Ti­
Toeuli varianti da SeitaneT Tqveni mosazrebebi N1 cxrilis Se­
sabamis grafaSi.

N1 cxrili  

nimuSi cdis pirobebi varaudi 
cdis saboloo 

Sedegi

N1

N2

N3

N4

8.	yoveldRiurad daakvirdiT  puris naWrebs. SeitaneT dakvirvebis 
Sedegebi N2 cxrilSi. 

N2cxrili

puris teniani naWrebi puris mSrali naWrebi

oTaxSi macivarSi oTaxSi macivarSi

N1 N3 N2 N4

II dRe

III dRe

IV dRe

V dRe

9.	cdis saboloo Sedegebi SeitaneT  N1 cxrilSi da SeadareT  ga­
moTqmul varaudebs.

rekomendacia:  Tu skolaSi macivris gamoyenebis saSualeba ar gaqvT, Se­
iZleba cdis nawilis Catareba saxlSi daavaloT moswavleebs, xolo na­
wili skolaSi CaataroT. 

cdis gamaanalizebeli kiTxvebi:
1.	ra mizniT moaTavseT puris naWrebi saketian parkebSi?(aseT par­

kebSi SenarCundeboda teni).
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2.	ratom iyo saWiro cdisTvis oTxi gansxvavebuli variantis SerCe­
va? (oTxive gansxvavebul variantSi soko moTavsebul iqna tenisa 
da temperaturis gansxvavebul pirobebSi).

3.	 romel variantSi ganviTarda obis soko yvelaze swrafad?(N1 nimuSSi).
4.	rogor axsnidiT cdis bolos miRebul gansxvavebas N1 da N2 nimu­

Sebs Soris? (N1 nimuSi gacilebiT ufro intensiurad da swrafad 
daobda, vidre N2 nimuSi, radgan saketian polieTilenis parkSi 
teni iyo SenarCunebuli, xolo tenis arsebobam Tavis mxriv xeli 
Seuwyo obis sokos ganviTarebas. N2 nimuSidan wyali aorTqlda, 
ris gamoc is naklebad, an saerTod ar daobda).

5.	 N4 nimuSis daTvalierebisas  aRmoCnda, rom iq puris naWrebi ar 
daobda. ratom? ra daskvnis gakeTeba SeiZleba? (N4 nimuSi mokle­
buli iyo tens da moTavsebuli iyo dabal temperaturaze. am ni­
muSSi obis soko ar ganviTarda, rac adasturebs, rom am mikroor­
ganizmis ganviTarebisaTvis aucilebelia teni da SedarebiT maRa­
li temperatura).

6.	ram gamoiwvia N3 nimuSze sokos ganviTarebis Seferxeba N1 nimuS­
Tan SedarebiT? ra daskvnis gakeTeba SeiZleba? (N1 da N3 nimuSebi 
erTi da igive raodenobiT Seicavdnen tens, magram sxvadasxva tem­
peraturis pirobebSi iyvnen moTavsebuli. dabali temperaturis 
gamo obis sokos ganviTareba naklebad intensiurad moxda- N3 ni­
muSi. daskvna: obis sokos ganviTarebisaTvis aucilebeli pirobaa 
siTbo).

7.	ram gamoiwvia N1 nimuSze obis nafifqis ruxi Seferiloba?(ganvi­
Tarebis procesSi obis soko warmoqmnis sporebs, romelic momwi­
febis Semdeg moruxo-moSavo fers iRebs).

8.	 gaakeTeT saboloo daskvna (obis sokos ganviTarebisaTvis aucilebe­
li pirobaa  tenis arseboba da temperaturis gansazRvruli Sualedi). 

internetresursebi:
http://www.youtube.com/watch?v=r6L-Wx8hb44
http://www.youtube.com/watch?v=XHQ4UqfDbOY

kvlevis unar-Cvevebi:
aRniSnuli cdis safuZvelze moswavleebs uyalibdebaT mecnieruli 
kvlevis Semdegi unar-Cvevebi:
yy varaudis gamoTqmis unari;

yy cdis Catarebisa da Sesabamisi masalis/aRWurvilobis saTanado ga­
moyenebis unari;

yy dakvirvebis da Sedarebis unari;

yy dakvirvebis, saTanado sizustiT registrirebis unari;

yy cxrilebis,gamoyenebis unari;

yy monacemebis gaanalizebis da daskvnis gamotanis unarebi;

yy daskvnebis varaudTan Sedarebis unari.
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biologia

X klasi

cda 1.  Reros agebulebisa da mniSvnelobis Seswavla
cda 2. fermentis moqmedebisTvis saWiro pirobebis Seswavla
cda 3. osmosis procesis Seswavla
cda 4. sakvebi produqtebis qimiuri Sedgenilobisa da energetikuli Ri
rebulebis Seswavla
cda 5. dnm-is modelireba
cda6.  qlorofilis mniSvnelobis Seswavla fotosinTezis procesSi
cda7.  sakvebi produqtebis energetikuli Rirebulebis Sedareba
cda 8.  osmosi da Semxebi zedapiris farTobi
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cda 1.  Reros agebulebisa da mniSvnelobis Seswavla

Sedegi:  biol. X. 8 moswavles SeuZlia imsjelos fotosinTezze,  ro­
gorc mcenareuli biomasis warmomqmnel sakvanZo procesze.

indikatori:  aRwers mcenaris satransporto sistemas da msjelobs 
wylisa da mineraluri nivTierebebis moZraobis kanonzomierebebze.

rekomendacia:   sasurvelia I aqtivobis (eqsperimenti) Casatareblad 
klasi dayoT jgufebad, xolo II aqtivobisaTvis (diskusia) gamoiyenoT 
saerTo saklaso muSaobis forma. dro, romelic saWiroa eqsperimentis 
Sedegebis misaRebad, SesaZlebelia gamoiyenoT diskusiisaTvis. sasur­
velia jgufebma Seiswavlon sxvadasxva mcenaris Rero. jgufebis rao­
denoba da jgufSi moswavleTa raodenoba gansazRvreT klasSi moswav­
leTa raodenobis mixedviT.

aqtivoba I

cda: mcenaris ReroSi wylis gadaadgileba

ras vikvlevT:
1.	rogor moqmedebs temperatura ReroSi wylis transportze.
2.	ra siCqariT moZraobs siTxe mcenaris ReroSi.

cdis mizani:   wylis moZraobis Seswavla ReroSi.

cdisTvis saWiro masalebi:
2 cali 600ml moculobis qimiuri Wiqa (F0088), lupa (F0116), Termomet­
ri, spirtqura, an eleqtroCaidani, makrateli, saxazavi, lanceti, mce­
naris 2 Rero (niaxuri, simindi, mixaki, zizila an sxv.), markeri, wyali, 
saRebavi (sakvebi saRebavis fxvnili, Warxlis wveni, melani).

cdis msvleloba:
1.	aiReT 2 qimiuri Wiqa. danomreT. CaasxiT №1 WiqaSi 25-30°C-mde Sem­

Tbari wyali, xolo №2WiqaSi igive raodenobis 10-15°C civi wyali.
2.	CaawveTeT WiqebSi mcire raodenobiT wiTeli an sxva feris sakvebi 

saRebavi (SeiZleba gamoiyenoT Warxlis gamowuruli wveni an mela­
ni).

3.	makratliT gadaWeriT mcenaris Reroebis  qveda, gamomSrali bo­
loebi da moaTavseT wylian WiqebSi. Reros mcire, daaxloebiT 
erT santimetramde sigrZis monakveTi moaWeriT wyalSi moTavse­
bis Semdegac, radgan Tavidan aiciloT haeris moxvedra Reros 
satransporto sistemaSi (winaaRmdeg SemTxvevaSi xeli SeeSleba 
ReroSi wylis gadaadgilebas).
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4.	moaTavseT Wiqa Tbili wyliT Tbil adgilze (gamaTboblis gver­
diT, an TermostatSi), xolo Wiqa civi wyliT - civ adgilze. Cai­
niSneT eqsperimentis dawyebis dro.

5.	sTxoveT moswavleebs gamoTqvan varaudi, Tu ra cvlilebebi SeiZ­
leba ganicados TiToeuli mcenaris Rerom.

6.	naxevari saaTis Semdeg amoiReT mcenaris Reroebi wyliani Wiqebi­
dan, gaWeriT sigrZeze SeZlebisdagvarad zustad ise, rom Rero ar 
daazianoT da daakvirdiT lupiT. saxazavis saSualebiT gazomeT 
is manZili ra manZilzec  moxda saRebavis gadaadgileba ReroSi.
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7.	gazomeT is manZili, ra manZilzec  moxda saRebavis gadaadgileba 
ReroSi da gamoiangariSeT siTxis moZraobis siCqare mcenaris Re­
roSi sxvadasxva temperaturaze.

8.	moifiqreT monacemebis aRricxvis forma da SeitaneT masSi kvle­
vis Sedegebi.

9.	cdis Sedegi SeadareT Tqvens mier gamoTqmul varauds.
10.	 gaaanalizeT klevis Sedegebi da upasuxeT kvleviT SekiTxvas.

cdis gamaanalizebeli kiTxvebi:
1.	gansazRvreT damokidebuli da damoukidebeli cvladebi mocemul 

eqsperimentSi (damokidebuli cvladia is manZili, ra manZilzec 
saRebavis transportireba, damoukidebelia - temperatura).

2.	ra davadgineT kvlevis Sedegad? (Rero atarebs wyals qvemodan 
zeviT).

3.	mocemuli cdis Sedegis mixedviT axseniT, ratom klebulobs zam­
TarSi nivTierebaTa cvla foTlovan  xeebSi? (dabal temperatu­
raze mcirdeba temperaturaze damokidebuli sxvadasxva sasi­
cocxlo procesebi, maT Soris wylis Sewova, transportireba da 
transpiracia).

aqtivoba II    mcenaris Reros agebuleba da mniSvneloba

aqtivobis mizani:    mcenaris Reros agebulebisa da mniSvnelobis  Ses­
wavla modelis gamoyenebiT.

aqtivobisTvis saWiro masalebi:
mcenaris Reros modeli (F0273)

aqtivobis msvleloba
1. Reros  modeli dadeT yvelasTvis TvalsaCino adgilas da sTxoveT 
moswavleebs, detalurad aRweron misi agebuleba da Sesabamisi nawile­
bi aCvenon modelze (kani, lafani, safevi, merqani, boWkoebi, sacrisebu­
ri milebi).
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2. sTxoveT, isaubron qsilemisa da floemis ujredebze da imsjelon 
ra funqcias asrulebs TiToeuli?(qsilema erTmaneTze dalage­
buli mkvdari ujredebisgan Sedgeba. maT erTmaneTTan damakavSi­
rebeli ganivi kedlebi CaSlili aqvT da grZel cariel milebs, anu 
WurWlebs  warmoqmnian. floema e.w. sacriseburi milebisa da Ta­
namgzavri ujredebisgan Sedgeba. sacriseburi milebi cocxali 
ujredebisgan aris warmoqmnili. qsilemaSi wyali mxolod erTi 
mimarTulebiT fesvebdan- foTlebisken moZraobs. xolo floema­
Si nivTierebebi sxvadasxva mimarTulebiT moZraobs -foTlebidan 
fesvebisken da piriqiT ).

3. aCvenon Reros ra nawilSia WurWlebi ganlagebuli? (merqanSi). aR­
weron merqnis ujredebi (merqnis ujredebi aris sxvadasxva zomis 
da moyvanilobis. maTi garsi gasqelebulia da gaJRenTilia nivTi­
erebiT, romelic maT simtkices aniWebs).

4.   dasviT kiTxvebi:
•	 ratom Cndeba ReroSi e.w. fuRuro? (gulgulis faSari ujredebi 

SedarebiT advilad iSleba, rasac moyveba merqnis dazianeba da 
warmoiqmneba fuRuro).

•	 Tu mcenaris Reros qerqs SemoacliT, sinotives igrZnobT. axse­
niT mizezi. (Reros qerqsa da merqans Soris aris gansakuTrebuli 
qsovili  - kambiumi, romelic cocxali ujredebisgan Sedgeba. kam­
biumis ujredebi ganuwyvetliv iyofa, amitom isini Zalian wvrili 
da Txelgarsiania. rodesac merqans qerqs avacliT, isini skdeba 
da ujredis Txevadi SigTavsi gareT gadmoiRvreba).

•	 rogor izrdeba Rero sisqeSi? (kambiumis ujredebis dayofis xar­
jze).

•	 ratom aris axalgazrda Rero mwvane Seferilobis? (safevis qveS 
moTavsebulia ujredebi, romlebic Seicavs qlorofils. axal­
gazrda ylortebi safevis ganviTarebamde dafarulia Txeli, gam­
Wvirvale kaniT, romlis SigniT kargad moCans mwvane Sre).

•	 ivaraudeT, ra mimarTulebiT gadaadgildeba ReroSi araorganu­
li da organuli nivTierebebi? axseniT, ratom? (wyali da masSi 
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gaxsnili marilebi, ZiriTadad, gadaadgildeba erTi mimarTule­
biT, fesvidan - mcenaris danarCeni organoebisken, anu qvevidan 
zeviT. aRniSnuli ganpirobebulia fesvuri wnevisa da transpira­
ciis movlenebiT, romelic qmnis wylis mudmiv, aRmaval nakads 
mcenareSi.

	 organuli nivTierebebi gadadgildeba orive mimarTulebiT. ze­
vidan qveviT, rodesac xdeba  mcenaris mwvane nawilebSi sinTezi­
rebuli organuli nivTierebebis gadatana sxva organoebisaken, 
da qvevidan zeviT, rodesac adgili aqvs sxvadasxva miwisqveda sa­
xecvlilebebSi  samaragod dagrovili organuli nivTierebebis 
transportirebas mcenaris sxvadasxva organoebSi).

internetresursebi:
http://www.youtube.com/watch?v=t9984kc2sEg
http://www.youtube.com/watch?v=4guqqdmkB1A&NR=1&feature=endscreen
http://www.youtube.com/watch?v=GtgGMSWtABE
http://www.youtube.com/watch?v=S8SMUpnJ28Y

kvlevis unar-Cvevebi:
aRniSnuli cdis safuZvelze moswavleebs uyalibdebaT mecnieruli 
kvlevis Semdegi unar-Cvevebi:

•	 cdis Catarebisa da Sesabamisi masalis/aRWurvilobis saTanado ga­
moyenebis unari.

•	 varaudis gamoTqmis unari.
•	 dakvirvebis unari.
•	 gaanalizebis da daskvnis gamotanis unarebi.
•	 daskvnis varaudTan Sedarebis unari.
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cda 2.  fermentis moqmedebisaTvis saWiro pirobebis  
  Seswavla

Sedegi:  biol.X.7.  moswavles SeuZlia daasabuTos kvebisa da monelebis 
mniSvneloba organizmis zrda-ganviTarebisaTvis da energiiT uzrun­
velsayofad.

indikatori:  eqsperimentulad asabuTebs fermentebis moqmedebas sakve­
bis qimiuri daSlis procesze da msjelobs temperaturisa da pH-is 
mniSvnelobaze fermentuli aqtivobis cvlilebaze.

rekomendacia:    sasurvelia eqsperimenti Catardes jgufebSi. jgufebis 
raodenoba da jgufSi moswavleTa raodenoba gansazRvreT klasSi mos­
wavleTa raodenobis mixedviT. 

usafrTxoeba:   sifrTxile daicaviT spirtqurasTan muSaobisas; HCl-is 
gamoyenebisas gaiTvaliswineT, rom  is Zlieri mJavaa.

ras vikvlevT:    ra pirobebia saWiro pepsinis fermentuli aqtivobis gan­
saxorcieleblad?

cdis mizani:    fermentis moqmedebisaTvis saWiro pirobebis Seswavla.
cdisTvis saWiro masalebi:

erTi jgufisTvis:
5 sinjara (F0175), 600ml moculobis qimiuri Wiqa (F0088), 250 ml mocu­
lobis qimiuri Wiqa (F0083), Termometri (F0333), pipeti (F0461), sinjare­
bis sadgami (F0579), spirtqura (F0330), markeri, 5%-iani HCl mcire rao­
denobiT, 1%-iani pepsinis xsnari, kvercxis cilis xsnari, wyali.

cdis msvleloba:
1.	moamzadeT oTxi sinjara da danomreT. markeris saSualebiT gaake­

TeT niSnulebi Ziridan 20mm simaRleze.
2.	TiTeul sinjaraSi CaasxiT kvercxis cilis xsnari mocemul niSnu­

lamde.
3.	cariel sinjaraSi pipetiT CaawveTeT 1ml 1%-iani pepsini. gaacxe­

leT sinjara spirtquris dabal alze. miiyvaneT aduRebamde da 
CaasxiT moduRebuli pepsini №4  sinjaraSi.

4.	pirvel da mesame sinjaraSi pipetiT CaawveTeT 1ml 1%-iani pepsi­
nis xsnari.

5.	meore, mesame da meoTxe sinjaraSi CaamateT HCl-is koncentrirebu­
li xsnaris ramdenime wveTi. 
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6.	calke WurWelSi aduRebuli da civi wylis SereviT miiyvaneT 
wylis temperatura 400C-ze da CaasxiT 250ml moculobis qimiur 
WiqaSi. Wiqa unda iyos naxevrad savse.

7.	moaTavseT oTxive sinjara wylian WiqaSi.
8.	5-6 wuTis Semdeg amoiReT sinjarebi Wiqidan da gadaitaneT sinja­

rebis sadgamSi. SeadareT sinjarebis SigTavsi erTmaneTs da gaana­
lizeT cdis Sedegebi.

9.	miRebuli Sedegebis safuZvelze upasuxeT kvleviT SekiTxvas.
10.	 SeavseT cxrili.

sinjara SigTavsi Sedegi Sedegis analizi

1

2

3

4

cdis gamaanalizebeli kiTxvebi:
1.	romeli sinjaris SigTavsia miaxloebuli kuWSi arsebul realur 

pirobebTan?
(sinjara №3-Si Seqmnili pirobebi miaxloebulia kuWSi arsebulTan. 

kerZod, masSi aris pepsini da marilmJava, xolo SigTavsis tempe­
ratura  350C-dan 400C-is farglebSi meryeobs).

2.	rogor SeiZleba aixsnas №4 sinjaraSi miRebuli Sedegi?(vinaidan 
fermentebi warmoadgenen cilebs, isini denaturirdebian 45-500C-
ze maRal temperaturaze da Sesabamisad, kargaven moqmedebis 
unars. amis gamo №4 sinjaraSi, romelSic aduRebuli pepsini iyo 
Camatebuli, cila ar daiSala).

3.	SeiZleba Tu ara №3 da №4 sinjarebSi miRebuli Sedegebis mixed­
viT daaskvnaT, rom pepsini aris fermenti?(№3 sinjaraSi miRebu­
li Sedegi ar amtkicebs, rom pepsini fermentia, radgan gansazRv­
ruli koncentraciis  marilmJavam  aseve SesaZloa moaxdinos ci­
lis hidrolizi. meore mxriv, №3 da №4 sinjarebis Sedegebis Se­
dareba mogvcems saSualebas gamovitanoT daskvna pepsinis fer­
mentuli bunebis Sesaxeb. Tu cilis denaturacia gamowveulia pep­
sinis moqmedebiT, cila unda daiSalos mxolod №3 sinjaraSi da 
ara №4-Si, sadac pepsini araaqtiuria).

4.	 adasturebs Tu ara cdis Sedegebi varauds, rom pepsinis moqmede­
bisaTvis aucilebelia mJava garemo (№1 da №3 sinjarebSi miRebu­
li Sedegebis analizis Sedegad SegviZlia davaskvnaT, rom maril­
mJavas Tanaoba, anu mJava garemo aucilebelia pepsinis moqmedebi­
saTvis).
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5.	romelia am eqsperimentSi damokidebuli cvladi? damoukidebeli? 
(damoukidebeli cvladebia temperatura da mJavas Semcveloba 
areSi. damokidebulia - fermentis aqtivoba, romelic izomeba ci­
lis daSlis xarisxiT).

6.	rogor gascemdiT pasuxs kvleviT kiTxvas? (pepsinis fermentuli 
aqtivobisaTvis aucilebeli faqtorebia mJava garemo da tempera­
turis gansazRvruli Sualedi).

internetresursebi:
http://www.youtube.com/results?search_query=The+effect+of+pepsin+on+egg+whi
te+suspension+&oq=The+effect+of+pepsin+on+egg+white+suspension+&gs_l=youtu
be.12...268358.268358.0.270006.1.1.0.0.0.0.133.133.0j1.1.0...0.0...1ac.2.11.youtube.
KfmV94bpY_M

kvlevis unar-Cvevebi:
aRniSnuli cdis safuZvelze moswavleebs uyalibdebaT mecnieruli 
kvlevis Semdegi unar-Cvevebi:
yy cdis Catarebisa da Sesabamisi masalis/aRWurvilobis saTanado ga­

moyenebis unari usafrTxoebis wesebis dacviT.

yy dakvirvebis aRricxvis unari.

yy monacemebis cxrilis saxiT warmodgenis unari.

yy monacemebis gaanalizebis da daskvnis gamotanis unarebi.

* aRniSnuli eqsperimenti efuZneba Jurnal ,,Journal of Biological Education 
18 (4) 273” D. R. B. Barrett -Si gamoqveynebul masalebs.
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cda 3.  osmosis procesis Seswavla

Sedegi:   biol. X.5. - moswavles SeuZlia imsjelos ujredSi mimdinare 
procesebze da daasabuTos maTi mniSvneloba organizmisTvis.

indikatori:   iyenebs membranis Txevad mozaikur models ujredsa da 
garemos Soris kavSiris sademonstraciod (mag: SerCeviTi gamtaroba, 
difuzia, osmosi, aqtiuri transporti, endocitozi, egzocitozi, ,,Ta­
visianis~ da ,,ucxos~ cnoba).

rekomendacia:   jgufuri samuSao. SeqmeniT 4 jgufi. TiToeulma unda 
Caataros 4 gansxvavebuli cda. jgufSi moswavleTa raodenoba gansazR­
vreT klasSi moswavleTa raodenobis Sesabamisad.

samuSaos msvleloba:

jgufi 1 

cdis mizani: osmosis procesis Seswavla kartofilis magaliTze.

cdisTvis saWiro masalebi: 2 qimiuri Wiqa (F0083), pinceti (F0453), minis 
wkiri (F0121), kartofili, saxazavi.

cdis msvleloba:
1.	gaTaleT kartofilis gorgali da gaWeriT or Tanabar naWrad. 
2.	gazomeT maTi sigrZe da SeitaneT monacemebi cxrilSi. 
3.	aiReT qimiuri Wiqebi da TiToeulSi CaasxiT Tanabari raodenobis 

wyali.
4.	erT-erT WiqaSi CaamateT 5 kovzi Saqari da mourieT minis wkiriT.
5.	kartofilis erTi naWeri moaTavseT wylian WiqaSi, meore ki – Wi­

qaSi Saqriani wyliT. 
6.	gaaCereT 30wT an 1 sT. 
7.	gamoTqviT varaudi, ra cvlilebebi SeiZleba ganicados kartofi­

lis naWrebma?
8.	daniSnuli drois gasvlis Semdeg amoiReT  kartofilis naWrebi 

pincetiT, gazomeT TiToeulis sigrZe da SeitaneT monacemebi 
cxrilSi.

9.	SeadareT cdis dawyebisa da dasrulebis Semdeg aRebuli monace­
mebi erTmaneTs. 
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kartofilis naWrebis zoma

kartofilis naWeri 
N1 (sm)

kartofilis naWeri 
N2 (sm)

monacemebis aRebis 
dro

cdis dasawyisi

cdis dasasruli

cdis gamaanalizebeli kiTxvebi: 
1.	ra iyo damoukidebeli cvladi mocemul cdaSi? damokidebuli? 

(damoukidebeli cvladi iyo xsnaris koncentracia, xolo damoki­
debuli - kartofilis naWris sigrZe).

2.	axseniT Saqrian wyalSi momxdari cvlilebebi (Saqrian wyalSi mo­
Tavsebis Sedegad kartofilis ujredebi aRmoCndnen  hiperto­
nul xsnarSi. amis gamo wyali osmosis gziT gamovida ujredebidan, 
ramac ganapiroba kartofilis naWris Semcireba zomaSi).

3.	miRebuli Sedegebis mixedviT gaakeTeT daskvna (hipertonul 
xsnarSi moTavsebis Sedegad kartofilis ujredebidan plazmuri 
membranebis meSveobiT ganxorcielda wylis difuzia koncentra­
ciuli gradientis mimarTulebiT, anu osmosi). 

jgufi 2

cdis mizani: osmosis procesis Seswavla xaxvis magaliTze.

cdisTvis saWiro masalebi: xaxvi, skalpeli (lanceti) (F0096), pince­
ti(F0453), sasagne mina(F0360), safari mina(F0361), mikroskopi(F0423), pipe­
ti(F0461), minis wkiri (F0121), Saqris 20% wyalxsnari, wyali.

cdis msvleloba:
1.	gaTaleT xaxvi da lancetis gamoyenebiT amoWeriT xaxvis bolqvis 

wvniani qerqlis nawili. 
2.	wvniani qerqlis Sida zedapiridan pincetiT moacaleT kanis Txeli 

anaTali.
3.	sasagne minaze pipetiT daawveTeT erTi wveTi wyali.
4.	moaTavseT sasagne minaze xaxvis Txeli anaTali da gaasworeT.
5.	daafareT safari mina, gamoJonili wyali amoaSreT filtris qa­

RaldiT.
6.	moaTavseT preparati mikroskopSi da daakvirdiT. 
7.	safari minis kidesTan daawveTeT maRali koncentraciis (20%-iani) 

Saqriani xsnari. daelodeT ramdenime wuTi da kvlav daakvirdiT 
mikroskopiT.

cdis gamaanalizebeli kiTxvebi:
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1. axseniT momxdari cvlilebebi (safar minasTan  Saqrini wylis wveTis 
moTavsebis Sedegad xaxvis ujredebi hipertonul xsnarSi aRmoCn­
da. amis gamo wyali gamovida xaxvis ujredebidan garemomcvel are­
Si osmosis gziT, ramac ganapiroba ujredebis zomis Semcireba).

2. dakvirvebis Sedegis mixedviT gaakeTeT daskvna (hipertonul 
xsnarSi moTavsebis Sedegad wyali gamovida xaxvis ujredebidan 
koncentraciuli gradientis mimarTulebiT, anu osmosis gziT).

jgufi 3 

cdis mizani: osmosis procesis Seswavla kvercxis magaliTze.

cdisTvis saWiro masalebi: winaswarmomzadebuli 2 kvercxi (kvercxebi 
3-4 dRiT adre moaTavseT qimiur WiqaSi da daasxiT Zlieri Zmari. Zmar­
Tan urTierTqmedebis Sedegad kvercxis naWuWi daiSleba da darCeba 
mxolod Txeli da elastiuri apki), 2 qimiuri Wiqa(F0083), saswori(F0285), 
sawonebi (F0005), minis wkiri (F0121), marilis 20%-iani wyalxsnari.

cdis msvleloba:
1.	aiReT winaswar momzadebuli 2 kvercxi da awoneT. 
2.	TiToeuli kvercxi moaTavseT qimiur WiqaSi.
3.	erT WiqaSi CaasxiT maRali koncentraciis (20%-iani) mariliani 

wyali, xolo meoreSi - Cveulebrivi wyali. datoveT 30 wuTi.
4.	kvercxebi amoiReT Wiqidan. TiToeuli awoneT sasworze.
5.	SeadareT monacemebi erTmaneTs.

cdis gamaanalizebeli kiTxvebi:
1.	axseniT momxdari cvlilebebi (kvercxis garsi mocemul cdaSi 

warmoadgens plazmuri membranis models, romelsac SeuZlia niv­
TierebaTa gatareba koncentraciuli gradientis mimarTulebiT. 
marilian xsnarSi moTavsebis Semdeg wyali gamovida kvercxidan 
osmosis gziT, ris gamoc kvercxi Semcirda wonaSi, meore kvercxi 
ki imatebs wonaSi, radgan wyali Sevida mis SigTavsSi).

2.	dakvirvebis Sedegebis mixedviT gaakeTeT daskvna (kvercxis garsi 
warmoadgens plazmuri membranis models, romelsac SuZlia gaa­
taros wyali koncentraciuli gradientis mimarTulebiT, anu os­
mosis gziT). 

jgufi 4 

cdis mizani: osmosis procesis Seswavla moxarSuli da umi kartofilis 
magaliTze.

cdisTvis saWiro masalebi: 1 moxarSuli da 1 umi kartofili, skalpeli 
(lanceti) (F0096), 2 petris Tasi (F0456), qimiuri Wiqa (F0083), wyali, marili.
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cdis msvleloba:
1.	aiReT ori kartofili: erTi moxarSuli da erTi umi. gaTaleT 

orive da gaWeriT Suaze.
2.	aiReT petris Tasebi da CaasxiT maTSi naxevramde wyali.
3.	aiReT gaWrili naxevrebi da SuaSi gaakeTeT Rrmuli. momrgvale­

buli nawilebi CaTaleT Txlad lancetis saSualebiT, raTa SesaZ­
lebeli gaxdes petris Tasebze kartofilis naWrebis uZravad mo­
Tavseba.

4.	momzadebuli kartofilebi moaTavseT petris Tasebze.
5.	kartofilis Rrmulebi amoavseT mariliT da daiwyeT dakvirveba.
6.	2sT-is Semdeg gaakeTeT saboloo dakvirveba da gamoitaneT daskv­

na.

cdis gamaanalizebeli kiTxvebi:
1.	axseniT momxdari cvlilebebi (umi kartofilis Rrmuli amoivso 

wyliT, radgan koncentraciebis sxvaobis Sedegad wyali osmosis 
gziT Sevida da moxvda RrmulSi. moxarSuli kartofilis naWerSi 
cvlileba ar momxdara, radgan aq ar aris cocxali ujredebi da 
Sesabamisad, osmosi ar ganxorcielda).

2.	dakvirvebis Sedegebis mixedviT gaakeTeT daskvna (wyali Sevida  
kartofilis cocxal ujredebSi koncentraciuli gradientis mi­
marTulebiT - osmosis gziT. moxarSul kartofilSi cvlileba ar 
momxdara, radgan aracocxali ujredebis plazmur membranaSi os­
mosi ver ganxorcieldeba).

SeniSvna:   jgufebma gaakeTon Catarebuli cdebis prezentaciebi da ims­
jelon miRebul Sedegebze.

internetresursebi:
http://www.youtube.com/watch?v=SSS3EtKAzYc
http://www.youtube.com/watch?v=i0epq8J_K5k
http://www.youtube.com/watch?v=_pfR3LbGlMs

kvlevis unar-Cvevebi:
aRniSnuli cdis safuZvelze moswavleebs uyalibdebaT mecnieruli 
kvlevis Semdegi unar-Cvevebi:
yy varaudis gamoTqmis unari.

yy cdis Catarebisa da Sesabamisi masalis/aRWurvilobis saTanado ga­
moyenebis unari.

yy dakvirvebis an/da gazomvebis aRricxvis unari.

yy monacemebis gaanalizebis da daskvnis gamotanis unarebi.

yy daskvnebis varaudTan Sedarebis unari.
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cda 4.  sakvebi produqtebis qimiuri Sedgenilobisa da    
 energetikuli Rirebulebis Seswavla

Sedegi:  biol.X. 7.  moswavles SeuZlia daasabuTos kvebis da monelebis 
mniSvneloba organizmis zrda-ganviTarebisa da energiiT uzrunvelsa­
yofad.

indikatori:  atarebs cdebs sakvebSi dagrovili energiis raodenobis 
gamosaTvlelad. adarebs sakveb produqtebs energetikuli Rirebule­
bis mixedviT.

rekomendacia:   jgufuri samuSao. pirveli aqtivobis Casatareblad sa­
Wiroa 3 jgufis Seqmna, jgufSi moswavleTa raodenoba gansazRvreT 
klasSi moswavleTa raodenobis mixedviT. 

ras vikvlevT:
1.	romel organul nivTierebebs Seicavs Sokoladi, xorblis fqvili 

da kakali.
2.	romeli organuli nivTiereba  iZleva met energias.

aqtivoba I    sakvebSi organuli nivTierebebis aRmoCena.

jgufi 1.

cdis mizani: sakveb produqtSi (xorblis fqvilSi) naxSirwylebis aRmo­
Cena.

cdisTvis saWiro masalebi:  2 qimiuri Wiqa (F0083), pipeti(F0461), wyali, 
iodis spirtxsnari, xorblis fqvili, marla. 

cdis msvleloba: dolbandze moaTavseT cotaodeni fqvili, SekariT da 
CauSviT wylian qimiur WiqaSi. dolbandSi gaxveuli fqvili garecxeT 
wyalSi moZraobiT. 1-2 wT-is Semdeg amoiReT Wiqidan. daamateT WiqaSi 
iodis spirtxsnaris ramdenime wveTi. meore qimiur WiqaSi, romelSic 
aris sufTa wyali, aseve daamateT iodis spirtxsnaris igive raodenoba.

1.	aRwereT, ra SeamCnieT? (pirvel WiqaSi xsnari galurjdeba, xolo 
meoreSi Seifereba Ria yavisfrad).

2.	axseniT gansxvaveba miRebul ferebs Soris (rogorc cnobilia 
iodis zemoqmedebiT lurjdeba saxamebeli, amitom SeiZleba da­
vaskvnaT, rom pirvel WiqaSi xsnaris galurjeba gamoiwvia saxameb­
lis Semcvelobam, meore sinjaraSi, sadac saxamebeli ar iyo,wyali 
Seifera iodisfrad).
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3.	ra rols asrulebda mocemul cdaSi meore qimiuri Wiqa sufTa 
wyliT? (meore Wiqa gankuTvnili iyo sakontrolo cdisaTvis. mas­
Si miRebulma yavisferma Seferilobam daadastura, rom iodis ze­
moqmedebiT lurjdeba mxolod saxameblis Semcveli siTxe).

jgufi 2. 

cdis mizani: sakveb produqtSi (Tevzi, kvercxi) cilebis aRmoCena.

cdisTvis saWiro masalebi:  4 sinjara (F0175), faifuris Tasi sanayiT 
(F0281), pipetebi (F0461), wyali, Tevzis mcire zomis naWeri, kvercxis ci­
la, biuretis reagenti (an natriumis tutis (NaOH) da spilenZis sulfa­
tis (CuSO4) xsnarebi).

cdis msvleloba:
daaqucmaceT wvrilad Tevzis mcire naWeri, gadaitaneT  sinjaraSi da 
daamateT 3 ml wyali.  daayovneT iqamde, sanam siTxe ar daiwmindeba da 
gadawureT sxva sinjaraSi. meore sinjaraSi moaTavseT kvercxis cilis 
mcire raodenoba da daasxiT 3 ml wyali. frTxilad SeanjRrieT, rom 
miiRoT erTgvarovani SigTavsi. mesame sinjaraSi CaasxiT 3 ml sufTa 
wyali.  TiToeul nimuSs daawveTeT 20 wveTi biuretis reagenti (an da­
amateT jer NaOH-isa da Semdeg CuSO

4 
xsnarebis 10-10 wveTi). daakvirdiT 

ramdenime wuTis ganmavlobaSi.
1.	aRwereT, ra SeamCnieT? (biuretis reagentis dawveTebidan cota 

xnis Semdeg pirveli da meore sinjarebis SigTavsi miiRebs mowiTa­
lo Seferilobas, xolo mesame sinjaraSi SenarCundeba molurjo 
feri).

2.	axseniT, ram ganapiroba feris cvlileba? (cnobilia, rom biure­
tis reagentis urTierTqmedeba cilasTan iwvevs mowiTalo-mewa­
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muli feris warmoqmnas. pirvel da meore sinjarebSi siTxis gawiT­
leba adasturebs, rom maTi SigTavsi Seicavs cilas).

3.	ra rols asrulebda mocemul cdaSi mesame sinjara sufTa 
wyliT?(mesame sinjara gankuTvnili iyo sakontrolo cdisaTvis. 
masSi biuretis reagentma SeinarCuna sakuTari molurjo feri, 
riTac dadasturda, rom pirvel da meore sinjarebis SigTavsi me­
samisgan gansxvavebiT Seicavda cilas).

jgufi 3.

cdis mizani: sakveb produqtSi cximebis aRmoCena.

cdisTvis saWiro masalebi: faifuris Tasi sanayiT (F0281), 2 sinjara 
(F0175), 98%-iani spirti, pipeti (F0461), filtris qaRaldi (F0548), Zabri 
(F0287), qimiuri Wiqa (F0083), kaklis lebani, wyali.

cdis msvleloba: 1 cali kaklis lebani kargad danayeT da gadaitaneT 
sinjaraSi. daamateT 2 ml 98%-iani spirti. kargad SeanjRrieT, daayov­
neT 5 wT. Semdeg gafiltreT da filtrats daumateT 2ml civi wyali, 
isev SeanjRrieT da daayovneT cota xani. meore sinjaraSi CaasxiT 2ml 
98%-iani spirti, 5 wT-is Semdeg ki 2ml civi wyali. frTxilad SeanjR­
rieT da daayovneT ramdenime wuTi.

1.	aRwereT, ra cvlilebebi SeamCnieT filtratis ganzavebis Semdeg? 
(pirvel sinjaraSi filtrati gaTeTrda, xolo meoreSi - Seinar­
Cuna gamWvirvaloba).

2.	axseniT, ram ganapiroba es cvlilebebi? (pirvel sinjaraSi feris 
cvlileba ganapiroba filtratSi cximebis arsebobam, romelic 
ganzavebis Semdeg wyalSi ar gaixsna, xolo meore sinjaraSi ki 
wyalma da spirtma warmoqmna erTgvarovani narevi da SeinarCuna 
gamWvirvaloba).

3.	rogori nivTierebebis aRmoCena SeiZleba mocemuli meTodiT? (mo­
cemuli meTodiT SesaZlebelia hidrofoburi nivTierebebis aR­
moCena).

4.	ra rols asrulebda mocemul cdaSi meore sinjara sufTa wyliT? 
(meore sinjara gankuTvnili iyo sakontrolo cdisaTvis).

aqtivoba II       etiketebis kvleva

rekomendacia:   sasurvelia SearCioT produqtebi, romlebic gansakuTre­
biT uyvarT moswavleebs, an romelTa Sedgenilobis Sesaxeb informacia 
maTTvis iqneba sasargeblo. mag: Sokoladi - ,,snikersi~, xilis wveni - 
,,sandora~, mawoni - ,,santino’, karaqi - ,,soflis nobaTi’’ da sxva msgavsi.
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mizani: sakvebis energetikuli Rirebulebis Seswavla.
1. dasviT SekiTxvebi:
-	 rogorc iciT, yvela sakveb produqts aqvs Sesabamisi etiketi, ra 

saxis informaciis miReba SeiZleba misi saxiT? (etiketi iZleva in­
formacias produqtis kaloriulobis, masSi arsebuli cximebis, 
cilebis, naxSirwylebis, vitaminebis Sesaxeb. aseve SeiZleba miiRo 
informacia produqtis Senaxvis pirobebze da vargisianobis vada­
ze).

-	 produqtis SeZenisas kiTxulobT Tu ara etikets?
2. daurigeT jgufebs (4-4) sxvadasxva produqtis etiketi, sTxoveT 

yuradRebiT gaecnon masze arsebul informacias da gadaitanon 
cxrilis Sesabamis grafebSi

sakvebi pro­
duqtis 

dasaxeleba

kaloriulo­
ba

cilebis Sem­
cveloba

cximebis Sem­
cveloba

naxSirwy­
lebis Semcv­

eloba

3. daavaleT moswavleebs arsebuli monacemebis mixedviT aagon diag­
ramebi:
1.	kaloriulobis zrdis mixedviT.
2.	cximis zrdis mixedviT.
3.	cilebis zrdis mixedviT.
4.	naxSirwylebis zrdis mixedviT.

4. gaanalizon diagramebi da upasuxon kiTxvebs: 
a) ra  informacias iZleva 100 gr. produqtSi miTiTebuli kalo­

riebis raodenoba?(aRniSnuli kaloriebis raodenoba iZleva 
informacias sakvebis energetikuli Rirebulebis Sesaxeb, anu 
ramden energias Seicavs mocemuli sakvebi produqtis 100 gr).

b) Tqvens mier Seswavlili etiketebis mixedviT romeli produqti 
aRmoCnda ufro kaloriuli, romelic Seicavs  SedarebiT met 
cxims, cilebs Tu  naxSirwylebs?

g) rogor xvdeba sakveb produqtebSi energia da ra formiT aris 
is warmodgenili? (sakvebi produqti Seicavs organul nivTie­
rebebs, romelTa molekulebSi momaragebulia qimiuri energia. 
es energia mcenareul produqtebSi xvdeba mzis sinaTlis ener­
giis gardaqmnis Sedegad, rac  fotosinezis procesSi xorci­
eldeba, cxovelur produqtebSi ki - kvebiTi jaWvis wina rgo­
lebidan).

d) moifiqreT, ra gziT aris SesaZlebeli sakvebSi dagrovebuli 
energiis uSualo gazomva? (sakvebi produqtebis wvis procesSi 
gamoyofili siTburi da sinaTlis energiebis gazomviT).
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e) etiketis wakiTxvis Semdeg romel (rogor) produqts mianiWeb­
diT upiratesobas?  axseniT, ratom? 

kvlevis unar-Cvevebi:
aRniSnuli cdis safuZvelze moswavleebs uyalibdebaT mecnieruli 
kvlevis Semdegi unar-Cvevebi:

1.	cdis Catarebisa da Sesabamisi aRWurvilobis saTanado gamoyene­
bis unari.

2.	dakvirvebisa da aRweris unari.
3.	monacemebis cxrilis da diagramis saxiT warmodgenis unari.
4.	Sedegebis gaanalizebis da daskvnis gakeTebis unarebi.
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cda 5.  dnm-is modelireba

Sedegi:  biol. X.5. moswavles SeuZlia imsjelos ujredSi mimdinare 
procesebze da daasabuTos maTi mniSvneloba organizmisTvis.

indikatori: ilustraciis da/an modelis saSualebiT aCvenebs biopoli­
merebis agebulebebs Soris msgavsebasa da gansxvavebas da msjelobs maT 
mniSvnelobaze TiToeuli ujredisTvis da mTeli organizmisTvis.

rekomendacia: aqtivobebi moiTxovs klasis sxvadasxva formiT organi­
zebas: I aqtivobis dros mimdinareobs saerTo saklaso muSaoba, xolo II 
aqtivobis dros sasurvelia moswavleebma imuSaon jgufurad. jgufebis 
raodenoba da jgufSi moswavleTa raodenoba gansazRvreT klasSi mos­
wavleTa raodenobis mixedviT.

aqtivoba I. dnm-is agebulebis Seswavla 

aqtivobis mizani:   dnm-is agebulebis Seswavla modelis gamoyenebiT.

aqtivobis msvleloba:
1. dadgiT dnm-is modeli yvelasTvis TvalsaCino adgilze;
2. dasviT kiTxvebi modelis garSemo (ramdeni jaWvisagan Sedgeba mo­

lekula, rogori forma aqvs, ratom gansxvavdeba erTmaneTisagan 
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feriT molekulis zogierTi nawili da a.S.) da SemoitaneT ZiriTa­
di cnebebisa da terminebis ganmartebebi.

3. daSaleT dnm-is modeli da awyobisas areulad CasviT nukleoti­
debi. 

4. sTxoveT, moswavleebs:
yy daakvirdnen models da aRmoaCinon awyobisas daSvebuli Secdo­

mebi; 

yy axsnan, ratom ar aris dnm-Tvis damaxasiaTebeli aseTi agebuleba; 

yy aawyon modeli Tavidan dnm-is molekulis struqturuli Tavise­
burebebis gaTvaliswinebiT.

aqtivoba II. dnm-is modelis Seqmna

rekomendacia:     jgufuri samuSao (jgufebis raodenoba da jgufSi mos­
wavleTa raodenoba damokidebulia klasSi moswavleTa raodenobaze).

aqtivobis mizani:   dnm-is modelis Seqmna

saWiro masalebi:
modelis SeqmnisTvis saWiro masalebi TiToeuli jgufisTvis.

1.	plastelini, rbili mavTuli, raime sayrdeni (marTkuTxa xis dafa, 
muyao an sxv).

2.	sxvadasxva zomisa da feris mZivebi, rbili mavTuli, sayrdeni.
3.	sxvadasxva feris Jelibonebi, e.w. kbilis Cxirebi, rbili mavTuli.
4.	feradi fanqrebi da qaRaldebi, makrateli, webo da sqeli qaRal­

debi.

aqtivobis msvleloba:
SeniSvna:
SesaZlebelia, maswavlebelma aCvenos klass video-instruqciebi da re­
komendaciebi, romlis  mixedviT moswavleebi Seqmnian models. SesaZle­
belia aseTi tipis video-masala moswavleebma winaswar naxon saxlSi, 
daamuSaon informacia da CainiSnon garkveuli miTiTebebi.

1. TiToeuli jgufi amzadebs dnm-is  models SerCeuli masalebis ga­
moyenebiT.

2. muSaobis dasrulebis Semdeg ewyoba jgufebis namuSevrebis gamo­
fena.

internetresursebi:
http://www.youtube.com/watch?feature=endscreen&NR=1&v=QYrr-EyV7U0
http://www.youtube.com/watch?v=0jOapfqVZlo
http://www.youtube.com/watch?v=G8u5Ikdgsk8
http://www.youtube.com/watch?v=J4XxF0xUd5I
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http://www.youtube.com/watch?feature=endscreen&v=2VpxQQ9d1Cg&NR=1
http://www.youtube.com/watch?v=jNr0OH6mTjk
http://www.youtube.com/watch?NR=1&v=IN3tBkk8UjQ&feature=endscreen

kvlevis unar-Cvevebi:
aRniSnuli cdis safuZvelze moswavleebs uyalibdebaT mecnieruli 
kvlevis Semdegi unar-Cvevebi:
yy dakvirvebis  unari.

yy modelebis Seqmnis unari.
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cda 6.  qlorofilis mniSvnelobis Seswavla  
  fotosinTezis procesSi

Sedegi:  biol.X.8.  moswavles SeuZlia imsjelos fotosinTezze, ro­
gorc mcenareuli biomasis warmomqmnel sakvanZo procesze.

indikatori:  cdis saSualebiT ikvlevs sxvadasxva foTolSi (mag; feradi 
foTlebi, ramdenime dRiT sibneleSi gaCerebuli foTlebi, damcvelo­
biTi safarvelis mqone foTlebi) saxameblis arseboba/ararsebobas, ad­
gens cxrils da masSi warmodgenil monacemebs akavSirebs qlorofilis 
arsebobasTan.

rekomendacia:  sasurvelia samuSao Sesruldes jgufebSi. jgufSi mos­
wavleTa raodenoba gansazRvreT klasSi moswavleTa raodenobis mixed­
viT.

ras vikvlevT:   aris, Tu  ara saWiro qlorofili fotosinTezis proce­
sisaTvis?

cdis mizani:  qlorofilis mniSvnelobis Seswavla fotosinTezis pro­
cesSi.

cdisTvis saWiro masalebi:
2 cali 250 ml moculobis qimiuri Wiqa (F0083), 2 sinjara (F0177), pince­
ti (F0453), 2 petris Tasi (F0456), saaTi, spirtqura, an eleqtroCaidani, 
eTilis spirti, wyali,  iodis xsnari.

cdis msvleloba:
1.	 aiReT 2 qimiuri Wiqa mduRare wyliT. moaTavseT maTSi ori oTaxis 

mcenaris - mwvanefoTola Wortanas (igive Worikana, tradescantia) da 
WrelfoTola Wortanas (Wrel foTolze monacvleobs mwvane da 
melnisferi monakveTebi) TiTo-TiTo foToli 1 wT-is ganmavlobaSi.
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2.	gadaitaneT  foTlebi spirtian sinjarebSi pincetis saSualebiT.
3.	 spirtiani sinjarebi moaTavseT mduRare wyalSi da daayovneT 10 wT.

4.	pincetiT amoiReT foTlebi da garecxeT onkanis wyliT.
5.	garecxili foTlebi moaTavseT petris Tasze, daawveTeT iodis 

xsnari da daakvirdiT ra moxdeba.
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sTxoveT moswavleebs gaakeTon Canawerebi da gaanalizon  cdis Sedegebi. 

cdis gamaanalizebeli kiTxvebi:
1.	ratom iyo saWiro foTlis moTavseba mduRare wyalSi?(mduRare 

wyalSi foTlis moTavseba saWiro iyo ujredis kedlis dasaSle­
lad da  masSi mimdinare qimiuri reaqciebis SesaCereblad, mag: 
foTlis mier saxameblis warmoqmnis SesaCereblad). 

2.	ra mniSvneloba hqonda Semdgom etapze foTlis gadatanas spirt­
Si? (qlorofili gaixsna spirtSi da gamoirecxa foTlebidan. 
qlorofilis mocileba mniSvnelovania, radgan foToli qloro­
filis Tanaobisas cudad iRebeba).

3.	ram ganapiroba iodis dawveTebis Semdeg foTlis Seferilobis 
cvlileba?(es saxameblis aRmomCeni reaqciaa.  iodi fers ucvlis 
saxamebels da foTols moSavo-molurjo Seferilobas aniWebs).

4.	romelia mocemul cdaSi damokidebuli da damoukidebeli cvla­
di? (damokidebuli cvladia saxameblis foTolSi arseboba/arar­
seboba. damoukidebeli cvladia qlorofilis arseboba/ararse­
boba).

5.	ratom ar Seifera Wreli foToli mTlianad? (iodis zemoqmede­
biT iRebeba saxamebeli. foTlis melnisferi nawilebi qloro­
fils ar Seicavs, amitom aq fotosinTezi ar mimdinareobs da saxa­
mebeli ar warmoiqmneba. Wreli foToli SeiReba mxolod im adgi­
lebSi, sadac qlorofilis arsebobis gamo saxamebeli warmoiqmna).

6.	ivaraudeT, rogor Sedegs miiRebdiT Tu cdis obieqtad gamoiye­
nebdiT 3 dRiT sibneleSi moTavsebuli mcenaris foTols? axse­
niT, ratom? (3 dRiT sibneleSi yofnis Sedegad mcenaris foTleb­
Si erTi mxriv, amoiwureboda dagrovili saxameblis maragi, xolo 
meore mxriv, sinaTlis ar arsebobis gamo axali maragi ver warmo­
iqmneboda. savaraudod, aseTi mcenaris foToli iodiT ver SeiRe­
beba).
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7.	cdis Sedegze dayrdnobiT imsjeleT qlorofilis mniSvnelobaze 
fotosinTezis procesSi.

internetresursebi:
http://www.youtube.com/watch?v=8_9_ACIV4ME

kvlevis unar-Cvevebi:
aRniSnuli cdis safuZvelze moswavleebs uyalibdebaT mecnieruli 
kvlevis Semdegi unar-Cvevebi:
yy cdis Catarebisa da Sesabamisi aRWurvilobis saTanado gamoyene­

bis unari.

yy dakvirvebisa da aRweris unari.

yy Sedegebis gaanalizebis da daskvnis gakeTebis unari.
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cda 7.  sakvebi produqtebis energetikuli Rirebulebis   
  Sedareba

Sedegi:  biol.X.7. – moswavles SeuZlia daasabuTos kvebis da monelebis 
mniSvneloba organizmis zrda-ganviTarebisaTvis da energiiT uzrun­
velsayofad.

indikatori:  atarebs cdebs sakvebSi dagrovili energiis raodenobis 
gamosaTvlelad. adarebs sakveb produqtebs energetikuli Rirebule­
bis mixedviT.

rekomendacia:  jgufuri samuSao. aRWurvilobis Sesabamisad sasurvelia 
Seiqmnas 5 jgufi. SesaZlebelia, TiToeulma jgufma Caataros kvleva 5 
sakveb produqtze, an gamoikvlios mxolod erTi produqtis energeti­
kuli Rirebuleba. 

usafrTxoeba:  aucilebelia daicvaT usafTxoeba spirtqurasTan muSao­
bisas. aseve saWiroa oTaxis kargi ventilacia damwvari nivTierebebis 
sunis gasaniaveblad.

ras vikvlevT:  romeli produqtia (Saqari, vaSli, kakali, yveli, karto­
fili) ufro maRali energetikuli Rirebulebis?

cdis mizani:   sxvadasxva sakvebi produqtis energetikuli Rirebulebis 
Sedareba

cdisTvis saWiro masalebi:
TiToeuli jgufisTvis:
5 sinjara (F0175), sinjarebis sadgami(F0579), spirtqura (F0300), sinjaris 
damWeri, anTebuli kvari.

cdis msvleloba:
cdis dawyebamde sTxoveT moswavleebs gamoTqvan varaudi – CamoTvlili 
produqtebidan: Saqari, vaSli, kakali, yveli, kartofili – romeli maT­
gani Seicavs met energias? romelia ufro maRali energetikuli Rire­
bulebis produqti?

1.	moaTavseT mcireodeni Saqari mSrali sinjaris ZirSi. 
2.	sinjaris damWeris gamoyenebiT gaacxeleT sinjaris Ziri spirtqu­

ris alze.
3.	  daakvirdiT orTqls (wylis kondensants) sinjaris zeda, civi na­

wilis kedlebze.
4.	rodesac kvamli daiwyebs sinjaridan amosvlas, ecadeT aanToT an­

Tebuli kvariT. ganagrZeT sinjaris gacxeleba da ecadeT kvamlis­
Tvis cecxlis mokideba manam, sanam kvamlis gamoyofa ar Sewydeba.
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5.	 frTxilad moaTavseT cxeli sinjara sinjaris sadgamze srul ga­
civebamde.
gaimeoreT aRwerili cdis msvleloba sakvebis sxva nimuSebze da 
SeitaneT Sedegebi qvemoT mocemul cxrilSi.   gamoiyeneT Semdegi 
gradacia: 
a) raodenobasTan mimarTebaSi: didi raodenobiT, saSualo raode­

nobiT, 
mcire raodenobiT.
b) drosTan mimarTebaSi: xangrZlivi, saSualo xangrZlivobis, xan­

mokle.
g)alis intensivobasTan mimarTebaSi: maRali, saSualo, ar aalda. 

sakvebi orTqlis an 
kondensirebuli 
wylis raodenoba

kvamlis 
raodenoba 

kvamlis 
xangr-

Zlivoba

alis inten-
sivoba

Saqari

vaSli

yveli

kartofili

kakali

cdis gamaanalizebeli kiTxvebi
1.	SeadareT sinjaraSi mimdinare wvis procesi adamianis organizmSi 

mimdinare JangviT procesebs(sinjaraSi mimdinare procesisgan 
gansxvavebiT organizmSi nivTierebebis mSrali wva ar mimdinare­
obs, Tumca iseve, rogorc sinjaraSi, organizmSi xdeba organuli 
nivTierebebis daSla Jangbadis saSualebiT, anu daJangva da am 
procesis Sedegad energiis gamonTavisufleba. iseve, rogorc 
wvis SemTxvevaSi, daJangvis saboloo produqtebia naxSiroJangi, 
wyali da siTbo).

2.	ra formiT gamonTavisuflda sakvebidan energia mocemul eqspe­
rimentSi? (energia Tavisufldeba siTbosa da alis saxiT).

3.	 ra saxis energetikuli gardaqmna ganxorcielda sinjaraSi wvis 
procesSi? (Saqris molekulebSi arsebuli qimiuri energia wvis 
procesSi gardaiqmna siTbur energiad)

4.	ivaraudeT, iqneba Tu ara gansxvaveba Saqris natexis Tavdapirvel 
masasa da wvis Sedegad miRebuli nivTierebis masas Soris? axseniT  
pasuxi. (gansxvaveba iqneba, radgan Saqris wvis procesSi sinjari­
dan gamonTavisufldeba wylis orTqli, naxSiroJangi da zogier­
Ti nivTiereba kvamlis saxiT )
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ra saxis gardaqmnebs ganicdis energia adamianis sxeulSi? (adamianis 
organizmSi qimiuri energia (qimiuri bmebis energia), gardaiqmneba 
siTbur,  meqanikur an eleqtrul energiad, rac ganapirobebs ama 
Tu im saxissamuSaos, moZraobis, ujreduli transportis da a.S. 
Sesrulebas).

5.	ra saxiT Tavisufldeba energia adamianis sxeulidan? (siTburi 
energiis saxiT).

6.	mocemul nimuSebSi romel indikators miiCnevdiT energiis arse­
bobis damadasturebel TvalsaCino faqtad? (maRali intensivobis 
kvamli, romelic grZeldeba SedarebiT xangrZlivad gviCvenebs 
didi raodenobiT energias).

7.	zemoT gamoTqmul mosazrebaze dayrdnobiT, romeli sakvebis ni­
muSi Seicavs yvelaze met energias? (savaraudod, kvamlis indika­
torze dayrdnobiT yvelaze meti energiis Semcveli iqneba yveli 
da kakali).

8.	Tu sakvebi produqtis nimuSi ar warmoqmnis als, SeiZleba Tu ara 
vivaraudoT, rom aRniSnuli produqti dabali energetikuli Ri­
rebulebisaa? pasuxi axseniT. (Tu sakvebi produqti ar warmoqmnis 
als, SeiZleba vivaraudoT, rom aseTi produqti dabali energeti­
kuli Rirebulebisaa, radgan ali aris sakveb produqtSi Semavali 
organuli nivTierebebis wvis Sedegi. meore mxriv, mcire raodeno­
bis ali SesaZlebelia ganapirobos sxva faqtorebmac: magaliTad, 
dabalma temperaturam, romelic ar aris sakmarisi sakvebSi Sema­
vali organuli nivTierebebis dasawvavad. mcire raodenobis ali 
SeiZleba warmoiqmnas im SemTxvevaSic, Tu produqti wvisas war­
moqmnis Zalian bevr wylis orTqls).

9.	ratom Wams adamiani iseT sakvebs, romelic Seicavs mcire raodeno­
biT energias? (adamiani miirTmevs dabali energetikuli Rirebu­
lebis mqone sakvebs maTi sagemovno Tvisebebis gamo, aseve, vitamine­
bisa da sxva biologiurad aqtiuri nivTierebebis Semcvelobis ga­
mo; SesaZloa, amgvar sakvebs hqondes sxva daniSnulebac, mag., aRsa­
niSnavia celulozas roli kuW-nawlavis traqtis moqmedebaSi).

10.	 cdis Sedegebi SeadareT Tqvens mier gamoTqmul varauds da gaa­
keTeT saboloo daskvna.

cdis ganmarteba:    sxvadasxva sakvebi produqtebis nimuSebi sinjaraSi 
ganicdian mSral wvas. wylis gamoyofa xdeba orTqlis saxiT, romlis 
garkveuli nawili kondensirdeba sinjaris kedlebze. wvis Sedegad  ga­
moTaviseuflebuli airebi aaldeba. alis zoma da xangrZlivoba miuTi­
Tebs sakvebi produqtis energetikul Rirebulebaze.

kvlevis unar-Cvevebi:
aRniSnuli cdis safuZvelze moswavleebs uyalibdebaT mecnieruli 
kvlevis Semdegi unar-Cvevebi:
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1.	varaudis gamoTqmis unari.
2.	cdis Catarebisa da Sesabamisi aRWurvilobis saTanado gamoyene­

bis unari usafrTxoebis wesebis dacviT.
3.	dakvirvebisa da aRweris unari.
4.	dakvirvebis Sedegebis aRricxvis unari.
5.	Sedegebis gaanalizebis da daskvnis gakeTebis unari.
6.	daskvnebis varaudTan Sedarebis unari.

* aRniSnuli eqsperimenti efuZneba Jurnal ,,Journal of Biological Education 
18 (4) 273” D. R. B. Barrett -Si gamoqveynebul masalebs.
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cda 8.  osmosi da Semxebi zedapiris farTobi

Sedegi: biol.X. 5.moswavles SeuZlia imsjelos ujredSi mimdinare pro­
cesebze da daasabuTos maTi mniSvneloba organizmisTvis.

rekomendacia:   jgufuri samuSao

ras vikvlevT:  razea damokidebuli sakvlevi obieqtis wylis Sewovis 
siswrafe?

cdis mizani:   osmosisa da sakvlevi obieqtis Semxebi zedapiris farTobs 
Soris kavSiris dadgena.

cdisTvis saWiro masalebi:
kartofilis gorglebi. ( 100 grami kartofili  sakmarisia 5 aseTi  eq­
sperimentis Casatareblad)
qaRaldis xelsaxoci an saSrobi qaRaldi, 10 mg sizustis saswori.

aRWurviloba erTi jgufisaTvis: samzareulos dana an skalpeli, saWre­
li dafa, saxazavi, 100 ml tevadobis  qimiuri Wiqa.

cdis msvleloba:
1. gamoiyeneT skalpeli an samzareulos dana da daWeriT 
kartofili 8 kubad, ise rom kubis gverdis sigrZe iyos 
1 sm (e.i. TiToeuli kubis moculoba iqneba  1 sm3). 
daWrisas gamoiyeneT dafa.

2. gamoiyeneT skalpeli an samzareulos dana da daWeriT 
kartofili, ise rom miiRoT  erTi kubi, romlis gverdis 
sigrZe iqneba 2 sm (e.i. kubis moculoba iqneba 2 x 2 x 2 = 8 sm3).
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3. erTad awoneT rva 1 sm3moculobis kubi.  gansazRvreT saerTo masa 
da CaiwereT monacemi.

4. awoneT erTi 8 sm3moculobis kubi. gansazRvreT  masa da CaiwereT 
monacemi. 

5.  moaTavseT yvela (cxrave kubi) wylian WiqaSi da dainiSneT dro.
6.  SeitaneT monacemebi  cxrilis Sesabamis grafebSi.
7. daniSnuli droidan erTi saaTis gasvlis Semdeg amoiReT kubebi 

wylidan. gaamSraleT saSrobi qaRaldiT  (an qaRaldis xelsaxo­
ciT) da awoneT.  SeitaneT monacemebi cxrilSi.

8.  daabruneT kubebi wyalSi da gaimeoreT awonvis procedura mom­
devno dRes.

i) gazomvebis dasrulebis Semdeg gamoiTvaleT masis saboloo cvli­
leba, rogorc rva patara (1 sm3) kubisTvis, ise erTi didi (8 sm3) 

kubisTvis.
9. gamoiTvaleT masis cvlileba procentebSi Semdegi formulis mi­

xedviT.  
   cvlileba gamosaxuli
                     procentebSi = masis cvlileba x 100
					                  -------------------------------------
						            sawyisi masa
10. SeitaneT monacemebi cxrilSi.
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11.  Tu masebis zrdas Soris arsebiTi cvlileba ar SeiniSneba, SesaZ­
lebelia, klasis yvela monawilis/jgufis monacemebi Seikribos da 
gasaSualovdes.

rva  1sm 3kubebi erTi 8 sm 3kubi

sawyisi masa

saboloo masa 1sT Semdeg

saboloo masa 24 sT Semdeg

cvlileba masaSi 1sT Semdeg

cvlileba masaSi 24sT Semdeg

cvlileba gamosaxuli 
procentebSi

12. gaanalizeT Sedegebi. ra daskvnis gakeTeba SegiZliaT monacemebze 
dayrdnobiT?

cdis gamaanalizebeli kiTxvebi
1. 	eqsperimentis dawyebisas hkiTxeT moswavleebs rogoria  erTad 

rva 1sm3 moculobis kubis da erTi 8 sm3 moculobis kubis masebi? 
(kartofilis 8 sm3moculobis kubebi iwonian miaxloebiT 9 an 10 
grams. rva 1sm3moculobis kubis jamuri masa ki, rogorc wesi,  am 
masisgan +/- 1 gramiT gansxvavebulia.  radganac saboloo analizis 
dros vadarebT masis zrdis procentul maCvenebels, aseTi  (+/- 1 
g) gansxvaveba ar aris arsebiTi).

2. ra SeiZleba iyos gansxvavebis ZiriTadi mizezi? (nebismieri gansx­
vaveba SeiZleba mivaweroT  kartofilis kubebad daWris proce­
duras.)

3.rogori   iyo Tqveni molodini? fiqrobT Tu ara, rom rva 1sm3 mo­
culobis kubis da erTi8 sm3 moculobis kubis masebs Soris ufro 
didi gansxvaveba iqneboda? (Teoriulad ar unda iyos gansxvaveba, 
magram praqtikulad aseTi gansxvavebebi Tavs iCens zemoT dasaxe­
lebuli mizezis gamo).

4. a) ra aris rva 1sm3 moculobis kubis saerTo  zedapiris farTobi ? 
(rva 1sm3moculobis kubis saerTo  zedapiris farTobi aris 6 sm2x 
8=48 sm2).

  b) ra aris erTi 8 sm3 moculobis kubis zedapiris farTobi? (erTi 
8 sm3 moculobis kubis zedapiris farTobi aris 24 sm2).

5. rogor fiqrobT, ratom SeiZleba  gazrdiliyo kubebis  masa wyal­
Si erTi saaTiT moTavsebis Semdeg? (kubebis  masa wyalSi erTi saa­
TiT moTavsebis Semdeg gaizarda, da savaraudod es kartofilis 
ujredebSi osmosiT moxda)
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6. rogoria gansxvaveba   masis saboloo cvlilebisa, gamosaxuli pro­
centebSi, rogorc erTad rva patara (1 sm3) kubisTvis, ise erTi 
didi (8 sm3) kubisTvis. (erTi saaTis Semdeg, gamocdilebaze dayrd­
nobiT, SeiZleba miiRoT Semdegi saxis monacemebi: 

erTi didi (8 sm3) kubis masa gaizrdeba 1%-dan 5%-mde.
rva patara (1 sm3) kubis saerTo masa gaizrdeba  3%-dan  8%-mde.  24 

saaTis Semdeg masaTa Soris sxvaoba kidev ufro SesamCnevi iqneba 
da SesaZloa, Sesabamisad  gaxdes  8% da 15%.

Sedegebi damokidebulia imaze, Tu  sawyis etapze rogoria kartofi­
lis ujredebis turgori (rac ufro meti wyalia ujredebSi, miT 
ufro didia ujredis SigniT turgoruli wneva (maRali turgoru­
li wnevis pirobebSi ujredSi wylis Sesvla klebulobs).

7. ra axsnas mouZebniT amas? (radganac sakvlevi orieqtebis masebi Ta­
nabari iyo, da isini gansxvavdebodnen zedapiris farTobiT, Seg­
viZlia davaskvnaT, rom  wylis Sewovis sisrafe damokidebulia 
Semxeb zedapirze).

ZiriTadi principi: gaizomos  kartofilis rva 1 sm3 moculobis kubis 
da  erTi 8 sm3 moculobis kubis masebis cvlileba.

kvleviTi unarebi
aRniSnuli cdis safuZvelze moswavleebs uyalibdebaT mecnieruli 
kvlevis Semdegi unar-Cvevebi:

1.	cdis Catarebisa da Sesabamisi aRWurvilobis saTanado gamoyene­
bis unari.

2.	dakvirvebis an/da gazomvebis aRricxvis unari.
3.	monacemebis  cxrilis saxiT warmodgenis unari;
4.	monacemebis gaanalizebis da daskvnis gakeTebis unarebi;

*aRniSnuli eqsperimenti efuZneba Jurnalis ,,Journal of Biological Education 
18 (4) 273” D. R. B. Barrett -is masalebs.
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cda 4.  ujredis sasicocxlo ciklis Seswavla
cda 5.  wylis wrebrunva - mcenaris mier wylis aorTqleba da STanTqma
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cda 1.  rZis baqteriuli dabinZurebis xarisxis gansazRvra 

Sedegi:  biol. XI. 10. moswavles SeuZlia imsjelos adamianis yofisTvis 
mikroorganizmebis sasargeblo da saziano Tvisebebis mniSvnelobaze.

rekomendacia: jgufuri samuSao. sasurvelia TiToeulma jgufma gamo­
ikvlios rZis yvela warmodgenili nimuSis dabinZurebis xarisxi da Sea­
daros erTmaneTs. 

ras vikvlevT:   rZis romeli nimuSia ufro metad dabinZurebuli baqte­
riebiT?

cdis mizani:  rZis baqteriologiuri dabinZurebis xarisxis gansazRvra.

cdisTvis saWiro masalebi:
1 jgufisTvis:
kolbebi (rZis nimuSebis raodenobis gaTvaliswinebiT (F0246)), sinjare­
bi (F0177), sinjarebis sadgami (F0579), kolbisa da sinjarebis sacobebi 
(F31/25X30), (F8/4X20), 600 ml moculobis qimiuri Wiqa (F0088) cxeli 
wylis abazanisaTvis, Termometri (F0332), pipetebi (F0461), sakvlevi rZis 
ramdenime nimuSi, 1%-iani meTilenis lurjis xsnari.

cdis msvleloba:
1.	sakvlevi rZis nimuSebi CaasxiT sterilur kolbebSi da daaxureT 

steriluri sacobi. 
2.	sinjarebSi CaasxiT 1 ml meTilenis lurji. TiToeul sinjaraSi 

daamateT  20 ml sxvadasxva sakvlevi rZis nimuSi, daaxureT saco­
bebi. 

3.	TiToeuli sinjara samjer frTxilad gadaatrial-gadmoatria­
leT da Semdeg frTxilad SeanjRrieT.

4.	sinjarebi moaTavseT cxeli wylis abazanaSi, 380C-ze (gaiTvaliswi­
neT, rom sinjarebis CaSvebis Semdeg wyali abazanaSi unda iyos 
sinjarebSi siTxis donis toli an masze odnav meti).  cdis ganmav­
lobaSi wylis temperatura SeinarCuneT  380C-400C farglebSi. sin­
jarebis abazanaSi CaSveba CaTvaleT  analizis sawyis etapad da 
daiwyeT  drois aTvla. 

5.	daakvirdiT sinjarebSi rZis feris cvlilebas analizis dawyebi­
dan 20 wT-is, 2 sT-is da 5.5 sT-is Semdeg. cdis dasasrulad miiC­
nieT  rZis sruli gauferulebis momenti.

6.	cdis Sedegi gaanalizeT cxrilis gamoyenebiT da gaakeTeT saTana­
do daskvna.
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gauferulebaze daxar
juli dro

1 ml rZeSi baqteriebis 
raodenoba

rZis xarisxi

20 wT-ze naklebi 20 mln-ze meti Zalian cudi

20 wT - 2 sT 4 mln - 20 mln cudi

2 sT - 5.5 sT 500 000 - 4 mln damakmayofilebeli

5.5 sT-ze meti 500 000-ze  naklebi kargi

SeniSvna:   analizisTvis iReben sinjs rZis Sua nawilidan. mikrobiolo­
giuri kvleva unda gakeTdes sinjis aRebisTanave, an araugvianes 4 saa­
Tisa - im pirobiT, rom drois am periodSi rZe Seinaxeba 4-60C tempera­
turaze.

cdis ganmarteba:   mocemul cdaSi rZis gauferulebis dro warmoadgens 
nedli rZis (arapasterizirebuli rZis) baqteriuli dabinZurebis ara­
pirdapir maCvenebels: rZis baqteriuli dabinZurebis xarisxis gansazR­
vra efuZneba fermentis - reduqtazas moqmedebas, romelic baqteriuli 
metabolizmis erT-erTi produqtia. reduqtazas SeuZlia rZeSi damate­
buli meTilenis lurjis aRdgena, rac iwvevs rZis gauferulebas. rac 
ufro maRalia rZis dabinZurebis xarisxi, miT ufro maRalia reduqta­
zas aqtivoba da Sedegad, miT ufro swrafad uferuldeba rZe. Sesaba­
misad, gauferulebisaTvis saWiro drois mixedviT SesaZlebelia msje­
loba rZis baqteriuli dabinZurebis xarisxze.

cdis gamaanalizebeli kiTxvebi:
1.	ra iwvevs rZis gauferulebas mocemul cdaSi? (rZis gauferule­

bas iwvevs meTilenis lurjis aRdgena ferment reduqtazas ze­
moqmedebiT).

2.	ra damokidebuleba arsebobs rZeSi baqteriebis raodenobasa da 
gauferulebisaTvis saWiro dros Soris? (rac ufro maRalia rZis 
baqteriuli dabinZurebis xarisxi, miT ufro maRalia reduqtazas 
aqtivoba da miT ufro swrafad uferuldeba rZe).

3.	ra mniSvneloba aqvs cdis msvlelobisas sinjarebis Tbil abazana­
Si moTavsebas? (reduqtaza warmoadgens ferments, anu cilas, rom­
lis moqmedebac optimaluria 380C-400C-ze).

4.	romelia mocemul cdaSi damokidebuli da damoukidebeli cvla­
debi? (baqteriebis raodenoba aris damoukidebeli cvladi, xolo 
gauferulebisTvis saWiro dro damokidebuli cvladi).

5.	SeadareT erTmaneTs jgufebis mier miRebuli Sedegebi da imsje­
leT rZis sxvadasxva nimuSis baqteriologiuri dabinZurebis xa­
risxze. 



370

kvleviTi unar-Cvevebi:
aRniSnuli cdis safuZvelze moswavleebs uyalibdebaT mecnieruli 
kvlevis Semdegi unar-Cvevebi:
yy cdis Catarebisa da Sesabamisi masalis/aRWurvilobis saTanado ga­

moyenebis unari.

yy dakvirvebis unari.

yy Sedegebis gaanalizebis da daskvnis gamotanis unarebi.
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cda 2.  dakvirveba mtvris marcvlis gaRivebaze

Sedegi:  biol.XI.5.  moswavles SeuZlia daaxasiaTos organizmTa gamrav­
lebis da individualuri ganviTarebis formebi.

indikatori: aRwers yvavilovan mcenareebSi ganayofierebas da etapebs 
warmoadgens sxvadasxva gamomsaxvelobiTi saSualebebiT (mag: sqema, na­
xati da kolaJi).

rekomendacia:  sasurvelia cda Catardes jgufebSi. jgufebis raodeno­
ba da jgufSi moswavleTa raodenoba gansazRvreT klasSi moswavleTa 
raodenobis mixedviT.

cdis mizani: yvavilovan mcenareebSi mtvris marcvlis gaRivebisTvis sa­
qarozas arsebobis dadgena 

cdisTvis saWiro masalebi:
yvavili (mag: senpolia, an nebismieri sxva yvavili, romlis mtvrianebi­
dan advilad aiRebT funjiT mtvers), funji, 100ml moculobis kol­
ba(F0070) SlifiT (Tavsaxuriani), mikroskopi (F0423), 2 sasagne mina(F0360), 
2 safari mina(F0361), saaTi, kovzi, Saqari, wyali.

cdis msvleloba:
1.	daamzadeT 20 ml 20%-iani saqarozas xsnari da SeinaxeT macivarSi 

gamoyenebamde baqteriuli dabinZurebis Tavidan asacileblad;
2.	yvavilis mtvrianas funjiT moacaleT mtvris marcvlebi da gada­

itaneT or sasagne minaze. saWiroa damzaddes ori preparati.
3.	erT sasagne minaze daawveTeT  2 wveTi saqarozas xsnari, meoreze 

ki – wyali. orives daafareT safari mina.
4.	damzadebuli preparatebi daaTvaliereT mikroskopiT, daakvir­

diT mtvris marcvlebs da SeadareT erTmaneTs.
5.	preparatebi moaTavseT siTboSi (oTaxis temperaturaze). pirveli 

dakvirveba awarmoeT 30-40 wT-is Semdeg, meore - 1-1,5 sT-is Sem­
deg. SeiswavleT TiToeuli preparati da SeadareT dakvirvebis 
Sedegebi erTmaneTs. warmoadgineT orive dakvirvebis Sedegebi Ca­
naxatis saxiT.

cdis gamaanalizebeli kiTxvebi:
1.	aRwereT, ra Seicvala mtvris marcvlebSi daniSnuli drois gasv­

lis Semdeg da ra rols TamaSobs es cvlilebebi yvavilovani mce­
nareebis gamravlebaSi (pirvel preparatSi adgili hqonda mtvris 
marcvlebis gaRivebasa da samtvre milis warmoqmnas. meore prepa­
ratis SemTxvevaSi mtvris marcvlebi ar gaRivda. mtvris marcvlis 
gaRiveba warmoadgens yvavilovani mcenareebisaTvis damaxasiaTe­
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beli ormagi ganayofierebis erT-erT etaps. samtvre milSi moTav­
sebuli generaciuli birTvi mtvris milis zrdis procesSi war­
moqmnis spermiebs, romlebic anayofiereben TeslkvirtSi moTav­
sebul kvercxujredsa da centralur ujreds. ganayofierebis 
Sedegad Teslkvirtidan warmoiqmneba Tesli, xolo naskvidan - na­
yofi ).

2.	ratom gamoiyeneT saqarozas xsnari pirveli preparatis damzade­
bisas? (mtvris milis zrdas esaWiroeba energia, romelsac is iRebs 
organuli nivTierebebis daJangvis Sedegad. saqaroza warmoad­
gens energiis wyaros mtvris milis zrdis procesSi. garda amisa, 
cnobilia, rom saqaroza asrulebs sasignalo molekulis rols 
gaRivebis iniciaciaSi, xolo saqarozas Semcveli  garemo mtvris 
mils unarCunebs normalur osmosur wnevas zrdis procesSi).

3.	 ratom miiReT gansxvavebuli Sedegebi preparatebis kvlevisas? 
(meore preparatSi mtvris marcvlebis gaRiveba ar moxda, vinaidan 
garemomcveli are ar Seicavda saqarozas. meore preparatma sa­
kontrolo cdis roli Seasrula da daadastura, rom saqaroza 
aucilebelia gaRivebis procesisaTvis). 

4.	gamoTvaleT gaRivebuli marcvlebis procentuli raodenoba pir­
vel preparatSi.

5.	savaraudod, ra faqtorebi moqmedeben mtvris marcvlis gaRiveba­
ze bunebaSi? (temperatura, yvavilobis periodis xangrZlivoba, 
saxeobrivi specifika, sxvadasxva saxis gamonabolqvi, ultraiis­
feri gamosxiveba da sxv.).

6.	dagegmeT cda, romliTac SesaZlebeli gaxdeba mtvris marcvlis 
gaRivebaze temperaturis zemoqmedebis Seswavla.

cdis ganmarteba:  yvavilovan mcenareebSi mtvris marcvlis dingze mox­
vedris Semdeg, butkos zedapiruli ujredebi iwyeben saqarozas xsnaris 
gamoyofas. mtvris marcvali Rivdeba da uviTardeba samtvre mili. cdis 
msvlelobisas saqarozas zemoqmedebiT adgili aqvs igive procesebs xe­
lovnur pirobebSic. amitom SesaZlebelia dakvirveba mtvris marcvlis 
gaRivebasa da samtvre milis ganviTarebaze.

SeniSvna:  gasaTvaliswinebelia, rom sxvadasxva mcenares gaRivebis sxva­
dasxva siCqare axasiaTebs. amitom aucilebelia, rom cdis mosamzadebel 
etapze maswavlebelma SearCios da gamocados mcenare/mcenareebi, ro­
melTa mtvris marcvlis gamoyenebac surs kvlevaSi. sasurvelia, Tu 
jgufebi imuSaveben sxvadasxva mcenareebze.
Tu maswavlebels ar aqvs saSualeba kvlevis Casatareblad gamoiyenos 
dawyvilebuli gakveTilebi, meore dakvirvebis Sesruleba da cdis Se­
degebis gaanalizeba SesaZlebelia 24 sT-is Semdegac, meore dRes.
SesaZlebelia dakvirveba Seicvalos martivi eqsperimentiT, Tu gaizo­
meba sxvadasxva saxeobis mtvris marcvlis gaRivebis damokidebuleba 
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sxvadasxva faqtorze - droze, temperaturaze, saqarozas xsnaris kon­
centraciaze da sxv. 

kvlevis unar-Cvevebi:
aRniSnuli cdis safuZvelze moswavleebs uyalibdebaT mecnieruli 
kvlevis Semdegi unar-Cvevebi:
yy cdis Catarebisa da Sesabamisi masalis/aRWurvilobis saTanado ga­

moyenebis unari.

yy dakvirvebis da Sedarebis unarebi.

yy gaanalizebis da daskvnis gamotanis unarebi.
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cda 3.  bunebaSi cocxal organizmebze dakvirveba da  
  saxeobebis rkveva

Sedegi:  biol. XI. 7.  moswavles SeuZlia gamoiyenos evoluciis koncef­
cia organuli samyaros mravalferovnebis da masSi mimdinare cvlile­
bebis asaxsnelad.

indikatori:  iyenebs sqemebs da avlens evoluciur kavSirebs taqsonomi­
ur erTeulebs Soris.

rekomendacia:
yy savele samuSaos dros sasurvelia klasi dayoT jgufebad da Ti­

Toeul jgufs daavaloT organizmTa garkveul jgufebze dakvir­
veba da rkveva. mag: jgufi I da II- akvirdeba mwerebs, konkretulad 
ki peplebs da xoWoebs, jgufi III - akvirdeba frinvelebs, jgufi IV 
- akvirdeba da arkvevs mcenareebs; jgufebis raodenoba gansazRv­
reT klasSi moswavleTa raodenobis Sesabamisad.

yy savele kvlevisTvis sasurvelia axlomdebare teritoriaze Sear­
CioT iseTi adgili, sadac SesaZlebeli iqneba velur bunebaze dak­
virveba. mag: mindori, tye, tba, Wala.

yy bunebaSi gasvlamde moswavleebs esaubreT, rom bunebaSi yofnisas 
saWiroa garkveuli wesebis dacva garemos naklebad dazianebisa da 
dacvis mizniT. 

yy sasurvelia organizmebze dakvirvebis Semdgomi etapi, romelic 
moicavs saxeobebis rkvevas CaataroT klasSi, raTa moswavleebi 
ukeTesad gaerkvnen biologiuri sarkvevis gamoyenebaSi.

yy sarkvevebis moZieba SesaZlebelia biblioTekebSi.

yy usafrTxoeba:    bunebaSi yofnisas saWiroa garkveuli wesebis dac­
va, raTa garemo naklebad davazianoT. gaacaniT moswavleebs:

yy ar daaziano mcenareuli safari (nu gaTelav norC balaxs, nu Seag­
roveb gadaWarbebiT bevr yvavils).

yy ar datovo nagavi (miitane nagavi specialur nagavsayrelTan, an 
organuli narCenebi SesaZloa ormoSi Camarxo,  wvadi narCenebi 
dawvi koconze).

yy ar daanTo cecxli xmel totebze an foTlebze. jer saWiroa moam­
zado Sesabamisi adgili – gaasufTave patara adgili totebisgan 
da foTlebisgan, amoiRe niadagis zeda fena.

yy ar datovo koconi anTebuli. aucileblad Caaqre da zemodan mo­
ayare miwis mcire fena.

yy isargeble arsebuli bilikiT da nu daazianeb landSafts Tuki 
amis saWiroeba ar arsebobs.

yy nu daafrTxob velur cxovelebs, raTa ar daarRvio maTi simSvide, 
cxovrebis wesi.

yy ar gausinjo gemo SenTvis ucnob mcenaris nayofs, radgan is SeiZ­
leba Sxamiani aRmoCndes.



375

cdis mizani:     cocxal organizmebze dakvirvebisa da usafrTxoebis we­
sebis Seswavla savele pirobebSi kvlevisTvis. saxeobebis rkveva.
cdisTvis saWiro masalebi: 
mwerebis saWeri bade, lupa (F0116), binokli, Tavsaxuriani plastmasis 
qila, plastmasis an muyaos yuTi, penoplasti, bamba, niSaduris spirti, 
fotoaparati, bloknoti, fanqari, qaRaldis parkebi, biologiuri sar­
kvevebi: mwerebis, peplebis, mcenareebis, frinvelebis.

cdis msvleloba:    mas Semdeg, rac SearCevT adgils kvlevisTvis, daya­
viT klasi jgufebad, gaunawileT jgufebs saWiro masalebi, mieciT in­
struqcia,  Tu rogor awarmoon dakvirveba.

jgufi I     peplebze dakvirveba
mwerbadis gamoyenebiT daiWireT peplebi. moaTavseT plastmasis Tavsa­
xurian qilaSi, romelSic winaswar Cadebuli unda gqondeT niSaduris 
spirtSi dasvelebuli bamba, mogudvis mizniT. mogudvis Semdeg, qinZis­
Tavze wamocmuli pepela moaTavseT gaSlil mdgomareobaSi specialur 
samagrze (penoplastis natexze an sacobis masalis Txeli fena CadeT 
(CaafineT) raime yuTSi da masze CaamagreT qinZisTavebze wamocmuli pep­
lebi). 

jgufi II    xoWoebze dakvirveba
Tqvens mier daWerili xoWoebi moaTavseT plastmasis Tavsaxurian qila­
Si, romelSic winaswar Cadebuli unda gqondeT niSaduris spirtSi das­
velebuli bamba, mogudvis mizniT.

jgufi III    frinvelebze dakvirveba
frinvelebze dasakvirveblad gamoiyeneT binokli. SesaZlebelia aseve 
fotos gadaReba.
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jgufi IV    mcenareebze dakvirveba
SeagroveT sxvadasxva sakvlevi mcenaris foTlebi, yvavilebi (CadeT 
gaSlil, gasworebul mdgomareobaSi raime bloknotSi an wignakSi), na­
yofebi (CaalageT patara qaRaldis parkebSi).
dakvirvebisTvis aseve gamoiyeneT fotoaparati da gadauReT mcenare­
ebs fotoebi (mcenaris yvavilebs, foTlebs, mTlianad mcenares, to­
tebs da sxva).
jgufebma mopovebuli masala saWiroebis SemTxvevaSi daaxarisxon da 
daiwyon maTi Seswavla lupis da sarkvevebis gamoyenebiT.

SeniSvna:   gaacaniT moswavleebs sarkvevis struqtura da daniSnuleba, 
rac daexmareba maT, mopovebuli masalis rkvevaSi.
saxeobaTa dasadgenad arsebobs specialurad Sedgenili wignebi e.w. 

sarkvevebi. zogierTi sarkvevi ilustrirebulia, zogSi ki aRwerilobi­
Ti teqstebia. orive tipis sarkvevi gamoiyeneba ucnobi saxeobis gasar­
kvevad. sarkvevSi Setanilia is saxeobebi, romelic ukve klasificire­
bulia, anu ukve aqvT sakuTari adgili sistematikur kategoriebSi. 
savele biologiur sarkvevSi saxeobis mosaZebnad da mis gasarkvevad 
didi dakvirveba da yuradRebaa saWiro. dausuraTebel sarkvevebSi or­
ganizmebis damaxasiaTebeli niSnebi Tezisebis saxiTaa Cawerili (mag: Re­
roze foTolganlageba, nayofis an yvavilis tipi, sxvadasxva organos 
agebuleba da sxva).
Tezisebi sarkvevSi Setanilia gansxvavebul niSanTa wyvilebis saxiT. am 
wyvilebs Teza-antiTeza ewodeba. 
sarkvevSi wyvili Tezisebi (Teza-antiTeza) punqtebadaa Camowerili. 
yvela Teziss Tavisi ricxviT aRniSnaven. mag., qvemoT moyvanilia kibos­
nairTa klasis rigebis sarkvevis mcire monakveTi, sadac:
1-2, 3-4, 5-6 – wyvili Tezisebis punqtebia.
1(2) – Tezaa 		  2(1) – antiTeza;
3(4) – Tezaa 		  4(3) – antiTeza da a.S. 

1(2) cxovelebi binadroben xmeleTze . . . . . .kibosnairebi Tanabarfexianebi 
(13)
2(1) cxovelebi binadroben wyalSi.

3(4) mcire zomis cxovelebi, xSirad 2-3 mm, iSviaTad 5 mm-mde, nacrisferi, 
movardisfro Seferilobis; calkeuli organizmebi Znelad SesamCnevia sa­
arsebo garemoSi, xSirad qmnian did jgufebs . . . . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . kibosnairebi ulvaStotianebi (18)
4(3 ) mozrdili, aranakleb 10mm sigrZis, cxovelebi.

5(6) aqvT mZlavri marwuxebi, sxeulis sigrZe 50mm-ze meti. . . . . kibosnairebi, 
aTfexianebi (12) 
6(5) ar aqvT marwuxebi, sxeulis sigrZe ar aRemateba 50mm
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yoveli debulebis gaswvriv ricxvi weria, romelic aRniSnavs Semdeg 
etapze gasacnob Tezas (punqts). kvlevis gasagrZeleblad Tezis bolo­
Si miTiTebul punqtze unda gadavideT. Tu gasarkvevi saxeoba ar adas­
turebs aRniSnul punqts, maSin momdevno Tezaze, ase grZeldeba rkveva, 
sanam ar dadgindeba saxeoba. 

ilustrirebul sarkvevSi aRwerilobis garda aris ilustraciebic, rac 
SedarebiT aiolebs saxeobis dadgenas.
mas Semdeg, rac jgufebi daasruleben rkvevas, sTxoveT upasuxon kiTx­
vebs: 

1.	klasifikaciis ra niSnebis mixedviT daadgineT saxeoba?
2.	romeli sarkvevis gamoyeneba dagexmara saxeobis dadgenaSi?

kvlevis unar-Cvevebi:
aRniSnuli cdis safuZvelze moswavleebs uyalibdebaT mecnieruli 
kvlevis Semdegi unar-Cvevebi:
yy dakvirvebis unari.

yy savele samuSaos CatarebiT monacemebis mopovebis unari.

yy saTanado wesebis gamoyenebis unari sakuTari da sxvaTa usafr­
TxoebisTvis.

yy monacemebis gaanalizebis da daskvnis gamotanis unarebi.
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cda 4.  ujredis sasicocxlo ciklis Seswavla

Sedegi:  biol.XI.5   moswavles SeuZlia daaxasiaTos organizmTa gamrav­
lebis da individualuri ganviTarebis formebi.

indikatori:   sinaTlis mikroskopiT (an eleqtronul formatSi) akvir­
deba ujredebs gayofis procesSi da amoicnobs mitozis TiToeul fa­
zas.

rekomendacia:    sasurvelia samuSao Sesruldes wyvilebSi. wyvilebma un­
da moamzadon preparatebi da Seiswavlon isini sinaTlis mikroskopis 
saSualebiT. kvlevis procesSi maT unda gainawilon funqciebi, rogorc 
damkvirvebelma da Camwerma. damkvirvebelma ilustraciis daxmarebiT 
unda amoicnos konkretuli stadia da ukarnaxos Camwers, xolo Camwer­
ma - asaxos es informacia cxrilSi. preparatis Semdegi nawilis  Seswav­
lis dros moswavleebs Soris funqciebi unda gaicvalos.

usafrTxoeba:   HCl-Tan muSaobisas daicaviT sifrTxile, igi warmoadgens 
Zlier mJavas. aseve frTxilad imuSaveT felgenis reaqtivTan, romelic 
Zlieri saRebavia. yvela narCeni nivTiereba gadaitaneT plastmasis aba­
zanaSi.

ras vikvlevT:
1.	rogoria ujreduli ciklis TiToeuli fazis saSualo xangrZli­

voba xaxvis fesvis wveros ujredebSi?
2.	rogoria xaxvis fesvis dayofis zonis mitozuri indeqsi?

cdis mizani:    ujreduli ciklis Seswavla xaxvis fesvis ujredebis ma­
galiTze.

cdisTvis saWiro masalebi:
xaxvis fesvi, sinjara (F0176), qimiuri Wiqa (F0088), petris Tasi (F0456), 
boTli sawveTuriT (F0606), plastmasis abazana narCenebisTvis, makrate­
li, sinaTlismikroskopi (F0423), sasagne (F0360) da safari (F0361) minebi, 
pipeti (F0463), lanceti ((F0096), pinceti (F0453), 1N HCl, felgenis reaq­
tivi an acetokarmini (fuqsinZmarmJava).

cdis msvleloba:
1.	 preparatis momzadeba

1. aiReT winaswar momzadebuli xaxvis fesvis wveroebi, romelic da­
muSavebulia  safiqsacio xsnariT, Semdegi proceduris mixedviT:

2. moamzadeT safiqsacio xsnari: 6 eTilis spirti : 3 qloroformi : 
1 yinulovani ZmarmJava; 
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3. moaTavseT xaxvis fesvebi fiqsatoris xsnarSi 24 sT-iT da Semdeg 
SeinaxeT 70% eTilis spirtSi gamoyenebamde.

4. makratlis gamoyenebiT moaWeriT xaxvis fesvebs daaxloebiT 1sm 
sigrZis  wvero da moaTavseT isini sinjaraSi.

5. SeavseT sinjaris 2/3 1N HCl-iT.
1.	moaTavseT sinjara 600C-ze gacxelebul wyalSi da gaaCereT 12 wu­

TiT.
2.	12 wuTiani inkubaciis periodis Semdeg amoiReT sinjara wylidan, 

pincetis gamoyenebiT, frTxilad gadmoitaneT fesvebis wveroebi 
petris Tasze.

3.	 frTxilad gadaasxiT darCenili HCI sinjaridan narCenebisTvis 
gankuTvnil plastmasis abazanaSi.

4.	 petris Tasze moTavsebul fesvebs daasxiT felgenis reaqtivi. 
5.	gaaCereT fesvebi reaqtivSi 12 wT ganmavlobaSi. am drois ganmav­

lobaSi fesvis wveri daiwyebs gawiTlebas, radgan fesvis wveris 
aqtiurad gayofadi ujredebis dnm daiwyebs SeRebvas felgenis 
reaqtivis zemoqmedebiT. 

6.	 daniSnuli drois Semdeg frTxilad gadaRvareT felgenis reaq­
tivi       petris Tasidan plastmasis abazanaSi.

7.	fesvebi gaavleT wyalSi 3-jer.
8.	moaTavseT erTi fesvi sasagne minis centrSi da daumateT wylis 

wveTi.



380

9.	lancetis gamoyenebiT moWeriT fesvis SeuRebavi nawili da    ga­
daagdeT plastmasis abazanaSi.

10.	 daafareT damuSavebul, SeRebil fesvis wvers safari mina da 
frTxilad daaweqiT safar minaze haeris gamosadevnad.

2.	 ujreduli ciklis fazebis Seswavla da maTi saSualo xangrZlivobis 
gansazRvra

1.	mikroskopi daayeneT mcire gadidebaze (X10) da moZebneT TvalTa­
xedvis areSi ujredebis aqtiurad gayofis zona. am zonaSi  ujre­
debs mTlian zomasTan SefardebiT didi birTvi aqvT. gayofis zo­
nis ujredebSi kargad Cans mitozis etapebi. magaliTebi moyvani­
lia suraTze. 
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2.	gadaiyvaneT mikroskopi did gadidebaze (X40) da daiwyeT dakvir­
veba. 

3.	mocemuli ilustraciis daxmarebiT gaakeTeT diferencireba, sa­
sicocxlo ciklis romel fazaSi imyofeba TvalTaxedvis areSi 
moqceuli TiToeuli ujredi - interfazaSi, profazaSi, metafa­
zaSi, anafazaSi, Tu telofazaSi. aRricxeT TiToeuli ujredis 
sasicocxlo ciklis faza cxrilis meore svetSi moniSvniT. 

4.	TvalTaxedvis areSi moqceuli yvela ujredis aRricxvis Semdeg 
aamoZraveT preparati fesvis wveros qveda nawilidan zeviT da Se­
iswavleT TvalTaxedvis axal areSi moqceuli ujredebi igive 
principis gamoyenebiT. iyaviT frTxilad, raTa ar aRricxoT erTi 
da igive ujredi orjer. kvlevis am etapze SecvaleT funqciebi 
damkvirvebelsa da Camwers Soris. 

5.	gaagrZeleT kvleva iqamde, sanam ar aRricxavT 30 ujreds.
6.	aRricxvis dasrulebis Semdeg daTvaleT TiToeul fazaSi myofi 

ujredebis raodenoba  da iangariSeT maTi procentuli wili (mea­
Tedis sizustiT). monacemebi SeitaneT cxrilSi.

7.	gamoTvaleT ujreduli ciklis TiToeuli fazis saSualo xangrZ­
livoba, romelic proporciulia am fazaSi napovni ujredebis 
procentuli wilisa. ujreduli ciklis saerTo saSualo  xangrZ­
livobad miiCnieT 24 sT. monacemebi SeitaneT cxrilSi.
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ujreduli 
ciklis faza

moniSvna raodenoba procentuli 
wili (%)

fazis 
xangrZlivoba 

(sT)

interfaza

profaza

metafaza

anafaza

telofaza

sul

mitozuri 
indeqsi

8.	kvlevis Sedegad miRebuli informaciis safuZvelze  gamoTvaleT 
mitozuri indeqsi xaxvis fesvis dayofis zonisaTvis. gamoiyeneT 
formula:

mitozuri indeqsi = n/NX100,
sadac n aris ujredebis raodenoba mitozis romelime fazaSi, xolo 

N - ujredebis saerTo raodenoba.
9.	SeadareT miRebuli ricxviTi maCveneblebi sxva wyvilebis mier mi­

Rebul Sedegs, gaakeTeT saTanado daskvna.
10.	 upasuxeT kvleviT SekiTxvebs.

SeniSvna:   prometafazis klasificireba da aRricxva moaxdineT profa­
zis saxiT.  

cdis gamaanalizebeli kiTxvebi:
1.	ratom SeirCa xaxvis fesvis wveroebi mocemuli kvlevisaTvis?(xax­

vis fesvis ujredebi sakmaod didi zomisaa da mosaxerxebelia 
qromosomebis ganlagebaze dasakvirveblad. advilia misgan pre­
partis momzadebac. garda amisa, xaxvis fesvis wveros ujredebi 
intensiurad iyofian da amitom bevri ujredis aRmoCenaa SesaZ­
lebeli mitozis sxvadasxva stadiaSi).

2.	gaakeTeT ujreduli ciklis TiToeuli fazis sqematuri Canaxati 
qvemoT mocemul cxrilSi:

interfaza profaza metafaza anafaza telofaza
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3.	aRwereT TiToeuli fazis ganmasxvavebeli niSan-Tviseba, romelic 
dainaxeT mikroskopis saSualebiT:

interfaza -----------------------------------------------------------------------

profaza -------------------------------------------------------------------------

metafaza ------------------------------------------------------------------------

anafaza --------------------------------------------------------------------------

telofaza  ----------------------------------------------------------------------

4.	romelia ujreduli ciklis yvelaze xangrZlivi da yvelaze xan­
mokle fazebi? axseniT, ratom aqvT am fazebs aseTi xangrZlivoba? 
(ujredul ciklSi interfaza gacilebiT ufro xangrZlivia vid­
re mitozi. yvelaze xanmokle faza ki aris anafaza. interfazis 
xangrZlivoba ganpirobebulia im mravlobiTi procesebiT, rom­
lebic am dros ujredSi mimdinareobs. am periodis ganmavlobaSi 
ujredi izrdeba da diferencirdeba, asrulebs misTvis specifi­
uri funqciebs, emzadeba gayofisaTvis da sxv. anafazas periodi 
moicavs mxolod qromosomebis gadaadgilebas ekvatoruli sibr­
tyidan polusebisaken. realurad am fazas mxolod ramdenime wu­
Ti sWirdeba).

5.	zogjer interfazas ujredis svenebis periods uwodeben. daasabu­
TeT ratom aris es gansazRvreba marTebuli, an aramarTebuli.

6.	ra informaciis matarebelia mitozuri indeqsi? (mitozuri indeq­
si iZleva informacias, Tu ramdenad intensiurad mimdinareobs 
ujredebis gayofa mocemul qsovilSi, anu rogoria qsovilis mi­
tozuri aqtivoba).

7.	rogor Seicvleba mitozuri indeqsi fesvis wverodan daSorebul 
zeda zonebSi? ratom? (fesvis wverodan daSorebul zonebSi mi­
tozuri indeqsi Semcirdeba, radgan gayofis zonas mosdevs zrdis 
zona, sadac gayofis fazaSi myofi ujredebis ricxvi ufro mci­
rea).

cdis Sedegi/daskvna:   wyvilebi asruleben davalebebs, Sedegebs ajere­
ben erTmaneTTan, akeTeben daskvnas.

internetresursebi:
http://www.youtube.com/watch?v=cH3vjmjMIZ4
http://www.youtube.com/watch?v=vEdNKM9jvtE
http://www.youtube.com/watch?v=ELLINOKt_vI
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kvlevis unar-Cvevebi:
aRniSnuli cdis safuZvelze moswavleebs uyalibdebaT mecnieruli 
kvlevis Semdegi unar-Cvevebi:
yy cdis Catarebisa da Sesabamisi masalis/aRWurvilobis saTanado ga­

moyenebis unari usafrTxoebis wesebis dacviT.

yy dakvirvebis an/da gazomvebis aRricxvis unari;

yy dakvirvebis, gazomvebis, saTanado sizustiT registrirebis unari 
(mag: cvladebis mniSvnelobebis aRricxva qronologiurad);

yy diagramebis, cxrilebis, grafikebis gamoyenebis unari monacemebsa 
da cvladebs Soris damokidebulebis aRsawerad;

yy monacemebis gaanalizebis da daskvnis gamotanis unarebi.
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cda 5.  wylis wrebrunva - mcenaris mier wylis  
  aorTqleba da STanTqma

Sedegi: biol.XI.8.  moswavles SeuZlia daaxasiaTos ekosistemaSi mimdina­
re nivTierebaTa mimoqcevis da energiis cvlis procesebi.

rekomendacia:   jgufuri samuSao

ras vikvlevT:   ra siCqariT xdeba mcenaris yunwiani foTlis mier wylis 
STanTqma da aorTqleba. 

cdis mizani:   mcenaris mier wylis aorTqlebisa da STanTqmis procesze 
dakvirveba da pirobebis dadgena.

cdisTvis saWiro masalebi:
aRWurviloba erTi jgufisTvis: 4 yunwiani Pelargonium-is (gerani) an 
Nasturtium-is (nasturcias) foTlebi, TeTri vazelini, romelic rbilia 
da advilad ismeva, samuSao magidaze dasafeni qaRaldi, xelsaxocebi, 
Stativi -sinjarebis sadgami (F0579) da 4 sinjara (F0176), markeri, 2 sm3-
iani erTjeradi Sprici, Wiqa an qila wylisTvis. Savi polieTilenis par­
ki, mcire zomis ventilatori, Termometri, 

cdis msvleloba:
1. 	markeris saSualebiT daniSneT oTxi sinjara 1–4 da daxazeT zoli 

TiToeul sinjaraze 1 sm-is daSorebiT sinjaris piridan.
2. SeavseT TiToeuli sinjara zolamde onkanis wyliT da sinjarebi 

daamagreT Stativze.
3. 	aiReT SeZlebisdagvarad erTi da imave zomis oTxi yunwiani foTo­

li. 
4. moaTavseT erT-erTi foToli sinjara #1-Si, ise rom foTlis yun­

wi moTavsdes wyalSi (ix. sur #1). wausviT danarCen foTlebs va­
zelini Semdegnairad:
4.1. moaTavseT foToli dafenil qaRaldze (mag: gazeTze). wausviT 

foTlis  zeda zedapirze vazelinis Txeli fena. moaTavseT es 
foToli sinjara #2-Si.

4.2. gaimeoreT igive procedura mesame foTlis SemTxvevaSi, mag­
ram wausviT vazelini foTlisqveda zedapirze.

4.3. gaimeoreT igive procedura meoTxe foTlis SemTxvevaSi. mxo­
lod amjerad vazelini wausviT foTlis orive mxares. 

5. moaTavseT sinjarebiani Stativebi mzis pirdapiri sxivebisgan da­
cul adgilas da datoveT amgvarad erTi kviris manZilze.

6. gadaixazeT qvemoT mocemuli cxrilis nimuSi (ra Tqma unda Tari­
Rebi SeusabameT Tqvens cdas) Tqvens rveulebSi.
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7. dro da dro kviris ganmavlobaSi, SeamowmeT rom wylis done sin­
jarebSi ar Cacdes foTlebis yunws. saWiroebis SemTxvevaSi daama­
teT wyali 2 sm3 Spricidan da aRniSneT Tqvens cxrilSi damatebu­
li wylis moculoba.

8. kviris bolos gamoiyeneT 2 sm3 Sprici, raTa daamatoT wyali Ti­
Toeul sinjaras da awioT wylis done damarkirebul niSnulamde. 
Tqvens cxrilSi CainiSneT damatebuli wylis moculoba TiToeu­
li SemTxvevisTvis. Tu wyali daamateT kviris manZilze, gamoiyva­
neT damatebuli wylis jamuri moculoba. 

SeniSnva: gaiTvalisiwineT,  rom Spricze aRniSvna aCvenebs wylis im mo­
culobas, romelic darCa SpricSi. sinjaraSi damatebuli wylis mocu­
loba ki Seadgens 2-s gamoklebul  SpricSi darCenili wylis moculobis 
maCvenebels (sur. 2).

TariRi damatebuli wylis moculoba

1 sinj. 2 sinj. 3 sinj. 4 sinj.

2 dRe

5 dRe

8 dRe

jami: jami: jami: jami: jami:
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cdis gamaanalizebeli kiTxvebi: 
1.		(a) rogoria Tqveni molodini (gamoTqviT hipoTeza), rogor imoq­

medebs vazelinis fena foTlis zedapiridan aorTqlebaze? (vaze­
linis fenam unda Seamciros aorTqleba foTlis zedapiridan)

   	(b) rogor miiRweva vazeliniT es efeqti? (vazelins SeuZlia (I) Seq­
mnas   gaumtari fena epidermesze da (II) dablokos bageebi).

kiTxvebi - 1. (a) da (b) - dausviT moswavleebs cdis dasawyisSi, pirve­
live dRes. Semdegi kiTxvebi - cdis msvlelobisa da damTavrebis 
dros, Sesabamisad.

2. 	oTxi foTlidan romelma (a) aiRo yvelaze naklebi wyali, ratom?                   
(b) aaorTqla yvelaze naklebi wyali, ratom? ra daSvebebs akeTebT 
(b) kiTxvaze pasuxis gacemisas. ((a) foTolma #4 unda aiRos yvela­
ze naklebi wyali, radgan vazelinis fenam foTlis orive zedapir­
ze Seamcira wylis aorTqlebis procesi. (b)igive foTlidan, sava­
raudod, aorTqldeba wylis yvelaze naklebi moculoba, radgan 
Sewovili wylis moculoba aorTqlili wylis moculobis pro­
porciulia).

3. 	(a) ra sxvaoba iyo wylis danakargSi me-2 da me-3 foTlebs Soris? 
(aRmoCnda, rom foToli #2 kargavs ufro met wyals, vidre foTo­
li #3. Tumca, sxvaoba  umniSvneloa).

	 (b) riT axsniT miRebul sxvaobas? (qveda epidermisi metad wyal­
gamtaria, zeda epidermesTan SedarebiT,  Txeli safaris (kanis) Tu 
ufro mravalricxovani bageebis gamo. misi vazeliniT dafarva  
mkveTrad Seamcirebs aorTqlebas, vidre zeda zedapiris dafar­
va).

4.	ivaraudeT, #1 foTlis qveda Tu zeda zedapiridan xdeba wylis 
SedarebiT intensiuri aorTqleba? axseniT Tqveni pasuxi. (Tu Se­
degebi me-2 da me-3 sinjarebSi iseTia rogorc mosalodneli iyo, 
es aCvenebs, rom qveda zedapiri kargavs ufro meti raodenobiT 
wyals).

5. 	wyali aseve aorTqldeba  TiToeuli sinjaris wylis Ria zedapiri­
dan. rogor imoqmedebs es movlena Sedegebze? (sinjarebidan pir­
dapiri aorTqlebis Sedegad foTlebis mier wylis STanTqma gveCve­
neba ufro intensiurad, vidre sinamdvileSi. im daSvebiT, rom 
oTxive sinjarisaTvis amgvari aorTqleba met-naklebad erTnairia 
es faqtori ar moqmedebs Sedarebis Sedegad miRebul Sedegebze).

6.  ratom iyo aucilebeli rom gamogveyenebina maqsimalurad erTna­
iri zomis foTlebi? (aorTqlebuli wylis moculoba pirdapirp­
roporciulia foTlis zedapiris farTobisa).

SeniSvna:   SegiZliaT gamoikvliioT, rogor moqmedebs wylis STanTqmis 
siCqareze iseTi faqtorebis moqmedeba rogoricaa:

a) qari ( amisaTvis gamoiyeneT patara ventiliatori, ise rom haeris 
nakadi pirdapir ar ecemodes foTols, rac gamoiwvevs bageebis 
daxurvas).
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b) tenianoba (sinjarebs gadaafareT gamWvirvale parki).
g) sibnele (sinjarebs gadaafareT Savi parki).
d) gaaanalizeT Tqvens mier Catarebuli cdebis Sedegebi da imsje­

leT ekosistemaSi wylis wrebrunvis procesze.
gaakeTeT Sesabamisi daskvnebi.

internetresursebi:
http://www.youtube.com/watch?v=FEfmTok3OCo
http://www.youtube.com/watch?v=ce-4Q2NxiNE

kvleviTi unarebi: 
aRniSnuli cdis safuZvelze moswavleebs uyalibdebaT mecnieruli 
kvlevis Semdegi unar-Cvevebi:
yy cdis Catarebisa da Sesabamis masalis saTanado gamoyenebis unari.

yy dakvirvebis unari.

yy monacemTa gazomvisa da cxrilis saxiT warmodgenis unarebi.

yy monacemebis gaanalizebis da daskvnis gamotanis unarebi.

* aRniSnuli eqsperimenti efuZneba   JurnalSi ,,Journal of Biological Educa-
tion 18 (4) 273” D. R. B. Barrett -is masalebs.


