
m a T e m a t i k a

maswavleblis wigni

X klasi

II semestri

grifminiWebulia saqarTvelos ganaTlebisa da mecnierebis 

saministros mier 2022 wels

guram gogiSvili, Teimuraz vefxvaZe

ia mebonia, lamara qurCiSvili

gamomcemloba inteleqti
Tbilisi 2022



guram gogiSvili, Teimuraz vefxvaZe, 

ia mebonia, lamara qurCiSvili

m a T e m a t i k a  

X klasi

II semestri

maswavleblis wigni

gamomcemloba inteleqti

Tbilisi 2022
I gamocema

ISBN 978-9941-31-510-7 

© guram gogiSvili, Teimuraz vefxvaZe, ia mebonia, lamara qurCiSvili, 2022.

© gamomcemloba `inteleqti~, 2022.

gamomcemloba inteleqti
Tbilisi, ilia WavWavaZDis gamz. 5. tel.: 2-25 05 22

www.intelekti.ge     info@intelekti.ge

INTELEKTI  PUBLISHING
5 Ilia Chavchavadze Ave., Tbilisi, Georgia. Tel.: (995 32) 2-25 05 22

redaqtori		  Teimuraz vefxvaZe

damkabadonebeli	 viola tuRuSi

teqstis amkrefi 	 marTa wiklauri



3

sarCevi

me-10 klasis maTematikis saxelmZRvanelos (II nawili) koncefcia............................ 5

maswavleblis wignis mokle mimoxilva................................................................................. 7

standartis Sedegebis miRwevisa da Sinaarsis urTierTkavSiris matrica............ 9

V Tavi. algebruli gamosaxuleba

5.1. 	 cvladi, cvladebis gamoyenebis magaliTebi; formula.....................................13
5.2. 	 algebruli gamosaxuleba. algebruli gamosaxulebis mniSvneloba.............16
5.3. 	 erTwevri da mravalwevri. moqmedebebi erTwevrebze da mravalwevrebze.  

	 Semoklebuli gamravlebis formulebi....................................................................18
5.4. 	 kvadratuli samwevri. kvadratuli samwevris daSla mamravlebad...............20
5.5. 	 algebruli wiladebi. moqmedebebi algebrul wiladebze................................23
amocanebi TviTSemowmebisTvis...............................................................................................27
V Tavis damatebiTi amocanebi................................................................................................28
Semajamebeli wera.......................................................................................................................30

VI Tavi. gantoleba. utoloba

6.1. 	 toloba, gantoleba. wrfivi erTucnobiani gantoleba.....................................37
6.2. 	 kvadratuli gantoleba. racionaluri gantoleba..............................................41
6.3. 	 iracionaluri gantoleba. modulis Semcveli gantoleba...............................44
6.4. 	 wrfivi utoloba. wrfiv utolobaTa sistema.......................................................47
amocanebi TviTSemowmebisTvis...............................................................................................51
VI Tavis damatebiTi amocanebi...............................................................................................52
Semajamebeli wera.......................................................................................................................54

VII Tavi. orucnobiani gantolebebi, gantolebaTa da utolobaTa 

sistemebi

7.1. 	 wrfivi orucnobiani gantoleba.................................................................................61
7.2. 	 orucnobian gantolebaTa sistema.............................................................................63
7.3. 	 wrfiv orucnobian utolobaTa sistema..................................................................65
7.4. 	 wrfivi daprogramebis amocanebis amoxsnis magaliTebi...................................68
amocanebi TviTSemowmebisTvis...............................................................................................72
VII Tavis damatebiTi amocanebi..............................................................................................74
Semajamebeli wera.......................................................................................................................75



4

VIII Tavi. geometriuli figurebi

8.1. 	 geometriuli figurebi da maTTan dakavSirebuli sidideebis  

	 gazomvis magaliTebi.......................................................................................................81
8.2. 	 geometriuli gardaqmnebi sibrtyeze. centruli da RerZuli  

	 simetriebi...........................................................................................................................85
8.3. 	 mobruneba. mobrunebaTa kompozicia.........................................................................89
8.4. 	 radianuli zoma................................................................................................................91
8.5. 	 msgavsi figurebi .............................................................................................................92
8.6. 	 homoTetia...........................................................................................................................94
8.7. 	 msgavsebis asaxva. samkuTxedis msgavsebis niSnebi...............................................97
8.8. 	 trigonometriuli Tanafardobebi marTkuTxa samkuTxedSi............................99
amocanebi TviTSemowmebisTvis.............................................................................................103
VIII Tavis damatebiTi amocanebi...........................................................................................105
Semajamebeli wera.....................................................................................................................106

IX Tavi. damokidebulebebi simravleebs Soris. funqcia

9.1. 	 sidideebs Soris damokidebulebebis magaliTebi. funqcia...........................111
9.2. 	 funqciis grafiki...........................................................................................................115
9.3. 	 simravleebs Soris damokidebulebebisa da funqciis mocemis xerxebi....117
9.4. 	 funqciis Tvisebebi........................................................................................................119
amocanebi TviTSemowmebisTvis.............................................................................................122
IX Tavis damatebiTi amocanebi.............................................................................................124
Semajamebeli wera.....................................................................................................................125

X Tavi. gaviRrmavoT codna wrfivi da kvadratuli funqciebis 

Sesaxeb

10.1. 	 wrfivi funqcia. Tvisebebi. grafiki.......................................................................130
10.2. 	 wrfivi orucnobiani gantoleba da misi grafiki.  

	 wrfeTa paralelurobisa da marTobulobis pirobebi....................................133
10.3. 	 wrfivi funqciis cvlilebis siCqare......................................................................136
10.4. 	 funqciaTa grafikebis gardaqmnis magaliTebi....................................................138
10.5. 	 kvadratuli funqcia. kvadratuli funqciis grafiki.....................................139
amocanebi TviTSemowmebisTvis.............................................................................................144
X Tavis damatebiTi amocanebi..............................................................................................144
Semajamebeli wera.....................................................................................................................146

literatura.................................................................................................................................151
damatebiTi beWduri da eleqtronuli resursebi........................................................153



5

me-10 klasis maTematikis saxelmZRvanelos (II nawili) koncefcia

me-10 klasis maTematikis saxelmZRvanelos II nawili imave principebiTaa Sedge-
nili, romlebiTac _ pirveli nawili. gaTvaliswinebulia saSualo safexurze ma-
Tematikis swavlebis miznebi: daexmaros moswavles gaakeTos informirebuli da 
gaazrebuli arCevani; moemzados umaRlesi ganaTlebis misaRebad, an SromiT ba-
zarze gasasvlelad, ganiviTaros XXI saukunisTvis saWiro kompetenciebi.

II nawili saSualo safexuris axali standartis moTxovnaTa sruli Sesabami-
sobiTaa agebuli; am safexuris sawyis etapze ZiriTadi yuradReba kvlav gavlili 
masalis gameorebas eTmoba; Seswavlili sakiTxebis gameoreba codnis gaRrmavebis 
gaTvaliswinebiT mimdinareobs. magaliTad, me- 5 Tavis ZiriTadi nawili cvladis 
Semcveli gamosaxulebebis gamartivebebis xerxebis gameorebaa, Tumca, moswavle 
poulobs pasuxebs kiTxvebze: ra aris cvladi, ra aris formula? ra aris mTe-
li gamosaxuleba? ra aris wiladuri gamosaxuleba? ra aris racionaluri gamo-
saxuleba?

Cveni SemoqmedebiTi Tavisufleba morgebulia standartis moTxovnebze, 
romlebic maTematikis swavla-swavlebis miznebTan, meTodikur orientirebTan da 
SefasebasTan aris dakavSirebuli.

saxelmZRvanelos Sinaarsi meaTe klasis meore nawilis standartiT dadgenili 
samizne cnebebis Sesabamisadaa SerCeuli da xels uwyobs saSualo safexuris Ziri-
Tadi miznebis miRwevas. davalebebi isea SerCeuli, rom maswavlebelma moswavle-
Ta miRwevebis donis gansazRvrisas Tanamedrove Teoriebi gamoiyenos (magaliTad, 
ganmaviTarebeli Sefasebisas moswavleTa miRwevebis doneebis solo taqsonomiis 
gamoyenebiT gansazRvra).

diferencirebuli swavlebis xelSewyoba Cveni saxelmZRvanelos Sinaarsis 
ganmsazRvreli mTavari elementia. warmodgenilia savarjiSoTa mravalferova-
ni sistema, romelic moswavles sakuTari SesaZleblobebis sruli gamovlenis 
saSualebas aZlevs. saxelmZRvanelo gankuTvnilia moswavleTa akademiuri mzao-
bis yvela donisTvis. bevria martivi magaliTebi, ZiriTadad, gavlili masalidan: 
algebruli gamosaxulebebis gamartiveba, gantolebebis, utolobebis da sisteme-
bis amoxsna. axlis Semotanis procesi Seswavlili masalis xangrZliv gameorebas 
eyrdnoba; magaliTad, utolobaTa sistemebis amoxsnebis, am amoxsnebis grafikuli 
xerxebis Sesaxeb mocemuli masala exmareba moswavles gaiRrmavos analizuri geo-
metriis sawyisebis codna, gaecnos da aiTvisos maTematikis gamoyenebis erT-erTi 
mniSvnelovani amocana _ wrfivi daprogramebis amocanis amoxsnis geometriuli 
meTodi (ori cvladis SemTxvevaSi); geometriuli figurebis, maTi zomebis Sesaxeb 
masalis gameoreba xels uwyobs am masalis kargad aTvisebas da axal sakiTxebze 
Seuferxeblad gadasvlas, figuraTa tolobisa da msgavsebis Sesaxeb Tanamedrove 
warmodgenebis aTvisebas. mniSvnelovania, rom aRvadgineT rubrika _ `moisazre~, 
romelic maRali mzaobis moswavleebisTvis aris gankuTvnili da SedarebiT rTu-
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li amocanebis amoxsnas gulisxmobs. aqvea amocanebi TviTSefasebisTvis da da-
matebiTi amocanebi.

me-10 klasis saxelmZRvanelos II nawili Sedgeba 6 Tavisgan. yoveli Tavi, ro-
gorc wesi, erT saswavlo Temas exeba da iwyeba kompleqsuri davalebiT, romelic 
am TemasTan dakavSirebuli samizne cnebisa da masTan dakavSirebuli sakiTxebis 
aTvisebasa da praqtikuli gamoyenebebis gaazrebas emsaxureba. moswavle, Temis 
Seswavlis procesSi, romelic Sesabamis TavSi warmodgenili Teoriuli masali-
sa da savarjiSoebis gamoyenebiT mimdinareobs, yuradRebas aqcevs kompleqsuri 
davalebiT warmodgenil kiTxvebs; moiZiebs Sesabamis masalas da amzadebs mas 
prezentaciisTvis. yuradReba eqceva Sesabamisi maTematikuri simbolikis SemoRe-
bis istoriis Seswavlasac da, rac arsebiTia, samizne cnebasTan dakavSirebuli 
sakiTxebis gamoyenebebs sxva mecnierebebSi, yoveldRiur cxovrebaSi.

meore nawilis Sinaarsic maTematikis erTianobis suliskveTebiTa da praqtiku-
li gamoyenebebis wamoweviT xasiaTdeba. geometriuli masalis ganxilvisas, vixse-
nebT debulebis pirobiTi winadadebis saxiT Cawerisa da Sebrunebuli winadadebis 
Sedgenis wesebis gamoyenebebs; siaxlea aucilebeli da sakmarisi pirobebis arsis 
gacnoba-gaazreba; pirdapiri d misi Sebrunebuli winadadebis erT winadadebad 
Camoyalibebis wesebis gamoyeneba. amasTanave, geometriuli gardaqmnebis axsnisas, 
gamoiyeneba Teoriul-simravluri meTodi, funqciur damokidebulebebze dayrd-
noba. ganvixilavT ori tipis geometriul gardaqmnebs _ roca ar icvleba or 
wertils Soris manZili, an or wertils Soris manZili erTi da imave ricxvjer 
icvleba (msgavsebis asaxva, homoTetia). asaxvebis enisa da koordinatTa meTodis 
gamoyeneba kidev erTxel mianiSnebs geometriisa da algebris erTian safuZvelze 
swavlebis upiratesobaze.

zogierTi cneba formaluri gansazRvrebebis gareSe, aRweriT Semogvaqvs; cne-
baTa aTvisebis process konkretuli amocanebis amoxsniT warvmarTavT. Mme-10 kla-
sis saxelmZRvanelos daniSnulebis Sesabamisad, vimeorebT da viRrmavebT codnas 
cvladis Semcveli gamosaxulebebis gardaqmnebis, gantolebebisa da utolobebis 
amoxsnebis Sesaxeb. Tumca, am SemTxvevaSic, SevecadeT, rom davexmaroT moswavlee-
bs da Seswavlil sakiTxebze mokle informacia wignis bolos Sesabamis rubrikaSi 
warmovadgineT.

saxelmZRvanelos teqsti saSualebas aZlevs maswavlebels swavla konstruqti-
vistuli meTodiT warmarTos; komunikacia moswavlesTan interaqtiuli formiT 
awarmoos; winare codnis gaxsenebiTa da gameorebiT, masze dayrdnobiT, maswavle-
bels SeeZleba swavlebis procesis ageba. saxelmZRvanelo daexmareba moswavlee-
bs, rom codnis konstruireba, ZiriTadad, saxelmZRvanelos masalaze, sakuTar 
gamocdilebaze da mignebebze dayrdnobiT moaxdinon. saxelmZRvanelo saSuale-
bas iZleva diferencirebuli swavleba ganvaxorcieloT _ sxvadasxva sirTulis 
amocanebi, maT Soris, SedarebiT martivi da swrafad Sesasrulebeli davalebebi, 
e. w. `testuri~ (daxurulboloiani amocanebi) saSualebas gvaZlevs moswavleebze 
orientirebuli swavlebis xelSemwyobi garemo SevqmnaT. aRniSnuli tipis amo-
canebze pasuxebis SerCevac SeiZleba msjelobis sagnad vaqcioT; saWiro momentSi 
dasmuli kiTxva _ ratom? moswavles Caafiqrebs da aiZulebs daasabuTos pasuxi. 
aqve unda aRiniSnos saxelmZRvaneloSi saklaso da saSinao davalebebis gancalk-
eveba, saSinao davalebebSi klasSi ganxilulis analogiuri amocanebis ganxilva; 
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Tumca, kargad gvesmis, rom SemoqmedebiTi unarebis ganviTareba mxolod analo-
giebiT muSaobiT ar xdeba; amitom moswavleebs vTavazobT gansxvavebul amocane-
bsac, zogjer SedarebiT rTul amocanebsac (`moisazre~).

aqve aRvniSnavT, rom vcdilobT teqstis mecnierul sandoobasTan erTad da-
vicvaT masalis gadacemis `simkacris~ zomieri done, misawvdomoba, enis sizuste 
da simartive. sizustis is done, romliTac gamoirCeva Cveni saxelmZRvanelo, sa-
Sualebas aZlevs umaRlesi skolis pedagogebs, aagon kalkulusis, prekalkulu-
sisa da sxva kursebi.

maswavleblis wignis mokle mimoxilva

maswavleblis wignis daniSnulebaa, maTematikis standartis Sesabamisad, me-10 
klasis II semestrSi rekomendebuli samizne cnebebis (algebruli gamosaxuleba, 
gantoleba, utoloba, sistema, Sesabamisoba, grafiki, funqcia, damokidebuleba, 
geometriuli obieqtebi, sidideebi, zomebi, geometriuli gardaqmnebi, geome-
triuli figurebi) Sesabamisi masalis swavlebisTvis saWiro meTodikuri rekomen-
daciebi miawodos maswavlebels. wigni exmareba maswavlebels saswavlo procesis 
dagegmvasa da warmarTvaSi. miwodebulia damatebiTi masala Semajamebeli werebis 
Casatareblad da maT Sesafaseblad.

yoveli Temis mixedviT gansazRvrulia mkvidri warmodgenebi, romlebic Temis 
Seswavlisas unda Camoyalibdes moswavlis xangrZliv mexsierebaSi.

miTiTebulia Sesabamisi sakvanZo SekiTxvebi, romlebSic, SeiZleba iTqvas, gak-
veTilis mizani ikveTeba.

maswavleblis wigni exmareba maswavlebels Sefasebis indikatorebis gansazR-
vraSi; ganmaviTarebeli Sefasebis ganxorcielebaSi. mniSvnelovani aqcenti komple-
qsur davalebebze keTdeba. kompleqsuri davalebebis Sesrulebis xarisxi aisaxeba 
ganmaviTarebel da, SesaZlebelia, ganmsazRvrel Sefasebebzec. maswavlebelma Se-
fasebisTvis SeiZleba gamoiyenos masalis aTvisebis doneebis Tanamedrove klasi-
fikaciis nimuSebi. magaliTad, solo (SOLO) taqsonomiis principi, roca izomeba 
moswavleTa miRwevebi 5 donis mixedviT: 

1) prestruqturuli done _ moswavle ver iazrebs sakiTxs, iyenebs Seusabamo 
informacias. 

2) unistruqturuli done _ moswavles SeuZlia mxolod erTi aspeqtis ganxil-
va da martivi, aSkara/cxadi kavSirebis damyareba. moswavles SeuZlia terminolo-
giis gamoyeneba, zepirad gadmocema (gaxseneba), martivi instruqciebis/algoriT-
mebis Sesruleba; parafrazireba, amocnoba, dasaxeleba an daTvla.

3) multistruqturuli done _ moswavles SeuZlia ramdenime aspeqtis ganxil-
va gancalkevebulad, erTmaneTTan kavSiris gareSe, mas SeuZlia CamoTvla, aRwe-
ra, klasificireba, kombinireba, meTodebis, struqturis gamoyeneba, proceduris 
Sesruleba da sxva.

4) mimarTebiTi done _ moswavles SeuZlia gaiazros kavSiri ramdenime aspeqts 
Soris, agreTve isic, Tu rogor ergeba/Seexameba es aspeqtebi erTmaneTs da qmnis 
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mTels; naazrevi dastruqtuirebulia da, amgvarad, moswavles aqvs imis unari, rom 
Seadaros, daakavSiros, gaaanalizos, gamoiyenos Teoria, axsnas kavSiri mizezebisa 
da Sedegebis kuTxiT.

5) gafarToebuli abstraqtuli done _ moswavles SeuZlia struqturis ganzo-
gadeba mocemulis (SeTavazebulis) miRma, struqturis aRqma mravali sxvadasxva 
kuTxidan/TvalTaxedvidan da ideebis gadatana axal sferoSi. mas SeuZlia, ganzo-
gadeba, hipoTezis wamoyeneba, kritika an Teoriis Camoyalibeba.

am doneebis Sesabamisad CamovayalibebT kriteriumebs yoveli samizne cnebis 
gaazrebis Sesamowmeblad; Sesabamisad Camoyalibdeba ganmaviTarebeli Sefasebis 
komentari.

amasTanave, solo taqsonomiis doneebi mxolod da mxolod maswavleblis ins-
truqciaa, isini exmareba maswavlebels miRebuli Sedegebis gaanalizebaSi. gake-
Tebuli analizis gamoyenebiT, maswavlebeli awvdis komentars moswavles imasTan 
dakavSirebiT, Tu raSi aqvs winsvla, ra aqvs gasaumjobesebeli da rogor unda 
gaaumjobesos.

maswavlebelma SeiZleba gamoiyenos Sefasebis instrumentebi, romlebic iT-
valiswinebs saerTaSoriso Semfaseblebis strategiebs (TIMSS, PISA da sxva). 
moswavleTa miRwevebis saerTaSoriso kvlevebis amsaxvel dokumentebSi miTiTe-
bulia Sefasebis eqvsi done, romelTa mixedviTac xdeba moswavleTa miRwevebis 
warmodgena sxvadasxva sagnis mixedviT. maTematikuri ganswavluloba, am kvlevis 
mixedviT, movlenis maTematikur enaze formulirebis, gamoyenebisa da interpre-
taciis unaris gamovleniT fasdeba. igi moicavs maTematikuri msjelobis Catare-
bis, maTematikuri cnebebis, procedurebis, faqtebisa da instrumentebis gamoye-
nebis unarebs; im unarebs, romlebic gvexmareba, rom maTematikurad aRiweros da 
aixsnas realuri movlena.

amasTanave, maswavleblebs SevaxsenebT, rom ganmaviTarebeli Sefaseba uwyve-
tad unda mimdinareobdes, is unda iwyebodes saSinao davalebis ganxilvisas, rac, 
faqtobrivad yoveli gakveTilis dawyebisas tardeba.

am procesis ganxorcielebaSi pedagogs maswavleblis wigni exmareba, masSi 
warmodgenilia saSinao davalebis Sesrulebis xerxebi. ganmaviTarebeli Sefaseba 
axal masalaze gadasvlisa da misi ganxilvis procesSic mimdinareobs. maswavle-
blis wignSi warmodgenilia am procesis dawvrilebiT aRwerac. aqvea Semajamebe-
li werebis sarekomendacio nimuSebic, romlebic arsebiT daxmarebas gagiwevT am 
werisTvis mzadebasa da Sedegebis ganxilvaSi.
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standartis Sedegebis miRwevisa da Sinaarsis urTierTkavSiris matrica

Temebis 
CamonaTvali 

standartis Sedegebi 
moswavlem unda SeZlos:

samizne 
cnebebi

komple­
qsuri dav­

aleba

algebruli ga-
mosaxuleba (cvla-
di, erTwevri, mrav-
alwevri, kvadratu-
li samwevri, alge-
bruli wiladebi)

ucnobi sidideebis cvladis 
saSualebiT warmodgena; 
ricxvebze operaciebis 
Tvisebebis ganzogadeba da 
am Tvisebebis cvladebis 
gamoyenebiT warmodgena. 
sidideebisa da maT Soris 
kavSirebis cvladebis gamoy-
enebiT warmodgena (maT. saS. 
2).

algebruli 
gamosax-
uleba

asoiTi ga-
mosaxulebe-
bi da for-
mulebi

Ggantoleba; U 
utoloba. (wrfivi 
erTucnobiani gan-
toleba, kvadrat-
uli gantoleba; 
racionaluri da 
iracionaluri gan-
toleba; modulis 
Semcveli gantole-
ba; wrfivi utolo-
ba, utolobaTa 
sistema)

maTematiuri modelire-
ba wrfivi gantolebis, 
kvadratuli gantolebis, 
racionaluri da iracion-
aluri gantolebis, modu-
lis Semcveli gantolebis 
saSulebiT; wrfivi utolo-
bisa da utolobaTa sistemis 
saSualebiT. wrfivi, kvad-
ratuli gantolebis amox-
snaTa gamokvleva; wrfivi 
utolobisa da utolobaTa 
sistemis amoxsnisas Teor-
iul-simravluri koncefciis 
gamoyeneba (maT. saS. 2).

gantoleba, 
utoloba, 
sistema

gantolebisa 
da utolo-
bis gamo
yeneba

orucnobiani gan-
tolebebi; orucno-
bian gantolebaTa 
da utolobaTa sis-
temebi

maTematikuri modelireba 
wrfivi orucnobiani gan-
tolebisa da gantolebaTa 
sistemis, wrfivi orucno-
biani utolobaTa sistemis 
gamoyenebiT. wrfiv oruc-
nobian utolobaTa sistemis 
amoxsnis geometriuli 
xerxis gamoyenebiT wrfi-
vi daprogramebis amocanis 
amoxsna (maT. saS. 2).

orucnobian 
gantoleba-
Ta sistema, 
orucnobian 
utolobaTa 
sistema

utolobaTa 
sistemis 
gamoyeneba
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damokidebulebebi 
simravleebs Soris. 
funqcia. funqciis 
Tvisebebi; funqci-
is grafiki

Sesaswavli movlenidan ga-
momdinare, cvlad sidideTa 
Soris Sesabamisobis, fun-
qciuri kavSiris damyareba 
da warmodgena sxvadasx-
va formiT (wyvilebiT, 
grafikiT, cxriliT) fun-
qciis gamoyeneba sxvadasxva 
viTarebis gasaanalizeblad. 
wrfivi funqciis, maxasi-
aTebeli Tvisebis gaazreba 
da gamoyeneba, funqciaTa 
grafikebis gardaqmnis xerx-
ebis gamoyeneba kvadratuli 
funqciis magaliTze. (maT. 
saS. 3).

Sesabamiso-
ba, grafiki, 
funqcia, 
damok-
idebuleba 
sidideebs 
Soris

eleqtro-
energis 
moxmarebis 
gadasaxadis 
gadaxdis 
wesi

wrfivi da kvad-
ratuli funqciebi

wrfivi funqciis maxasiaTe-
beli Tvisebis aRwera da 
gamoyeneba; wrfivi funqciiT 
modelirebis magaliTebis 
ganxilva; misadagebis wrfis 
gantolebis aRwera, gan-
tolebis Sedgena. kvadratu-
li funqciis grafikis ageba 
funqciaTa grafikebis gar-
daqmnis wesebis gamoyenebiT. 
(maT. saS. 3).

Sesabamiso-
ba, funqcia, 
grafiki

wrfivi da 
kvadratuli 
funqciebis 
zogierTi 
gamoyeneba

geometriuli 
obieqtebi, zomebi.

geometriuli formebis 
amocnoba, aRwera, klas-
ifikacia; geometriuli 
obieqtebis gansazRvrebaTa 
sworad Camoyalibeba; geome-
triuli obieqtebis zomis 
(sigrZe, farTobi, moculo-
ba) gamoTvla (maT. saS. 4).

geome-
triuli 
obieqtebi 
da zomebi.

geometri-
uli gar-
daqmnebis 
gamoyenebebi

geometriuli gar-
daqmnebi, koordi-
natebiT warmodena

geometriuli gardaqmnebis 
warmodgena koordinatebiT; 
sibrtyis Tavis Tavze asax-
vaTa tipebi _ gadaadgile-
bebi, msgavsebis asaxvebi 
(homoTetia, msgavseba). fig-
uraTa toloba da figuraTa 
msgavseba. (maT. saS. 5).

geometri-
uli gar-
daqmnebi.
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V Tavi

algebruli gamosaxuleba

Tema: algebruli gamosaxuleba
saaTebis savaraudo raodenoba: 16 sT

Temis farglebSi dasamuSavebeli sakiTxebi: cvladi, formula, erTwevri, 
mravalwevri, racionaluri gamosaxuleba, kvadratuli samwevri

samizne cnebebi da 
maTTan dakavSirebu­

li mkvidri  
warmodgenebi

sakiTxebi
sakvanZo  

SekiTxvebi

komple­
qsuri 

davaleba

algebruli gamosax-
uleba, cvladi. alge-
bruli gamosaxuleba 
aris gamosaxuleba, 
romelic Sedgenil-
ia ricxvebisgan, cv-
ladebisgan, Sekrebis, 
gamoklebis, racion-
alur xarisxSi axa
risxebis, amofesvis, 
moqmedebaTa niSnebisa 
da frCxilebisgan. 
algebruli gamosaxu
leba SeiZleba iyos 
mTeli, wiladuri, ira-
cionaluri. wiladuri 
da iracionaluri 
gamosaxulebisTvis 
gamoiyofa cvladis 
dasaSvebi mniSvnelobe-
bi. cvladebis 
saSualebiT SeiZleba 
CavweroT ricxvebi-
sa da moqmedebebis 
Tvisebebi. kvadratuli 
samwevri mamravlebad 
SeiZleba sxvadasxva 
xerxiT davSaloT

cvladi, formula, 
algebruli gamosax-
uleba, racionaluri 
da iracionaluri 
gamosaxulebebi; er-
Twevri, mravalwevri, 
kvadratuli samwevri, 
algebruli wiladi, 
moqmedebebi alge-
brul wiladebze

ra saxis Canawer-
ebs ewodeba for-
mula? ras ewode-
ba igiveoba? ras 
ewodeba algebru-
li gamosaxulebis 
mniSvneloba cv-
ladis mocemuli 
mniSvnelobisT-
vis? ras ewodeba 
erTwevri? ras 
ewodeba mravalw-
evri? ras ewodeba 
kvadratuli sam-
wevri? ra xerx-
ebiT SeiZleba 
davSaloT kvad-
ratuli samwevri 
mamravlebad? ra 
aris algebruli 
wiladis ZiriTadi 
Tviseba?

asoiTi 
gamosax-
ulebebi 
da for-
mulebi.
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Sefasebis indikatorebi: moswavlem unda SeZlos: cvladis SemoReba da  
cvladebis saSualebiT winadadebebis Cawera (magaliTad, ricxvebis Tvisebe
bis). algebrul gamosaxulebaTa formebs Soris kavSiris damyareba; mravalw-
evris daSla mamravlebad, wiladur gamosaxulebebze moqmedebebis Catareba; 
kvadratuli samwevris wrfiv mamravlebad daSlis sxvadasxva xerxis  
gamoyeneba.

mexuTe Tavi maTematikis mniSvnelovan samizne cnebas _ algebruli gamo-
saxulebis cnebas exeba.

warmodgenili masala aRniSnul samizne cnebasTan dakavSirebuli sakiTxebis 
Sesaxeb codnis gameoreba da gaRrmavebaa. 

moswavles pirvelad xvdeba sistemaSi moyvanili masala cvladisa da cvla-
diani gamosaxulebebis tipebis Sesaxeb, maTi sruli daxasiaTeba. moswavle pou-
lobs pasuxebs kiTxvebze: ra aris cvladi da risTvis aris saWiro maTi SemoRe-
ba? ra mniSvneloba aqvs winadadebebis Caweras formulebis saxiT? mniSvnelovania 
ricxvebis Tvisebebis formulebiT warmodgena.

I TavSi warmodgenili sakiTxebi SeiZleba sqematurad ase warmovadginoT

Sinaarsi

cvladi

formula algebruli gamosaxuleba

wiladuri 
gamosaxuleba

mTeli 
gamosaxuleba

kvadratuli 
samwevri

iracionaluri 
gamosaxuleba

racionaluri 
gamosaxuleba
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5.1. cvladebis gamoyenebis magaliTebi, formula

paragrafs cvladebis (asoebis) gamoyenebiT fizikur sidideebs Soris kavSiris 
aRweriT viwyebT. am am sidideebs asoebiT aRvniSnavT, maT Soris kavSirs formula 
aRwers. bevri maTematikuri cneba saskolo kursSi ar ganimarteba (sawyisia) da 
maTi aRwera unda SeZlos moswavlem. amasTanave, Cvens kiTxvaze, ra saSualebiT 
CavwerT maTematikaSi winadadebebs, moswavlem unda SeZlos ricxvebisa da asoe-
bis dasaxeleba; ra aris cvladi? am kiTxvas ver davusvamT moswavles; cnobili 
qarTveli maTematikosi Salva fxakaZe [11] ase aRwers am cnebas: maTematikuri Te-
oriis simbolos, romliTac SeiZleba aRiniSnos mocemuli E simravlis nebismieri 
elementi, cvladi ewodeba. Cven xazs vusvamT im faqts, rom cvladebi asoebiT 
aris warmodgenili CanawerebSi da ganvixilavT cvladis Semcvel gamosaxulebebs. 
aqve vsaubrobT formulis Sesaxeb, romelic maTematikuri simboloebiT Sedge-
nili Canaweria, gamosaxavs winadadebas. miTiTebulia formulebi maTematikidan, 
maTgan gamoyofilia winadadebebi, romlebzec SeiZleba vTqvaT _ WeSmaritia, Tu 
mcdaria. moswavleebi ixseneben aseTi winadadebis saxelwodebas da miuTiTeben Se-
sabamis magaliTebs. mniSvnelvania is faqti, rom cvladis gamoyenebas unda axldes 
cvladis mniSvnelobaTa simravlis miTiTeba.

paragrafis Sejamebis nawilSic miTiTebulia pasuxi kiTxvaze: ras vuwodebT 
cvlads.

sakontrolo kiTxvebs viyenebT ganmaviTarebeli Sefasebis gansaxorcieleb
lad, ramdenad yuradRebiT ismenda moswavle axsna-ganmartebebs. miRebuli pasux-
ebis mixedviT, SeiZleba CaviniSnoT moswavleTa miRwevis doneebi (magaliTad, so-
lo-taqsonomiis mixedviT). magaliTad, Tu moswavle pirvel sakontrolo kiTxvaze 
dadebiTi pasuxis garda, SeZlebs konkretuli magaliTebis dasaxelebasac, maT 
Soris kavSirebis damyarebas, Sedarebasa da analizs, maSin SeiZleba mimarTebiT 
donemdec ki ganvixiloT moswavlis miRweva.

Zalian sainteresoa me-3 kiTxvaze pasuxis moZieba. aq moswavleebma SeiZleba 
sayurdRebo mosazrebebi gamoTqvan: magaliTad, `x>0~ ar aris gamonaTqvami, magram 
`x2 + 1>0, x∈R~ WeSmariti gamonaTqvamia; `arsebobs x, romlisTvisac 2x = 4~ WeSmariti 
gamonaTqvamia (is formulis saxiT ase Caiwereba ∃x (2x = 4)); `yoveli x-isTvis 2x = 4~ 
mcdari gamonaTqvamia (is formulis saxiT ase Caiwereba: ∀x (2x = 4)).

maswavleblebs SevaxsenebT, rom ∀ da ∃ simboloebs zogadobisa da arsebobis 
kvantorebi ewodeba. maT Sesaxeb moswavleebs amjerad ar vesaubrebiT.

miTiTebebi zogierTi amocanis amosaxsnelad. klasSi Sesasrulebel `testebSi~ 
cvladiani gamosaxulebebis Caweris magaliTebia ganxiluli. moswavle eCveva wina-
dadebebis Caweras formulebis saxiT. cvladebis gamoyenebiT Caiwereba pasuxebi 

10  da 11  amocanebze.

10  kanfetebis raodenoba Caiwereba saxiT: 5x. pirobis Tanaxmad, kanfetebi 
3-kilogramian paketebSi SeiZleba CavawyoT, maSin, am paketebis raodenoba iqneba 
5x
3 . Semdegi dazusteba SeiZleba cvladis mniSvnelobaTa simravlis miTiTebas uka-

vSirdebodes, cxadia, x samis jeradi naturaluri ricxvi unda iyos.
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11  amocanis klasSi ganxilvis Semdeg dafasTan gamoZaxebuli moswavle amo-
canas ase gamosaxavs: 

Tu manZils S-iT aRvniSnavT, turistebis siCqareebs: v1-iT da v2-iT, maSin  

v1 = 
S
a, v2 = 

S
b.

moswavleebma unda miuTiTon, rom S aris km-iT gamosaxuli, siCqare _ km/sT-
iT. 

moswavlem SeiZleba ase imsjelos: yovel saaTSi turistebs Soris manZili  

(  S
a  + 

S
b ) km-iT mcirdeba. isini erTmaneTs Sexvdebian S : (  S

a  + 
S
b  ) saaTSi.

				   				    S :  
S(a + b)

ab  =  
S⋅ab

S⋅(a + b)  = 
ab

a + b    (sT.).

moswavlem SeiZleba Sexvedramde dro aRniSnos da Sem-
oiRos axali t cvladi, maSin

					     t⋅v1 + t⋅v2 = S,

					     t =  
S

v1 + v2
 ;

v1 da v2 cvladebis gamosaxulebebis Casmis Semdeg miviRebT imave pasuxs.

12  cxadia, Tu p kentia maSin 2p + 1, 3p, p + 2 kent ricxvebs gamosaxavs.
moviTxovoT dasabuTeba, rom p2 + p luwia. (marTlac, p2 + p = p(p + 1) da p + 1 luwia).

13  vTxovoT moswavleebs, cvladebis saSualebiT gamosaxon is formulebi, 
romlebiTac ricxvebze moqmedebebis Tvisebebia warmodgenili. magaliTad, 

a) 1⋅a = a; 	 b) a + 0 = a.

14  marTkuTxedis farTobi SeiZleba orgvarad warmovadginoT
			   a(b + c); an ab + ac.
maSasadame, 	 a(b + c) = ab + ac.

15  a) 
a
b ⋅  m = 

a⋅m
b  ;		  b) 

a
b :  

c
d = 

ad
bc .

16  a – (b + c + d) = a – b – c – d;
	 a = 543, b = 100, c = 20, d = 6.

17  saxelmZRvanelos pasuxebSi miTiTebuli formulebis garda, SeiZleba sxva 
formulebic SemogvTavazon moswavleebma. magaliTad, a⋅b⋅c⋅d = (ad)⋅(bc) da miuTiTon 
am formulis gamoyenebis upiratesoba zogierT SemTxvevaSi. magaliTad, 

			   2⋅7⋅5⋅9 = (2⋅5)⋅(7⋅9) = 630.

maswavleblebi, xSirad, `testebze~ pasuxebis SerCevis sakuTar meTods aya-
libeben. zogierTi miiCnevs, rom saWiroa pasuxis SerCevis dasabuTeba, zogierTi 
_ pasuxiT kmayofildeba. zogierT SemTxvevaSi SeiZleba davsvaT kiTxva: ratom? 
(es, ZiriTadad, saklaso testebs exeba). magaliTad, 6  testze swori pasuxis 
dasaxelebis Semdeg SeiZleba moviTxovoT msjeloba: wiladi azrs kargavs, roca 
mniSvneli, (x + 2) nulia, x + 2 = 0, roca x =  – 2. maSasadame, swori pasuxia  – 2.

v1 v2
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7  a(b – c) = a(b + ( – c)) = ab + a( – c) = ab – ac.

saSinao davalebis amocanebi, ZiriTadad, analogiuri xasiaTisaa _ moiTxovs 
cvladis Semcveli gamosaxulebis Sedgenas, cvladis sworad gamoyenebis unars.

moswavlem unda gaarCios erTmaneTisgan terminebi: `mopirdapire~ da 
`Sebrunebuli~. man unda SeZlos x ricxvis mopirdapiris dasaxeleba: ( – x), a-s 

Sebrunebulis dasaxeleba: 
1
a.

moswavle ixsenebs r-radiusiani wrewiris sigrZisa da wris farTobis for-
mulebs: l = 2πr, S = πr2. amaSi mas cnobaric daexmareba.

moswavle gaixsenebs procents, `procentiT gazrdas~ da 6  `testis~ pasux-

ebSi ipovis Sesabamis gamosaxulebas: 1,25x. 7  testSi: x + 2x = 3x.

9  amocana algebruli gamosaxulebis ricxviTi mniSvnelobis povnazea. mos-
wavle ixsenebs ricxvebze moqmedebebs.

11  Tu 1 kalami x TeTri Rirs, maSin m kalami eRireba (mx) TeTri.

13  am amocanis analogiuri klasSi iyo amoxsnili. am SemTxvevaSi dasaxele-
bulia manZilis mniSvneloba, romelic kilometrebiTaa gamosaxuli da moiTxoveba 
Sexvedramde daxarjuli dros gamoTvla, es momenti klasSi amoxsnilis Suale-

duri safexuri iyo: 
200
a + b .

pasuxi sxvadasxva msjelobiT miiReba.
moswavleebma unda axsnan pasuxis miRebis sqema.

15  moswavlem unda gaixsenos procenti, procentiT gazrda: 

			   V + V⋅  x
100  = V(1 +  x

100 )

			   4V(1 +  x
100 ) = 5V; 4(1 +  x

100 ) = 5; 1 +  x
100  =  125

100
			   x = 25.
pasuxi: 25%.
SeiZleba x-iT is ricxvi aRvniSnoT, romelic gviCvenebs siCqaris gazrdas.
maSin gveqneba:

			   4V(1 + x) = 5V; 4(1 + x) = 5; 1 + x = 1 + 14 ; 

			   x = 14 .	 	 1
4  = 25%.

16  Tu a uaryofiTia, maSin a2,  – 7a ,  –  1a  dadebiTi ricxvebia.

17  1) a⋅0 = 0; 	 2) a⋅( – 1) =  – a, Tu a =  – 3,  – a = 3 .

18  db – cd = d(b – c).

19  a) a
b  + cb  = 

a + c
b  ;	 b) a

b  – cb  = 
a – c

b  ;		  g) a
b  ⋅ 

c
d  = 

a⋅c
b⋅d  ;		 d) a

b  : 
c
d  = 

a⋅d
b⋅c .
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20  a + bc  = ac + b
c .		 	 21  ab + cd = b(a + c) – c(b – d).

22  a) (a + b + c):m = a:m + b:m + c:m; 
	    b) (a + b + c + d)m = a⋅m + b⋅m + c⋅m + d⋅m.

5.2. algebruli gamosaxuleba.  
	  algebruli gamosaxulebis mniSvneloba

am paragrafis sakiTxebiT iwyeba Temis ZiriTad samizne cnebaze gadasvla, 
romelic praqtikuli amocanis gadawyvetis procesSi mimdinareobs. vajamebT 
Cvens codnas cvladisa da formulis Sesaxeb. moswavleebi, dasmul kiTxvebze 
pasuxebis moZiebiT, ixseneben wina gakveTilebze ganxilul cvladis Semcvel ga-
mosaxulebebs, romlebiTac sidideebs Soris Tanafardobebi da ricxvebze moqme-
debebis Tvisebebi iyo warmodgenili. gakveTilis mimdinareobisas SeiZleba gam-
oviyenoT TvalsaCino saSualeba, magaliTad, plakati, romelzec warmodgenili 
iqneba gamosaxulebebi; es gamosaxulebebi Sedgenilia cvladebisgan, ricxvebisgan, 
Sekrebis, gamoklebis, gamravlebis, gayofis, racionalur xarisxSi axarisxebis, 
amofesvis niSnebisa da frCxilebis gamoyenebiT. calke SeiZleba gamoiyos wila-
duri gamosaxulebebi, mTeli gamosaxulebebi, iracionaluri gamosaxulebebi. maTi 
aRweris Semdeg, moswavleebi moifiqreben aRniSnuli saxelwodebebis gamoyenebis 
mizanSewonilebas.

mniSvnelovania algebruli gamosaxulebis mniSvnelobis gamoTvlisa da cv-
ladis dasaSvebi mniSvnelobebis cnebebis aRwera.

codnis ganmtkiceba `testebiTa~ da amocanebis gamoyenebiT mimdinareobs.

2  testze pasuxis moZiebisas, SeiZleba gavixsenoT ariTmetikuli fesvis 
gansazRvreba (ixileT, cnobari). 2a–34  gamosaxulebaSi 2a – 3≥0.

3  testSi, cxadia,	 x – |x| = x – x = 0, Tu x≥0;
				    x – |x| = 2x, Tu x≤0.

am gaxsenebis Semdeg, gvaqvs: x – |x|-Si cvladis dasaSvebi miSvnelobebia dadeb-
iTi ricxvebi da nuli.

4  da 5  testebiT racionalur da iracionalur gamosaxulebebSi cvladis 
dasaSvebi mniSvnelobis povnis wesi unda gaiazros moswavlem.

6  amocaniT moswavleebi ganimtkiceben codnas igiveobis (igivurad toli 
gamosaxulebebis) Sesaxeb. aq SeiZleba mivuTiToT, rom igiveoba cvladis Semcve-
li gamosaxulebebis tolobaa; magaliTad, toloba: 2 + 3 = 3 + 2, ricxviTi tolobaa, 
erTi da imave ricxvis sxvadasxva Canawerebs Soris gvaqvs tolobis niSani. aq sa-
survelia kidev erTxel gavimeoroT pasuxebi sakontrolo kiTxvebze (magaliTad, 
2. da 3. kiTxvebi).
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7  igivurad toli gamosaxulebebia: a + b + c da c + b + a; (2ab)2 da 4a2b2. tolobebi: 
a + b + c = c + b + a da 2(ab)2 = 4a2b2 igiveobebia.

8  -  10  moswavleebs ar unda gauWirdeT algebruli gamosaxulebis mniSvnelo-

bis povna; mTeli da wiladuri gamosaxulebebis gamoyofa; 7x2 – 2xy; a
9 ; 1

4  m2 – 13  n2 

mTeli gamosaxulebebia. 
12
b ; a

a + 3 – 8 wiladuri gamosaxulebebia. maTi saerTo sax-

elwodebaa `racionaluri gamosaxuleba~.

11  -  12  cvladis dasaSvebi mniSvnelobebis povna wiladur gamosaxulebebSi 
eyrdnoba debulebas: wiladur gamosaxulebaSi cvladis dasaSvebi mniSvnelobeb-
is simravle Seicavs im ricxvebs, romlebisTvisac am gamosaxulebebSi Semavali 
wiladebis mniSvnelebi nuls ar udris.

a
b  -s azri ara aqvs, roca b = 0; a

b  = 0, roca a = 0, b≠0.

es faqtebi gasaTvaliswinebelia 13 amocanis amoxsnisasac.

14  
– x
– y  = xy  toloba igiveobaa, – x

– y  da 
x
y  igivurad toli gamosaxulebebia (x; y) 

wyvilTa im simravleze, romlebisTvisac y≠0. aq gvaqvs igivuri toloba simrav-
leze.

saSinao davalebis SesrulebiT, moswavleebi gviCveneben ZiriTad samizne cne-
basTan dakavSirebuli sakiTxebis aTvisebis dones.

am davalebaSi `testebi~ klasSi Sesrulebuli `testebis~ analogiuria da, 
analogiuri msjelobis gamoyenebiT, miiRweva swori pasuxebis SerCeva.

moiTxoveba ariTmetikuli fesvis gansazRvrebisa (SeiZleba cnobaris gamoyene-
ba) da wiladur gamosaxulebaSi cvladis dasaSvebi mniSvnelobebis povnis wesis 
codna.

amosaxsneli amocanebic ZiriTad samizne cnebasTan dakavSirebuli sakiTxebis 
codnas moiTxovs _ ra aris igiveoba, ras ewodeba igivurad toli gamosaxule-
bebi, rogor vpoulobT algebruli gamosaxulebis gansazRvris ares, cvladis ra 
mniSvnelobebisTvis aris nulis toli wiladuri gamosaxuleba, ras niSnavs wila-
duri gamosaxulebebis igivuri toloba (ganixileba igivuri toloba simravleze).



18

5.3. erTwevri da mravalwevri. moqmedebebi erTwevrebze
	  da mravalwevrebze. Semoklebuli gamravlebis  

	  formulebi 

maTematikis axali standartis Sesabamisad, X klasSi maTematikis swavlebis 
miznebis gaTvaliswinebiT, vimeorebT da viRrmavebT codnas ZiriTad samizne cne-
basTan (algebruli gamosaxuleba) dakavSirebuli im sakiTxebis Sesaxeb, romelTa 
Seswavla moswavleebma me-7 klasidan daiwyes. dawvrilebiT ganvixilavT kerZo sa
xis algebrul gamosaxulebebs _ mTel gamosaxulebebs _ erTwevrs, mravalwevrs, 
moqmedebebs erTwevrebze, mravalwevrebze.

erTwevri CvenTan kerZo saxis mravalwevria. zogierT ucxour saskolo sax-
elmZRvaneloSic asea miTiTebuli. es eTanxmeba x-is mimarT mravalwevrebis Te-
orias, roca nulovani mrvalwevric gvaqvs da, magaliTad, ax2 aris x-is mimarT 
kvadratuli samwevri.

teqstSi dasmul kiTxvebze pasuxebi moswavlem SeiZleba cnobaris saSuale
biTac moiZios. Tumca, ganxiluli magaliTebic daexmareba mas. sasurvelia, maga
liTebis ganxilvas axldes Sesabamisi wesebis Camoyalibeba (erTwevris mravalwev-
rze gamravlebis, mravalwevrebis gamravlebis).

amasTanave, Semoklebuli gamravlebis formulebic am wesebis gamoyenebiT Sei-
Zleba daasabuTos moswavlem.

yvela am wesis gaxsenebasa da Sesabamisi codnis ganmtkicebas emsaxureba amo-
canebis amoxsna.

`testur~ davalebebSi viyenebT frCxilebis gaxsnis xerxs, ori gamosaxulebis 
jamis kvadratis formulas, ori gamosaxulebis sxvaobis kubis formulas. mrav-
alwevris mamravlebad daSlisas viyenebT dajgufebis xerxsac.

8  Tu n2 – m2 = 7, maSin (n – m)(n + m) = 7; radgan m da n naturaluri ricxvebia, Ses-
aZlebelia mxolod Semdegi SemTxveva: n – m = 1 da n + m = 7, anu n = 4, m = 3. zogierTma 
moswavlem SeiZleba zepiradac miagnos am ricxvebs. am SemTxvevaSi maT imis Cvene-
bac mouwevT, rom sxva aseTi ricxvebi ar arsebobs; Tumca, sinjvisa da amowurvis 
xerxiT dasabuTeba advilad miiRweva.

9  viyenebT dajgufebis xerxs. moswavleTa mosazrebebis ganxilvis kvalobaze, 
dafasTan gamoZaxebuli moswavleebi advilad moaxerxeben a) da b) SemTxvevebis 
ganxilvas. g) SemTxvevaSi SeiZleba sxva moswavleebis Carevac gaxdes saWiro: xom 
ar jobia samwevri oTxwevrad vaqcioT? 

x3 – x – 2x – 2 = x(x2 – 1) – 2(x + 1) = x(x + 1)(x – 1) – 2(x + 1) = (x + 1)(x2 – x – 2) = 
= (x + 1)(x2 – 2x + x – 2) = (x + 1)(x(x – 2) + (x – 2)) = (x + 1)(x – 2)(x + 1) = (x + 1)2(x – 2).
SeiZleba mocemuli gamosaxuleba asec gardavqmnaT: 
x3 – 3x + 1 – 3 = (x3 + 1) – 3(x + 1) = (x + 1)(x2 – x + 1) – 3(x + 1) = (x + 1)(x2 – x – 2) 
Semdeg gavagrZeloT ise, rogorc zemoT iyo Sesrulebuli.

10  a) x3 – 3x2 + 5x – 15 = x2(x – 3) + 5(x – 3) = (x – 3)(x2 + 5);
b) x4 + y4 = x4 + y4 + 2x2y2 – 2x2y2 = (x2 + y2)2 – 2x2y2 = (x2 + y2 –  2 xy)(x2 + y2 +  2 xy);
g) x4 + x2 + 1 = x4 + 2x2 + 1 – x2 = (x2 + 1)2 – x2 = (x2 + 1 – x)(x2 + 1 + x).
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b) da g) SemTxvevebi klasSi erToblivi ZalisxmeviT ganixileba. moswavleebi 
wamoayeneben sakuTar mosazrebebs da maTgan SeirCeva amoxnis swori mimarTuleba. 
damatebiTi kiTxvebiT SeiZleba Cvenc davexmaroT;

_ SeiZleba x4 + y4 davSaloT mamravlebad? ra wevris mimatebiT miiReba orwev-
ris kvadrati?

_ rogor SeiZleba `SevavsoT~ x4 + x2 + 1 gamosaxuleba orwevris kvadratamde?

11  b) SemTxvevis garda SeiZleba aseTi xerxic ganvixiloT:
		  (a + b + c)2 = ((a + b) + c)2 = (a + b)2 + 2c(a + b) + c2.

12  moswavleebma unda SeZlon Sesabamisi cvladiani gamosaxulebis Sedgena: 
2n + 2n + 1 + 2n + 2;

		  2n + 2n + 1 + 2n + 2 = 2n + 2⋅2n + 4⋅2n = 2n⋅(1 + 2 + 4) = 7⋅2n;
radgan n∈N, amitom 7⋅2n iyofa 14-ze.

13  (x + 1)(y + 1) – (x – 1)(y – 1) = xy + x + y + 1 – xy + x + y – 1 = 2(x + y) = 18.

14  (x2 – 10x + 6)⋅(2x + k) namravli miviyvanoT standartul saxemde:
2x3 + kx2 – 20x2 – 10kx + 12x + 6k = 2x3 + (k – 20)x2 + 2x(6 – 5k) + 6k
pirobis Tanaxmad, k – 20 = 0, k = 20.
zogierTma moswavlem SeiZleba Tavidanve mxolod x2-is koeficientis dad-

genaze izrunos da ase miakvlios k-s mniSvnelobas.
saSinao davalebis Sesrulebisas, moswavleebi erTwevrebsa da mravalwevrebze 

moqmedebebis analogiur Tvisebebs iyeneben. es, ZiriTadad, `testur~ davalebebs 
exeba.

magaliTad, 5  `testis~ pasuxi kubebis jamis namravlis saxiT warmodgenas 
eyrdnoba:

				    x3 – y3 = (x – y)(x2 + xy + y2).
kidev erTxel SevamowmoT Semoklebuli gamravlebis formulebis aTviseba. 

amasTanave, moswavlem unda SeZlos am formulebis `marjvnidan marcxniv~ war-
modgenac; magaliTad, x2 + 2xy + y2 = (x + y)2; x3 + y3 = (x + y)(x2 – xy + y2). maT `Semoklebuli 
gamravlebis formulebs~ aRar vuwodebT. isini mravalwevrebis namravlebis saxiT 
warmodgenisas gamoiyeneba.

7  5 momdevno luwi naturaluri ricxvi, romelTagan umciresia n, ase Cai-
wereba: n, n + 2, n + 4, n + 6, n + 8.

maTi jami aris 5n + 20.

8  Tu n2 – m2 = 20, maSin (n + m)(n – m) = 20.
`sinjvisa da amowurvis meTodi~ gvaZlevs mxolod erT SesaZlo SemTxvevas.
n + m = 10 da n – m = 2. (viTvaliswinebT, rom n da m luwi ricxvebia), saidanac vRe-

bulobT: n = 6, m = 4.
am ricxvebis povna zepiradac SeiZleba.

10  gvaqvs, m, m – 2, m – 4, m – 6, m – 8. maTi jamia: 5m – 20.

11  gavixsenoT, rom naturalur ricxvTa simravle iyofa sam qvesimravled: 
naturaluri ricxvebi, romlebic iyofa 3-ze: 3n; romlebic 3-ze gayofisas naSTSi 
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iZleva 1-s: 3n – 2; romlebic 3-ze gayofisas naSTSi iZleva 2-s: 3n – 1. aq yvelgan _ 
n∈N.

(3n – 2)2 – 1 = 9n2 – 12n + 4 – 1 = 3(3n2 – 4n + 1);
(3n – 1)2 – 1 = 9n2 – 6n + 1 – 1 = 3n(3n – 2).

12  (x2 – 5x + 6)(x + k) = x3 – 5x2 + 6x + kx2 – 5kx + 6k = x3 + x2(k – 5) + x(6 – 5k) + 6k.
pirobis Tanaxmad, k – 5 = 0, k = 5.
gaiTvaliswineT 14  amocanis amoxsnisas gakeTebuli komentari.

13  abc – ac = 100a + 10b + c – (10a + c) = 90a + 10b.

14  x + y = 2,8, (x + y)2 = 7,84
	   x2 + y2 + 2xy = 7,84
	   4,04 + 2xy = 7,84, 2xy = 3,8
	   xy = 1,9.

15  analogiuri amocanebi klasSi iyo amoxsnili
b) x4 + 4y4 = x4 + 4x2y2 + 4y4 – 4x2y2 = (x2 + 2y2)2 – 4x2y2 = (x2 + 2y2 + 2xy)( x2 + 2y2 – 2xy);
g) x8 + x4 – 2 = (x8 – 1) + (x4 – 1) = (x4 – 1)(x4 + 1) + (x4 – 1) = (x4 – 1)(x4 + 1 + 1) = (x2 – 1)(x2 + 1)(x4 + 2) = 
=(x – 1)(x + 1)(x2 + 1)(x4 + 2);
d) x5 – x2 – x – 1 = x5 – x – (x2 + 1) = x(x2 + 1)(x2 – 1) – (x2 + 1) = (x2 + 1)(x3 – x – 1);
e) x4 – 3x2 – 6x – 3 = x4 – 3(x2 + 2x + 1) = x4 – 3(x + 1)2 = (x2 –  3  x –  3 )(x2 +  3 x +  3 ).

5.4. kvadratuli samwevri. kvadratuli samwevris daSla 
mamravlebad

pirveli da meore xarisxis mravalwevrebis ganxilva praqtikuli amocanebis 
saSualebiT iwyeba. x-is mimarT mravalwevrTa Teoriis sruli Seswavla umaRles 
skolaSi, algebris kursSi xdeba. skolaSi, ZiriTadad, kvadratuli samwevris 
nulebisa da mamravlebad daSlis sakiTxi ganixileba. moswavleebma am sakiTxebis 
Seswavla wina wlebSi daiwyes. amjerad vimeorebT da viRrmavebT codnas am mi-
marTulebiT. yuradRebas vamaxvilebT kvadratuli samwevris mamravlebad daSlis 
sxvadasxva xerxze. kvadratuli samwevris gansazRvrebac amarTlebs mravalwevris 
cnebis im gansazRvras, romelic wina paragrafSi warmovadgineT;  magaliTad, ax 2 
erTwevri kvadratuli samwevria: ax 2 + bx + c, romelSic b = 0, c = 0. samwevris gansazR-
vraSi moiTxoveba mxolod erTi piroba: a≠0.

sakontrolo kiTxvebze pasuxebis gacemiT, moswavleebi adastureben kvadra-
tuli samwevris Sesaxeb im codnis gaaqtiurebas, romelic ukavSirdeba kvadra-
tuli samwevris diskriminantis, fesvebis da fesvebis mixedviT samwevris daSlis 
cnebebs.

moswavleTa yuradReba mudmivad gavamaxviloT im faqtze, rom ax 2 + bx + c kva-
dratuli samwevris pirveli koeficienti nulisgan gansxvavebuli ricxvia; kva-
dratul samwevrs aqvs: erTi fesvi (roca D = 0); ori fesvi (roca D > 0), an ar aqvs 
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fesvi (roca D < 0). am kiTxvebze pasuxebis codnas, moswavleebi `testebze~ swori 
pasuxebis miTiTebiT adastureben.

6  `Tu kvadratuli samwevris diskriminanti naklebia 0-ze, maSin am kvadra-
tul samwevrs ar aqvs fesvi~. Sebrunebuli debuleba: `Tu kvadratul samwevrs ar 
aqvs fesvi, maSin diskriminanti naklebia 0-ze~ _ WeSmaritia, winaaRmdeg SemTxve-
vaSi (D > 0, D = 0) gveqneboda, rom samwevrs aqvs ori fesvi an erTi fesvi.

mopirdapire debuleba: `Tu kvadratuli samwevris diskriminanti ar aris 
naklebi 0-ze (metia an tolia nulis), maSin kvadratul samwevrs aqvs fesvi (roca 
D > 0, aqvs ori fesvi, roca D = 0 _ erTi fesvi) _ WeSmaritia. kontrapoziciuri 
debulebaa `Tu kvadratul samwevrs aqvs fesvi, maSin samwevris diskriminanti ar 
aris naklebi nulze~ _ WeSmaritia, radgan pirdapiri debuleba WeSmaritia.

7  a) `Tu kvadratuli samwevris diskriminanti metia nulze, maSin kvadratul 
samwevrs ori fesvi aqvs~. Sebrunebuli: `Tu kvadratul samwevrs ori fesvi aqvs, 
maSin kvadratuli samwevris diskriminanti metia nulze~, _ WeSmaritia, radgan 
winaaRmdeg SemTxvevaSi (D < 0, an D = 0), kvadratul samwevrs ar eqneboda fesvi, an 
eqneboda erTi fesvi.

g) `Tu kvadratuli samwevris diskriminanti naklebia nulze, maSin kvadratul 
samwevrs ar aqvs fesvi~. Sebrunebuli: `Tu kvadratul samwevrs ar aqvs fesvi, ma-
Sin diskriminanti naklebia nulze~ _ WeSmaritia, radgan, winaaRmdeg SemTxvevaSi 
(D ≥ 0), kvadratul samwevrs eqneboda erTi an ori fesvi.

aq SeiZleba gavamaxviloT yuradReba imaze, rom samive pirdapiri Teorema yve-
la SesaZlebel SemTxvevas amowuravs (D > 0, D = 0, D < 0) da yvela pirdapiri Teorema 
WeSmaritia, amitom yvela Sebrunebuli debulebac WeSmaritia (amaSi, sawinaaRmd-
gos daSvebis xerxis gamoyeneba gvexmareba).

8  vietis Teoremis Tanaxmad (es Teorema ukve iyo ganxiluli, SeiZleba ixi-
loT cnobaric), 

			    x1 + x2 = k + 2
 			      x1⋅x2 = k – 1.
maSasadame, x1

 2 + x2
 2 = (x1 + x2)

 2 – 2x1x2 = k 2 + 4k + 4 – 2k + 2 = k 2 + 2k + 6 = (k + 1) 2 + 5. jami umcire-
sia, roca k = – 1.

pasuxi: k = – 1.

9  x 2 – ax + b = x 2 – x + 0,25.
pirobiT, es toloba sruldeba nebismieri x-isTvis. maSasadame, – a = – 1 da b = 0,25, 

a + b = 1,25.
SeiZleba asec vimsjeloT:
Tu x = – 1,		  1 + a + b = 1 + 1 + 0,25
			   a + b = 1,25.

10  vietis Teoremis Tanaxmad (ixileT cnobari), 5 + x2 = 4, x2 = – 1, b = 5⋅( – 1) = – 5.

11  pirobis Tanaxmad, 2 + 5 + b = 9, b = 2. vietis Teoremis Tanaxmad, x1x2 = b2  = 22  = 1.
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12  viyenebT vietis Teoremas: 
		  6k – (3k + 2) = 16,    3k – 2 = 16,     k = 6.
miRebuli x 2 – 20x + 36 = 0 gantolebis fesvebi SeiZleba fesvTa formulebis ga-

moyenebiT vipovoT, SeiZleba _ vietis formulebiT.

		  x1 + x2 = 20	 	
		  x1⋅x2 = 36		  x1 = 2, x2 = 18.

13  ax  2 + (a + c)x + c; moswavleebi, SesaZlebelia, zepirad miagneben erT-erT fesvs: 
x = – 1;

		  a + c – (a + c) = 0.
SeiZleba asec:
		  ax  2 + (a + c)x + c = ax(x + 1) + c(x + 1) = (x + 1)(ax + c).

14  	 ax  2 + bx + c

		  x1 + x2 = – ba 	 	 x1
  2 + 2c

a  + x2
 2 = b

 2

a 2

		  x1⋅x2 = ca 			  x1
 2 + x2

 2 = b
 2 – 2ac

a 2 .
		

15 	  4 + 2p + q = 17
	   1 – p + q = 2

	   3 + 3p = 15,
	   p = 4, 	q = 5.

16  x 2 – 2x – 120 = (x – 1) 2 – 121.
kvadratuli samwevri umcires mniSvnelobas iRebs, roca x = 1; es umciresi 

mniSvneloba aris – 121.

17  – x 2 + 5x – 6 = – (x 2 – 5x + 6,25 – 6,25) – 6 = – (x – 2,5) 2 + 6,25 – 6 = – (x – 2,5) 2 + 0,25.
misi mniSvneloba udidesia, roca x = 2,5.  udidesi mniSvnelobaa 0,25.

saSinao davalebis `testebze~ swori pasuxebis SerCeviT moswavleebi adas-
tureben da imyareben kvadratuli samwevris cnebisa da fesvebis Sesaxeb codnas.

7  D < 0,
	   144 – 24a < 0,      24a > 144,     a > 6.

saSinao davalebis amocanebis amoxsna saklaso davalebebis analogiuria.

8  	4 + 10 + b = 8, b = – 6;
	 x 2 + 5x – 6 = 0,    x1 = – 6,    x2 = 1.

9  roca x = 1, miviRebT: a + b + c = – 4.

10  
1
x1

 + 
1
x2

 = 
x1 + x2
x1⋅x2

 = 
– p
q .
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11  D < 0, D
4  < 0,

	 k 2 – k 2 – k < 0, – k < 0, k > 0. 
	 umciresi mTeli mniSvnelobaa k = 1.

12  g) x 2 – 7x + 15 = (x – 3,5) 2 – 12,25 + 15 = (x – 3,5) 2 + 2,75;
misi mniSvneloba umciresia, roca x = 3,5.
umciresi mniSvnelobaa 2,75.
d) x 2 + 9x + 13 = (x + 4,5) 2 – 20,25 + 13 = (x + 4,5) 2 – 7,25; 
umciresi mniSvelobaa – 7,25.

5.5. algebruli wiladebi. moqmedebebi algebrul wiladebze

X klasSi maTematikis swavlebis miznebs Seesabameba algebrul wiladebze moq
medebebis Catarebis gameoreba.

algebruli wiladis cneba ufro mTel gamosaxulebebTan aris dakavSirebuli; 
yoveli mravalwevri algebruli wiladia; ganvixilavT iseT algebrul wiladebs, 
romlebic ori mravalwevris Sefardebaa, racionaluri algebruli gamosaxulebaa, 
isini ar Seicaven cvlads fesvis niSnis qveS. mravalwevri SeiZleba ricxvic iyos.

wiladebTan analogia exmareba moswavleebs algebruli wiladis ZiriTadi 
Tvisebis gaazrebaSi. moswavleTa motivacias zrdis praqtikuli magaliTi, ro-
melic niutonis mizidulobis kanonis maTematikur Caweras ukavSirdeba _ mizi-
dulobis Zala gamosaxulia algebruli wiladiT. algebruli wiladis ZiriTadi 
Tviseba gvexmareba algebrul wiladebze moqmedebebis CatarebaSi.

magaliTebis saxiT warmodgenilia algebruli wiladis Sekveca, algebruli wi-
ladebis saerTo mniSvnelamde miyvana, algebrul wiladebze gamravlebis, gayofis, 
axarisxebis (mTel xarisxSi) moqmedebebis Catareba.

sakvanZo SekiTxvebi: ras ewodeba wiladuri gamosaxuleba? ra saxis algebrul 
wiladebs ganvixilavT? exmareba moswavleebs gaiazron wiladuri gamosaxulebi-
sa da algebruli wiladis cnebebi, maT Soris kavSiri da gansxvaveba. Aalgebru-
li wiladuri gamosaxuleba unda Seicavdes cvladze gayofas, SeiZleba fesvsac 
ki cvladidan. ganxiluli algebruli wiladi ki ori mravalwevris Sefardebaa. 
mas SeiZleba mieces wiladis saxe, ar aris aucilebeli, rom mniSvneli Seica-
vdes cvlads. sasurvelia, gakveTilze yvela magaliTi dawvrilebiT ganvixiloT. 
moswavleebi, amasTanave, ricxvebze moqmedebebsac ixseneben da gamoimuSaveben 
algebrul gamosaxulebebze moqmedebebis Catarebis Cvevebs.

Teoriuli masalis Sesaxeb codnis gantkicebas emsaxureba `testuri~ davale-
bebis Sesruleba. moiTxoveba algebrul wiladSi Semavali cvladebis dasaSvebi 
mniSvnelobebis gansazRvra; martivi gamoTvlebis Catareba Sekvecasa da algebru-
li wiladebis Sekrebaze.
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5  moswavlem unda SeniSnos, rom (x – 2) 2 + (y + 3) 2 = 0 maSin da mxolod maSin, roca 
x = 2 da y = – 3. maSasadame, gamosaxulebas ar aqvs azri, roca an x = 0, an y = 0, an x = 2 
da y = – 3.

6  da 7  amocanebSi moswavlem unda SeZlos algebrul wiladebze moqmede-
bebis Sesruleba, Sekveca, saerTo mniSvnelamde miyvana da Sekreba.

magaliTad,	 3m
an + am : 

2n
bn + bm = 

3m
a(n + m)  ⋅ b(n + m)

2n  = 3bm
2an ,

			 
x + 4
1 – 3x  – 

8 – 2x
3x – 1  = 

x + 4
1 – 3x  + 

8 – 2x
1 – 3x  = 12 – x

1 – 3x  .

Semdegi amocanebic algebrul wiladebze moqmedebebis Catarebas ukavSirdeba. 
gamovarCevT 12  davalebas:

b) algebruli wiladi SeiZleba ase CavweroT:

			 
x 12 – 5x 3

9x 2  + 
x – 144

9x 2  = 
x 10 – 5x

9  + 
x – 144

9x 2 .

algebruli wiladi SeiZleba asec CavweroT:

			 
x 11 – 5x 2 + 1

9x  – 
16
x 2 .

17  vcdilobT, mricxvelSi (2n – 1)-is Semcveli namravlebi miviRoT; Tavdapir-
velad vcdilobT gamovyoT (2n 2 – n), romelic, cxadia, ase warmoidgineba: n(2n – 1);  
amisaTvis 7n-s CavwerT, rogorc – n + 8n. Semdeg, analogiuri mizniT, (8n – 1)-s ase 
CavwerT: 8n – 4 + 3. miviRebT:

		
2n 2 + 7n – 1

2n – 1  = 
2n 2 – n  + 8n – 4 + 3

2n – 1  = 
n(2n – 1)  + 4(2n – 1) + 3

2n – 1  = n + 4 +  3
2n – 1  .

analogiuri msjelobis Catareba sWirdeba saSinao davalebis 17  amocanas.

cxadia, SesaZlebelia, sxva xerxis gamoyenebac. maswavlebelma ki icis, rom 
mravalwevris mravalwevrze gayofis Sesrulebis gamoyenebac SeiZleba (iswavleba 
umaRles skolaSi). SeiZleba asec vimsjeloT (bezus Teoremis gamoyenebiT):

Tu algebrul wilads mivcemT saxes: 
n 2 + 72  n – 12

n – 12

 , maSin

		  n 2 + 72  n – 12 = (n – 12)(n – α) + (1
4 + 72 – 12).

aq II Sesakrebi mricxvelis mniSvnelobaa, roca n = 12.
am tolobidan advilad vipoviT α-s:

		  n 2 + 72  n – 12 = n 2 – (1
2 + α)n + 12  α + 32

		   – (α + 12) = 72, α = – 4.

miviReT:	
n 2 + 72  n – 12

n – 12

  = (n + 4) +  3
2n – 1  .

		

miRebuli tolobis gamoyenebiT davadgenT, rom algebruli wiladis mniSvne-
loba naturaluri ricxvia, roca 2n – 1 = ±1, an 2n – 1 = ±3. maSasadame, n = 1, n = 0, n = 2 
an n = – 1.
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18  
a

x – 5 +  b
x + 2 = (a + b)x + 2a – 5b

(x – 5)(x + 2)  .

cxadia, x gansxvavebulia 5-isa da ( – 2)-isgan.
magaliTad, Tu x = 0, miviRebT:
	 2a – 5b = 31.
Tu 	 x = 1, 3a – 4b = 36.
am ori tolobidan miviRebT: a = 8, b = – 3.

saSinao davalebis `testebi~ saklaso davalebis analogiur amocanebs Seicavs.

6  a + b = ab(a+b)
ab  = a

2b + ab2

ab .	 	 7  
2a

b(x+y)  =  2a(x–y)
b(x+y)(x–y).

9  b) 
x3 – x2y + xy2

x3+y3  = 
x(x2 – xy + y2)

(x+y)(x2 – xy + y2) =  x
x+y .

10  5x – 3 ≠ 0, x ≠ 35  da x + 4≠0, x≠ – 4.

11 -  15  amocanebis amoxsniT moswavle adasturebs algebrul wiladebze 
moqmedebebis Catarebis codnas.

16 	 a) 
x(x–5) +6

x–5  = x+  6
x–5 ;	

	 b) 
x2 – 10x + 21

x – 2  = 
x2 – 2x – 8x + 21

x – 2  = 
x2 – 2x – 8x  + 16 – 16+ 21

x – 2  = 

	     = 
x(x–2) – 8(x–2)+ 5

x – 2  = x–8 +  5
x – 2.

klasSi amoxsnili amocanis amoxsnidan miRebuli gamocdilebiT, moswavlem 
unda SeZlos mricxvelis miTiTebuli saxiT gardaqmna.

17  es amocana klasSi amoxsnili amocanis analogiuria, magram moswavlisgan 
moiTxovs mricxvelis gardaqmnis gzis mignebas.

		
4x2 – 4x + 1

2x +1  = 
4x2 + 2x – 6x – 3+ 4

2x +1  = 
2x(2x +1) – 3(2x +1)+4

2x +1  = 2x – 3 +  4
2x+1.

miRebuli gamosaxuleba mTelia, roca 2x + 1 = 1, 2x + 1 = – 1;
aqedan gvaqvs: x = 0, x = – 1.
2x + 1 = ±2 an 2x + 1 = ±4 es gantolebebi mTel ricxvebSi ar ixsneba. maSasadame, x-is 

naturaluri mniSvneloba ar arsebobs.

18  
a

x–3 +  b
x+1  = 

(a +b)x +a – 3b
(x–3)(x+1) .

	 Tu x = 0, 	 maSin 	 a – 3b = 15,     2a – 6b = 30;
	 Tu x = 1, 	 maSin 	 2a – 2b = 18.

maSasadame, – 4b = 12, b = – 3,  a = 15 – 9 = 6.

kompleqsuri davalebis Sesruleba I Tavis samizne cnebas ukavSirdeba. kiTx
vebi am cnebasTan dakavSirebiT aris dasmuli. kompleqsuri davalebis Sinaarsi 
moicavs aRniSnul samizne cnebasTan dakavSirebul istoriuli mimoxilvis Ses-
rulebasac da gamoyenebis nimuSebis moZiebasac. SeiZleba moZieba, rom asoiTi 
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simbolikis Semotanisa da damkvidrebis iniciatori cnobili frangi maTemati-
kosi fransua vieti (1540 - 1603) iyo. mas `algebris mamad~ moixseniebdnen. alge-
bra maTematikis nawilia, romlis Seswavlis obieqti, ZiriTadad, cvladiani gamo-
saxulebebi, cvladiani gamosaxulebebis gardaqmnebi da moqmedebaTa Tvisebebis 
Seswavla iyo. moswavlem SeiZleba gamoiyenos saxelmZRvneloSi warmodgenili ma-
sala da aRweros cvladTan da algebrul gamosaxulebasTan dakavSirebuli cne-
bebi. SeiZleba warmoadginos algebrul wiladebze moqmedebebis nimuSebi.

mniSvnelovania saubari tolobis, igiveobisa da gantolebis Sesaxeb. toloba 
SeiZleba gamoviyenoT or ricxviT gamosaxulebas Soris; roca am ricxviTi gamo-
saxulebebis mniSvnelobebi erTi da imave ricxvis tolia, maSin toloba WeSmarit 
gamonaTqvams warmogvidgens.  

Tu toloba Seicavs cvlads, maSin imis mixedviT, rogoria Cveni damokidebul-
ba am cvladebis Semcveli tolobisadmi, gvaqvs igiveoba, an gvaqvs gantoleba. Tu 
cvladis Semcvel tolobas axlavs amocanis dasma _ vipovoT cvladis is mniSv-
nelobebi, romlisTvisac toloba WeSmaritia, maSin gantoleba gvaqvs. SeiZleba 
daisvas kiTxva _ Tu toloba WeSmaritia cvladis nebismieri mniSvnelobisTvis 
raime simravlidan, maSin gvaqvs igiveoba am simravleze.

moswavlem SeiZleba moiZios formulebi fizikidan, qimiidan. magaliTad, 
msoflio mizidulobis kanonis amsaxveli formula da aRweros masSi Semaval 
sidideTa zomis erTeulebi; Tanabari, an  TanabaraCqarebuli moZraobisas manZi-
lis droze damokidebulebis formula; wrewirze Tanabari moZraobisas wiriTi 
siCqaris formula (gamosaxva wrewiris radiusiTa da brunvis periodiT); niuto-
nis kanonebis gamomsaxveli formulebi, drekadobis Zalis formula (damokide-
buleba drekadobis Zalasa da deformaciis sidideebs Soris); ricxvis standar-
tuli formiT Cawera gamoviyeneT qimiaSi `didi~ ricxvebis Casawerad; avogadros 
ricxvi _ 12 gram naxSirbadSi (1 moli naxSirbadi) atomebis ricxvi miaxloebiT 
ase Caiwereba 6⋅10 2 3. moswavlem SeiZleba magaliTic moiyvanos, roca qimia cvlade-
bs damatebiT pirobebs adebs; magaliTad, 12x + y = 16 gantolebas mTel ricxvebSic 
uamravi amonaxsni aqvs. magram qimiaSi gantoleba naxSirwyalbadSi, romelic moi-
cema CxHy formuliT (sadac x da y naturaluri ricxvebia) molekulur (molur) 
masas aRwers (12 _ naxSirbadis atomuri masa, 1 _ wyalbadis). 16-is toli mo-
lekuluri masa erTaderT naxSirwyalbadis naerTs aqvs _ meTans, romelic ase 
Caiwereba CH4; maSasadame, am gantolebis mxolod erT amonaxsns aqvs azri qimiaSi: 
x = 1, y = 4. meTanis moluri masaa 16,043 g/moli.

SeTavazebuli davalebebis SesrulebiT moswavle gaiwafeba formulebis ga-
moyenebiT praqtikuli xasiaTis problemebis gadaWraSi.

kompleqsuri davaleba mdidar masalas moiazrebs, romelTa kvleva moswavles 
SesaZleblobas miscems, sruliad gamoavlinos SemoqmedebiTi unarebi _ miaRwios 
Sefasebis mimarTebiT dones solo taqsonomiis klasifikaciiT.
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amocanebi TviTSefasebisTvis

Tema: algebruli gamosaxuleba.
sakiTxebi: cvladis Semcveli gamosaxuleba; iracionaluri da racionaluri 

algebruli gamosaxulebebi. mravalwevri, mravalwevris standartuli saxe. kva-
dratuli samwevri. 

mkvidri warmodgenebi: kvadratuli samwevri x ucnobis mimarT meore xarisxis 
mravalwevria; kvadratuli samwevris fesvebis povna SeiZleba kvadratuli gan-
tolebis amoxsniT, an zepirad, vietis Teoremis gamoyenebiT. algebruli wiladis 
ZiriTadi Tviseba gamoiyeneba am wiladebis gamartivebisa da maTze moqmedebebis 
Casatareblad.

Sefasebis indikatorebi: moswavlem unda SeZlos: ucnobi sididis warmodgena 
cvladiT, algebrul gamosaxulebaTa formebs Soris kavSiris damyareba (maT. saS. 
2).

savaraudo dro: 2 sT.

TviTSefasebis tests moswavle damoukideblad asrulebs. Sedegebi klasSi ga-
nixileba. moswavleebma unda Tamamad isaubron aRmoCenil xarvezebze. maswavle-
beli iTvaliswinebs moswavleTa mosazrebebs, iyenebs V Tavis Sesabamis damatebiT 
amocanebs da aqtiurad mimarTavs ganmaviTarebel Sefasebas codnaSi xarvezebis 
aRmofxvris mizniT.

miTiTebebi amocanebis amosaxsnelad.

1 	 I-is siCqare _ V,
	 II-is siCqare _ V + 10, maSin

	 t(V + V + 10) = S,  t =  S
2V+10 .

2  moswavlem unda SeZlos winadadebis Cawera maTematikuri simboloebis ga-
moyenebiT; magaliTad, g) 2m ricxvis 

Sebrunebuli ricxvi _ 
1

2m
mopirdapire _ ( – 2m)

sxvaobis kvadrati _ ( 1
2m  + 2m) 2

algebruli wiladi: (4m2+1)2

4m2  = 
16m4 + 8m2 + 1

4m2 .

3  b) 5 + x ≥ 0, x ≥ – 5; [ – 5; + ∞); a) da g) _ x nebismieria; d) x≠ – 2.

4  a) 
(x – 4)(x 2 + 4x + 16)

x 2 + 4x + 16

3

3  =  x – 43  =  273  = 3.

5  	 n + n + 2 + n + 4 + n + 6 + n + 8 = 5n + 20 = 5(n + 4).
	 n luwia, amitom (n + 4) luwia; 5(n + 4) iyofa 10-ze.

6  	 (x 2 + mx)(x – n + 1) = x 3 – nx 2 + x 2 + mx 2 – mnx + mx = x 3 + x 2(m – n + 1) + x(m – mn)
	  m(1 – n) = 0
	   m – n + 1 = 0		  n = 1, m = 0.
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7 	 2x 2 – 3x + k = 2(x – 34) 2 + k – 98,

	 k – 98 = 7, 	 k = 65
8 .

8  	 x1 + x2 = k 2 – 11.			   9  b) a +  b 2
a – b + b = a 2– ab + b2 + ab – b2

a – b  =  a2

a – b.
	 x1⋅x2 = 5k, k > 0.
	 k 2 – 11 = 10k.
	 k 2 – 10k – 11 = 0
	 k = 11, k = – 1.		  pasuxi: k = 11.

10  	
3k 4– 2k 2 + k –3

k +1  = 3k 4+ 3k 3– 3k 3– 3k 2+k 2 + k –3
k +1  = 3k 3 – 3k 2 + k –  3

k + 1; k = 2.

V Tavis damatebiTi amocanebi 

miTiTebebi V Tavis damatebiTi amocanebis amosaxsnelad

1  P = 4x + 3y.

2  y 2 = 35 – x, x = 35 – y 2, y 2 < 35 da y∈N, maSasadame, y = 1, y = 2, y = 3, y = 4 an y = 5. Sesaba-
misad, x = 34, x = 31, x = 26, x = 19 an x = 10. 

3  a) S = (x + 2,4)⋅3, b) S = (x – 2,4)⋅3.	 4  S = 5(x + y); t = 5(x+y)
9 – x .

5  	 a)  P = 2(6x + 5) = 12x + 10; 
	    S = 3x(3x + 5) = 9x 2 + 15x.	 3x

3x + 5
	 b)  58 sm; 204 sm 2.

6  	 a) x≠2, x≠3; 		  b) x nebismieria;
	 g) x≠1, x≠ – 1; 	 d) x≠0, x≠ – 2.

7 	
x2 – 2x

x2  = 
x – 2

x  _ igiveobaa, roca x≠0.

	 1 – 2x  = 
x – 2

x  _ igiveobaa, roca x≠0.

9  	 a) x 3 – 2x 2y + xy 2 – 2y 3 = x(x 2 + y 2) – 2y(x 2 + y 2) = (x 2 + y 2)(x – 2y);
	 b) x 3 – (x + 2y) 3 + 8y 3 = (x – x – 2y)(x 2 + x 2 + 2xy + x 2 + 4xy + 4y 2) + 8y 3 = – 2y(3x 2 + 6xy + 4y 2) + 8y 3 = 
	 = – 6x 2y – 12xy 2 = – 6xy(x + 2y).

10  	 x 2 – 5x + 4; x1 = 4, x2 = 1, 
	 x 2 – 5x + 4 = (x – 4)(x – 1).

11  	 – b5 = 2,6,	 b = – 13

	 2,6 2 – 2c
5   = 30,76

	 2c
5  = 6,76 – 30,76, 	 2c

5  = – 24, 	 c = – 60.
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12  	 D = 0, b 2 – 4⋅4⋅8 = 0, b = 2⋅2⋅2 2  an b = – 2⋅2⋅2 2
	 8 2 ;	 –8 2 .

13  x1 + x2 = 0, b = 0, abc = 0.		  14  2⋅6,25 – 12,5 + b = 0; b = 0.

15  	  x1 = 6x2

	   x1⋅x2 = 83, 6x2
 2 = 83, x2

 2 = 49;

	 x2 = 23; 		  x2 = – 23; 

	 x1 = 4; 			  x1 = – 4;

	 a  + 2 

3   = 14
3 , a = 12;	 a  + 2 

3   = – 14
3 , a = – 12.

16  	 1
x1

 + 1x2
 = – 1;	 x1 + x2

x1⋅x2
 = – 1;	    

1
2
c
2

 = – 1;	 1
c  = – 1, c = – 1.

17  	 aq ar aris naxsenebi kvadratuli gantoleba, amitom, Tu a = 0, maSin x = 98.
Tu a≠0, maSin D = 0, aqedan a = 4 an a = 16.

18  	 d) ( a
b 2 – 1 –  a

b(b  – 1) )⋅b(b  + 1)
ab  =  ab –ab –a

b(b  + 1)(b  – 1) ⋅
b(b  + 1)

ab  =  –1
b(b  – 1)  =  1

b(1  – b) .

19  	
x

x + y  +  y
x – y  +  2x 2y

x(x 2  – y 2)  = x
 2  – xy + xy + y 2

x 2  – y 2  +  2xy
x 2  – y 2  = 

x 2 + y 2 + 2xy
x 2  – y 2  = 

x + y
x   – y  .

	 Tu x = 2,55 da y = – 1,45, maSin 
x + y
x   – y   = 1,1

4  = 
11
40 .

20  	 ( b 2

2a  – 2a)⋅( 1
2a  + b  – 

1
2a  – b ) = b

 2  – 4a 2

2a ⋅ 2a – b – 2a – b
4a 2  – b 2  = (b

 2  – 4a 2)(– 2b)
– 2a(b 2  – 4b 2)  = ba  = –51,6

17,2  =– 
516
172  =–3.

21  	
3m 2  + 5m – 4

m + 3  = 3m 2  + 9m – 4m – 12 + 8
m + 3  =  3m(m + 3)  – 4m(m + 3) + 8

m + 3  = 3m – 4 +  8
m  + 3 ;

	 m + 3 = ±1, m + 3 = ±2, m + 3 = ±4, m + 3 = ±8.
	 pasuxi: { – 11; – 7; – 5; – 4; – 2; – 1; 1; 5}.

22  	 abc  – cba = 100a + 10b + c – 100c – 10b – a = 99a – 99c = 99(a – c). 
	 iyofa 99-ze.

23  	 x8 – 16 = (x 4 – 4)(x 4 + 4) = (x 2 – 2)(x 2 + 2)(x 4 + 4x 2 + 4 – 4x 2) =
	  = (x 2 – 2)(x 2 + 2)((x 2 + 2) 2 – 4x 2) = (x 2 – 2)(x 2 + 2)(x 2 + 2 + 2x)(x 2 + 2 – 2x).

24  	
x + 5

x 2  + 5x – 6  = (a + b)x  + 6b – a
x 2  + 5x – 6

	 Tu x = 0, 5 = 6b – a;
	 Tu x = 1, 6 = 7b.

	 b = 67; a = 17.
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Semajamebeli wera

Tema: algebruli gamosaxuleba; cvladi, racionaluri da iracionaluri gamo-
saxulebebi, erTwevri, mravalwevri, algebruli wiladi.

samizne cneba: algebruli gamosaxuleba.
Sefasebis indikatorebi: moswavlem unda SeZlos ucnobi sididis warmodgena 

cvladiT, cvladebis gamoyenebiT sidideebs Soris kavSirebis damyareba.

amocanebis nimuSebi

amoxseniT amocanebi

1  CawereT asoiTi gamosaxulebis saxiT 2-ze meti naturaluri n ricxvis wina 
da momdevno ricxvebis jami.

2  melanos xelfasi a lari Tebervlidan p%-iT gaezarda. CawereT asoiTi ga-
mosaxulebis saxiT melanos xelfasis saerTo raodenoba ianvarsa da TebervalSi.

3  
x 2  + 9
x 2  – 9  + 

x  + 3
x  gamosaxulebaSi miuTiTeT cvladis dasaSveb mniSvnelobaTa 

simravle.

4  cvladis ra mniSvnelobisTvis aris nulis toli 
a 2 

a  – 1  – 4 gamosaxulebis 
mniSvneloba?

5  daSaleT mamravlebad mricxvelica da mniSvnelic da SekveceT: 

					   
x 3  + 2x 2 + 5x + 10
x 3  + 3x 2 + 5x + 15 .

6  givim iyida indaurebi da qaTmebi. TiTo indauri 30 larad, TiTo qaTami 
_ 12 larad, sul gadaixada 108 lari. ramdeni indauri da ramdeni qaTami iyida 
givim?

7  ipoveT a-s yvela mniSvneloba, romelTaTvisac x 2 – (a + 1)x + (2a – 5) kvadratu-
li samwevris fesvebis jami 5-iT metia fesvebis namravlze.

8  ipoveT a-s yvela mniSvneloba, romelTaTvisac ax 2 – 4x + 5 = 0 gantolebas aqvs 
erTi fesvi.

9  ipoveT n-is yvela mTeli mniSvneloba, romelTaTvisac 
n 2  – 4n + 5

n – 3  algebruli 
wiladis gamosaxulebis mniSvneloba mTeli ricxvia.

10  SeasruleT moqmedebebi:

			 
2x 2 – 12xy + 18y 2

6x 2y  : 
xy – 3y 2

8xy 2 .

pasuxebi: 

1  2n. 	 2  a(2 +  p
100 ) lari. 	 3  (–∞; – 3)∪( – 3; 0)∪(0; 3)∪(3; + ∞). 

4  a = 2. 	 5  
x  + 2
x  + 3. 		  6  2 indauri, 4 qaTami. 

7  a = 1. 	 8  a = 0; a = 0,8. 	 9  n = 4, n = 2, n = 5, n = 1. 	 10  
8(x – 3y)

3x .
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ganmsazRvreli Sefasebis rubrika

1  n – 1 da n + 1 ricxvebis miniSneba Sefasdes 0,5 quliT, maTi jamis Canaweri _ 
kidev 0,5 quliT. sul _ 1 qula.

2  a-s p%-is gamosaTvleli gamosaxulebis Cawera Sefasdes 0,5 qliT; ianvris 
da Tebervlis xelfasebis saerTo odenobis gamosaTvleli gamosaxulebis Cawera 
_ kidev 0,5 quliT. sul _ 1 qula.

3  cvladis dasaSveb mniSvnelobaTa simravlis miTiTeba Sefasdes 1 quliT. 
SeiZleba 0,5 qulis gamoyenebac mcire xarvezis SemTxvevaSi.

4  gamosaxulebis wiladis saxiT Cawera da mricxvelis 0-Tan gatoleba Se-
fasdes 0,5 quliT; kidev 0,5 quliT Sefasdes miRebuli kvadratuli gantolebis 
amoxsna.

5  mxolod mricxvelis an mniSvnelis mamravlebad daSla Sefasdes 0,5 quliT; 
orives daSla da wiladis Sekveca _ 1 quliT.

6  amocanaSi cvladebis Semotana da gantolebis Sedgena Sefasdes 0,5 quliT; 
gantolebis amoxsna naturalur ricxvTa simravleSi _ kidev 0,5 quliT. sul _ 
1 qula.

miTiTeba: Tu indaurebis da qaTmebis raodenobebs aRvniSnavT, Sesabamisad n 
da m-iT, miviRebT gantolebas: 30n + 12m = 108. am gantolebas naturalur ricxvTa 
erTaderTi wyvili akmayofilebs: n = 2, m = 4.

7  vietis formulebis Cawera Sefasdes 0,5 quliT, kidev 0,5 qula daiweros 
amocanis pirobis gantolebiT modelirebaSi da am gantolebis amoxsnaSi. sul _ 
1 qula. 0,5 quliT SeiZleba Sefasdes amoxsnis fragmenti.

8  Tu ipova mxolod a-s is mniSvneloba, roca D = 0, Sefasdes 0,5 quliT; kidev 
0,5 qula daematos, Tu gaiTvaliswina, rom, roca a = 0, gantoleba wrfivia da aqvs 
erTi fesvi. sul _ 1 qula.

9  0,5 quliT Sefasdes, Tu ipova n-is ramdenime mniSvneloba sinjvis meTodiT, 
an warmoadgina algebruli wiladi iseTi jamis saxiT, romelTagan erTi mravalwe-
vria, meore _ algebruli wiladi, romelic cvlads mricxvelSi ar Seicavs: n – 1 + 

2
n  – 3. kidev 0,5 qula daematos, Tu gamoTvlis n-is yvela mTel mniSvnelobas, roca 

2 iyofa (n – 3)-ze. sul _ 1 qula.

10  swori pasuxi Sefasdes 1 quliT. SeiZleba gamoviyenoT 0,5-quliani Sefaseba 
gardaqmnebisas daSvebuli mcire uzustobis SemTxvevaSi.

saswavlo procesSi am Semajamebeli weris mniSvneloba gamorCeulad maRa-
lia. warmodgenili masala sayuradRebo rols TamaSobs moswavleTa codnisa da 
unarebis daxvewisa da ganviTarebis, sxvadasxva tipis amocanebSi maTematikuri 
aparatis gamoyenebis mimarTulebiT. amrigad, mxolod ganmsazRvreli SefasebiT 
Semofargvla SezRudavda saswavlo procesis produqtiulobas. aqtualuri xdeba 
ganmaviTarebeli Sefasebis CarTva da am mizniT ganmsazRvreli Sefasebis gamoye-
neba ganmaviTarebeli Sefasebis instrumentad. moswavleTa SedegebSi xarvezebisa 
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da miRwevebis SeswavliTa da gaanalizebiT, klasSi am sakiTxebis sajaro ganxil-
viT, aqcentebis dasmiT, moswavleebi uTuod SeZleben weris Sedegebis arsebiT 
gaumjobesebas.

gTavazobT zogierT rekomendacias, Tumca Tqveni moswavleebis naSromTa 
gacnobis kvalobaze, Tqven SeZlebT am rekomendaciaTa gafarToebasac da da-
konkretebasac, raTa SeZloT SefasebaTa doneebis misadageba solo taqsonomiis 
mixedviT.

1  amocanis ganxilvisas (da ara mxolod am SemTxvevaSi) gaiTvaliswineT, rom 
sakmaod martivi sakiTxebisadmi mibruneba da maTi ganxilva fuW aqtivobad ar 
CaiTvleba _ maRali mzaobis moswavles ganumtkicebs codnas, dabali mzaobis 
moswavles ki miscems SesaZleblobas aRidginos es codna, an miiRos misTvis axali 
informacia. naturaluri ricxvis wina da momdevno ricxvebis Sesaxeb msjeloba 
srulad miandeT moswavleebs, Tqven ki akontroleT es procesi. aqve SeiZleba 
dasvaT kiTxva raime naturaluri ricxvis momdevno luwi (kenti) naturaluri 
ricxvis Sesaxeb. es ukve daafiqrebs moswavleebs da mocemuli ricxvis luw-ken-
tovnebaze mouwevT msjeloba.

2  amocana, iseve rogorc yvela amocana procentebis Sesaxeb, aqtualuria 
Tavisi gamoyenebebis TvalsazrisiT. dausviT SekiTxva moswavleebs a ricxvis p%-
iT gazrdis Sesaxeb da ganixileT TanamimdevrobiT savaraudo pasuxebi. ratomaa 

miuRebeli: a + p, a +  p
100 ? martivi magaliTebis ganxilviT klasi miva swor pasuxa-

mde: a + a⋅ p
100 . sjobs, Tu winaswar Tavad procentis cnebasac gaaxsenebT. SeiZleba 

dasvaT aseTi kiTxvebi: ramdeni procentiT zrdas niSnavs Tanxis 2-jer, 3-jer ga-
zrda? es kiTxvebic SeiZleba ganxilvis obieqti gaxdes.

3  amocanac mravalmxrivi gansjis safuZvels gvaZlevs. araa gamoricxuli, 
rom mocemul wiladebSi dasaSveb mniSvnelobaTa simravles ar miakuTvnon cvla-

dis is mniSvnelobebi, romlebic wilads nulad aqceven. magaliTad, x  – 7
x  – 3  saxis wi-

ladSi zogierTi moswavle dasaSveb mniSvnelobad ar miiCnevs x = 7-s, an moiTxovs, 

rom Sesruldes piroba: x – 7 > 0, an 
x2 – 1

x(x + 1)  gamosaxulebaSi dasaSvebad ar miiCnevs 

mxolod x = 0-s, radgan wilads Sekvecavs (x + 1)-ze.

3  amocana da sxva ganxiluli martivi magaliTebi interaqtiuli ganxilvis 
kvalobaze kidev ufro naTlad warmoaCens dasaSveb mniSvnelobaTa simravlis cne-
bis arss.

4  amocanis amoxsnaTa gacnobisa da iq aRmoCenili xarvezebis gaanalizebis 
Semdeg, interaqtiulad ganixileT misi Sinaarsi. araa gamoricxuli, rom TviT 
me-10 klasSic ki zogierTma moswavlem ver SeZlos mocemuli gamosaxulebis wi-
ladis saxiT warmodgena. maRali mzaobis moswavleebi, albaT, mianiSneben, rom 

faqtobrivad gvaqvs ori wiladis Sekreba, meore wiladia 
4
 1. Semdeg ki vmoqmede-

bT wiladebis Sekrebis wesiT. dasviT SekiTxva: cvladis ra mniSvnelobisTvisaa es 
algebruli wiladi nulis toli? (wiladi nulis tolia cvladis im mniSvnelobis-
Tvis, romlisTvisac mricxveli nulia, mniSvneli ki ar aris nulis toli). Semdeg 
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dgeba mricxvelis nulTan tolobis sakiTxi. moswavleTa CarTulobiT miakvlieT 
saukeTeso gzas _ mricxvelSi orwevris kvadratia, Tumca arc fesvTa formule-
bis, an vietis Teoremis gamoyenebiT Ziebaa dasawuni.

5  amocanaSi, iseve rogorc yoveli saintereso amocanis amoxsnisas, mniSv-
nelovania winmswrebi metakognituri pauzis gakeTeba da SesaZlo xerxebisa da 
mosalodneli Sedegebis gaazreba, raTa Tavidan aviciloT araracionaluri an 
araswori gzebi. dajgufebis xerxi, orwevris namravlad gardaqmna, Semdeg ki 
mricxvels namravlad gardaqmna _ es is gardaqmnebia, romlebsac moswavle unda 
flobdes wiladebTan dakavSirebiT. bolo operaciaa TanamamravlTa Sekveca. ar 
iqneba urigo, Tu davsvamT SekiTxvas: iqneb mricxveli da mniSvneli Tavidanve Se-
gvekveca maTSi Semaval (x 2 + 5x)-ze? pasuxi unda iyos kategoriuli: Sekveca SeiZle-
ba mxolod wiladis mricxvelisa da mniSvnelis saerTo mamravlze.

6  amocanis ganxilvaSi aqtiurad CaerTveba yvelaze pasiuri moswavlec ki. 
amoxsnebis gacnobisas araa gamoricxuli, rom mxolod pasuxi iyos miTiTebuli. 
moswavleebs SeaxseneT, rom, sazogadod, amocanis amoxsna niSnavs misi yvela amo-
naxsnis povnas, an imis Cvenebas, rom amonaxsni ar arsebobs. amrigad, Tu mxolod 
pasuxia miTiTebuli da araa naCvenebi rom sxva amonaxsni ar arsebobs, es srulfa-
sovan amonaxsnad ar CaiTvleba. waaxaliseT is moswavleebi, romlebic Seecdebian 
saTanado maTematikuri modelis _ orucnobiani gantolebis Sedgenas da misi 
naturaluri amonaxsnebis Ziebas.

7  amocana maRali mzaobis moswavleebisTvis kargi SesaZleblobaa codnisa da 
unarebis gamosamJRavneblad. vietis Teoremis gamoyenebiT, isini iolad miiReben 
martiv erTucnobian gantolebas a-s mimarT da ipovian kidec mas. Tumca, albaT, 
moswavleTa naSromebSi aRmoaCenT iseTebsac, romlebSic fesvebis formulebis 
gamoyenebiT mimarTaven maTi jamisa da namravlis Ziebisas Sromatevad gardaqmne-
bs. es SesaniSnavi magaliTia imis sademonstraciod, rom rac ufro Rrmaa masalis 
codna, miT naklebi ZalisxmeviT miiRweva sasurveli Sedegi.

8  amocanaSic, saTanado Teoriis arcodnis SemTxvevaSi, sirTuleebs ga-
daawydeba moswavle. mimarTeT klass da uTuod moismenT diskriminantze mi-
TiTebas. kvadratul gantolebaSi erTaderTi fesvis arseboba diskriminantis 
nulTan tolobisas miiRweva (am SemTxvevaSi sruliad uadgiloa or tol fesvze 
saubari). erTi fesvi eqneba mocemul gantolebas maSinac, roca a = 0 _ miiRe-
ba wrfivi gantoleba. SeiZleba dasvaT saintereso SekiTxva: a-s ra mniSvnelo-
bisTvis eqneba mocemul gantolebas erTi fesvi mainc? isaubreT am terminze: 
`erTi mainc~ da dasmuli amocanis amoxsnis gzaze. ganxilvas ufro STambeWdavs 
gaxdida da gaaZlierebda sakiTxis aRqmis geometriuli warmodgenebis CarTva.                                                                                                                                          
  9  amocanis amoxsnisas kvlav aqtualuria metakognituri pauza. amocana ara-
trivialuria da araa gamoricxuli moswavleebma sinjvis gziT ipovon n-is ramde-
nime mniSvneloba. kvlav aRniSneT, rom amocanis amoxsna niSnavs misi yvela amo-
naxsnis povnas. is moswavle, romelic yuradRebiTaa CarTuli saswavlo procesSi, 
ganxiluli amocanebis msgavsad, Seecdeba mniSvnelis jeradi Sesakrebebis gamoyo-
fas mricxvelSi. magaliTad, (n – 3)-ze gaiyofa n 2 – 3n = n(n – 3), amas ki mosdevs ( – 4n)-
is daSla: – 3n – n. Semdeg ki analogiurad gagrZeldeba gardaqmnebi: n 2 – 4n + 5 = n 2 – 3
n – n + 3 + 2 = n(n – 3) – (n – 3) + 2. Sedegad, wiladidan gamoiyofa mravalwevri da darCeba 
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umartivesi wiladi: n – 1 +  2
n  – 3; mimarTeT moswavleebs n-is ra mniSvnelobebia da-

sadgeni? n – 3 = – 2; n – 3 = – 1; n – 3 = 1; n – 3 = 2. maTgan ki iolad moiZebneba n-is yvela 
moTxovnili mniSvneloba. am xerxis codnis gasamyareblad SeiZleba daasaxeloT 

n 2  – 2n + 4
n + 1  wiladisTvis igive amocana, an kidev ufro gaarTuloT amocana 

2n 3  – n + 7
n + 4

-is SemTxvevaSi.

10  amocanis amoxsnebis Semowmebisas SesaZlebelia aRmoaCinoT Semdgomi 
ganxilvisTvis _ ganmaviTarebeli SefasebisTvis aqtualuri sakiTxebi. kerZod, 
algebruli wiladebis gayofis operaciis Sesrulebis wesis darRvevis, SesakrebTa 
Sekvecis dauSveblobis, an mravalwevris namravlad daSlisa da xarisxebis Sekve-
cis sakiTxebSi. yvela es sakiTxi sajaro ganxilvis gziT, interaqtiuli formiT 
unda ganixiloT. codnis gasaRrmaveblad ki SeiZleba analogiuri amocanebi ga-
nixiloT damatebiTi amocanebidan.

ganmaviTarebeli Sefasebis dasasruls moismineT moswavleTa komentarebi aR-
niSnuli Semajamebeli weris Sesaxeb, CainiSneT is sirTuleebi, rac axlda weras da 
darCa ganmaviTarebeli Sefasebis Semdgomac, SeitaneT koreqtivebi swavla-swavle-
basTan dakavSirebiT dagegmil aqtivobebSi.

me-5 Tavis Semajamebeli werisa da ganmaviTarebeli Sefasebis Semdeg Tqven 
SeZlebT daakonkretoT solo taqsonomiis zogadi formiT warmodgenili 
moswavleTa miRwevebis doneebi.

prestruqturuli done. moswavles aramkafio warmodgena aqvs ganxilul Te-
masTan dakavSirebul cnebebze. uWirs moqmedebebi wiladebze, procentis cnebis 
Sinaarsi ar aqvs gaazrebuli. ver wvdeba teqsturi amocanis Sinaarss.

unistruqturuli done. axerxebs martivi wiladebis Sekrebas, Tumca gayofis, 
Sekvecis operaciebis Sesrulebisas uSvebs Secdomebs. procentis cneba icis, Tum-
ca ver iyenebs mas, kvadratuli samwevris fesvis cneba icis, magram samwevrTan 
dakavSirebul sakiTxebs ver wyvets. teqsturi amocanis Sinaarsi gaiazra, magram 
ver dgams nabijebs mis amosaxsnelad.

multistruqtuli done. yvela sakiTxis ganxilvis cda aqvs, magram imdenad 
fragmentulia misi codna, rom mxolod martivi amocanebis gadaWras axerxebs. 
procentis cneba icis da aqvs cda saTanado amocanis amoxsnis. uWirs mravalwe-
vris mamravlebad daSla, magram avlens wiladebis Sekvecis codnas. axerxebs te-
qstur amocanaSi sinjvis meTodiT pasuxis gamocxadebas, Tumca uWirs misi erTa-
derTobis Cveneba. icis vietis Teorema, magram yovelTvis ver axerxebs mis Car-
Tvas amocanis amoxsnaSi.

mimarTebiTi done. moswavle xsnis dasmul amocanebs. pasuxobs damajereblad, 
kargad icnobs Teoriul sakiTxebs da axerxebs maT CarTvas praqtikuli amocane-
bis ganxilvisas, romlebic analogiuria ukve ganxilulis, Tumca SeiZleba Seeqm-
nas problema axleburad dasmuli, an ganzogadebuli amocanis amoxsnisas.

gafarToebuli abstraqtuli done. moswavlem warmatebiT daZlia Semajame-
beli weris yvela sirTule, maTi sajaro ganxilvisas axerxebs mkafiod Camoaya-
libos amoxsnis gegma, Tavad wamoayenos am amocanaTa ganzogadebis gzebi da ga-
daWras miRebuli amocanebi, gamoiyenos amoxsnis sxvadasxva midgoma da SeZlos 
maTi Sedareba.
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VI Tavi 

gantoleba. utoloba

Tema: algebruli gamosaxuleba. gantoleba. utoloba
saaTebis savaraudo raodenoba: 13 sT

Temis farglebSi dasamuSavebeli sakiTxebi: wrfivi erTucnobiani gantoleba; 
kvadratuli gantoleba; racionaluri gantoleba; iracionaluri gantoleba; 
wrfivi utoloba; wrfiv utolobaTa sistemebi

samizne cnebebi da maTTan 
dakavSirebuli mkvidri 

warmodgenebi
sakiTxebi

sakvanZo 
SekiTxvebi

kompleqsuri 
davaleba

gantoleba, igiveoba, 
utoloba, utolobaTa 
sistema.
ricxvebi SeiZleba 
sxvadasxva saxiT Caiweros; 
ricxviTi toloba ricxvebis 
sxvadasxva Canawerebis 
tolobaa; igiveoba cvladis 
Semcveli tolobaa, 
romelic WeSmaritia 
cvladis dasaSveb 
mniSvnelobaTa simravleze. 
erTucnobiani gantolebis 
mocema niSnavs cvladis 
Semcveli tolobis mocemas 
da amocanis dasmas: cvladis 
ra mniSvnelobisTvis 
miiReba WeSmariti toloba?
wrfiv gantolebas 
SeiZleba hqondes uamravi 
amonaxsni, SeiZleba hqondes 
erTi amonaxsni; wrfiv 
erTucnobian gantolebas 
SeiZleba ar hqondes 
amonaxsni.
gantolebis amoxsnisas 
unda moiZebnos misi yvela 
amonaxsni an damtkicdes, 
rom mas ar aqvs amonaxsni.

toloba; 
igiveoba; 
gantoleba; 
gantolebis 
saxeebi: wrfivi, 
kvadratuli, 
racionaluri, 
iracionaluri.

ra gansxvavebaa 
ricxviT 
tolobasa da 
gantolebas 
Soris? ra aris 
igiveoba? ras 
ewodeba wrfivi 
erTucnobiani 
gantoleba?
ramdeni 
amonaxsni 
SeiZleba 
hqondes 
kvadratul 
gantolebas?
ratom aris 
aucilebeli 
iracionaluri 
gantolebis 
SemTxvevaSi 
miRebuli 
fesvebis 
Semowmeba?

gantolebisa 
da utolobis 
gamoyeneba
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Sefasebis indikatorebi: moswavlem unda SeZlos, mocemuli pirobis 
gaTvaliswinebiT, algebrul gamosaxulebebs Soris kavSiris damyareba; am kavSiris 
warmodgena gantolebis an utolobis saSualebiT da problemis gadaWra.

me-6 Tavis ZiriTadi samizne cnebebia gantoleba (wrfivi, kvadratuli, 
iracionaluri, racionaluri), erTucnobiani utoloba da sistemebi. masala 
aRniSnul samizne cnebebTan dakavSirebuli sakiTxebis gameoreba da codnis 
gaRrmavebaa; moswavle pirvelad xvdeba tolobis, gantolebis, igiveobisa da 
utolobis Sesaxeb sistemaSi moyvanil masalas; SeuZlia Seadaros da erTmaneTTan 
mimarTebaSi ganixilos yvela es cneba. moswavle poulobs pasuxs kiTxvebze: ra aris 
igiveoba? ra aris toloba? ra aris gantoleba? ra aris erTucnobiani utoloba? ra 
praqtikuli amocanebis amoxsna daiyvaneba gantolebis, utolobis amoxsnaze?

VI TavSi warmodgenili sakiTxebi SeiZleba Semdegi sqemiT warmovadginoT:

 
toloba

ricxviTi toloba igiveoba gantoleba

erTucnobiani wrfivi 

gantoleba

kvadratuli 

gantoleba

racionaluri 

gantoleba 
iracionaluri 

gantoleba
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6.1. toloba, gantoleba. wrfivi erTucnobiani gantoleba

gaviTvaliswinoT, moswavleebTan saubari ise davgegmoT da warvmarToT, 
rom maT kargad gaiazron mniSvnelovani cnebebi: toloba, igiveoba, gantoleba. 
am samizne cnebebis Sesaxeb masalas Sesabamisi magaliTebi axlavs. moswavleebs 
vTxovT, daasaxelon analogiuri magaliTebi: ricxvebis sxvadasxva CanawerebiT 
warmodgenis, tolobis niSnis gamoyenebis; ricxvebze Sekrebis, gamravlebisa da 
gayofis moqmedebebis Tvisebebis aRweris, igiveobebisa da gantolebebis, maT 
Soris gansxvavebis aRmoCenasa da gaazrebas axlavs cnebebis swori aRwera: or 
ricxviT gamosaxulebas Soris tolobis daweriT warmovadgenT ricxviT tolobas, 
romelic SeiZleba mcdari gamonaTqvami iyos, Tu tolobis orive mxriT erTi da 
igive ricxvi ar aris warmodgenili. igiveoba aris cvladis Semcveli toloba, 
romelic WeSmaritia cvladis dasaSveb mniSvnelobaTa simravleze. moswavleebi 
gaixseneben, rom me-7 klasSi isini ganixilavdnen igiveobebs, romlebic cvladis 
nebismieri mniSvnelobebisTvisaa WeSmariti. Semdeg Semodis algebruli 
wiladebi da ganvixilavT igiveobebs, romlebic WeSmaritia cvladis dasaSvebi 
mniSvnelobebisTvis; moswavle SeZlebs Sesabamisi magaliTis moyvanas, magaliTad; 
x2 – 4
x–2 =x+2 toloba igiveobaa 2-isgan gansxvavebuli ricxvebis simravleze.

moswavleebi adre araerTxel ganixilavdnen erTucnobian gantolebas da unda 
icnobdnen wrfivi erTucnobiani gantolebis cnebas; cnobariTac SevaxsenebT maT 
ax=b saxis wrfivi erTucnobiani gantolebis amoxsnis yvela SemTxvevas. amasTanave, 
yuradRebas gavamaxvilebT imaze, rom gantolebis mocema niSnavs amocanis dasmasac 
_ vipovoT tolobaSi Semavali cvladis yvela mniSvneloba, romlebisTvisac 
toloba WeSmaritia (`amovxsnaT gantoleba~).

Zalian mniSvnelovania cvladebis gamoyenebiT tolobis Tvisebebis warmodgena. 
am Tvisebebis gamoyenebiT mimdinareobs gantolebebis amoxsnis magaliTebis 
ganxilva. maswavlebeli interaqtiuli formiT ganixilavs magaliTebs (1-5). 
moswavlem unda SeZlos ricxvebze moqmedebebis Sesabamisi Tvisebis dasaxelebac 
(yoveli gardaqmnis Sesrulebisas). moswavle eCveva msjelobas da moqmedebebis 
gaazrebulad Catarebas. me-5 magaliTSi warmodgenilia gantolebis Sedgenis 
nimuSi _ verbalurad warmodgenili winadadebis cvladis Semcveli tolobis 
saxiT Caweris. miRebuli gantolebis amoxsna proporciis ZiriTadi Tvisebis 
gamoyenebas moiTxovs.

sakontrolo kiTxvebze pasuxebis moZiebiT, moswavleebi kidev erTxel 
aRweren ricxviTi tolobis, igiveobis, gantolebis cnebebs; wrfivi erTucnobiani 
gantolebis Caweris saxes da amoxsnis SemTxvevebs.

wrfivi erTucnobiani gantolebis amoxsnis SemTxvevebis codnas isini adas
tureben klasSi amosaxsnel `testebSi~ swori pasuxebis SerCeviTac.

4 - 7  gantolebebis amoxsna SeiZleba klasSi damoukidebeli muSaobis saxiT 
CavataroT. moswavleebi warmogvidgenen sakuTar amoxsnebs da pasuxoben Cvens 
SekiTxvebs im Tvisebebis Sesaxeb, romlebic gantolebis gardaqmnisas gamoiyenes.

11 - 19  amocanebis amoxsnisas, moswavlem unda SeZlos ucnobi sididis aRniSvna 
da, amocanis pirobis Cawera.

winaswar, 8 - 10  amocanebiT, vimeorebT cvladis Semotanis wess, cvladebs 
Soris kavSirebis gamosaxvis wesebs.



38

8  pirvel semestrSi es sakiTxi dawvrilebiT ganixileboda; cnobarSic war
modgenilia Sesabamisi masala. gameoreba gaumyarebs moswavleebs am codnas.

	   s=p(1+rn);    1+rn= s 
p ;    rn= s 

p  –1;   r= s–p 
pn .

9   a) x 
4+ x 

6=2. 	 	 b) 4t=(2–t)6;    t=6 
5;    4t=4,8;

	      s=4,8 km.

10   es amocana wina amocanis analogiurad ixsneba.

11  kanfetebi _ x (kg)

	 x 
2:0,5+ x 

2:0,3=16

	 x+10x 
6 =16

	 x=6 (kg).

12  burTis sawyisi fasi _ x lari:

	 x+ x 
5 =6x 

5

	 6x 
5  – 6x 

5 ∙0,15= 6x 
5 ∙0,85;            6x 

5 ∙0,85=102;  

	 x=100.

13   I _ x sT imuSava,   		  II _ (x–4) sT.

	 I 1 sT-Si _   1 
18  naw.,  		  II 1 sT-Si _   1 

24  naw.

	   x 
18+ x–4 

24 =1;    4x+3x–12=72;    7x=84;

	 x=12 (sT).

14  Senadnobebze, xsnarebze amocanebis amoxsnis xerxebis daufleba mniS
vnelovania. analogiuri amocanebi xSirad gvxvdeba moswavleTa maTematikuri 
unarebis Sefasebis sxvadasxva RonisZiebaze. 

I Senadnobi: 	 vercxli _ Senadnobis  2 
5 ;  oqro _   3 

5 .

II Senadnobi: 	 vercxli _   3 
10 ;  oqro _   7 

10 .

axali Senadnobi: 	 vercxli   5 
16  nawili.

			   I aviRoT x kg, meore _ 8–x kg.

axal SenadnobSi vercxli: 2 
5 x+  3 

10(8–x)=8∙  5 
16 .

				         4 
10x+  3 

10(8–x)= 5 
2 ,

				       4x+24–3x=25,
				       x=1, 8–x=7.
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15  unda daemzadebinaT: 
	 I _ x,   II _ 144–x.
	 daamzades: 
	 I _ 1,15x,  II _ (144–x)∙1,25.
	 1,15x+(144–x)1,25=172;  115x+125(144–x)=17200;  
	 18000–10x=17200;  800=10x.
	 x=80;    144–x=64.
	 I – 80∙1,15=92;    II – 64∙1,25=80.

16   (2–c)–1=4–5c, 4c=3, c= 3 
4 , c=0,75.

17  (b–2)(b+2)x=b+2 
	 a) (b–2)(b+2)=0
	      b+2=0,  	  	 b=–2 

	 b) (b–2)(b+2)=0
	      b+2≠0, 		  b=2 

	 g) (b–2)(b+2)≠0, 	 b≠2 da b≠–2. 

18  II _ x grami,  I _ (x+300) grami.
	 0,21(x+300)+0,05x=0,178 (2x+300);
	 0,356x–0,26x=0,21∙300–300∙0,178;     
	 0,096x=300∙0,032;
	 x=100
	 narevis masaa 100+400=500 (g).

19*  moswavle ar unda `SeuSindes~ erTze meti cvladis Semotanas: V1 _  
20%-iani ZmarmJavas moculoba, V2 _ 14%-ianis. maSin, amocanis pirobis Tanaxmad, 
vwerT cvladebis Semcvel tolobas:

	 0,2V1+0,14V2=0,18 (V1+V2);
	 aqedan, miviRebT:  0,02V1=0,04V2,

	 maSasadame,  V1 
V2

=2.

analogiuria saSinao davalebis 20*  amocana. aq, amocanis pirobis Tanaxmad, 
gveqneba:

	 0,05V1+0,1V2=0,07 (V1+V2);
	 0,02V1=0,03V2;

	  V1 
V2

= 3 
2 ,    V1 

V2
=1,5.

saSinao davalebis sxva amocanebic klasSi amoxsnili amocanebis analogiuria. 
amitom, saSinao davalebis SesrulebiT, isini daadastureben da gaimyareben codnas 
erTucnobiani gantolebis amoxsnis SemTxvevebis Sesaxeb, verbalurad mowodebuli 
winadadebis cvladebiT Cawerisa da xsnarebsa da Senadnobebze amocanebis amoxsnis 
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Sesaxeb. aris gansxvavebuli amocanebic _ magaliTad, 11  amocanis amoxsnisas, 
saWiroa proporciis Tvisebis gamoyeneba. gTavazobT miTiTebebs zogierTi 
amocanis amosaxsnelad:

14     dReebis raodenoba _ x; 
 	       amocanis pirobis Tanaxmad, 
	      (185–15x)1,5=237–18x,
	      aqedan, x=9 (dRe)

15      1 saaTSi, guSin _ x detals; dRes _ (x+4) detals.
	        amocanis pirobis Tanaxmad,
	            1,2∙7x=6(x+4);   8,4x–6x=24;   2,4 x =24;
	       x=10 (detali),  x+4=14 (detali).

16     spilenis kubis moculoba _ 2V
	       rkinis solis moculoba _ V
	       rkinis solis masa _ V∙7,8
	       spilenZis kubis masa _ 2V∙8,9.

	       7,8V+17,8V=1280;   25,6 V =1280;  
	       V=50 (sm3); 
	       2V=100 (sm3).

17     Tanxa _ x,   darCa _ x–0,25x=0,75x= 3 
4  x.

	       Semdeg gamoitana:  3 
4  ∙x∙ 3 

5 +2000=  9 
20 x +20000.

	       darCa:  0,75x–0,45x–2000=0,3x–2000.
	       pirobis Tanaxmad,
	       0,3x–2000=0,2x;    0,1x=2000;
	       x=20 000 (lari).

18     navaraudevi raodenoba: I _ x, II _ 250–x.
	       daamzades: I _ 0,8x, II _ (250–x)∙1,2.
	       sul: 0,8x+(250–x)∙1,2=260
	       300–260=0,4x
	       x=100, 
	       250–x=150.
	       daamzades: 0,8∙100=80; 150∙1,2=180.

19    Seuries: x litri da (5–x) litri.
             pirobis Tanaxmad, x∙0,025+0,06(5–x)=5∙0,0495,
	      0,035x=0,3–0,2475,
	      x=1,5.
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6.2. kvadratuli gantoleba. racionaluri gantoleba

winare codnis gaaqtiureba dakavSirebulia samizne cnebebTan: toloba, gan
toleba, wrfivi gantoleba, algebruli gamosaxuleba (racionaluri gamosaxuleba, 
mTeli gamosaxuleba). moswavleebi ixseneben mTeli gamosaxulebebis saxeebs: 
pirveli da meore xarisxis mravalwevrebs. unda mivaqcioT yuradReba: pirveli 
xarisxis erTucnobiani mravalwevri Caiwereba ase: ax+b, (a≠0). mas yovelTvis aqvs 

nuli x=– b 
a . 

x-is mimarT meore xarisxis mravalwevri ase Caiwereba: 
ax2+bx+c, a≠0.

moswavleebi, SesaZlebelia, Cveni daxmarebiT, ixseneben kvadratuli gantolebis 
amoxsnis SemTxvevebs; ixseneben x-is mimarT meore xarisxis mravalwevris 
(kvadratuli samwevris) wrfiv mamravlebad warmodgenis (roca, es SesaZlebelia) 
wess. erToblivi ZalisxmeviT ganvixilavT fesvebis povnis sxvadasxva wess (zepirad, 
formulebiT).

Semdeg gadavdivarT wiladuri gantolebis ganxilvaze, romlis amoxsna 
daiyvaneba kvadratuli gantolebis amoxsnaze. magaliTiT warmovadgenT im 
SemTxvevas, roca gantolebis gardaqmnis Sedegad miRebuli kvadratuli gantoleba 
ar aris mocemulis tolfasi. moswavleebma unda SeZlon, axsnan es SemTxveva 
(gviwevs gantolebis gamravleba cvladis Semcvel gamosaxulebaze, rac tolfasi 
gardaqmna ar aris).

sakontrolo kiTxvebze pasuxebis gacemiT, moswavleebi adastureben sakuTar 
codnas racionaluri, mTeli, kerZod, kvadratuli gantolebis cnebebis Sesaxeb. 
moswavleebma unda SeZlon, aRweron wiladuri gantolebis amoxsnis procesi. 
`testuri~ davalebebis SesrulebiT, kerZo mgaliTebze dayrdnobiT, moswavleebma 
unda gamoamJRavnon codna kvadratuli gantolebis amoxsnis Sesaxeb. mniSvnelovania 

8  `testi~. mosalodnelia, aq moswavlem zepirad miagnos mricxvelis fesvebs 
(vietis formulebiT, 3+4=7, 3∙4=12). am ori ricxvidan gantolebis fesvi aris 
mxolod 4.

10  amocana 8  `testis~ garTulebuli variantia. mricxveli kvadratuli 
samwevria, misi fesvebia 4 da (-1). gantolebas erTi fesvi aqvs, roca k=–4, an k=1.

11  gantoleba SeiZleba ase gadavweroT:   (x+2)(x+1) 
(x+5)(x+1) = x+m 

x+n .

es toloba igiveobaa (roca x ≠–5 da x ≠–1) im SemTxvevaSi, roca: m=2 da n=5, 

m+n=7.

12  kvadratul gantolebas ar aqvs fesvi, roca D<0; aqvs mxolod erTi fesvi, 
roca D=0 da aqvs ori fesvi, roca D>0. D=9–8q, maSasadame, gvaqvs: 

	 a) q> 9 
8 ; 	 b) q= 9 

8 ; 	 g) q< 9 
8 .

yvela moswavlem unda SeZlos 13  da 14  wiladuri gantolebebis amoxsna; 
TiToeuli maTgani kvadratul gantolebaze daiyvaneba. amasTanave, 
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14   b) SemTxvevaSi, gantolebas fesvi ar aqvs. 
	  proporciis Tvisebis gamoyenebiT: x2+5x+6=–x2+5x–6,    2x2+12=0.

15  SeiZleba gamoviyenoT vietis Teorema:

	  x1+x2= – 3 
m

	    x1+x2= – 6 
2

	    x1x2= – 4 
m

	   x1∙x2=– n 
2

;  	  aqedan gvaqvs:  m=1,  n 
2

=4, n=8.

16   S=24. marTkuTxedis gverdebia a da  24 
a .

	  a–1= 24 
a ∙1,25; 

	  a2–a=30;   a2–a–30=0.

	  a=6;     24 
a =4.

	  P=2∙(6+4)=20 (sm).

17   fexiT mosiarulis siCqare _ x km/sT.
	 velosipedistis _ (x+6) km/sT

	  8 
x =  20 

x+6 ;

	 8x+48=20x, 12x=48, 
	 x=4, x+6=10 (km/sT).

18    x+4 
x =  x 

x–2 , 				    19   x2+(q–5)x+q=0

	 x2+2x–8=x2,  2x=8		          x1+x2=–(q–5)    	
x1

2+x2
2=(q–5)2–2q	 x=4.				              x1∙x2=q	

						      q2–10q+25–2q=25,  q2–12q=0,  q=0,  q=12.

20  gemis siCqare mdgar wyalSi _ x km/sT.

	   80 
x+2  +  80 

x–2 =9

	 80(x–2)+80(x+2)=9(x2–4),
	 9x2–160x–36=0,
	 x=18 (km/sT).

21  cxadia,  S= 1 
2 ∙24∙7– 1 

2(24–x)(7–x)=15,5x–0,5x2.

		    –0,5x2+15,5x=29;    x2–31x–58=0; 
		    x=2.

saSualo safexurze maTematikis swavlebis miznebis gaTvaliswinebiT, yvela 
moswavlem unda SeZlos kvadratuli da wiladuri gantolebebis amoxsnasTan 
dakavSirebuli saSinao davalebis Sesruleba. moswavlem unda SeZlos kvadratuli 
gantolebis gamokvlevis Catareba da martivi gantolebebis amoxsna. warmodgenili 
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amocanebi amoixsneba wiladuri da kvadratuli gantolebebis Sedgenis gamoyenebiT. 
klasSi amoxsnili amocanebisgan gansxvavebulad SeiZleba CaiTvalos ramdenime 
amocana.

17  Segirdi dReSi amzadebs _ x detals, ostati _ (x+84) detals.

25 detalis damzadebas ostati moandomebs   25 
x+84

  dRes, Segirdi 4 detals 

daamzadebs  4 
x  dReSi.

amocanis pirobiT Tanaxmad,

  25 
x+84 = 4 

x ;

25x=4x+84∙4;     21x=84∙4;
x=16.
3 dReSi _ 48 (detali).

19  Tu monawileTa raodenobas aRvniSnavT x-iT, maSin gaTamaSebuli partiebis 

raodenoba iqneba:  x(x–1) 
2

.

pirobis Tanaxmad, x(x–1) 
2

=66;   x(x–1)=132,
zepiradac vipoviT: x=12, x–1=11.

20   d) 10x2–2x=0	 	 2x(5x–1)=0
	           5x3+9x2–2x≠0		   x(5x2+9x–2)≠0

 	           x=0,  x= 1 
5

	              x≠0, x≠ 1 
5

, x≠–2.

	 gantolebas ar aqvs amonaxsni.

SeiZleboda gvepova 10x2–2x=0 gantolebis amonaxsnebi: x=0 da x= 1 
5

 da maTTvis 

5x3+9x2–2x≠0 pirobis SemowmebiT dagvedgina, rom x=0 da x= 1 
5

 gareSe fesvebia. 
maSasadame, gantolebas ar aqvs amonaxsni.

21  moswavlem unda SeZlos am praqtikuli amocanis amoxsna, farTobis 
Tvisebebis codna daexmareba mas S farTobis formulis miRebaSi: oTxi sportuli 
moednis farTobebis Sekrebaa saWiro. Tumca, SeiZleba moswavlem pirdapir oTxive 
moednis farTobebis jami warmoadginos:

		  S=(4x–1)∙(x–2)=4x2–9x+2.
miiReba kvadratuli gantoleba
		  4x2–9x+2=1422.
amocanis amonaxsnia x=20 (m).
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6.3. iracionaluri gantoleba

winare codnis gaaqtiureba gantolebis, gantolebaTa tolfasobis, kvadratuli 
gantolebis, fesvisa da modulis Tvisebebis gameorebas gulisxmobs. gantolebaTa 
tipebi, romlebic paragrafSi ganixileba, moswavleTaTvis axali masalaa. misi 
Seswavla dakavSirebulia tolfasobis cnebis karg gaazrebasTan. 

moswavleebi, Cven mier dasmul kiTxvebze pasuxebis moZiebis procesSi, ixseneben, 
rom ariTmetikuli fesvi arauaryofiTi ricxvidan arauaryofiTi ricxvia.

moswavleebi, Tqveni interaqtiuli CarTulobiT, ganixilaven iracionaluri 
gantolebis amoxsnis nimuSebs (magaliTebi: 1; 2; 3; 4). warmodgenilia iracionaluri 
gantolebis amoxsnis ramdenime xerxi: 

1) `kvadratSi ayvana~. am SemTxvevaSi, xSirad, ar gvaqvs tolfasi gardaqmna; 
moswavleebTan erTad ganvixilavT amis mizezebs – ratom SeiZleba miviRoT e. w. 
gareSe fesvi; ricxvi, romelic miRebul gantolebas akmayofilebs, xolo mocemuls 
_ ar akmayofilebs.

sakontrolo kiTxvebze pasuxebis gacema ajamebs sakiTxis ganxilvas _ moswavlem 
unda SeZlos pasuxis gacema kiTxvebze: ra aris iracionaluri gantoleba? 
ratom aris aucilebeli iracionaluri gantolebis amoxsnis procesSi miRebuli 
amonaxsnebis Semowmeba? es ricxvebi amoxsnis procesSia miRebuli. amoxsna maSin 
mTavrdeba, roca fesvebi dadgenilia (gareSe fesvi, Tu arsebobs, gamovlenilia da 
amonaxsnebidan gamoricxulia). 

`testebi~ SeiZleba klasSi swrafad `gaviaroT~ _ moswavle adasturebs, rom 
icis, ra aris iracionaluri gantoleba, SeuZlia, Seamowmos, aris Tu ara mocemuli 
ricxvi iracionaluri gantolebis fesvi; icis, rom kvadratuli fesvi yovelTvis 
arauaryofiTia.

klasSi amosaxsneli amocanebi moiTxovs iracionaluri gantolebis amoxsnis 
orive xerxis ganxilvas.

 
	 5   e) 2x(x+3) =6 → 2x(x+3)=36.

	 7   a) x–2=1– 2x–3
		  x–2=1–2 2x–3+2x–3
		  2 2x–3=x; x=2, x=6.
SemowmebiT davadgenT, rom x=6 gareSe fesvia. pasuxi: x=2.

8   a) amocanis piroba migvaniSnebs, rom axarisxebis gareSe SesaZlebelia 
amoxsna. sakiTxis ganxilva SeiZleba Semdegi kiTxvebis gamoyenebiT warimarTos:

• aqvs Tu ara azri uaryofiTi ricxvidan kvadratul fesvs?
• x cvladis ra mniSvnelobebisTvis aqvs azri 3–x -s (x≤3).
• SeiZleba Tu ara, rom arauaryofiTi ricxvidan kvadratuli fesvi arsebob-

des? aris Tu ara 3–x  arauaryofiTi ricxvi? ra daskvna gamogvaqvs (aucileblad, 
x≥4).

• arsebobs Tu ara x ricxvi, romelic orive pirobas akmayofilebs (x≤3 da x≥4)?
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b) aq, cxadia, 3+ x–1 ≥3, 3 >1. maSasadame, ar arsebobs x ricxvi, romlisTvisac 

3+ x–1 =1. 

g) ar arsebobs x ricxvi, romlisTvisac 2x–6>0 da 3–x>0. x=3 ki ar akmayofilebs 
gantolebas.

d) Tu arsebobs x ricxvi, romelic mocemuli gantolebis fesvia, maSin, cxadia, 
x≥4 da x + x–4 + x+5 ≥5. maSasadame, ar arsebobs x ricxvi, romlisTvisac 

x + x–4 + x+5  = 4,9.

10   ( x+5+ x )( x –1)=5
	 orive mxare gavamravloT ( x+5– x )-ze;
	 miviRebT:
	 (x+5–x)( x –1)=5( x+5– x )
	 x –1= x+5– x
	 2 x –1= x+5
	 4x–4 x +1=x+5
	 4 x =3x–4
	 x =t,  3t2–4t–4=0

	 t1=2, t2=– 2 
3

	 x =2, x=4.

analogiurad ganixileba 11  amocana.

11   x( 1+x–1)=(1+x–1)( 10+x – 4)
	  x( 1+x–1)=x( 10+x – 4)
x=0 ar aris gantolebis fesvi.
miiReba:  1+x= 10+x – 3
es gantoleba advilad amoixsneba: x= –1.

12    a) x2+3 x2–5x+1 =5(x–1)
		   x2–5x+1+3 x2–5x+1 +4=0
	 aRniSvna:  x2–5x+1 =t,
		   t2+3t+4=0,
		   D=9–16<0
	 ar aqvs amonaxsni.

	 g)  2x–  x –3=0
	       x =t
	      2t2–t–3=0,
	      D=1+24=25.

	      t1=
3 
2

, t2=–1.

	     x =3 
2

, x=9 
4

.

iracionaluri gantolebis amoxsnis kidev erTi xerxi ganixileba 12  amocanis 
amoxnisas.
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saSinao davalebis `testebze~ pasuxebis gacemiT moswavleebi amJRavneben ira
cionaluri gantolebis, iracionaluri gantolebis fesvis cnebebis codnas.

amocanebi klasSi ganxiluli xerxebiT ixsneba.

ganvixiloT ramdenime amocana.

12  d) x2+ 2x2–3x+2= 3x+1 
2

	       2x2–3x+2–3+2 2x2–3x+2=0

aRvniSnoT: 2x2–3x+2=t.
	       t2+2t–3=0
	       t1=–3, t2=1.

          2x2–3x+2=1;   2x2–3x+2=1;   2x2–3x+1=0; 

          x1=1, x2= 1 
2.

13   ( x+10+ x )(4– x )=10
orive mxare gavamravloT ( x+10– x )-ze, miviRebT

	 (x+10–x)(4 – x )=10( x+10– x ),
	 4– x = x+10– x ,
	 x+10=4;   x+10=16;
	 x=6.
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6.4. wrfivi utoloba. wrfiv utolobaTa sistema

paragrafSi warmodgenili masaliT moswavleebi gaixseneben da gaiRrmaveben 
codnas wrfivi erTucnobiani utolobisa da wrfiv erTucnobian utolobaTa 
sistemis cnebebisa da amoxsnis xerxebis Sesaxeb.

moswavleTa motivaciis gazrdis mizniT, SeiZleba iseTi praqtikuli amocanac 
ganvixiloT, romelsac utolobis amoxsnamde mivyavarT.

magaliTad, SeiZleba ganvixiloT amocana moZraobaze, romlis amoxsna 
gantolebis nacvlad, utolobisa da utolobaTa sistemis amoxsnas moiTxovs.

vTqvaT, A qalaqidan dilis 6 saaTze B qalaqSi mivemgzavrebiT da gzaSi  
(C qalaqSi) 1-saaTiani Sexvedrebia daniSnuli. ra mudmivi siCqariT unda vimgzavroT 
avtomobiliT, rom C-Si 10 saaTze adre ar CavideT, xolo B-Si – 18 saaTze gvian? 
A-dan C-mde manZili 400 km-ia, B-dan C-mde _ 480 km.

Tu siCqares x-iT aRvniSnavT, pirveli piroba mogvcems utolobas  400 
x  ≥4.

meore pirobis Tanaxmad, x akmayofilebs utolobas:  880 
x  ≤11. maSasadame, saZiebeli 

x sidide or utolobas akmayofilebs, am utolobaTa sistemis amonaxsnia. sistemis 
amonaxsnis povna ki TiToeuli utolobis amonaxsnTa simravlis povniT iwyeba.

SeiZleba amocanis SerCeva klasSi gaTvaliswinebuli davalebebidan ( 9 - 12 ).
cvladis Semcvel utolobebze gadasvla iwyeba ricxviTi utolobisa da misi 

Tvisebebis gaxsenebiT; winare codnis gaaqtiureba ricxviTi utolobebis Tvisebebis 
ganxilviT iwyeba. am Tvisebebs erTucnobiani utolobisa da utolobaTa sistemis 
amoxsnisas viyenebT.

yoveli ricxviTi utoloba gamonaTqvamia, romelic WeSmaritia, an mcdari. 
cvladis Semcveli utoloba ki gamonaTqvamad gadaiqceva, roca cvladis nacvlad 
ricxvs CavsvamT; veZebT cvladis im mniSvnelobebs (amonaxsnebs), romlebisTvisac 
WeSmariti gamonaTqvami miiReba.

simravleTa da Teoriul-logikuri terminologia da simbolika, romlic X 
klasis I nawilSi gaviareT, gvexmareba utolobis amoxsnisa da utolobaTa sistemis 
amonaxsnTa simravlis gaazrebaSi (rac sistemaSi Semavali utolobebis amonaxsnTa 
simravleebis TanakveTas warmoadgens).

utolobis Tvisebebis gamoyeneba da zemoT aRniSnuli meTodikis gamoyeneba 
magaliTebiTaa ilustrirebuli.

magaliTebis ganxilvaSi yvela moswavlem unda miiRos monawileoba; moswavleebi 
ixseneben da iRrmaveben codnas, ricxviTi wrfis gamoyenebiT, utolobebisa da 
utolobaTa sistemis amonaxsnTa simravleebis dadgenaSi.

moswavlem unda SeZlos ormagi utolobebis sistemis saxiT gaazreba da amoxsnis 
sxvadasxva xerxis gamoyeneba. modulis Semcveli utolobis amoxsnisas (magaliTi 
8), viyenebT modulis Semcveli gantolebis amoxsnis intervalTa meTods. Tumca, 
SeiZleba ufro sainteresoa amoxsnis geometriuli xerxis ilustrireba, roca 
viyenebT modulis geometriul Sinaarss. 

 magaliTad,  |x–2|+|x+1|>5  utolobis amoxsna niSnavs, rom sakoordinato wrfeze 
vipovoT iseTi x ricxvi, romlidanac (-1)-mde da 2-mde manZilebis jami metia 5-ze. 
aq vixsenebT, rom |x–a| aris sakordinato wrfeze im wertilebs Soris manZili, 
romelTa koordinatebia x da a.
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magaliTad, |x|<2 utolobiT moicema yvela is x ricxvi, romlidanac saTavemde 
manZili naklebia 2-ze; |x–1|<2 utolobiT moicema yvela is x ricxvi, romlidanac 
1-is toli koordinatis mqone wertilamde manZili naklebia 2-ze. am faqtebis 
gamoyenebiT, moswavleebi swrafad pouloben pasuxebs `testebSi~ dasmul kiTxvebze.

zogierT sakontrolo kiTxvaze swori pasuxis gacema moiTxovs wrfivi 
erTucnobiani utolobis gameorebas, romelic Cven cnobarSia mocemuli.

5 , 6  da 7  amocanebis amoxsna SeiZleba moswavleebs klasSi damoukidebel 
davalebad SevTavazoT.

8  amocana dawvrilebiT gavarCioT klasSi, gamoviyenoT orive xerxi. a) da b) 
amocanebis amoxsna sirTules ar Seuqmnis moswavleebs. 

	 a)  –2<x+3<2                |x–(–3)|<2        
	     –5<x<–1		         x-dan (-3)-mde manZili naklebia 2-ze.           
					   

0–3–5 –1pasuxi: (–5; -1).

g) |x–5|+|x–1|<12.	   
1 5 

I gza. 
	  x≤1		          x≤1	     

–3<x≤1.
	   5–x+1–x<12	         2x>–6

	 1<x<5		        1<x<5	     (1; 5).	
	   5–x+x–1<12            4<12
	 x≥5		         x≥5		     [5; 9).
	   x–5+x–1<12           2x<18

pasuxi: (–3; 9).
II gza. veZebT im x-s, romlidanac ricxviT wrfeze manZilebis jami 5-mde da 

1-mde, naklebia 12-ze

5 90–3 1
	 5–1=4.
	 2∙4+4=12.
maSasadame, `gadavdivarT~ 5-is marjvniv 4 erTeuliT da 1-is marcxniv 4 

erTeuliT.
pasuxi: (–3; 9).

mniSvnelovania im praqtikuli amocanebis ganxilva, romelTa amoxsna daiyvaneba 
utolobebis amoxsnaze.

10  amocanis pirobis Tanaxmad, gvaqvs x-is mimarT (Sekvrebis raodenobis 
mimarT) utoloba 

	 a) 20x+75≤375,			   b) 20x≤375,

	    x≤15			    	     x≤ 75 
4 .

pasuxi: 15.			   veZebT udides mTel amonaxsns, pasuxi: 18.
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11  gayiduli produqciis Rirebuleba larebSi _ x;
	 350+0,05x>1000;    35000+5x>100000;     
	 5x>65000;  x>13000.

12  3,5x–6000>1000;
	 3,5x>7000;  x>2000.
	 sul mcire, 2001.
	
	 3,5x–6000≥0;  3,5x≥6000;

	 x≥ 60000
35  ≈ 1714,29.

pasuxi: 1715.

saSinao davalebis amocanebi, ZiriTadad, analogiuria. 
1  testiT warmodgenilia wrfivi erTucnobiani utoloba, romelsac amo

naxsni ar aqvs:  0∙x>7.

2  Tu k<0, maSin kx>3 utolobis amonaxsnebi ase moicema: x< 3 
k .

3  |x|≤1 tolfasia ormagi utolobis: –1≤x≤1.

4  |x–2|>1 utolobas akmayofilebs is x, ricxvebi, romlebisTvisac, x–2>1 an 
x–2<–1,   anu   x>3 an x<1.

5 - 7  amocanebis amoxsna yvela moswavlem unda SeZlos, 8  amocanis 
analogiuri amocanebi klasSi amoixsna.

9  SekveTilis safasuri _ x,
	    gadasaxdeli Tanxa _ x+0,07x,
	    gvaqvs: 

	    x+0,07x≤19,	    1,07x≤19,	    x≤  1900
107  ≈ 17,757

pasuxi: araumetes ≈ 17,75 larisa.

11  g) |x|+|3–x|≤3 
	   
	     I xerxi 	 0 3
	    x≤0		        x≤0          	

x=0.
            –x+3–x≤3         2x≥0

	    0<x<3	       0<x<3       	
0<x<3.	

	
	      x+3–x≤3         3≤3	

 	    x≥3		        x≥3             
x=3.	       x+x–3≤3          x≤3

			 
pasuxi: 0≤x≤3. 



50

	 II xerxi:		
0 3	

x-dan 0-mde da 3-mde manZilebis jami ar unda aRematebodes 3-s. manZilebis jami 
3-is toli iqneba [0; 3] Sualedis nebismieri wertilisTvis. cxadia, 3-ze meti, an 
0-ze naklebi ricxvebi am pirobas ar akmayofilebs. pasuxia [0; 3].

12   II bankSi _ x lari, I bankSi _ (10 000–x) lari.
	     x(1+0,07)+(10 000–x)(1+0,05)≥10 616,
	     x∙0,02≥10 616–10500,

	     x≥ 11600
2 ,

	     x≥5800.

13   damatebiTi saaTebis raodenoba _ x
	     1 saaTSi anazRaureba _ 350/40=8,75 lari
	     1 sT. damat. anazRaureba _ 26,25 lari.
	      350+26,25x≤800
	     26,25x≤450

	     x≤  45000
2625  ≈ 17,14.

pasuxi: 17 sT.

14   1000(1+2r)≤1250

	      1+2r≤ 1250
1000 , 	 2r≤0,25,	      r≤0,125.



51

amocanebi TviTSefasebisTvis

miTiTebebi:

1  (2a–8)x=4–a			   2   4x+6∙3
3+x =5,5

	 2a–8=0           
a=4.	     

aqedan vipoviT x-s.
	   4–a=0		      			 

4   x-is dasaSvebi mniSvnelobebi miiReba Semdegi sistemis amoxsniT
	 x≤7
	    x≥k. 

amonaxsnTa simravle carielia, Tu k>7.

amrigad, mocemuli gantolebis amonaxsnis arsebobisTvis aucilebelia, rom k 

iyos ≤7. Tu k≤7, maSin kvadratSi ayvaniT miviRebT x=k+ 72 .
SemowmebiT vrwmundebiT, rom es ar aris gareSe fesvi. amrigad k≤7 piroba 

sakmarisicaa gantolebis amonaxsnis arsebobisTvis.
pasuxi: gantolebas ar aqvs fesvi, Tu k>7.

5  a) amovxsniT aRniSvnis xerxis gamoyenebiT:

	 x2+x =t,    t–5=– 6t ,

	 t2–5t+6=0,  t1=3,  t2=2.

	 b) x2+8x+16 =x(x+1)
	      |x–4|=x(x+1)
	      x≥4, x2+x–x+4=0
	      x2+4=0
ar aqvs amonaxsni.
	    x<4, 4–x=x2+x
	    x2+2x–4=0

x=–1± 5  orive fesvi akmayofilebs pirobas x<4.

6   x1+x2=3	       1
x1

+ 1
x2

 =  x1+x2
x1x2

=  3
1,25

	    
x1∙x2=1,25

	         1
x1
∙ 1

x2
 =  1

1,25  

	   x2–  3
1,25 x+  1

1,25=0, 	 1,25x2–3x+1=0.

7   x(5–2k)<0			      9  	|7,8–x | <18
amonaxsni ar aqvT, roca		  –18<7,8–x<18
	 5–2k=0,					    –25,8<–x<10,2
	 k=2,5.					     –10,2<x<25,8
						      umciresi mTeli amonaxsni: –10.
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10      

6–7 –5 8

amonaxsnTa simravle SeiZleba zepirad vipovoT (geometriuli xerxiT). 
sakoordinato wrfeze saZiebeli x-dan -5-mde da 6-mde manZilebis jami 15-ze metia.  

e. i. x daSorebulia 6-dan marjvniv da 5-dan marcxniv  15–11
2 =2 erTeulze meti 

manZiliT:
	 x>8 an x<–7
	 9 da – 8-is jamia 1.

VI Tavis damatebiTi amocanebi 

miTiTebebi zogierTi amocanis amosaxsnelad.

6  (2a–3)x=b+1, gantolebas aqvs uamravi amonaxsni maSin da mxolod maSin, roca 
	 2a–3=0 da b+1=0,
	 a=1,5 da b=–1,
	 a+b=0,5.

7  (4a2–9)x=2a2+3a gantolebas ar aqvs amonaxsni maSin da mxolod maSin, roca
	 4a2–9=0 da 2a2+3a≠0

	 a=± 32 , amasTanave, a≠0 da a≠ – 32

pasuxi: a= 32 .

8  gantolebas mivceT saxe:
	 (a–b+1)x=2+3b 
	 a) aqvs erTi amonaxsni, roca a–b≠–1; 
	 b) aqvs uamravi amonaxseni, roca

	 a=b–1	         	   a=– 53 	

	   b=– 23 	 	   b=– 23
	
	 g) ar aqvs amonaxsni, roca
	       a–b=–1		   a=b–1

	         b≠– 2
3

	  	    b≠– 2
3

.

10 	  V1=V2–0,4V2=0,6V2,

	  5
6

V1+
5
6

V2=120,

	  5
6
∙0,6V2+

5
6

V2=120,

	 5
6
∙1,6V2=120,

	  8 V2=720.
	 V2=90 (km/sT),  V1=0,6∙90=54 (km/sT).
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11  masa _ x, spirti _ 0,07x		  12  kvadratul gantolebas 1 fesvi aqvs, 
	 100 gram xsnarSi 7 g spirtia;	        roca D=0.
	 0,07x–7=x∙0,03,			      	                         a2–32=0
	 saidanac x=175 (grami).		          a=4 2 ,  a=–4 2 .

14  ax2+bx–3=a(x– 12 )(x+3)

	 maSasadame, fesvebia  12  da –3.

	  12  –3= – ba 	        x=2

	   – 32 =– 3a 	         b=5.

	

15  ax2+4x–1=0 gantolebas ori fesvi aqvs maSin da mxolod maSin, roca a≠0 da 
16+4a>0,  4a>–16,   a>–4.

pasuxi: (–4; 0)∪(0; +∞).

16  d) x2–x–2=2x+2,   x≠–1,		  18    V=x,  V+20=x+20.

	     x2–3x–4=0				             1 23 x=1 14 (x+20);  ( 53  –  54 )x=25, saidanac

	     
x=–1,   x=4,    x≠–1.

	                x=60 (km/sT),  S= 53 ∙60=100 (km).
pasuxi: x=4.

19  a) 2x2+5x–3=0				    b) 4x2+5x+1=0

	     x= –5±7
4 			      	   x= –5±3

8
	     x1=–3,  x2= 12 ; 		   	    x1=–1, x2=– 14 .

20  g) 9x2–6x+1 =4		  21  a) 2 x +3( x )2–1=0	 b) 2x+ 2x–3 =5
	     |3x–1|=4			          3t2+2t–1=0		     2x–3+ 2x–3 =2

	     3x–1=4, an 3x–1=–4	        t= –2±4
6 			      t2+t–2=0

	     x= 53 , an x=–1.		         t= 13 ,  x = 13 		     t=–2, t=1

					             x= 19 .			      
2x–3 =1

							        	   	    2x–3=1

						        	                    x=2.

25   d) |x+5|+|x–2|≤7

amovxsnaT ori xerxiT. 
	 I xerxi: 			                  

–5 2	 x≤–5		               2x≥–10       
	    –x–5+2–x≤7	              x≥–5            x=–5.

	 –5<x<2                    –5<x<2
	    x+5+2–x≤7                 7≤7

	 x≥2		                x≥2            x≥2               x=2
            x+5=x–2≤7                  2x≤4           x≤2
pasuxi: [–5; 2].
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II xerxi: 		
–5 20

is x ricxvebi, romlebidanac (–5)-mde da 2-mde manZilebis jami aris 7, ekuTvnis 
[–5; 2] Sualeds, radgan am Sualedis sigrZe aris 7.

26  Setanilia Tanxa _ x lari.
	 x(1+3∙0,04)=8400
	 x=8400:1,12
	 x=7500.

Semajamebeli wera

Tema: gantoleba, erTucnobiani gantoleba, gantolebaTa sistema.
samizne cnebebi: gantoleba, utoloba, sistema.
Sefasebis indikatorebi: moswavlem unda SeZlos ucnobi sididis cvladiT 

warmodgena da gantolebis an utolobis Sedgena; kvadratuli da wrfivi erT
ucnobiani gantolebebis gamokvleva, iracionaluri da modulis Semcveli 
gantolebebis miyvana kvadratulze, am gantolebebis sxvadasxva xerxiT amoxsna.

amocanebis nimuSebi

amoxseniT gantoleba ( 1 - 4  davalebebi):

1    x–2
x–3  + 2(x–1)

x–3 =2.		  2   x– 2x–3 =9.

3   x
2

2 +3x= x2+6x+4.		  4  (x–3)2= x2–6x+9+12.

5  ipoveT a-s yvela miSvneloba, romelTaTvisac 2a(a–1)x+9=ax+6a gantolebas 
aqvs uamravi amonaxsni.

6  ilias da laSas erTad 3870 lari hqondaT. iliam Tavisi Tanxis 12%, laSam _ 
10% miusafari cxovelebis dacvis fondSi gadaricxes, sul _ 424 lari. ramdeni 
gadaricxa iliam da ramdeni laSam?

7  ipoveT k-s yvela is mniSvneloba, romelTaTvisac  x
2–7x+10
x2–6x+k  =0 gantolebas 

zustad erTi fesvi aqvs.

8  ramdeni wvero aqvs wesier mravalkuTxeds, Tu misi diagonalebis raodenobaa 
90?

9  sakoordinato wrfeze x-dan (–1)-mde manZili 5 erTeuls ar aRemateba. 
CawereT es winadadeba moduliani utolobis saxiT da amoxseniT.

10  yovel wels manqanis fasi mcirdeba misi Tavdapirveli fasis 4%-iT. ramdeni 
wlis Semdeg eRireba 42 000-lariani manqana 21 000 larze naklebi?
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pasuxebi

1  x=–2.  2  x=14. 3  x=–8; x=2. 4  x=7; x=–1. 5  a=1,5. 6  ilia _ 222 lari, 

laSa _ 202 lari. 7  k=5; k=8. 8  15. 9  |x+1|≤5; [–6; 4]. 10  13 wlis Semdeg.

miTiTebebi:

3  gantoleba miviyvanoT saxeze: x2+6x=2 x2+6x +8 da SemoviRoT aRniSvna 
x2+6x =t.

4  gantoleba gadavweroT ase: (x–3)2=|x–3|+12; |x–3|2=|x–3|+12 da SemoviRoT 
aRniSvna |x–3|=t.

ganmsazRvreli Sefasebis rubrika 

1  gardaqmnebiT wrfiv gantolebamde miyvana Sefasdes 1 quliT, pasuxis miReba 
_ kidev 1 quliT, sul _ 2 qula.

2  radikalis niSniani gamosaxulebis gancaleba da gantolebis orive mxaris 
kvadratSi ayvana Sefasdes 1 quliT; 0,5 quliT _ miRebuli gantolebis amoxsna da 
kidev 0,5 quliT _ gareSe fesvis aRmoCena. sul _ 2 qula.

3  aRniSvnis Semotana Sefasdes 0,5 quliT; miRebuli kvadratuli gantolebis 
amoxsna da misi fesvebidan gamosadegis SerCeva _ 1 quliT; aRniSvnis 
gaTvaliswinebiT pasuxebis miReba _ 0,5 quliT. sul _ 2 qula.

4  gantolebis Cawera radikalis niSnis gareSe: radikalis aRniSvniT an 
modulian gamosaxulebaze dayvaniT, Sefasdes 1 quliT; miRebuli gantolebis 
mixedviT amocanis amoxsnis dasruleba _ kidev 1 quliT. sul _ 2 qula.

5  gantolebis miyvana mx=n saxemde _ 1 qula, a-s mniSvnelobis dadgena _ 
kidev 1 qula. sul _ 2 qula.

6  SemoiRo saTanado aRniSvnebi da Seadgina gantoleba _ Sefasdes 1 quliT; 
amoxsna miRebuli gantoleba da daadgina ilias da laSas Tanxebi _ Sefasdes 0,5 
quliT; kidev 0,5 qula daiweros gadaricxuli Tanxebis gamoTvlisTvis. sul _ 2 
qula.

7  ipova mricxvelis fesvebi _ 0,5 qula. aRniSna, rom am fesvebTagan erT-erTi 
unda iyos mniSvnelis fesvi _ kidev 0,5 qula. fesvebis mimdevrobiT mniSvnelSi 
Casma da k-s Sesabamisi mniSvnelobebis povna _ kidev 1 qula. sul _ 2 qula.

8  gamosaxa n-kuTxedis diagonalebis raodenoba n-iT _ 1 qula. gantolebis 
Sedgena da misi amoxsna _ kidev 1 qula.
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9  pirobis Cawera moduliani utolobis saxiT Sefasdes 1 quliT; moduliani 
utolobis ormagi utolobis, anu utolobaTa sistemis saxiT Cawera _ kidev 0,5 
quliT. 0,5 qula emateba saboloo pasuxis miRebisTvis. sul _ 2 qula.

10  aRniSna wlebis raodenoba x-iT da Seadgina utoloba _ 1 qula. amoxsna 
miRebuli utoloba _ 0,5 qula. kidev 0,5 qula – amonaxsnTa simravlidan umciresi 
mTeli mniSvnelobis povnisTvis. sul _ 2 qula.

ganmsazRvreli Sefasebis qulis dasafiqsireblad miRebuli qulebis jami 
gavyoT 2-ze da davamrgvaloT.

aqve SevniSnavT, rom TiToeuli amocanis amoxsnis gansxvavebuli gza, an amoxsnis 
Ziebisas gadadgmuli `racionaluri nabijebi~ unda Sefasds saTanado qulebiT.

amjerad ganmaviTarebel Sefasebas vaxdenT VI Tavis Semajamebeli weris 
Sedegebis gacnobis kvalobaze da am Sedegebs viyenebT ganmaviTarebeli Sefasebis 
instrumentad.

gantolebisa da utolobis cnebebi umniSvnelovanes maTematikur cnebebs ga
nekuTvneba. maTze daiyvaneba mravali movlenisa da praqtikuli amocanis Seswavla. 
moswavleebis mier am mimarTulebiT dagrovili codnis maragi da misi mniSvneloba 
ukve sakmaod STambeWdavia da Tqvengan saswavlo procesebis warmarTva did 
Zalisxmevas moiTxovs.

Tqven ukve araerTxel gaecaniT Cvens dawvrilebiT rekomendaciebs am aqtivobis 
arsisa da Catarebis formebis Sesaxeb, icnobT zogad midgomebs, romlebic unda 
moargoT yovel konkretul ganmaviTarebel Sefasebas; axdenT masalis aTvisebis 
xarisxis SefasebaTa klasifikacias solo taqsonomiis doneebis mixedviT. Tumca, 
Tqveni moswavleebis akademiuri mzaoba da damokidebuleba saswavlo procesisadmi, 
damatebiT, sakmaod maRal SemoqmedebiT CarTulobas moiTxovs Tqvengan.

Cveni rekomendaciebis ucvleli principia: gakeTdes ZiriTadi aqcenti cne
baTa da meTodTa arsis wvdomaze, codnis gaRrmavebaze da gamoyenebiTi aspeq
tebis CarTvaze, Sefaseba unda warimarTos interaqtiulad _ mTeli klasis 
SemoqmedebiTi CarTulobiT.

ZiriTadi aqcenti unda gakeTdes:

1  amocanaSi gantolebisa da cvladis dasaSveb mniSvnelobaTa cnebaze, wi
ladebis Sekrebisa da gantolebis amoxsnis gzaze;

2  amocanaSi iracionaluri gantolebis cnebaze, umartivesi iracionaluri 
gantolebis amoxsnis meTodze, gareSe fesvis arsebobis mizezebze.

3  amocanaSi im sirTuleze, rac warmoiqmneba mocemuli gantolebis kvadratSi 
ayvanisas, misi acilebis gzebze, moxerxebuli aRniSvnis SemotaniT sirTuleebis 
daZlevaze; gareSe fesvis gamoricxvaze.
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4  amocanaSi mocemuli gantolebis formis analizze; fesvis (radikalis) 
modulian gamosaxulebaze dayvanaze, an, iqneb, fesvis aRniSvniT kvadratul 
gantolebaze dayvanaze. erTad ganixileT gantolebis amoxsnis gzebi.

5  amocanaSi gantolebis kvlevaze, misi mx=n saxemde miyvanaze da misi amox
snisas arsebul sxvadasxva SemTxvevaze.

6  amocanaSi misi Sinaarsis detalur analizze, amoxsnisas cvladis moxer
xebul SerCevaze, gantolebis amoxsnisas gareSe fesvis gamoricxvaze. aqve kvlav 
imsjeleT procentis Sesaxeb, dasviT sakontrolo kiTxvebi: magaliTad, ramdenjer 
izrdeba dadebiTi ricxvi 300%-iT gazrdisas, ramdeni procentiT unda gaizardos 
mocemuli ricxvis 50%-iT Semcirebisas miRebuli ricxvi, rom aRdges mocemuli 
ricxvi?

7  amocanaSi wiladuri gamosaxulebis nulebis Sesaxeb; ramdeni fesvi aqvs 
mricxvels? vietis formulebis gamoyenebiT zepiradac xom ver aRmovaCenT am 
fesvebs? rogor mivaRwioT imas, rom mocemul gantolebas mxolod erTi fesvi 
hqondes?

8  amocanaSi mravalkuTxedis diagonalebis ricxvis formulaze (Tu 
daaviwydaT, iqneb klasma izrunos mis gaxsenebaze). rogor SeirCeva amocanis 
amonaxsni?

9  amocanis amoxsnis gzis Ziebaze. gaaanalizeT interaqtiulad algebruli da 
geometriuli gzebi. gaarkvieT romeli gzis arCevisken ixreba yoveli moswavlis 
arCevani.

10  amocanaSi sawyisi fasis, zrdis saprocento maCveneblisa da saboloo fasis 
damakavSirebeli formulis analizze _ martivi Tu rTuli procentis formulaa 
gamosayenebeli?

ganmaviTarebeli Sefasebis dasasruls moismineT moswavleTa mier gamoTqmuli 
mosazrebebi, sakiTxebis ganxilvisas Tvali adevneT moswavleTa reaqcias da 
SeitaneT koreqtivebi swavla-swavlebasTan dakavSirebul Tqven mier dagegmil 
aqtivobebSi.

VI Tavis Semajamebeli weris davalebaTa mixedviT davakonkretebT solo 
taqsonomiis zogadi formiT warmodgenil moswavleTa akademiur miRwevaTa 
xarisxis doneebs:

prestruqturuli done. bundovani warmodgena aqvs amocanaSi ucnobi si
dideebis cvladebiT warmodgenaze, rom araferi vTqvaT, Sesabamisi gantolebis an 
utolobis Sedgenaze. verc mocemuli gantolebis an utolobis amoxsnas axerxebs. 
amonaxsnis cnebac bolomde ar aqvs gaazrebuli.
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unistruqturuli done. moswavles uWirs teqsturi, ararTuli amocanis 
mixedviT gantolebis Sedgena, Tumca martiv gantolebebs xsnis; kargad ar 
icnobs utolobis Tvisebebs da amoxsnisas uSvebs Secdomebs; mis naSromSi swor 
gardaqmnebTan erTad aris uxeSi Scdomebic.

multistruqturuli done. moswavles SeuZlia saSualo sirTulis amocanis 
Sesabamisi gantolebis Sedgena da amoxsna, Tumca zogjer mis amonaxsns ver 
ukavSirebs amocanis pirobas. daxvewili ar aqvs sidideebis ganzomilebaTa aRqma, 
ucnobi amocanis amoxsnis gacnobisas SeuZlia miyves gardaqmnebs da aRweros isini.

mimarTebiTi done. moswavles SeuZlia Seqmnas dasmuli aratrivialuri 
amocanis maTematikuri modeli, amoxsnas is da SearCios amonaxsnebi amocanis 
pirobis gaTvaliswinebiT. SeuZlia amocanis amoxsnis sxvadasxva gzis SerCeva da 
am gzebiT amocanis gadaWra.

gafarToebuli abstraqtuli done. moswavles Rrmad aqvs gaazrebuli gamo
yenebul cnebaTa arsi, SeuZlia konkretuli amocanis ramdenime mimarTulebiT 
ganzogadeba da miRebuli maTematikuri modelebis kvleva, SeuZlia amoxsnis 
SesaZlo gzebidan optimaluris SerCeva da arCevanis axsna. SeuZlia Tavisi codnis 
misadageba axali amocanebis kvlevasTan, mocemuli gantolebiT an utolobiT 
Sesabamisi saintereso amocanebis Sedgena, kritikulad aanalizebs da afasebs 
sxvaTa mosazrebebs.
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VII Tavi

orucnobiani gantolebebi, gantolebaTa da utolobaTa 
sistemebi

Tema: algebra da kanonzomierebebi
saaTebis savaraudo raodenoba: 13 sT

Temis farglebSi dasamuSavebeli sakiTxebi: wrfivi orucnobiani gantoleba, 
orucnobian gantolebaTa sistema, wrfiv orucnobian utolobaTa sistema

samizne cnebebi da maTTan 
dakavSirebuli mkvidri 

warmodgenebi
sakiTxebi

sakvanZo 
SekiTxvebi

Ddavalebebi,
kompleq­

suri 
davaleba

zogjer, amocanis pirobis 
Sesabamisad, SeiZleba SemoviRoT 
ori cvladi da maTi  saSualebiT, 
CavweroT kavSirebi sidideebs 
Soris, romlebic wrfivi 
orucnobiani gantolebebiT, an 
utolobebiT gamoisaxeba.

wrfivi orucnobiani gantoleba 
SeiZleba sakoordinato 
sibrtyeze wrfiT gamovsaxoT. 
wrfiv orucnobian gantolebaTa 
sistemas SeiZleba hqondes 
erTaderTi amonaxsni an uamravi 
amonaxsni. wrfiv oruncobian 
gantolebaTa sistemas SeiZleba ar 
hqondes amonaxsni.

wrfiv orucnobian utolobaTa 
sistema SeiZleba gamovsaxoT 
sakoordinato sibrtyeze; 
yoveli wrfivi orucnobiani 
utoloba sibrtyeze gamosaxavs 
naxevarsibrtyes, utolobaTa 
sistemiT SeiZleba gamoisaxos 
sakoordinato sibrtyeze kuTxe, 
naxevarsibrtye, zoli; SeiZleba 
sistemaSi Semaval utolobaTa 
sistemas amonaxsni ar hqondes. 

amocanis pirobis Sesabamisad 
SeiZleba SevadginoT orucnobian 
gantolebaTa sistema, romelSic 
erT-erTi wrfivia, meoris 
xarisxi ki ar aRemateba ors 
da misi kvlevisas geometriul 
warmodgenebsac gamoviyenebT.

wrfiv or
ucnobian 
gantole
baTa sis
tema; wrfiv 
orucnobian 
utolobaTa 
sistema da 
misi amo
naxsnis 
gamosaxva 
sakoordina
to sibr
tyeze.

gantole
baTa sistema, 
romelSic 
erT-erTi 
wrfivia, 
meoris xa
risxi ki ar 
aRemateba 
ors.

ra geometriul 
figuras SeiZleba 
gamosaxavdes 
sakoordinato 
sibrtyeze wrfivi 
orucnobiani 
gantoleba, wrfiv 
orucnobian 
gantolebaTa 
sistema?
ra geometriul 
figurebs icnobT, 
romlebic sakoor
dinato sibrteze 
meore xarisxis 
gantolebiT  
moicema? ra geo
metriul fi
guras SeiZleba 
gamosaxavdes 
sibrtyeze wrfivi 
orucnobiani 
utoloba, uto
lobaTa sistema?
ra geometriul 
figurebs icnobT, 
romelTa gan
tolebebi sakoor
dinato sibrteze 
meore xarisxis 
orucnobian 
gantolebas 
warmoadgens?

utolobaTa 
sistemis 
gamoyeneba
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Sefasebis indikatorebi: moswavlem unda SeZlos, dasmuli amocanis Sesabmisad, 
Semoitanos ori cvladi da Seadginos orucnobiani gantoleba, utoloba, an 
orucnobian gantolebaTa sistema, orucnobian utolobaTa sistema; wrfivi 
daprogramebis amocanebis amoxsnis geometriuli xerxis gamoyeneba; wrfiv 
orucnobian utolobaTa sistemis geometriuli gamosaxvis gamoyenebiT, praqtikuli 
amocanebis amoxsna _ cvladebze dadebiTi SezRudvebis pirobebSi, ori cvladis 
mimarT wrfivi gamosaxulebis maqsimumis an minimumis povna.

me-7 TavSi vagrZelebT algebris mimarTulebis samizne cnebebTan dakavSirebuli 
sakiTxebis ganxilvas. amjerad, ZiriTadi samizne cnebebia: wrifivi orucnobiani 
gantoleba, wrfivi orucnobiani utoloba da Sesabamisi sistemebi; maTi gamoyenebiT, 
ganvixilavT praqtikul amocanebs, romlebic am samizne cnebebis Tvisebebis 
gamoyenebiT ixsneba. ganvixilavT iseT orucnobian gantolebaTa sistemebsac, 
romelSic erTi gantoleba wrfivia, meoris xarisxi ki ar aRemateba ors.

VII TavSi warmodgenili sakiTxebi SeiZleba Semdegi sqemiT warmovadginoT:

algebruli gamosaxuleba

ori cvladis Semcveli algebruli gamosaxuleba

wrfivi 
orucnobiani 

gantoleba

wrfiv orucnobian 
gantolebaTa sistemis amoxsna

praqtikuli amocanebis amoxsna 
wrfiv orucnobian gantolebaTa 

sistemis gamoyenebiT 

wrfiv orucnobian utolobaTa sistemis 
amonaxsnTa simravlis geometriuli 

gamosaxvis gamoyenebiT, wrfivi 
daprogramebis amocanebis amoxsna

zogierTi orucnobian gantolebaTa 
sistema, romelSic erTi wrfivi 

gantolebaa, meoris xarisxi ki ar aRemateba 
ors. misi geometriuli warmodgenebi

wrfivi 
orucnobiani 

utoloba

wrfiv orucnobian utolobaTa 
sistemis geometriuli gamosaxva

kompleqsuri davaleba Seicavs praqtikul amocanas, romelic wrfiv utolobaTa 
sistemis amonaxsnTa simravlis geometriuli warmodgenis gaazrebas ukavSirdeba.
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§7.1. wrfivi orucnobiani gantoleba

wrfivi orucnobiani gantolebis ganxilva wina wlebSic mimdinareobda, wrfivi 
funqciis Tvisebebisa da grafikis ganxilvisas. am sakiTxebs kidev davubrundebiT 
da debulebas wrfivi orucnobiani gantolebis Sesaxeb damtkicebiT warmovadgenT; 
ganxiluli iqneba wrfeTa paralelurobisa da marTobulobis pirobebic. amjerad, 
msjelobas aRweriTi xasiaTi aqvs da eyrdnoba winare codnas _ gantoleba, 
wrfivi erTucnobiani gantoleba. axal sakiTxze gadasvla praqtikuli amocanis 
ganxilviT iwyeba, romelic ucnobi sidideebis mimarT wrfivi orucnobiani gan-
tolebis SedgeniTa da SeswavliT grZeldeba. sakoordinato sibrtyeze gantole-
bas wrfiT warmovadgenT. gantolebis Sesabamisad, ganxilulia wrfis mdebareobis 
sxvadasxva SemTxveva. maT Soris mniSvnelovania horizontaluri da vertikaluri 
cvlilebebis Semotana.

wrfis sxvadasxva saxis gantolebis, RerZebTan gadakveTis wertilebis povnisa 
da daxris cnebis codnas moiTxovs saklaso `testuri~ davalebebis amoxsna. 
saSinao `testebi~ analogiuria.

miTiTebebi zogierTi amocanis amosaxsnelad

6  or wertilze gamavali wrfe Ox RerZis paraleluria, roca `vertikaluri 
cvlileba~ ∆y=0. 

	 b) 7–2b–1=0,   2b=6,     b=3.

8  a) x=–2 aris wrfe, romelic Oy RerZis paraleluria, horizontaluri 
cvlileba, ∆x=0, daxra ar arsebobs.

	 b) y=–5 aris wrfe, romelic Ox RerZis paraleluria; daxra k=0.

10   d) ∆y=–2+5=3,      ∆x=–1+3=2,     k=1,5.

12  a) wrfe gadis wertilebze:	(0; – 2); (2; 0), 

                                                         	 k= 22 =1,   b=–2, 
                                                              y=x–2.

14  P=1000(1+r).  Tu r=0,06, maSin P=1060.

15  Tu erT sibrtyeSi mdebare or wrfes saerTo wertili ar aqvs, maSin maT 
paraleluri wrfeebi ewodeba. Tu erTi wrfe Oy RerZis paraleluria (daxra ar 
arsebobs, maSin misi nebismieri paraleluri wrfec Oy RerZis paraleluria (daxra 
ar arsebobs); aseTi wrfeebi moicema formulebiT: x=a; x=b (a da b gansxvavebuli 
ricxvebia). cxadia, maT Soris manZili gamoiTvleba ase: |b–a| (x RerZTan gadakveTis 
wertilebs Soris manZili).
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yvela sxva SemTxvevaSi, ori wrfe paraleluria maSin da mxolod maSin, roca 
maTi daxrebi tolia, xolo Oy RerZTan gadakveTis wertilebi _ gansxvavebuli: 
y=k1x+b1 da y=k2x+b2 wrfeebi paraleluria, Tu k1=k2, b1≠b2; WeSmaritia Sebrunebuli 
debulebac; Tu ori wrfe, romlebic mocemulia formulebiT: y=k1x+b1 da y=k2x+b2 
paraleluria, maSin k1=k2, b1≠b2).

18  2x–3y=6 gantolebiT mocemuli wrfis daxra aris: k= 23 , Oy RerZTan 
gadakveTis wertilia (0; –2).

4x=6y+6 gantolebiT mocemuli wrfis daxra aris: k= 23 ; Oy RerZTan gadakveTis 
wertilia (0; –1).

maSasadame, es wrfeebi paraleluria.

saSinao davalebis amocanebi, ZiriTadad, analogiuria.

5  b) P(3b–1; 5) da Q(8; 4) wertilebze gamavali wrfe y RerZis paraleluria, 
Tu 3b–1=8,   b=3.

7  a) x=4, k daxra ar arsebobs; 	   b) y=3,   k=0.

10   d) wrfe gadis wertilebze: (8; –3) da (8; 3); k daxra ar arsebobs; ∆x=0.
	      e) wrfe gadis (–2; 3) da (1; –1) wertilebze. 

   	      k= ∆y
∆x ,    k= –1–3

1+2 =– 43 .

12  b) wrfe gadis (–3; 0) da (0; –3) wertilebze; 

	     k=– 33 =–1;  b=–3;  y=–x–3.

15  vTqvaT, M=(x; y), B=(x1; y1),  	 A(x1; y2). maSin 
	        (∆y)1=y–y1 (I wrfis)   da   (∆y)2=y–y2 (II wrfis) 
 	     y–y1=BC                                     y–y2=–AC
suraTis mixedviT, ∆x=x–x1=MC.

	   (∆y)1

∆x = BC
MC= k1,     (∆y)2

∆x = – AC
MC= k2.

Tu ∆AMB marTkuTxa samkuTxedia, maSin 
∆MBC ∼ ∆AMC;

	 BC
MC=MC

AC ;

maSasadame, k1=–  1
k2

,    k1⋅k2=–1.

Tu wrfeebi mocemulia gantolebebiT: 
y=k1x+b da y=k2x+b, amasTanave, k1k2=–1, maSin 
gvaqvs: 

 (∆y)1

∆x  ⋅ (∆y)2

∆x =–1, anu  y1–y
∆x

=  ∆x
y2–y

;

M

B

C

A

M

B

C

A
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suraTis mixedviT, 

 AC
MC= MC

BC .

ACM da MCB marTkuTxa samkuTxedebis kaTetebi propor
ciulia, maSasadame, es samkuTxedebi msgavsia: ∠CAM=∠BMC 
da ∠CMA=∠CBM. maSasadame, ∠AMB=900.

amrigad, Sebrunebuli debulebac sworia.
am sakiTxs, moswavleebTan erTad, Cven kidev davub

rundebiT.

§7.2. orucnobian gantolebaTa sistema

wina paragrafis davalebis Semowmebisa da winare codnis (wrfivi orucnobiani 
gantoleba, grafiki) gameorebis Semdeg gadavdivarT wrfiv orucnobian ganto
lebaTa sistemis ganxilvaze. viwyebT praqtikuli amocaniT, romlis amoxsna ori 
cvladis SemotaniTa da ori orucnobiani gantolebis SedgeniT mimdinareobs. 
vixsenebT da vazustebT wrfivi orucnobiani gantolebisa da wrfiv orucnobian 
gantolebaTa sistemis amonaxsnis cnebebs. vixsenebT sistemis amoxsnis xerxebs: 
Casmis xerxs, Sekrebis xerxs, grafikul xerxs.

siaxlea iseTi sistemis ganxilva, roca erT-erTi gantoleba ar aris wrfivi 
orucnobiani gantoleba  ori cvladis Semcveli meore xarisxis gantolebaa 
(magaliTi 6). am sistemasac ori xerxiT vxsniT: I xerxi Casmis xerxia, meore  
grafikuli xerxi. SevniSnoT,  rom meore gantolebiT moicema wrewiri: x2–2x+1–
1+y2=1,    (x–1)2+y2= 2 2.

klasSi amosaxsneli `testebidan~ gamovyoT 4 . aq moiTxoveba wrewirisa da 
wrfis urTierTganlagebis SemTxvevebis codna. am faqtis gaxsenebis Semdeg, mos-
wavle advilad SearCevs swor pasuxs.

gTavazobT miTiTebebs zogierTi amocanis amosaxsnelad

6  d) 3x=6y+5   	      k1= 12 	     Oy RerZTan gadakveTis wertilebia: 

         y= 12 x–3                k2= 12 	     (0; – 56 )  da (0; –3)

wrfeebi paraleluria, sistemas ar aqvs amonaxsni.

	 e)  x–2y=6                  	 k1= 12             (0; –3)

         –x+2y=–6         	 k2= 12             (0; –3)

orive  wrfisTvis  Oy RerZTan gadakveTis wertili  aris  (0; –3).  wrfeebi 
erTmaneTs emTxveva; sistemas aqvs uamravi amonaxsni.

A(x1;y1)

M(x; y)

B(x2; y2)

C
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7    b) 2x+3y=8 da 2x–3y=8;

          k1=– 23 ,          k2= 23 ,           k1k2≠–1.

	 wrfeebi araa marTobuli.

	 g) 6x–5y=2  da –10x=2+12y;

         k1= 65 ,            k2=– 56 ,         k1k2=–1, 

	 wrfeebi marTobulia.

10    xy=6	
         x+y=0	

     y=–x
      

 –x2=6

gantolebas ar aqvs amonaxsni, Sesabamisad, sistemas ar aqvs amonaxsni.

11  da 12  amocanebi advilad ixsneba orucnobian gantolebaTa sistemis 
gamoyenebiT.

13   I bankSi, x lari,
   	  II bankSi, y lari.
	 0,12x+0,1y=1020
     0,1x+0,12y=960
miviReT wrfiv orucnobian gantolebaTa sistema, romelsac erTaderTi amo

naxsni aqvs.

14   x2+y2=4 gantolebiT moicema wrewiri.
advilad mivagnebT orucnobian gantolebas, ro

melTanac erTad mocemuli gantoleba qmnis sistemas 
ori amonaxsniT; SeiZleba aviRoT I da III meoTxedebis 
biseqtrisa, romelic  moicema y=x gantolebiT. 
biseqtrisis marTobul AB wrfes wrewirTan 
erTaderTi saerTo wertili aqvs, amasTanave, A=(2

2 ; 0), B=(0; 2 2 ). am wrfis gantolebaa y=–x+2 2 .
Tu aviRebT, magaliTad, gantolebas y=–x+10, 

davrwmundebiT, rom igi akmayofilebs g) pirobas. 
cxadia, SeiZleba sxva gantolebebic avirCioT. klasSi 
SeiZleba CavataroT Sejibri _ vin ipovis met gantolebas.

saSinao davalebis amocanebi analogiuria. magaliTad, 15  amocanis analo
giuri amocanis SemTxvevebi klasSia ganxiluli.

A

B
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§7.3. wrfiv orucnobian utolobaTa sistema

axal masalaze gadasvla winare codnis gaaqtiurebiT mimdinareobs. sasurvelia, 
gavimeoroT wrfivi orucnobiani gantoleba da misi gamosaxva sakoordinato 
sibrtyeze. praqtikuli amocaniT  gakveTilis dawyeba xels uwyobs moswavleTa 
motivaciis gazrdas. moswavlem unda icodes, rom zogierTi amocanis pirobis 
Tanaxmad, ucnobi sidideebis aRmniSvneli cvladebi SeiZleba  garkveul utolobas 
akmayofilebdnen. praqtikuli amocanis yvela pirobis gaTvaliswinebas mivyavarT 
wrfiv orucnobian utolobaTa sistemamde; x da y cvladebi, romlebic, Sesabamisad, 
I da II xarisxis premiebiT dajildoebulebis raodenobebs aRniSnavs, oTx utolobas 
akmayofilebs. me-3 da me-4 utolobebi gviCvenebs, rom x da y arauaryofiTi 
ricxvebia.

vkiTxulobT: `TiToeuli Tanafardoba sakoordinato sibrtyeze wertilTa ra 
simravliT gamoisaxeba?~ 

SeiZleba x+y≥10 Tanafardoba ganvixiloT. mivmarTavT moswavleebs (erT-erTi 
dafasTan muSaobs):

_ ra figuriT gamoisaxeba sibrtyeze x+y=10 gantoleba?
_ ra saxiT SeiZleba Caiweros es gantoleba?
_ ra saxiT SeiZleba Caiweros mocemuli utoloba? (y≥–x+10)
moswavleebi gamosaxaven x+y=10 wrfes. Semdeg msjeloben im figuris Sesaxeb, 

romelic moicema x+y≥10, anu, y≥–x+10 utolobiT.
moswavle msjelobs: yoveli x-isTvis, Tu 

y=–x+10, maSin (x, y) wertili mocemul wrfezea; 
Tu y>–x+10, maSin (x; y) wertili ekuTvnis wrfiT 
SemosazRvrul `zeda~ naxevarsibrtyes.

Aanalogiurad, ganixileba 50x+80y≤800, anu 
5x+8y≤80 utolobiT gansazRvruli figura, 
romelic Sesabamisi wrfiT SemosazRvruli `qve

da~ naxevarsibrtyea (y≤– 58 x+10).

(1) sistemaSi me-3 da me-4 utolobebiT gani
sazRvreba sakoordinato sibrtyis I meoTxedi.

aq moswavleebi iyeneben `simravlur~ enas da 
aRniSnaven, rom sistemis amonaxsnTa simravle 
calkeuli utolobiT gansazRvrul simravleTa (naxevarsibrtyeTa) TanakveTaa. amas 
mosdevs sibrtyeze saerTo nawilis daStrixva da ramdenime wertilis miTiTeba.

moswavleebi pouloben sxva amonaxsnebs da pouloben im wertils, romelzec 
x+y maqsimaluria  x+y=10 wrfis paraleluri  gadataniT zeviT, x+y izrdeba 
da maqsimaluria, roca x=16, y=0. mimdinareobs wrfivi daprogramebis amocanebis 
amoxsnebisadmi Semzadebis procesi.

moswavleebTan erTad ganvixilavT wrfiv orucnobian utolobaTa sistemis 
gamosaxvis magaliTebs. ganxilulia is SemTxvevebi, roca amonaxsnTa simravle 
kuTxea, samkuTxedia da is SemTxveva, roca amonaxsnTa simravle carieli simravlea 
_ utolobebiT warmodgenil figurebs saerTo wertili ar aqvs. 

y

x10

10
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SeiZleba davsvaT kiTxva SesaZlo SemTxvevebis Sesaxeb da moswavleebma 
warmogvidginon utolobaTa sistemebi, romlebic iZleva, magaliTad, zols, 
naxevarsibrtyes, wrfes, marTkuTxeds, kuTxes.

x≥5		  x+y≥1		          	 x+y≥10
  x≤10		     x+y≥10                           x+y≤10
zoli,		  naxevarsibrtye,		  wrfe,

 x≥2		  x+y≥1				   y≤1
  x≤3		    x+y≤10			     x+y≥2
  y≥1		  carieli simravle,		  kuTxe.
   y≤3
marTkuTxedi,	

miTiTebebi zogierTi amocanis amosaxsnelad

1  suraTis mixedviT, y≤2, y≥x da y≥–x.

2  cxadia, mocemulia me-3 meoTxedi.

3  aq viTvaliswinebT, rom |x|≤2 utoloba tolfasia ormagi utolobis: –2≤x≤2; 
amas emateba y≥0 piroba (zeda naxevarsibrtyeSi ganTavsebuli zolis nawili).

4    x≥2
	     x≤5	 sistemiT zoli moicema.

SeiZleba damoukidebeli wera CavataroT da gamoviyenoT 5  amocanis dava
lebebi.

agreTve, SeiZleba sakoordinato sibrtyeze mocemuli geometriuli figuris 
mixedviT, Seadginon moswavleebma Sesabamisi utolobaTa sistema.

6  b) aseTi sistemis Zebna SeiZleba warvmarToT CvenTvis 
nacnobi naxevarsibrtyeebis saSualebiT; magaliTad, 

	  y≥x
       y≥–x   sistema gvaZlevs kuTxes;

Tu davamatebT pirobas: y≤0, dagvrCeba kuTxis wvero.
am ideis gamoyenebiT, SeiZleba sxva SemTxvevebic 

vipovoT.

7  miRebuli utoloba  x≥–2,2 aris mocemul uto
lobaTa sistemis Sedegi, ar aris misi tolfasi; rac imas niSnavs, rom, Tu (x, y) 
akmayofilebs sistemas, maSin x≥–2,2; magram Tu gvaqvs mxolod piroba: x≥–2,2, maSin 
Sesabamisi (x; y) wyvilebi (x≥–2,2 da nebismieri y-sTvis) SeiZleba mocemul sistemas  
ar  akmayofilebdes; magaliTad, ganixileT  wertili (0; 2).
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SeiZleba moswavleebTan erTad kidev erTi martivi magaliTis ganxilva: 

	 I.	  x≥2       		    x≥3					   
  		     x≥3

	

	 II.  2x≥5,        x≥2,5	    	 x≥2,5

					     II aris I-is Sedegi, magram 
					     ar aris tolfasi.

9    vTqvaT,  x _ orTvlianebis raodenobaa,
	      	      y _ samTvlianebis raodenoba.
amocanis pirobis Tanaxmad,

		       2x+3y≤100. 
advilad vipoviT ramdenime (x; y) wyvils, romlis koordinatebi am utolobas 

akmayofilebs.

10  cxadia, amocanas aklia piroba: ramdeni gasrola unda Seasrulos jariskacma. 
magaliTad, SeiZleba moviTxovoT, rom araumetes 10 gasroliT moagrovos 60 qula 
mainc; maSin, Tu moxvedraTa raodenoba iqneba x, acdenaTa raodenoba y, x+y≤10 da  
10x–4y≥60.

12  amocanaSi dasaxelebuli SemTxvevebi zemoT iyo ganxiluli. 

saSinao davalebis amocanebi, ZiriTadad, analogiuria. magaliTad, 

7  amocanis, amoxsnisas vmsjelobT klasSi amoxsnili 7  amocanis analo
giurad.

9     I _ x dRe
	      II _ y dRe
	     6x+4y≤288
	        x≥0
          y≥0.
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9 	  I _ x 
  		  II _ y
pirvel (a) SemTxvevaSi, gvaqvs gantoleba, romlis amonaxsnebi arauaryofiTi 

mTeli ricxvebi unda iyos: 260x+80y=1600, anu 13x+4y=80.
y arauaryofiTi mTeli ricxvia mxolod maSin, roca x=0 an x=4.

meore (b) SemTxvevaSi, gvaqvs utolobaTa sistema:̂
  260x+80y≤1600				    13x+4y=80
     x≥0			   anu		     x≥0
     y≥0;					        y≥0.
amonaxsnia, magaliTad, (2; 10).

13  wrfeebi paraleluria, an emTxveva erTmaneTs. 
roca a=4 wrfeebi erTmaneTs emTxveva da sistemiT 
wrfe moicema ( b) SemTxveva); Tu a<4, gveqneba carieli 
simravle; Tu a>4, gveqneba zoli. 

§ 7.4. wrfivi daprogramebis amocanebis amoxsnis magaliTebi

winare codnis (romelic exeba wrfiv utolobaTa sistemis gamosaxvas 
sakoordinato sibrtyeze) gaaqtiurebisa  da wrfivi daprogramebis amocanis 
Sesaxeb istoriuli mimoxilvis Semdeg, gadavdivarT am Teoriis gadmocemaze; 
ganvixilavT praqtikul amocanebs, romlebic miiyvaneba ori cvladis mimarT 
wrfivi (cvladebi I xarisxebSia) gamosaxulebebis maqsimumisa, an minimumis povnaze, 
roca cvladebis mniSvnelobebi `SezRudvebis~ pirobebs akmayofilebs, es pirobebi 
ki wrfiv orucnobian utolobaTa sistemiT aris warmodgenili.

amocanaSi, romelic fabrikis mier skamebisa da savarZlebis damzadebis iseT 
organizacias exeba, roca gvsurs, rac SeiZleba meti mogeba miviRoT. es mogeba 
wrfivi orucnobiani gamosaxulebiT moicema: P=10x+18y (10 lari _ 1 skamis 
gayidviT miRebuli mogebaa, 18 lari _ 1 savarZlis gayidviT miRebuli mogeba).

amasTanave, gvaqvs SezRudvebi, romlebic dakavSirebulia fabrikis SesaZ
leblobebTan _ SezRudulia fabrikis SesaZleblobebi skamebisa da savarZlebis 
asawyobad da gasayidad gasamzadeblad. es SuzRudvebi warmodgenilia paragrafis 
teqstSi utolobaTa (1)  sistemiT. moswavleebi, Cveni daxmarebiT, msjeloben da 
cdiloben teqstSi  mocemuli SezRudvebi utolobebis saxiT Caweron. utolobaTa 
sistemis amonaxsnTa simravlis sibrtyeze gamosaxvis Cvevebi exmareba moswavleebs, 
Seadginon Sesabamisi suraTi _ miiReba I meoTxedSi mdebare amozneqili 
mravalkuTxedi (oTxkuTxedi) OABC. (x; y) wertilebi am oTxkuTxedis wertilebia 
da veZebT im wertils (x da y  cvladebis mniSvnelobaTa wyvils), romelSic 
P=10x+18y gamosaxulebis  mniSvneloba maqsimaluria.

y

x0

4

4
3
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aq moswavleebs vacnobT wrfivi daprogramebis ZiriTad princips _ saZiebeli 
maqsimumi an minimumi aucileblad figuris romelime wveroSi miiRweva. umaRles 
skolaSi es sakiTxi SedarebiT zustad iswavleba. principis ganxorcieleba 
geometriuli TvalsaCinoebiT mimdinareobs. maswavleblebis nawilma icis, rom 
SeiZleba am sakiTxis meti simkacriT gadmocema da principis `dasabuTebis~ 
mcdeloba.

zogierTi avtori aseT msjelobas gvTavazobs: ganvixilavT paralelur wrfeebs, 
romelTa gantolebaa 10x+18y=l (l mocemuli ricxvia). roca l=0, wrfe saTaveze 
gadis, l-is cvlilebiT da wrfis Sesabamisi paraleluri gadaadgilebiT, miiReba 
axali wrfe. Tu aseTi paraleluri gadatanisas, wrfe miRebuli oTxkuTxedis 
romelime Siga wertilze gadis, maSin l-is aseTi mniSvneloba ar iqneba (10x+18y)-is 
umciresi, an udidesi mniSvneloba, radgan l-is `odnavi~ SecvliT, kvlav miviRebT 
wrfes, romelic kvlav Siga wertilze gadis. Tu wrfe, roca l=l1, kveTs oTxkuTxeds 
mxolod sazRvris wertilze, maSin l-is `mciredi~ cvlilebisas, magaliTad, l-is 
gazrdisas, wrfes aRar eqneba saerTo wertili oTxkuTxedTan. amrigad, Tu 
aRniSnuli (x1; y1) wertili sazRvarzea, maSin l-is Sesabamisi l1 mniSvneloba iqneba 
(10x+18y)-is udidesi mniSvneloba am oTxkuTxedze da igi miiRweva am saerTo  
(x1; y1) wertilze. es msjeloba Cven maswavleblebisTvis moviyvaneT. moswavleebTan 
vacxadebT: wrfivi daprogramebis amocanis amoxsnis ZiriTadi principis Tanaxmad, 
udidesi mniSvneloba oTxkuTxedis romelime wveroze iqneba. 

`testebiTa~ da amocanebis gamoyenebiT, mimdinareobs codnis ganmtkiceba. 
`testebi~ winare codnis gaaqtiurebasac emsaxureba. imave mizniTaa warmodgenili 

4  da 5  amocanebi, Tumca, 5  amocanaSi, damatebiT, wrfivi daprogramebis 
amocanis amoxsnis principis codnac aris saWiro.

6 - 8  amocanebi wrfivi daprogramebis amocanebia; moswavlem unda SeZlos 
ori cvladis Semotana; SezRudvebis gaTvaliswineba da Sesabamisi figuris ageba; x 
da y cvladebis mimarT wrfivi gamosaxulebis Sedgena da, pirobis gaTvaliswinebiT, 
udidesi, an umciresi mniSvnelobis povna.

6  am amocanaSi, damatebiTi kiTxvebis saSualebiT, vexmarebiT moswavleebs 
amocanis amoxsnaSi.

amocanis piroba SeiZleba Semdegi cxriliT warmovadginoT:

masa (kg) A B

I
II

0,6
0,3

3
1

3
2

saerTo masa:  f=0,6x+0,3y.
SezRudvebiT	 3x+y≤600
	   		     3x+2y≤900
			      x≥0
			       y≥0	  veZebT: f

maqs
.

jer veZebT oTxkuTxedis wveroebis koordinatebs.
3x+y=600		  x=100

  3x+2y=900, 	   y=300



70

vipoveT am ori wrfis gadakveTis wertilis koor
dinatebi.

amrigad, wveroTa koordinatebia A(200; 0), B(100; 
300) da C(0; 450). f-is Sesabamisi mniSvnelobebia:

f1=120, f2=150 da f3=135.
maqsimaluria 150 da es mniSvneloba miiRweva  

B(100, 300) wveroSi.
x=100, y=300.

7   yoveldRiurad: x _ samgzavro,
                        y _ sportuli.
SezRudvebiT:
  x+y≤500	  	  y=200
    x+2y≤700          x=300        sazRvris wertilia.
    x≥0
     y≥0

1 samgzavro, mogeba 1 erTeuli;
1 sportuli, mogeba 1,5 erTeuli;
mogeba: f=x+1,5y
gamovTvaloT f-is mniSvnelobebi sazRvris 

wertilebSi:̂
(500; 0)-Si    f1=500.
(300; 200)-Si  f2=300+300=600.
(0; 350)-Si    f3=0+1,5⋅350=525.
pasuxi: x=300, y=200, fmax=600.

8   x
 
t _ C-dan A-Si;    (40–x)

 
t _ D-dan A-Si;

	 y t _ C-dan B-Si;    (50–y)
 
t _ D-dan B-Si.

`SezRudvebi~:
 x+y≤70			   x+y≤70           60≤x+y≤70

   40–x+50–y≤30	 	 x+y≥60
   x≥0, y≥0			   0≤x≤40	           0≤x≤40
   x≤40			   0≤y≤50            0≤y≤50.
   y≤50

wveroebia:
C(10; 50), D(20; 50), A(40; 20) da B(40; 30).
gadatanis xarjia:
f=6x+2,5y+3(40–x)+1,5(50–y)=3x+y+195.
f minimaluria C wertilSi: fc=80+195=275.
x=10, y=50.

y

x

C
B(100; 300)

A0

(0; 500)

(0; 350)
(300; 200)

(500; 0)

x

y

40–x

50–y

C

A

B

50

40

C
D

B

A

60 70

60

70

D
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9   msubuqi avtomanqanebis raodenoba _ x
	   satvirTo avtomanqanebis raodenoba _ y

	 SezRudvebi:
	 2≤x
	    2≤y≤5
	     x+y≤15

Tanxa: f=8x+10y
wveroebia: A(2; 2), B(2; 5), C(10; 5), D(13; 2).
f maqsimaluria C(10; 5) wertilSi; 
f

maqs
=8.10+5.10=130 (lari)

10    I saxis _ x cali,  II saxis _ y cali.
SezRudvebi:
	     0,08x+0,05y≤16	 	 8x+5y≤1600
         0,03y≤6			   y≤200
          x≥0			   x≥0
          y≥0			   y≥0

mogeba: f=0,3x=0,4y
mogeba maqsimaluria B(75; 200) wertilSi;
f

maqs
=0,3⋅75+0,4⋅200=102,5 (lari).

x=75, y=200.

kompleqsuri davaleba, romelic cxovrebiseul situaciebTan dakavSirebul 
sakiTxebs Seicavda, moiTxovda sxvadasxva codnaTa integrirebul gamoyenebas; 
ukavSirdeboda Tavis samizne cnebebs _ utoloba, wrfiv orucnobian utolobaTa 
sistema. kompleqsuri davalebis Ses
ruleba SeiZleba §7.3-is Seswavlis Semdeg 
daiwyos saxelmZRvaneloSi warmodgenili 
aRniSvnebisa da mocemuli kiTxvebis 
gamoyenebiT, moswavleebi SeZleben uto
lobaTa sistemis Sedgenas. magaliTad, 1) 
davalebis mixedviT, sistema ase Caiwereba:

300≤60x+60y≤2400                          
   0,28x+0,15y≥1,5
   5x+6y≥20
   x≥0
   y≥0

aq x aris X wvenis Semcveli finjnebis 
raodenoba, y – Y wvenis. 

(0; 15)

(15; 0)2

(0; 5) B C

D

x

A(0; 2)

(0; 320)

(0; 200)
B(75; 200)

(200; 0)
A

75
145

5
10

40

40

1
33

60x+60y≤2400

5x+6y≥20

0,28x+0,15y≥1,5

60x+60y≥300
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moswavleebi SeZleben utolobaTa sistemis grafikul gamosaxvas.

(0; 40), (40; 0), (0; 10) da ( 75
14; 0) wveroebia. 

magaliTad, (0; 40) wveros Sesabamisi  raodenobis wvenebSi adamiani gadaixdis 
0,12⋅0+0,15⋅40=6 lars; (40; 0) wveros SesabamisSi ki _ 0,12⋅40+0,15⋅0=4,8 lars; (0; 10)-
Si _ 1,5 lars.

( 75
14; 0)-Si _ 75/14 finjan X wvenSi, ufro metic 6 finjanSic ki gadaixdis 

0,12⋅6+0,15⋅0 ≈ 0,72 lars _ minimalur Tanxas.
wvenebSi gadaxdili Tanxa S gamoisaxeba formuliT: S=0,12x+0,15y. S-is yoveli 

ricxviTi mniSvnelobisTvis, sakoordinato sibrtyeze am damokidebulebiT wrfe 
moicema. aq moswavleebma SeiZleba gamoiyenon wrfivi daprogramebis amocanis 
amoxsnis ZiriTadi principi, S minimaluria mravalkuTxedis erT-erT wveroSi.

amocanebi TviTSefasebisTvis

miTiTebebi:

1  k=–3, amasTanave, 2a+4b=10; maSasadame, a-sa da b-s vipoviT, Tu amovxsniT 
sistemas:

	 a+2b=5

     – ab=–3.

SeiZleba asec amovxsnaT: saZiebeli wrfe iqneba y–4=–3(x–2) saxis. marTlac, es 
wrfe gadis (2, 4) wertilze da misi daxraa -3.

2  pirobis Tanaxmad,

	 |–5– c2 |=8    	 5+ c2=±8     	  c=6 an c=–26

	   – k2=2		  k=–4		   k=–4.

3  1,2+0,7x=0,5+0,9x
	  0,2x=0,7
	  x=3,5 (km)
sul gaiara 7 km.

4    y=1–x		   		   x1=3               x2=–2
	      x2+x–x2+1–2x+x2=7,    x2–x–6=0	     y1=–2      an       y2=3.
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5   cxadia, A=(R; 0), B(0; R).
	   AB=R 2 .
 

6    k1=3, k2=–k,

wrfeTa marTobulobis pirobiT –3k=–1,   k= 13 .

8     kx+3y≤9	     kx+3y≤9	    	 y≤– k3 x+3
         –x+y≥–m        –3x+3y≥–3m        y≥x–m

maSasadame, k=–3 da –m<3,     m>–3.

9     

10       I saxis _ x ulufa,
	      II saxis _ y ulufa.
	     SezRudvebi:

  100x+80y≤20 000         x+0,8y≤200
    150x+70y≤21900           15x+7y≤2190
    100y≤6000                 y≤60
    x≥0                      x≥0
    y≥0                      y≥0

veZebT t=1,5x+2,1y gamosaxulebis maqsima
lur mniSvnelobas.

wveroebia: 
(0; 60), (118; 60), (146; 0).
f maqsimaluria (118; 0̂) wertilSi. am wer

tilSi f=1,5.118+2,1.60=303.

B

0
R

y

x–5 –2 0 2

4

6
5

3

250

60

146
200

(70,4; 162)

100x+8y=20000

150x+70y=21900

(118; 60)

2190
7
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VII Tavis damatebiTi amocanebi

damatebiTi amocanebi sxvadasxva mizniT SeiZleba gamoviyenoT: moswavleTa 
codnis gaRrmavebisTvis, TviTSefasebis `testiT~ gamovlenili xarvezebis aR
mosafxvrelad, dabali mzaobis moswavleebTan damatebiTi muSaobisTvis.

1  saZiebeli gantoleba SeiZleba am formiTac warmovadginoT: y–4=0,8(x+5).

2  amocanis amoxsnisas, moswavle ixsenebs marTkuTxa samkuTxedis perimetrisa 
da farTobis formulebs. RerZebTan gadakveTis wertilebia: A(0; 3) da B(4; 0). OAB 

samkuTxedis perimetri aris: P=3+4+5=12 (erT.) farTobi: S= 12 ⋅3⋅4=6 (kv. erT.)

4   k=  2+8
0–6 =– 53 .

4 - 8  amocanebis saSualebiT, moswavleebi imeoreben da ganimtkiceben codnas 
wrfis gantolebis Sesaxeb.

9  mogeba larebSi aris y=2,5x–4000, sadac x _ maduRarebis raodenobaa.
	 Tu x=2000, maSin y=1000 (lari).
	 Tu y=10 000, maSin 2,5x–4 000=10 000,
                         2,5x=14 000
                         x=5600.
	 g)  2,5x–4000>0
 	      2,5x>4 000
         x>1600      mogeba iwyeba 1601 calis gayidvidan.

15     6x+3ay≥9
          6x–12y≤2b
	 wrfeebi paraleluria, an emTxveva, Tu a=–4. am SemTxvevaSi miviRebT: 

	   y≤ 12 x– 34
         y≥ 12 x– b6 .

	 zoli gveqneba, roca – b6 <– 34 , b>4,5;

	 carieli simravlea, roca – b6 >– 34 ,    b<4,5; 
	 roca b=4,5, aris wrfe.
	 kuTxea, roca a≠–4.

16  vTqvaT, Caidnebis raodenobaa x,  maSin
	  xarjia 6000+25x;
	  Semosuli Tanxaa 42x;
	  mogebaa 42x–6000–25x;
	  17x>6 000
	 x>352,9.
	 sul cota _ 353.
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Semajamebeli wera

Tema: algebra da kanonzomierebebi 
samizne cnebebi: orucnobiani gantolebebi, maTi sistemebi;
Sefasebis indikatorebi: moswavlem unda SeZlos: ucnobi sidideebis 

cvladebiT warmodgena da, pirobis Sesabamisad, wrfivi orucnobiani utolobis 
an utolobaTa sistemis Sedgena, geometriuli warmodgena da amocanis amoxsna.

amocanebis nimuSebi:

amoxseniT amocanebi

1  ipoveT b-s is mniSvnelobebi, romelTaTvisac x–(b–1)y=2 da (2b–5)x–5y=–2b 
wrfeebi paraleluria.

2  ipoveT (3; –2) da (1; 5) wertilebze gamavali wrfis daxra, CawereT am wrfis 
gantoleba. ipoveT am wrfis sakoordinato RerZebTan gadakveTis wertilebis 
koordinatebi.

3  dawereT (–3; 4) wertilze gamavali 2x–5y=1 wrfis marTobuli wrfis 
gantoleba.

4  ori erTnairi wigni da 3 rveuli erTad 31 lari da 30 TeTri Rirs. ra Rirs 
wigni da ra Rirs rveuli, Tu wigni rveulze 10 lariTa da 40 TeTriT Zviria?

5  ra geometriuli figura moicema 3x–5y≥15
	   					        2x+y≤4 
utolobaTa sistemaSi Semavali TiToeuli utolobiT? sistemiT? SeasruleT 

naxazi.

6  b-s ra mniSvnelobebisTvis aris 	 y≤– 34 x+4
	   				                                4y+3x+1≥4b 
utolobaTa sistemis amonaxsnTa simravle carieli?

7  amoxseniT gantolebaTa sistema; igulisxmeT, rom x>0, y>0
	 5x–2y=12
	   2x2–y=28.

8  gamoTvaleT 	 2y+3x≤6
	  		    y≥1
			     x≥0 	 sistemiT gamosaxuli figuris farTobi.

9  a-s ra mniSvnelobebisTvis ekuTvnis (5; 3) wertili 3x–(a2+1)y>0 utolobiT 
gamosaxul figuras?
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10  eTers sWirdeba 6 lariani albomebi da 1,2 lariani fanqrebi. mas SeuZlia 
daxarjos araumetes 48 larisa. nivTebis saerTo raodenoba 12-ze naklebi ar unda 
iyos. sul didi ramdeni nivTis yidvas SeZlebs eTeri?

pasuxebi: 1  b=0, b=3,5. 2  k=–3,5; y=– 72 x+ 17
2 ; (0; 8,5) da ( 17

7 ; 0). 3  5x+2y+7=0.  

4  wigni 12,5 lari; rveuli 2,1 lari. 5  TiToeuli utolobiT moicema naxevar

sibrtye; sistemiT _kuTxe  

4	

2

–3

5

      

									         6  b> 17
4 . 7  (4; 4). 

									         8   43  kv. erT. 

									         9  (–2; 2). 10  12.
 

ganmsazRvreli Sefasebis rubrika 

1  Tu moswavlem orive wrfis daxra Cawera da gautola erTmaneTs, Sefasdes 
1 quliT; kidev 1 quliT Sefasdes miRebuli gantolebis amoxsna da pasuxebis 
dafiqsireba. sul _ 2 qula.

2  Tu moswavlem gamoTvala wrfis daxra (k= ∆y
∆x =– 72 ), Sefasdes 0,5 quliT; 

kidev 0,5 qula daeweros wrfis gantolebis CawerisTvis; RerZebTan gadakveTis 
yoveli wertilis povnisTvis _ 0,5 qula. sul _ 2 qula.

3  saZiebeli wrfis daxris gamoTvla (wrfeTa marTobulobis pirobis gaT

valiswinebiT k⋅ 25 =–1) Sefasdes 1 quliT; kidev 1 qula daeweros saZiebeli wrfis 
gantolebis dawerisTvis. sul _ 2 qula.

4  teqstis mixedviT sistemis Sedgena Sefasdes 1 quliT, kidev 1 quliT _ 
miRebuli sistemis amoxsna da pasuxis dafiqsireba. sul _ 2 qula.

5  TiToeuli utolobiT mocemuli figuris dasaxeleba, da suraTze gamosaxva 
Sefasdes 1 quliT. kidev 1 quliT Sefasdes sistemis amonaxsnTa simravlis gamosaxva 
sakoordinato sibrtyeze da miRebuli figuris dasaxeleba. sul _ 2 qula.



77

6  meore utolobis y≥– 34 x+ 4b–1
4  saxiT  gadawera, an daxrebis tolobis  

dadgena _ Sefasdes 0,5 quliT. amocanis pirobis mixedviT b-s mimarT utolobaTa  

( 4b–1
4 >4) Cawera _ kidev 1 quliT; 0,5 quliT Sefasdes am ukanasknelis amoxsna da 

pasuxis dafiqsireba. sul _ 2 qula.

7  Casmis, an Sekrebis xerxiT erT-erTi ucnobis gamoricxva Sefasdes 1 quliT. 
miRebuli erTucnobiani gantolebis amoxsna da sistemis pasuxis dafiqsireba _ 
kidev 1 quliT. sul _ 2 qula.

8  sakoordinato sibrtyeze sistemiT gansazRvruli figuris (samkuTxedi) 
gamosaxva  da misi vertikaluri (Oy RerZze mdebare) kaTetis sigrZis  dadgena 
_ Sefasdes 1 quliT;  Ox RerZis paraleluri kaTetis sigrZis  gamoTvla da 
samkuTxedis farTobis  dadgena _ kidev 1 quliT. sul _ 2 qula.

9  Tu gamosaxa utolobiT gansazRvruli figura sakoordinato sibrtyeze, an  
(5; 3) wertilis koordinatebis CasmiT mocemul utolobaSi, miiRo utoloba a-s 
mimarT, Sefasdes 1 quliT; a-s mimarT miRebuli utolobis amoxsna da pasuxis 
dafiqsireba _ kidev 1 quliT. sul _ 2 qula.

10  TiToeuli utolobis sazRvris gamosaxva sakoordinato sibrtyeze 
Sefasdes 0,5 quliT; sazRvris wrfeebis gadakveTis wertilis povna _ kidev 0,5 
quliT; nivTebis maqsimaluri raodenobis dadgena _ kidev 0,5 quliT. sul _ 2 
qula.

10-quliani sistemiT moswavlis Sesafaseblad miRebuli qulebis jams gavyofT 
2-ze.

axla SemogTavazebT BVII Tavis Semajamebeli weris mixedvis sarekomendacio 
ganmaviTarebel Sefasebas, romelsac Tqven, cxadia, Tqveni klasis akademiuri 
mzaobis, moswavleTa individualuri Tvisebebis gaTvaliswinebiT, kidev ufro 
gaaRrmavebT da daakonkretebT.

am Tavis ganxilvis Semdeg moswavleebi kidev erTxel darwmundebian masSi 
warmodgenili sakiTxebis mravalferovan praqtikul da Teoriul gamoyenebaSi. es 
gagiiolebT moswavleTa aqtiuri CarTvis miRwevas aRniSnuli Sefasebisas.

yoveli ganmaviTarebeli Sefaseba, rogorc ukve araerTxel iTqva, 
orientirebuli unda iyos samizne cnebebis arsis ufro Rrmad gaazrebisa da 
maTTan dakavSirebuli mkvidri warmodgenebis gaRrmavebisken, kvlevis meTodebis 
ukeT warmoCenisken, praqtikuli amocanebis gadaWris gzebis analizisken. Sefaseba 
aucileblad interaqtiuli formiT unda warimarTos.

ZiriTadi aqcenti unda gakeTdes:

1  amocanaSi _ wrfis gantolebis raobaze, gantolebaSi koeficientebis 
geometriuli azris  garkvevaze, sakoordinato RerZebTan gadakveTis wertilebis 
dadgenaze, wrfeTa urTierTganlagebaze, kerZod _ wrfeTa paralelurobaze.

2  amocanaSi _ mocemul or wertilze gamavali wrfis daxraze da gaZlierdes 
es saubari geometriuli warmodgenebiT. ganixileT wrfis sakoordinato RerZebTan 
gadakveTis wertilebis dadgenis sakiTxic.
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3  amocanaSi _ kvlav ori wrfis urTierTmdebareobaze. amjerad, ori 
wrfis marTobulobis piroba gaixsenon moswavleebma. mocemul (a, b) wertilze, 
mocemuli daxris mqone wrfis gantolebis Sedgenisas imsjeleT y–b=k(x–a) saxis 
gantolebazec. ratom iqneba es gantoleba wrfis gantoleba? (is wrfivia) rogor 
SeamowmebT, rom gadis (a, b) wertilze da rom misi daxraa k? imsjeleT amocanis 
amoxsnis sxva gzebzec.

4  amocanaSi _ teqsturi amocanis maTematikuri modelis Seqnaze. ori an 
erTi cvladis SemotaniT amocanis gadaWraze.

5 - 6  da 8 - 9  amocanebSi _ sayuradRebo geometriul warmodgenebze, 
romlebic wrfivi utolobis da wrfiv orucnobian utolobaTa sistemis amoxsnas 
ukavSirdeba. ganixileT SemTxvevebi, romlebic orucnobiani ori utolobis 
sistemis amoxsnisas SeiZleba SegxvdeT.

7  amocanaSi _ am tipis amocanebis amoxsnis gzebze.

10  amocanaSi _ wrfivi daprogramebis amocanis arsze. am amocanis nimuSze 
klasma kidev erTxel ganixila is etapebi, romlebic unda gadailaxos aseTi 
amocanis gadaWrisas. saTanado geometriuli warmodgenebis demonstrirebaSi 
mTeli klasi aqtiurad unda iyos CarTuli.

VII Tavis Semajamebeli weris Sedegebisa da Semdgomi ganmaviTarebeli Sefasebis 
mixedviT Tqven gagiioldebaT daadginoT yoveli moswavlis akademiur miRwevaTa 
xarisxis done solo taqsonomiis kvlasifikaciis Sesabamisad:

prestruqturuli done. moswavles bundovani warmodgena aqvs ganxilul 
TavTan dakavSirebul samizne cnebebze da Sesabamis mkvidr warmodgenebze. ver 
axerxebs wrfivi orucnobiani gantolebis grafikis agebas, uSvebs uxeS Secdomebs 
wrfiv orucnobian gantolebaTa da wrfiv utolobaTa sistemis amoxsnisas.

unistruqturuli done. xsnis wrfiv gantolebas, magram wrfiv orucnobian 
gantolebaTa sistemasa da wrfivi erTucnobiani utolobis amoxsnisas zogjer 
uSvebs Secdomebs. martiv amocanebSi iSveliebs geometriul warmodgenebs.

multistruqturuli done. xsnis orucnobiani ori wrfivi gantolebis 
sistemas, uWirs iseTi sistemebis amoxsna, romlebSic erTi gantoleba meore 
xarisxisaa, meore ki _ wrfivi. iSveliebs geometriul warmodgenebs. orucnobian 
wrfiv utolobaTa sistemis amonaxsnis geometriuli warmodgenisas zogjer aqvs 
xarvezebi.

mimarTebiTi done. mkafio warmodgena aqvs ganxiluli Temis samizne 
cnebebze, xsnis ganxiluli saxis yvela sistemas da ukavSirebs maT geometriul 
interpretacias. wrfivi daprogramebis amocanis ganxilvisas zogjer uSvebs mcire 
Secdomebs.

gafarToebuli abstraqtuli done. unaklod ayalibebs samizne cnebaTa 
arss da gaTavisebuli aqvs mkvidri warmodgenebi. SeuZlia ganxilul amocanaTa 
analogiuri amocanebis an maTi zogierTi ganzogadebis SemoTavazeba da maTi 
gadaWra yvela SesaZlo SemTxvevis amowurviT. wrfivi daprogramebis amocanebis 
amoxsnis prezentacias axdens mafiod da damajereblad. yvela dasmul kiTxvaze 
misi pasuxi amomwuravia.



79

VIII Tavi

geometriuli figurebi

Tema: geometria da gazomva
saaTebis savaraudo raodenoba: 32 saaTi

Temis farglebSi dasamuSavebeli sakiTxebi: brtyeli da sivrculi figure-
bi; geometriuli obiqtebis sigrZis, farTobis, moculobis gamoTvla; geome-
triuli gardaqmnebi sibrtyeze, koordinatebiT warmodgena; marTkuTxa samku-
Txedis maxvili kuTxis trigonometriuli funqciebi.

samizne cnebebi da 
maTTan dakavSire­
buli mkvidri war­

modgenebi

sakiTxebi
sakvanZo  

SekiTxvebi
kompleqsuri 

davaleba

geometriuli 
obieqtebi, zome-
bi; koordinatebi, 
geometriuli gar-
daqmnebi; zogier-
Ti geometriuli 
gardaqmnis dros 
or wertils Soris 
manZili ar icv-
leba; zogierTi 
geometriuli gar-
daqmnis dros or 
wertils Soris 
manZili erTi da 
imave ricxvjer 
icvleba. msgavseb-
is asaxva SeiZleba 
miviRoT gadaadg-
ilebisa da homo-
Tetiis kompozici-
iT; geometriuli 
obieqtis gazomvas 
sWirdeba zomis er-
Teulis SerCeva

geometriul figuraTa 
gansazRvreba; sigrZis, 
farTobis, moculobis 
formulebi; mobrune-
ba sibrtyeze; msgavsi, 
figurebi; msgavsebis 
asaxvebi; trigonome-
triuli Tanafardobebi 
marTkuTxa samkuTxedSi

rogor xdeba 
geometriuli 
obieqtis sigr-
Zis, farTobis, 
moculobis ga-
moTvla?
ra aris geome-
triuli gar-
daqmna? ra sax-
is geometriu-
li gardaqmnebi 
ganixileba? ra 
aris msgavsebis 
asaxva?

geometriuli 
gardaqmnebis 
gamoyenebebi
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Sefasebis indikatorebi: moswavlem unda SeZlos, sworad Camoayalibos ge-
ometriuli obieqtebis gansazRvrebebi, sworad aRweros geometriuli obieq-
tis zomis gamoTvlis procesi; geometriuli gardaqmnebis gamoyenebiT, aRw-
eros realuri situaciebi; warmoadginos geometriuli gardaqmnebi bunebriv 
movlenebSi, xelovnebaSi, arqiteqturaSi da Seasrulos kompleqsuri davaleb-
is moTxovnebi, romlebic geometriuli gardaqmnebis gamoyenebebs exeba.

VIII Tavi, ZiriTadad eZRvneba geometriis sakiTxebis gameorebasa da am mimar-
TulebiT codnis gaRrmavebas. vimeorebT geometriuli obieqtebis klasifikacias 
sxvadasxva niSniT _ brtyeli geometriuli figurebi, sivrcul geometriul fi-
gurebs; ganvixilavT mravalkuTxedebs, mravalkuTxedebis kerZo saxeebs: samkuTxe-
debs, oTxkuTxedebs, ...; ganixileba oTxkuTxedebis kerZo saxeebi: paralelogra-
mi, trapecia; samkuTxedebis saxeebi kuTxeebis mixedviT, gverdebis mixedviT _ 
tolferda samkuTxedebi, romlebic ar aris tolgverda, tolgverda samkuTxe-
debi da sxvadasxvagverda samkuTxedebi. moswavles SevaxsenebT monakveTis sigr-
Zis, mravalkuTxedis farTobisa da zogierTi sivrculi figuris (marTi prizmis, 
piramidis, cilindris, konusis, birTvis) moculobis formulebs. aRwerilia far-
Tobebisa da moculobis Tvisebebi da moyvanilia maTi gamoyenebis magaliTebi. 
didi yuradReba eTmoba geometriul gardaqmnas _ sibrtyis Tavis Tavze Seqce-
vad asaxvas; warmodgenilia geometriuli gardaqmnebis saxeebi _ gadaadgileba 
da msgavsebis asaxva, maT figuraTa tolobisa da msgavsebis cnebebs vukavSirebT.

mniSvnelovania trigonometriis elementebis Seswavlis dawyeba, maTi praqtiku-
li mniSvnelobis gaTvaliswinebiT; ganvixilavT maxvili kuTxis trigonometriul 
funqciebs, Tanafardobebs maT Soris; maxvil kuTxeTa simravleze gansazRvruli 
trigonometriuli funqciebis Seqcevadobis sakiTxs da viZleviT sawyis masalas 
arcsin, arccos, arctg da arcctg funqciebis gansaxilvelad, umartivesi trigonometriu-
li gantolebebis amosaxsnelad.

VIII TavSi warmodgenili sakiTxebi SeiZleba Semdegi sqemiT warmovadginoT:

geometriuli  
figurebi

geometriul figuraTa 
gardaqmnebi

RerZuli simetria centruli simetria

msgavsebis asaxva

homoTetia



81

§8.1. geometriuli figurebi da maTTan dakavSirebuli 
	    sidideebis gazomvis magaliTebi

saxelmZRvaneloSi warmodgenili masala, romelic ukavSirdeba samizne cnebebs 
_ geometriul obieqtebsa da maT zomebs _ iTvaliswinebs moswavleTa sivrculi 
warmodgenebis ganviTarebas da maTematikis standartSi mocemul yvela Sedegs. 
dawvrilebiT aris aRwerili geometriuli figurebis formebi da mimarTebebi 
maT elementebs Soris. Sejamebulia moswavleTa codna brtyeli da sivrculi 
figurebisa da Sesabamisi sidideebis Sesaxeb. farTobis Tvisebebis gamoyenebiT, 
mocemulia marTkuTxedis farTobis formulis miRebis martivi xerxi. geometriu-
li figurebis TvalsaCinod aRwera da daxasiaTeba daexmareba moswavleebs, rom 
yofiT garemoSi advilad amoicnon sxvadasxva geometriuli figura, SeZlon, war-
modgenili formulebis gamoyenebiT, gamoTvalon Sesabamisi sidideebi (farTobi, 
moculoba).

oTxkuTxedisa da paralelogramis magaliTze aRwerilia kerZo cnebis ufro 
zogadi cnebidan gamoyofis wesi da axali cnebis damatebiTi maxasiaTebeli Tvise-
bis gamoyofa.

moswavleebma me-10 klasSi Seiswavles Teoremisa da misi Sebrunebulis erTi 
winadadebiT Camoyalibeba, roca gamoiyeneba terminebi: `aucilebelia~, `sakmari-
sia~. viyenebT frazas _ `maSin da mxolod maSin~. winadadebebis sxvadasxva for-
miT warmodgena xels uwyobs msjeloba-dasabuTebis unaris ganviTarebas, saSualo 
skolaSi maTematikis swavlebis miznebis ganxorcielebas.

geometriuli figurebis Tvisebebis da maTTan dakavSirebuli sidideebis (far-
Tobi, moculoba) Sesaxeb codnis ganmtkiceba amocanebis amoxsniT mimdinareobs.

klasSi muSaobisTvis gankuTvnil `testebSi~ swori pasuxebis SerCeva moiTxovs 
geometriuli figurebis klasifikaciisa da geometriuli figurebis Tvisebebis 
codnas. cxadia, yoveli marTkuTxedi paralelogramia; marTkuTxedis mopirda-
pire gverdebi tolia, diagonalebi tolia; marTkuTxa samkuTxedSi udidesi gver-
di hipotenuzaa; wrewiris gansazRvrebis Tanaxmad, Tu p(x; y) wertili ekuTvnis 
r-radiusian wrewirs, romlis centria saTave, maSin x2 + y2 = r2. moswavleebi ixseneben 

wesieri samkuTxedis farTobis gamosaTvlel formulas: S = a3

4
3 (a aris samkuTxe-

dis gverdi); zogierTma maswavlebelma SeiZleba gadawyvitos, rom es formula 
damtkicdes klasSi. sivrcul figurebTan dakavSirebuli sidideebis gamoTvlisas, 
moswavleebi iyeneben teqstSi warmodgenil formulebs.

15  amocana eZRvneba yoveldRiur cxovrebaSi maTematikis gamoyenebis magali-
Tis ganxilvas. 

patara xaWapuris farobi _ 36π
ori patara xaWapuri _ 72π 
ori patara xaWapuris fasi _ 15 lari
didi xaWapuris farTobi _ 81π 
didi xaWapuris fasi _ 14 lari.

am monacemebidan cxadia, rom mizanSewonilia didi xaWapuris yidva _ 72π < 81π 
da 15 lari > 14 lari.

(maTi erTi da imave zomis naWrebidan didi xaWapuris fasi naklebia).
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16  	1 m2 = 10000 sm2;
	 12,6 m2 = 126 000 sm2.

17  am amocanis amoxsnisas, moswavleebi iyeneben farTobis Tvisebebs, geome-
triul figuraTa farTobis formulebs.

	 g) S = 6⋅4 + 4π ≈ 24 + 12,56 = 36,56 (sm2).

19  	b) V = x3, V1 = (x
2)3 = x

3

8 , V1 = V8 , Semcirdeba 8-jer.

20  	
35x2

4 ⋅x = 70

	 35x 
4 = 4⋅70 

2

	 x 
4 = 4⋅702

35
	 x 

4 = 4⋅35⋅22

	 x = 2 354 , 3x = 6 354 .

21  pirobis Tanaxmad, gveqneba: SABC = SBDC, maSasadame, 
am samkuTxedebSi BC gverdisadmi A da D wertilebidan 
gavlebuli simaRleebi tolia. maSasadame, BC||AD.

Tu AB||CD, maSin ABCD paralelogramia;
Tu AB CD, maSin ABCD trapeciaa.

23  	P _ perimetri;
	 S _ farTobi,
	 S = x(P

2  – x) = – x2 + P2  x

	 maqsimaluria, roca x = P4 , anu, marTkuTxedi kvadratia.

24  Tu paralelogrami marTkuTxedia, maSin misi diagonalebi tolia. aq dia-
gonalebis toloba aucilebeli pirobaa.

damtkiceba. 
ABCD marTkuTxedia, maSin ∆ACD da ∆ABD marTkuTxa 

samkuTxedebi tolia (maT kaTetebi toli aqvs).
amitom AC = BD.

Tu paralelogramSi diagonalebi tolia, maSin parale-
logrami marTkuTxedia. aq diagonalebis toloba sakmarisi 
pirobaa.

damtkiceba. 
ABCD paralelogramia, AC = BD, maSin ∆ACD = ∆ABD (sami 

gverdiT), amitom ∠A = ∠D = 900.

25  	ABCD trapeciaa.
	 u. d. b – a < x + y
gavavloT: CK||AB, maSin KD = b – a, KD < x + y (samkuTxe-

dis utoloba).

P
2

 – x

 x
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26  ABCDEF wesieri eqvskuTxedia, maSasadame, 
		  AB = BC = CD = DE = EF = 0,2 (m).
		  ∠A = ∠B = ∠C = ∠D = ∠E = ∠F = 1200,
amitom 	 AO = BO = CO = DO = EO = FO = 0,2 m.
pirobis Tanaxmad, MA = 1,4 m.
		  H =  1,42–0,22  =  1,6⋅1,2  = 0,8  3.

		  Q = 6⋅ 0,22

4
3

 - = 0,06  3.

		  V = 1
3

 Q⋅H = 1
3
⋅0,8⋅0,06⋅3 = 0,048 (m3).

27  				   pirobis Tanaxmad,
				    AB = BC = 2R
				    Sgv = π⋅R⋅2R = 2πR2

				    Sgv

pR2  = 21

28  	1
2
⋅2R⋅H = 12

	 RH = 12
	 R = 12

4  = 3, AM = 5.
	 Sgv = π⋅Rl = π⋅3⋅5 = 15π
	 V = 1

3
 π⋅R2H = 1

3
 π⋅9⋅4 = 12π.

29  	AB = 100
	 R =  80⋅60

100  = 48.

	 V =1
3 πR2⋅BO + 13 πR2⋅AO =1

3 πR2⋅AB =1
3 πR2⋅100 =1

3 π⋅482⋅100 = 76800π (sm3).

	 Sgv = π⋅R⋅80 + π⋅R⋅60 = π⋅R⋅140 = π⋅48⋅140 = 6720π (sm2).

30  	V = 43 πR3,  R3 = 
3V
4 ,  R =  3V

4p
3

	 S = 4πR2,  S = 4π   9V 2
16p2

3 .

saSinao davalebis amocanebi klasSi amoxsnili amocanebis analogiuria. 
`testebidan~ SeiZleba gamovyoT 4  da 12 .

4  prizmebidan waxnagebis minimaluri raodenoba, cxadia, samkuTxa prizmas 
aqvs _ 5; n-kuTxa prizmas aqvs (n + 2) waxnagi, 2n wvero da 3n wibo. (n + 2) + 2n– 3n = 2.

12  n-kuTxa piramidas aqvs n + 1 wvero, (n + 1) waxnagi da 2n wibo; 
(n + 1) + (n + 1)– 2n = 2. Tu n = 6, waxnagebis raodenobaa 7.

am davalebebis Sesrulebis Semdeg SeiZleba SevaxsenoT eileris Teorema.

C

B

A

O

60

80
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miTiTebebi zogierTi amocanis amosaxsnelad

23  Tu diagonalebi urTierTmarTobulia, maSin 
paralelogrami rombia.

ABC samkuTxedSi BO simaRlecaa da medianac, e. i. 
∆ABO = ∆BOC, AB = BC _ paralelogrami rombia.

Sebrunebuli: Tu paralelogrami rombia, maSin dia-
gonalebi urTierTmarTobulia.

∆ABC tolferdaa, BO medianaa, ∆ABO = ∆BOC (sami gver-
diT), amitom ∠AOB = ∠COB = 900.

paralelogrami rombi rom iyos, aucilebelia da sak-
marisi diagonalebis urTierTmarTobuloba.

pirveli piroba aris sakmarisoba, meore _ aucilebloba.

miaqcieT yuradReba _ oTxkuTxedis diagonalebis marTobu-
loba araa sakmarisi piroba imisa, rom oTxkuTxedi iyos rombi 
(ixileT suraTi _ masze deltoidia warmodgenii).

24  Tu trapecia tolferdaa, maSin misi diagonalebi 
tolia.

winaswar unda aRiniSnos, rom ∠A = ∠D (advilad mtkicde-
ba, Tu B da C-dan gavavlebT simaRleebs).

∆ACD = ∆ABD (I niSnis Tanaxmad), amitom AC = BD.

Sebrunebuli: Tu trapeciis diagonalebi tolia, maSin es trapecia tolfer-
daa. 

gavavloT: CE = BD, diagonalebis tolobis gamo, 
∆ACE tolferdaa, miviRebT tol kuTxeebs, romle-
bic miTiTebulia suraTze.

∆ACD = ∆ABD (I niSani), amitom CD = AB.
trapecia rom tolferda iyos, aucilebelia da sakmarisi diagonalebis to-

loba (pirveli Teorema _ aucilebloba, meore _ sakmarisoba).

A

B C

D

O

A

B C

D

O

A

B C

D
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§8.2. geometriuli gardaqmnebi sibrtyeze.  
	    centruli da RerZuli simetriebi

winare codna: A simravlis B simravleSi asaxva; asaxvis Tvisebebi; geometriu-
li figura.

winare codnis gaaqtiurebis Semdeg, gadavdivarT asaxvis erT-erT SemTxvevaze 
_ asaxva, romelic gansazRvrulia geometriuli figuris wertilTa simravleze. 
moswavleebTan erTad, ganvixilavT aRniSnuli asaxvis magaliTebs; magaliTi 1-iT 
warmodgenilia SemTxveva, roca mniSvnelobaTa simravle emTxveva B simravles (A 
simravlis B simravleSi asaxvisas); B simravlis yoveli elementisTvis arsebobs  
elementi, romelsac is Seesabameba _ ze-asaxva (umaRles skolaSi aseT asaxvas 
siureqcia ewodeba). amasTanave, Tu B simravlis yoveli elementisTvis arsebobs 
A simravlis erTaderTi elementi, romelsac es elementi Seesabameba, maSin asaxva 
Seqcevadia.

wina saxis arsebobas da erTaderTobas mivyavarT Seqcevad asaxvamde (bieq-
ciamde), aseTi asaxvisTvis ganvsazRvravT Seqceul asaxvas (f  – 1 aris f-is Seqceuli 
asaxva).

Semdegi magaliTi warmogvidgens asaxvas, romelic ar aris Seqcevadi _ B da C 
wertilebs erTi _ K wertili Seesabameba, K wertili ki or wertils Seesabameba.

Semogvaqvs geometriuli gardaqmnis cneba. am asaxvis kerZo SemTxvevaa gadaad-
gileba (moZraoba). moswavleebTan erTad vasabuTebT kerZo SemTxvevebSi RerZuli 
simetriisa da centruli simetriis mniSvnelovan saerTo Tvisebas _ RerZuli 
simetria da centruli simetria gadaadgilebaa.

mniSvnelovania RerZuli simetriis erTi praqtikuli gamoyenebis magaliTis 
ilustracia. praqtikuli magaliTis ganxilviT cnebis Semotana zrdis moswavle-
Ta motivacias.

axali samizne cnebis (geometriuli gardaqmnebi) Sesaxeb codnis ganmtkiceba 
mimdinareobs sakontrolo kiTxvebze pasuxebis moZiebiTa da amocanebis amoxsniT: 
axali samizne cneba ukavSirdeba algebris mimarTulebis erT-erTi mniSvnelovani 
samizne cnebis (asaxva) axali Tvisebebis Sesaxeb codnis ganmtkicebas. magaliTad, 

1  `testSi~ ganxilulia asaxva: N → {0; 1; 2; 3; 4} = B; yovel n naturalur ricxvs 
SevusabamebT naSTs, romelic miiReba n-is 5-ze gayofisas:

cxadia, es asaxva aris ze-asaxva; magram ar aris Seqcevadi asaxva da B-s yove-
li elementi Seesabameba N-is 1-ze met (uamrav) elements. moswavleebTan erTad, 
gavixsenoT, rom rombi simetriuli figuraa misi diagonalis Semcveli wrfis mi-
marT _ diagonalis Semcveli wrfis mimarT RerZuli simetriisas, rombi aisaxeba 

Tavis Tavze 4 . 
y = |x + 3| funqciis grafiki simetriulia x = – 3 wrfis mimarT 5 .

6  am amocanaSi, faqtobrivad, ganxilulia paraleluri gadatana veqtoriT: 
p
→(2; 0); maSasadame, A(5) → A′(7); Seqceuli asaxviT M(x) → M′(x– 2).

7  sakoordinato sibrtyeze gamovsaxavT x → x2 + 1, x∈[– 1; 1] funqciis grafiks. 
grafikidan kargad Cans, rom asaxva ar aris Seqcevadi. Semowmeba ase SeiZleba: Ox 
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RerZis paraleluri wrfe y = b (1≤b≤2) grafiks or wertilSi kveTs. am wertilebis 
abscisebs Seesabameba erTi ricxvi b, anu b Seesabameba erTze met ricxvs.

8  am amocanis saSualebiT Semogvaqvs f da ϕ asaxvaTa kompoziciis cneba:  
(ϕ ° f )(x) = ϕ(f (x)).

magaliTad, miTiTebuli magaliTis mixedviT, (ϕ° f  )(2) = ϕ( f (2))) = ϕ(3) = 3.

9  asaxva Seqcevadia; vipovoT Seqceuli asaxva:
			   f(x) = 2x– 3; y = 2x– 3, 
			   2x = y + 3
			   x =  y+3

2 ;

maSasadame, 	 f– 1(x) = x+3
2 .

11  Tu N wertili M wertilis simetriulia D-s mimarT, 
maSin ON = OM;

amasTanave, AO = OC, ∠MOA = ∠CON (vertikaluri kuTxeebi); amitom ∆AMO = ∆CNO.

13  simetriis Tvisebis Tanaxmad, 
		  AB = CD; 2AB = 38– 26 = 12, AB = 6, CD = 6.

14  mocemuli formulebis mixedviT, moswavlebi aageben wertilebs sakoordi-
nato sibrtyeze da darwmundebian: 

a) gvaqvs simetria Ox RerZis mimarT;
b) gvaqvs simetria Oy RerZis mimarT;
g) gvaqvs simetria saTavis mimarT.

15  am amocanis amoxsnis detaluri miTiTeba ixi-
leT saxelmZRvaneloSi. SevniSnoT, rom moyvanili de-
bulebis Sebrunebulic WeSmaritia. gTavazobT Sesabamis 
damtkicebas, romelic maRali mzaobis moswavleebTan 
muSaobisas SeiZleba gamoiyenoT. vTqvaT, Sa simetria a 
wrfis mimarT da Sa(M) = M′; maSin, cxadia, MM1M′M2 kva-
dratia; M′ wertilis x′ abscisa emTxveva M1-is abscisas, 
romelic M-is y ordinatis tolia, maSasadame, x′ = y; analogiuri msjelobiT, y′ = x.

SeiZleba visargebloT wrfeTa marTobulobis pirobiT; a wrfis marTobuli 

wrfis daxra aris (– 1); maSasadame, y′ – y
x′ – x  = – 1; y′ – y = – (x′ – x).

amasTanave, x′ + x
2  = 

y′ + y
2  

  y′ – y = x – x′       	  y′ = x
    y′ + y = x′ + x	  x′ = y.

17  	Tu x > 0, y = 1– 1 = 0
	 Tu x < 0, y = – 1 + 1 = 0
simetriis centria (0; 0) wertili, simetriis RerZebia: Ox da Oy wrfeebi.

A

B C

D

M

NO

A

B C

D

10

16

8

x

y

a

M x y( ; )
M x' y1( ; )

M x' y''( ; )
M x y'2( ; )

O
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18  O(a; b) aris AA′ monakveTis Sua wertili:

		  a = x + x′
2 , b = y + y′

2 ;

			     x′ = – x + 2a
			       y′ = – y + 2b.

19  avagoT A-s simetriuli A1 
wertili OK wrfis mimarT, A-s simetriuli A2 

wertili OP wrfis mimarT. cxadia, A1M = AM, A2 N = AN, amitom A1MNA2 gza AMNA gzis 
tolia. A1MNA2 iqneba umciresi, roca M da N wertilebi mdebareobs A1A2 

monak-
veTze.

20  • diax, niSnavs. marTlac, Tu A1 wertili aris 
A wertilis simetriuli a wrfis mimarT, maSin C wer-
tili aRmoCndeba AA1 monakveTis Sua marTobze da am-
itom AC = A1C, AC+CB = A1C+CB. Tu K wertili aris AA1 
monakveTis a wrfesTan gadakveTis wertili, maSin 
∠ACK = ∠A1CK = 900 – α. pirobis Tanaxmad α=β. amrigad, 
∠A1CB=2(900 – α)+2α=1800. miviReT, rom A1, C da B erTi 
wrfis wertilebia. A1B monakveTis sigrZe, rac ACB texi-
lis sigrZis tolia, naklebia AC1B texilis sigrZeze, sadac C1 aris a wrfis C-sgan 
gansxvavebuli nebiemieri wertili. amitom AC1B gzis gavlaze meti dro daixar-
jeba, vidre ACB gzis gavlaze.

• a) pirobis mixedviT vadgenT naxazs, romel-
ic warmogvidgens K wertilidan gamosuli sxivis 
traeqtorias samkuTxedis AB da AC gverdebidan 
arekvlisas. naxazidan Cans, rom KK-dan gamosuli 
sxivi ar daubrundeba KK wertils. am Sedegs sxva 
gziTac miviRebT: pirobis Tanaxmad, AK=KC. vTq-

vaT AC = a, maSin AK = a2. 

∆AMK-Si ∠AKM > ∠AMK, amitom AM > AK, AM > a2. 

MB = a – AM <  a2.

∆MBN-Si ∠BMN < ∠MNB, amitom BN < MB, BN <  a2. radgan NC = a – BN, amitom NC >  a2. 

∆PNC-Si ∠PNC > ∠NPC, amitom PC > NC, PC >  a2. amrigad, P wertili ar emTxveva 
K wertils.

b) davaleba amoixsneba a) davalebis amoxsnis sruli 
analogiiT. warmogidgenT mxolod Sesabamis naxazs.

B
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g) amocanis Sesabamisi naxazi dagexmarebaT Tvali mi-
adevnoT sxivis gavrcelebis traeqtorias. samkuTxedis 
gverdebidan areklili sxivi daubrundeba K wertils.

saSinao davalebis amocanebi, ZiriTadad, klasSi amoxsnili amocanebis analo-
giuria. gTavazobT miTiTebebs zogierTi amocanis amosaxsnelad.

10   asaxva: A(x) → A1(x
2) ar aris Seqcevadi asaxva; magaliTad, 

	 A(2) → A1(4); A(– 2) → A1(4).

12   simetria saTavis mimarT.

13   paraleluri gadatana veqtoriT: p
→(1; 3).

14  	vTqvaT: f: x → y
	 f – 1(y) = x
	 (f ° f – 1)(y) = f(f – 1(y)) = f(x) = y; e. i. (f ° f – 1)(y) = y.

15   f(x; y) =  x2 + y2 .
cxadia, f asaxva ar aris Seqcevadi; wertilebs, romlebic saTavidan toli man-

ZilebiT aris daSorebuli erTi da igive ricxvi Seesabameba.

17   a) a = –3 + 5
2  = 1; b = 5 – 3

2  = 1; wertilebi simetriulia (1; 1) wertilis mimarT,

b) Tu x > 0, y = 1; Tu x < 0, y = – 1 grafiks ekuTvnis wertilebi: (x; 1) da (– x; – 1) 
simetriis centria (0; 0).

18   arxis a napiri gamovsaxoT wrfiT da avagoT am wrfis mimarT B wertilis 
simetriuli B1 wertili. Tu O aris arxis raime wertili, maSin AO + OB = AO + OB1 
da es manZili umciresia, roca O wertili AB1 monakveTzea. koSki unda aigos AB1 
monakveTis a wrfesTan gadakveTis wertilSi.

19  AA'B samkuTxedisTvis gamoiyeneT samkuTxedis Tviseba: yoveli gverdi 
naklebia danarCeni ori gverdis jamze.  

20   mosawavlem unda SeZlos amocanis maTematikuri mo-
delis warmodgena suraTis saxiT da misi Camoyalibeba: ro-
gor SevarCioT B da C wertilebi, Sesabamisad, a da b sxive-
bze ise, rom AB + BC umoklesi iyos? 

 avagoT A-s simetriuli A1 wertili a sxivze gamavali  
wrfis mimarT. maSin AB + BC = A1B + BC a sxivis nebismieri B 
wertilisTvis da is umciresia, roca A1C aris b sxivze gamaval wrfeze daSvebu-
li marTobi, B wertili ki _ A1C-sa da a sxivis gadakveTis wertili.

21   diagonalebis gadakveTis wertilze gamavali nebismieri wrfis gaswvriv.

A

A1

C

B

a

b
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§8.3. mobruneba. mobrunebaTa kompozicia

winare codna: asaxva, Seqcevadi asaxva, geometriuli gardaqmna; centruli si-
metria, simetria wrfis mimarT; kuTxis gradusuli zoma.

winare codnis gaaqtiurebis Semdeg Semogvaqvs mobrunebis kuTxis cneba _ 
dadebiTi, an uaryofiTi sidide, romelic gradusebiT gamoisaxeba. erTi sruli 
brunva dadebiTi mimarTulebiT (saaTis isris sawinaaRmdego mimarTulebiT) 3600-
ia, uaryofiTi mimarTulebiT (– 3600)-ia. Sesabamisad, Semodis axali geometriuli 
gardaqmna _ mobruneba O wertilis garSemo α kuTxiT: RO

α. Canaweri: RO
α(X) = X′ 

niSnavs, rom X′ wertili miiReba X wertilisgan O wertilis garSemo α kuTxis 
mobrunebis Sedegad, amitom, OX′ = OX da mobrunebis kuTxe aris α. amasTanave, yo-
veli mobruneba β kuTxiT, sadac β = α + 3600n (n mTelia, – 1800 < α≤1800) aris O wer-
tilis garSemo α kuTxis mobruneba. Semdeg vacxadebT, rom mobrunebisas or wer-
tils Soris manZili ar icvleba _ mobruneba gadaadgilebaa. dasabuTebas erT 
kerZo SemTxvevaSi warmovadgenT. ganvixilavT mobrunebaTa kompozicias da aR-
vniSnavT: RO

α ° RO
β = RO

α+β.
mobrunebis Tvisebebis Sesaxeb codnis ganmtkiceba `testebiTa~ da amocanebis 

gamoyenebiT mimdinareobs.
miTiTebebi:

7  e) RO
–4000 = RO

–4000+3600 = RO
–400

8  d) α = – 600; OX′ = 1; ∠X′OX = 600

	 AX′ = 1
2

, BX′ = 
2
3.

	 X′ = (1
2

; – 
2
3).

9  				   suraTidan Cans, rom ∠AOB = 900. 
				    cxadia, α = – 900.

					        10  	AO = OB = OC
						      ∠AOB = ∠BOC = ∠AOC = 1200,
						      a) RO

–1200 ,  b) RO
1200.

13  	OM = OM′
	 KM = KM′
	 O da K wertilebi M da M′ wertilebidan toli manZilebiTaa daSorebuli, 

isini MM′′ monakveTis SuamarTobs ekuTvnis; OK⊥MM′.

14  suraTze 8 patara samkuTxedidan, TiToeuli tolferda 
marTkuTxa samkuTxedia;

vTqvaT, A1E = A1F = AE = FB = x, maSin 
EF = x  2, AB = x + x + x  2, x(2 +   2) = 2, 

A

B

C

O

A

A1

B
E F

x

y

A

B

O
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x = 
2

2+  2  = 2 –  2.

saZiebeli farTobi: S = 4– 4⋅ x
2

2  = 4– 2⋅(2 –  2)2 = 4– 2(4 – 4  2 + 2) = 8(  2 – 1) (sm2).

16  RO
α ° RO

α ° RO
α  = RO

3α. radgan kompozicia igivuri asaxvaa, 3α = 3600, 3α = – 3600 an 
3α = 00. Sesabamisad, α = 1200, α = – 1200, α = 00.

17  Tu 	 O = O′, RO
α ° RO

β  = RO
α+β.  		     

		  RO
β ° RO

α = RO
β+α		           α+β = β+α.     maSasadame, RO

α ° RO
β = RO

β ° RO
α.

sazogadod, RO
α ° RO

β ≠ RO′
α ° RO′

β

magaliTad, α = β = 900, M wertili OO′-is Sua wertilia; maSin 
		  RO

900
 ° RO

900(M) ≠ RO′
900
 ° RO′

900(M).

18  RO
190⋅n = RO

200. miTiTebebi saxelmZRvanelos pasuxebSia mocemuli.

19  cxadia, A = (–  1
2

;   1
2

); C = ( 1
2

; –  1
2

); D = (  1
2

;   1
2

); B = (–  1
2

; –  1
2

).
ABCD kvadratia, S = ( 2 )2 = 2.
RO

900(C) = D; RO
900(M(0;2)) = M′(– 2; 0).

RO
900(N(– 1; 2)) = (– 2; 1).

saSinao davalebis amocanebi, ZiriTadad, klasSi amoxsnili amocanebis analo-
giuria, gTavazobT miTiTebebs zogierTi amocanis amosaxsnelad.

15  	A′ = (– 4; 2);
	 AA′ =  (2 + 4)2 + (4 – 2)2 =  40  = 2  10 .

16  A da B wertilebi toli manZilebiT unda iyos daSorebuli 
mobrunebis nebismieri centridan. e. i. yvela centri iseve, rogorc 
O wertili, AB-s SuamarTobs ekuTvnis.

17  eqvsi patara samkuTxedidan TiToeuli tolgverdaa;  

	 TiToeulis gverdi 1 dm-ia, farTobi _ 
4
3 TanakveTis  

	 farTobi _ 9
4

3 – 3
4

3 = 3
2

  3  (dm2).

22  	RO
n⋅190

 = RO
100 +

 

3000⋅n

	 n⋅190 = 100 + 3600⋅k.   amrigad, n aris 10-is jeradi, n = 10n1.
	 10⋅n1⋅19 = 10 + 360⋅k
	 19n1 = 1 + 36K
	 n1 = 19, k = 10,	 n = 190, k = 10.

24  a) miiReba funqciis grafiki: a) y = x; b) y = – x.
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§8.4. radianuli zoma

winare codna: kuTxis gradusuli zoma, mobrunebis kuTxe da misi zoma; wrewi-
ris sigrZe; n0-iani rkalis sigrZe, mobruneba O centris garSemo α kuTxiT. wi-
nare codnis gaaqtiurebis Semdeg Semogvaqvs kuTxis radianuli zoma. am zomis er-
Teulad aRebulia 1 radiani. naCvenebia, rom 1 radiani im kuTxis zomaa, romelic 
SeiZleba ganvixiloT, rogorc wrewiris centruli kuTxe, romlis rkalis sigrZe 
am wrewiris radiusis sigrZis tolia. formalurad, aseTi ganxilvisas 1 radianis 
zomis kuTxis sidide, TiTqos damokidebulia wrewiris radiussa da rkalis sidi-

deze, Tumca naCvenebia, rom 1 rad = 1800

p .

maSasadame, sruli kuTxe Seesabameba  2pR
R  ricxvs _ 2π radians, 1800 Seesabameba 

π ricxvs, π radians.
maSasadame, α radianis Sesabamisi rkalis sigrZe aris Rα (R radiusis sigrZes 

gamosaxavs).
amocanebis amoxsnisas, moswavleebi advilad pouloben gradusuli zomis Se-

sabamis radianul zomas; aq SeiZleba visargebloT proporciiT da proporciis 
TvisebiT; amasTanave, 1800-is Sesabamisi radianuli zoma aris π; SeiZleba visarge-
bloT `erTeulze~ dayvanis wesiT: 1 radianis Sesabamisi gradusuli zoma aris 
1800

p  ≈ 570; 10-is Sesabamisi radianuli zoma aris 
p

180 ; 300-is _ 30⋅ p
180  = p6 ; 600-is _ 

60⋅ p
180  = p3 ; 450-is _ 45⋅ p

180  = p4 .

10 , 11  SeiZleba visargebloT proporciiT:

	 πR2 – 2π

	 S – p5 		    S =  p10⋅R
2.

SeiZleba winaswar gamoviyvanoT formulebi: α radianis Sesabamisi rkalis 

sigrZe _ Rα, seqtoris farTobi: _ 
1
2  R2α.

12  		P = 2R + l,
	 P = 2R + Rα
	 Rα = P– 2R

	 α = P – 2R
R

	 S = 12  R2α = 12  RP – R2

	 S umciresia, roca R = 

1
2  P
2  = P4 .

saSinao davalebis amocanebi, ZiriTadad, klasSi amoxsnili amocanebis analo-
giuria. gTavazobT miTiTebebs zogierTi amocanis amosaxsnelad.

6  wuTebis isari yovel saaTSi `gaivlis~ 2π radianis kuTxes: V1 = 2π rad./sT; 

saaTebis isris siCqare 12-jer naklebia V2 = p6  rad./sT.

l
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10 	 α = p6 , S = 12 R2α = 12,5⋅ p6  = 25
12 π.

11  	naxevarwris radiusia R = b2  =   P
4 + p.

	 P = 2a + b + l = 2a + b +  pb
2 , saidanac a = 

P – b –  pb
2

2 .

	 S = ab + 12 π⋅b
2

4 ;

	 S = P2  b – b2(12  + p4  – p8 )

	 udidesia, roca b =  2P
4 + p.

§8.5. msgavsi figurebi 

axali samizne cnebis ganxilvas msgavsi figurebis cxovrebiseul konteqstTan 
dakavSirebuli praqtikuli magaliTis ganxilviT viwyebT. samkuTxedebis SemTxve-
vaSi msgavsebis cneba, msgavsebis niSnebi gavlil masalad SeiZleba CavTvaloT. 
cnebis ganzogadebas mivyavarT nebismier figuraTa msgavsebasTan.

asaxvebis enaze ganvsazRvravT figuraTa tolobis cnebasac. mravalkuTxede-
bis (kerZod, samkuTxedebis) SemTxvevaSi tolobas kuTxeebisa da gverdebis zoma-
Ta tolobas vukavSirebdiT. figuraTa tolobac da msgavsebac Seqcevad asaxvebs 
davukavSireT _ tolobis SemTxvevaSi _ gadaadgilebas, msgavsebis SemTxvevaSi _ 
iseT asaxvas, roca or wertils Soris manZili erTi da imave ricxvjer icvleba.

miTiTebebi amocanebis amosaxsnelad: 
samkuxedebis msgavsebis niSnebis gamoyenebiT, moswavleebi advilad pouloben 

pasuxebs 1 - 3  `testebze~.

4  a) suraTidan kargad Cans, rom viyenebT asaxvas, romlis 
dros A-s Seesabameba A′, B-s _ B′ (Seqceuli asaxviT _ A′-s _ 
A; B′-s _ B).

maSin, cxadia, or wertils Soris manZili erTi da imave 
ricxvjer icvleba:

			   k = A′B′AB  = OA′
OA  = OB′

OB .

b) am SemTxvevaSi yovel A wertils Sevu-
sabamoT iseTi A′ wertili, romelic miiReba OA 
sxivis paraleluri O′A′ sxivis meore wrewirTan 
gadakveTiT. am SemTxvevaSic or wertils Soris 

manZili erTi da igive ricxvjer icvleba: k = OA′
OA .

6  a) paraleluri gadataniT, veqtoriT O′O
→

, O′A′B′C′ aisaxeba mis tol kva-
dratze, Semdeg RO

 ϕ mobrunebiT miiReba kvadrati OA′′B′′C′′.
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Semdeg ganvixilavT asaxvas k = ba koeficientiT (b = O′C′, a = OA), romelic Caiwe-

reba Semdegi saxiT: M(x1; y1) → M1(kx1; ky1). ganvixiloT meore wertili: N(x2; y2); 
amasTanave,

		  N(x2; y2) → N1(kx2; ky2)

		  M1N1 =  (k(x2 – x1))
2 + (k(y2 – y1))

2  = k  (x2 – x1)
2 + (y2 – y1)

2  = kMN.

maSasadame, nebismieri ori kvadrati msgavsia da msgavsebis koeficienti kva-
dratebis gverdebis sigrZeebis Sefardebaa.

1  k = 15; A′B′C′ samkuTxedis udidesi gverdia ABC samkuTxedis udidesi gver-
dis Sesabamisi gverdi;

				    1
5 ⋅ 8 = 1,6 (sm).

4  nebismieri ori toli figura msgavsia, k = 1. nebismieri ori msgavsi figu-
ra ar aris toli (Tu k≠1).

6  X wertils SevusabamoT iseTi X′ wertili, 
romlisTvisac gvaqvs: AX′ = 3AX (aq A → A1, B → B1).

gavavloT BB1-is paraleluri wrfe X wertilze, 
AB-sTan gadakveTis wertili iqneba X′.

b) vTqvaT, A → B1, B → A1; maSin X → X′, amasTanave, BX′ = 3AX.

7  asaxva Seqcevadia: Tu X(x)∈b, 

				    X′(1k x)∈a;

				    X(x) → X′ (1k x).

a wrfeze: P1P2 = |x2 – x1|
b wrfeze: Q1Q2 = |kx2 – kx1| = |k|⋅|x2 – x1|, k > 0.
		  Q1Q2 = k⋅|x2 – x1|.
b wrfe msgavsia a wrfis msgavsebis k koeficientiT.
k-s nacvlad SeiZleba nebismieri dadebiTi ricxvis ganxilva.

8  viyenebT transportirs da avagebT C1A1B1 kuTxes. 
∠C1A1B1 = 380; SevarCevT C1 wertils ise, rom A1C1 = 4 sm.

maSin k = 20000
4  = 5000.

gavzomavT B1C1-s; maSin BC = 5000⋅B1C1. 
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§8.6. homoTetia

vagrZelebT samizne cnebis _ geometriuli gardaqmnebis _ kerZo SemTxvevebis 
ganxilvas. maTi Tvisebebis Seswavla gvexmareba ZiriTadi samizne cnebis gaazrebaSi. 
winare codna, cxadia, geometriuli gardaqmnis cnebis aRwerasa da ukve ganxilul 
kerZo SemTxvevebs ukavSirdeba.

homoTetiis gansazRvrebas win uZRvis mosamzadebeli aqtivoba, romelsac 
mivyavarT axal geometriul gardaqmnamde. warmodgenilia homoTetiis praqtikuli 
ganxorcielebis magaliTebi, romelic xels uwyobs cnebis gaazrebas. veqtoruli 
meTodis gamoyeneba aadvilebs homoTetiis cnebis Sinaarsis mokled da gasagebad 
Camoyalibebas. koordinatebiT gamosaxvisas ganxilulia ori SemTxveva: 1) centri 
koordinatTa saTaves emTxveva; 2) centri ar emTxveva koordinatTa saTaves. orive 
SemTxvevaSi miRebulia homoTetiis koordinatebiT warmodgenis formulebi.

aRwerilia homoTetiis Tvisebebi. mniSvnelovania Semdegi Tviseba: yoveli 
wrfe, romelic homoTetiis centrze gadis, Tavis Tavze aisaxeba.

Tvisebebi Sesabamisi suraTebiT aris aRwerili. moswavleebma kargad unda gai-
azron, rom homoTetia msgavsebis kerZo SemTxvevaa _ Tu F′ figura homoTetiuria 
F figuris k koeficientiT, maSin F′ figura msgavsia F figuris |k| koeficientiT 
_ homoTetiisas or wertils Soris manZili |k|-jer icvleba. `testebiTa~ da amo-
canebiT mimdinareobs codnis ganmtkiceba homoTetiis cnebisa da homoTetiis 
Tvisebebis Sesaxeb.

moiTxoveba homoTetiis k koeficientis sxvadasxva mniSvnelobis kargad gaaz
reba, magaliTad, k = – 1 Seesabameba centrul simetrias; homoTetia Seqcevadi 
asaxvaa, Seqceulis koeficienti mocemuli homoTetiis koeficientis Sebrune
bulia; homoTetiis centrze gamavali yoveli wrfe homoTetiis `uZravi~ geomet
riuli figuraa (Tavis Tavze aisaxeba), nebismieri koeficientis dros Tu samkuT
xedebi homoTetiuria, maSin es samkuTxedebi msgavsia.

miTiTebebi zogierTi amocanis amosaxsnelad.

10  homoTetiis centri koordinatTa saTavea; amitom, Tu am homoTetiiT A(x; 
y) wertili A′(x′; y′) wertilze aisaxeba, maSin homoTetiis koeficienti SeiZleba 

ase gamovTvaloT: k = x′x  = y′y  = 2.

12  AB monakveTis Sua wertilia _ C(1; 2). misi homoTetiuri k = 0,2 koeficientiT 
aris wertili: C′(0,2; 0,4).

13  vTqvaT, centri koordinatTa saTavea: H1 homoTetiiT (x; y) wertili aisaxeba 
(k1x; k1y) wertilze. H2 homoTetiiT (k1x; k1y) aisaxeba (k2k1x; k2k1y) wertilze. e. i. 
H2°H1 homoTetiaa k1k2 koeficientiT. es msjeloba SeiZleba CavTvaloT debulebis 
dasabuTebad, radgan sibrtyeze SegviZlia koordinatTa sistemis ise SemoReba, 
rom saTave homoTetiis centrs daemTxves. Tumca, analogiuri msjelobis Catareba 
SeiZleba im SemTxvevaSic, roca centri O(a; b) wertilia.

am SemTxvevaSi dasabuTebis sqema aseTia:
(x1; y1) → (k1x1 + a(1 – k1); k1y1 + b(1 – k1)) → (k2(k1x1 + a – ak1) + a(1 – k2);
k2(k1y1 + b – bk1) + b(1 – k2)) = (k1k2x1 + ak2 – ak1k2 + a – ak2; 
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k1k2y1 + bk2 – k1k2b + b – bk2) = (k1k2x1 + a(1 – k1k2); k1k2y1 + b(1 – k1k2)).
miviReT homoTetia koeficientiT k1k2.
debulebis dasabuTeba SeiZleba veqtoruli analizis gamoyenebiTac:
Tu H1-iT _ M1 → M2, H2-iT _ M2 → M3, maSin 

				   				    OM2

→
 = k1OM1

→
,

				   				    OM3

→
 = k2OM2

→
 = k2k1⋅OM1

→
.

14  Tu ori figura msgavsia, maSin isini homoTetiuria. es debuleba mcdaria. 
SeiZleba moviyvanoT aseTi kontrmagaliTi; vTqvaT, ∆A1B1C1 miiReba ∆ABC-sgan A 
wertilis garSemo 200-iani kuTxiT mobrunebisas.

mobruneba gadaadgilebaa, msgavsebis kerZo SemTxveva (k = 1); maSasadame, 
∆A1B1C1∼∆ABC. magram ∆A1B1C1 ar aris homoTetiuri ∆ABC-si, radgan AB gverdi 
aisaxa A1B1-ze, xolo A1B1 ar aris paraleluri AB wrfis da ar emTxveva AB-s. rac 
ewinaaRmdegeba homoTetiis erT-erT Tvisebas (Tviseba II).

15  homoTetiis O centrad SeiZleba miviRoT AA1 da BB1 wrfeebis gadakveTis 
wertili. homoTetiiT, romlis centria aRniSnuli O wertili da k = 2, ABCD 
aisaxeba A1B1C1D1-ze. e. i.

				    ∆OA1B1 ∼ ∆OAB,

				    A1O
AO  = B1O

BO  = A1B1
AB  = 2.

radgan A1D1||AD da A1D1
AD  = 2, amitom D1 ekuTvnis DO wrfes da ∆A1D1O ∼ ∆ADO, 

amasTanave,

D1O
DO  =  A1O

AO  = 2, analogiurad, C1O
CO  = 2.

16  suraTze SerCeulia homoTetiis O centri. vTqvaT, k = 15, A → A′, B → B′, 
maSin

				    OB′
OB  = 15 , OA′

OA  =  15.

cxadia, AB = 5⋅A′B′ da A′B′-is povniT, vipoviT AB-s.

17  m wrfe gadis A da B wertilebze; n wrfe m wrfis paraleluria; n kveTs 
a da b wrfeebs, Sesabamisad, A′ da B′ wertilebze. gavavlebT wrfeebs A′ da B′ 
wertilebze, romlebic, Sesabamisad, paraleluria AM da BM wrfeebis. maTi 
gadakveTis wertilia M′.

Tu warmovidgenT, rom gvaqvs homoTetia, romlis centri `miuwvdomeli~ 
wertilia da A′ aisaxeba A-ze, maSin imave homoTetiiT M′ aisaxeba M-ze. MM′ wrfe 
gaivlis miuwvdomel wertilze.

18   x′ = 3x			  x = x′3
	    

y′ = 3y
			  y = y′3

g) y = 2x + 2,  y′3  = 2 x′3  + 2;

miiReba wrfe: y = 2x + 6.
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19  A → A′ → A′′ 
	 cxadia, Tu A′ = (x′; y′), maSin x′ = 2, y′ =   16 – 4  = 2 3;
	 Tu A′′ = (x′′; y′′), maSin x′′ = 0,8⋅2 = 1,6; y′′ = 0,8⋅2 3 = 1,6 3.

20  BC = 0,8⋅12 = 9,6
	 AB = 0,8⋅8 = 6,4
	 P = 9,6 + 6,4 + 12 = 28 (sm)

9  k = x4 =  11
–5,5, k = – 2.

	 x = –   44
5,5 = –  440

55  = – 8.

10  mocemuli wrewiris radiusi aris 2; misi homoTetiuris _ 5; rgolis 
farTobi: S = π(25 – 4) = 21π.

15  ar SeiZleba _ yoveli wrfe aisaxeba Tavis Tavze an paralelur wrfeze.

16    x′ = 3x	 	 x = x′3
	         

y′ = 3y
		  y = y′3

		  y
3  = – 2⋅ x3  + 1;

		  y = –  2x + 3.

17  SeiZleba es asaxva ganvixiloT, rogorc ori homoTetiis kompozicia; 
k1 = k; k2 =–  1; Sedegi aris homoTetia koeficientiT (–k).

19  cxadia, y′ = 4, x′ =  64 – 16  = 4 3;
A′′(x′′; y′′) miiReba A′(x′; y′) wertilisgan HO

0,6 homoTetiiT; 
maSin 		  x′′ = 0,6⋅4  3  = 2,4 3;
			   y′′ = 0,6⋅4 = 2,4.
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§8.7. msgavsebis asaxva. samkuTxedis msgavsebis niSnebi

msgavsebis asaxvis axsna da samkuTxedebis msgavsebis niSnebis axleburi war
modgena xels uwyobs ZiriTadi samizne cnebisa da misi Tvisebebis gaazrebas.

viwyebT geometriuli gardaqmnebis gaxsenebiTa da sxvadasxva kerZo SemTxvevis 
gaxsenebiT. vimeorebT homoTetias, homoTetiis Tvisebebs. procesi moswavleTa 
CarTulobiTa da aqtiuri monawileobiT mimdinareobs.

moswavleebs ar gauWirdebaT homoTetiisa da gadaadgilebis kompoziciisa da 
ZiriTadi Tvisebis gaazreba _ or wertils Soris manZili erTi da imave ricxvjer 
icvleba. klasSi interaqtiulad ganixileT msgavsebis asaxvis gansazRvreba da 
ZiriTadi Tviseba. moswavleebs SevaxsenebT samkuTxedebis msgavsebis aucilebel 
da sakmaris pirobebs, romelic msgavsebis gansazRvrebad iyo warmodgenili 
(yoveli gansazRvreba Seicavs aucilebel da sakmaris pirobebs, romelsac 
gansasazRvravi cneba akmayofilebs). moswavleebi ixseneben im sakmaris pirobebs 
(msgavsebis niSnebs), romlebic uzrunvelyofs zemoT warmodgenil pirobebs. 
moswavleebs ar gauWirdebaT msjelobis xazis ganviTareba da erT--erTi sakmarisi 
niSnis dasabuTeba homoTetiisa da gadaadgilebis kompoziciis gamoyenebiT.

moswavleTa motivaciis gazrdis mizniT, praqtikul amocanasac ganvixilavT. es 
amocana msgavsebis niSans ukavSirdeba _ mdinaris erTi napiridan meore napirze 
mdebare or obieqts Soris manZilis gansazRvra kuTxisa da manZilis mzomi 
xelsawyoebis gamoyenebiT ise, rom ar gadavdivarT meore napirze. maRali mzaobis 
moswavleebs SeiZleba vTxovoT II da III niSnebis dasabuTeba I niSnis dasabuTebis 
analogiurad da Semdeg gakveTilze am dasabuTebis warmodgena.

amocanebisa da `testebis~ gamoyenebiT, moswavleebi ganimtkiceben codnas 
msgavsebis asaxvisa da samkuTxedebis msgavsebis niSnebis Sesaxeb.

miTiTebebi amocanebis amosaxsnelad.

9  moswavleebma unda aRmoaCinon, rom ∆ACB∼∆CDB. gavaxsenoT moswavleebs, 
SeTanxmeba _ samkuTxedebs CavwerT ise, rom CanawerebSi toli kuTxeebis 
wveroebis Tanamimdevroba erTnairi iyos (∠A = ∠DCB; ∠ACB = ∠CDB). maSin Sefar
debebic advilad daiwereba:

				    AC
CD  = CB

BD  = AB
BC ;

				    x
18 = 32

x ; 	 x2 = 18⋅32,

				    x = 24 (sm).

11 - 12  amocanebs klasSi erToblivi muSaobiT ganvixilavT; Sedegebs viyenebT 
sxva amocanebis amoxsnisas.

14  ∆KBD∼∆EFD;

	 a
b  = EF

y ; EF = ay
b , naZvis simaRle _ h + EF.

15  suraTze msgavsi samkuTxedebis ori wyvilia gamosaxuli. Sesabamisad, vwerT 
proporciebs:

				    b
a – h  =  z

x – h ; 	 c
a – h  = z + y

x – h  , aqedan gvaqvs:
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		  b
z  = a – h

x – h ,	 c
z + y  = a – h

x – h , 	  z =  by
c – b ,	 x = y(a – h)

c – b  + h.

SeniSvna: xSirad, msgavsi samkuTxedebis gverdebis proporcias ase 
warmovadgenT:

Tu ∆ABC ∼ ∆A1B1C1, maSin 

				    AB
AC  = A1B1

A1C1
 ;	 AB

BC  = A1B1
B1C1

.	

es proporciebi miRebulia proporciebidan:

				    A1B1
AB  = A1C1

AC  = B1C1
BC .

16 - 17  amocanebSi, samkuTxedebis msgavsebis niSnebis gamoyenebiT, winaswar 
SeiZleba davasabuToT urTierTgadamkveTi qordebis Tvisebebi, mxebisa da mkveTis 
Tvisebebi.

				    ∆DOB ∼ ∆AOC; 

				    DO
AO  = OB

OC ,

				    DO⋅OC = AO⋅OB.

					     ∆ABK ∼ ∆ACB; 

					     AB
AC  = AK

AB  ,

					     AB2 = AC⋅AK.

vTxovoT moswavleebs, Camoayalibon dasabuTebuli Tvisebebi.
saSinao davalebis amocanebi, ZiriTadad, klasSi amoxsnili amocanebis 

analogiuria, gTavazobT miTiTebebs ramdenime amocanis amosaxsnelad.

7  erTi SemTxvevaa `saeWvo~, roca erT-erTis wverosTan mdebare kuTxe 
tolia meore samkuTxedis fuZesTan mdebare kuTxis; magaliTad, samkuTxedi, 
romlis kuTxeebis zomebia 800, 500, 500, ar aris msgavsi samkuTxedis, romlis 
kuTxeebis zomebia 800, 800, 200. moswavleebma unda warmoadginon amocanis pirobis 
Sesabamisi SesaZlo SemTxvevebi da ganaviTaron msjelobis xazi.

15  es amocana SeiZleba dawvrilebiT ganvixiloT 
klasSi da `mivideT~ Semdeg suraTamde: 

vTqvaT, AD
BC  = k, Tu SBOC = s, maSin msgavsebis Sedegia 

formula: SAOD = k2s;

radgan AO:OC = k, AOB da BOC samkuTxedebs B wer
tilidan daSvebuli saerTo simaRle aqvs, amitom SAOB = ks, 
analogiurad, SCOD = ks. maSasadame, gvaqvs 

		  SABCD = s + 2ks + k2s = s(1 + k)2.

B

D

A

C

O

A

K

B

C
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22*  vTqvaT, BF = h. maSin gvaqvs: 

		  2x
5x = h – a

h
		  2h = 5h – 5a
		  h = 53 a

		  S = 56 a2.

§8.8.  trigonometriuli Tanafardobebi marTkuTxa 
	     samkuTxedSi

trigonometriis sakiTxebis Sesaxeb codnis gameoreba da gaRrmaveba ukavSird-
eba winare codnas: piTagoras Teorema, samkuTxedebis msgavseba. samkuTxedeb-
is msgavsebis niSnebis gameorebis Semdeg gadavdivarT marTkuTxa samkuTxedebis 
msgavsebis niSnebis Camoyalibebaze. es momenti arsebiTia trigonometriuli fun-
qciebis Semotanisas. moswavleebi pasuxoben Cvens SekiTxvebs. magaliTad,

_ msgavsia Tu ara ori marTkuTxa samkuTxedi, Tu cnobilia, rom maTi TiTo 
maxvili kuTxe tolia?

_ samkuTxedebis msgavsebis romeli niSnis Sedegia marTkuTxa samkuTxedebis 
msgavseba TiTo maxvili kuTxis tolobiT?

_ kidev ra niSnebi SeiZleba CamoayaliboT marTkuTxa samkuTxedebis 
SemTxvevaSi?

Tu marTkuTxa samkuTxedebis TiTo kaTeti da hipotenuzebi proporciulia, 
maSin SeiZleba, piTagoras Teoremis gamoyenebiT, vaCvenoT, rom kaTetebi 
proporciulia; Tu a1 = ka; c1 = kc, c2 = a2 + b2, maSin (kc)2 = (ka)2 + b1

2; b1
2 = k2(c2 – a2) = k2b2, 

maSasadame, b1 = kb.
moswavleebma teqstSi warmodgenili debulebis damtkicebis Semdeg, kargad 

unda gaiazron _ ratom uwodeben sinuss, kosinuss, tangenss da kotangenss 
maxvili kuTxis trigonometriul funqciebs.

safuZveli eyreba trigonometriuli funqciebis Semdgom Seswavlas _ Semog
vaqvs erTeulradiusiani wrewiri da maxvili kuTxis trigonometriul funqciebs 
warmovadgenT wrewirze `moZravi~ M wertilis koordinatebiT, im M(x; y) wertilis, 
romlis Sesabamisi radius-veqtori Ox RerZTan α kuTxes adgens.

safuZveli eyreba ricxviTi argumentis trigonometriuli funqciebis Seswav
las, romelic, Cveni azriT, me-11 klasSi unda Catardes. safuZveli eyreba Seqceuli 
trigonometriuli funqciebis Seswavlasac _ maxvili kuTxis SemTxvevaSi gvaqvs 
Seqcevadi asaxva, Sesabamisad, Semogvaqvs Seqceuli fuqciebi _ arcsina, arccosa 
(0<a<1), arctgb, arcctgb (b>0), maxvili kuTxeebi, romelTa sinusi, kosinusi, Sesabamisad, 
aris a, tangensi da kotangensi ki, Sesabamisad, _ b.

A

B

C

D E

F

a

a a3x

2x
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am masalis ganxilvis Semdeg moswavleebs ar gauWirdebaT 1 - 3  `testebSi~ 

swori pasuxebis SerCeva; trigonometriul funqciebs Soris damokidebulebis 

ganxilva daexmareba maT 4  da 5  `testebis~ `amoxsnaSi~.
radianuli zomis gameorebas moiTxovs 6 - 8  amocanebis amoxsna.

9  a) cosα = 25. SeiZleba avagoT marTkuTxa samkuTxedi, romlis 

erTi kaTeti 2 sm-ia, hipotenuza _ 5 sm.
CA = 2; C-ze gavavlebT CA-s marTobul wrfes, A wertilidan 

SemovxazavT 5-is toli radiusiT wrewirs, wrfesTan gadakveTis 

wertili aRvniSnoT B-Ti, maSin cosA = 25, BC =  25 – 4  da sinA =  5
21.

marTkuTxa samkuTxedis amoxsnis codna daexmareba moswavleebs 11 - 13  praq
tikuli amocanebis amoxsnaSi. isini iyeneben cxrils, romelic saxelmZRvanelos 
boloSia mocemuli.

14 - 18  amocanebi moiTxovs Seqceuli trigonometriuli funqciebis codnas. 
magaliTad, ganvixiloT 17  amocana.

mocemulia: 	 α = arctg 85
	 AC = 6,4 dm
	

	 SABCD = ?

radgan α = arctg 85, amitom

				    tgα = 85, AO = 3,2,

				    3,2
BO   = tgα, 	  3,2

BO   = 85
				    BO = 2. 

				    S = 12 AC⋅BD = 12 ⋅4⋅6,4 = 12,8 (dm2).

sayuradReboa 12  amocana: samkuTxedis farTobi gamosaxulia ori gverdiTa 

da maT Soris kuTxis sinusiT. suraTis mixedviT, gvaqvs sinα =  BD
AB , BD = ABsinα,  

S =  12 AC⋅BD = 12 AC⋅ABsinα.

saSinao davalebis amocanebi klasSi amoxsnili amocanebis analogiuria.

kompleqsuri davaleba. geometriuli gardaqmnebis sxvadasxva gamoyeneba

geometriuli gardaqmnebis Tvisebebis Seswavlis Semdeg, sxvadasxva beWdviTi da 
eleqtronuli resursis gamoyenebiT, moswavleebi SeZleben davalebis Sesrulebas; 
magaliTad, wrfis mimarT simetriis gamoyenebiT, optimaluri marSrutis 
povnis amocana me-9 klasis maTematikis saxelmZRvaneloebSic ganixileboda. 
geometriuli gardaqmnebis gamoyeneba uZvelesi droidan ukavSirdeba ornamentuli 

C A

B

2

5

A D

B C

O

�
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kompoziciebis Seqmnas. moswavlem SeiZleba moiZios Sesabamisi moxatulobebi, 
roca aRniSnuli kompoziciebis Seqmna simetriebis da paraleluri gadatanis 
Tvisebebis gamoyenebas ukavSirdeba; roca aRniSnuli kompoziciebiT sibrtye 
ifareba, maSin saWiro xdeba aRniSnuli gardaqmnebis gamoyeneba. moswavlem SeiZ
leba SeZlos xsenebuli `maTematikuri xelovnebis nimuSebis moZieba qarTuli 
xuroTmoZRvrebis ZeglebSi, mxatvrul naqargebSi. moswavleebma SeiZleba moiZion 
cnobili holandieli maTematikosisa da arqiteqtoris moris eSeris Semoqmedebis 
nimuSebi, romlis mier Seqmnil ornamentebSi geometriuli gardaqmnebis Tvisebebi 
gamoiyeneba.

zogierTma moswavlem SeiZleba Tavad gadawyvitos ornamentis Seqmna _ SeiZ

leba SeiRebos tolgverda samkuTxedis naxevari _ 

A

B

C

 Semdeg centruli 

da RerZuli simetriebiT Seiqmnas ufro didi tolgverda samkuTxedi.

magaliTad, suraTze gamoyenebulia centruli da 
RerZuli simetriebi _ miRebulia AB1C1 tolgverda 
samkuTxedi, Semdeg _ RerZuli simetria B1C1-is mi-
marT, miviReT rombi, RerZuli simetriebiT AB1 da 
B1D-s mimarT, miiReba eqvskuTxedi da a. S.

miTiTebebi `moisazres~ amocanebis amosaxsnelad.

1  viyenebT samkuTxedebis msgavsebas _ r
28 – r  = 21

28 ;
aqedan, r = 12 (sm).

2  	 x
18  = MN

12
	 MN = 2

3
 x

	 2x
3  + 2(18 –x) + 12 = 40

	 aqedan, x = 6,
	 MN = 4 (sm).

3  mocemulia: la gadis A wveroze da gvaqvs: la||PA1, lb||OB1, l0||PC, 
pirobis Tanaxmad,

		 HM

– 12(A1) = A1, HM

– 12(B1) = B1, HM

– 12(C1) = C1, HM
–2(A1P) =  = la, 

radgan 

			   HM
–2(A1) = A da HM

–2(A1P)||PA1.
maSin,
			   HM

(–2)(B1P) = lb, HM
(–2)(C1P) = lc. 

amitom la, lb da lc gaivlis im P1 wertilSi, romelic ak-
mayofilebs pirobas: 

			   HM
(–2)(P) = P1.

A

B

C

D

C1

B1

A C

B

C1 A1

B1
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4  gTavazobT am amocanis amoxsnis erT-erT xerxs.
BD simaRlea, BD = h; maSin gvaqvs:

			   h
h – a  = AC

b
			   hb = AC⋅(h – a), b = AC(h – a)

h ,

			   ab = AC
h  (h – a)a.

AC da h mocemulia, amitom S = ab udidesia, roca –a2 + ha udidesia. es ki miiRwe-

va, roca a = AC
h , b = AC

h .

			   AC =  a
tga + b +  a

tgb,

			   b =  a
tga +  a

tgb; b
a  =  1

tga +  1
tgb = tgβ + tgα.

5  suraTidan Cans agebis procesi.
AC gverdze avagoT AA1B1C kvadrati.
saZiebeli kvadrati AA1B1C-s homoTetiuria centriT 

AC-s Sua wertilSi, koeficientiT OE
OB1

 (E wertili OB1-is BC 
gverdTan gadakveTis wertilia).

amocanebi TviTSefasebisTvis

miTiTebebi: 

1  S1 = 10; a kubis wiboa. pirobiT,

			   a⋅ a2 + 
a2

4  = 10

			   20 = a2  5
			   a2 = 4  5
			   V = 8  1254

			   S = 24  5

5  cxadia, C = (– 3; – 3  3); B = (3; – 3  3);
∠AOA1 = arctg  3 = p

3
, ∠DOD1 = p

3
.

D = (– 3; 3  3)
ABCD marTkuTxedia.
ganvixilavT, paralelur gadatanas veqtoriT: p

→(2; 1) da 
viyenebT formulebs: 

			   x′ = x + 2
			   y′ = y + 1.
TanakveTa marTkuTxedia.

A C

A1

D E

O

B1

B

D1 A1

C B

D A

O

�
6

�
6
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6  pirobis Tanaxmad, SABC = 2SMBN,

maSasadame, 	 MN
AB  =  1

2
, MB

AB  =  1
2

.

			   PMNB

PABC
 =  1

2
;

			   PMBN =  1
2
⋅48 = 24 2.

7  ganvixiloT homoTetia medianebis gadakveTis M wer-
tilis mimarT:

			   HM
– 2, maSin HM

– 2(A1B1C1) = ABC.

9  				    OM mxebia; amitom OM⊥AM,
				    OA = 3x, OM = 2x,

				    sin∠OAB =  2x
3x  = 23,

			   	 cos∠OAB = 
2
5; tg∠OAB =  2

5
.

10  arcsin(cos p6 ctg p3) = arcsin(
2
3⋅ 1

3
) = arcsin 12 = p6.

VIII Tavis damatebiTi amocanebi

miTiTebebi zogierTi amocanis amosaxsnelad

1  `paralelogrami rombia maSin da mxolod maSin, roca misi diagonalebi 
marTobulia~. es winadadeba WeSmaritia, radgan WeSmaritia winadadebebi:

Tu paralelogramis diagonalebi urTierTmarTobulia, maSin paralelogra-
mi rombia; Tu paralelogrami rombia, maSin diagonalebi urTierTmarTobulia. 
orive Teorema advilad mtkicdeba.

ganvixiloT winadadeba: Tu oTxkuTxedis diagonalebi urTierTmarTobulia, 
maSin oTxkuTxedi rombia.

ar aris WeSmariti. kontrmagaliTi: 

es oTxkuTxedi ar aris paralelogrami, ar aris rombi.
ganvixiloT winadadeba: Tu oTxkuTxedi rombia, maSin am oTxkuTxedis diago-

nalebi urTierTmarTobulia, winadadeba WeSmaritia.

3  viyenebT farTobis adiciurobas.
			   S = ab – 2πr2,   a = 4r; b = 2r;
			   S = 8r2 – 2πr2 = r2(8 – 2π) = 64(8 – 2π).
			   πr2 = 64π, r2 = 64.

A C

B

MN

S

S

A

B

C

C1 A1

B1
B

A

O
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4  	 V1 = 1
3

 Q⋅H1, H1 = 3
5

 H

	 V1 = 1
3

 Q⋅ 3
5

 H = 1
5

 V = 1
5

 ⋅180 = 36 (sm3).

5  Sewebebis gamo, melanos cilindris gverdiTi zedapiri marTkuTxedia, 
romlis zomebia: 20×10 (e. i. 2πr = 20, h = 10); marTas cilindris _ 8×22 (e. i. 2πr = 8, 
h = 22). am monacemebiT advilad vipoviT moculobebs.

			   V1 = π⋅100
p2 ⋅10, V2 = π⋅16

p2 ⋅22,

			   V1

V2
 = 1000

16⋅22
≈ 2,84. 

7  4πr1
2 = 9π; r1 =  3

2
  dm=15 sm;

r = 13 sm; V = 4
3

 ⋅133π. 

8  	 AC-s mimarT simetriiT: 
	 D → D′, C → C, A → A, B → B′,
	 ABCD → AB′CD′
	 x2 + 16 = 64 – 16x + x2

	 16x = 48
	 x = 3,
	 S = 4⋅8 – 2⋅ 1

2
 ⋅3⋅4 = 32 – 12 = 20 (sm2).

9  	 B = (6; 2,5); C = ( – 6;  – 2,5); A( – 6; 2,5)
	 AC = 12, BC = 13, P = 13 + 5 + 12 = 30
	 S =  1

2
 ⋅12⋅5 = 30.

10  a) am SemTxvevaSi gvaqvs wertilebi: 
		  A = (2; 0), A1 = (0; 2), A2 = ( – 2; 0); A3 = (0;  – 2).
miiReba kvadrati, romlis farTobi aris (2  2)2 = 8 kv. 

erT. 
g) miiReba wertilebi: 
		  A = (2; 0), A1 = (1; 3); A2 = ( – 1; 3); 
		  A3 = ( – 2; 0); A4 = ( – 1; –  3), A5 = (1; –  3);

		  S = 6⋅4
4

3 = 6  3 kv. erT.

13  R = 12; r = R – r
2 , 300-iani kuTxis TvisebiT.

	 r = 6 – r2
	  3r

2  = 6, r = 4.

	 S = 16π (sm2).

14  	 2x – 1
6  =  86 , 2x – 1 = 8

	 2x = 9
	 x = 4,5. 

A

B

D

C

4

D�

B�

x

x

8–x

A2 A1

A4 A5

A3 A

O
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16  vTqvaT, O aris BC-s Sua wertili, maSin O = (7; 3).
vsargeblobT formulebiT: (homoTetia (a; b) wertilis mimarT k koeficien-

tiT): 			   x′ = kx + (1 – k)a, a = 7
			   y′ = ky + (1 – k)b, b = 3
			   k = 2,5.
vipoviT A2, B2 da C2 wertilebis koordinatebs; Semdeg viyenebT paraleluri 

gadatanis formulebs:
			   x′ = x + a	   	 a =  – 2
			   y′ = y + b		 b = 3.
aq CavsvamT A2, B2 da C2 wertilebis koordinatebs.
magaliTad, 	 A(2; 4) → A2(2,5⋅2 + 7(1 – 2,5); 2,5⋅4 + 3(1 – 1,25)
			   A2( – 5,5; 5,5) → ( – 7,5; 8,5).

17  viTvaliswinebT: Tu samkuTxedebi homoTetiuria, maSin es samkuTxedebi ms-
gavsia, Tu homoTetiis koeficientia k, maSin A1B1C1 samkuTxedis gverdebia: 8k, 12k 
da 15k;

			   35k = 84, k = 12
5  = 2,4.

18  a) am amocanis amoxsnisas, viyenebT forulebs:

		  x′ = kx + (1 – k)a;		     x′ = 3x – 2
		   y′ = ky + (1 – k)b		    y′ = 3y – 2⋅2

aqedan   x = x′ + 2
3

		  x = y′ + 4
3 .	 CasmiT miviRebT: y′ = – 4x′ – 3.

21  					     x
x + 6 =  9

15
 

					     15x = 9x + 54
					     6x = 54
					     x = 9
					     P = 2⋅(15 + 6) = 42 (sm).

24  		 cosA = 2
5

 , sinA = 
5
21

	 AC = 20⋅ 2
5

 

	 AC = 8
	 BC = 4 21.

25  		 AD = 4,8
tgA

 = 4,8
2,4

 = 2 (sm),

	 CD =  4,8
tgC

 = 4,8
12

⋅35 = 35⋅0,4 = 14 (sm)

	 AC = 16 (sm), AB =  4,82 + 22 = 5,2 (sm), 

	 BC =  4,82 + 142 = 14,8 (sm), 

	 P = 5,2 + 14,8 + 16 = 36 (sm).

A

B

D

C

F

E6
9

6
6

x+6

B

C A

20

A

C

B

D

4,8

x
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27  b) (1 –  1
cos2a

)(1 –  1
sin2a

) = cos2a – 1
cos2a

⋅sin2a – 1
sin2a

=  (–sin2a)(–cos2a)
cos2a⋅sin2a

 =1

29  	 cilindris simaRle _ H
	 sferos radiusia _ R
	 cilindris fuZis radiusi _ r		
	 H = r

	 R = r
2

2

	 4πR2

2πr2 + 2πr2  = 4π⋅2r2

4πr2  = 2.

Semajamebeli wera

Tema: geometria da gazomva
samizne cnebebi da maTTan dakavSirebuli mkvidri warmodgenebi: geometri

uli obieqtebi, zomebi, koordinatebi, geometriuli gardaqmnebi, samkuTxedebis 
msgavsebis niSnebi da msgavsi samkuTxedebis Tvisebebi. marTkuTxa samkuTxedis 
maxvili kuTxis trigonometriuli funqciebi.

Sefasebis indikatorebi: moswavlem unda gamoavlinos geometriuli obieqte-
bis gansazRvrebaTa codna, aRweros geometriul gardaqmnaTa saxeebi da gamoiye-
nos es codna praqtikuli amocanebis amoxsnisas, unda SeZlos martivi amocanebis 
amoxsna trigonometriul funqciaTa mniSvnelobebis gamoTvlasa da am funqciebs 
Soris arsebul Tanafardobebze.

amocanebis nimuSebi:

1  E wertili ABCD paralelogramis CD gverdis Sua wertilia. AED samkuTxe-
dis farTobi 108 sm2-ia. ipoveT ABCD paralelogramis farTobi. SeasruleT naxazi.

2  marTkuTxa samkuTxedis maxvili kuTxis kosinusi 0,4-is tolia. ipoveT amave 
kuTxis sinusi, tangensi da kotangensi.

3  ipoveT ricxviTi mniSvneloba:
			  			 
			  			 

(sin p
4

 + cos p
4

)tg p
6

sin p
3

.

4  dawereT y = 2x – 1
x + 3  funqciis Seqceuli funqcia. daadgineT, ra mniSvnelobebis 

miReba SeuZlia x-s da ra mniSvnelobebis miReba SeuZlia y-s?

5  cnobilia, rom A(2a + 1; 2b – 6) wertili simetriulia B(2c + 1; b – 1) wertilis 
Oy RerZis mimarT, C(c + 4; 3d – 1) wertili ki B-s simetriulia Ox RerZis mimarT. 
ipoveT a, b, c da d.
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6  A da B wertilebi miiReba sakoordinato sibrtyis M(4; 0) wertilisgan sa-
Tavis irgvliv, Sesabamisad, 600-iani da 1200-iani kuTxiT mobrunebisas. ipoveT A 
da B wertilis koordinatebi; AOB samkuTxedis farTobi.

7  suraTze D da E wertilebi isea arCeuli samkuTxe-
dis gverdebze, rom ∠DEC = ∠B. cnobilia, rom AC = 26 sm, 
BC = 28 sm, AB = 30 sm da ED metia DC-ze 1 sm-iT.

ipoveT ABC da EDC samkuTxedebis perimetrebi da 
farTobebi.

8  gaamartiveT (1 + tg2α)⋅cos2α + (1 + ctg2α)sin2α.

9  A1B1C1 aris ABC samkuTxedis homoTetiuri O koordinatTa saTavis mimarT 
homoTetiisas koeficientiT k = – 2,4. ABC samkuTxedis wveroebis koordinatebia 
C(– 2;  – 1), A(1; 5), B(2; – 3).

a) ipoveT A1B1C1 samkuTxedis wveroebis koordinatebi, 
b) ipoveT am samkuTxedebis gverdebis sigrZeebi,
g) daadgineT am samkuTxedebidan TiToeulis saxe (kuTxeebis mixedviT),
d) ipoveT am samkuTxedis farTobebi.

pasuxebi: 1  432 sm2. 2  sinα = 
5
21, tgα = 

2
21, ctgα = 2

21
21. 3  

2
3

2. 4  y = 3x + 1
2 – x , x ≠ – 3, 

y ≠ 2. 5 ^ a =  – 4, b = 5, c = 3, d = – 1. 6  A(2; 2 3), B( – 2; 2 3), S = 4 3 kv. erT. 7  PABC = 84 
sm, PEDC = 21 sm, SABC = 336 sm2, SEDC = 21 sm2. 8  2. 9  a) A1( – 2,4;  – 12), B1( – 4,8; 7,2), C1(4,8; 
2,4), b) AB =  65, AC = 3 5, BC = 2 5, A1B1 = 2,4 65, A1C1 = 7,2 5, B1C1 = 4,8 5, g) samkuTxedebi 
marTkuTxaa, d) SABC = 15 kv. erT, SA1B1C1

 = 86,4 kv. erT.

ganmsazRvreli Sefasebis rubrika

1  naxazis SesrulebisTvis moswavles daeweros 0,5 qula, Tu aRmoaCina, rom 
AED samkuTxedis farTobi paralelogramis farTobis meoTxedia _ kidev 1 qula, 
0,5 qula daematos paralelogramis farTobis gamoTvlisTvis. sul _ 2 qula.

2  kuTxis sinusis gamoTvlisTvis daeweros 1 qula, kidev 1 qula _ tangensis 
da kotangensis gamoTvlisTvis. sul _ 2 qula.

3  p
4

, p
6

 da p
3

 kuTxeebis trigonometriuli funqciebidan TiToeulis sworad 

miTiTeba Sefasdes 0,5 quliT, kidev 0,5 qula daeweros miRebuli gamosaxulebis 
gamartivebisTvis. sul _ 2 qula.

4  Tu gamosaxa x y-is saSualebiT, Sefasdes 1 quliT; 0,5-0,5 quliT Sefasdes 
x-isa da y-is mniSvnelobebis dadgena. sul _ 2 qula.

5  Tu dawera wertilebis koordinatebis Tanafardobebi RerZebis mimarT 
simetriis Tvisebebis gaTvaliswinebiT da ipova saZiebeli sidideebi, misaRebi 4 
gantolebidan TiToeuli Sefasdes 0,5 quliT. sul _ 2 qula.

A

B

D

E
C
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6  A wertilis koordinatebis povna Sefasdes 1 quliT, B wertilis _ kidev 
0,5 quliT. 0,5 qula daematos AOB samkuTxedis farTobis povnisTvis. sul _ 2 
qula.

7  Tu SeamCnia samkuTxedebis msgavseba da dawera proporcia _ Sefasdes 0,5 
quliT; kidev 0,5 qula _ EDC samkuTxedis gverdebis gamoTvlisTvis da samkuTxe-
debis perimetrebis dadgenisTvis. samkuTxedebidan TiToeulis farTobis gamoT-
vla Sefasdes 0,5 quliT. sul _ 2 qula.

8  1 quliT Sefasdes frCxilebSi mocemuli gamosaxulebebis gamartiveba; ki-
dev 1 qula daematos saboloo pasuxis miRebisTvis. sul _ 2 qula.

9  TiToeuli punqtis Sesruleba Sefasdes 1 quliT. sul _ 4 qula.

ganmsazRvreli Sefasebis qulis dasadgenad moswavlis mier dagrovili qule-
bis jami gaiyos 2-ze.

me-8 Tavis Semajamebel weras gamorCeuli datvirTva aqvs. es Tavi mieZRvna 
geometriul figurebs, geometriul gardaqmnebs, trigonometriis sawyisebsa da 
maT gamoyenebebs.

weris Sedegebis analizisa da saTanado ganmsazRvreli Sefasebis Semdeg, Tqven 
mogiwevT CaataroT ganmaviTarebeli Sefaseba arsebuli xarvezebis daZlevis, co-
dnis ganmtkicebis, gamoyenebaTa ukeT gaazrebis mizniT. gTavazobT ramdenime re-
komendacias, romelic, SesaZloa, gamoiyenoT am aqtivobaSi. xazgasmiT aRvniSnavT, 
rom ganmaviTarebeli Sefasebisas ZiriTadi aqcenti unda gakeTdes samizne cne-
bebsa da maTTan dakavSirebul mkvidr warmodgenebze. am aqtivobisas maqsimalur 
efeqts iZleva aRniSnul sakiTxTa interaqtiuli SemoqmedebiTi ganxilva. Sema-
jamebeli weris yoveli davalebis gadaWris xarisxis Sesabamisad Tqveni ganmavi-
Tarebeli Sefaseba saTanado datvirTviT unda gamoirCeodes.

1  amocanaSi imsjeleT amocanis amoxsnis sxvadasxva gzaze. imsjeleT samkuTxe-
dis farTobis gamoTvlis formulaze. SeiZleba paralelogramis tol samkuTxe-
debad dayofazec gaamaxviloT yuradReba.

2 , 3  da 8  amocanebSi kidev erTxel daubrundiT maxvili kuTxis trigo-
nometriuli funqciebis cnebebs. imsjeleT maT Soris arsebul ZiriTad Tanafar-
dobebze, maT mniSvnelobebze argumentis zogierTi konkretuli mniSvnelobisT-
vis.

4  amocanis ganxilvisas klasma yuradReba gaamaxvilos funqciisa da Seqceu-
li funqciis cnebebze. ganixileT Seqcevadi da Seuqcevadi funqciebis magaliTe-
bi, imsjeleT maTi gansazRvris areze da mniSvnelobaTa simravleze.

5 , 6 , 7  da 9  amocanebis ganxilvisas yuradRebiT moismineT moswavleTa 
mosazrebebi geometriul gardaqmnebze, maT Tvisebebze, koordinatebis gardaqm-
naze, samkuTxedebis msgavsebis niSnebze, msgavsi samkuTxedebis perimetrebis Se-
fasebasa da farTobebis Sefardebaze.
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Semajamebeli weris mixedviT dadgenili doneebis (moswavleTa akademiur 
miRwevaTa xarisxebis) klasifikacia unda moxdes solo taqsonomiis mixedviT. 
gTavazobT savaraudo klasifikacias.

prestruqturuli done. icnobs ZiriTad geometriul figurebs, Tumca maTi 
formebis aRwera, saTanado raodenobrivi daxasiaTeba, geometriuli gardaqmnebi, 
trigonometriuli Tanafardobebi, misTvis gadaulaxav sirTuleebs ukavSirdeba. 
uWirs teqsturi amocanebis Sinaarsis mkafio aRqma.

unistruqturuli done. gacnobierebuli aqvs Seswavlili geometriuli fi-
gurebis umartivesi maxasiaTebeli Tvisebebi, icnobs sidideTa zomis araerT er-
Teuls, Tumca, misTvis radianuli zoma problemuria. mkafiod ver aRiqvams zo-
gierT geometriul gardaqmnas, Seqceul trigonometriul funqciebs. SeuZlia 
umartivesi amocanebis amoxsna centrul da RerZul simetriebze, samkuTxedebis 
msgavsebaze.

multistruqturuli done. icnobs yvela ganxilul sakiTxs, axerxebs saTana-
do ararTuli praqtikuli amocanebis amoxsnas. ferxdeba SedarebiT rTuli amo-
canebis amoxsnisas, romlebic dakavSirebulia zogierT geometriul gardaqmnas-
Tan, maT praqtikul gamoyenebasTan.

mimarTebiTi done. saxelmZRvaneloSi, saswavlo procesSi ganxiluli yve-
la sakiTxi kargad aqvs gaazrebuli da axerxebs kidec maT gadmocemas, Tumca 
naklebi damajerebloba igrZnoba geometriul gardaqmnaTa kompoziciis aRwerisa, 
Teoriul codnas iyenebs praqtikuli amocanebis amoxsnisas.

gafarToebuli abstraqtuli done. me-10 TavSi gadmocemuli yvela samizne 
cneba da sakvanZo sakiTxi Rrmad aqvs gaazrebuli, am codnas iyenebs praqtikuli 
amocanebis amoxsnisas, maT amoxsnasTan erTad warmoadgens xolme am gzis analizs 
da SesaZlo ganzogadebebs. geometriuli obieqtebis kvlevisas iyenebs trigono-
metriul da Seqceul trigonometriul funqciebs, ainteresebs maRali sirTulis 
saintereso amocanebi da axerxebs maT kvlevas. axasiaTebs sakiTxebis gadmocemis 
maRali done.
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IX Tavi

damokidebulebebi simravleebs Soris. funqcia

Tema: algebra da kanonzomierebebi
saaTebis savaraudo raodenoba: 14 sT

Temis farglebSi dasamuSavebeli sakiTxebi: damokidebulebebi simravleebs 
Soris, funqcia

samizne cnebebi da 
maTTan dakavSire­
buli mkvidri war­

modgenebi

sakiTxebi
sakvanZo 

SekiTxvebi
kompleqsuri  

davaleba

Sesabamisoba, 
grafiki, funqcia, 
damokidebuleba 
sidideebs Soris. 
sidideebs Soris 
SeiZleba arsebob
des funqciuri 
kavSiri; funqcia 
gamoiyeneba 
cvlilebaTa gasa
analizeblad da 
realuri mov
lenebis mode
lirebisTvis

funqcia; 
funqciis mocemis 
xerxebi; funqciis 
grafiki; funqciis 
Tvisebebi.

ra saxis 
Sesabamisobaa 
funqcia?
aris Tu ara 
nebismieri 
Sesabamisoba 
funqcia?
ra aris 
funqciis 
grafiki?

eleqtroenergia, 
eleqtroenergiis 
moxmarebis 
gadasaxadis 
gadaxdis wesi.

Sefasebis indikatorebi: moswavlem unda SeZlos Sesaswavli situaciidan ga-
momdinare, cvlad sidideTa Soris funqciuri kavSiris damyareba da warmod-
gena sxvadasxva formiT.

me-9 Tavis ZiriTadi samizne cnebaa funqcia. viwyebT sidideebs Soris sxva-
dasxva kavSiris ganxilviT da maT Soris iseTi damokidebulebis aRmoCeniT, roca 
erTi sididis yovel mniSvnelobas meore sididis erTaderTi mniSvneloba See-
sabameba. cxadia, Sesabamisobis mkacri maTematikuri gansazRvreba saskolo kursSi 
ar ganixileba; maSasadame, SeiZleba iTqvas, rom `funqcia~ saskolo kursSi sawyisi 
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cnebaa (ix; mag. [21]). Tumca, es cneba da masTan dakavSirebuli sakiTxebi (grafiki, 
Tvisebebi, magaliTebi) dawvrilebiT aRiwereba da saSualebas aZlevs moswavleebs, 
kargad gaiazron es samizne cneba.

IX TavSi warmodgenili masala SeiZleba Semdegi sqemiT davaxasiaToT:

kompleqsuri davalebiT warmodgenilia eleqtroenergiis safasuris gadasaxa-
dis eleqtroenergiis raodenobaze (kilovatsaaTebi) damokidebulebis aRmweri 
funqcia, romelic iseTi damokidebulebis magaliTia, romelic sxvadasxva for-
muliT moicema (funqciis mocemis erT-erT mniSvnelovan magaliTs aRwers).

§9.1. sidideebs Soris damokidebulebebis magaliTebi.  
	    funqcia

sidideebs Soris damokidebulebebis, maT Soris, funqciuri damokidebule-
bebis ganxilva sabazo safexuridan iwyeba. saSualo safexurze Rrmavdeba codna 
am samizne cnebis Sesaxeb. moswavleebi ecnobian funqciis gamosaxvis magaliTebs, 
axal Tvisebebs.

sidideebs Soris damokidebulebebis ganxilvas praqtikuli magaliTebiT viwy-
ebT. maT Soris gamovarCevT iseT damokidebulebebs, romlebic SeiZleba for-
muliT gamovsaxoT. sidideebs Soris damokidebulebebs Teoriul-simravluri 
eniT aRvwerT _ sidideebiT warmodgenil simravleebs Soris damokidebulebebis 
magaliTebiT da am damokidebulebebs Soris iseTis gamoyofiT, roca mocemuli 
simravlis yovel elements meore simravlis erTaderTi elementi Seesabameba. 
`damokidebuleba~, `Sesabamisoba~ sawyisi cnebebia, maT magaliTebiT aRvwerT da 
moswavleebi gaiazreben, rogorc (x; y) wyvilebis simravles, x elementi pirvel 
simravles (gansazRvris ares) ekuTvnis, y _ meore simravles, simravles romelic 
mniSvnelobaTa simravles Seicavs. gamovyofT iseT funqciebs, romlebisTvisac 
gansazRvris are ricxvebisgan Sedgeba, mniSvnelobaTa simravle ricxviTi simra-
vlis qvesimravlea. funqciis warmodgena diagramiT aadvilebs am cnebis gaazre-
bas.

mniSvnelovania SeTanxmeba, romelic ricxviT funqciebs exeba _ roca funq-
cia formuliT aris mocemuli, rogorc wesi, gansazRvris ares ar vuTiTebT da 

Sesabamisoba simravleebs Soris

funqcia, funqciis magaliTebi

funqciis 
grafiki

funqciis 
Tvisebebi
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gansazRvris are yvela im namdvili ricxvis simravlea, romlisTvisac formulas 
azri aqvs; Sesabamisad, koreqtulad miviCnevT kiTxvas: ra aris formuliT moce-
muli konkretuli funqciis gansazRvris are?

ramdenime aseT kiTxvaze pasuxis SerCevas `testuri~ davalebebic Seicavs.

magaliTad, 2 , 3  da 4  testebSi funqcia sxvadasxva saxiTaa mocemuli. 

formuliT mocemuli funqciisTvis gansazRvris are aris x-is is mniSvnelobebi, 
romlisTvisac mocemul gamosaxulebas azri aqvs; wilads azri aqvs, roca mniSvne-
li nuls ar udris; ariTmetikuli kvadratuli fesvis SemTxvevaSi, fesvqveSa ga-
mosaxuleba arauaryofiT mniSvnelobebs unda iRebdes; wyvilebiT warmodgenili 
funqciisTvis, wyvilebis pirveli elementebi qmnis gansazRvris ares. 6  `testis~ 
amoxsna moiTxovs imis gaazrebas, rom X → Y asaxvisas, Y simravlis romelime ele-
ments SeiZleba ar hqondes wina saxe.

miTiTebebi amocanebis amosaxsnelad.

7  moswavleebma TanabaraCqarebuli moZraoba me-9 klasSi Seiswavles; Tu 
aCqareba aris a, sawyisi siCqare _ v0, maSin t droSi gavlili manZili gamoiTvle-

ba formuliT: S = S0 + v0t + at 2
2 ; am formuliT moicema damokidebuleba S manZilsa da 

t dros Soris; unda gaviTvaliswinoT, rom sidideebi erTi da imave sistemaSi iyos 
gamosaxuli: magaliTad, manZili _ metrebSi, dro _ wamebSi, aCqareba _ m/wm2-Si, 
siCqare _ m/wm-Si.

8  am amocanaSi viTvaliswinebT wina amocanis moTxovnebs _ sidideebi erTi 
da imave sistemaSi unda iyos gamosaxuli.

Tu daZvris momentidan moZraoba mudmivi a aCqarebiT mimdinareobs, v siCqare 
t drois funqciaa, v = at; magram siCqare unda gamovsaxoT m/wm-Si. 

			   90 km/sT = 90⋅1000
3600  = 90⋅5

18  = 25 (m/wm)
			   25 = 0,1⋅t, 
			   t = 250 (wm).

9  funqciis wyvilebiT warmodgenisas, ar unda gvxvdebodes ori wyvili, 
romlebSic pirveli elementebi tolia, meore _ gansxvavebuli. magaliTad, b) 
SemTxvevaSi gvaqvs ori wyvili: (1; – 2) da (1; 1) toli pirveli elementebiT. Se-
sabamisad, b) wyvilebiT warmodgenili Sesabamisoba ar aris funqcia.

10  Tu gansazRvris area A = { – 2; – 1; 0; 1; 2}, maSin mniSvnelobaTa simravle iqne-
ba: B = {4; 1; 0}.

miiReba wyvilebis simravle: {( – 2; 4), ( – 1; 1), (0; 0), (1; 1), (2; 4)},

11  S = πr2, C = 2πr, r =  C
2p.

	 S = π( C
2p)2 =  1

4p⋅C
2.

12  moswavlem unda SeZlos, gaerkves sxvadasxva formulaSi, romlebiTac funq-
ciaa warmodgenili da gamoTvalos funqciis mniSvneloba miTiTebul wertilSi; 
unda gaiTvaliswinos Sualedi, romelsac es wertili ekuTvnis.
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12 , 13  da 14  amocanebi SeiZleba klasSi damoukidebeli weris Casatareblad 
gamoviyenoT _ moswavle sxvadasxva wesiT warmodgenili funqciis mniSvnelobebs 
poulobs da avsebs cxrils.

15  amocanaSi cxrilis Sevsebis Semdeg SeiZleba davsvaT damatebiTi kiTxva _ 
amCnevT, Tu ara kanonzomierebas (kavSirs), romelic erTnairia yvela piramidis-
Tvis? magaliTad, pirveli ori sveti ase gamoiyureba:

5
8
5

6
10
6

pirveli ori svetis SedarebiTac Cans, rom 
		  5 + 5 – 8 = 2, 
		  6 + 6 – 10 = 2.

eileris cnobili formula nebismiri mravalwaxnagas wveroebis, wiboebisa da 
waxnagebis raodenobaTa Sesaxeb maswavleblebisTvis cnobili unda iyos.

moswavleebs SeiZleba v(n), e(n) da f (n) ricxvebi nebismieri n-sTvis warmoadge-
ninoT: 		  v(n) = n + 1,   e(n) = 2n,   f (n) = n + 1, 

			   (n + 1) + (n + 1) – 2n = 2.

17*  moswavleebi samive SemTxvevas unda iTvaliswinebdnen:

     aq 	    OD = R – h, 		      OD = h – R 
I SemTxvevaSi ∆AOD-dan R2 = (R – h)2 + AD2

II-Si _ R2 = (h – R)2 + AD2

gaviTvaliswinoT, rom AD2 = x2 – h2, miviRebT: 

			   h = x
2

2R
			   S = AD⋅h =  x2 – h2 ⋅h.

maSasadame, 	 S(x) =   x3

4R2  4R2 – x2.

SeiZleba visargebloT urTierTgadamkveTi qordebis TvisebiT:
			   AD2 = h(2R – h);
			   x2 – h2 = 2Rh – h2

			   x2 = 2Rh

			   h =  x2

2R .

III. h = R =  
x
2 ,   x = R 2.   S = 12 x2.

18  f (0) = 1, f (1) = 2, f (4) = 3, f (9) = 4.
maRali mzaobis moswavlem SeiZleba gaamaxvilos yuradReba Semdeg faqtze:

		  0 = 0, 1 = 1, 4 = 2, 9 = 3, 

		  0 + 1 = 1, 1 + 1 = 2, 4 + 1 = 3, 9 + 1 = 4.
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maSasadame, SemCneul kanonzomierebas mivyavarT miTiTebuli saxis erT-erTi 
funqciis aRmoCenamde:

			   f (x) =  x  + 1.

saSinao davalebis amocanaTa umravlesoba klasSi amoxsnili amocanebis analo-
giuria. Tumca, SeiZleba gamovyoT amocanebi, romlebic gansxvavebul midgomebs 
moiTxovs.

9  yuTi marTkuTxa paralelepipedia, romlis simaRlea x, fuZe kvadratia 
(36 – 2x) sm gverdiT.

moculobis formula SeiZleba cnobaris saSualebiT gavixsenoT:
			   V = (36 – 2x)2⋅x.

10  Tu AB = x, maSin AD =  4R2 – x2, marTkuTxedis S farTobi 
x-is funqcia:

			   S(x) = x 4R2 – x2.

13  			       AC =  100 – x2 , 
				        P(x) = x + 10 +  100 – x2  (sm).

15  moswavleebi ixseneben rTuli procentis daricxvis wess; n wlis Semdeg 
dagrovili Tanxa n-is funqciaa da gamoiTvleba formuliT:

		  f (n) = 2000(1 + 0,03)n = 2000⋅(1,03)n, sadac 2000 sawyisi Tanxaa.

16  a) moswavleebi ganixilaven wyvilebs: 
		  (0; 1), (2; 2), (4; 3), (6; 4).
meore elementi 1-iT metia pirveli elementis naxevarze: 

		  1 = 02 + 1; 2 = 22 + 1, 3 = 42 + 1, 4 = 62 + 1.

maSasadame, aRmoaCenen miTiTebuli saxis erT-erT funqcias:

		  f (x) = x2 + 1.

b) (0; – 1), (1; 0), (2; 3), (6; 35)  aq meore elementebi 1-iT naklebia pirvelis 
kvadratze – 1 = 02 – 1; 0 = 12 – 1, 3 = 22 – 1, 35 = 62 – 1.

maSasadame, miTiTebuli saxis erT-erT funqciaa f (x) = x2 – 1.

17 	 f (a + b) = f (a) + f (b) + 100⋅ab.
Tu a = 0 da b = 0, maSin gvaqvs
		  f (0) = f (0) + f (0) + 0,
maSasadame, f (0) = 0.
Tu a = 0,25; b = 0,25, maSin 
		  f (0,5) = 2 + 2 + 100⋅0,0625 = 10,25.
		  f (1) = f (0,5 + 0,5) = 10,25 + 10,25 + 100⋅0,25 = 45,5.

A D

B

x

C

x
10

AC

B
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§9.2. funqciis grafiki

Ffunqciis grafiki erT-erTi samizne cnebaa, romlis gaazreba funqciis cnebis 
mniSvnelovan Tvisebas ukavSirdeba funqcia iseTi Sesabamisobaa A da B simravlee-
bs Soris, roca a-s yovel elements Seesabameba B-s erTaderTi elementi. Tu A da 
B ricxviTi simravleebia, yovel x ricxvs A simravlidan Seesabameba erTaderTi 
y ricxvi B simravlidan. maSasadame, funqcia SeiZleba aRvweroT ricxvTa aseTi 
(x; y) wyvilebiT. winare codnis gaaqtiurebas, funqciis aRniSnuli damaxasiaTebe-
li Tvisebis warmodgeniT, mosdevs axali samizne cnebis warmodgena _ funqciis 
grafikis cnebis aRwera. cnobilia aseTi midgomac: nebismieri A da B simravlee-
bisTvis, (x; y) wyvilTa simravles, romlebic zemoT aRwerili wesiT Seiqmna, funq-
ciis grafiks uwodeben. Cven am cnebas vukavSirebT ricxviTi A da B simravleebis 
SemTxvevaSi sakoordinato sibrtyeze (x; y) wertilTa simravlis warmodgenas. f 
funqciis grafiki aris sakoordinato sibrtyeze (x; f (x)) wertilebis simravle. aq 
mniSvnelovan sakvanZo SekiTxvad SeiZleba miviCnioT SekiTxva: aris Tu ara yove-
li wiri (wertilTa simravle) sakoordinato sibrtyeze raime funqciis grafiki? 
moswavlem unda SeZlos dawvrilebiT upasuxos am kiTxvas da axsnas is SemTxveve-
bi, roca mocemuli wiri ar SeiZleba iyos raime funqciis grafiki.

aRniSnuli sakiTxis gaazrebas xels uwyobs 1 , 3  da 6  amocanebis amoxsna.
ramdenime amocana (magaliTad, 4 , 3 ) Seicavs davalebas, romelic dakav-

Sirebulia wrewiris gantolebis codnasTan. magaliTad, im wrewiris gantoleba, 
romlis centri aris koordinatTa saTave, xolo radiusi 1-is tolia, moicema 
formuliT: x2 + y2 = 1. Tu ganvixilavT, am wrewirTan dakavSirebul naxevarwrewirs 
( – 1 ≤ x ≤ 1, 0 ≤ y ≤ 1), maSin igi warmogvidgens y =  1 – x2  formuliT mocemul funqcias. 
Tu – 1 ≤ x ≤ 1 da – 1 ≤ y ≤ 0, maSin Sesabamisi naxevarwrewiri y = –  1 – x2  funqciis gra-

fikia. 3  amocana ki warmogvidgens funqcias: y = –  4 – x2 , romlis grafiki x2 + y2 = 4 
wrewiris naxevarwrewiria, romelic mdebareobs me-3 da me-4 meoTxedebSi.

moswavleebi ixseneben SeTanxmebas: Tu funqcia formuliT aris mocemuli da 
dasmulia SekiTxva: ra aris am funqciis gansazRvris are, maSin unda veZeboT x-is 
im mniSvnelobaTa simravle, romlebisTvisac formulas azri aqvs (wilads azri 
aqvs, roca mniSvneli ar aris nuli, fesvs _ roca fesqveSa gamosaxuleba araua-
ryofiTia). Sesabamisad, moswavleebs ar gauWirdebaT gansazRvris areebis povna 

amocanebSi: 7 , 10 , 11 , 12 , 10 , 11 , 12 . axla ganvixiloT amocanebi, roca 
mniSvnelobaTa simravlis povna moiTxoveba. moswavles unda SevaxsenoT, rom, x-is 
mniSvnelobebis mixedviT, unda ganvsazvroT _ ra mniSvnelobebis miReba SeuZlia 
y-s. es SeiZleba sxvadasxva xerxiT gakeTdes.

7  a) y = (x – 1)2 + 3, cxadia, (x – 1)2  ≥ 0, maSasadame, y ≥ 3.
mniSvnelobaTa simravle [3; + ∞) Sualedia.

g) y = |x|, |x| ≥ 0.
mniSvnelobaTa simravlea _ [0; + ∞).

d) y = 1|x|, mniSvnelobaTa simravle, cxadia, aris (0; + ∞).
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10  a) 	 f (x) =  x2

x2
 + 1.				       b) 	 g(x) =  x2 – 2x – 2

I xerxi: 	
x2

x2
 + 1 = x

2
 + 1 – 1
x2

 + 1  = 1 –  1
x2

 + 1.			 
g(x) =  (x – 1)2 – 3

cxadia, 	 E(f ) = [0; 1).					   
E(g) = [0; + ∞).

II xerxi: 	 y =  x2

x2
 + 1, yx2 + y = x2, (y – 1)x2 + y = 0

		  x2 =  y
1 – y , y

1 – y  ≥ 0, y
y – 1  ≤ 0

		  0 ≤ y < 1.

11  	 y =  x
3x 

 + 4
		  3xy + 4y = x

		  x(1 – 3y) = 4y, x =  4y
1 

 – 3y, y ≠ 13.

12  g)	 I. 	 y =  x
x + 1 				          d) 	 y =  x – 1

5x – 2
	 5xy – 2y = x – 1
	 x(5y – 1) = 2y – 1

	 x = 2y – 1
5y – 1 , y ≠ 15.

		  y = x + 1
x + 1  –  1

x + 1  = 1 –  1
x + 1 .

		  E(g) = (– ∞; 1)∪(1; + ∞).

	 II. 	 xy + y = x
		  (1 – y)x = y

		  x =  y
1 – y , y≠1.

11  b) 	 2xy + 3y = 21
		  2xy = 21 – 3y

		  x = 21 – 3y
2y

		  y≠0.

12  g) I. 	y = x
 + 2 – 2
x + 2 		  II. 	 xy + 2y = x

	 x|1 – y| = 2y

	 x =  2y
1 + y

	 y≠1.

	 d)	 y =  x – 2
3x – 1 , 

	 3xy – y = x – 2, 
	 x(3y – 1) = y – 2

	 x =  y – 2
3y – 1

	 y ≠ 13.

		  y = 1–  2
x + 2

		  E(y) = (– ∞; 1)∪(1; + ∞).
	

 

miTiTeba 13  amocanis amosaxsnelad. 
a) kubis zedapiris S farTobi gamoisaxeba kubis a wibos saSualebiT: 
			   S = 6a2,
kveTis s farTobi ase Caiwereba:			 

b) 	V = a3 = ( s 
2 )3,

	 V = s  s
84 .

			   s = a2  2.	
maSasadame,
			   S = 

6s
2 .
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§9.3. simravleebs Soris damokidebulebebisa da 
	   funqciis mocemis xerxebi

vagrZelebT funqciis Sesaxeb sakiTxebis ganxilvas. winare codnis gaaqtiure-
ba dakavSirebulia funqciis mocemisTvis aucilebeli sami pirobis aRwerasTan; 
funqciis mocema niSnavs gansazRvris aris, mniSvnelobebis Semcveli simravlis da 
Sesabamisobis miTiTebas. amrigad, mocemis xerxebi SeiZleba iyos wyvilebis Sesaba-
misi cxrilis mocema, grafikis warmodgena, formulis moyvana.

amasTanave, erTi da imave funqciis mocemisas, SeiZleba sxvadasxva formula 
iyos warmodgenili.

funqciis cnebis kargad gaazrebas emsaxureba iseTi Sesabamisobis ganxilva, 
romlebic ar aris funqcia.

`testuri~ davalebebi da amocanebi xels uwyobs funqciis warmodgenaTa Se-
saxeb codnis ganmtkicebas; funqcia SeiZleba mocemuli iyos cxriliT, grafikiT, 
formulebiT. am SemTxvevebis codna daexmareba moswavles, swrafad miuTiTos pa-

suxebi 1  –  5  `testebSi~. analogiuria saSinao `testebi~.

6  zogi mecnieri am asaxvas `gaigivebis~ abstraqciis magaliTad ganixilavs _ 
magaliTad, yvela naturalur ricxvs, romelic 5-ze gayofisas iZleva naSTs 1-s, 
vusabamebT ricxvs 1-s. naturalur ricxvTa Tvisebebis Seswavla, am asaxvis ga-
moyenebiT, daiyvaneba sasrul simravleze sruli induqciis meTodis gamoyenebaze. 
aRniSnuli funqciis mniSvnelobaTa simravle 5 ricxvisgan Sedgeba: {0; 1; 2; 3; 4}.

7  am amocanaSi ganixileba sxvadasxva formuliT funqciis mocemis magaliTi. 
Tu x wignebis raodenobaa, maSin gadaxdili f (x) lari ase gamoiTvleba:

 			   20x, Tu x ≤ 3
		  f (x) =   	30 + 10x, Tu 3 < x < 7,
			   60 + 5x, Tu x ≥ 7.

am formuliT, advilad Seivseba miTiTebuli cxrili.

8  aq 	f ( 3) = 0, radgan 3  iracionaluria,
	 f (3,1) = 1, radgan 3,1 racionaluri ricxvia.
moswavleebi ixseneben racionaluri da iracionaluri ricxvebis magaliTebs. 

Tu n naturaluri ricxvi ar aris naturaluri ricxvis kvadrati, maSin n  ira-
cionaluri ricxvia.

9  magaliTad, 6-s Seesabameba ori ricxvi, Sesabamisoba ar aris funqcia. Se-
sabamisoba diagramiTaa mocemuli.

10  -  12  amocanebis amoxsnisas, SeiZleba davexmaroT moswavleebs, SeiZleba Cve-
ni miTiTebebic gamoiyenoT.

10  b) 	 f (x) = x 2 – x
2 , ϕ(x) =  x – x 2

2 ,

	 maSin  f (– x) = x 2 + x
2 ,  ϕ(1 + x) = 1 + x –  (1+ x)2

2 , 

	 f (– x) + ϕ(1 + x) =  x 2 + x + 1 + x – 1 – 2x – x 2
2  = 0.
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g) f (x2 + 1) = (x 2 + 1)2 – (x 2 + 1)
2 , 	 ϕ(1 – x2) = 1 – x 2 – (1 – x 2) 2

2 .

f (x2 + 1) + ϕ(1 – x2) = x
4 + 2x2 + 1 – x2 – 1 + 1 – x2 – 1 + 2x2 – x4

2  = 2x 2
2  = x2.

11  Tu f (x3) = 3x6 – 2x3, maSin f (x3) = 3(x3)2 – 2x3. maSasadame, f (x) = 3x2 – 2x.

12  vTqvaT, f (x) = 2x – 3, maSin f (f (x)) = 2⋅f (x) – 3 = 2(2x – 3) – 3 = 4x – 9.

saSinao davalebis amocanebi, ZiriTadad, klasSi amoxsnili amocanebis analo-
giuria. moswavleebs ar unda gauWirdeT `testebSi~ swori pasuxebis SerCeva.

7  ar aris funqcia, 1-s ori ricxvi Seesabameba.

8  2-s Seesabameba 4, 6, 8 da 10. Sesabamisoba ar aris funqcia.

10  funqciis Sesaxeb warmodgenas gviqmnis wyvilebi:
	 ( – 4; 16), ( – 3; 9), ( – 2; 4), ( – 1; 1), (0; 0), 
	 (1; 1), (2; 4), (3; 9), (4; 16).
(n, f (n)) wertilebi y = x2 funqciis grafiks ekuTvnis.

12  a) Tu f (x2) =  1
2x

, x > 0
maSin vwerT:

	 f (x2) = 
1

2 x2 ; e. i. f (x) = 
1

2 x, x > 0.

SeiZleba asec vimsjeloT: x2 = t, maSin f (t) = 
1

2 t . igivea rac f (x) = 
1

2 x.

b) Tu 	 f  (1
x) = x +  1 + x2 , x > 0.

maSin 	 f  (1
x) = 11

x

 +  1 + 11
x2

	 f (x) = 1x  +  1 + 1x2  = 1x  + 1x  x2 + 1 = 1 +   x2 + 1
x .

II gza. 1
x

 aRvniSnoT t-Ti, maSin x = 1
t
, miviRebT: f (t) = 1t  +  1 + 1t2 .

	 f (t) = 1 +   t 2 + 1
t .

13  Tu g (x) = 2x2 – 1, maSin g(g(x)) = 2(g(x))2 – 1 = 2(2x2 – 1)2 – 1 = 2(4x4 – 4x2 + 1) – 1 = 8x4 – 8x2 + 1.

	 V(12) = 2⋅12 = 24 m/wm = 24⋅3600
1000  = 24⋅3,6 = 86,4 km/sT,

	 V(30) = 30 m/wm = 30⋅3,6 = 108 km/sT.
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§9.4. funqciis Tvisebebi

funqciis sxvadasxva Tvisebis Seswavla TvalsaCinoebis gamoyenebiT mimdi-
nareobs. es aadvilebs masalis aTvisebas, damaxsovrebasa da gamoyenebas. mniSvne-
lovania mosalodneli Secdomebis miTiTeba da maTi Tavidan acilebis SesaZle-
blobis aRwera. yvela Tvisebis daxasiaTebas win uZRvis funqciis cnebis Sesaxeb 
winare codnis gaaqtiureba (funqciis gamoyofa Sesabamisobis saxeobebidan, funq-
ciis grafiki, funqciis mocemis xerxebi). maTi gamoyeneba aadvilebs funqciis 
Tvisebebis gaazrebas. amasTanave, yoveli Tvisebis aRwera konkretuli magaliTebis 
saSualebiT mimdinareobs. yuradRebas vamaxvilebT yoveli Tvisebis mniSvnelovan 
momentebze; zrdadoba, klebadoba, mudmivoba ricxviT simravleze ganixileba da 
arsebiTia gansazRvrebaTa erTnairi struqtura _ aRniSnuli simravlis yoveli 
x1 da x2 wertilebisTvis pirobas, romelsac es wertilebi akmayofilebs, mosdevs 
piroba, romelsac am wertilebSi funqciis mniSvnelobebi akmayofilebs. vinar-
CunebT im gansazRvrebebs (zrdadobis, klebadobis, mudmivobis), romelic ukve 
damkvidrebuli iyo Cvens skolaSi.

gansazRvrulia nulebis, dadebiTobis da uaryofiTobis Sualedebis, maqsi-
mumisa da minimumis wertilebis cnebebi. unda gavarCioT _ maqsimumis werti-
li funqciis maqsimumisgan, minimumis wertili _ funqciis minimumisgan. Zalian 
mniSvnelovania Cveni SeniSvna mosalodneli Secdomebis Tavidan acilebis Sesaxeb.

`testebisa~ da amocanebis amoxsniT mimdinareobs codnis ganmtkiceba funq-
ciis Tvisebebis Sesaxeb.

`testebSi~ swori pasuxebis SerCeva moiTxovs funqciis nulis, minimumisa da 
maqsimumis wertilebis, niSanmudmivobis Sualedebis gansazRvrebebis codnas.

6 , 7  amocanebSi moswavlem unda SeZlos grafikis aRwera _ grafikis `wa-
kiTxva~; grafikis aRweris mixedviT am grafikis SesaZlo geometriuli gamo-
saxulebis warmodgena.

8  f (x) = x2 – 1 funqciis nulebia – 1 da 1 wertilebi.
		  x2 – 1 > 0,
		  |x| > 1
x > 1, an x < – 1. maSasadame, (– ∞; – 1) da (1; + ∞) Sualedebi dadebiTobis Sualede-

bia; ( – 1; 1) Sualedi ki _ uaryofiTobis Sualedi.

9  viRebT nebismier or dadebiT ricxvs, x1 da x2. vTqvaT, x2 > x1, maSin x2
2 – x1

2 = (x2 – x1)
(x2 + x1) > 0. e. i. x2

2 > x1
2. maSasadame, (0; + ∞) funqciis dadebiTobis Sualedia.

vTqvaT, x1 da x2 uaryofiTi ricxvebia, x2 > x1. 
radgan x2 > x1, amitom x2 – x1 > 0; radgan x2 < 0, x1 < 0, amitom x2 + x1 < 0
maSasadame, x2

2 – x1
2 = (x2 – x1)(x2 + x1) < 0, x2

2 < x1
2.

y = x2-is klebadobis Sualedia (– ∞; 0).

10  a) Tu x2 > x1, maSin – x2 < – x1, – 3x2 < – 3x1, 2 – 3x2 < 2 – 3x1, f (x2) < f (x1).
maSasadame, f (x) = 2 – 3x klebadi funqciaa, klebadobis Sualedia (– ∞; + ∞).
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analogiurad, vaCvenebT, rom f (x) = 35 + 47 x zrdadia, xolo f (x) = – 0,2x – 3,5  kle-

badia. SeiZleba es pasuxebi moswavleebma grafikebis agebiTac miiRon.

SeiZleba moswavlebma SeniSnon, rom 10 amocanaSi warmodgenili samive SemTxve-
vaSi wrfis gantolebebia mocemuli da maTi grafikebis daxris mixedviTac imsje-
lon.

11  a) f (x) = x3 – 3x = x(x2 – 3).
Tu x1 < – 1, x2 < – 1 da x2 > x1, maSin 
	 f (x2) – f (x1) = x2

3 – 3x2 – x1
3 + 3x1 = (x2 – x1)(x2

2 + x2x1 + x1
2) – 3(x2 – x1) = (x2 – x1)(x2

2 + x2x1 + x1
2 – 3).

radgan x1 < – 1 da x2 < – 1, amitom x1
2 > 1, x2

2 > 1, x1x2 > 1, saidanac x2
2 + x1x2 + x1

2 – 3 > 0.
amasTanave, x2 > x1. maSasadame, f (x2) > f (x1), f (x) zrdadia (– ∞; – 1) Sualedze.

b) vTqvaT, f (x) = x4 + 27x da x2 > x1 ≥ 0, maSin 
	 f (x2) – f (x1) = x2

4 + 27x2 – x1
4 – 27x1 = (x2 – x1)(x1 + x2)(x1

2 + x2
2) + 27(x2 – x1) = 

	 = (x2 – x1)((x1 + x2)(x1
2 + x2

2) + 27) > 0.
f (x) zrdadia.

12  funqciis grafiki SeiZleba iyos suraTze warmod
genili formis:

			  			   f (x1) < f (x3) < f (x2).
x1 da x2 maqsimumis wertilebia, x3 _ minimumis.

saSinao davalebis amocanebi, ZiriTadad, klasSi amoxsnili amocanebis analo-
giuria.

magaliTad, 5  da 4  `testebi~ erTi da imave gansazRvrebis gamoyenebas 
moiTxovs. maqsimumisa da minimumis wertilebis gansazRvrebis Tanaxmad, im Suale-
dis yovel wertilSi, romelSic funqcia mudmivia, gvaqvs maqsimumis wertilic da 
minimumis wertilic. es gansazRvreba 50 welia Cven skolaSi moqmedebs da Cven ar 
SevcvaleT.

miTiTebebi zogierTi amocanis amosaxsnelad.

13  Tu f (x) = x4 – 8x, x1 da x2 [2; + ∞)-is wertilebia da x2 > x1, maSin
	 f (x2) – f (x1) = x2

4 – 8x2 – x1
4 + 8x1 = (x2 – x1)(x2 + x1)(x2

2 + x1
2) – 8(x2 – x1) = 

	 = (x2 – x1)((x1 + x2)(x1
2 + x2

2) – 8)
Tu x1 ≥ 2, x2 ≥ 2, maSin x1

2 ≥ 4, x2
2 ≥ 4 da (x1 + x2)(x2

2 + x2
2) > 8.

maSasadame, f (x2) > f (x1). y = x4 – 8x zrdadia [2; + ∞) SualedSi.

moisazre

am rubrikiT warmodgenilia amocanebi, romlebic maswavlebelma SeiZleba maRa-
li mzaobis moswavleebTan diferencirebuli swavlebisas gamoiyenos. amasTanave, 
amoxsnebis ganxilva SeiZleba klasSi yvela moswavlis monawileobiT Catardes.
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1  SeiZleba ganvixiloT ricxviTi toloba, romelic miiReba x = 0 mniSvnelobis 
CasmiT: – f ( – 1) = 0 + f (0), f (0) = – f ( – 1).

Tu x = – 1, maSin gvaqvs: – 2f (0) = – 1 + f ( – 1).
maSasadame, 

		   		      2f (0) = – 2f ( – 1)
		     – 2f (0) = – 1 + f ( – 1)
		  0 = – f ( – 1) – 1
		  f ( – 1) = – 1.

2  maswavlebelma SeiZleba icodes, rom umaRles algebraSi am Tvisebis funq-
cias wrfivi forma ewodeba. ricxviTi funqciebis SemTxvevaSi, mocemul pirobas 
akmayofilebs y = kx formuliT mocemuli funqcia: 

		  f (x1 + x2) = k(x1 + x2) = kx1 + kx2 = f (x1) + f (x2).

3  Tu x = 1, maSin miviRebT: f (x) = f (x) + f (1), maSasadame, f (1) = 0.
Tu x1 = 2023, x2 =  1

2023, amasTanave, f ( 1
2023) = 1, maSin gvaqvs:

		  f (1) = f (2023) + f ( 1
2023), 

		  f (2023) = – 1.

4  Tu x0 saerTo nulia, maSin

	  	     x0
4 + ax0

2 + 1 = 0
 	          x0

3 + ax0 = 0. cxadia x0≠0, amitom

		   x0
4 + ax0

2 + 1 = 0
	   x0

4 + ax0
2 + x0 = 0, saidanac x0 = 1.

maSasadame, 1 + a + 1 = 0, a = – 2.

5  vTqvaT, f  (
3x – 1
x + 2 ) = 

x + 1
x – 1 , x≠ – 2, x≠1.

vTqvaT, 
3x – 1
x + 2  = t, maSin 3x – 1 = tx + 2t, x(3– t) = 1 + 2t, 

	 x = 
1 + 2t
3 – t ;

maSasadame, f (t) = 

1 + 2t
3 – t

1 + 2t
3 – t

+ 1

– 1
 = 

t + 4
3t – 2 . anu, f (x) = 

x + 4
3x – 2 .

6  a) f (x + 1) = 

x – 3
 2 , Tu x < – 2

x2 + 2x, Tu – 2 ≤ x ≤ 2
5x – 1, Tu x > 2

Tu f (x + 1) = – 4, maSin gvqonia mxolod es SemTxveva: 

		  f (x + 1) = 
x – 3

 4  da x = – 5.
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b) f (x + 1) = 

3x – 3
2 , Tu x < – 23

9x2 + 6x, Tu – 23  ≤ x ≤ 
2
3

15x – 1, Tu x > 23

 

Tu f (3x + 1) = 3, maSin SesaZlebelia mxolod 9x2 + 6x = 3, saidanac x = – 1 an x = 13 .
pirveli mniSvneloba ar euTvnis [ – 23 ; 

2
3 ] Sualeds, meore _ ekuTvnis.

pasuxi: x = 13 .

g) wina ori SemTxvevis analogiurad, miviRebT
		  f (x + 7) = 5(x + 7) – 6
		  5(x + 7) – 6 = 14
		  5(x + 7) = 20
		  x + 7 = 4
		  x = – 3, maSin x + 7 > 3.

amocanebi TviTSefasebisTvis

miTiTebebi:

1  aris Tu ara damokidebuleba funqcia? damokidebulebis sityvieri aRweris 
mixedviT, moswavle msjelobs, A simravlis yovel elements unda Seesabamebodes 
B simravlis erTaderTi elementi. 

a) darRveulia piroba _ A-s yovel elements ar Seesabameba B-s elementi (maga-
liTad, uaryofiT ricxvs). 

b) aq yovel x∈A ricxvs Seesabameba B-dan wesieri samkuTxedi, romlis perime-

tri x ricxvia (gverdi iqneba 
x
3). x

3  sm-is toli sigrZis gverdis mqone samkuTxe-

di erTaderTia, radgan tol samkuTxedebs ar ganvasxvavebT; faqtobrivad, gvaqvs 
Sesabamisoba dadebiT ricxvebsa da wesieri samkuTxedebis klass Soris (toli 
samkuTxedebi `gaigivebulia~ tolobis mimarTebis mimarT).

3  	 rgolis farTobi: πr2
2 – πr1

2 = π(3r1)
2 – πr1

2 = 8πr1
2; 2r1 = a, r1 = a2, S = 2πa2.

4  	 f (0) = – 15
3  = – 5; gadakveTis wertilia: B(0; – 5).

5  	 D(g) = (– ∞; – 75)∪( – 75; + ∞);

	 g =  3x
5x + 7,	 5gx + 7g = 3x

			   7g = x(3 – 5g)

			   x =  7g
3 – 5g

	 E(g) = (– ∞; 3
5)∪(3

5; + ∞).
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8  	 8x5 – 8x3 – x2 + 1 = 0
	 8x3(x2 – 1) – (x2 – 1) = 0
	 (x2 – 1)(8x3 – 1) = 0

	 nulebi: x1 = 1; x2 = – 1; x3 = 12 .

	 1 + ( – 1) + 12  = 12 .

10  	 P(x) = x2 – 40x – 1200
	 P(x) = (x – 20)2 – 1600
	 wamgebiania, roca (x – 20)2 – 402 < 0, |x – 20| < 40, 
	 x > 0, x – 20 < 40;
	 x < 60.

	 b) x = 61.

kompleqsuri davaleba

moswavlem unda moiZios masala eleqtroenergiis mniSvnelobis Sesaxeb. ele-
qtroenergiis importis cvlilebis Sesaxeb; ra aris eleqtroenergia, ra erTeule-
bSi izomeba eleqtroenergia _ am kiTxvebze pasuxebs unda Seicavdes moswavlis 
mier Sesrulebuli samuSao.

amasTanave, miTiTebuli unda iyos eleqtroenergiis is raodenoba, romlis 
gamomuSavebasac saqarTvelo sakuTari SesaZleblobiT axerxebs, am raodenobis 
procentuli wili saerTo moxmarebaSi. iyenebs Tu ara saqarTvelo ganaxlebad 
energias (aq aris mzis, hidroeleqtrosadgurebis, qaris energia); moswavle unda 
Seexos ganaxlebadi energiis mopovebis mniSvnelobas (garemos nakleb zians ayene-
bs). ganaxlebadi energia saSualebas gvaZlevs davakmayofiloT gazrdili moTxovna 
ise, rom garemos minimaluri ziani miadges.

xazgasmuli unda iyos wylis energiis gamoyenebis mniSvneloba eleqtroener-
giis misaRebad. SeiZleba warmoadginon monacemebi Cveni yvelaze Zlieri hidroe-
leqtrosadguris Sesaxeb, romelic simaRliT (≈271 metri) msoflioSi meeqvsea. 
SeiZleba visaubroT wylis energiis sxva saxeebze (wyalsacavebidan talRuri en-
ergiis miReba). moswavlem SeiZleba moiZios informacia qaris eleqtrosadgurebis 
Sesaxeb (rodis aigo saqarTveloSi pirveli qaris eleqtrosadguri?).

SeiZleba davaxasiaToT eleqtroenergiis moxmarebis moculobiT gamorCeuli 
qveynebi. erT mosaxleze moxmarebuli eleqtroenergiis raodenobis mixedviT, 
saqarTvelo msoflioSi romel adgilzea? SeiZleba araganaxlebadi energiis wy-
aroebis (magaliTad, bunebrivi airi, navTobi, qvanaxSiri) Sesaxeb informaciis mo-
groveba. SeiZleba saubari Senobebis siTbodamcveli RonisZiebebis mniSvnelobis 
Sesaxeb. 

mniSvnelovania eleqtroenergiis moxmarebis safasuris gadaxdis im safexu-
rovani sistemis analizi, romelic saqarTveloSia SemoRebuli. moiZieT uaxlesi 
informacia Tqvens regionSi arsebuli tarifebis Sesaxeb. moswavlem unda SeZlos 
am sistemis warmodgena funqciis saxiT _ x kilovatsaaTSi gadasaxdeli Tanxa x-is 
funqciaa, vTqvaT f (x). moswavlem unda SeZlos f (x)-is formulebiT Cawera.
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IX Tavis damatebiTi amocanebi 

`moisazres~ amocanebi maRali mzaobis moswavleebTan muSaobisTvisaa ganku-
Tvnili. damatebiTi amocanebi ki gamoiyeneT mTel klasSi (diferencirebuli 
swavlebis drosac).

miTiTebebi zogierTi amocanis amosaxsnelad.

4  	 Tu f (2x + 3) = x – 1, maSin f (x) = x – 3
2  – 1,  f (x) = x – 5

2 ,  f (5) = 5 – 5
2  = 0.

	 f (5) SeiZleba asec vipovoT:
	 2x + 3 = 5, 2x = 2, x = 1, f (5) = 1 – 1 = 0.

7 	
|x|
x  = 1, Tu x > 0;		  8  	y = 2x – 1

2x + 1  = 2x + 1 – 2
2x + 1  = 1 –  2

2x + 1;

	 D(y) = (– ∞; – 12)∪( – 12; + ∞)

	 x =   y
2(1 – y)

	 E(y) = (– ∞; 1)∪(1; + ∞).

	 |x|
x  = – 1, Tu x < 0;

	 D(y) = (– ∞; 0)∪(0; + ∞)
	 E(y) = { – 1; 1}.

10  	 f (x) = [x],
	 f (5,2) = 5; f ( – 3,2) = – 4.
	 D(f) = R, E(f) = Z.

11  	 f (x) = {x}. 
	 a) f (2,3) = 0,3; f (2) = 0; f (0,8) = 0,8; f ( – 0,8) = 0,2.
	 b) D(f) = R; E(f) = [0;1). 
	 g) Tu f (x) = 0,2; maSin x = k + 0,2; sadac k nebismieri mTeli ricxvia.

14  	 x2 – 4x = 0
	 x1 = 0, x2 = 4
	 x(x – 4) > 0
	  x > 0  	   x < 0
 	    x – 4 > 0  

an
       x – 4 < 0

	    x > 4      an       x < 0.

a) nulebia 0 da 4; 
b) zrdadoba: [2; + ∞), klebadoba: (– ∞; 2];
g) dadebiTia: (– ∞; 0)∪(4; + ∞), uaryofiTia: (0; 4);
d) udidesi mniSvneloba: 52 – 4⋅5 = 5, umciresi: 22 – 4⋅2 = – 4.

15  	 A = ( – 3; 2), B = (2; y), C = (6; 6).
		 (6 – 2)2 + (6 – y)2 = 5
	 25 – 16 = (6 – y)2

	 6 – y = 3 an 6 – y = – 3. virCevT y = 3, Sesabamisad, B(2; 3).
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Semajamebeli wera

Tema: algebra da kanonzomierebebi.
samizne cnebebi da maTTan dakavSirebuli mkvidri warmodgenebi: funqcia, 

funqciis Tvisebebi.
Sefasebis indikatorebi: moswavlem unda SeZlos sxvadasxva xerxiT mocemuli 

funqciis `wakiTxva~ _ Tvisebebis dadgena: funqciis gansazRvris aris da mniSvne-
lobaTa simravlis dadgena; funqciis nulebis da niSanmudmivobis Sualedebebis 
dadgena.

amocanebis nimuSebi

amoxseniT amocanebi 

1  funqcia mocemulia cxriliT: 

x – 1 0 1 2 4 9 10

f(x) 2 3 0 0 1 5 10

a) ipoveT f (0) + f (2) + f (10); 
b) ipoveT x, Tu f (x) = 1;
g) amoxseniT gantolebebi: f (2x– 3) = 5; f (x + 2) = 0.

2  suraTze gamosaxuli figura Sedgeba ABCD marTkuTxedis-
gan da naxevarwrisgan BC diametriT. mTeli fanjris perimetri 
20 metria. gamosaxeT misi farTobi x-iT (x naxevarwris radiusia, 
gazomili metrebSi).

3  ipoveT y =  4x2 – 9 + 3 funqciis gansazRvris are da mniSvneloba simravle.

4  y = f (x) funqciis grafikis mixedviT daadgi-
neT misi gansazRvris are da mniSvnelobaTa simra-
vle.

5  vTqvaT, y = f (x) me- 4 (wina) davalebaSi grafikiT warmodgenili funqciaa. 
amoxseniT gantoleba: f (2x– 5) = 0.

6  y = g(x) funqcia yovel mTel ricxvs Seusabamebs 9-ze gayofisas miRebul 
naSTs. 

a) gamovaleT f (17), f (100), f (30596), f (0), f (9), f (– 20).
b) daasaxeleT x-is sami iseTi mniSvneloba, romelTaTvisac f (x) = 5.
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7  funqcia mocemulia Semdegi formulebiT:
 				    x– 1, roca x≤0
			   f (x) =    	x2– 1, roca 0<x<2
				    x + 2, roca x≥2.
gamoTvaleT f (– 1) + f (0) + f (1) + f (2) + f (5).

8  vTqvaT, f (2x + 3) = x2 + x. 
a) gamoTvaleT f (5), f(0);
b) ra formuliT moicema y = f (x)?

9  ipoveT y = 10– 3x funqciis dadebiTobis Sualedi. aageT misi grafiki.

10  ipoveT y = 5x3 + 11x2– 12x funqciis nulebi.

pasuxebi: 1  a) 13; b) x = 4, g) x = 6; x = – 1 an x = 0. 2  S = – (2 + p2) x2 + 20x (m2). 		

		  3  D(f) = [– 1,5; 1,5]; E(f) = [3;  + ∞). 4  D(f) = [– 5; 5]. E(f) = [– 4; 3]. 		

		  5  x = 0; x = 3; x = 5.  6  a) 8; 1; 5; 0; 0; 7; b) magaliTad, 14; 32; 5. 

		  7  6. 8  a) f(5) = 2; b) f (0) = 34 ; g) f (x) = 14  (x2– 4x + 3). 9  (– ∞; 10
3 ). 

		  10  x = – 3; x = 0,8; x = 0.

ganmsazRvreli Sefasebis rubrika

1  a) davalebis Sesuleba SevafasoT 0,5 quliT, b) davalebis Sesrulebac 
_ 0,5 quliT; g) davalebis Sesrulebisas 2x– 3 = 9 gantolebis dadgenisa da misi 
amoxsnisTvis _ 1 quliT; bolo gantolebis amoxsna SevafasoT 1 quliT, Tu ipova 
orive amonaxsni (x + 2 = 1 da x + 2 = 2 gantolebebis), mxolod erTi amonaxsnis povna 
_ 0,5 quliT. sul _ 3 qula.

2  gamosaxa figuris perimetri da farTobi ori cvladis (x da AB) saSuale-
biT, Sefasdes 1 quliT, kidev 1 qula daeweros, Tu perimetris formulidan AB 
gamosaxa x-iT, Casva farTobis formulaSi da gaamartiva. sul _ 2 qula.

3  4x2– 9≥0 utolobis Cawera Sefasdes 0,5 quliT; kidev 0,5 qula daeweros misi 
amoxsnisTvis (gansazRvris aris dadgenisTvis). funqciis mniSvnelobaTa simravlis 
CawerisTvis moswavles kidev 1 qula daeweros. sul _ 2 qula.

4  gansazRvris aris dadgena Sefasdes 0,5 quliT, mniSvnelobaTa simravlis 
_ 0,5 quliT. sul _ 1 qula.

5  Tu moswavlem 2x– 5 = – 5, 2x– 5 = 1 an 2x– 5 = 5 gantolebebidan romelime dawera 
da amoxsna, Sefasdes 1 quliT. samive am gantolebis dawera da amoxsna Sefasdes 
maqsimaluri 2 quliT.

6  a) funqciis 6 mniSvnelobidan zogierTis povna Sefasdes 0,5 quliT, yvela 
mniSvnelobis gamoTvla _ 1 quliT; b) davalebis SesrulebisTvis daeweros kidev 
1 qula, sul _ 2 qula.

7  xuTi Sesakrebidan mxolod zogierTis sworad gamoTvla Sefasdes 1 qu-
liT; davalebis sworad Sesruleba _ maqsimaluri 2 quliT.
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8  a) davalebaSi gamosaTvleli ori sidididan TiToeulis gamoTvla Sefas-
des 0,5 quliT; b) davalebaSi 2x + 3 = t aRniSvnis Semotana _ 0,5 quliT, y = f(x) funq-
ciis aRdgena _ kidev 0,5 quliT. sul _ 2 qula.

9  dadebiTobis Sualedis povna Sefasdes 1 quliT, grafikis ageba _ kidev 1 
quliT. sul _ 2 qula.

10  nulebis sapovnelad gantolebis Sedgena, x-is frCxilebs gareT gatana 
Sefasdes 1 quliT; kidev 1 qula daematos gantolebis amoxsnisTvis da pasuxis 
dafiqsirebisTvis. sul _ 2 qula.

ganmsazRvreli Sefasebis qulis dadgenisTvis sakmarisia moswavlis mier miRe-
buli qulebis 2-ze gayofa da Sedegis damrgvaleba erTeulis sizustiT.

am gansazRvruli Sefasebis Semdeg Tqven mogiwevT ganmaviTarebel Sefasebaze 
zrunva. es mniSvnelovani aqtivoba arsebiTad Seavsebs aRmoCenil xarvezebs, gaaR-
rmavebs moswavleTa codnas da Seajamebs garkveul etaps moswavleTa saganmanaT-
leblo procesSi. gTavazobT garkveul rekomendaciebs am aqtivobis dawyebis win, 
romelTac Tqven, imedia, daakonkretebT Semajamebeli weris Sedegebisa da klasis 
specifikis gaTvaliswinebiT. ZiriTadi rekomendaciaa: maqsimaluri yuradRebiT 
ganixileT TemasTan dakavSirebul samizne cnebaTa Sinaarsi da kvlevis meTode-
bis arsi. aqtivoba CaatareT interaqtiulad, klasis maqsimaluri CarTulobiT.

1 , 3 , 4  da 5  amocanebis ganxilvisas imsjeleT funqciis mocemis xerxe-
bze, funqciis gansazRvris aresa da mniSvnelobaTa simravleze, gantolebis amoxs-
nis gzebze. dasviT SekiTxva: 

cxriliT mocemisas SeiZleba Tu ara (x, f(x)) wyvilebis CamonaTvalSi x-is mniSv-
neloba meordebodes? 

sakoordinato sibrtyeze nebismieri wiri SeiZleba Tu ara iyos raime funq-
ciis grafiki? aRwereT: ramden wertilSi SeiZleba kveTdes wirs OX-is marTobuli 
wrfe, rom es wiri raime funqciis grafiki iyos?

2  amocanis ganxilvisas mimarTeT klass gaixsenon wrewiris sigrZis, marT
kuTxedis perimetris, wris farTobisa da marTkuTxedis farTobis formulebi.

6  amocanis ganxilvisas moismineT moswavleTa mosazrebebi naSTiT gayofis 
Sesaxeb. sailustraciod ganixileT mTeli dadebiTi da mTeli uaryofiTi ricxve-
bis naturalur ricxvze gayofisas miRebuli naSTebi. SeiZleba Tu ara, rom gayo-
fisas miRebuli naSTi iyos uaryofiTi? ganixileT, 4-is, 30-is, −5-is, −13-is 10-ze 
gayofisas ra naSTi miiReba?

7  amocanaSi argumentebis dasaxelebisas aqcenti gakeTdes funqciis war-
momdgen saTanado formulis SerCevaze.

6  amocanis (da analogiuri saxis amocanebis) ganxilvisas moismineT moswavle-
Ta mosazrebebi martivi gziT amocanis gadaWraze. mocemul amocanaSi ra aRniSvna 
gaamartivebda amocanis gadaWras?
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9  da 10  amocanebis ganxilvisas daubrundiT funqciis niSanmudmivobis 
(dadebiTobis, uaryofiTobis), zrdadoba-klebadobis, funqciis nulebis cnebebs. 
moiyvaneT sailustracio magaliTebi.

am ganmaviTarebeli Sefasebis dasasruls moismineT moswavleTa mier gamoTqmu-
li mosazrebebi, maTi damokidebuleba am sakiTxebis mimarT, maTi azri am sakiTxe-
bis SesaZlo gamoyenebebis Sesaxeb. CainiSneT sayuradRebo mosazrebebi, SeniSnuli 
sirTuleebi da gaiTvaliswineT isini Semdgomi aqtivobebis dagegmvisas.

Tavis Semajamebeli weris Sedegebis mixedviT Tqven ukeT daakonkretebT 
moswavleTa akademiuri miRwevis xarisxs solo taqsonomiis doneebis mixedviT.

prestruqturuli done. aramkafio warmodgena aqvs ZiriTad samizne cnebebze, 
ver aRiqva funqciis cnebis arsi. funqciis mocemis xerxebi. aqvs cdebi formuliT 
mocemuli funqciis mniSvnelobis gamoTvlis _ metwilad xarveziani.

unistruqturuli done. uWirs funqciis cnebis mkafiod aRwera, gansazR-
vris aris da mniSvnelobaTa simravleebis dadgenisas uSvebs Secdomebs, grafikis 
ganxilvisas sworad uTiTebs niSanmudmivobisa da zrdadoba-klebadobis Suale-
debs. 

multistruqturuli done. kargad aqvs gaazrebuli funqciis cneba. Seqceu-
li funqciis cneba aramkafiod aqvs gaazrebuli. funqciis aRweras grafikisa da 
cxrilis mixedviT maRal doneze axdens. ZiriTadad, daZleuli aqvs formuliT 
mocemuli funqciis gansazRvris arisa da mniSvnelobaTa simravlis dadgenis amo-
canis sirTuleebi.

mimarTebiTi done. saxelmZRvaneloSi warmodgenili yvela sakiTxi aqvs gaaz
rebuli. xsnis warmodgenil amocanebs klasSi ganxiluli amocanebis mixedviT. 
aRwers funqciis grafikebs, adgens funqciis gansazRvris ares. Tavisi Sedegebis 
gadmocemisas met damajereblobaze unda imuSaos.

gafarToebuli abstraqtuli done. moswavles Rrmad aqvs gaazrebuli funq-
ciis cneba da masTan dakavSirebuli cnebebi. mkafiod warmoaCens Seqceuli funq-
ciis cnebas da aRwers misi arsebobis pirobebs. iyenebs swor notacias. miRebul 
Sedegebs xsnis damajereblad, dasmuli amocanebis kvlevisas axerxebs maT ganzo-
gadebas da maTi gadaWris gzebsac saxavs.
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X Tavi 

gaviRrmavoT codna wrfivi da kvadratuli 
funqciebis Sesaxeb

Tema: algebra da kanonzomiereba

saaTebis savaraudo raodenoba: 20 sT

Temis farglebSi dasamuSavebeli sakiTxebi: wrfivi funqcia, kvadratuli 
funqcia

samizne cnebebi 
da maTTan dakav­

Sirebuli mkvidri 
warmodgenebi

sakiTxebi
sakvanZo  

SekiTxvebi
kompleqsuri 

davaleba

Sesabamisoba, 
grafiki, funqcia; 
sidideebs Soris 
kavSiri SeiZleba 
aRvweroT wrfivi 
funqciiT; si-
dideebs Soris 
kavSiri SeiZleba 
aRvweroT kvadrat-
uli funqciiT; 
wrfivi funqcia 
sxva funqciebs 
Soris `gamoiyo-
fa~ maxasiaTebeli 
TvisebiT, romelic 
aRwers am funqciis 
cvlilebis siCqa-
res; kvadratuli 
funqciis grafiki 
aris parabola, 
romlis ageba Sei-
Zleba y = x2 fun-
qciis grafikisgan 
gardaqmnis wesebis 
gamoyenebiT

wrfivi funqcia, wrfivi 
funqciis grafiki; 
wrfivi funqciis max-
asiaTebeli Tvise-
ba; wrfivi funqciis 
grafikis gamoyeneba 
sidideebs Soris kav-
Siris statistikuri 
aRwerisas

ra aris wrfivi 
funqciis 
grafiki? ra 
aris wrfivi 
funqciis 
maxasiaTebeli 
Tviseba?

funqciis 
grafikis ra 
gardaqmne-
bi SeiZleba 
gamoviyenoT 
kvadratu-
li funqciis 
grafikis age-
bisas?

wrfivi da 
kvadratu-
li funqciis 
zogierTi 
gamoyeneba
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Sefasebis indikatorebi: moswavlem unda SeZlos  sidideebs Soris kavSiris 
damyareba da warmodgena wrfivi an kvadratuli funqciiT; wrfivi funqciis 
maxasiaTebeli Tviseba; wrfivi funqciis maxasiaTebeli Tvisebis dasabuTeba da 
gamoyeneba; kvadratuli funqciis Tvisebebisa da grafikis gamoyeneba praqti-
kuli amocanebis amoxsnisas (magaliTad, horizontisadmi kuTxiT gasrolili 
sxeulis moZraobis aRwera).

me-10 Tavi wrfivi da kvadratuli funqciis Tvisebebis aRweris gameorebasa da 
maTTan dakavSirebuli codnis gaRrmavebas eZRvneba. wrfivi funqciis Tvisebebis 
gamoyenebiT, Seswavlilia sakoordinato sibrtyeze wrfeTa paralelurobisa da 
marTobulobis pirobebi. ganxilulia praqtikuli amocanebi, romlebic wrfivi, an 
kvadratuli funqciis Tvisebebisa da grafikebis gamoyenebiT ganixileba.

me-10 TavSi warmodgenili masala, urTierTkavSirebis gaTvaliswinebiT, 
SeiZleba Semdegi sqemiT aRvweroT.

§10.1. wrfivi funqcia. Tvisebebi. grafiki

wrfivi funqcia funqciis (samizne cneba) cnebis kerZo saxea; sakiTxebi, rom-
lebic dakavSirebulia aRniSnul samizne cnebasTan, aRiwereba cxovrebiseuli 
praqtikuli magaliTebiT. am magaliTebis ganxilvamde vaaqtiurebT winare cod-
nas; viyenebT interaqtiul formas da klasi imeorebs funqciis mniSvnelovan Tvi-
sebebs: Sesabamisobas simravleebs Soris, roca erTi simravlis yovel elements 
meore simravlis erTaderTi elementi Seesabameba, monotonurobas, niSanmudmivo-
bis Sualedebs, funqciis mocemis xerxebs, funqciis grafiks. mniSvnelovania fun-
qciis grafikis gaazreba _ im wertilTa simravle sibrtyeze, romlebic funqci-
is gansazRvris arisa da mniSvnelobaTa simravlis mixedviT moicema. es sakiTxi 
ukavSirdeba paragrafis erT-erT mizans _ moswavlem SeZlos, daamtkicoT, rom 
wrfivi funqciis grafiki aris wrfe. damtkicebis procesic grafikis swor gaaz-

funqcia

wrfivi 
funqcia

kvadratuli 
funqcia

funqciaTa 
grafikebis 
gardaqmna

kvadratuli 
funqciis 
grafiki

wrfivi 
funqciis 
grafiki
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rebas ukavSirdeba _ wrfivi funqciis grafiki is wrfea, romlis wertilebis x 
da y koordinatebi akmayofilebs mocemuli wrfivi funqciis formulas (y = kx + l), 
xolo im wertilebis koordinatebi, romlebic aRniSnul wrfes ar ekuTvnis _ 
ar akmayofilebs.

dasabuTebis procesSi monawileobas iRebs klasis yvela moswavle; Cveni dax-
marebiT, moswavleebi ixseneben samkuTxedebis msgavsebis niSnebs.

codnis ganmtkiceba `testebisa~ da amocanebis gamoyenebiT mimdinareobs. sa-
kontrolo kiTxvebze pasuxebis gacemiT, vajamebT muSaobas. ganxilulia ori SemT-
xveva, roca y = kx + l formulaSi k = 0, maSin grafiki Ox RerZis paraleluri wrfea; 
es wrfe gadis (0; l) wertilze; Tu k ≠ 0, maSin gvaqvs wrfe, romelic gadis (0; l) da 
(1; k + l) wertilebze; Tu k > 0, funqcia zrdadia, Tu k < 0, funqcia klebadia.

teqstSi ganxiluli magaliTebisa da sakontrolo kiTxvebze pasuxebis gaazre-

ba exmareba moswavleebs 1  –  7  `testebSi~ swori pasuxis SerCevaSi.

8  SevarCioT, magaliTad, (2019; 2300) da (2021; 2800) wertilebi. pirobis Tanax-
mad, Tu damokidebuleba aRiwereba y = kx + l formuliT, maSin 

			    2800 = 2021k + l
			      2300 = 2019k + l
			   2k = 500, k = 250, l = – 502 450
			   y = 250x – 502 450
Tu x = 2025, y = 250⋅2025 – 502 450;
			   y = 3800.

9  	 k = – 6, funqciis gantolebaa
			   y = – 6x + l,
			    – 4 = 18 + k;
			   l = – 22;
			   y = – 6x – 22.

SevniSnoT, rom wrfivi funqcia, romlis grafiki gadis mocemul (a, b) wer-
tilze da mocemuli k daxris mqonea, SeiZleba asec warmovadginoT: y – b = k(x – a). 
marTlac, am gantolebas (wrfivs) akmayofilebs (a, b) koordinatebi da grafikis 
daxraa k. am konkretul amocanaSi davwerT y + 4 = – k(x + 3), anu, y = – 6x – 22.

11  amocana magaliTebSi ganxiluli amocanebis analogiurad ixsneba: 
a) pirobis Tanaxmad, Tu y-iT aRvniSnavT x-litris Sesabamis gadasaxdel Tanxas, 

maSin gveqneba gadaxdis sami varianti: (a), (b) da (c).
		  y = 3,3x + 2500 (a); 	 y = 3,5x + 1500 (b); 	 y = 3,9x (c).
Sesabamisi grafikebi ikveTeba wertilebSi:
			   (b) da (c) _ (3750; 14625)
			   (a) da (b) _ (5000; 19000).

maSasadame, Tu x ≤ 3750, maSin, cxadia, mizanSewonilia yoveli litris 3,9 larad 
SeZena _ (c)-s grafiki sxva grafikebze qvemoTaa. Tu 3750 < x ≤ 5000, maSin mizanSe-
wonilia winaswar 1500 laris gadaxda da yoveli litris 3,5 larad SeZena _ am 
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SemTxvevaSi `qveda~ grafiki (b) wrfea. Tu x>5000,̂ maSin mizanSewonilia 2500 laris 
winaswar gadaxda da yoveli litris 3,3 larad SeZena _ `qveda~ grafiki (a) wrfea.

13  Tu daxra dadebiTia, funqcia zrdadia, Tu daxra uaryofiTia, funqcia 
klebadia. grafikis asagebad, sakmarisia misi ori wertilis povna.

14  da 15  amocanebi monacemTa or erTobliobas Soris kavSiris ganxilvas 
exeba. es sakiTxi pirvel semestrSi iyo ganxiluli, SemoRebuli iyo korelaci-
is koeficienti, romelic aRwerda sidideebis or erTobliobas Soris kavSiris 
wrfiv damokidebulebasTan `siaxloves~. korelaciis koeficienti afasebda kav-
Siris `siZlieres~ (simWidroves). warmodgenili iyo korelaciis koeficientis ga-
moTvlis wesi. am wesis mixedviT gamoTvlili ricxvi axasiaTebda im or sidides 
Soris wrfivi damokidebulebis arsebobas.

sasurvelia, maswavlebelma gaaxsenos moswavleebs korelaciis koeficientis 
gamosaTvleli formula da ramdenime adre ganxiluli magaliTi. unda gavixse-
noT, rom korelaciis koeficientis gamoyenebiT SeuZlebelia prognozoreba. am 
sakiTxSi misadagebis wrfe gvexmareba _ aigeba wrfe, romelic saSualebas gva-
Zlevs vivaraudoT erT-erTi sididis mniSvneloba meore sididis gamoyenebiT. 
moswavleebs gavacnobT misadagebis wrfis gantolebas. formulidan kargad Cans, 
rom misadagebis wrfe gadis ( x; y ) wertilze (x aris erTi sididis mniSvnelobaTa 
saSualo, y _ meore sididis mniSvnelobaTa saSualo). mocemulia daxris formu-
lac. unda ganvasxvavoT daxra korelaciis koeficientisgan; Tumca, SeiZleba maT 
Soris kavSiris formulis miRebac.

moswavleebma kargad unda gaiazron, rom misadagebis wrfe gvexmareba erTi 
sididis mniSvnelobis meore sididis mixedviT prognozirebaSi.

am SemTxvevaSic SeiZleba miviCnioT erTi sidide damokidebul cvladad, meore 
_ damokudebel cvladad.

rac met sakvebs iRebs goWi yoveldRiurad, misi masac ufro izrdeba.
korelacia ki gviCvenebs, ra saxiT icvleba orive cvladi. aq cvladebi Tanabar 

pirobebSia `Cayenebuli~.
goWis masa dadebiT korelaciaSia sakvebis raodenobasTan.
sasurvelia, gamovyoT kavSiri daxrasa da korelaciis koeficients Soris:
		 		
					    					   

n

ni =1

n

ni =1

k = r⋅
S  (yi – y)2

S  (xi – x)2
,

anu 					    					   

n

i =1

n

i =1

k = 
S  (xi – x)(yi – y)

S  (xi – x)2

misadagebis wrfe yovelTvis gadis (x; y) wertilze, igi aris y = kx + l funqciis 
grafiki, sadac l = y – k x; es gantoleba asec Caiwereba: y – y = k(x – x).

14  amocanaSi	 x = 30+45+33+50+32
5  = 38,  y = 40+30+36+29+35

5  = 34,

			   x = (–8)⋅6 + 7⋅(–4) + (–5)⋅2 + 12⋅(–5) + (–6)⋅1
(–8)2 + 72 + (–5)2 + 144 + 36  = –152

318  ≈ –0,48.

misadagebis wrfe: y – 34 = – 0,48(x – 38).
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am wrfis gamoyenebiT, SeiZleba vivaraudoT erTi sididis (y-is) mniSvneloba 
meore sididis mixedviT. Tu x = 40, maSin y ≈ 33,04.

misadagebis wrfis daxra uaryofiTia _ mzias Sefasebebis zrdisas mosalod-
nelia beqas Sefasebebis kleba.

analogiurad amoixsneba 15  amocana. am amocanebis dawvrilebiT ganxilva 
daexmareba moswavleebs kompleqsuri davalebis erT-erTi nawilis SesrulebaSi.

saSinao davalebis `testebi~ klasSi ganxiluli `testebis~ analogiuria; 
moiTxovs wrfivi funqciis grafikis codnas, grafikis saSualebiT wrfivi fun-
qciis Tvisebebis ganxilvas.

10  formula, romliTac kuTxeebis jamis n-ze damokidebuleba moicema, n-is 
mimarT wrfivi funqciis is SemTxvevaa, roca n naturaluri ricxvia da n>2.

11  y = 1200 – 5x formuliT wrfivi funqcia moicema; y(10) = 1150.

12  Tu x dReebis ricxvia, maSin gveqneba Semdegi SemTxvevebi:
				    y = 100 + 15x;
				    y = 100 + 20x;
cxadia, Tanxa ufro swrafad izrdeba im SemTxvevaSi, roca daxra metia.

14  es amocana klasSi amoxsnili 14  da 15  amocanebis analogiuria; unda 
vipovoT x da y, k da SevadginoT ( x; y ) wertilze gamavali misadagebis wrfis gan-
toleba. am wrfis saSualebiT, SeiZleba vivaraudoT, rom y eqspertis Sefaseba im 
SemTxvevaSi, roca x eqspertis Sefaseba aris 12 qula, iqneba 12,26 qula. aq daxra 
dadebiTia. x eqspertis, Sefasebebis zrdisas mosalodnelia y eqspertis Sefase-
baTa zrda.

§10.2. wrfivi orucnobiani gantoleba da misi grafiki.  
	   wrfeTa paralelurobisa da marTobulobis pirobebi

winare codna: paralelogramis gansazRvreba, wrfivi funqcia da misi gra-
fiki, piTagoras Teorema da misi Sebrunebuli Teorema: es sakiTxebi cnobarSic 
aris warmodgenili. maT Sesaxeb codnis gaaqtiureba daexmareba moswavleebs, ga-
naviTaron msjelobis xazi da kargad gaiazron damtkicebis procesi; SevecadoT, 
Teoremis damtkicebis procesSi yvela moswavle CavrToT. dabali mzaobis mos-
wavleebmac unda SeZlon paralelogramis TvisebebTan da piTagoras TeoremasTan 
dakavSirebuli nawilebis gageba. sakiTxi nacnobia moswavleebisTvis, amjerad mim-
dinareobs cnobili winadadebebis damtkiceba, sxva cnobili debulebebidan imis 
dasabuTeba, rom wrfivi orucnobiani gantolebiT, romelSic x-isa da y-is koefi-
cientebidan erTi mainc nuli ar aris, moicema wrfe _ sakoordinato sibrtye-
ze yvela im wertilis simravle, romlis koordinatebi, akmayofilebs ax + by + c = 0 
(a2 + b2 ≠ 0) gantolebas, wrfea.
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moswavleebi advilad gaiazreben wrfeTa paralelurobis pirobasac; Tu si-
brtyeze ori wrfea mocemuli _ y = k1x + l1 da y = k2x + l2, amasTanave, l1≠ l2, maSin am 
wrfeebis paralelurobisTvis aucilebelia da sakmarisi, rom Sesruldes piroba: 
k2 = k1.

Tu am pirobas p asoTi aRvniSnavT, pirobas:̂`wrfeebi paraleluria~ ki _ q aso-
Ti, maSin gvaqvs Semdegi ori debuleba (pirdapiri da misi Sebrunebuli):

p → q (1), Tu WeSmaritia p, maSin WeSmaritia q.
es niSnavs, rom p aris q-sTvis sakmarisi piroba.
q → p (2), Tu WeSmaritia q, maSin WeSmaritia p, aq p aris q-sTvis aucilebeli 

piroba.

me-20 saukunis 70-ian wlebSi cnebebi `aucilebeli piroba~, `sakmarisi piroba~ 
me-7 klasis saxelmZRvaneloebSi ganixileboda. moswavleebs am asakSi uWirdaT am 
cnebebis gaazreba. saSualo safexurze maTematikis swavlebis miznebis gaTvalis-
winebiT, aRniSnuli sakiTxebis me-10 klasis II semestris saxelmZRvaneloSi Setanas 
SesaZleblad vTvliT.

piTagoras Teoremisa da misi Sebrunebuli Teoremis gameoreba daexmareba 
moswavleebs, rom kargad gaiazron wrfeTa marTobulobis piroba. aq saWiroa Sem-
degi debulebis gameorebac _ Tu kuTxis gverdebi paralelur wrfeebzea, maSin 
es kuTxeebi tolia an maTi jami 1800-ia. 

Tu k1k2 = – 1, maSin y = k1x da y = k2x wrfeebs Soris kuTxe marTia; maSin maT para-
lelur _ y = k1x + l1 da y = k2x + l2 wrfeebs Soris kuTxec marTia. calkea gansaxil-
veli Ox-is paraleluri da Oy-is paraleluri wrfeebis marTobuloba. maTTvis 
aRniSnul formulas ver gamoviyenebT.

sakontrolo kiTxvebze pasuxebis gacema, `testebSi~ swori pasuxebis SerCeva 
exmareba moswavleebs ganimtkicon codna wrfivi orucnobiani gantolebis geo-
metriuli azris, wrfeTa paralelurobisa da marTobulobis pirobebis Sesaxeb.

6  `testiT~ kidev erTxel vimeorebT `sakmaris~ da `aucilebel~ pirobebs; 
`Tu p, maSin q~. am TeoremaSi p aris sakmarisi piroba q-sTvis; q aris aucilebeli 
piroba p-sTvis.

8  Tu wrfe gadis B(0; 5) wertilze, maSin misi gantoleba ase Caiwereba:
					     y = kx + 5,
3x – 6y + 2 = 0 gantolebidan gvaqvs:
					     y = 12 x + 13.

paralelurobis pirobidan gvaqvs: k = 12.

analogiurad amoixsneba 9  amocana. aq vsargeblobT marTobulobis pirobiT: 
k1k2 = – 1. 4x – 8y + 3 = 0 wrfis daxra aris: k1 = 12, maSasadame, k2 = – 2; saZiebeli wrfe aris: 
y = – 2x + 3.

10  Sua wertili:   
x = 3 – 3

2  = 0

y = – 4 + 2
2  = – 1

. 

AB wrfis gantoleba (3; – 4) wertilze gamavali wrfis gantolebaa.
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am gantolebas asec CavwerT 
				    y + 4 = k1(x – 3)
es wrfe gadis B wertilzec:
				    2 + 4 = k1 ( – 3 – 3)
				    k1 = – 1, k2 = 1.
(0; – 1) wertilze gamavali, k2 = 1 daxris mqone wrfis gantolebaa
				    y + 1 = x
				    x – y – 1 = 0.

11  da 12  amocanebSi vpoulobT wrfeebis daxrebs da viyenebT paraleluro-
bisa da marTobulobis pirobebs.

13  	 q: ax2 + bx + c = 0 gantolebas aqvs ori fesvi.
	 p: D > 0 (diskriminanti dadebiTia).
Tu D > 0, mocemuli kvadratul gantolebas aqvs ori fesvi _ p sakmarisi pi-

robaa q-sTvis:
Tu kvadratul gantolebas aqvs ori fesvi, maSin D > 0 (winaaRmdeg SemTxvevaSi, 

gantolebas erTi fesvi aqvs, an ar aqvs fesvi) _ p aucilebeli pirobaa q-sTvis.

14  es piroba aucilebeli pirobac aris _ Tu ricxvi iyofa 3-ze, maSin misi 
cifrTa jami iyofa 3-ze.

15  naturaluri ricxvi rom martivi iyos, sakmarisia mas hqondes zustad ori 
sxvadasxva gamyofi (aq gamyofebSi igulisxmeba naturaluri ricxvebi).

Tu naturaluri ricxvi martivia, maSin mas aucileblad zustad ori gamyofi 
aqvs.

naturaluri ricxvi rom martivi iyos, aucilebelia da sakmarisi, rom mas 
hqondes zustad ori sxvadasxva gamyofi.

		  p _ naturalur ricxvs zustad ori gamyofi aqvs:
		  q _ naturaluri ricxvi martivia.
		  p → q (p sakmarisia q-sTvis).
		  q → p (p aucilebelia q-sTvis).

yuradReba gavamaxviloT saSinao davalebis im amocanebze, romlebic 13  -  15  
amocanebis analogiuria.

14  Tu naturaluri ricxvis cifrebis jami iyofa 9-ze, maSin es naturaluri 
ricxvi iyofa 9-ze.

p _ cifrebis jami iyofa 9-ze; q _ ricxvi iyofa 9-ze.
warmodgenilia Teorema (pirobiTi winadadebis saxiT): p → q.
WeSmritia Sebrunebuli debulebac: q → p.
maSasadame, p aris q-sTvis sakmarisi pirobac (pirdapiri Teorema) da aucile-

beli pirobac (Sebrunebuli Teorema).
orive Teoremis WeSmariteba n-niSna naturaluri ricxvis Semdegi warmodgeni-

dan kargad Cans:
	 anan – 1 ... a0  = an⋅10n + an – 1⋅10n – 1 + ... + a0 = (an + an – 1 + ... + a0) + 99...9an + 99...9an – 1 + ... + 9a1.

n-jer (n–1)-jer



136

15  piroba ase Caiwereba:
				    a = bq (a ∈  N, b ∈  N, q ∈  N). 		  (1)
(1) tolobiT mocemuli debulebaa Cawerili p: a iyofa b-ze. maSin is udidesi 

naturaluri ricxvi, romelzec iyofa a da b, aris b (q piroba). maSasadame, gvaqvs: 
p  → q (`a iyofa b-ze~ sakmarisia imisTvis, rom a-sa da b-s udidesi saerTo gamyofi 
iyos b).

Sebrunebulic sworia: q →  p; Tu a da b ricxvebis udidesi saerTo gamyofia 
b, maSin aucileblad a iyofa b-ze;

imisaTvis, rom a-sa da b-s udidesi saerTo gamyofi iyos b, aucilebelia da 
sakmarisia, rom a iyofodes b-ze.

§10.3. wrfivi funqciis cvlilebis siCqare

saxelmZRvaneloSi mocemuli magaliTebi SeiZleba gamoviyenoT winare codnis 
gasaaqtiureblad _ wrfivi funqciiT aRiwereba, magaliTad, Tanabari moZraoba.

moswavleebi icnoben Tanabari moZraobisas manZilis damokidebulebas droze, 
v siCqare mudmivia da is daxris rols asrulebs, S = S0 + vt. moswavleebi TanabaraC-
qarebul moZraobasac icnoben me-9 klasis fizikis kursidan. am SemTxvevaSi a aC-
qarebaa mudmivi, v siCqare ki t drois wrfivi funqciaa: v = v0 + at, aq a aris daxra, 
igi TanabaraCqarebuli moZraobisas mudmivia.

am ori magaliTis ganxilviTac SeiZleba wrfivi funqciis maxasiaTebel Tvise-

bebze msjeloba: Tu S = S0 + vt, DS = v⋅Dt, v = ∆S
∆t , aq funqciis cvlilebis siCqare, ro-

melic am SemTxvevaSi moZraobis siCqarea, gamoisaxeba 
∆S
∆t  sididiT.

yuradReba unda gavamaxviloT imaze, rom funqciis cvlilebis siCqaris mudmi-
voba wrfivi funqciis maxasiaTebeli Tvisebaa. moswavlem kargad unda gaiazros, 
rom funqciis nazrdis argumentis nazrdis mimarT proporciulobis Tviseba aqvs 
wrfiv funqcias. amasTanave, Tu romelime funqcias es Tviseba aqvs, is wrfivi 
funqciaa. moswavleebma unda SeZlon orive debulebis dasabuTeba.

amocanebis amoxsnis saSualebiT ganvimtkicebT codnas wrfivi funqciis maxa-
siaTebeli Tvisebis Sesaxeb; Tu y = f(x) funqciis nazrdi argumentis nazrdis pro-

porciulia: Dy = k⋅Dx, maSin moiZebneba iseTi l ricxvi, rom y = kx + l (`testi~ 1 ); Tu 
Dy = 7⋅Dx, maSin moiZebneba iseTi l ricxvi, rom y = 7⋅x + l, l-is povna SeiZleba piro-

bidan: y( – 1) = 2 (`testi~ 2 ).
Tu f (x) = 2x + 3, maSin Df (x) = 2⋅Dx (`testi~ 3 ).
f (x) = 7x + 8 wrfivi funqciis cvlilebis siqare aris 8 (`testi 4 )
Tu f (x) = 3x + 2, maSin f (5) – f (2) = (5 – 2)⋅k = 3⋅3 = 9. (`testi~ 5 )

analogiuria saSinao davalebis testebic.
wrfivi funqciis maxasiaTebeli Tvisebis gamoyenebiT, vxsniT amocanebs:
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6  	 k = 3, y = 3x + l,
	 2 = – 24 + l, 	 l = 26,
	 y = 3x + 26.

7  	Dy = k⋅Dx			   8  	Dy = k⋅Dx,
	D y = 5⋅Dx,
	 0,01:5 = 0,002.
cdomilebad SeiZleba miviRoT Dx, moce-

mulia: |Dy| ≤  0,01. maSasadame, |Dx| ≤  0,01
5 .

	 (3 – 4) = k(4 – 3),
	 k = – 1,
	 y = – x + l
	 4 = – 3 + l
	 l = 7
	 y = – x + 7.

10  vTqvaT, (an) ariTmetikuli progresiaa, a1 pirveli wevria, d _ sxvaoba; maSin 
gvaqvs 

				    an = a1 + dn – d = (a1 – d) + dn.
maSasadame, Tu (an) ariTmetikuli progresiaa, maSin an aris n-is wrfivi funqcia 

naturalur ricxvTa simravleze.
WeSmaritia Sebrunebuli debuleba: Tu an aris n naturaluri ricxvis wrfivi 

funqcia, maSin an ariTmetikuli progresiis n-uri wevria; marTlac, vTqvaT,
				    an = kn + l, maSin
				    an + 1 – an = k(n + 1) + l – kn – l = k,
maSasadame, yoveli wevri miiReba wina ricxvisadmi k ricxvis mimatebiT; an ariT-

metikuli progresiis n-uri wevria. SeiZleba orive winadadeba ase CamovayaliboT:
imisaTvis, rom n naturalur ricxvTa simravleze gansazRvruli funqcia iyos 

wrfivi funqcia, aucilebelia da sakmarisi, rom (an) iyos ariTmetikuli progre-
sia.

(an) ariTmetkuli progresia _ p;
n-ze damokidebuli funqcia wrfivia _ q.
gvaqvs: p → q (p sakmarisia q-sTvis);
q →  p (p aucilebelia q-sTvis).

11 	 k = 0,5;				   12  	 k1 = 32
	 k2 = – 23
	 y = – 23 x + l, 	 l = 3;

	 y = – 23 x + 3.

	 y = 0,5x + l,
	 2 = 3 + l,
	 l = – 1
	 y = 0,5x – 1.

saSinao davalebis amocanebi, ZiriTadad, klasSi amoxsnili amocanebis analo-
giuria. gavarCioT ramdenime amocana.

8  Dy = 5 – 6 = – 1;
	D x = 6 – 5 = 1;

	 k = ∆y
∆x  = – 1.

	 y = – x + l,     6 = – 5 + l,     l = 11,
	 y = – x + 11.
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9  pirobis Tanaxmad, Dy ≤ 0,01;		  10  a) v = 9 sm/wm;
	 S = S0 + vt;
	 S = 5 + 9t.

	
∆y
∆x  = 100;

	D x =  ∆y
100; Dx ≤ 0,01

100 ; 

	D x ≤ 0,0001.

11  k = 1,5,   y = 1,5x + l				    12  k1 = 52;

	 k2 = – 25;

	 y = – 25x + l

	 2 = – 18
5  + l

	 l = 5,6
	 y = – 0,4 + 5,6.

	 2 = 4,5 + l
	 l = – 2,5
	 y = 1,5x – 2,5.

§10.4. funqciaTa grafikebis gardaqmnis magaliTebi

grafikebis gardaqmnebis SemTxvevebis ganxilvas win uZRvis winare codnis 
gaaqtiureba, romelic dakavSirebulia samizne cnebebTan _ funqcia, grafiki; 
sakiTxebTan _ paraleluri gadatana; RerZuli da centruli simetriebi.

paraleluri gadatanis Sesaxeb codnis gaxseneba cnobaris gamoyenebiTac Sei-
Zleba; magaliTad, p (0; b) veqtoriT paraleluri gadatanisas, yoveli M wertili 
`moZraobs~ zeviT b erTeuliT, Tu b>0 da _ qveviT, |b| erTeuliT, Tu b < 0. p (a; 0) 
paraleluri gadatanisas moZraobs marcxniv an marjvniv.

paraleluri gadatanis Sesaxeb am sakiTxebis gameorebis Semdeg, moswavleebi 
kargad aiTviseben grafikis gardaqmnis formulebs, roca y = f(x) + b funqciis an 
y = f (x + a) funqciis grafiki miiReba y = f (x) funqciis grafikisgan. Semdeg ganvixi-
lavT SekumSvisa da gaWimvis SemTxvevebs, Sesabamisad, Ox RerZisadmi da Oy Re-
rZisadmi. suraTebis gamoyenebiT, moswavleebs ar gauWirdebaT gardaqmnis cnebis 
gaazreba.

ordinatTa RerZisadmi simetrias ukavSirdeba y = f( – x) _ funqciis grafikis 
miReba y = f( x) funqciis grafikidan.

codnis ganmtkiceba mimdinareobs amocanebis amoxsniT. magaliTad, 1 amocanaSi 
ganxilulia gardaqmnis sxvadasxva magaliTi: y = x2 funqciis grafikisgan parale-
luri gadataniT p (1; 0) veqtoriT (`marjvniv~ 1 erTeuliT) miiReba y = (x – 1)2 fun-
qciis grafiki, y = 0,5x2 funqciis grafiki miiReba y = x2 funqciis grafikis `SekumS-
viT~ 2-jer; y = – x2 funqciis grafiki miiReba y = x2 funqciis grafikis simetriiT 
abscisaTa RerZis mimarT.

2  d) magaliTSi gvaqvs ori gardaqmnis mimdevrobiT Catarebis SemTxveva.  

y = 1x  funqciis grafikis paraleluri gadataniT p (1; 0) veqtoriT (marjvniv 1 er-

TeuliT), miiReba y =  1
x – 1  funqciis grafiki. am grafikis paraleluri gadataniT 
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p (0; 1) veqtoriT, miiReba y = 1 +  1
x – 1  funqciis grafiki. Tumca, SeiZleboda grafikis 

gardaqmna erTi veqtoriT: p (1; 1).

3  g) y = 3x – 1
x + 2  = 3x + 6 – 6 – 1

x + 2  = 3 –  7
x + 1.

gardaqmnis procesi SeiZleba ase aRvweroT:	 

		  y = 1x  → y =  1
x + 1 → y = 7⋅  1

x + 1 → y = –7⋅ 1
x + 1 → 3 –  7

x + 1; 

Sesabamisad, gvaqvs: paraleluri gadatana p ( – 1; 0) veqtoriT → gaWimva 7-jer 
Ox RerZidan → simetria abscisaTa RerZis mimarT → paraleluri gadatana p (0; 
3) veqtoriT (`zeviT~ 3 erTeuliT).

6  e) y =   x + 2 – 3; 
SeiZleba moswavlem swrafad SeniSnos, rom miTiTebuli funqciis grafiki  

y =   x  funqciis grafikisgan miiReba paraleluri gadataniT veqtoriT: p ( – 2; – 3). 
maSasadame, am paraleluri gadatanisas koordinatTa saTave aisaxeba wertilze: 
O′( – 2; – 3).

klasSi, ramdenime gakveTilze yvela amocanis amoxsnis garCevis Semdeg, mos-
wavleebs ar unda gauWirdeT saSinao davalebis Sesruleba.

§10.5. kvadratuli funqcia. kvadratuli funqciis grafiki

funqcia, funqciis grafiki, funqciis grafikis gardaqmnis formulebi _ am 
sakiTxebis Sesaxeb codnis gameoreba win uZRvis kvadratuli funqciis Sesaxeb 
codnis gaRrmavebas.

praqtikuli amocanebis ganxilvis Semdeg, vimeorebT kvadratuli samwevris-
gan sruli kvadratis gamoyofisa da kvadratuli funqciis nulebis formulebs. 
kvadratuli funqciis grafikis agebas wina paragrafSi Seswavlili xerxebiT 
vawarmoebT _ y = ax2 + bx + c funqciis grafiks y = x2 funqciis grafikis gardaqmnis 
saSualebiT vagebT _ gardaqmnis procesi SeiZleba ase vawarmooT:

y = x2 → y = ax2 (grafikis gaWimva, an SekumSva Ox RerZis mimarT, Tu a>0; Tu a < 0, 
viyenebT simetrias Ox RerZis mimarT).

y = ax2 →  y = a(x – x0)
2 + y0 (paraleluri gadatana   r

→(x0; y0) veqtoriT, x0 = –  b
2a ; y0 =  – D4a .

sakontrolo kiTxvebze pasuxebis gacemisas moswavleebi kvadratuli funqciis 
yvela Tvisebas kidev erTxel Camoayalibeben.

codnis ganmtkiceba amocanebis amoxsnas ukavSirdeba. `testebze~ pasuxebis 
SerCeva moiTxovs kvadratuli funqciis Tvisebebis (niSanmudmivobis Sualedebi, 
nulebi, mniSvnelobaTa simravle) codnas.
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miTiTebebi zogierTi amocanis amosaxsnelad.

11  y = ax2 + bx + c funqcia, roca a>0, dadebiTia fesvebs gareT SualedebSi, uary-
ofiTia fesvebs Soris SualedSi; xolo roca a < 0, dadebiTobis Sualedi aris fes-
vebs Soris Sualedi, xolo uaryofiTobis Sualedebia fesvebs gareT Sualedebi. 
maSasadame, saWiroa mocemuli funqciis nulebis (fesvebis) povna.

12  erT-erTi kaTeti _ x;
meore kaTeti _ 8 – x;

samkuTxedis farTobi _ S (x) = 12  x(8 – x), 	 S(x) = –  12  x2 + 4x;

farTobi udidesia, roca x =  –4
–1  = 4.

13  sasurvelia, moswavleebma sakoordinato sibrtyeze f (x) funqciis grafiki 
gamosaxon. advili misaxvedria, rom funqciis umciresi da udidesi mniSvnelobebi 
unda veZeboT parabolis wveroSi (Tu wvero ekuTvnis miTiTebul Sualeds), an 
Sualedis boloebSi;

			   x0 = –  21  = – 2.

radgan – 2 ufro axlos aris – 4-Tan, vidre 1-Tan, 
sakmarisia vipovoT f ( – 2) da f (1). f ( – 2) = – 3, 

			   f (1) = – 12  – 2 – 5 = – 7,5

			   E(f) = [ – 7,5; – 3].

14  	 a < 0 da 8 = – D4a ; 8 = –  16–24a
4a

	  – 32a = 16 – 24a, a = – 2.

16  a) Tu a>0, maSin af(β)>0 pirobidan f(β)>0 da funqcia dadebiTia fesvebis 
gareT SualedebSi,

Tu a < 0, maSin f(β) < 0 da roca a < 0, maSinac funqcia uaryofiTia fesvebis gareT 
SualedebSi. e. i. β < x1 an β < x2.

b) Sebrunebuli debuleba: Tu β ekuTvnis fesvebs gareT erT-urT Sualeds, 
maSin, roca a>0 gvaqvs f(β)>0 da af(β)>0; roca a < 0, gvaqvs f(β) < 0 da maSinac af(β)>0.

g) imisaTvis, rom β ricxvi ekuTvnodes fesvebs gareT romelime Sualeds, 
aucilebelia da sakmarisi, Sesruldes piroba: af(β)>0.

17  ixsneba 14  amocanis analogiurad.

18  pirobis Tanaxmad, wveros x koordinati tolia ricxvis: 2 + 9
2  = 5,5; maSasa-

dame, –  q
2p  = 5,5; cxadia, p>0.

maSasadame, g(x) = px2 + qx + 2023 funqciis zrdadobis Sualedi aris [5,5; + ∞).

saSinao davalebis amocanebi, ZiriTadad, saklaso davalebis amocanebis analo-
giuria.
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miTiTebebi zogierTi amocanis amosaxsnelad.

12  marTkuTxedis erT-erTi gverdi _ x;
meore gverdi _ 8 – x;
farTobi _ S(x) = x(8 – x), S(x) = – x2 + 8x;
farTobi udidesia, roca x = 4.

13  	f(x) = 2x2 – 4x + 5;			   14  	y0 = – D4a  da a>0;

	 3 = –  36–32a
4a ; – 12a = 36 – 32a

	 20a = 36
	 a = 1,8.

	 x0 = 44  = 1

	 f(1) = 3
	 f(4) = 32 – 16 + 5 = 21
	 E(f) = [3;21].

15  Tu af(β) < 0, maSin gvaqvs: Tu a>0, maSin f(β) < 0, es niSnavs, rom β ekuTvnis 
fesvebs Soris Sualeds;

Tu a < 0, maSin f(β)>0; es niSnavs, rom β ekuTvnis fesvebs Soris Sualeds.
WeSmaritia Sebrunebuli debulebac.
maSasadame, gvaqvs: `imisaTvis, rom β ricxvi ekuTvnodes fesvebs Soris Sualeds, 

aucilebelia da sakmarisia, rom Sesruldes piroba:̂ af(β) < 0~.

16  	x0 = 2,5. radgan 2,5 ufro axlosaa 2-Tan,  
sakmarisia vipovoT:

	 f(2,5) = – 6,25 + 12,5 – 6 = 0,25; 
da
	 f(5) = – 25 + 25 – 6 = – 6.
	 E(f) = [ – 6; 0,25].

17  –  b
2a  = 3; – b4  = 3,

	 b = – 12.

18  orive funqciis simetriis RerZia x = –  q
2p . pirobis Tanaxmad, 

		  p < 0; x1 = 3, x2 = 7; x0 = 5;

		  –  q
2p  = 5

pasuxi: x = 5.

moisazre

1  wrfivi y = kx + l funqciis maxasiaTebeli Tvisebis 
Tanaxmad, Dy = k⋅Dx. maSasadame, gvaqvs:

		   – 5 = k⋅(p – 3)
		    5 – q = 3k.

	
q – 5

5  = 
3

p – 3 ,	  	 q = 5 + 
15

p – 3 .
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pirobiT, p da q arauaryofiT mTeli ricxvebia. amitom gvaqvs 5 SesaZlebloba:

p 0 4 6 8 18
q 0 20 10 8 6

(p = 0, q = 0 SemTxvevaSi wrfe saTaveze gadis).

daxras vipoviT tolobidan k = 5 – q
3  , xolo Sesa-

bamis l koeficientebs _ 5 = 3k + l pirobidan.
amocanis piroba sruldeba 5 wrfisTvis: 

		  y = 53 x;   y = – 5x + 20;   y = – 53 x + 10;   y = – x + 8;   y = – 13 x + 6.

2  		 Dy = k⋅Dx
		   – 7 = k(a – 3)		

	   7 – b = k(3 – 0)	     

b – 7
7  =  3

a – 3

	 21 = ab – 3b – 7a + 21
	 ab – 3b = 7a

	 b = 
7a

a – 3

	 S = 
1
2 ⋅ 

7a2

a – 3  = 
7
2 ⋅ 

a2 – 9 + 9
a – 3  = 

7
2 (a + 3 + 

9
a – 3) = 

7
2 (a – 3 + 

9
a – 3  + 6).

I xerxi: geometriuli saSualoebis Sedarebidan miviRebT (m + n) ≥   mn . amrigad, 

			   a – 3 + 
9

a – 3   ≥ 2 9  = 6.

toloba gvaqvs, roca (a – 3)2 = 9, a – 3 = 3.
			   a = 6.

II xerxi: a −3 +  9
a – 3

 = (  a – 3)2 + ( 3
 a – 3

)2 – 6 + 6 = (  a – 3 –  3
 a – 3

)2+ 6 ≥ 6.

3  suraTidan Cans, rom f (1)>0;
			   k + b>0,
b > –k, radgan b da – k dadebiTi ricxvebia, |b|>|k|.

4  vTqvaT, parabolebi mocemulia kvadratuli funqciebiT:
			   y = p(x – a)2 + b;
			   y = q(x – c)2 + d.
pirobis Tanaxmad, gvaqvs:

			  			      d = p(c – a)2 + b
			     b = q(a – c)2 + d
aqedan gvaqvs:
			   b + d = p(c – a)2 + q(a – c)2 + (b + d), 
			   p(c – a)2 + q(c – a)2 = 0
maSasadame, 	 p + q = 0
Tu a = c, maSin b = d _ rac SeuZlebelia.
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kompleqsuri davaleba. davalebis pirvel da meore nawilebTan dakavSire-
buli sakiTxebi ukve ganvixileT; Sesabamisi amocanebis amoxsnis Semdeg, moswav-
leebs ar gauWirdebaT gabnevis diagramis ageba da Sesabamisi misadagebis wrfis 
gantolebis Sedgena.

mesame nawili dedamiwis zedapirisadmi kuTxiT gasrolili sxeulis moZraobis 
maTematikuri modelis Seqmnas eZRvneba. es sakiTxi fizikis saxelmZRvaneloebSic 
aris warmodgenili, Tumca, xSirad, fizikis saxelmZRvaneloebSi formulebi Ses-
abamisi axsnis gareSea warmodgenili. me-10 klaselma SeiZleba miiRos saTanado 
formulebi.

moswavle SeZlebs siCqaris veqtoris daSlas ver-
tikaluri da horizontaluri mimarTulebebis mi-
xedviT:

			  			   v0

→  = v0x

→ + v0y

→
.

veqtorebis sigrZeebisTvis gvaqvs: v0x = v0cosα, 
v0y = v0 sinα.

gadaadgilebis droze damokidebuleba gamoisaxeba formuliT:

			  			   S(t)
→

 = v0

→ t + 
    t 2

2
g
→

 		  (1)

g
→

 Tavisufali aCqarebis veqtoria, igi mimarTulia vertikalurad qvemoT. 
(1) formulidan miiReba moZravi sxeulis x da y koordinatebis t droze damo-

kidebulebis formulebi:

g
→ -s gegmili Ox RerZze 0-ia, Oy RerZze _ g.
			       x = v0⋅cosα⋅t
			       y = v0⋅sinα⋅t – gt 2

2 		   (2)

am ori tolobidan SeiZleba t cvladis gamoricxva da y-is x-iT gamosaxva:

			   y = x tgα –  gx 2
2v0

2cos2a
.

damokidebuleba gamoisaxeba kvadratuli funqciiT, romlis grafiki saTaveze 
gadis.

am formulis mixedviT, kvadratuli funqciis Tvisebebis gamoyenebiT, vpou-
lobT sxeulis maqsimalur simaRles, frenis xangrZlivobasa da frenis siSores.
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amocanebi TviTSefasebisTvis 

miTiTebebi.

1  pirobis Tanaxmad, funqcia wrfivi funqciaa.

3  	 k = 5; y = 5x + l;
	 7 = 15 + l, 	 l = – 8.
	 y = 5x – 8.

7  samkuTxedebis tolobis III niSnis Tanaxmad, 
∆ACD = ∆ABD, maSasadame, ∠BAD = ∠CDA = 900.

paralelogrami marTkuTxedia.
WeSmaritia Sebrunebuli debulebac, maSasadame, gva-

qvs:
imisaTvis, rom paralelogrami marTkuTxedi iyos, aucilebelia da sakmarisi, 

misi diagonalebi toli iyos.

8 	 6x + 3y – 8 = 0, 3y = – 6x + 8
	 y = – 2x + 83

	 10 – 83 = 22
3 .

SeiZleba gamoviyenoT paraleluri gadatana p
→(0; – 22

3
) veqtoriT.

pirveli wrfe Oy RerZs kveTs (0; 10) wertilSi, meore _ (0; 
8
3) wertilSi.

9  gvaqvs paraleluri gadatana p
→(4; – 9) veqtoriT: 

		 		     x′ = x + 4			      x = x′ – 4
		       y′ = y – 9,  saidanac 		    y = y′ + 9.
 
miiReba parabola 	 y + 9 = 2(x – 4)2 + 4(x – 4) – 3,
				    y = 2(x – 4)2 + 4(x – 4) – 3 – 9
				    y = 2x2 – 12x + 4.

10  	 –  D
4a  = – 4; b2 – 84

4  = 4.

	 b2 = 100; b = 10 an b = – 10.

X Tavis damatebiTi amocanebi

miTiTebebi.

1  	 x wT-Si gavlili manZili: S(x) = 80x (m), 0 ≤ x ≤ 100.
				    S(3) = 240 m, S(5,25) = 420 m.
				    200 = 80x, 
				    x = 2 wT 30 wm.
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2  	 Dy = k⋅Dx, k = – 83;		  3 	 |x| = 1,5;
	 x = 1,5; y = 4,5 + 12,5 = 17; (1,5; 17)
	 x = – 1,5, y = – 4,5 + 12,5 = 8; ( – 1,5; 8).	 y = –  83 x + l, l = + 3

	 y = – 83 x + 3.

4  	    y = kx + l, l = 3
	  	        y = kx + 3
	    y = 3x – 6;	 |x| = 5, x = 5 an x = – 5.

	 Tu x = 5, y = 9; (5; 9), k = 65, y = 65 x + 3;
	 Tu x = – 5, y = – 21; ( – 5; – 21), k = 24

5 , y =  24
5  x + 3.

6  a) k1 = – 14;		  b) k2 = 4.

y = 4x + l
2 = – 8 + l, l = 10
y = 4x + 10.

	 y = – 14 x + l;

	  – 2 = – 54 + l;

	 y = – 14 x – 34.

	 					   
9  	 2a + 5 = 0, a = – 2,5

	 x = –  10
a + 1 ; x =  –10

– 1,5  = 20
3 .

	 ( 20
3 ; 0).

11  a) CamovayaliboT ase:
Tu oTxkuTxedi paralelogramia, maSin diagonalebi gadakveTisas Suaze iyofa.
Sebrunebuli: Tu oTxkuTxedSi diagonalebi erTmaneTiT Suaze iyofa, maSin es 

oTxkuTxedi paralelogramia; oTxkuTxedSi diagonalebi gadakveTisas Suaze rom 
iyofodes, aucilebelia da sakmarisi, rom es oTxkuTxedi paralelogrami iyos.

p: oTxkuTxedi paralelogramia 
q: diagonalebi gadakveTisas Suaze iyofa. 
pirvel winadadebaSi p sakmarisia, meoreSi _ p aucilebelia q-sTvis.
d) p: funqcia luwia, 
q: gansazRvris are simetriulia koordinatTa saTavis mimarT.
p → q, aq q aris p-sTvis aucilebeli piroba.
magram gansazRvris are SeiZleba simetriuli iyos saTavis mimarT (x∈D(f), 

– x∈D(f)) magram ar sruldebodes piroba: f( – x) = f(x).
magaliTad, f(x) = 3x + 7 funqciis gansazRvris are aris R, x∈D(f), ( – x)∈D(f), magram 

f( – x) ≠ f(x) nebismieri x ≠ 0-sTvis.

12  	 S = 12,5t + 20.

	 ∆S
∆t  – 12,5; DS = 12,5Dt, 

	 Tu Dt = 0,02, maSin
	D S = 0,25.
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13  	 Du = 3,   Dv = 6,6,   k = ∆v
∆u  = 2,2.			 

14  	 p
→(0; b)

	 y = 1,2x + 3 + b
	  – 2 = 3,6 + 3 + b
	 b = – 8,6.

	 v = 2,2u + l. (2; 4) wertilisTvis 4 = 4,4 + l
	 l = – 0,4
	 v = 2,2u – 0,4

15  	 l1 wrfe: y = 0,2(x – 3,2) – 1
	 y = 0,2x – 1,64
	 l2 wrfe y = 0,2(x + 2) – 1
	 y = 0,2x – 0,6 
a) Ox RerZis gaswvriv l1 aisaxeba l2-ze p

→( – 5,2; 0) paraleluri gadataniT, 

b) Oy RerZis gaswvris l1 aisaxeba l2-ze (0; 1,04) paraleluri gadataniT.

16  b) x – 3 = 0 → x = 3,		  d) x = 0, x = – 6.
	 x – 3 = 6 → x = 9.
	

Semajamebeli wera

Tema: wrfivi da kvadratuli funqciebi.
samizne cnebebi da maTTan dakavSirebuli mkvidri warmodgenebi: Sesabami-

soba; grafiki; funqcia; wrfivi funqcia, kvadratuli funqcia, maTi grafikebi da 
grafikebis gardaqmna.

Sefasebis indikatorebi: moswavlem unda SeZlos sidideebs Soris kavSiris 
damyareba da warmodgena wrfivi da kvadratuli funqciiT; wrfivi funqciis ma-
xasiaTebeli Tviseba da misi gamoyeneba. praqtikuli amocanebis kvleva wrfivi da 
kvadratuli funqciebiT.

amocanebis nimuSebi

amoxseniT amocanebi 

1  dawereT y = – 2x + 9 wrfiT da sakoordinato RerZebiT Seqmnili marTkuTxa 
samkuTxedis hipotenuzisadmi gavlebuli simaRlis Semcveli wrfis gantoleba. 
SeasruleT naxazi, gamosaxeT saZiebeli wrfe.

2  ipoveT y = 32 x2 – 5x + 4 funqciis dadebiTobisa da uaryofiTobis Sualedebi. 
aageT naxazi.

3  ipoveT y = 2x2 – 5x + 2 funqciis zrdadobisa da klebadobis (monotonurobis) 
Sualedebi.

4  CawereT formuliT funqcia, romlis grafikic miiReba y = x2 funqciis gra-

fikisgan p
→(2; 3) paraleluri gadataniT. gamosaxeT orive funqciis grafiki sako-

ordinato sibrtyeze.



147

5  kaxim mdinaris napiras sami mxridan unda SemoRo-
bos marTkuTxedis formis nakveTi, Robis sigrZe 76 me-
tria (mdinaris mxares nakveTi ar aris SemoRobili).

aRniSneT nakveTis erTi gverdi x-iT. gamosaxeT misi 
farTobi, rogorc x-is funqcia. daadgineT, ra zomis unda 
iyos am nakveTis gverdebi, rom misi farTobi udidesi iyos.

6  obieqtis Ox RerZze Tanabari moZraobisas misgan saTavemde manZilis dro-
ze damokidebulebas warmogvidgens funqcia d = 3,2 + 2,5t, sadac t gazomilia wm-ebSi, 
manZili _ metrebSi. ipoveT obieqtis moZraobis siCqare; gamosaxeT is km/sT-ebSi.

7  mocemulia y = – 2x + 5 wrfe. am wrfis, Oy da Ox RerZebTan gadakveTis wert-
ilebia, Sesabamisad, A da B. dawereT mocemulis paraleluri wrfis gantoleba, 
romelic Oy RerZs (0; 10) wertilSi kveTs da miRebul wrfeze ise SearCieT C da 
D wertilebi (gamoTvales maTi koordinatebi), rom ABCD oTxkuTxedi marTkuT-
xedi iyos.

8  or erTmaneTze damokidebuli x da y sidideze dakvirvebis Sedegad miRe-
bulia (xi; yi) wyvilebi.

xi 0 1 2 3 4

yi  – 2 0 3 2 7

a) gamoTvaleT korelaciis koeficienti, daadgineT sidideebs Soris kavSiris 
saxe,

b) gamoTvaleT misadagebis wrfis sakuTxo koeficienti,
g) dawereT misadagebis wrfis gantoleba,
d) sakoordinato sibrtyeze gamosaxeT gafantulobis diagrama da misadagebis 

wrfe.

pasuxebi: 1  y = 12 x. 2  dadebiTobis Sualedebia (–∞; 4
3 ) da (2; + ∞), uaryofi-

Tobis Sualedia (4
3 ; 2). 3  klebadobis Sualedia (–∞; 5

4 ], zrdadobis Sualedia [54 ; 

+ ∞). 4  y = (x – 2)2 + 3. 5  S = – 2x2 + 76x. farTobi udidesia, roca gverdebia 19 m, 38 m 

da 19 m. 6  2,5 m/wm = 9 km/sT. 7  mocemulis paraleluri wrfe: y = – 2x + 10; marTo-

buli wrfeebi: y = 12 x – 54  da y = 12 x + 5; C(4,5; 1), D(2; 6). 8  a) r =  19
10⋅46

 ≈ 0,89, dadebiTi, 

b) k = 19
10  = 1,9; g) y = 1,9x – 1,8.
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ganmsazRvreli Sefasebis rubrika.

amjerad naSroms vafasebT maqsimaluri 20 quliT da ganmsazRvreli Sefasebis 
qulis dasadgenad moswavlis mier miRebul qulebs vyofT 2-ze.

1  ipova saZiebeli wrfis daxra da dawera gantoleba _ Sefasdes 1 quliT. 
kidev 1 qula daematos naxazis agebisTvis da naxazze saZiebeli wrfis gamosax-
visTvis. sul _ 2 qula.

2  samwevris nulebis povna Sefasdes 1 quliT, dadebiTobisa da uaryofiTo-
bis Sualedebis dadgenac 1 quliT. sul 2 qula.

3  ipova wveros abscisa _ Sefasdes 1 quliT, dawera zrdadobisa da kleba-
dobis Sualedebi _ kidev 1 qula. sul 2 qula.

4  saZiebeli funqciis gantolebis dawera Sefasdes 1 quliT. mxolod parale-
luri gadatanis formulebis warmodgena _ 0,5 quliT. grafikebis ageba Sefasdes 
1 quliT. sul _ 2 qula.

5  1 quliT Sefasdes farTobis gamosaxva x-is saSualebiT. kidev 1 qula dae-
matos udidesi mniSvnelobis povnisTvis. sul _ 2 qula.

6  1 quliT Sefasdes siCqaris miTiTeba, kidev 1 qula daematos km/sT-ebSi 
gadayvanisTvis. sul _ 2 qula.

7  paraleluri wrfis gantolebis (y = – 2x + 10) Sedgena Sefasdes 1 quliT. mo-
cemuli wrfis marTobuli, A da B wertilebze gamaval gantolebebidan TiToeu-
lis SedgenisTvis daeweros TiTo qula. miRebuli wrfeebis y = – 2x + 10 wrfesTan 
gadakveTis wertilebis povnisTvis (anu pasuxis dafiqsirebisTvis) _ kidev 1 
qula. sul _ 4 qula.

8  a), b), g) da d) davalebebidan TiToeulis SesrulebisTvis daeweros TiTo 
qula. sul _ 4 qula.

davalebis Semowmebis gaiolebis mizniT gTavazobT 8  amocanis detalur 
amoxsnas.

xi yi xi – x (xi – x)2 yi – y (yi – y)2 (xi – x) (yi – y)
0
1
2
3
4

 – 2
0
3
2
7

 – 2
 – 1
0
1
2

4
1
0
1
4

 – 4
 – 2
1
0
5

16
4
1
0

25

8
2
0
1
8

jami 10 10 0 10 0 46 19
	

				    x = 2,		  y = 2

				    r = 

n

i =1

n

i =1

n

i =1

S  (xi – x)(yi – y)

S  (xi – x)2 S  (yi – y)2
 =   19

10⋅46
 =   19

1460
 ≈  19

21,45  ≈ 0,89

				    y – 2 = k(x – 2)
				    y – y = k(x – x).
				    y = 1,9x – 2⋅1,9 + 2
				    y = 1,9x – 1,8.
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wrfivi da kvadratuli funqciebi qmediTi instrumentebia Teoriuli da praq-
tikuli amocanebis kvlevaSi. me-9 Tavis ganxilva arsebiTad gaamdidrebda mos-
wavleTa codnasa da unarebs, Tumca ganmaviTarebeli SefasebiT Tqven SeZlebT 
SeavsoT SeniSnuli xarvezebi. Semajamebeli weris Sedegebi saukeTeso indikato-
ria realuri viTarebis Sesafaseblad, ganmaviTarebeli Sefasebis sayrdeni in-
strumentia. aqve SevniSnavT, rom ganmaviTarebeli Sefaseba, faqtobrivad, saswav-
lo procesis yoveli aqtivobisas unda mimdinareobdes. aqcenti unda keTdebodes 
ZiriTadi samizne cnebebis gaazrebaze, maTTan dakavSirebuli mkvidri warmodgen-
ebis ganviTarebaze.

Semajamebeli weris Semdgomi ganmaviTarebeli Sefasebisas ZiriTadi aqcen­
ti unda gakeTdes:

1  amocanaSi wrfis gantolebis arsze, amocanaSi arsebul geometriul war-
modgenebze, grafikis cnebaze da misi agebis gzaze.

2  da 3  amocanebSi kvadratuli funqciis zogad saxeze, mis grafikze da 
grafikze dakvirvebiT (an analizuri kvleviT) funqciis aRweraze; monotonuro-
bisa da niSanmudmivobis Sualedebis dadgenaze.

4  amocanaSi geometriuli gardaqmnebis mokle mimoxilvac moismineT moswav-
leebisgan. grafikebis gardaqmnis sailustracio nimuSebic ganixileT interaqti-
uli formiT.

5  amocanaSi teqsturi amocanis maTematikuri modelis Seqmnaze; ucnobis Se-
motanis mniSvnelobasa da miRebuli kvadratuli funqciis eqstremaluri mniSvn-
elobis Ziebaze. saTanado geometriuli warmodgenac daixmareT.

6  amocanaSi moZraobis gantolebis Sedgenaze, sidideTa erTeulebs Soris 
kavSirze, mudmivi siCqaris dros gavlili manZilis saTanado wrfivi funqciis 
koeficientebis SerCevaze.

7  kvlav geometriul warmodgenebze da saTanado ZiriTad samizne cnebebze. 
wrfeTa urTierTganlagebaze, marTobulobisa da paralelurobis pirobebze.

8  dawyvilebul monacemTa kvlevaze, saTanado gabnevis diagramaze, wrfis 
gaswvriv wertilTa ganlagebis Seswavlaze, daxasiaTebaze, misadagebis wrfis rao-
baze, mis mniSvnelobaze prognozirebis sakiTxebSi.

me-9 Tavis Semajamebeli weris Sedegebis mixedviT Tqven SeZlebT daakonkretoT 
moswavleTa akademiuri miRwevebis xarisxis doneebi solo taqsonomiis mixedviT.

prestruqturuli done. samizne cnebebze aqvs aramkafio warmodgena, saTana-
do mkvidr warmodgenebs ver avlens. mniSvnelovani xarvezebi aqvs winare codna-
Sic.

unistruqturuli done. moswavle agebs wrfivi funqciis grafiks, axerx-
ebs grafikis sakoordinato RerZebTan gadakveTis wertilebis dadgenas. uWirs 
kvadratuli funqciis kvleva da grafikis mixedviT funqciis aRwera. poulobs 
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wrfeTa gadakveTis wertils, Tumca mocemul wertilze, mocemuli wrfis marTo-
buli wrfis gantolebis dadgenisas uSvebs Secdomebs.

multistruqturuli done. wrfivi da kvadratuli funqciebis grafikebis 
analizs gamarTulad atarebs. teqsturi amocanebis kvlevisas maTi maTematiku-
ri modelis Seqmna zogjer problemuria misTvis. misadagebis wrfis gantolebis 
dadgena srulyofilad ar SeuZlia. kargad arTmevs Tavs mocemuli wrfis para-
leluri da marTobuli wrfeebis dadgenis amocanebs.

mimarTebiTi done. klasSi damuSavebuli yvela amocanis ganxilvis kvalobaze 
SeuZlia msgavsi amocanebis warmatebiT gadaWra. cnebebs ayalibebs mkafiod, Seu-
Zlia funqciaTa grafikebis ageba da maTi gardaqmnebi. agebs dawyvilebul monace-
mTa kvlvisas misadagebis wrfes da poulobs korelaciis koeficiets.

gafarToebuli abstruqtuli done. dasmul amocanaTa kvlevisas igrZnoba 
misi SemoqmedebiTi midgoma. gvTavazobs amocanaTa gadaWris sxvadasxva gzas da 
irCevs optimalurs. misi geometriuli warmodgenebi naTelia, maTi aRwera _ dam-
ajerebeli. iZleva misadagebis wrfis mkafio daxasiaTebas, warmoaCens am wrfis 
rols monacemTa prognozirebaSi. mis naSromSi SeiniSneba dasmul amocanaTa gan-
zogadebis cdebi.
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