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5

Sesavali

X klasSi maTematikis sagnis swavlebis ZiriTadi mizania mozardSi kvlevis Cvevis, 
agreTve analitikuri, logikuri, sistemuri da simboluri azrovnebis gamomuSaveba. 
maTematikis swavlam moswavles unda SesZinos is unar-Cvevebi, romelic mas daexmareba 
cxovrebiseuli, praqtikuli problemebis gadaWraSi.

erovnuli saswavlo gegmis daniSnulebaa daexmaros saskolo ganaTlebis procesis 
monawileebs am procesis dagegmvasa da warmarTvaSi.

erovnul saswavlo gegmaSi aRwerilia is savaldebulo moTxovnebi, romelsac 
unda akmayofilebdes yvela moswavle saswavlo wlis dasrulebis mere. es moTxovnebi 
TiToeuli mimarTulebisaTvis Sedegebisa da maTi indikatorebis enazea Camoyalibebuli.

Sedegi aris debuleba imis Sesaxeb, Tu ra unda SesZlos moswavlem swavlis mocemuli 
safexuris dasrulebis Semdeg.

indikatori aris debuleba im codnisa da unar-Cvevebis demonstrirebis Sesaxeb, 
romelic Camoyalibebulia Sesabamis SedegSi. indikatoris ZiriTadi daniSnulebaa 
imis warmoCena, miRweulia Tu ara Sedegi. indikatori orientirebulia unar-Cvevebze 
da Camoyalibebulia aqtivobis enaze.

X klasis warmodgenili saxelmZRvanelos daniSnulebaa xeli Seuwyos erovnuli 
saswavlo gegmiT gaTvaliswinebuli unar-Cvevebis gamomuSavebas.

saxelmZRvanelo faravs standartis yvela Sedegs.
masalis miwodebis ZiriTadi meToduri orientiria problemuri Txroba. moswavle 

aris gakveTilis axsnis aqtiuri monawile.
gagacnobT wignis struqturas.
TiTqmis yvela paragrafi iwyeba situaciuri amocaniT, maprovocirebeli SekiTxviT 

an iseTi amocaniT, romelic moswavlisagan kvlevas moiTxovs da romelic iZleva 
varaudis gamoTqmis saSualebas. gakveTilis etapebi gamoyofilia aqtivobebiT, riTac 
xdeba axali masalis aTvisebis Semowmeba da gaRrmaveba. varskvlaviT moniSnulia 
amocanebi maRali SefasebisaTvis.

maswavleblis sarekomendacio wignSi mocemulia ramodenime gakveTilis scenari, 
aqtivobebis mizani, daniSnuleba, savaraudo da swori pasuxebi, sakontrolos nimuSebi. 
mocemulia Sefasebis ZiriTadi mdgenelebi, damxmare literatura maswavleblisaTvis. 

agreTve gTavazobT savaraudo saaTobriv ganawilebas. sarezervo saaTebi gvaZlevs 
saSualebas, rom zogierT gakveTils maswavlebelma meti dro dauTmos, gamoiyenos 
Tavis Sexedulebisamebr.
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erovnuli saswavlo gegma

˄ʲʰʹ.ʩʵʲʵʹ.ʳʰʹʨʾ˄ʬʭʰ.ˀʬʫʬʪʬʩʰ.ʳʰʳʨʸʯʻʲʬʩʬʩʰʹ.ʳʰˆʬʫʭʰʯ�

ʸʰ˂ˆʭʬʩʰ.ʫʨ.
ʳʵʽʳʬʫʬʩʬʩʰ

ʱʨʴʵʴʮʵʳʰʬʸʬʩʬʩʰ.ʫʨ.
ʨʲʪʬʩʸʨ

ʪʬʵʳʬʺʸʰʨ.ʫʨ..
ʹʰʭʸ˂ʰʹ.ʨʾʽʳʨ

ʳʵʴʨ˂ʬʳʯʨ.ʨʴʨʲʰʮʰ�.
ʨʲʩʨʯʵʩʨ.ʫʨ.
ʹʺʨʺʰʹʺʰʱʨ

;� ..ʳʵʹ˄ʨʭʲʬʹ.
ˀʬʻ˃ʲʰʨ.ʴʨʳʫʭʰʲ.
ʸʰ˂ˆʭʯʨ.ʹʰʳʸʨʭʲʰʹ.
ʽʭʬʹʰʹʺʬʳʬʩʰʹ.
ʬʸʯʳʨʴʬʯʰʹʨʪʨʴ.
ʪʨʴʹˆʭʨʭʬʩʨ .
;� ..ʳʵʹ˄ʨʭʲʬʹ.
ˀʬʻ˃ʲʰʨ.ʹˆʭʨʫʨʹˆʭʨ.
ʶʵʮʰ˂ʰʻʸʰ.
ʹʰʹʺʬʳʬʩʰʹ�
ʴʨʳʫʭʰʲ.ʸʰ˂ˆʭʯʨ.
ʽʭʬʹʰʹʺʬʳʬʩʰʹ.
ʬʸʯʳʨʴʬʯʯʨʴ.
ʫʨʱʨʭˀʰʸʬʩʨ .
;� ..ʳʵʹ˄ʨʭʲʬʹ.
ˀʬʻ˃ʲʰʨ.ʴʨʳʫʭʰʲ.
ʸʰ˂ˆʭʬʩʮʬ.
ʳʵʽʳʬʫʬʩʬʩʰʹ.
ˀʬʹʸʻʲʬʩʨ.ʫʨ.
ʳʵʽʳʬʫʬʩʬʩʰʹ.
ˀʬʫʬʪʰʹ.ˀʬʼʨʹʬʩʨ .
;� ..ʳʵʹ˄ʨʭʲʬʹ.
ˀʬʻ˃ʲʰʨ.ʳʹˇʬʲʵʩʨ�
ʫʨʹʨʩʻʯʬʩʰʹ.
ʹˆʭʨʫʨʹˆʭʨ.ˆʬʸˆʰʹ.
ʪʨʳʵʿʬʴʬʩʨ .
;� ..ʳʵʹ˄ʨʭʲʬʹ.
ˀʬʻ˃ʲʰʨ.
ʶʸʨʽʺʰʱʻʲʰ.
ʹʨʽʳʰʨʴʵʩʰʫʨʴ.
ʳʵʳʫʰʴʨʸʬ.
ʨʳʵ˂ʨʴʬʩʰʹ.ʨʳʵˆʹʴʨ .

;� ..ʳʵʹ˄ʨʭʲʬʹ.
ˀʬʻ˃ʲʰʨ.ʼʻʴʽ˂ʰʰʹ.
ʯʭʰʹʬʩʬʩʰʹ.ʱʭʲʬʭʨ.
ʫʨ.ʳʨʯʰ.ʯʭʰʹʬʩʬʩʰʹ.
ʪʨʳʵʿʬʴʬʩʨ.
ʹʰʫʰʫʬʬʩʹ.ˀʵʸʰʹ.
ʫʨʳʵʱʰʫʬʩʻʲʬʩʰʹ.
ˀʬʹʨʹ˄ʨʭʲʨʫ .
;� ..ʳʵʹ˄ʨʭʲʬʹ.
ˀʬʻ˃ʲʰʨ.
ʪʨʴʺʵʲʬʩʨʯʨ.
ʫʨ.ʻʺʵʲʵʩʨʯʨ.
ʹʰʹʺʬʳʬʩʰʹ.
ʪʨʳʵʿʬʴʬʩʨ.
ʶʸʵʩʲʬʳʬʩʰʹ.
ʪʨʫʨ˅ʸʰʹʨʹ .
;� ..ʳʵʹ˄ʨʭʲʬʹ.
ˀʬʻ˃ʲʰʨ.
ʫʰʹʱʸʬʺʻʲʰ.
ʳʨʯʬʳʨʺʰʱʰʹ.
ʬʲʬʳʬʴʺʬʩʰʹ.
ʪʨʳʵʿʬʴʬʩʨ.
ʶʸʵʩʲʬʳʰʹ.
ʪʨʫʨ˅ʸʰʹʨʹ .

;� ..ʳʵʹ˄ʨʭʲʬʹ.
ˀʬʻ˃ʲʰʨ.
ʪʬʵʳʬʺʸʰʻʲ.
ʼʰʪʻʸʨʯʨ.
˄ʨʸʳʵʫʪʬʴʰʹʨ.
ʫʨ.ʫʬʩʻʲʬʩʨʯʨ.
ʼʵʸʳʻʲʰʸʬʩʰʹ.
ˆʬʸˆʬʩʰʹ.ʪʨʳʵʿʬʴʬʩʨ .
;�� ..ʳʵʹ˄ʨʭʲʬʹ.
ˀʬʻ˃ʲʰʨ.
ʪʬʵʳʬʺʸʰʻʲʰ.
ʫʬʩʻʲʬʩʬʩʰʹ.
ʫʨʹʨʩʻʯʬʩʨ .
;�� ..ʳʵʹ˄ʨʭʲʬʹ.
ˀʬʻ˃ʲʰʨ.ʵʩʰʬʽʺʯʨ.
ʮʵʳʬʩʰʹʨ.ʫʨ.
ʵʩʰʬʽʺʯʨ.ˀʵʸʰʹ.
ʳʨʴ˃ʰʲʬʩʰʹ.ʳʵ˃ʬʩʴʨ .
;�� ..ʳʵʹ˄ʨʭʲʬʹ.
ˀʬʻ˃ʲʰʨ.ʹʰʩʸʺʿʬʮʬ.
ʪʬʵʳʬʺʸʰʻʲʰ.
ʪʨʸʫʨʽʳʴʬʩʰʹ.ʱʭʲʬʭʨ..
ʫʨ.ʳʨʯʰ.ʪʨʳʵʿʬʴʬʩʨ.
ʪʬʵʳʬʺʸʰʻʲʰ.
ʨʳʵ˂ʨʴʬʩʰʹ.
ʨʳʵˆʹʴʰʹʨʹ .

;�� ..ʳʵʹ˄ʨʭʲʬʹ.
ˀʬʻ˃ʲʰʨ.ʨʳʵ˂ʨʴʰʹ.
ʨʳʵʹʨˆʹʴʬʲʨʫ.
ʹʨ˅ʰʸʵ.ʯʭʰʹʵʩʸʰʭʰ.
ʫʨ.ʸʨʵʫʬʴʵʩʸʰʭʰ.
ʳʵʴʨ˂ʬʳʬʩʰʹ.
ʳʵʶʵʭʬʩʨ .
;�� ..ʳʵʹ˄ʨʭʲʬʹ.
ˀʬʻ˃ʲʰʨ.ʯʭʰʹʵʩʸʰʭ.
ʫʨ.ʸʨʵʫʬʴʵʩʸʰʭ.
ʳʵʴʨ˂ʬʳʯʨ.
ʳʵ˄ʬʹʸʰʪʬʩʨ.ʫʨ.
˄ʨʸʳʵʫʪʬʴʨ.ʨʳʵ˂ʨʴʰʹ.
ʨʳʵʹʨˆʹʴʬʲʨʫ.
ˆʬʲʹʨʿʸʬʲʰ.
ʼʵʸʳʰʯ .
;�� ..ʳʵʹ˄ʨʭʲʬʹ.
ˀʬʻ˃ʲʰʨ.
ˀʬʳʯˆʭʬʭʰʯʵʩʰʹ.
ʨʲʩʨʯʻʸʰ.
ʳʵʫʬʲʬʩʰʹ.
ʹʨˀʻʨʲʬʩʰʯ.ʨʾ˄ʬʸʨ .
;�� ..ʳʵʹ˄ʨʭʲʬʹ.
ˀʬʻ˃ʲʰʨ.
ʹʺʨʺʰʹʺʰʱʻʸʰ.ʫʨ.
ʨʲʩʨʯʻʸʰ.˂ʴʬʩʬʩʰʹʨ.
ʫʨ.ʶʸʵ˂ʬʫʻʸʬʩʰʹ.
ʪʨʳʵʿʬʴʬʩʨ.
ʿʵʭʬʲʫʾʰʻʸ.
ʭʰʯʨʸʬʩʨˀʰ .
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˄ʲʰʹ.ʩʵʲʵʹ.ʳʰʹʨʾ˄ʬʭʰ.ˀʬʫʬʪʬʩʰ.ʫʨ.ʳʨʯʰ.ʰʴʫʰʱʨʺʵʸʬʩʰ

ʳʰʳʨʸʯʻʲʬʩʨ�.ʸʰ˂ˆʭʬʩʰ.ʫʨ.ʳʵʽʳʬʫʬʩʬʩʰ

; .� .. ʳʵʹ˄ʨʭʲʬʹ.ˀ ʬʻ˃ʲʰʨ.ɹ ʨʳʫʭʰʲ.y ʰ˂ˆʭʯʨ.́ ʰʳʸʨʭʲʰʹ.̔ ʭʬʹʰʹʺʬʳʬʩʰʹ.ʬʸʯʳʨʴʬʯʰʹʨʪʨʴ.
ʪʨʴʹˆʭʨʭʬʩʨ .

ˀʬʫʬʪʰ.ʯʭʨʲʹʨˁʰʴʵʨ�.ʯʻ.ʳʵʹ˄ʨʭʲʬ�.
•	 ʪʨʴʨʹˆʭʨʭʬʩʹ. ʸʨ˂ʰʵʴʨʲʻʸ. ʫʨ. ʰʸʨ˂ʰʵʴʨʲʻʸ. ʸʰ˂ˆʭʬʩʹ. �ʳʨʯ. ˀʵʸʰʹ�. ʸʵʪʵʸ˂.

ʶʬʸʰʵʫʻʲ.ʫʨ.ʨʸʨʶʬʸʰʵʫʻʲ.ʨʯ˄ʰʲʨʫʬʩʹ��.ʨʹʨʩʻʯʬʩʹ.y ʰ˂ˆʭʰʹ.h ʸʨ˂ʰʵʴʨʲʻʸʵʩʨʹ.�.
ʸʨ˂ʰʵʴʨʲʻʸʵʩʨʹ.ʫʨ.ʨˆʫʬʴʹ.h ʸʨ˂ʰʵʴʨʲʻʸʵʩʰʹ.�.y ʨ˂ʰʵʴʨʲʻʸʵʩʰʹ.ʫʬʳʵʴʹʺʸʰʸʬʩʨʹ.
ʳʵʫʬʲʰʹ.ʪʨʳʵʿʬʴʬʩʰʯ�.ʨˆʫʬʴʹ.ʰʸʨ˂ʰʵʴʨʲʻʸʰ.ʸʰ˂ˆʭʰʹ.ʸʨ˂ʰʵʴʨʲʻʸʰ.ʸʰ˂ˆʭʬʩʰʹ.
ʳʰʳʫʬʭʸʵʩʰʯ.ʳʰʨˆʲʵʬʩʰʹ.ʫʬʳʵʴʹʺʸʰʸʬʩʨʹ.ʳʵʫʬʲʰʹ.ʪʨʳʵʿʬʴʬʩʰʯ�

•	 ʳʵ˂ʬʳʻʲʰ. ʹʰʮʻʹʺʰʯ. ʨʳʸʪʭʨʲʬʩʹ. ʴʨʳʫʭʰʲ. ʸʰ˂ˆʭʬʩʹ�. ʪʨʴʨʹˆʭʨʭʬʩʹ. ʻʹʨʹʸʻʲʵ.
ʶʬʸʰʵʫʻʲʰ.ʨʯ˄ʰʲʨʫʰʹ.ˀʬʳʵʱʲʬʩʰʯ.ˁʨ˄ʬʸʨʹ.ʫʨʳʸʪʭʨʲʬʩʰʹʨʪʨʴ�

•	 ʵʸʰ. ʳʵ˂ʬʳʻʲʰ. ʴʨʳʫʭʰʲʰ. ʸʰ˂ˆʭʰʹʨʯʭʰʹ. ʨʹʨˆʬʲʬʩʹ. ʳʨʯ. ˀʵʸʰʹ. ʳʵʯʨʭʹʬʩʻʲ.
ʸʨ˂ʰʵʴʨʲʻʸ.ʸʰ˂ˆʭʹ�

•	 ʨˆʫʬʴʹ.ɹ ʨʳʫʭʰʲʰ.y ʰ˂ˆʭʰʹ.ʨʯʵʩʰʯʰ.ʁ ʵʮʰ˂ʰʻʸʰ.́ ʰʹʺʬʳʰʯ.ˁ ʨ˄ʬʸʰʹ..h ʴʺʬʸʶʸʬʺʨ˂ʰʨʹ.
ʫʨ�ʨʴ.r ʰʹ.ʫʬʳʵʴʹʺʸʰʸʬʩʨʹ.r ʵʫʬʲʰʹ.ʪʨʳʵʿʬʴʬʩʰʯ.�ʳʨʪʨʲʰʯʨʫ�.ʨˆʫʬʴʹ.��ʮʬ.ɹ ʨʱʲʬʩʰ.
ʫʨʫʬʩʰʯʰ. ʴʨʳʫʭʰʲʰ. ʸʰ˂ˆʭʰʹ. ʳʰʨˆʲʵʬʩʨʹ. >��. �@. ʳʵʴʨʱʭʬʯʰʹ. ʯʨʴʳʰʳʫʬʭʸʻʲʰ.
ʫʨʴʨ˄ʰʲʬʩʰʯ� .

; .� ... ʳʵʹ˄ʨʭʲʬʹ. ˀʬʻ˃ʲʰʨ. ʹˆʭʨʫʨʹˆʭʨ. ʶʵʮʰ˂ʰʻʸʰ. ʹʰʹʺʬʳʬʩʰʹ�ʴʨʳʫʭʰʲ. ʸʰ˂ˆʭʯʨ.
ʽʭʬʹʰʹʺʬʳʬʩʰʹ.ʬʸʯʳʨʴʬʯʯʨʴ.ʫʨʱʨʭˀʰʸʬʩʨ .

ˀʬʫʬʪʰ.ʯʭʨʲʹʨˁʰʴʵʨ�.ʯʻ.ʳʵʹ˄ʨʭʲʬ�.
•	 ʨʫʨʸʬʩʹ. ʹˆʭʨʫʨʹˆʭʨ. ʶʵʮʰ˂ʰʻʸ. ʹʰʹʺʬʳʬʩʹ. ʬʸʯʳʨʴʬʯʹ�. ʳʹˇʬʲʵʩʹ. ʯʰʯʵʬʻʲʰʹ.

ʻʶʰʸʨʺʬʹʵʩʨʮʬ.ʹˆʭʨʫʨʹˆʭʨ.ˀʬʳʯˆʭʬʭʬʩˀʰ�
•	 ʨʱʨʭˀʰʸʬʩʹ.ʴʨʳʫʭʰʲ.ʸʰ˂ˆʭʯʨ.ʽʭʬʹʰʳʸʨʭʲʬʬʩʹ.ʬʸʯʳʨʴʬʯʯʨʴ.ʹʰʳʸʨʭʲʬʯʨ.ʯʬʵʸʰʰʹ.

ʬʴʰʹ. ʪʨʳʵʿʬʴʬʩʰʯ. �ʽʭʬʹʰʳʸʨʭʲʬ�. ʹʰʳʸʨʭʲʬʯʨ. ʯʨʴʨʱʭʬʯʨ�. ʪʨʬʸʯʰʨʴʬʩʨ�. ʹˆʭʨʵʩʨ�.
ʫʨʳʨʺʬʩʨ�.ʨʳ.ʳʰʳʨʸʯʬʩʬʩʰʹ.ʪʨʳʵʹʨˆʭʨ.ʹˆʭʨʫʨʹˆʭʨ.ˆʬʸˆʰʯ��

•	 ʹˆʭʨʫʨʹˆʭʨ.̓ ʵʸʳʰʯ.ʪʨʳʵʹʨˆʨʭʹ.ɹ ʨʳʫʭʰʲ.y ʰ˂ˆʭʬʩʹ.�ʳʨʪʨʲʰʯʨʫ�.ʁ ʬʸʰʵʫʻʲ.ʨʯ˄ʰʲʨʫʹ.
ˁʨ˄ʬʸʹ.˄ʰʲʨʫʰʹ.ʹʨˆʰʯ��.ʨʫʨʸʬʩʹ.ʫʨ.ʨʲʨʪʬʩʹ.ʹˆʭʨʫʨʹˆʭʨ.ʼʵʸʳʰʯ.ˁʨ˄ʬʸʰʲ.ʴʨʳʫʭʰʲ.
ʸʰ˂ˆʭʬʩʹ.�ʨʯ˄ʰʲʨʫʰ�.˄ ʰʲʨʫʰ�.ʬʸʯʰ.ʫʨ.h ʪʰʭʬ.r ʯʬʲʰʹ.ɹ ʨ˄ʰʲʰ.ʫʨ..ʁ ʸʵ˂ʬʴʺʰ�.y ʰ˂ˆʭʰʹ.
ʹʺʨʴʫʨʸʺʻʲʰ.̓ ʵʸʳʨ�.ʨʯʵʩʰʯʰ.ʫʨ.ɻ ʸʵʩʰʯʰ.ʁ ʵʮʰ˂ʰʻʸʰ.́ ʰʹʺʬʳʨ�.y ʰ˂ˆʭʰʹ.̂ ʨʸʰʹˆʰ.
ʫʨ.ʰʸʨ˂ʰʵʴʨʲʻʸʰ.ʪʨʳʵʹʨˆʻʲʬʩʨ� .

; .� .. ʳʵʹ˄ʨʭʲʬʹ.ˀ ʬʻ˃ʲʰʨ.ɹ ʨʳʫʭʰʲ.y ʰ˂ˆʭʬʩʮʬ.r ʵʽʳʬʫʬʩʬʩʰʹ.ˀ ʬʹʸʻʲʬʩʨ.ʫʨ.r ʵʽʳʬʫʬʩʬʩʰʹ.
ˀʬʫʬʪʰʹ.ˀʬʼʨʹʬʩʨ .

ˀʬʫʬʪʰ.ʯʭʨʲʹʨˁʰʴʵʨ�.ʯʻ.ʳʵʹ˄ʨʭʲʬ�.
•	 ʨʳʨʸʺʰʭʬʩʹ. ʴʨʳʫʭʰʲ. ʸʰ˂ˆʭʬʩʮʬ. ʳʵʽʳʬʫʬʩʬʩʰʹ. �ʨʪʸʬʯʭʬ. ʳʵʫʻʲʰʹ�. ˀʬʳ˂ʭʬʲ.

ʪʨʳʵʹʨˆʻʲʬʩʨʹ.r ʵʽʳʬʫʬʩʨʯʨ.ʯʭʰʹʬʩʬʩʰʹ�.r ʵʽʳʬʫʬʩʬʩʰʹ.ˀ ʬʹʸʻʲʬʩʰʹ.ʯʨʴʳʰʳʫʬʭʸʵʩʰʹʨ.
ʫʨ.ʳʨʯ.ˀʵʸʰʹ.ʱʨʭˀʰʸʰʹ.ʪʨʳʵʿʬʴʬʩʰʯ�

•	 ʨˆʫʬʴʹ.˄ʰʲʨʫʰ.ʳʨˁʭʬʴʬʩʲʰʹ.ʳʽʵʴʬ.ˆʨʸʰʹˆʰʹ.ʰʴʺʬʸʶʸʬʺʨ˂ʰʨʹ.ʫʨ.ʳʰʹʰ.ʯʭʰʹʬʩʬʩʰʹ.
ʫʬʳʵʴʹʺʸʰʸʬʩʨʹ�.ʨʫʨʸʬʩʹ.ʫʨ.ʨʲʨʪʬʩʹ..ʬʸʯʰ.ʫʨ.ʰʪʰʭʬ.ʼʻ˃ʰʹ.ʳʽʵʴʬ.ˆʨʸʰʹˆʬʩʹ�

•	 ʨʳʵ˂ʨʴʰʹ. ʱʵʴʺʬʽʹʺʰʹ. ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ. ʰʸˁʬʭʹ. ʸʨ. ʻʼʸʵ. ʳʰʮʨʴˀʬ˄ʵʴʰʲʰʨ. ±.
ʳʵʽʳʬʫʬʩʨʯʨ. ˀʬʫʬʪʰʹ. ˀʬʼʨʹʬʩʨ�. ʯʻ. ʳʰʹʰ. ʮʻʹʺʰ. ʳʴʰˀʭʴʬʲʵʩʰʹ. ʶʵʭʴʨ�. ʰʿʬʴʬʩʹ.
ˀʬʼʨʹʬʩʨʹ.ɹ ʨʳʫʭʰʲ.y ʰ˂ˆʭʬʩʮʬ.ˀ ʬʹʸʻʲʬʩʻʲʰ.ʪʨʳʵʯʭʲʬʩʰʹ.ˀ ʬʫʬʪʰʹ.ˀ ʬʹʨʳʵ˄ʳʬʩʲʨʫ�

•	 ʬʸʯʰ. ʨʸʰʯʳʬʺʰʱʻʲʰ. ʳʵʽʳʬʫʬʩʰʹ. ˀʬʳ˂ʭʬʲ. ʪʨʳʵʹʨˆʻʲʬʩʨˀʰ. ʨʳʸʪʭʨʲʬʩʹ. ˄ʬʭʸʬʩʹ.
�ʴʨʳʫʭʰʲʰ. ʸʰ˂ˆʭʬʩʹ�. ʫʨ. ʶʵʻʲʵʩʹ. ʳʵʽʳʬʫʬʩʬʩʨʯʨ. ˀʬʫʬʪʰʹ. ʳʰʨˆʲʵʬʩʰʯ.
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ʳʴʰˀʭʴʬʲʵʩʨʹ�.ʳʹˇʬʲʵʩʹ.ʫʨʳʸʪʭʨʲʬʩʰʯ.ʪʨʳʵ˄ʭʬʻʲ.ʪʨʴʹˆʭʨʭʬʩʨʮʬ�
•	 ʳʵʿʨʭʹ.̓ ʨʸʫʵʩʰʯʰ.ʨʮʸʰʯ.³˃ʨʲʰʨʴ.ʫʰʫʰ´.ʫʨ.³˃ʨʲʰʨʴ.r ˂ʰʸʬ´.́ ʰʫʰʫʬʯʨ.r ʨʪʨʲʰʯʬʩʰ.

�ʳʨʪʨʲʰʯʨʫ�.ʹʰʴʨʯʲʰʹ.˄ʬʲʰ�.ʬʲʬʽʺʸʵʴʰʹ.ʳʨʹʨ� .

; .� .. ʳʵʹ˄ʨʭʲʬʹ.ˀʬʻ˃ʲʰʨ.ʳʹˇʬʲʵʩʨ�ʫʨʹʨʩʻʯʬʩʰʹ.ʹˆʭʨʫʨʹˆʭʨ.ˆʬʸˆʰʹ.ʪʨʳʵʿʬʴʬʩʨ .
ˀʬʫʬʪʰ.ʯʭʨʲʹʨˁʰʴʵʨ�.ʯʻ.ʳʵʹ˄ʨʭʲʬ�.
•	 ʨʹʨʩʻʯʬʩʹ. ʫʬʩʻʲʬʩʨʹ. ʸʰ˂ˆʭʬʩʰʹ. ʯʭʰʹʬʩʬʩʰʹ. ʨʴ. ʸʰ˂ˆʭʰʯʰ. ʱʨʴʵʴʮʵʳʰʬʸʬʩʬʩʰʹ.

ˀʬʹʨˆʬʩ�.ˀʬʹʨʩʨʳʰʹ.ˀʬʳʯˆʭʬʭʨˀʰ.ʨˆʫʬʴʹ.ˈʰʶʵʯʬʮʰʹ.ʻʨʸʿʵʼʨʹ.ʱʵʴʺʸʳʨʪʨʲʰʯʰʯ�
•	 ʳʹˇʬʲʵʩʰʹ.ʴʰʳʻˀʬʩˀʰ.ʨʳʵʰ˂ʴʵʩʹ.ʫʬʫʻʽ˂ʰʨʹ�.ʪʨʴʮʵʪʨʫʬʩʨʹ.ʫʨ.ʨʴʨʲʵʪʰʨʹ�..ʰʿʬʴʬʩʹ.

ʳʨʯ.r ʯʬʲ.y ʰ˂ˆʭʬʩʹ.ˀ ʵʸʰʹ.ʫʨʳʵʱʰʫʬʩʻʲʬʩʬʩʰʹ.ʫʨʹʨʫʪʬʴʨʫ.�ʳʨʪʨʲʰʯʨʫ�..y ʵʳʬʲʰ.
˂ʰʼʸʰ.ʫʪʨʹ.ʸʰ˂ˆʭʰʹ.�����.ʬʸʯʬʻʲʬʩʰʹ.ʯʨʴʸʰʪˀʰ"��

•	 ʨʳʵ˂ʨʴʬʩʰʹ. ʨʳʵˆʹʴʰʹʨʹ. ʰʿʬʴʬʩʹ. ʸʰ˂ˆʭʰʯ. ʹʰʳʸʨʭʲʬʬʩʹ. ˀʵʸʰʹ. ʫʨʳʵʱʰʫʬʩʻʲʬʩʰʹ.
ʪʨʳʵʹʨˆʭʰʹ.ʮʵʪʰʬʸʯ.ˆʬʸˆʹ.�ʳʨʪʨʲʰʯʨʫ�.ʭʬʴʰʹ.ʫʰʨʪʸʨʳʬʩʹ��

•	 ʰʿʬʴʬʩʹ.³ʹʨ˄ʰʴʨʨʾʳʫʬʪʵʹ.ʫʨˀʭʬʩʰʹ´.r ʬʯʵʫʹ.y ʰ˂ˆʭʬʩʰʹ.ˀ ʬʹʨˆʬʩ.r ʨʸʺʰʭʰ.ʫʬʩʻʲʬʩʬʩʰʹ.
ʫʨʳʺʱʰ˂ʬʩʰʹʨʹ .

; .� .. ʳʵʹ˄ʨʭʲʬʹ.ˀʬʻ˃ʲʰʨ.ʶʸʨʽʺʰʱʻʲʰ.ʹʨʽʳʰʨʴʵʩʰʫʨʴ.ʳʵʳʫʰʴʨʸʬ.ʨʳʵ˂ʨʴʬʩʰʹ.ʨʳʵˆʹʴʨ .
ˀʬʫʬʪʰ.ʯʭʨʲʹʨˁʰʴʵʨ�.ʯʻ.ʳʵʹ˄ʨʭʲʬ�.
•	 ʨʹʸʻʲʬʩʹ.ʪʨʳʵʯʭʲʬʩʹ.ʫʨ.ʨʫʨʸʬʩʹ.ɻ ʸ.r ʨʸʺʰʭʨʫ�ʸʯʻʲʨʫ.ʫʨʸʰ˂ˆʻʲ.́ ʨʶʸʵ˂ʬʴʺʵ.

ʪʨʴʨʱʭʬʯʹ�. ʹˆʭʨʫʨʹˆʭʨʪʭʨʸ. ʼʨʹʫʨʱʲʬʩʨʹ�. ʫʨʩʬʪʭʸʨʹ�. ʳʹˇʬʲʵʩʹ. ʳʨʯ. ˀʵʸʰʹ. ˀʵʸʰʹ.
ʪʨʴʹˆʭʨʭʬʩʨʮʬ�

•	 ʳʹˇʬʲʵʩʹ. ʰʴʼʵʸʳʨ˂ʰʻʲʰ. ʫʨ. ʹʨʱʵʳʻʴʰʱʨ˂ʰʵ. ʺʬʽʴʵʲʵʪʰʬʩʰʹ. ʪʨʳʵʿʬʴʬʩʨʹʯʨʴ.
ʫʨʱʨʭˀʰʸʬʩʻʲʰ.ʸʨʵʫʬʴʵʩʸʰʭʰ.ˆʨʹʰʨʯʰʹ.ʹʨʱʰʯˆʬʩʰʹ.ˀʬʹʨˆʬʩ�

•	 ʰʿʬʴʬʩʹ.ʱʻʯˆʰʹ.ʮʵʳʰʹ.ʬʸʯʬʻʲʬʩʹ.ˀʵʸʰʹ.ʱʨʭˀʰʸʬʩʹ.˄ʸʬ˄ʰʸʮʬ.ʳʵʩʸʻʴʬʩʨʹʯʨʴ.ʫʨ�
ʨʴ. ʩʸʻʴʭʰʹ. ˀʬʫʬʪʨʫ. ʪʨʫʨʨʫʪʰʲʬʩʨʹʯʨʴ. ʫʨʱʨʭˀʰʸʬʩʻʲʰ. ʨʳʵ˂ʨʴʬʩʰʹ. ʨʳʵˆʹʴʰʹʨʹ.
�ʳʨʪʨʲʰʯʨʫ�.ʲʰʲʭʯʨʴ.ʫʨʱʨʭˀʰʸʬʩʻʲʰ.ʨʳʵ˂ʨʴʬʩʰ� .

ʳʰʳʨʸʯʻʲʬʩʨ�.ʱʨʴʵʴʮʵʳʰʬʸʬʩʬʩʰ.ʫʨ.ʨʲʪʬʩʸʨ

; .� .. ʳʵʹ˄ʨʭʲʬʹ.ˀ ʬʻ˃ʲʰʨ.̓ ʻʴʽ˂ʰʰʹ.ʯʭʰʹʬʩʬʩʰʹ.ɦ ʭʲʬʭʨ.ʫʨ.r ʨʯʰ.ʯʭʰʹʬʩʬʩʰʹ.ʪʨʳʵʿʬʴʬʩʨ.
ʹʰʫʰʫʬʬʩʹ.ˀʵʸʰʹ.ʫʨʳʵʱʰʫʬʩʻʲʬʩʰʹ.ˀʬʹʨʹ˄ʨʭʲʨʫ .

ˀʬʫʬʪʰ.ʯʭʨʲʹʨˁʰʴʵʨ�.ʯʻ.ʳʵʹ˄ʨʭʲʬ�.
ʹʰʫʰʫʬʬʩʹ.ˀʵʸʰʹ.ʫʨʳʵʱʰʫʬʩʻʲʬʩʰʹ.ʨʾʳ˄ʬʸʰ.ʼʻʴʽ˂ʰʰʹʨʯʭʰʹ.�ʳʨʯ.ˀʵʸʰʹ.ʸʬʨʲʻʸ.
ʭʰʯʨʸʬʩʨˀʰ�.ʨʹʨˆʬʲʬʩʹ.ʼʻʴʽ˂ʰʰʹ.ʺʰʶʹ.�˄ʸʼʰʭʰ�.ʳʵʫʻʲʰʹ.ˀʬʳ˂ʭʬʲʰ�.ʱʭʨʫʸʨʺʻʲʰ�.
ʻʱʻʶʸʵʶʵʸ˂ʰʻʲʰ.ʫʨʳʵʱʰʫʬʩʻʲʬʩʰʹ.

x
k)x(f = �.ʨʳ.ʼʻʴʽ˂ʰʰʹ.ʪʨʳʵʹʨˆʭʰʹ.ˆʬʸˆʰʹʨʪʨʴ.

ʫʨʳʵʻʱʰʫʬʩʲʨʫ�
ʹʰʫʰʫʬʬʩʹ.ˀʵʸʰʹ.ʫʨʳʵʱʰʫʬʩʻʲʬʩʰʹ.ʨʾʳ˄ʬʸʰ.ʼʻʴʽ˂ʰʰʹʨʯʭʰʹ�.ʳʨʯ.ˀʵʸʰʹ.ʸʬʨʲʻʸ.
ʭʰʯʨʸʬʩʨˀʰ�.ʶʵʻʲʵʩʹ.ʼʻʴʽ˂ʰʰʹ.ʴʻʲʬʩʹ�.ʼʻʴʽ˂ʰʰʹ.ʳʨʽʹʰʳʻʳʹ�ʳʰʴʰʳʻʳʹ�.ʮʸʫʨʫʵʩʨ�
ʱʲʬʩʨʫʵʩʰʹʨ.ʫʨ.ʴʰˀʨʴʳʻʫʳʰʭʵʩʰʹ.ˀʻʨʲʬʫʬʩʹ�.ʨˆʫʬʴʹ.ʨʳ.ʳʵʴʨ˂ʬʳʬʩʰʹ.ʰʴʺʬʸʶʸʬʺʨ˂ʰʨʹ.
ʸʬʨʲʻʸʰ.ʭʰʯʨʸʬʩʰʹ.ʱʵʴʺʬʽʹʺˀʰ�
˂ʭʲʰʹ.ʼʻʴʽ˂ʰʰʹ.ʶʨʸʨʳʬʺʸʬʩʹ.ʫʨ.ʨˆʫʬʴʹ.ʨʳ.˂ʭʲʰʲʬʩʰʹ.ˀʬʫʬʪʰʹ.ʰʴʺʬʸʶʸʬʺʰʸʬʩʨʹ.ʰʳ.
ʶʸʵ˂ʬʹʰʹ.ʱʵʴʺʬʽʹʺˀʰ�.ʸʵʳʬʲʰ˂.ʨʳ.ʼʻʴʽ˂ʰʰʯ.ʨʾʰ˄ʬʸʬʩʨ.�ʳʨʪʨʲʰʯʨʫ�.ʪʨʭʲʰʲʰ.ʳʨʴ˃ʰʲʰʹ.
ʫʸʵʮʬ.ʫʨʳʵʱʰʫʬʩʻʲʬʩʰʹ.ʨʾʳ˄ʬʸ.ʼʻʴʽ˂ʰʨˀʰ.�. 0( ) = ⋅ +S t v t S �.ʸʨ.ʪʨʭʲʬʴʨʹ.ʨˆʫʬʴʹ.
ʹʰˁʽʨʸʰʹ.˂ʭʲʰʲʬʩʨ.ʪʨʴʭʲʰʲ.ʳʨʴ˃ʰʲʮʬ"��
ʨʫʨʸʬʩʹ.ʵʸ.ʼʻʴʽ˂ʰʨʹ�.ʸʵʳʲʬʩʰ˂.ʸʬʨʲʻʸ.ʶʸʵ˂ʬʹʹ.ʪʨʳʵʹʨˆʨʭʹ.�ʶʵʻʲʵʩʹ.ʰʳ.ʹʰʳʸʨʭʲʬʹ.
ʹʨʫʨ˂.ʬʸʯʰ.ʼʻʴʽ˂ʰʨ.ʳʬʺʰʨ�ʴʨʱʲʬʩʰʨ.ʳʬʵʸʬ.ʼʻʴʽ˂ʰʨʮʬ�.ʺʵʲʰʨ.ʳʬʵʸʬ.ʼʻʴʽ˂ʰʰʹ�.ʫʨ.
ʨˆʫʬʴʹ.ˀʬʫʨʸʬʩʰʹ.ˀʬʫʬʪʰʹ.ʰʴʺʬʸʶʸʬʺʨ˂ʰʨʹ.ʱʵʴʺʬʽʹʺʯʨʴ.ʳʰʳʨʸʯʬʩʨˀʰ .
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; .� .. ʳʵʹ˄ʨʭʲʬʹ. ˀʬʻ˃ʲʰʨ. ʪʨʴʺʵʲʬʩʨʯʨ. ʫʨ. ʻʺʵʲʵʩʨʯʨ. ʹʰʹʺʬʳʬʩʰʹ. ʪʨʳʵʿʬʴʬʩʨ.
ʶʸʵʩʲʬʳʬʩʰʹ.ʪʨʫʨ˅ʸʰʹʨʹ .

ˀʬʫʬʪʰ.ʯʭʨʲʹʨˁʰʴʵʨ�.ʯʻ.ʳʵʹ˄ʨʭʲʬ�.
•	 ʺʬʽʹʺʻʸʰ. ʨʳʵ˂ʨʴʰʹ. ʨʳʵʹʨˆʹʴʬʲʨʫ. ʨʫʪʬʴʹ. ʫʨ. ˆʹʴʰʹ. ʵʸʻ˂ʴʵʩʰʨʴ. . ʪʨʴʺʵʲʬʩʨʯʨ.

ʹʰʹʺʬʳʨʹ�.ʨˆʫʬʴʹ.ʨʳʵʴʨˆʹʴʰʹ.h ʴʺʬʸʶʸʬʺʨ˂ʰʨʹ.ʨʳʵ˂ʨʴʰʹ.ɦ ʵʴʺʬʽʹʺʰʹ.ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ�
•	 ʰʸˁʬʭʹ.ʫʨ.h ʿʬʴʬʩʹ.ʪʨʴʺʵʲʬʩʨʯʨ�ʻʺʵʲʵʩʨʯʨ.́ ʰʹʺʬʳʰʹ.ʨʳʵˆʹʴʰʹ.̂ ʬʸˆʹ.�ʳʨʪʨʲʰʯʨʫ�.

ˁʨʹʳʰʹ�.ˀ ʬʱʸʬʩʰʹ��.ʪʸʨʼʰʱʻʲʨʫ.ʪʨʳʵʹʨˆʨʭʹ.ʨʳʵʴʨˆʹʴʹ.ʫʨ.ʨˆʫʬʴʹ.ʨʳʵʴʨˆʹʴʰʹ.́ ʰʳʸʨʭʲʻʸ.
ʰʴʺʬʸʶʸʬʺʨ˂ʰʨʹ�

•	 ˄ʸʼʰʭʰ. ʻʺʵʲʵʩʰʹ. ʨʴ. ʵʸʰ. ˄ʸʼʰʭʰ. ʻʺʵʲʵʩʰʹ. ˀʬʳ˂ʭʬʲʰ. ʹʰʹʺʬʳʰʹ. ʹʨˀʻʨʲʬʩʰʯ.
ʪʨʳʵʹʨˆʨʭʹ.ʨʳʵ˂ʨʴʰʹ.ʁ ʰʸʵʩʨˀʰ.r ʵ˂ʬʳʻʲ.ˀ ʬʮʾʻʫʭʬʩʹ.�ʳʨʪʨʲʰʯʨʫ�.̓ ʰʸʳʨʳ.́ ʨʸʬʱʲʨʳʵ.
ʱʵʳʶʨʴʰʨʮʬ.̒ ʴʫʨ.ʫʨˆʨʸˇʵʹ.ʨʸʨʻʳʬʺʬʹ.����.̡ ʨʸʰʹʨ ..r ʨʯ.ʫʨʪʬʪʳʰʲʰ.ʨʽʭʯ.ʪʨʳʵʨʽʭʬʿʴʵʴ.
ʨʸʨʴʨʱʲʬʩ.��.́ ʨʸʬʱʲʨʳʵ.ʪʨʴ˂ˆʨʫʬʩʰʹʨ ..ʫʨʹʭʬʴʬʩʰʹ.ʫʾʬʬʩˀʰ.́ ʨʸʬʱʲʨʳʵ.ʪʨʴ˂ˆʨʫʬʩʰʹ.
ʾʰʸʬʩʻʲʬʩʨʨ.��.ʲʨʸʰ�.ˆʵʲʵ.ʱʭʰʸʰʹ.ʫʨʴʨʸˁʬʴ.ʫʾʬʬʩˀʰ.��.ʲʨʸʰ .� .

; .� .. ʳʵʹ˄ʨʭʲʬʹ.ˀ ʬʻ˃ʲʰʨ.ʫʰʹʱʸʬʺʻʲʰ.r ʨʯʬʳʨʺʰʱʰʹ.ʬʲʬʳʬʴʺʬʩʰʹ.ʪʨʳʵʿʬʴʬʩʨ.ʁ ʸʵʩʲʬʳʰʹ.
ʪʨʫʨ˅ʸʰʹʨʹ .

ˀʬʫʬʪʰ.ʯʭʨʲʹʨˁʰʴʵʨ�.ʯʻ.ʳʵʹ˄ʨʭʲʬ�
•	 ʰʿʬʴʬʩʹ.̂ ʰʹʬʩʸ.ʫʰʨʪʸʨʳʬʩʹ.ʫʨ.ʪʸʨʼʬʩʹ�.ʭʨʸʰʨʴʺʬʩʰʹ.ʫʨʹʨʯʭʲʬʲʨʫ�.ʪʬʪʳʰʹ�ʪʨʴʸʰʪʰʹ.

ˀʬʹʨʫʪʬʴʨʫ�.ɻ ʶʺʰʳʰʮʨ˂ʰʰʹ.ʫʰʹʱʸʬʺʻʲʰ.ʨʳʵ˂ʨʴʬʩʰʹ.ʨʳʵʹʨˆʹʴʬʲʨʫ.�ʨʲʪʵʸʰʯʳʬʩʰʹ.
ʪʨʸʬˀʬ�.�ʳʨʪʨʲʰʯʨʫ�.ʵʸ.ʵʩʰʬʽʺʹ.ˀʵʸʰʹ.ʵʶʺʰʳʨʲʻʸʰ.ʳʨʸˀʸʻʺʰʹ.ʳʵ˃ʬʩʴʨ��

•	 ʳʰʳʫʬʭʸʵʩʰʹ. ʪʨʳʵʹʨˆʭʰʹʨʹ. ʰʿʬʴʬʩʹ. ʸʬʱʻʸʬʴʺʻʲ. ˄ʬʹʹ. �ʳʨʯ. ˀʵʸʰʹ. ʸʬʨʲʻʸʰ.
ʶʸʵ˂ʬʹʬʩʰʹ. ʫʰʹʱʸʬʺʻʲʰ. ʳʵʫʬʲʬʩʰʯ. ʨʾ˄ʬʸʰʹʨʹ .. ʳʨʪʨʲʰʯʨʫ�. ʳʵʹʨˆʲʬʵʩʰʹ.
ʸʨʵʫʬʴʵʩʰʹ.ʿ ʵʭʬʲ˄ʲʰʻʸʰ.r ʻʫʳʰʭʰ.ʁ ʸʵ˂ʬʴʺʻʲʰ.ʮʸʫʨ��.ʪʨʴʨʭʸ˂ʵʩʹ.y ʬʱʻʸʬʴʺʻʲʰ.
˄ʬʹʰʯ.ʳʵ˂ʬʳʻʲ.ʳʰʳʫʬʭʸʵʩʨʹ�

•	 ʨʫʬʱʭʨʺʻʸʨʫ. ʰʿʬʴʬʩʹ. ʹʰʳʸʨʭʲʻʸ. ʺʬʸʳʰʴʬʩʹ. ʫʨ. ˂ʴʬʩʬʩʹ. �ʳʨʪʨʲʰʯʨʫ�. ʼʻʴʽ˂ʰʰʹ.
ʪʨʴʹʨʮʾʭʸʰʹ. ʨʸʬ. ʫʨ. ʳʴʰˀʭʴʬʲʵʩʨʯʨ. ʹʰʳʸʨʭʲʬ�. ʫʨ. ʳʵʽʳʬʫʬʩʬʩʹ. ʹʰʳʸʨʭʲʬʬʩʮʬ.
�ʯʨʴʨʱʭʬʯʨ�. ʪʨʬʸʯʰʨʴʬʩʨ�. ʹˆʭʨʵʩʨ�. ʫʨʳʨʺʬʩʨ��. ʳʨʯ. ˀʵʸʰʹ. ʸʬʨʲʻʸʰ. ʭʰʯʨʸʬʩʰʹ.
ʳʵʫʬʲʰʸʬʩʰʹʨʹ.ʨʴ.ʨʾ˄ʬʸʰʹʨʹ .

ʳʰʳʨʸʯʻʲʬʩʨ�.ʪʬʵʳʬʺʸʰʨ.ʫʨ.ʹʰʭʸ˂ʰʹ.ʨʾʽʳʨ

; .� .. ʳʵʹ˄ʨʭʲʬʹ. ˀʬʻ˃ʲʰʨ. ʪʬʵʳʬʺʸʰʻʲ. ʼʰʪʻʸʨʯʨ. ˄ʨʸʳʵʫʪʬʴʰʹʨ. ʫʨ. ʫʬʩʻʲʬʩʨʯʨ.
ʼʵʸʳʻʲʰʸʬʩʰʹ.ˆʬʸˆʬʩʰʹ.ʪʨʳʵʿʬʴʬʩʨ .

ˀʬʫʬʪʰ.ʯʭʨʲʹʨˁʰʴʵʨ�.ʯʻ.ʳʵʹ˄ʨʭʲʬ�.
•	 ʨʾ˄ʬʸʹ. ʪʬʵʳʬʺʸʰʻʲ. ʵʩʰʬʽʺʬʩʹ. ʫʨ. ʳʨʯ. ʪʸʨʼʰʱʻʲ. ʪʨʳʵʹʨˆʻʲʬʩʬʩʹ. ˀʬʹʨʩʨʳʰʹʰ.

ʺʬʸʳʰʴʵʲʵʪʰʰʹ.ʪʨʳʵʿʬʴʬʩʰʯ�
•	 ʰʿʬʴʬʩʹ. ʳʨʯʬʳʨʺʰʱʻʸ. ʹʰʳʩʵʲʵʬʩʹ. ʪʬʵʳʬʺʸʰʻʲʰ. ʫʬʩʻʲʬʩʬʩʰʹʨ. ʫʨ. ʼʨʽʺʬʩʰʹ.

ʪʨʫʳʵ˂ʬʳʰʹʨʹ�.́ ˄ʵʸʨʫ.h ʿʬʴʬʩʹ.̋ ʬʸʳʰʴʬʩʹ�.³ʿʭʬʲʨ´�.³ʨʸ˂ʬʸʯʰ´�.³ʮʵʪʰʬʸʯʰ´�.³ʿʵʭʬʲʰ´�.
³ʴʬʩʰʹʳʰʬʸʰ´�.³ʨʸʹʬʩʵʩʹ´.ʫʨ.³ʯʰʯʵʬʻʲʰ´�

•	 ʳʹˇʬʲʵʩʨ�ʫʨʹʨʩʻʯʬʩʰʹʨʹ.ʰʿʬʴʬʩʹ.ʳʵ˂ʬʳʻʲʰ.ʶʰʸʵʩʰʯʰ.˄ʰʴʨʫʨʫʬʩʰʹ�ʫʬʩʻʲʬʩʰʹ.
ˀʬʩʸʻʴʬʩʻʲ�. ʳʵʶʰʸʫʨʶʰʸʬ. ʫʨ. ˀʬʩʸʻʴʬʩʻʲʰʹ. ʳʵʶʰʸʫʨʶʰʸʬ. ˄ʰʴʨʫʨʫʬʩʨʹ�
ʫʬʩʻʲʬʩʬʩʹ .

; .�� .. ʳʵʹ˄ʨʭʲʬʹ.ˀʬʻ˃ʲʰʨ.ʪʬʵʳʬʺʸʰʻʲʰ.ʫʬʩʻʲʬʩʬʩʰʹ.ʫʨʹʨʩʻʯʬʩʨ .
ˀʬʫʬʪʰ.ʯʭʨʲʹʨˁʰʴʵʨ�.ʯʻ.ʳʵʹ˄ʨʭʲʬ�.
•	 ʫʬʫʻʽ˂ʰʻʸʰ. ʫʨ. ʰʴʫʻʽ˂ʰʻʸʰ. ʳʹˇʬʲʵʩʰʹ. ʴʰʳʻˀˀʰ. ʨʾʨʫʪʬʴʹ. ʪʨʳʵʺʵʭʬʩʻʲ.

ʹʨʼʬˆʻʸʹ�ʹʨʼʬˆʻʸʬʩʹ�
•	 ʰʿʬʴʬʩʹ.ʨʲʪʬʩʸʻʲ.ʪʨʸʫʨʽʳʴʬʩʹ�.̋ ʵʲʵʩʰʹʨ.ʫʨ.̒ ʺʵʲʵʩʬʩʰʹ..ʯʭʰʹʬʩʬʩʹ.ʪʬʵʳʬʺʸʰʻʲ.

ʫʬʩʻʲʬʩʨʯʨ.ʫʨʹʨʩʻʯʬʩʰʹʨʹ�
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•	 ʰʿʬʴʬʩʹ. ʱʵʵʸʫʰʴʨʺʬʩʹ. ʪʬʵʳʬʺʸʰʻʲʰ. ʵʩʰʬʽʺʰʹ. ʯʭʰʹʬʩʬʩʰʹ. ʫʨʹʨʫʪʬʴʨʫ. ʫʨ.
ʫʨʹʨʩʻʯʬʩʰʹʯʭʰʹ�

•	 ʰʿʬʴʬʩʹ. ʬʭʱʲʰʫʻʸʰ. ʪʬʵʳʬʺʸʰʰʹ. ʨʽʹʰʵʳʬʩʹ. ʪʬʵʳʬʺʸʰʻʲʰ. ʫʬʩʻʲʬʩʬʩʰʹ.
ʫʨʹʨʩʻʯʬʩʰʹʨʹ .

; .�� .. ʳʵʹ˄ʨʭʲʬʹ.ˀ ʬʻ˃ʲʰʨ.ɻ ʩʰʬʽʺʯʨ.ʮʵʳʬʩʰʹʨ.ʫʨ.ɻ ʩʰʬʽʺʯʨ.ˀ ʵʸʰʹ.r ʨʴ˃ʰʲʬʩʰʹ.r ʵ˃ʬʩʴʨ .
ˀʬʫʬʪʰ.ʯʭʨʲʹʨˁʰʴʵʨ�.ʯʻ.ʳʵʹ˄ʨʭʲʬ�.
•	 ʵʩʰʬʽʺʯʨ.ʮʵʳʬʩʰʹʨ.ʫʨ.ɻ ʩʰʬʽʺʯʨ.ˀ ʵʸʰʹ.r ʨʴ˃ʰʲʬʩʰʹ.ʫʨʹʨʫʪʬʴʨʫ.�ʳʨʯ.ˀ ʵʸʰʹ.y ʬʨʲʻʸ.

ʭʰʯʨʸʬʩʨˀʰ�.h ʿʬʴʬʩʹ.̓ ʰʪʻʸʨʯʨ.�ʳʸʨʭʨʲʱʻʯˆʬʫʬʩʰʹ�.˄ ʸʬʬʩʰʹ�˄ʸʬ˄ʰʸʬʩʰʹ�.r ʹʪʨʭʹʬʩʨʹ.
ʫʨ.ʫʨʳʵʱʰʫʬʩʻʲʬʩʬʩʹ.̓ ʰʪʻʸʰʹ.ʬʲʬʳʬʴʺʬʩʰʹ.ʮʵʳʬʩʹ.ˀ ʵʸʰʹ.�ʳʨʪʨʲʰʯʨʫ�.h ʳ.́ ʨʪʴʰʹ.
ʹʰʳʨʾʲʰʹ.ʪʨʮʵʳʭʨ�.y ʵʳʲʰʹ.̓ ʻ˃ʬ.r ʰʻʫʪʵʳʬʲʰʨ�.r ʰʻʫʪʵʳʬʲ.˄ ʬʸʺʰʲʨʳʫʬ.r ʨʴ˃ʰʲʰʹ.
ʪʨʳʵʯʭʲʨ��

•	 ʶʵʻʲʵʩʹ. ʩʸʺʿʬʲʰ. ʼʰʪʻʸʰʹ. ʼʨʸʯʵʩʹ. ʫʨ. ʰʿʬʴʬʩʹ. ʳʨʹ. ʵʶʺʰʳʰʮʨ˂ʰʰʹ. ʮʵʪʰʬʸʯʰ.
ʶʸʵʩʲʬʳʰʹ.ʪʨʫʨʹʨ˅ʸʬʲʨʫ.�ʳʨʯ.ˀʵʸʰʹ.ʸʬʨʲʻʸ.ʭʰʯʨʸʬʩʨˀʰ��

•	 ʰʿʬʴʬʩʹ.ʱʵʵʸʫʰʴʨʺʬʩʹ.ʹʰʩʸʺʿʬʮʬ.ʪʬʵʳʬʺʸʰʻʲʰ.ʼʰʪʻʸʰʹ.ʮʵʳʬʩʰʹ.ʫʨʹʨʫʪʬʴʨʫ .

; .�� .. ʳʵʹ˄ʨʭʲʬʹ. ˀʬʻ˃ʲʰʨ. ʹʰʩʸʺʿʬʮʬ. ʪʬʵʳʬʺʸʰʻʲʰ. ʪʨʸʫʨʽʳʴʬʩʰʹ. ʱʭʲʬʭʨ. ʫʨ. ʳʨʯʰ.
ʪʨʳʵʿʬʴʬʩʨ.ʪʬʵʳʬʺʸʰʻʲʰ.ʨʳʵ˂ʨʴʬʩʰʹ.ʨʳʵˆʹʴʰʹʨʹ .

ˀʬʫʬʪʰ.ʯʭʨʲʹʨˁʰʴʵʨ�.ʯʻ.ʳʵʹ˄ʨʭʲʬ�.
•	 ʨˆʫʬʴʹ.ʪʬʵʳʬʺʸʰʻʲ.ʪʨʸʫʨʽʳʴʬʩʹ.ʹʰʩʸʺʿʬʮʬ.ʫʨ.ʳʨʸʺʰʭ.ˀʬʳʯˆʭʬʭʬʩˀʰ.ʰʿʬʴʬʩʹ.ʳʨʯ.

ʼʰʪʻʸʨʯʨ.ʺʵʲʵʩʰʹ.ʫʨʹʨʫʪʬʴʨʫ�
•	 ʰʿʬʴʬʩʹ. ʱʵʵʸʫʰʴʨʺʬʩʹ. ʪʬʵʳʬʺʸʰʻʲʰ. ʪʨʸʫʨʽʳʴʬʩʰʹ. �ʶʨʸʨʲʬʲʻʸʰ. ʪʨʫʨʺʨʴʨ�.

ʾʬʸ˃ʻʲʰ�˂ʬʴʺʸʻʲʰ.ʹʰʳʬʺʸʰʨ�.ˀʬʹʸʻʲʬʩʰʹʨ.ʫʨ.ʪʨʳʵʹʨˆʭʰʹʨʯʭʰʹ�
•	 ʳʹˇʬʲʵʩʹ.ʫʨ.ʨʱʬʯʬʩʹ.ʫʨʹʱʭʴʨʹ.ʬʸʯʰ.ʫʨ.ʰʪʰʭʬ.ʺʰʶʰʹ.ʪʬʵʳʬʺʸʰʻʲʰ.ʪʨʸʫʨʽʳʴʬʩʰʹ.

�ʶʨʸʨʲʬʲʻʸʰ.ʪʨʫʨʺʨʴʨ�.ʳʵʩʸʻʴʬʩʬʩʰ.ʬʸʯʰ.ʫʨ.ʰʪʰʭʬ.˂ʬʴʺʸʰʹ.ʪʨʸˀʬʳʵ�.ʾʬʸ˃ʻʲʰ.
ʹʰʳʬʺʸʰʬʩʰ.ʶʨʸʨʲʬʲʻʸʰ.ʾʬʸ˃ʬʩʰʹ.ʳʰʳʨʸʯ�.ʹʨʬʸʯʵ.˂ʬʴʺʸʰʹ.ʳʽʵʴʬ.ˈʵʳʵʯʬʺʰʬʩʰ�.
ʱʵʳʶʵʮʰ˂ʰʬʩʰʹ.ˀʬʹʨˆʬʩ�

•	 ʼʰʪʻʸʰʹ. ʫʨ�ʨʴ. ʪʬʵʳʬʺʸʰʻʲʰ. ʪʨʸʫʨʽʳʴʬʩʰʹ. ʯʭʰʹʬʩʬʩʰʹ. ʳʰˆʬʫʭʰʯ. ʳʹˇʬʲʵʩʹ.
ʳʵ˂ʬʳʻʲʰ. ʼʰʪʻʸʬʩʰʯ. ʹʰʩʸʺʿʰʹ. ʫʨʼʨʸʭʰʹ. ˀʬʹʨ˃ʲʬʩʲʵʩʰʹ. ˀʬʹʨˆʬʩ�. ˀʬʹʨʩʨʳʰʹ.
ˀʬʳʯˆʭʬʭʨˀʰ.ʨˆʫʬʴʹ..ʹʰʩʸʺʿʰʹ.�ʲʵʱʨʲʻʸʨʫ�.ʫʨʼʨʸʭʰʹ.ʫʬʳʵʴʹʺʸʰʸʬʩʨʹ .

ʳʰʳʨʸʯʻʲʬʩʨ�.ʳʵʴʨ˂ʬʳʯʨ.ʨʴʨʲʰʮʰ�.ʨʲʩʨʯʵʩʨ.ʫʨ.ʹʺʨʺʰʹʺʰʱʨ

; .�� .. ʳʵʹ˄ʨʭʲʬʹ. ˀʬʻ˃ʲʰʨ. ʨʳʵ˂ʨʴʰʹ. ʨʳʵʹʨˆʹʴʬʲʨʫ. ʹʨ˅ʰʸʵ. ʯʭʰʹʵʩʸʰʭʰ. ʫʨ.
ʸʨʵʫʬʴʵʩʸʰʭʰ.ʳʵʴʨ˂ʬʳʬʩʰʹ.ʳʵʶʵʭʬʩʨ .

ˀʬʫʬʪʰ.ʯʭʨʲʹʨˁʰʴʵʨ�.ʯʻ.ʳʵʹ˄ʨʭʲʬ�.
•	 ʰʿʬʴʬʩʹ. ʳʵʴʨ˂ʬʳʯʨ. ˀʬʪʸʵʭʬʩʰʹ. ˆʬʸˆʬʩʹ. �ʫʨʱʭʰʸʭʬʩʨ�. ʪʨʮʵʳʭʨ�. ʳʰʯʰʯʬʩʻʲ.

ʸʬʹʶʵʴʫʬʴʺʯʨ.ˇʪʻʼʰʹ.ʪʨʳʵʱʰʯˆʭʨ.ʳʮʨ.ʨʴʱʬʺʰʯ�ʱʰʯˆʭʨʸʰʯ��
•	 ʨʺʨʸʬʩʹ.́ ʺʨʺʰʹʺʰʱʻʸ.�ʳʨʯ.ˀ ʵʸʰʹ�.ˀ ʬʳʯˆʭʬʭʰʯ�.ʬʽʹʶʬʸʰʳʬʴʺʹ.ʫʨ.ʨʪʸʵʭʬʩʹ.r ʵʴʨ˂ʬʳʬʩʹ�
•	 ʰʱʭʲʬʭʹ. ʫʨ. ʰʿʬʴʬʩʹ. ʳʵʴʨ˂ʬʳʯʨ. ʹˆʭʨʫʨʹˆʭʨ. ʰʹʺʵʸʰʻʲ. ʫʨ. ʯʨʴʨʳʬʫʸʵʭʬ. ˄ʿʨʸʵʬʩʹ.

�ʳʨʪʨʲʰʯʨʫ�.ʹʨʰʴʼʵʸʳʨ˂ʰʵ.˂ʴʵʩʨʸʰ�.ʰʴʺʬʸʴʬʺʰ�.ʱʨʺʨʲʵʪʰ.ʫʨ.ʹˆʭʨ� .

; .�� .. ʳʵʹ˄ʨʭʲʬʹ. ˀʬʻ˃ʲʰʨ. ʯʭʰʹʵʩʸʰʭ. ʫʨ. ʸʨʵʫʬʴʵʩʸʰʭ. ʳʵʴʨ˂ʬʳʯʨ. ʳʵ˄ʬʹʸʰʪʬʩʨ. ʫʨ.
˄ʨʸʳʵʫʪʬʴʨ.ʨʳʵ˂ʨʴʰʹ.ʨʳʵʹʨˆʹʴʬʲʨʫ.ˆʬʲʹʨʿʸʬʲʰ.ʼʵʸʳʰʯ .

ˀʬʫʬʪʰ.ʯʭʨʲʹʨˁʰʴʵʨ�.ʯʻ.ʳʵʹ˄ʨʭʲʬ�.
•	 ʰʸˁʬʭʹ. ʯʭʰʹʵʩʸʰʭ. ʫʨ. ʸʨʵʫʬʴʵʩʸʰʭ. �ʫʨʻˇʪʻʼʬʩʬʲ�. ʳʵʴʨ˂ʬʳʯʨ. ˄ʨʸʳʵʫʪʬʴʰʹ.

ˀʬʹʨʼʬʸʰʹ.ʪʸʨʼʰʱʻʲ.̓ ʵʸʳʨʹ�.ʨʹʨʩʻʯʬʩʹ.ʯʨʭʰʹ.ʨʸˁʬʭʨʴʹ.ʫʨ.̔ ʳʴʰʹ.˂ ˆʸʰʲʹ�ʫʰʨʪʸʨʳʨʹ�
•	 ʨʪʬʩʹ. ʹˆʭʨʫʨʹˆʭʨ. ʫʰʨʪʸʨʳʬʩʹ. ʬʸʯʰ. ʫʨ. ʰʪʰʭʬ. ʯʭʰʹʵʩʸʰʭʰ. ʨʴ. ʸʨʵʫʬʴʵʩʸʰʭʰ.
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ʳʵʴʨ˂ʬʳʬʩʰʹʯʭʰʹ.ʫʨ.ʳʹˇʬʲʵʩʹ�.ʯʻ.ʳʵʴʨ˂ʬʳʯʨ.ʸʨʳʫʬʴʨʫ.ʳʴʰˀʭʴʬʲʵʭʨʴ.ʨʹʶʬʽʺʬʩʹ.
˄ʨʸʳʵʨˁʬʴʹ.ʯʰʯʵʬʻʲʰ.ʫʨ.ʸʨ.ʻʶʰʸʨʺʬʹʵʩʨ.ʪʨʨˁʴʰʨ.ʯʰʯʵʬʻʲʹ�

•	 ʨˆʫʬʴʹ. ʳʵʴʨ˂ʬʳʯʨ. ʫʨˇʪʻʼʬʩʨʹ�ʫʨʲʨʪʬʩʨʹ�. ʳʹˇʬʲʵʩʹ. ʫʨˇʪʻʼʬʩʰʹ�ʫʨʲʨʪʬʩʰʹ.
ʶʸʰʴ˂ʰʶʮʬ .

; .�� .. ʳʵʹ˄ʨʭʲʬʹ.ˀ ʬʻ˃ʲʰʨ.ˀ ʬʳʯˆʭʬʭʰʯʵʩʰʹ.ʨʲʩʨʯʻʸʰ.r ʵʫʬʲʬʩʰʹ.́ ʨˀʻʨʲʬʩʰʯ.ʨʾ˄ʬʸʨ .
ˀʬʫʬʪʰ.ʯʭʨʲʹʨˁʰʴʵʨ�.ʯʻ.ʳʵʹ˄ʨʭʲʬ�.
•	 ʨʾ˄ʬʸʹ. ˀʬʳʯˆʭʬʭʰʯʰ. ʬʽʹʶʬʸʰʳʬʴʺʰʹ. ʬʲʬʳʬʴʺʨʸʻʲ. ˆʫʵʳʰʲʵʩʨʯʨ. ʹʰʭʸ˂ʬʹ�.

ʰʯʭʲʰʹ.ˆʫʵʳʰʲʵʩʨʯʨ.ʨʲʩʨʯʵʩʬʩʹ.ʭʨʸʰʨʴʺʬʩʰʹ.ʫʨʯʭʲʰʹ.ˆʬʸˆʬʩʰʹ.ʪʨʳʵʿʬʴʬʩʰʯ.
�ʳʨʪʨʲʰʯʨʫ�.ˆʰʹʬʩʸʰ.ʫʰʨʪʸʨʳʰʹ.ʹʨˀʻʨʲʬʩʰʯ��

•	 ʨʺʨʸʬʩʹ. ʬʽʹʶʬʸʰʳʬʴʺʹ. ˀʬʳʯˆʭʬʭʰʯʵʩʰʹ. ˄ʨʸʳʵʳʽʳʴʬʲʰ. ʸʵʳʬʲʰʳʬ. ʳʵ˄ʿʵʩʰʲʵʩʰʯ.
ʫʨ. ʨʼʨʹʬʩʹ. ˆʫʵʳʰʲʵʩʰʹ. ʨʲʩʨʯʵʩʨʹ. ʬʽʹʶʬʸʰʳʬʴʺʻʲʰ. ʳʵʴʨ˂ʬʳʬʩʰʹ. ʹʨʼʻ˃ʭʬʲʮʬ.
�ʼʨʸʫʵʩʰʯʰ. ʹʰˆˀʰʸʰʹ. ʹʨˀʻʨʲʬʩʰʯ��. ʳʹˇʬʲʵʩʹ. ʪʨʴʹˆʭʨʭʬʩʨʮʬ. ʯʬʵʸʰʻʲ.
�ʳʵʹʨʲʵʫʴʬʲ�.ˀʬʫʬʪʹʨ.ʫʨ.ʬʳʶʰʸʰʻʲ.�ʬʽʹʶʬʸʰʳʬʴʺʻʲ�.ˀʬʫʬʪʹ.ˀʵʸʰʹ�

•	 ʳʵ˂ʬʳʻʲʰ.́ ʨʹʸʻʲʰ.ʨʲʩʨʯʻʸʰ.́ ʰʭʸ˂ʰʹʨʯʭʰʹ.ʨʾ˄ʬʸʹ.ˀ ʬʳʯˆʭʬʭʰʯʵʩʰʹ.˄ ʨʸʳʵʳʽʳʴʬʲ.
ʳʵ˄ʿʵʩʰʲʵʩʨʹ�. ʸʵʳʲʰʹ. ʨʲʩʨʯʻʸ. ʳʵʫʬʲʹʨ˂. ˄ʨʸʳʵʨʫʪʬʴʹ. ʬʹ. ʹʰʭʸ˂ʬ�. ʨʹʨʩʻʯʬʩʹ.
ʳʵ˄ʿʵʩʰʲʵʩʰʹ.ʫʰʮʨʰʴʹ .

; .�� .. ʳʵʹ˄ʨʭʲʬʹ.ˀ ʬʻ˃ʲʰʨ.́ ʺʨʺʰʹʺʰʱʻʸʰ.ʫʨ.ʨʲʩʨʯʻʸʰ.˂ ʴʬʩʬʩʰʹʨ.ʫʨ.ʁ ʸʵ˂ʬʫʻʸʬʩʰʹ.
ʪʨʳʵʿʬʴʬʩʨ.ʿʵʭʬʲʫʾʰʻʸ.ʭʰʯʨʸʬʩʨˀʰ .

ˀʬʫʬʪʰ.ʯʭʨʲʹʨˁʰʴʵʨ�.ʯʻ.ʳʵʹ˄ʨʭʲʬ�.
•	 ʪʨʴʰˆʰʲʨʭʹ. ʰʳ. ʹʺʨʺʰʹʺʰʱʻʸ. ʭʰʯʨʸʬʩʬʩʹ�. ʸʵʳʬʲʯʨ. ʪʨʳʵ˂ʫʰʲʬʩʨ˂. ʪʨʨˁʴʰʨ.

�ʳʨʪʨʲʰʯʨʫ.ʳʵʹʨˆʲʬʵʩʰʹ.ʨʾ˄ʬʸʨ�.ʨʸˁʬʭʴʬʩʰ�.ʹʨʮʵʪʨʫʵʬʩʸʰʭʰ.ʨʮʸʰʹ.ʪʨʳʵʱʰʯˆʭʨ��.
ʰʿʬʴʬʩʹ. ʪʨʳʵʽʭʬʿʴʬʩʻʲ. ʼʨʽʺʬʩʹ�ʳʵʴʨ˂ʬʳʬʩʹ. ʫʨ. ʳʹˇʬʲʵʩʹ. ʳʵ˂ʬʳʻʲʰ. ʶʸʵʩʲʬʳʰʹ.
ˀʬʹʨˆʬʩ.�ʳʨʪʨʲʰʯʨʫ.ʬʱʵʲʵʪʰʻʸʰ.ʹʨʱʰʯˆʬʩʰʹ.ˀʬʹʨˆʬʩ��

•	 ʳʹˇʬʲʵʩʹ.ʨʲʩʨʯʻʸʰ.ʳʵʫʬʲʬʩʰʹ.ʪʨʳʵʿʬʴʬʩʰʹ.ˀʬʹʨˆʬʩ.ʫʨʮʾʭʬʭʨˀʰ�.ʹʵ˂ʰʵʲʵʪʰʻʸ.
ʱʭʲʬʭʬʩˀʰ�.ʫʬʳʵʪʸʨʼʰʨˀʰ�

ʳʵˈʿʨʭʹ.ʨʲʩʨʯʻʸ�ʹʺʨʺʰʹʺʰʱʻʸʰ.ʳʵʫʬʲʬʩʰʹ.ʪʨʳʵʿʬʴʬʩʰʹ.ʳʨʪʨʲʰʯʬʩʰ.
ʩʻʴʬʩʰʹʳʬʺʿʭʬʲʬʩʨˀʰ.ʫʨ.ʳʬʫʰ˂ʰʴʨˀʰ�.ˆʹʴʰʹ.ʳʵʭʲʬʴʬʩʹ.ˀʬʳʯˆʭʬʭʰʯʵʩʰʹ.ʳʬʽʨʴʰʮʳʰʹ.
ʳʵʽʳʬʫʬʩʰʹ.ʹʨˀʻʨʲʬʩʰʯ .
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Sinaarsisa  da  miznebis  ruka

Sinaarsi Temis kavSiri miznebTan da SedegebTan

sa
va

r
au

d
o

  
xa

ng
r

Zl
iv

o
ba

1 2 3

I Tavi
 funqcia. funqciis Tvisebebi.
 wrfivi funqcia.
gavixsenoT kvadratuli 
funqcia.
kvadratuli funqciis 
umciresi da udidesi 
mniSvneloba.
uban-uban wrfivi funqcia.

f: x → 
k
x  funqcia.

funqciis grafikis zogierTi 
gardaqmna.
ukeTesi variantis arCeva.

ʳʵʹ˄ʨʭʲʬʹ.ˀʬʻ˃ʲʰʨ.ʼʻʴʽ˂ʰʰʹ.ʯʭʰʹʬʩʬʩʰʹ.
ʱʭʲʬʭʨ.ʫʨ.ʳʨʯʰ.ʯʭʰʹʬʩʬʩʰʹ.ʪʨʳʵʿʬʴʬʩʨ.
ʹʰʫʰʫʬʬʩʹ.ˀʵʸʰʹ.ʫʨʳʵʱʰʫʬʩʻʲʬʩʰʹ.
ˀʬʹʨʹ˄ʨʭʲʨʫ .

ʳʵʹ˄ʨʭʲʬʹ.ˀʬʻ˃ʲʰʨ.ʶʸʨʽʺʰʱʻʲʰ.
ʹʨʽʳʰʨʴʵʩʰʫʨʴ.ʳʵʳʫʰʴʨʸʬ.ʨʳʵ˂ʨʴʬʩʰʹ.
ʨʳʵˆʹʴʨ .
ʳʵʹ˄ʨʭʲʬʹ.ˀʬʻ˃ʲʰʨ.ʳʹˇʬʲʵʩʨ�ʫʨʹʨʩʻʯʬʩʰʹ.
ʹˆʭʨʫʨʹˆʭʨ.ˆʬʸˆʰʹ.ʪʨʳʵʿʬʴʬʩʨ .
ʳʵʹ˄ʨʭʲʬʹ.ˀʬʻ˃ʲʰʨ.ʴʨʳʫʭʰʲ.ʸʰ˂ˆʭʯʨ.
ʹʰʳʸʨʭʲʰʹ.ʽʭʬʹʰʹʺʬʳʬʩʰʹ.ʬʸʯʳʨʴʬʯʰʹʨʪʨʴ.
ʪʨʴʹˆʭʨʭʬʩʨ .

29 sT

sakontrolo wera №1  1 sT

II Tavi
geometriuli gardaqmnebi. 
RerZuli simetria.
paraleluri gadatana.
centruli simetria.
mobruneba.
msgavsebis gardaqmna. 
homoTetia.
stereometriis aqsiomebi.
aqsiomebis Sedegebi.
wrfeTa paraleluroba.
wertilis koordinatebi 
sivrceSi.

.ʳʵʹ˄ʨʭʲʬʹ.ˀʬʻ˃ʲʰʨ.ʪʬʵʳʬʺʸʰʻʲ.
ʼʰʪʻʸʨʯʨ.˄ʨʸʳʵʫʪʬʴʰʹʨ.ʫʨ.ʫʬʩʻʲʬʩʨʯʨ.
ʼʵʸʳʻʲʰʸʬʩʰʹ.ˆʬʸˆʬʩʰʹ.ʪʨʳʵʿʬʴʬʩʨ .
ʳʵʹ˄ʨʭʲʬʹ.ˀʬʻ˃ʲʰʨ.ʪʬʵʳʬʺʸʰʻʲʰ.
ʫʬʩʻʲʬʩʬʩʰʹ.ʫʨʹʨʩʻʯʬʩʨ .
ʳʵʹ˄ʨʭʲʬʹ.ˀʬʻ˃ʲʰʨ.ʵʩʰʬʽʺʯʨ.ʮʵʳʬʩʰʹʨ.ʫʨ.
ʵʩʰʬʽʺʯʨ.ˀʵʸʰʹ.ʳʨʴ˃ʰʲʬʩʰʹ.ʳʵ˃ʬʩʴʨ .
ʳʵʹ˄ʨʭʲʬʹ.ˀʬʻ˃ʲʰʨ.ʹʰʩʸʺʿʬʮʬ.
ʪʬʵʳʬʺʸʰʻʲʰ.ʪʨʸʫʨʽʳʴʬʩʰʹ.ʱʭʲʬʭʨ..ʫʨ.
ʳʨʯʰ.ʪʨʳʵʿʬʴʬʩʨ.ʪʬʵʳʬʺʸʰʻʲʰ.ʨʳʵ˂ʨʴʬʩʰʹ.
ʨʳʵˆʹʴʰʹʨʹ .

22 sT

sakontrolo wera №2 1 sT
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III Tavi
parametris Semcveli gantoleba.
modulis Semcveli gantolebisa 
da utolobis amoxsna.
maRali xarisxis gantolebis 
amoxsna.
iracionaluri gantoleba.
utoloba.
parametris Semcveli utoloba.
utolobis amoxsna intervalTa 
meTodiT.

ʳʵʹ˄ʨʭʲʬʹ.ˀʬʻ˃ʲʰʨ.ʪʨʴʺʵʲʬʩʨʯʨ.ʫʨ.
ʻʺʵʲʵʩʨʯʨ.ʹʰʹʺʬʳʬʩʰʹ.ʪʨʳʵʿʬʴʬʩʨ.
ʶʸʵʩʲʬʳʬʩʰʹ.ʪʨʫʨ˅ʸʰʹʨʹ .
ʳʵʹ˄ʨʭʲʬʹ.ˀʬʻ˃ʲʰʨ.ʶʸʨʽʺʰʱʻʲʰ.
ʹʨʽʳʰʨʴʵʩʰʫʨʴ.ʳʵʳʫʰʴʨʸʬ.ʨʳʵ˂ʨʴʬʩʰʹ.
ʨʳʵˆʹʴʨ .
.ʳʵʹ˄ʨʭʲʬʹ.ˀʬʻ˃ʲʰʨ.ʳʹˇʬʲʵʩʨ�
ʫʨʹʨʩʻʯʬʩʰʹ.ʹˆʭʨʫʨʹˆʭʨ.ˆʬʸˆʰʹ.
ʪʨʳʵʿʬʴʬʩʨ .
ʳʵʹ˄ʨʭʲʬʹ.ˀʬʻ˃ʲʰʨ.ʹˆʭʨʫʨʹˆʭʨ.
ʶʵʮʰ˂ʰʻʸʰ.ʹʰʹʺʬʳʬʩʰʹ�ʴʨʳʫʭʰʲ.ʸʰ˂ˆʭʯʨ.
ʽʭʬʹʰʹʺʬʳʬʩʰʹ.ʬʸʯʳʨʴʬʯʯʨʴ.ʫʨʱʨʭˀʰʸʬʩʨ .
ʳʵʹ˄ʨʭʲʬʹ.ˀʬʻ˃ʲʰʨ.ʴʨʳʫʭʰʲ.ʸʰ˂ˆʭʯʨ.
ʹʰʳʸʨʭʲʰʹ.ʽʭʬʹʰʹʺʬʳʬʩʰʹ.ʬʸʯʳʨʴʬʯʰʹʨʪʨʴ.
ʪʨʴʹˆʭʨʭʬʩʨ .
ʳʵʹ˄ʨʭʲʬʹ.ˀʬʻ˃ʲʰʨ.ʴʨʳʫʭʰʲ.
ʸʰ˂ˆʭʬʩʮʬ.ʳʵʽʳʬʫʬʩʬʩʰʹ.ˀʬʹʸʻʲʬʩʨ.ʫʨ.
ʳʵʽʳʬʫʬʩʬʩʰʹ.ˀʬʫʬʪʰʹ.ˀʬʼʨʹʬʩʨ .

40 sT

sakontrolo wera №3 1 sT

IV Tavi
kosinusebis Teorema.
kosinusebis Teoremis Sedegebi .
sinusebis Teorema .
samkuTxedis biseqtrisis 
sigrZisa da samkuTxedis 
farTobis  
gamosaTvleli formula.
samkuTxedebis amoxsna (I) .
samkuTxedebis amoxsna (II).

.ʳʵʹ˄ʨʭʲʬʹ.ˀʬʻ˃ʲʰʨ.ʪʬʵʳʬʺʸʰʻʲ.
ʼʰʪʻʸʨʯʨ.˄ʨʸʳʵʫʪʬʴʰʹʨ.ʫʨ.ʫʬʩʻʲʬʩʨʯʨ.
ʼʵʸʳʻʲʰʸʬʩʰʹ.ˆʬʸˆʬʩʰʹ.ʪʨʳʵʿʬʴʬʩʨ .
ʳʵʹ˄ʨʭʲʬʹ.ˀʬʻ˃ʲʰʨ.ʪʬʵʳʬʺʸʰʻʲʰ.
ʫʬʩʻʲʬʩʬʩʰʹ.ʫʨʹʨʩʻʯʬʩʨ .
ʳʵʹ˄ʨʭʲʬʹ.ˀʬʻ˃ʲʰʨ.ʵʩʰʬʽʺʯʨ.ʮʵʳʬʩʰʹʨ.
ʫʨ.ʵʩʰʬʽʺʯʨ.ˀʵʸʰʹ.ʳʨʴ˃ʰʲʬʩʰʹ.ʳʵ˃ʬʩʴʨ .

14 sT

sakontrolo wera №4 1 sT
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V Tavi
namdvili ricxvebi.
iracionaluri gamosaxulebis 
gamar tiveba.
gamosaxulebis gamartiveba.
 gamosaxulebis gamartiveba.
 Tvlis sistemebi.

ʳʵʹ˄ʨʭʲʬʹ.ˀʬʻ˃ʲʰʨ.ʫʰʹʱʸʬʺʻʲʰ.
ʳʨʯʬʳʨʺʰʱʰʹ.ʬʲʬʳʬʴʺʬʩʰʹ.ʪʨʳʵʿʬʴʬʩʨ.
ʶʸʵʩʲʬʳʰʹ.ʪʨʫʨ˅ʸʰʹʨʹ .
ʳʵʹ˄ʨʭʲʬʹ.ˀʬʻ˃ʲʰʨ.ʴʨʳʫʭʰʲ.
ʸʰ˂ˆʭʯʨ.ʹʰʳʸʨʭʲʰʹ.ʽʭʬʹʰʹʺʬʳʬʩʰʹ.
ʬʸʯʳʨʴʬʯʰʹʨʪʨʴ.ʪʨʴʹˆʭʨʭʬʩʨ .
ʳʵʹ˄ʨʭʲʬʹ.ˀʬʻ˃ʲʰʨ.ʹˆʭʨʫʨʹˆʭʨ.
ʶʵʮʰ˂ʰʻʸʰ.ʹʰʹʺʬʳʬʩʰʹ�ʴʨʳʫʭʰʲ.
ʸʰ˂ˆʭʯʨ.ʽʭʬʹʰʹʺʬʳʬʩʰʹ.ʬʸʯʳʨʴʬʯʯʨʴ.
ʫʨʱʨʭˀʰʸʬʩʨ .
ʳʵʹ˄ʨʭʲʬʹ.ˀʬʻ˃ʲʰʨ.ʳʹˇʬʲʵʩʨ�
ʫʨʹʨʩʻʯʬʩʰʹ.ʹˆʭʨʫʨʹˆʭʨ.ˆʬʸˆʰʹ.
ʪʨʳʵʿʬʴʬʩʨ .

ʳʵʹ˄ʨʭʲʬʹ.ˀʬʻ˃ʲʰʨ.ʴʨʳʫʭʰʲ.
ʸʰ˂ˆʭʯʨ.ʹʰʳʸʨʭʲʰʹ.ʽʭʬʹʰʹʺʬʳʬʩʰʹ.
ʬʸʯʳʨʴʬʯʰʹʨʪʨʴ.ʪʨʴʹˆʭʨʭʬʩʨ .
ʳʵʹ˄ʨʭʲʬʹ.ˀʬʻ˃ʲʰʨ.ʴʨʳʫʭʰʲ.
ʸʰ˂ˆʭʬʩʮʬ.ʳʵʽʳʬʫʬʩʬʩʰʹ.ˀʬʹʸʻʲʬʩʨ.ʫʨ.
ʳʵʽʳʬʫʬʩʬʩʰʹ.ˀʬʫʬʪʰʹ.ˀʬʼʨʹʬʩʨ .

11 sT

sakontrolo wera №5 1 sT

VI Tavi
wesieri mravalkuTxedebi.
kuTxis radianuli zoma.
segmenti, segmentis farTobi.
viTamaSoT.

ʳʵʹ˄ʨʭʲʬʹ.ˀʬʻ˃ʲʰʨ.ʪʬʵʳʬʺʸʰʻʲ.
ʼʰʪʻʸʨʯʨ.˄ʨʸʳʵʫʪʬʴʰʹʨ.ʫʨ.
ʫʬʩʻʲʬʩʨʯʨ.ʼʵʸʳʻʲʰʸʬʩʰʹ.ˆʬʸˆʬʩʰʹ.
ʪʨʳʵʿʬʴʬʩʨ .
ʳʵʹ˄ʨʭʲʬʹ.ˀʬʻ˃ʲʰʨ.ʪʬʵʳʬʺʸʰʻʲʰ.
ʫʬʩʻʲʬʩʬʩʰʹ.ʫʨʹʨʩʻʯʬʩʨ .
ʳʵʹ˄ʨʭʲʬʹ.ˀʬʻ˃ʲʰʨ.ʵʩʰʬʽʺʯʨ.ʮʵʳʬʩʰʹʨ.
ʫʨ.ʵʩʰʬʽʺʯʨ.ˀʵʸʰʹ.ʳʨʴ˃ʰʲʬʩʰʹ.ʳʵ˃ʬʩʴʨ .
ʳʵʹ˄ʨʭʲʬʹ.ˀʬʻ˃ʲʰʨ.ʳʹˇʬʲʵʩʨ�
ʫʨʹʨʩʻʯʬʩʰʹ.ʹˆʭʨʫʨʹˆʭʨ.ˆʬʸˆʰʹ.
ʪʨʳʵʿʬʴʬʩʨ .

15 sT

sakontrolo wera №6 1 sT
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VII Tavi
logikuri msjeloba.
 operaciebi gamonaTqvamebze.
 implikacia. ekvivalencia.
 amocanebi albaTobaTa 
Teoriidan.
 statistikis elementebi.

ʳʵʹ˄ʨʭʲʬʹ.ˀʬʻ˃ʲʰʨ.ʨʳʵ˂ʨʴʰʹ.
ʨʳʵʹʨˆʹʴʬʲʨʫ.ʹʨ˅ʰʸʵ.ʯʭʰʹʵʩʸʰʭʰ.ʫʨ.
ʸʨʵʫʬʴʵʩʸʰʭʰ.ʳʵʴʨ˂ʬʳʬʩʰʹ.ʳʵʶʵʭʬʩʨ .
ʳʵʹ˄ʨʭʲʬʹ.ˀʬʻ˃ʲʰʨ.ʯʭʰʹʵʩʸʰʭ.ʫʨ.
ʸʨʵʫʬʴʵʩʸʰʭ.ʳʵʴʨ˂ʬʳʯʨ.ʳʵ˄ʬʹʸʰʪʬʩʨ.
ʫʨ.˄ʨʸʳʵʫʪʬʴʨ.ʨʳʵ˂ʨʴʰʹ.ʨʳʵʹʨˆʹʴʬʲʨʫ.
ˆʬʲʹʨʿʸʬʲʰ.ʼʵʸʳʰʯ .
ʳʵʹ˄ʨʭʲʬʹ.ˀʬʻ˃ʲʰʨ.ˀʬʳʯˆʭʬʭʰʯʵʩʰʹ.
ʨʲʩʨʯʻʸʰ.ʳʵʫʬʲʬʩʰʹ.ʹʨˀʻʨʲʬʩʰʯ.
ʨʾ˄ʬʸʨ .
ʳʵʹ˄ʨʭʲʬʹ.ˀʬʻ˃ʲʰʨ.ʹʺʨʺʰʹʺʰʱʻʸʰ.ʫʨ.
ʨʲʩʨʯʻʸʰ.˂ʴʬʩʬʩʰʹʨ.ʫʨ.ʶʸʵ˂ʬʫʻʸʬʩʰʹ.
ʪʨʳʵʿʬʴʬʩʨ.ʿʵʭʬʲʫʾʰʻʸ.ʭʰʯʨʸʬʩʨˀʰ .
ʳʵʹ˄ʨʭʲʬʹ.ˀʬʻ˃ʲʰʨ.ʶʸʨʽʺʰʱʻʲʰ.
ʹʨʽʳʰʨʴʵʩʰʫʨʴ.ʳʵʳʫʰʴʨʸʬ.ʨʳʵ˂ʨʴʬʩʰʹ.
ʨʳʵˆʹʴʨ .
ʳʵʹ˄ʨʭʲʬʹ.ˀʬʻ˃ʲʰʨ.ʹˆʭʨʫʨʹˆʭʨ.
ʶʵʮʰ˂ʰʻʸʰ.ʹʰʹʺʬʳʬʩʰʹ�ʴʨʳʫʭʰʲ.
ʸʰ˂ˆʭʯʨ.ʽʭʬʹʰʹʺʬʳʬʩʰʹ.ʬʸʯʳʨʴʬʯʯʨʴ.
ʫʨʱʨʭˀʰʸʬʩʨ .

13 sT

sakontrolo wera №5 1 sT

VIII Tavi
perioduli funqcia.
sinusisa da kosinusis ganmarteba.
sinus da kosinus funqciis 
zogierTi Tviseba.
tgα da ctgα funqciebi da maTi 
Tvisebebi.
 ricxviTi argumentis 
trigonometriuli funqciebi.
trigonometriuli gantoleba.
1. sin x = a
2. cos x = a
3. tg x = a

ʳʵʹ˄ʨʭʲʬʹ.ˀʬʻ˃ʲʰʨ.ʼʻʴʽ˂ʰʰʹ.
ʯʭʰʹʬʩʬʩʰʹ.ʱʭʲʬʭʨ.ʫʨ.ʳʨʯʰ.ʯʭʰʹʬʩʬʩʰʹ.
ʪʨʳʵʿʬʴʬʩʨ.ʹʰʫʰʫʬʬʩʹ.ˀʵʸʰʹ.
ʫʨʳʵʱʰʫʬʩʻʲʬʩʰʹ.ˀʬʹʨʹ˄ʨʭʲʨʫ .
ʳʵʹ˄ʨʭʲʬʹ.ˀʬʻ˃ʲʰʨ.ʳʹˇʬʲʵʩʨ�
ʫʨʹʨʩʻʯʬʩʰʹ.ʹˆʭʨʫʨʹˆʭʨ.ˆʬʸˆʰʹ.
ʪʨʳʵʿʬʴʬʩʨ .
ʳʵʹ˄ʨʭʲʬʹ.ˀʬʻ˃ʲʰʨ.ʴʨʳʫʭʰʲ.
ʸʰ˂ˆʭʬʩʮʬ.ʳʵʽʳʬʫʬʩʬʩʰʹ.ˀʬʹʸʻʲʬʩʨ.ʫʨ.
ʳʵʽʳʬʫʬʩʬʩʰʹ.ˀʬʫʬʪʰʹ.ˀʬʼʨʹʬʩʨ .

18 sT
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ʳʵʹ˄ʨʭʲʰʹ..ˀʬʼʨʹʬʩʰʹ..ʹʰʹʺʬʳʨ

ʳʵʹ˄ʨʭʲʰʹ.ˀʬʼʨʹʬʩʰʹ.ʳʰʮʨʴʰ�.ʶʸʰʴ˂ʰʶʬʩʰ.ʫʨ.ʳʰʫʪʵʳʬʩʰ

� .. ʳʵʹ˄ʨʭʲʰʹ. ˀʬʼʨʹʬʩʰʹ. ʳʰʮʨʴʰʨ. ʹ˄ʨʭʲʨ-ʹ˄ʨʭʲʬʩʰʹ. ˆʨʸʰʹˆʰʹ. ʳʨʸʯʭʨ�. ʸʨ˂. ʪʻʲʰʹˆʳʵʩʹ.
ʹ˄ʨʭʲʰʹ.ˆʨʸʰʹˆʰʹ.ʪʨʻʳˇʵʩʬʹʬʩʨʮʬ.ʮʸʻʴʭʨʹʨ.ʫʨ.ʱʵʴʺʸʵʲʹ ..

� .. ʳʵʹ˄ʨʭʲʰʹ. ʨʱʨʫʬʳʰʻʸʰ. ʳʰʾ˄ʬʭʰʹ. ˀʬʼʨʹʬʩʨ. ʻʴʫʨ. ʰʿʵʹ. ˆˀʰʸʰ. ʫʨ. ʳʸʨʭʨʲʳˆʸʰʭʰ�. ʳʨʴ.
ˆʬʲʰ.ʻʴʫʨ.ˀʬʻ˄ʿʵʹ�.ʳʵʹ˄ʨʭʲʬʯʨ.ʳʸʨʭʨʲʳˆʸʰʭ.ʪʨʴʭʰʯʨʸʬʩʨʹ�.ʳʨʯʰ.ˀʬʹʨ˃ʲʬʩʲʵʩʬʩʰʹ.
ʪʨʳʵʭʲʬʴʨʹ�.́ ˆʭʨʫʨʹˆʭʨ.ʁ ʵʺʬʴ˂ʰʨʲʰʹ.r ʽʵʴʬ.r ʵʹ˄ʨʭʲʬʯʨʯʭʰʹ.ʯʨʴʨʩʨʸʰ.ʁ ʰʸʵʩʬʩʰʹ.ˀ ʬʽʳʴʨʹ ..

� .. ʳʵʹ˄ʨʭʲʬ. ʻʴʫʨ. ˀʬʼʨʹʫʬʹ. ʹˆʭʨʫʨʹˆʭʨ. ʼʵʸʳʬʩʰʯ. �ʬʹʹʬ�. ʶʸʵʬʽʺʰʹ. ʳʵʳʮʨʫʬʩʨ�. ʮʬʶʰʸʰ.
ʪʨʳʵʹʭʲʨ�.ʬʽʹʶʬʸʰʳʬʴʺʰʹ.ˁʨʺʨʸʬʩʨ�.˂ʫʰʹ.ˁʨʺʨʸʬʩʨ�.˄ʨʸʳʵʫʪʬʴʨ�.˄ʬʸʰʯʰ�.ʼʬʸ˄ʬʸʻʲʰ.ʨʴ.
ʹˆʭʨ.ʺʰʶʰʹ.ʴʨʳʻˀʬʭʨʸʰ�.ʨʸʪʻʳʬʴʺʰʸʬʩʻʲʰ.ʳʹˇʬʲʵʩʨ.ʫʨ.ʹˆʭ .� .

ʪʨʴʳʹʨʮʾʭʸʬʲʰ.ʫʨ.ʪʨʴʳʨʭʰʯʨʸʬʩʬʲʰ.ˀʬʼʨʹʬʩʨ
1. ʹʱʵʲʨˀʰ.ʪʨʳʵʰʿʬʴʬʩʨ.ʵʸʰ.ʺʰʶʰʹ.ˀʬʼʨʹʬʩʨ�.ʪʨʴʳʹʨʮʾʭʸʬʲʰ.ʫʨ.ʪʨʴʳʨʭʰʯʨʸʬʩʬʲʰ ..
2. ʪʨʴʳʹʨʮʾʭʸʬʲʰ.ˀʬʼʨʹʬʩʨ.ʨʱʵʴʺʸʵʲʬʩʹ.ʹ˄ʨʭʲʰʹ.ˆʨʸʰʹˆʹ�.ʨʫʪʬʴʹ.ʳʵʹ˄ʨʭʲʰʹ.ʳʰʾ˄ʬʭʰʹ.

ʫʵʴʬʹ.ʬʸʵʭʴʻʲʰ.́ ʨʹ˄ʨʭʲʵ.ʪʬʪʳʰʯ.ʪʨʴʹʨʮʾʭʸʻʲ.r ʰʮʴʬʩʯʨʴ.r ʰʳʨʸʯʬʩʨˀʰ ..ʪʨʴʳʹʨʮʾʭʸʬʲ.
ˀʬʼʨʹʬʩʨˀʰ.ʰ˄ʬʸʬʩʨ.ʽʻʲʨ .

3. ʪʨʴʳʨʭʰʯʨʸʬʩʬʲʰ.ˀ ʬʼʨʹʬʩʨ.ʨʱʵʴʺʸʵʲʬʩʹ.ʯʰʯʵʬʻʲʰ.r ʵʹ˄ʨʭʲʰʹ.ʪʨʴʭʰʯʨʸʬʩʰʹ.ʫʰʴʨʳʰʱʨʹ.
ʫʨ. ˆʬʲʹ. ʻ˄ʿʵʩʹ. ʹ˄ʨʭʲʰʹ. ˆʨʸʰʹˆʰʹ. ʪʨʻʳˇʵʩʬʹʬʩʨʹ .. ʪʨʴʳʨʭʰʯʨʸʬʩʬʲʰ. ˀʬʼʨʹʬʩʰʹʨʹ.
ʪʨʳʵʰʿʬʴʬʩʨ. ʰʹʬʯʰ. ʹʨˀʻʨʲʬʩʬʩʰ�. ʸʵʪʵʸʰ˂ʨʨ. ʹʰʺʿʭʰʬʸʰ. ʱʵʳʬʴʺʨʸʰ�. ʸˁʬʭʨ�ʫʨʸʰʪʬʩʨ�.
ʫʨʱʭʰʸʭʬʩʰʹ.ʼʻʸ˂ʬʲʰ�.ʯʭʰʯˀʬʼʨʹʬʩʰʹʨ.ʫʨ.ʻʸʯʰʬʸʯˀʬʼʨʹʬʩʰʹ.ʹʽʬʳʨ.ʫʨ.ʹˆʭ .

4. ʪʨʴʳʨʭʰʯʨʸʬʩʬʲʰ.ʫʨ.ʪʨʴʳʹʨʮʾʭʸʬʲʰ.ˀʬʼʨʹʬʩʬʩʰʹ.ʨʾ˄ʬʸʰʲʵʩʨ

ʪʨʴʳʨʭʰʯʨʸʬʩʬʲʰ ʪʨʴʳʹʨʮʾʭʸʬʲʰ

ʳʰʮʨʴʰ ʹ˄ʨʭʲʰʹ.ˆʨʸʰʹˆʰʹ.ʪʨʻʳˇʵʩʬʹʬʩʨ�

ʳʵʹ˄ʨʭʲʰʹ.ʪʨʴʭʰʯʨʸʬʩʰʹ.
ˆʬʲˀʬ˄ʿʵʩʨ

ʹ˄ʨʭʲʰʹ.ˆʨʸʰʹˆʰʹ.ʪʨʱʵʴʺʸʵʲʬʩʨ�
ʳʵʹ˄ʨʭʲʰʹ.ʳʰʾ˄ʬʭʰʹ.ʫʵʴʰʹ.ʫʨʫʪʬʴʨ.
ʬʸʵʭʴʻʲʰ.ʹʨʹ˄ʨʭʲʵ.ʪʬʪʳʰʯ..
ʪʨʴʹʨʮʾʭʸʻʲ.ʳʰʮʴʬʩʯʨʴ.ʳʰʳʨʸʯʬʩʨˀʰ�
ʨʱʨʫʬʳʰʻʸʰ.ʳʵʹ˄ʸʬʩʰʹ.ʫʵʴʰʹ.
ʪʨʴʹʨʮʾʭʸʨ

ˀʬʼʨʹʬʩʰʹ.ʹʨʪʨʴʰ ʹ˄ʨʭʲʰʹ.ʶʸʵ˂ʬʹʰ ʹ˄ʨʭʲʰʹ.ˀʬʫʬʪʰ

ˀʬʼʨʹʬʩʰʹ.
ˀʬʫʬʪʨʫ.
ʳʰʾʬʩʻʲʰ.
ʪʨʫʨ˄ʿʭʬʺʰʲʬʩʨ.

˄ʰʴʹʭʲʰʹ.ˆʬʲˀʬʹʨ˄ʿʵʩʨʫ.
ʪʨʴʹˆʭʨʭʬʩʻʲʰ.ʨʽʺʰʭʵʩʰʹ.ˀʬʸˁʬʭʨ�.
ʹ˄ʨʭʲʬʩʰʹ.ʹʺʸʨʺʬʪʰʰʹ.ˀʬ˂ʭʲʨ�.
ʸˁʬʭʨ-ʫʨʸʰʪʬʩʰʹ.ʳʰ˂ʬʳʨ.ʫʨ..ʹˆʭ.

ʳʵʳʫʬʭʴʵ.ʬʺʨʶʮʬ.�ʱʲʨʹˀʰ�ʹʨʼʬˆʻʸʮʬ�.
ʫʨˀʭʬʩʨ�ʨʸʫʨˀʭʬʩʨ

˄ʨʸʳʨʸʺʬʩʰʹ.
ʱʸʰʺʬʸʰʻʳʬʩʰʹ.
ʪʨʴʹʨʮʾʭʸʨ

ʱʵʴʱʸʬʺʻʲʰ.ʳʵʹ˄ʨʭʲʰʹ.
˄ʰʴʹʭʲʰʹ.ʹʨʼʻ˃ʭʬʲʮʬ..�ʹʨʱʻʯʨʸ.
ʳʰʾ˄ʬʭʬʩʯʨʴ..ʳʰʳʨʸʯʬʩʰʯ.�.ʸʨ.
ʫʵʴʬʹ.ʼʲʵʩʫʨ�.ʸʨ.ʫʵʴʬʹ.ʼʲʵʩʹ�

ʰʳʰʹ.ʹʨʼʻ˃ʭʬʲʮʬ�.ʯʻ.ʸʨʳʫʬʴʨʫ.
ʳʰʨʾ˄ʰʨ.ʹʺʨʴʫʨʸʺʰʯ.ʪʨʴʹʨʮʾʭʸʻʲ.
ˀʬʫʬʪʬʩʹ.�ʿʭʬʲʨʹʨʯʭʰʹ.ʹʨʬʸʯʵ�.
ʹʺʨʴʫʨʸʺʰʯ.ʫʨʫʪʬʴʰʲ....ʴʵʸʳʨʹʯʨʴ.
ʳʰʳʨʸʯʬʩʨˀʰ�

ˀʬʼʨʹʬʩʰʹ.
ʹʨˀʻʨʲʬʩʬʩʰ.

ʯʭʰʯ�ʻʸʯʰʬʸʯˀʬʼʨʹʬʩʰʹ.
ʸʻʩʸʰʱʨ�....ʱʰʯˆʭʨʸʰ�
ʹʰʺʿʭʰʬʸʰ.�ʮʬʶʰʸʰ�˄ʬʸʰʲʵʩʰʯʰ�.
ʱʵʳʬʴʺʨʸʰ�
ʻʴʨʸʰʹ.ʪʨʴʭʰʯʨʸʬʩʰʹ.ʫʵʴʰʹ.
ʨʾ˄ʬʸʨ.

ʽʻʲʨ

ʳʵʹ˄ʨʭʲʬʯʨ.ʨʱʨʫʬʳʰʻʸʰ.ʳʰʾ˄ʬʭʬʩʰ.ʼʨʹʫʬʩʨ.ʨʯʽʻʲʰʨʴʰ.ʹʰʹʺʬʳʰʯ
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ʽʻʲʬʩʰ ˀʬʼʨʹʬʩʰʹ..ʫʵʴʬʬʩʰ
��

ʳʨʾʨʲʰ
�
�

ʹʨˀʻʨʲʵʮʬ.ʳʨʾʨʲʰ
�
�

ʹʨˀʻʨʲʵ
�
�

ʹʨˀʻʨʲʵʮʬ.ʫʨʩʨʲʰ
�
�

ʫʨʩʨʲʰ
�

ʹʨʪʴʰʹ.ʹʬʳʬʹʺʸʻʲʰ.ʽʻʲʰʹ.ˀʬʳʨʫʪʬʴʬʲʰ.ʱʵʳʶʵʴʬʴʺʬʩʰ

1. ʹʬʳʬʹʺʸʰʹ.ʳʨʴ˃ʰʲʮʬ.ʳʵʹ˄ʨʭʲʬʬʩʰ.ʼʨʹʫʬʩʰʨʴ.ˀʬʳʫʬʪʰ.ʹʨʳʰ.ʱʵʳʶʵʴʬʴʺʰʹ.ʳʰˆʬʫʭʰʯ�
. ʨ�.ʹʨˀʰʴʨʵ.ʫʨʭʨʲʬʩʨ�
. ʩ�.ʹʨʱʲʨʹʵ..ʫʨʭʨʲʬʩʨ�
. ʪ�.ˀʬʳʨˇʨʳʬʩʬʲʰ.ʫʨʭʨʲʬʩʨ.

2. ˀʬʼʨʹʬʩʰʹ.ʹʨʳʰʭʬ.ʱʵʳʶʵʴʬʴʺʹ.ʬʸʯʴʨʰʸʰ.˄ʵʴʨ.ʨʽʭʹ.

3. ʹʨˀʰʴʨʵ.ʫʨ.ʹʨʱʲʨʹʵ.ʫʨʭʨʲʬʩʨʯʨ.ʱʵʳʶʵʴʬʴʺʬʩˀʰ.ʪʨʳʵʰʿʬʴʬʩʨ.ʸʵʪʵʸ˂.ʪʨʴʳʹʨʮʾʭʸʬʲʰ�.
ʨʹʬʭʬ.ʪʨʴʳʨʭʰʯʨʸʬʩʬʲʰ.ˀʬʼʨʹʬʩʨ ....

4. ˀʬʳʨˇʨʳʬʩʬʲʰ. ʫʨʭʨʲʬʩʰʹ. ʱʵʳʶʵʴʬʴʺˀʰ. ʨʻ˂ʰʲʬʩʬʲʰʨ. ʪʨʴʳʹʨʮʾʭʸʬʲʰ. ˀʬʼʨʹʬʩʰʹ.
ʪʨʳʵʿʬʴʬʩʨ ..

5. ʬʸʵʭʴʻʲʰ.́ ʨʹ˄ʨʭʲʵ.ʪʬʪʳʨ.ʯʰʯʵʬʻʲʰ.́ ʨʪʴʰʹʨʯʭʰʹ.ʪʨʴʹʨʮʾʭʸʨʭʹ.́ ʬʳʬʹʺʸʰʹ.ʪʨʴʳʨʭʲʵʩʨˀʰ.
ˁʨʹʨʺʨʸʬʩʬʲʰ. ˀʬʳʨˇʨʳʬʩʬʲʰ. ʫʨʭʨʲʬʩʬʩʰʹ. ʹʨʭʨʲʫʬʩʻʲʵ. ʳʰʴʰʳʨʲʻʸ. ʸʨʵʫʬʴʵʩʨʹ .. ʨʳ.
ʱʵʳʶʵʴʬʴʺʰʯ.ˀʬʼʨʹʬʩʰʹʨʹ�.

. ʨ�.́ ʺʨʴʫʨʸʺʰʹ.r ʵʯˆʵʭʴʨʯʨ.ʫʨʹʨʱʳʨʿʵʼʰʲʬʩʲʨʫ�.ʨʻ˂ʰʲʬʩʬʲʰʨ.ˀ ʬʳʨˇʨʳʬʩʬʲʰ.ʫʨʭʨʲʬʩʰʹ.
ʳʸʨʭʨʲʪʭʨʸʰ. ʼʵʸʳʰʹ. ʪʨʳʵʿʬʴʬʩʨ. �ʯˆʮʻʲʬʩʨ�. ʳʵˆʹʬʴʬʩʨ�. ʸʬʼʬʸʨʺʰ�. ʶʸʵʬʽʺʰ�. ʹʨʭʬʲʬ-
ʪʨʹʭʲʰʯʰ. ʹʨʳʻˀʨʵ�. ʲʨʩʵʸʨʺʵʸʰʻʲʰ. ʱʭʲʬʭʨ�. ʹʨˆʭʰʯʰ. ʫʨ. ʪʨʳʵʿʬʴʬʩʰʯʰ. ˆʬʲʵʭʴʬʩʰʹ.
ʴʰʳʻˀʰ.ʫʨ.ʹˆʭ .��.

. ʩ�.r ʵʹ˄ʨʭʲʬ.ʭʨʲʫʬʩʻʲʰʨ.ˀ ʬʨʹʸʻʲʵʹ.ɦ ʲʨʹˀʰ.ˁ ʨʺʨʸʬʩʻʲʰ.ʿ ʭʬʲʨ.ˀ ʬʳʨˇʨʳʬʩʬʲʰ.ʫʨʭʨʲʬʩʨ.
�ʬʸʵʭʴʻʲʰ. ʹʨʹ˄ʨʭʲʵ. ʪʬʪʳʰʯ. ʫʨʫʪʬʴʰʲʰ. ʹʨʭʨʲʫʬʩʻʲʵ. ʳʰʴʰʳʻʳʰ. ʫʨ. ʹʱʵʲʰʹ. ʳʰʬʸ.
ʫʨʳʨʺʬʩʰʯ.ʫʨʫʪʬʴʰʲʰ�.ʨʳ.ʻʱʨʴʨʹʱʴʬʲʰʹ.ʨʸʹʬʩʵʩʰʹ.ˀʬʳʯˆʭʬʭʨˀʰ��.

. ʪ�.ʯʻ.ʳʵʹ˄ʨʭʲʬ.ʨʸ.ˀʬʨʹʸʻʲʬʩʹ.ʸʵʳʬʲʰʳʬ.ˀʬʳʨˇʨʳʬʩʬʲ.ʹʨʳʻˀʨʵʹ.ʪʨ˂ʫʬʴʰʹ.ʪʨʳʵ�.ʹʱʵʲʨ.
ʭʨʲʫʬʩʻʲʰʨ�.ʳʰʹ˂ʬʹ.ʳʨʹ.ʪʨ˂ʫʬʴʰʲʰ.ˀʬʳʨˇʨʳʬʩʬʲʰ.ʫʨʭʨʲʬʩʬʩʰʹ.ʨʾʫʪʬʴʰʹ.ʹʨˀʻʨʲʬʩʨ ..
ˀʬʳʨˇʨʳʬʩʬʲʰ. ʨʾʫʪʬʴʰʯʰ. ʹʨʳʻˀʨʵʹ. ʭʨʫʬʩʰ. ʫʨ. ʳʰʹʰ. ˁʨʺʨʸʬʩʰʹ. ʼʵʸʳʨ. ʪʨʴʰʹʨʮʾʭʸʬʩʨ.
ʹʨʹʱʵʲʵ.ʹʨʹ˄ʨʭʲʵ.ʪʬʪʳʰʯ ..

ʪʨʴʳʹʨʮʾʭʸʬʲʰ.ˀʬʼʨʹʬʩʰʹ.ʽʻʲʨʯʨ.ʹʨˆʬʵʩʬʩʰ
ʮʵʪʨʫʹʨʪʨʴʳʨʴʨʯʲʬʩʲʵ. ʹʰʹʺʬʳʨˀʰ. ʪʨʳʵʰʿʬʴʬʩʨ. ʪʨʴʳʹʨʮʾʭʸʬʲʰ. ˀʬʼʨʹʬʩʰʹ. ˀʬʳʫʬʪʰ.
ʹʨˆʬʵʩʬʩʰ�
ʨ�. ʹʨʪʴʰʹ. ʳʰʳʫʰʴʨʸʬ. ʫʨ. ˀʬʳʨˇʨʳʬʩʬʲʰ. ʽʻʲʬʩʰ. ±. ʹʨˀʰʴʨʵ�. ʹʨʱʲʨʹʵ. ʫʨ. ˀʬʳʨˇʨʳʬʩʬʲʰ.
ʱʵʳʶʵʴʬʴʺʰʹ..ʽʻʲʬʩʰ�.ʸʵʳʲʬʩʹʨ˂.ʳʵʹ˄ʨʭʲʬ.ʰʾʬʩʹ.ʹʬʳʬʹʺʸʰʹ.ʪʨʴʳʨʭʲʵʩʨˀʰ�
ʩ�.́ ʨʪʴʰʹ.́ ʬʳʬʹʺʸʻʲʰ.̔ ʻʲʨ.±.́ ʨʪʨʴˀʰ.r ʰʾʬʩʻʲʰ.ˀ ʬʼʨʹʬʩʨ.ʯʰʯʵʬʻʲ.́ ʬʳʬʹʺʸˀʰ.�ʹʬʳʬʹʺʸʻʲʰ.
ʪʨʳʵ˂ʫʰʹ.ˁʨʩʨʸʬʩʰʹ.ˀʬʳʯˆʭʬʭʨˀʰ�.ʪʨʳʵʰʯʭʲʬʩʨ.ʳʰʹʰ.ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ��.
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ʪ�.ʹʨʪʴʰʹ.˄ʲʰʻʸʰ.ʽʻʲʨ.±.ʹʬʳʬʹʺʸʻʲʰ.ʽʻʲʬʩʰʫʨʴ.ʪʨʳʵʳʫʰʴʨʸʬ.ˀʬʼʨʹʬʩʨ.ʹʨʪʨʴˀʰ ..˄ʲʰʻʸ.
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˄ʲʰʻʸ.ʽʻʲʨʮʬ�
ʫ�.ʹʨʬʸʯʵ.˄ʲʰʻʸʰ.ʽʻʲʨ.±.ʹʨʪʴʬʩʰʹ.˄ʲʰʻʸʰ.ʽʻʲʬʩʰʫʨʴ.ʪʨʳʵʳʫʰʴʨʸʬ.ˀʬʼʨʹʬʩʨ�
ʬ�.́ ʨʼʬˆʻʸʰʹ.́ ʨʬʸʯʵ.̔ ʻʲʨ.±.ʮʵʪʨʫʰ.ʪʨʴʨʯʲʬʩʰʹ.y ʵʳʬʲʰʳʬ.́ ʨʼʬˆʻʸʰʹ.�ʫʨ˄ʿʬʩʰʯʰ�.́ ʨʩʨʮʵ�.
ʹʨˀʻʨʲʵ�.ʹʨʬʸʯʵ.ˀʬʼʨʹʬʩʨ.

ʽʻʲʬʩʰʹ.ʪʨʳʵʨʴʪʨʸʰˀʬʩʰʹ.˄ʬʹʰ
1. ʹʨʪʴʰʹ.ʹʬʳʬʹʺʸʻʲʰ.ʽʻʲʰʹ.ʪʨʳʵʨʴʪʨʸʰˀʬʩʰʹ.˄ʬʹʰ�
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ˀʬʳʨˇʨʳʬʩʬʲʰ�.ʳʰʾʬʩʻʲʰ.ʽʻʲʬʩʰʹ.ˇʨʳʰ.ʻʴʫʨ.ʪʨʰʿʵʹ.ʳʰʾʬʩʻʲʰ.ʽʻʲʬʩʰʹ.ʸʨʵʫʬʴʵʩʨʮʬ�.
ʩ�.ʳʰʾʬʩʻʲʰ.ʽʻʲʨ.ʻʴʫʨ.ʫʨʳʸʪʭʨʲʫʬʹ.ʳʯʬʲʰʹ.ʹʰʮʻʹʺʰʯ.�ʳʨʪ.�.� .��.ʳʸʪʭʨʲʫʬʩʨ.��ʳʫʬ�.
� .��.ʳʸʪʭʨʲʫʬʩʨ.��ʳʫʬ�.� .�.ʳʸʪʭʨʲʫʬʩʨ.��ʳʫʬ��
ʪ�.ʰʳ.ˀʬʳʯˆʭʬʭʨˀʰ�.ʯʻ.ʳʵʹ˄ʨʭʲʬʹ.ʨʸʨ.ʨʽʭʹ.ˀʬʹʸʻʲʬʩʻʲʰ.ʿʭʬʲʨ.ˀʬʳʨˇʨʳʬʩʬʲʰ.ʫʨʭʨʲʬʩʨ�.
ʳʰʹʰ. ʹʬʳʬʹʺʸʻʲʰ. ʽʻʲʰʹ. ʪʨʳʵʹʨʨʴʪʨʸʰˀʬʩʲʨʫ. ʹʨʳʰʭʬ. ʱʵʳʶʵʴʬʴʺˀʰ. ʳʰʾʬʩʻʲʰ. ʽʻʲʬʩʰʹ.
ˇʨʳʰ. ʻʴʫʨ. ʪʨʰʿʵʹ. ʳʰʾʬʩʻʲʰ. ʽʻʲʬʩʰʹʨ. ʫʨ. ˀʬʻʹʸʻʲʬʩʬʲʰ. ˀʬʳʨˇʨʳʬʩʬʲʰ. ʫʨʭʨʲʬʩʬʩʰʹ.
ʸʨʵʫʬʴʵʩʰʹ.ˇʨʳʮʬ.
2. ʹʨʪʴʰʹ.˄ʲʰʻʸʰ.ʽʻʲʰʹ.ʪʨʳʵʨʴʪʨʸʰˀʬʩʰʹ.˄ʬʹʰ�
ʨ�. ʹʨʪʴʰʹ. ˄ʲʰʻʸʰ. ʽʻʲʰʹ. ʪʨʳʵʹʨʨʴʪʨʸʰˀʬʩʲʨʫ. ʹʨʪʴʰʹ. ʹʬʳʬʹʺʸʻʲʰ. ʽʻʲʬʩʰʹ. ˇʨʳʰ. ʻʴʫʨ.
ʪʨʰʿʵʹ.ʵʸʮʬ�.
ʩ�.ʹʨʪʴʰʹ.˄ʲʰʻʸʰ.ʽʻʲʨ.ʳʸʪʭʨʲʫʬʩʨ.ʳʯʬʲʰʹ.ʹʰʮʻʹʺʰʯ.�ʳʨʪ.�..�.��.ʳʸʪʭʨʲʫʬʩʨ.�-ʳʫʬ�.� .��.
ʳʸʪʭʨʲʫʬʩʨ.��ʳʫʬ�.� .�.ʳʸʪʭʨʲʫʬʩʨ.��-ʳʫʬ��.
ʪ�. ʯʻ. ʹʨʹʱʵʲʵ. ʹʨʹ˄ʨʭʲʵ. ʪʬʪʳʨ. ʰʯʭʨʲʰʹ˄ʰʴʬʩʹ. ˄ʲʰʻʸʰ. ʪʨʳʵ˂ʫʰʹ. ˁʨʺʨʸʬʩʨʹ. ʫʨ..
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ʨ�. ʹʨʬʸʯʵ. ˄ʲʰʻʸʰ. ʽʻʲʰʹ. ʪʨʳʵʹʨʨʴʪʨʸʰˀʬʩʲʨʫ. ʻʴʫʨ. ˀʬʰʱʸʰʩʵʹ. ʬʸʵʭʴʻʲʰ. ʹʨʹ˄ʨʭʲʵ.
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gTavazobT  ramdenime  gakveTilis   
sanimuSo  scenars

IV Tavi. §5 samkuTxedebis amoxsna

reziume: moswavleebi gaecnobian cnebas _`samkuTxedis amoxsna~.

aqtivobis mizani:
1. moswavle SeZlebs samkuTxedebis amoxsnas;
2. SeZlebs imsjelos Tu ra monacemi aris sakmarisi samkuTxedis moxsnisaTvis amoca-

nis amosaxsnelad.
3. SeZlebs amoarCios gza, rom amonaxsni iyos calsaxa. magaliTad cnobilia samkuTxe-

dis gverdebi, ipoveT kuTxeebi. jer kosinusebis TeoremiT vipoviT udides kuTxes. 
(radgan sina=1/2 pirobidan ver davadgenT  Tu a=150°) Semdeg ki sinusebis TeoremiT 
vipoviT danarCen kuTxeebs.

savaraudo xangrZlivoba (2sT).

I gakveTili

aqtivobis aRwera:

1. gakveTili iwyeba saSinao davalebis analiziT (5wT);

2. maswavlebeli avalebs moswavleebs ifiqron paragrafis dasawyisSi micemul indi-
vidualur kiTxvebze (5wT);

3. Semdeg ganixilaven individualur SekiTxvebs da diskusiis safuZvelze ayalibeben 
daskvnas Tu samkuTxedis saxis mixedviT ramdeni monacemia sakmarisi samkuTxedis 
amoxsnisaTvis (10wT).

4. maswavlebeli aZlevs wyvilebs saxelmZRvaneloSi mocemul davalebas (5wT)

5. Semdeg ganixilaven paragrafSi amoxsnil amocanebs (15wT)

6. maswavlebeli ajamebs Sedegebs da moswavleebs aZlevs davalebas #1, 2, 3 da 4.

II gakveTili.
aqtivobis aRwera:

1. gakveTili iwyeba saSinao davalebis analiziT (5-10 wT).

2. maswavlebeli sTavazobs gaamuqon mocemuloba (ganumartavs maT mizezs, ris gamoc 
gaferadeba Sedegs mogvcems) da daasaxelon amoxsnis gzebi.

3. Semdeg xdeba amoxsnebis prezentacia TiToeuli SemTxvevisaTvis cal-calke (20wT).

4. maswavlebeli ajamebs Sedegebs da aZlevs saSinao davalebas #5-11. (5-10wT).
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V Tavi.  §3. racionalurmaCvenebliani xarisxi

reziume: moswavleebi gaecnobian racionalurmaCvenebliani xarisxis Tvisebebs:
aqtivobis mizani:

1. SeZlon wiladmaCvenebliani xarisxis fesvis saxiT warmodgena;

2. SeZlon fesvis wiladmaCvenebliani xarisxis saxiT warmodgena;

3. SeZlon wiladmaCvenebliani da fesviani gamosaxulebis gamartiveba;

4. gaecnon racionalur maCvenebliani xarisxis Tvisebebs.

savaraudo xangrZlivoba 2sT.

aqtivobis aRwera:

1. gakveTili iwyeba saSinao davalebis analiziT (5wT);

2. maswavlebeli avalebs moswavleebs paragrafis dasawyisSi maTTvis gankuTvnili in-
dividualuri davalebis Sesrulebas (5wT);

3. maswavlebeli awvdis moswavleebs racionalurmaCvenebliani xarisxis ganmartebas 
da amis sfuZvelze ganixilaven individualur SekiTxvebs (5wT).

4. maswavlebeli amtkicebs ap·aq=ap+q Tvisebas (5wT),

5. maswavlebeli sTxovs moswavleebs daamtkicon danarCeni Tvisebebi damoukideblad 
da aZlevs maT dros (10wT)

6. xdeba damtkicebuli Tvisebebis prezentacia (10wT)

7. maswavlebeli ajamebs Sedegebs da aZlevs davalebas #№1-6 da №16-18.

II saaTis ganmavlobaSi xdeba Sesrulebuli masalis gaRrmaveba, davaleba №7-15.

VI Tavi. §1. viTamaSoT

reziume: 
moswavleebi ufro Rrmad gaecnobian wesier mravalkuTxedebs. SeZleben RerZuli da 
centruli simetriis praqtikulad gamoyenebas.
aqtivobis mizani:
· simetriis praqtikuli gamoyeneba
· kvlevis unaris ganviTareba;
· gaiTavison simetriis da wesieri mravalkuTxedebis arsi.
savaraudo xangrZlivoba 1 sT.

aqtivobis aRwera:

1. maswavlebeli axsenebs RerZul da centrul_simetriuli figurebis ganmartebas 
(5 wT);

2. yofs klass jgufebad da sTxovs, rom TiToeuli TamaSisTvis Camoayalibon momgebi-
ani strategia. ganumartavs maT, rom TiToeuli amocana fasdeba 4 quliT da aZlevs 
mosamzadeblad dros (20wT).

3. maswavlebeli Txovs jgufebs saTiTaod amoirCion amocana da gadawyviton Tavad 
unda daiwyon TamaSi Tu mowinaaRmdegem. TamaSdeba 4 amocana. TiToeul TamaSze 
jgufidan gamodis erTi warmomadgeneli (15 wT).
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4. maswavlebeli ajamebs Sedegebs da acnobs jgufebs, Semdeg damarcxebuli gundis 
warmomadgenels aZlevs uflebas darCenil erT TamaSSi amoirCios ‘svla~ da TamaS-
deba mexuTe TamaSi (5wT).

amocanebi:

1. igebs pirveli moTamaSe.

strategia: pirveli moTamaSe avlebs erT-erT diagonals, romelic figuris simetri-
is RerZia. Semdeg yovelTvis akeTebs meore moTamaSis svlis simetriul svlas am 
RerZis mimarT. cxadia Tu meore moTamaSe gaakeTebs svlas, iarsebebs misi simetri-
uli svlac. anu pirveli moTamaSe gaakeTebs bolo svlas da Sesabamisad moigebs.

2. a) da b) SemTxvevebSic igebs meore moTamaSe. strategia: pirveli moTamaSis svlis 
Semdeg meore aferadebs iseT erT an or wveros, rom gaferadebul wveroebs orive 
mxares darCes wveroebis Tanabari raodenoba. Semdeg akeTebs pirveli moTamaSis 
svlebis simetriul svlas centris mimarT.

3. TamaSi 1-is analogiuria;
4. TamaSi 2-is analogiuria;
5. igebs pirveli moTamaSe.
strategia: pirveli moTamaSe aferadebs centralur ujras. Semdeg akeTebs pirveli 
moTamaSis svlis simetriul svlebs centraluri ujris mimarT.

VII Tavi. §5. amocanebi albaTobis Teoriidan
reziume: moswavleebi ecnobian amocanebs albaTobis Teoriidan.

aqtivobis mizani:

· moswavleebma SeZlon dasmuli amocanisTvis daTvalon albaToba.

· naxon, rogor gamoiyeneba maTematikis, kerZod albaTobis Teoriis elementebi ama 
Tu im situaciaSi, da sxva disciplinebSi dasmul amocanebSi.

savaraudo xangrZlivoba 3 gakveTili.

I gakveTili

aqtivobis aRwera: es gakveTili CavataroT rogorc integrirebuli fizikis maswav-
lebelTan erTad fizikis kabinetSi.

1. maTematikis maswavlebeli dasvams paragrafis dasawyisSi mocemul amocanas. gaax-
senebs moswavleebs albaTobis ganmartebas da SesaZlo SemTxvevebis daTvlas. (mag-
aliTad ramdeni 5-niSna ricxvi SeiZleba SevadginoT cifrebiT 1, 2, 3). (5 wT)

2. fizikis maswavlebeli gaaxsenebs moswavleebs mimdevrobiT da paralelur SeerTe-
bas, moswavleebi maswavleblis daxmarebiT Camoayalibeben, Tu ra SemTxvevaSi Sei-
Zleba gadiodes deni romeliRac K wertilidan P wertilamde da winaswar gamzade-
bul sqemaze naxaven ra SemTxvevaSi gadis da ra SemTxvevaSi ara deni. (5 wT)

3. Semdeg maswavlebeli sTxovs romelime moswavles, rom daTvalos yvela SesaZlo 
SemTxvevaTa raodenoba da Camoweros dafaze. (5 wT)

4. maTematikis maswavlebeli avalebs moswavleebs upasuxon paragrafSi mocemul in-
dividualur SekiTxvebs, riTac faqtiurad pasuxoben amocana 1-s. (5 wT)
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5. maTematikis maswavlebeli anawilebs wyvilebSi (wyvils erTi amocana) paragrafSi 
mocemuli wyvilebisaTvis gankuTvnili samuSaos a, b, g da d SemTxvevebs da aZlevs 
dros safiqrelad. (5 wT)

6. Semdeg xdeba amoxsnili amocanebis prezentacia. (10 wT)

7. fizikis maswavlebeli Camoayalibebs amocana 2-s da exmareba moswavleebs gascen 
pasuxi individualur SekiTxvebs. (7-8 wT).

8. maTematikis maswavlebeli aZlevs moswavleebs saSinao davalebas № #1-6.

II gakveTili

aqtivobis aRwera:

1. gakveTili iwyeba saSinao davalebis analiziT. sasurvelia yvela savarjiSo gairC-
es klasSi. (10-15 wT).

2. maswavlebeli dasvams amocana 3-s da moswavleebis daxmarebiT avsebs xis danarCen 
wiboebs albaTobiT da ayalibebs pirobiTi albaTobis cnebas. (10 wT).

3. maswavlebeli avalebs wyvilebs ifiqron paragrafSi mocemul wyvilebisaTvis gan-
kuTvnil amocanaze da aZlevs dros. (5 wT)

4. xdeba Sesrulebuli davalebis prezentacia. (5 wT)

5. maswavlebeli arCevs amocana 5-s da svams paragrafSi mocemul individualur 
SekiTxvebs. (10 wT)

6. maswavlebeli Seajamebs gakveTils da moswavleebs aZlevs davalebas #6-11.

III gakveTili sasurvelia Catardes integrirebulad biologiis maswavlebelTan er-
Tad.

aqtivobis aRwera:

1. gakveTili iwyeba saSinao davalebis analiziT. sasurvelia yvela amocana ganvixi-
loT. (10-15 wT)

2. Semdeg maTematikis maswavlebeli dasvams amocana 6-s da sTxovs biologiis maswav-
lebels, rom mouTxros moswavleebs baqteriebze, maTi gamravlebis da arsebobis 
xelsayrel pirobebze. urCios moswavleebs, Tu profilaqtikis ra zomebi SeiZleba 
miiRon baqteriebisagan Tavdasacavad. (5 wT)

3. biologiis maswavlebeli awvdis moswavleebs informacias baqteriebze. (15 wT)

4. maTematikis maswavlebeli winaswar gamzadebuli plakatebis daxmarebiT axdens 
amocana 6-is amoxsnis prezentacias da aZlevs moswavleebs saSinao davalebad dar-
Cenil savarjiSoebs. (10 wT)
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I Tavi

1. funqcia. funqciis Tvisebebi
1.1. Sesavali

reziume:

paragrafi iwyeba wyvilebisTvis gankuTvnili savarjiSoTi. sasurvelia, sanam mas-
wavlebeli daavalebs moswavleebs, rom ifiqron savarjiSoze, gavimeoroT funqciis 
ganmarteba wrfivi funqcia da misi Tvisebebi.

amoxsnebi, miTiTebebi:

3. S(x)=50(x–150)–800.

4. 224)( xRxxS -⋅=

5. 
44
xSS ABC

MNK ==

6. mocemuli Sesabamisoba cxadia, funqciaa, misi gansazRvris 
area R , mniSvnelobaTa simravle [0;1), xolo grafikia:

7. gansazRvris area N , mniSvnelobaTa simravle { }4;3;2;1;0 .

8.   
5

S
x y

x y
S S

9

2 4

45
8

AKN $
$

= =

   S S S
5 11
3 4

55
12

KBN $
$

= =

   S S S
11 9
7 5

99
35

MNC $
$

= =

9. jer vnaxoT ra proporciiT unda SevurioT I da II balonebidan xsnarebi, rom miviRoT 
12%-iani xsnari.
I- m litri, II- n  litri, miviReT toloba 10m+15n=12(m+n); nm 32 =  e.i. 

2
3

=
n
m , e.i. unda 

miviRoT 3:2 SefardebiT xsnari da aviRoT misi 1 l. I balonidan 3 litriani WurWliT 
aviRoT 3l 10%-iani xsnari da CavasxaT 4 litrian WurWelSi. GavavsoT 5 l-iani 15%-iani 
xsnariT da gadmoviRoT 3 litrianSi, 5 litrianSi darCa 2 l xsnari, davumatoT mas 
ukve gadmosxmuli 3 l 10%-iani, miviReT 5 l 12%-iani xsnari. GavavsoT 4 l-iani WurWeli 
da dagvrCeba 1l 12%-iani.

10.   S S S
5
4

5
2

BED ABD ABC= =

  
  S S S

10
8

EDC BED ABC= =

  40S S
5
4

5
4

BEC ABC $= = =32.A
E

D

x
4x

B

C
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1.2 luwi da kenti funqciebi

reziume:

sasurvelia gavixsenoT centruli da RerZuli simetria, davxazoT centrulsimetriu-
li da RerZulsimetriuli figurebi. vTxovoT moswavleebs daxazon figura, romelsac 
aqvs simetriis RerZi da mere am RerZze gadakecon da darwmundnen, rom figuris orive 
nawili erTmaneTs SeuTavsdeba. Semdeg vavalebT paragrafis dasawyisSi mocemul in-
dividualur samuSaos.

amoxsnebi, miTiTebebi:

5. magaliTis amoxsnamde SevadginoT luwi da kenti funqciebis kombinaciebis cxrili

l± l _ l

l± k _ arc luwi, arc kenti

k + k _ k

l×l _ l

k×k _ l

l×k _ k.

6. moswavleebma Camoayalibon rogoria luwi da kenti funqciebis grafikebi, amis 
Semdeg Seasrulon amocanaSi mocemuli davaleba.

7. SeuZlebelia, imitom rom Tu funqcia kentia da mis gansazRvris areSi Sedis wertili 

0, maSin f(0)=0.

8. ix. 5.

9.  y-k+b funqcia kentia, Tu b=0 da luwia Tu k=0.

10. a) )()( xfxf =- , )()( xx ϕϕ =- ; )()()()( xxfxxf ϕϕ +=-+- .

d) )()( xfxf -=- , )()( xx ϕϕ =- ; )()()()( xxfxxf ϕϕ +-=-+-  arc kentia, arc luwi.

11. 
S
S

AB
AD

3
1

ABC

ACD = = , e.i. 
DB
AD

2
1

= .

12. moc. (O1;R), (O2;R), (O;r) wrewirebi.

 u.v. ABCS . ∆aOC~∆O2OO1.

 
O O
AC

4
1

1 2

= , e.i. AC
2
3

= . OB= 16 9 7- = .

AOC  samkuTxedis simaRle tolia 
4
7  e.i. ABC∆ -s simaRle 7

4
3

.

SaBC=
2
1

2
3

4
3

7
16

9 7
$ $ = .
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1.3 funqciis zrdadoba da klebadoba

paragrafi iwyeba wyvilebisaTvis gankuTvnili individualuri samuSaoTi, romlis ga-
keTebis Semdeg ukve SegviZlia funqciis zrdadoba da klebadoba ganvmartoT.

amoxsnebi, miTiTebebi:

1. a) y=2x–3. EEE(y)=(11;3). zrdadia;

b) y=–x+1. E(y)=[–1;3]. klebadia;

g) |2| -= xy . E(y)=[0;1) klebadia x∈[0;2) SualedSi, (2;3) SualedSi zrdadia;

d)  y=x2–2x–3 E(y)=[–4;5];  x∈[–2;1] klebadia, x∈(1;3]  zrdadia.

8. a) y=3x–1, x2>x1. y2–y1=(3x2–1)– (3x1–1)=3(x2–x1)>0. funqcia zrdadia.

g) 32 --= xy ; 12 xx >  e.i. ))(()()3()3( 1221
2

1
2

2
2

1
2

212 xxxxxxxxyy +-=--=-----=- .

021 <- xx , Tu )0;(-∞∈x   012 <+ xx  e.i. namravli dadebiTia, funqcia zrdadia Tu 

);0[ ∞∈x , maSin 012 >+ xx , funqcia klebadia.

10. gavaxsenoT moswavleebs rTuli procentis formula mna )
100

1( + .
            
11.  

KFC

AFK

S
S

a

a

FC
AF

KC
AK

====
1
3

2

2
3

 330)3(2 =+ SS . S∆aFK =
2

)13(45 -
=S .

12. moc. ∠a=15°; aB=20.
 u.v. CN
 mivadgaT ∆aCK=∆aCB, miviReT aKB tolferda sam-

kuTxedi. davuSvaT KM⊥aB, ∆aKM-Si ∠a=30°. e.i.

 KM= AK
2

=10. cxadia, CN= KM
2

=5.

BCK

N

M

a

mascavleblis cigni_X_kl._cor.indd   25 02.07.2012   13:30:59



26

1.4 funqciis nulebi. niSanmudmivobis Sualedebi

 maswavlebeli dafaze xazavs funqciis grafiks da moswavleebs sTxovs, rom 
Seamowmon: abscisaTa RerZis mimarT zeda (qveda) naxevarsibrtyeSi mdebare grafikis 
wertilebis  koordinatebis niSnis dadgena. mere sTxovs gamoTqvan varaudi.

amoxsnebi, miTiTebebi:

4. ganvixiloT naxazi 1.
a) D(y)=[–4;4]; b) E(y)=[–2;5]; g) (–4;0); (3;0); (0;2); d) funqcia zrdadia ]2;4[ --∈x , funqcia 
klebadia (2;4)(-2,-1)∪ ; Tu  ]2;1[-∈x funqcia mudmivia. e) y>0, roca )3;4(-∈x  y<0, 
roca ]4;3(∈x ; v) arc luwia, arc kenti. z) f(x)=1. x=–3,6; 2,5. T) f(x)>1 x∈(–3,6; 2,5), f(x)<2 
x∈[–4;–3,2)∪(2;4]; i) funqciis udidesi mniSvnelobaa 5, roca x=–2. umciresi –2, roca x=4.

5. a) f(x)=–x2–4x; b) f(x)=x2+4x.

6. a) lurj kamaTelze mosul ricxvs minus yviTel kamaTelze mosuli ricxvi toli – 1. 

SesaZlo xdomilobebia (1;2) (2;3) (3;4) (4;5) (5;6). albaToba 
36
5

.

b) 
36
5

;  g) (6;1) albaToba 
36
1

.

7. 
96
7

166
71

=
⋅
⋅

=
ABD

AKP

S
S  

 192
7

=
ABCD

AKP

S
S

8. cxadia, am ori samkuTxedidan erT-erTma mainc unda dafaros mocemuli samkuTxedis 
romelime gverdi mTlianad. maSasadame, am samkuTxedis gverdis sigrZe araa naklebi 
Tavdapirvelis gverdis sigrZeze.

9. f(x)=2x–1. 341)12(2))(( -=--== xxxffy .

10. a) )(xfy =  funqcia zrdadia e.i. 1212 )( yyxx >⇒> . ganvixiloT ))(( xffy =  funqcia 

)( 22 xfy = ; )( 11 xfy = ; 012 >- yy ;    e.i. 0)()( 12 >- yfyf .

b) ganvixiloT SemTxveva, rodesac f(x) klebadia. 1212 )( yyxx <⇒> , radgan f klebadia 

)()( 12 yfyf >  e.i. ))(( xff  funqcia zrdadia.

2. wrfivi funqcia

reziume:

sanam uSualod savarjiSoebze gadavidodeT, moswavleebs gavaxsenoT zogadad wrfi-
vi funqcia, misi grafiki. ganvixiloT y=kx+b funqciis yvela kerZo SemTxveva. davsvaT 
kiTxvebi funqciis grafikis mdebareobis Sesaxeb sakoordinato meoTxedebSi, funq-
ciis zrdadoba-klebadobaze, RerZebTan kveTis wertilebze. SevecadoT moswavlee-
bma Caataron wrfivi funqciis gamokvleva.
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amoxsnebi, miTiTebebi:

8. a) ganvixiloT naxazze gamuqebuli samkuTxedi, romlis kaTetebia: |y2–y1| da |x2–x1|.
b) a)-s gaTvaliswinebiT erTmaneTs gavutoloT k-s Sesabamisi gamosaxulebebi.

9. a) k1=k2; b1≠b2; b) k1≠k2; b1=b2;  g) k1=k2; b1=b2.

11. amovxsnaT sistema: 
y x

y x

2 1

5 10

= +

= +
)  (–3;–5).

13. mocemuli funqciaa y x
3
5

5=- + , saZiebeli funqciis k
3
5

=- , e.i. y x b
3
5

=- +  da 

gadis (1;1) wertilze, e.i. b
3
8

= .

14. 7n3+5n=6n3+6n+n3–n=6n(n2+1)+n(n–1)(n+1). sami momdevno mTeli ricxvis namravli yov-
elTvis iyofa 6-ze, SeiZleba gakeTdes naSTebiTac.

15. nebismieri 10 naturaluri ricxvidan oris 9-ze gayofis naSTi mainc emTxveva erT-
maneTs.

16. 3(2y2–x2)=5 marjvena mxare ar iyofa 3-ze.

17. d) 
x x

x x

2 3

3 2

= -

= -
=  

x

x

3

1

=

=
= .

4. kvadratuli funqciis udidesi da umciresi mniSvneloba

reziume:

am paragrafis Seswavlis Semdeg SesaZlebelia davavaloT moswavleebs Tavad dasvan 
cxovrebiseuli amocana, sadac gamoviyenebT Seswavlil masalas. magaliTad asaSene-
belia 100 m2 farTobis marTkuTxedis formis iatakis mqone Senoba. daadgineT marT-
kuTxedis gverdebis Sefardeba, romlis drosac daixarjeba minimaluri raodenobis 
masala (simaRle mudmivia).

amoxsnebi, miTiTebebi:

1.  aaaaS 18)18( 2 +-=-=  udidesia, roca 9
2

18
=

-
-

=a , e.i. marTkuTxedi kvadratia.

2. xxxxy 2)2( 2 -=-=  funqcia umcires mniSvnelobas Rebulobs, roca x=1.

4. xxxxy 20)20( 2 +-=-=   x=10.

5.  100202)10( 222 +-=-+= xxxxy  x=5.
 
9. g) y=x2+6x–4 x∈[–2;2) x0=–3, e.i. 12)2(min -=-y . udidesi ar aris .

d) umciresi –18 udidesi ar aris.

e)  x0=–2∈[–4;–1], e.i. funqciis udidesia y(02)=11; umciresi, roca x=1, y=2.
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10. a) 
4
33

4
9)3( =+-=g , 

4
9

4
33 =⋅=S .

b) xxxxS 3
4
3)3

4
3( 2 +-=+-=  2

2
3
3
=

-

-
=ox .

11. SevadginoT manqanebs Soris manZilis gamosaTvleli gamosaxuleba 
22 )605()4012( ttS ++-=  da vipovoT t, roca es gamosaxuleba umciresia.

13. MN=x, xaBK -=
2

3
. gamovsaxoT NP, msgavsi 

3
23 xaNP -

= .

  
axxxaxS +-=-= 2

3
2)

3
2(

 

4
3

3
40

aax =
-

-
=

 

24
3

3
2 aaaNP =-=

14.  
xADBCMCBM ≡===

 
xABP 32 +=

  
2

3xPAB -
=

 

 4
3

2
3 2xxxPSSS BMCABCD +⋅

-
=+=

     
xPxxS

24
36)( 2 +

-
-=

36
2

36
2

0 -
=

-
=

P
P

x

 

PPPAB
)36(2

33
)36(2

3
2 -

-
=

-
-=

15. h=14–a. aaaaS 7
2
1

2
)14( 2 +-=

-
= .

udidesi farTobi xdeba, roca a=7, e.i. h=7. udidesi farTobi=24,5.

18. u.v. 
BEF

BDE

S
S

 
BF
BD

S
S

BEF

BDE =  
6
1

=
AB
BF  

26
3

6
xxABBF ===  e.i. 

1
4

2

2
==

x
x

BF
BD .

19. 
2

)3()( -
=

nnnf .

21.  n2(n–1)(n+1),    SeiZleba msjelobiT:
      Tu n luwia, maSin n2  4, Tu n kentia, maSin n–1  
      da n+1 luwia, e.i. maTi namravli gaiyofa 4-ze.
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23. a) a>0 fesvebi x=1 wertilis sxvadasxva mxaresaa.

 b) a<0 fesvebi x=1 wertilis marjvniv mde-
bareobs.

5. uban-uban wrfivi funqcia

reziume:

moswavles SevadgeninoT paragrafis dasawyisSi dasmuli amocanis Sesabamisi funqcia da 
dafaze davaxazinoT misi grafiki. garCeuli magaliTebis ganxilvis Semdeg ganvmartoT 
uban-uban wrfivi funqcia. moswavleebs am funqciis magaliTebad SeuZliaT moiyvanon 
moduliani funqciis magaliTebi y=|x–2|, y=|x+2| an y=|x–2|+|x+2| tipis funqciebi.

amoxsnebi, miTiTebebi:

2. y=|x–2|+|x+3|=
Tu

Tu

Tu

2 1, 3

5, 3 2

2 1, 2

x x

x

x x

1

2

# #

- - -

-

+

R

T

S
S
SS

, e.i. y(–5)=9; y(–3)=5; y(8)=17.

3. a) Oy RerZTan kveTis wertilis sapovnelad davasaxeloT funqcia, romelic Seesab-
ameba 0-is Semcvel Sualeds. es aris y=x–8, e.i. (0;–8). Ox RerZTan kveTisTvis SevamowmoT 
TiToeuli funqcia.
2x–5=0 x=2,5∉(–∞;–5)
x–8=0 x=8∉(–5;5) e.i. Ox RerZTan kveTa funqcias ar aqvs.

–3x+5=0 x=
3
5 ∉(5;∞).

avagebinoT Sesabamisi grafiki.

–10

–5

5

5
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4. a) x∈(0;∞). b) x∈(0;∞).

5. avagoT grafiki:
 Tu a<0,   arc erTi amonaxsni
 Tu a=0,   x∈[0;2]
 Tu a>0,   ori amonaxsni

6. Tu x<2, y<3,   Tu x>2, y<3,
 e.i. a∈[3; ∞)

7. S(x)=x2–p.  8. 10n+7 naSTia 2.

6. y=
x
k  funqcia

reziume:

SesaZlebelia, rom moswavleebma Tavad SeZlon y=
x
k  funqciis grafikis ageba. sasurve-

lia davsvaT SekiTxvebi. ganv: k>0 SemTxveva:
1) Tu x>0, maSin ra niSani eqneba y-s?
2) RerZebTan kveTis sapovnelad x=0; y=0  Casma unda gavakeToT. cxadia, arc erT SemTx-
vevaSi gantoleba ar amoixsneba.

daskvnebi:
a) Tu x>0, maSin y>0. e.i. grafiki mdebareobs I meoTxedSi.
analogiurad davaskvniT, rom roca x<0, maSin y<0 da grafiki mdebareobs III meoTxedSi.
b) grafiks ara aqvs kveTa RerZebTan, ASemdeg ganvixilavT k<0 SemTxvevas.

amoxsnebi, miTiTebebi:

7. a) 
3
1

=m ; b) 
2

1
-

=m ; g) 
m
11 =-  m=–1; d) 

m
132 =-  

32
1

-=m .

8. 
25,0

2048
-

=-
a

 a=512, m=2045, n=4096.

9. 8sT — 7 muSa
 7sT — x muSa 8·7=7x x=8 muSa.

 8sT — 14 muSa
 7sT — x muSa x=16.

11. 
R
UI =
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12. 
n

t 20
=  t — dro, n — operatorebis raodenoba.

13. V
saS.

=
)

4
6

40
20(

)620(

+

+
=13km/sT. Tu siCqare fexiT siarulisas aris V, V

saS.
=

12
52

6
2
1

26
+

=
+ V

V

V

.

14. 24k-s bolo cifria 6, e.i. (24k–1)-s bolo cifri 5-ia.

15. 5000 kupiuriT Sedgenili Tanxis cifrTa jami iqneba 5000. am ricxvis samze gayofis 
naSTi 2-ia, xolo milionis – 1. e.i. ar SeiZleba.

16.  35 101010 ++ -nn cifrTa jamia 3. rac ar iyofa 9-ze. marjvena mxare 9-is jeradia, e.i. 
gantolebas mTeli amonaxsni ar aqvs.

17. 4)2(3)( 2---= xxf  funqciis udidesi mniSvnelobaa –4, roca x=2. 4)(2)( 2 -+= axxg  
funqciis umciresi mniSvnelobaa –4, roca x=–a (a nebismieria). e.i. am funqciaTa udidesi 
da umciresi mniSvnelobebi nebismierisTvis erTmaneTs emTxveva.

18. m+n=c 122 =≥+ mnnm . umciresia, roca m+n=12 anu sam-
kuTxedi tolferdaa.

19. aD=DC=MN=4 31860sin492 =⋅⋅== 
ABDABC SS .

20. ∆BQR~∆BCa 
AB
180

560
240

= . 
AB
BR

BC
BQ

= ; aB=420m.

21. 
baab

babaBBAACC
2
1

2
1

22

11

2
11

1 +=
+

=
+

=
+

=

  11 CCKC <  e.i. baba 2
1

2
12
+<

+ .

7. funqciis grafikis zogierTi gardaqmna

reziume:

moswavleebs ganvumartoT, rom gardaqmnebis daxmarebiT grafikis ageba umetes Sem-
TxvevaSi gviadvilebs Sromas. SegiZliaT jer daavaloT aagon magaliTad, y=|x2–5x+6| 
funqciis grafiki modulis ganmartebaze dayrdnobiT, axali masalis axsnis Semdeg ki 
davanaxoT, Tu ramdenad martivia davalebis Sesruleba Tu gamoviyenebT gardaqmnas.

amoxsnebi, miTiTebebi:

11. b) funqcia umcires mniSvnelobas miiRebs, roca 3x2–4x+2 (D<0) iqneba umciresi

3
2

0 =x ; 
3
2

0 =y ; 
3
73

3
2

min -=-=y .
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13.     
ABCDABCDABCAKP SSSS

80
3

40
3

2
1

85
31

==
⋅
⋅

=

15. 422 == APQABC PP .

17. a) x–3=2 x=5
b) x+1=2 x=1

18.  )0;(-∞∈a  — arc erTi amonaxsni;

  );
4
16( ∞∈a  an a=0 — ori amonaxsni;

  
4
16=a  — sami amonaxsni;

    
4
16;0(∈a ) — oTxi amonaxsni.

8. ukeTesi variantis arCeva

amoxsnebi, miTiTebebi:

1. davdoT ori katleti, 5 wT-Si erTi gadavabrunoT, meore gadmoviRoT da tafaze dav-
doT mesame. 5 wT-Si pirveli katleti Seiwveba da davdoT meore. sul dagvWirdeba 15 wT.

2. aMKB texilis sigrZea aM+MK+KB. radgan MK mudmivia, umciresi 
unda iyos aM+KB. b wrfis paralelurad aviRoT BP=a monakveTi.  b 
wrfis mimarT avagoT P wertilis simetriuli wertili. M werti-
lad aviRoT b wrfisa da aB1 monakveTis kveTis wertili.

3. 11 CCAA =  1002
2

2 1 =+⋅= AAxp  xAA
2

501
p

-= .

.50
4

)
2

50(
4

22 xxxxxS +-=-+=
ppp

 p
100

0 =x
.

4. vTqvaT unda gaiafdes 0,1x lariT, maSin 1 detalis Rirebuleba iqneba (10–0,1x) lari. 
am SemTxvevaSi gaiyideba (1000+20x) detali. e.i. sul Semosavali Tanxa iqneba (1000+20x)
(10–0,1x), e.i. unda vipovoT x-is mniSvneloba, romlisTvisac y=(1000+20x)(10–0,1x). funq-
cia miiRebs udides mniSvnelobas. y=–2x2+100x–10000, saidanac x=25, e.i. a) detali unda 
gaiafdes 2,5 lariT; b) firma gayidda 1000+20·25=1500 detals.
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5.    I.  xxxxS 302)230( 2 +-=-= . 5,7
4

30
0 =

-
-

=x  marTkuTxedis 
    
    zomebi iqneba 7,5; 15;II. 

2
225

=S .

    II. )215( xxS -= , saidanac 
2

15
0 =x  

2
225

=S .

    orive SemTxvevaSi farTobi erTi da igivea.

7. aBO marTkuTxa samkuTxedSi OK=R simaRlea. aK≡x; BK=8–x; miviReT R2=x(8–x). 

)8(
22

2
2

xxRS -==
pp  udidesi iqneba, roca x=4 da R=4.

I Tavis damatebiTi savarjiSoebi

8. f(x) — luwi; g(x) — kenti.
a) y(x)=f(x+g(x)) y(–x)=f(–x–g(x))=f(x+g(x)) luwia.
b) y(x)=g(f(x)  g(–x)=g(f(–x)=g(f(x)) luwi.
g) y(x)=xf(x)+g(x) y(–x)=–xf(–x)+g(–x)=–xf(x)–g(x)=–(xf(x)+g(x)) kenti.
d) y(x)=x(f(x)+g(x)) arc luwia, arc kenti.

9. a) y=ax+b Tu a=0 luwia, Tu b=0 kenti.
b) y=ax2+c Tu b=0 luwia, kenti arasdros ar iqneba.

10. f(x)+x2 kentia, e.i.
f(–3)+(–3)2=–(f(3)+32)
f(–3)+9=–2–9, saidanac f(–3)=–20.

11. (x+1)f(x) luwia, e.i.
(–x+1)f(–x)=(x+1)f(x)
5·f(–x)=–3·9 f(–x)=

5
27

- .

12. a) x2>x1
y=f(x) da y=φ(x) zrdadia.
ganvixiloT (f(x2)+φ (x2))–(f(x1)+φ(x1))=(f(x2)–f(x1)+φ(x2)–φ(x1))>0;
b) analogiuria;
g) ar aris WeSmariti, magaliTad SeiZleba moviyvanoT ori zrdadi wrfiv funqciaTa 
namravli.

13. [–1;2).

14. a) udidesi 2, umciresi ar arsebobs;

b) cnobilia, rom 1+x2≥2x; 
x

x

1

2
2

+
 funqcia kentia, e.i. umciresi mniSvneloba toli 

iqneba –1-is.
g) 2+x-x2≥0 (gansazRvris are)
x2–x–2≤0 e.i. x∈[–1;2].
umciresi y(–1)=y(2)=0, udidesi wveroze y(0,5)=1,5.
d) umciresi y( , ) ( , ) ,y1 5 1 5 2 5= - = . udidesi ar arsebobs.
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15. a) udidesi y
2
1

2
4
1

=` j , umciresi y(3)=–4;

b) [0;2] SualedSi funqcia klebadia, e.i. udidesi y(0)=
3
11 , umciresi y(2)=3.

g) y
x
x

x2 3
3 3

1
2 3

1
=

-
-

= +
-

 [1;4] SualedSi funqcia zrdadia, e.i. udidesi y(4)=
10
9 ; umci-

resi y(1)=0.

16. a>0; c>0; b>0.

17. naxazidan x1=1, x2=6 da c= x1x2=6.

19. 152 2 -+-= xxy  ]3;0[∈x  
4
5

0 =x ; ]3;0[
4
5
∈ e.i. 

8
12)

4
5(max =y ; 4)3(min -=y .

21. a) xxxxy 25)25( 2 +=+=

x
wv

=–12,5.

b) y=3x(x+1)=3x2+3x x0=–1,5.

Seamowme Seni codna
1. b;  2. d;  3. b; 4. a;  5. a; 6. d; 7. a; 8. b; 9. b; 10. a.
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II Tavi

1. geometriuli gardaqmnebi

reziume:

gavaxsenoT moswavleebs, ras niSnavs sibtryis gardaqmna, romeli gardaqmna inarCunebs 
or wertilis Soris manZils da romeli ara. rogor figurebSi gadadis figura aRniS-
nuli gardaqmnebiT.

amoxsnebi, miTiTebebi:

2. ∠B=β ⇒ ∠C=45°+β
avagoT C wertilis simetriuli C1 wertili aK 
wrfis mimarT. aCKC1 oTxkuTxedSi aK simetriis 
RerZia, e.i. ∠C=∠C1=45+β. CK=C1K=1, xolo aC=aC1.
∆C 1KB-sTvis ∠KC 1a  gare kuTxea, saidanac 
45+β=β+∠C1KB ⇒ ∠C1KB=45°.
 miviReT ∆C1KB, sadac vic-

iT 2 gverdi da maT Soris mdebare kuTxe. ricxviTi monacemebidan 
Cans, rom es aris marTkuTxa tolferda samkuTxedi kaTetiT 1, e.i. 
C1B=1. β=45° ⇒ ∠C=90°.
maSasadame ∆aCB tolferda marTkuTxa samkuTxedia, 
e.i. aC=CB= 2 +1.

3. avagoT B wertilis simetriuli B1 wertili aD wrfis 
mimarT. miviReT ∆B1DC, romelic tolgverda samkuTxedis 
naxevaria (gverdiT 2), saidanac ∠C=30°. 
∆aBC ⇒	 ∠BaC=180°–120°=30°.  e .i. 
∆aBC tolferdaa (fuZesTan mdebare 
kuTxeebi tolia), e.i. aB=BC= 3 +1. 
B1C=aB1+B1C=aB+2=3+ 3   (aB=aB1).

4. avagoT B wertilis simetriuli B1 wertili 
aC wrfis mimarT. CB1=BC= 3 . xolo aB=aB1=3. 
B1D=4–3=1.
 miviReT ∆B1CD, sadac viciT 3 gverdi. ricx-
viTi monacemebidan Cans, rom samkuTxedi marT-
kuTxaa (22= 3 2+12). misi kuTxiT B1. amasTan B1D=

2
1 . CD ⇒ ∠c=30°. ∆aB1C ⇒ (∠B1=90°) ⇒ aC=2 3  ⇒ 

∠CaB1=30° ⇒ ∠BaD=60°.

A                                                      BC1

45°

45°+β

45°+β

x

1

C

K

β

x

2

45°

1

1

K

BC1

2

A                            B1           C

1

1

120°

120° 60°

B

D

3

60° 60°

30°

B1D

C

2 2
3

C

B1 D1

2
3

CB

A
B1 D13

3 22
3

3

3
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5. avagoT B wertilis simetriuli B1 wertili Ch wrfis mimarT. cxadia, BC=BC1=a. 
∠B=∠B1≡β. pirobis Tanaxmad, ∠CaB=90°+β. saidanac misi mosazRvre kuTxe

ganv.

( )CAB

ACB B

180 90 901

1 13

c c c+

+

b b

b

= - + = -

=
o ⇒ ∠B1Ca=90° ⇒ aB1Ch=aC·CB1	⇒	 a b x ab

a b

ab2 2

2 2
&$+ =

+

6. avagoT B wertilis simetriuli B1 wertili CM wrfis 
mimarT. cxadia, BC=B1C da BM=B1M (1).
ganv. ∆aMB1.  samkuTxedis utolobis Tanaxmad, 
aB1<aM+MB1 ⇒ aC+CB1<aM+MB1, saidanac (1)-is gaT-
valiswinebiT aC+BC<aM+BM, r.d.g.

7. ageba: avagoT M wertilis simetriuli M1 da M2 wertilebi kuTxis 
gverdebis mimarT. M1 da M2 wertilebi SevaerToT. M1M2 wrfis kuTxis 
gverdebTan gadakveTis wertilebi iqneba saZiebeli a da B wertili.
damtkiceba: nebismnieri MaBk samkuTxedis perimetri tolia M1aBM2 
texilis sigrZis. es ukanaskneli ki umciresia maSin, roca M1, a, B da 
M2 

wertilebi erT wrfezea ganlagebuli.

8.  
NC
AN

BC
AB

5
15

1
3

= = = , e.i. aN=12.

 
ON
BO

AN
AB

12
15

4
5

= = = .

9. e.i. 16S=128
 S=8.
 SBOC=8; SaOB=SCOD=24.
 SaOD=72.

10. S=
2
1 ·9·14·sina=63sina. sina-s udidesi mniSvneloba 1, e.i. samkuTxedi marTkuTxaa da 

misi farTobi 63-is tolia.

11. cxadia, I winadadeba yovelTvis WeSmaritia. II winadadebis WeSmaritebisTvis unda 
davamatoT, rom a da b-s c-ze gayofis naSTebis jami c-s jeradia.

a

B C

D

S
3S3S

9S

3x

x

B1                                                                 H           A                           B

a a

C

x b

β β90°-β 90°+β

A                                                 C                          B1

B M

a

B

M1

M2

M

O

B

M

CNa

K
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2. paraleluri gadatana

amoxsnebi, miTiTebebi:

1.  gadavitanoT BD diagonali BC veqto-

riT. cxadia, BCKD oTxkuTxedi paralelo-
gramia, e.i. BC=DK da BD=CK.

avagoT ∆aCK sami gverdiT. C wertilze gavataroT aK-s 

paraleluri wrfe. masze gadavzomoT CB=a toli mon-

akveTi. a da B wertilebi SevaerToT.

2.  avagoT aCK samkuTxedi ori gverdiT da maT 
Soris mdebare kuTxiT (aC=d1; CK=d2 da ∠c=a). aK 

monakveTis nebismier D wertilze gavavloT CK-s 

paraleluri wrfe. am wrfeebis kveTis wertili 

iqneba saZiebeli B wertili. radgan D wertili 

SegveZlo nebismierad agverCia, es niSDnavs, rom 
am amocanas aqvs uamravi amonaxsni.

3.  gadavitanoT aB ferdi BC veqtorze aBCK para-
lelogrami. e.i. ∠CKD=60° ⇒ ∠KCD=90° ⇒ CK=aB=1 
∆KCD ⇒ CD= 3 .

4.  M da N fuZeebis SuawertilSi gadavi-
tanoT BD da BC  veqtorze MN ki MC  veq-
torze. mosTxoveT moswavleebs, rom Tavad 
daasabuTon CK warmoadgens ∆aCP-s medianas. 
es aris faqti, romelic dasWirdebaT msgavsi 
amocanebis amoxsnisas. iqve ganumarteT, 

rom am SemTxvevaSi es gadatana Sedegs ar mogvcems, 
radgan ver SevZeliT mocemulobis Tavmoyra erT 
samkuTxedSi da mxolod amis mere SesTavazeT amoxsna.
gadavitanoT aB gverdi BC  veqtorze MN ki MC  
veqtorze sTxoveT aCvenon, 
rom CK aris ∆PCD-s mediana. 
amovxazoT ∆PCD. 

miviReT piTagoras samkuTxedi (gverdebia 3, 4, 5), e.i. ∠C=90°. 

MN=CK=
2
1 P=2,5.

C

a

B

K

d2d1

a+b                  b

a

B C

D Ka

d2
d1

b

a

a

B C

D K

a K

B C

D
60° 60° 30°

1 2

1

1

a N x

M

K

B x x C

D P

C

P

3

K D5

4

B M C

a

3 3

P N K D

4
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5. gadavitanoT BD diagonali BC  veq-
torSi. miviReT BCKD paralelogrami ⇒ 
BD=CK. BC=DK. ∠aOD=∠aCK=90°. e.i. ∆aCK 
marTkuTxaa. Tu SemovxazavT wres aK dia-

metriT, yvela SesaZlo C wertili iqneba am 

wertilze. e.i. h-is maqsimumia R= a b
2
+ .

pasuxi: 0<h≤ a b
2
+ .

6. gadavitanoT BD diagonali BC  veqtorze. 
⇒ CK=BD, magram aC=BD ⇒ aC=CK ⇒ ∠1=∠2. 
amasTan, ∠1=∠3 (BD||CK, aK mkveTia), 
saidanac ∠3=∠2. ⇒

⇒
magram

AO OD

AC BD

BO OC

AO OD

4 5&+ +
=

=

=

=

=

o p⇒ ∆aBO=∆COD 

⇒ aB=CD, r.d.g.

7. vipovoT aOD samkuTxedis farTobi 
heroniT da gavamravloT 4-ze.
S=40 2 .

SeiZleba asec: CK||BD SaCK=SaBCD. vipovoT heronis 
formuliT SaCK.

8. rombis gverdi tolia a 2 . e.i. S=a2 2 .

9. a) I; II;  b) nebismierSi.

10. cxadia, am SemTxvevaSi a>0 da D≤0. WeSmariti SeiZleba iyos g).

3. centruli simetria

1. avagoT C wertilis simetriuli C1 
wertili D centris 

mimarT. amave centris mimarT a-s simetriulia B wer-
tili. maSasadame, aCBC1 oTxkuTxedi paralelogramia. 
DC1=10, C1B=11. S∆aBC=S∆CC1B= 22 2 9 11$ $ $ =66.
pasuxi: S=66sm2.

a

B

O

C

D K

a

C

Ka+b

d2d1

a

B

1 3 2

O

C

D K

a

B C

D

O

9

a

B C

KD

11 13

1110

10

a D
B

C

C1
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2. avagoT C wertilis simetriuli C1 wertili D centris 
mimarT. cxadia, C1B=6; DC1=5. miviReT ∆CC1B1. gverdebi 6, 
8 da 10. maSasadame, es samkuTxedi marTkuTxaa ∠CBC1=90°. 
saidanac davaskvniT, eom aCBC1 marTkuTxaa, e.i. ∠C=90° da 
aB=10. marTkuTxa ∆aCB ⇒ h·aB=aC·CB ⇒ 10h=6·8 ⇒ h=4,8.
pasuxi: h=4,8.

3. avagoT C wertilis simetriuli C1 wertili D centris 

mimarT. aCBC1 paralelogramia, e.i.

 pirobisTanaxmad

ganv.

, ,AC C B

AC BC

C B BC

CC B

C CB CC B

CC B ACD
ACD BCD

<

<

<
>

1 1

1

1 1

1

& &

& &

3

+

+ +
+ +

=

=

o o
o% %

% %

pasuxi: ACD BCD>+ +
% %

 .

4. avagoT C wertilis simetriuli C1 wertili D 
centris mimarT. aCBC1 paralelogramia 

⇒ ganv.
90CC B

CC B

CC B 30

1

1

1

3

c

c

+

+

=

=

p	⇒	C1B≡x, maSin CB=2x ⇒

4x2=x2+(2 3 )2 ⇒	3x2=12 ⇒ x=2. e.i. C1B=2; CB=4.

pasuxi: aC=2 da CB=4.

5. cxadia, B da D wertilebi simetriulia O centris mimarT. 
Tu a da C wertilebic aRmoCndeba simetriuli O centris 
mimarT, maSin aBCD iqneba paralelogrami. davuSvaT sawi-
naaRmdego: vTqvaT a da C wertilebi ar aris simetriuli 
O centris mimarT, maSin a wertilis simetriuli wertili 
O-s mimarT SeiZleba iyos a1 wertili, romelic mdebareobs 
OC sxivze da ar emTxveva C wertils. aBa1D paralelogrami unda iyos. e.i. ∠a=∠a1, rac 
ewinaaRmdegeba pirobas ∠a=∠C. maSasadame, aBCD paralelogramia.

6. avagoT a centris mimarT mcire wrewiris si-
metriuli wrewiri. amisTvis aviRoT O1wertilis 
simetriuli O2 wertili a centris mimarT da ga-
vataroT wrewiri, romelic gadis a wertilze 
da romlis centria O2. vTqvaT am ukanasknelma 
didi wrewiri gadakveTa C wertilSi. gavavloT 
Ca wrfe orive wrewirTan gadakveTamde. cxadia, 
∆CO2 A Aa=∆DO2a. tolferda samkuTxedebi tolia 
gverdiT da fuZesTan mdevare kuTxiT ⇒ Ca=aD.

6 8

65

5

a D
B

C

C1

a D
B

C1

C

a

x

x

2x30°

D
B

C1

C

3

3

a

a1

a1
B

C

D

a
C

B

D

O1

O2
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4. mobruneba

1. movabrunoT aBM samkuTxedi B wertilis mimarT 60°-
iani kuTxiT. Ba gadava BC-Si, BM ki —BD-Si.
miviReT BM=MD=BD= 2 . DC=aM=1 da ∠BDC=105° ⇒ 
∠MDC=45°. miviReT ∆MCD, sadac ∠MDC=45°. MD= 2  da 
CD=1. am monacemebidan Cans, rom ∠MCD=90°, e.i. MC=1 
da ∠BMC=105°.
pasuxi: MC=1 da ∠BMC=105°.

2. movabrunoT ∆BMa B wertilis garSemo 60°-iani 
kuTxiT. Ma≡b; BM≡a; MC≡c. ∆MDC-s gverdebia a, b da c 
(ix. amocana 1). dasamtkicebeli, cxadia, samkuTxedis 
utolobis Tanaxmad, r.d.g.

3. movabrunoT ∆BMa  B wertilis mimarT 60°-iani 
kuTxiT. cxadia, a wertili miva C wertilSi. M wertili 
ki romeliRac M1 wertilSi. BM1-s kveTa MC-Tan≡M2-
iT. cxadia, ∆MBM1-Si BM=BM1, ∠MBM1=60°, e.i. ∆MBM1 
tolgverdaa, saidanac ∠BMM1=60°. magram ∠BMM2=60° 
(eyrdnoba BC mcire rkals). e.i. M1 wertili emTxveva 
M2 wertils. amis Semdeg advili saCvenebelia, rom 
∆MaB=∆BM2C (BM=BM2, ∠3=∠4; ∠BMa=∠BM2a=120°) ⇒ 

⇒ MA M C

MB MM

2

2

=

=
o ⇒ MC=MB+Ma, r.d.g.

4. movabrunoT aMC samkuTxedi C centris mimarT 
90°-iani kuTxiT. cxadia, a wertili gadava B wertil-
Si. M ki romeliRac M1 wertilSi. amasTan CM1=CM=1, 
∠MCM1=90°, sadac MM1= 2 .
ganv.

ganv
2

2

90

45 .

MM B

MM MB

M B MA

M MB

CMM

CMB

CMB

135
1

1

1

1

1

& &

3

3

c

c

c+

+

+
= =

= =

=

=

=p o o ⇒ CB2=

=1+2–2·1· 2 cos135°=3+2=5 ⇒ CB=2 5 .
ganv. ;

;

AMC AC CB

AM CM

5

2 1

3 = =

= =
o ⇒ aC2=aM2+CM2 ⇒ ∠aMC=90°.

pasuxi: ∠CMB=115°; ∠aMC=90°; aC= 5 ;

B

D

1
1

a
C

M
105°

60°

2

B

D

c
b

a

a
C

M
105°

60°

1

1

2

a

C

M

M1

B

2

B

2
1

3

4

a

C

M2

M1
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5. movabrunoT ∆aMC C centris mimarT 90°-iani 
kuTxiT. cxadia, CM=CM1≡y, aM=BM1=2.

ganv. MM C

C

MM y

CM M

CMB

M MB

MM B90

2

45

135

90

135 45 60

1

1

1

1

1

& &
3

c
c

c

c

c c c+
+

+

+

+=

=

=

=

=

= - =
o p o ⇒

⇒	y M B
y C2

2
1

2

11
&= = = . MB2+1=4 ⇒ MB= 3 .

pasuxi: MB= 3  da CM=
2

1 .

6. movabrunoT CM centriT C, 90°-iani kuTxiT. 

c x a d i a ,  ∠M C M 1= 9 0 ° ,  e . i .  M M 1= 2 ,  x o l o 

∠M1MD=105°–45°=60° ⇒ ∆MM1D tolgverdaa, e.i. 

M1D= 2 , e.i. CD aris MM1 monakveTis SuamarTobi. 

e.i. ∠MDC=30°. da ∠MDa=60°.

aD = CD = CK+KD =
2

1
2

2 3

2

2 3 1$
+ =

+^ h
.

∆aBC ⇒	aC=CD 2 = 3 1+ .

pasuxi: aC= 3 1+ ; ∠MDC=30°.

7. a) y3–x3=7

( ; ) ( ; )

y x

x xy y

y x

x xy y

y x

x xy y

y x

x xy y

7

1

1

7
2 1 1 2

7

1

1

7

2 2

2 2

2 2

2 2

Q

Q

Q

- =

+ + =

- =

+ + =
- -

- =-

+ + =-

- =-

+ + =-

R

T

S
S
S
S
S
S
S
S
S
S
S

)
)
)
)

b) xy+3x–5y=–2
x(y+3)–5y–15+15=–2
x(y+3)–5(y+3)=–17
(y+3)(x–5)=–17.

( ; )

( ; )

( ; 4)

( ; )

y

x

y

x

y

x

y

x

3 1

5 17
12 2

3 1

5 17
22 4

3 17

5 1
4 1

3 17

5 1
6 20

+ =

- =-
- -

+ =-

- =
-

+ =

- =-

+ =-

- =
-

R

T

S
S
S
S
S
S
S
S
S
S
S

)
)
)
)

y

y

2
2a

C

M

M1

B

2

a                                                D

K
M

1 1

M1

B                                                C

105°

30°

22
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5. msgavsebis gardaqmna. homoTetia

1.  MBCN~aMNB ⇒ 
x
a

b
x

x ab&= =

 pasuxi: MN= ab .

2. ∠1=∠2. ∠aDC= AKC
2

 (Caxazuli kuTxe).

∠aCB= AKC
2

 (mxebiTa da qordiT Sedgenili kuTxe). 

e.i. ∠aDC=∠aCB. miviReT ∆aBC~∆CaD ⇒ 

⇒ 
AC
AB

DC
AC

=  ⇒ aC2=ab ⇒ aC= ab .

pasuxi: ab =aC.

3. gavavloT aC diagonali. cxadia, ∠1=∠2. ∆aDC 
tolferdaa, e.i. ∠1=∠3. ⇒ ∠2=∠3. ⇒ ∠B=∠β. pi-
robis Tanaxmad, ∠DaC=2β ⇒ ∠1=∠2=∠3=β. maSa-

sadame, ∆aCB-c tolferdaa aC=CB=x. amasTan, 

∆aDC~∆aCB ⇒ 
AC
AD

AB
AC

x
x

x
1

3
3& &= = = . 

∆CKB ⇒ β= :
2
3

3
2

3
=  ⇒ β=60°.

 pasuxi: ∠aBC=60°; aC= 3 .

4. I. 
m
x

m

y
=  ⇒ x=y (ewinaaRmdegeba pirobas).

I. 
m
x

y
m

=  ⇒ m2=xy. 

amocana davida Semdegze:

aB monakveTi gavyoT iseT or x da y sigrZis minakveTad, rom xy=m2. es ukve cnobili 
amocanaa.

a B m

M               x                  N

A                      b                     D

B       a        C

A                                 K                                 B

D                 C

1

2

A                                K                                  B

D                       C
1

1

1 x x

2
3

M                                           N

A                                      D

B                                     C

x

m

m
y
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ageba: 
aB diametriT SemovxazoT naxevarwrewiri. B wertilidan 
aRvmarToT wrfe. gadavzomoT masze m monakveTis toli mon-
akveTi BN. N wertilze gava-
taroT aB-s paraleluri wrfe. 
am wrfis wrewirTan gadakveTis 

erT-erTi wertilidan davuSvaT marTobi aB-ze. amgvarad, 
miRebuli ∠aLB marTkuTxaa. maSasadame, m2=aP·PB. aP=x 
da PB=y.

5. 
x
a

b
x

=  ⇒ x2=ab. ixileT amocana 4.

6. Tu or rombs aqvs toli kuTxe, maSin es rombebi msgavsia.

7. Tu trapeciebs aqvs toli kuTxeebi 
(fuZeebiT a, b da a1, b1) da 

b
a

b
a

1

1= , maSin es 
trapeciebi msgavsia.

8. Tu marTkuTxedebis gverdebi (a; b da a1; b1) proporciulia 
b
a

b
a

1

1=` j, maSin es marT-
kuTxedebi msgavsia.

11. WeSmaritia g.

6. stereometriis aqsiomebi

reziume: gavaxsenoT moswavleebs aqsiomisa da Teoremis cneba, planimetriis aqsiomebi.

amoxsnebi, miTiTebebi:

1. myarad iatakze SeiZleba ar idges mxolod oTxfexa skami, im SemTxvevaSi Tu misi 
fexebis boloebi erT sibrtyeze ar xvdeba.

2. Tu es sami wertili erT wrfezea moTavsebuli, cxadia, samive wertili erT sibrtyeSi 
moxvdeba. ganvi xiloT SemTxveva, roca es wertilebi erT wrfeze ar mdebareobs. maSin 
maTze, aqsioma 2-is Tanaxmad, gaivleba erTaderTi sibrtye, romelSic aqsioma 3-is ZaliT 
moxvdeba samive wrfe, romelic wyvilwyvilad agebul am wertilebze gadis.

3. amocanaSi mTavaria moswavleebs gavaazrebinoT is, rom buzebis siCqareebi amocan-
isTvis zedmeti pirobaa. aqsioma 2-is Tanaxmad samive buzi drois nebismier momentSi 
iqneba erT sibrtyeSi.

5. cxadia, aBC da aBD sibrtyeebi ikveTeba aB wrfeze. 

7. ori sibrtyis yvela saerTo wertili maTi gadakveTis wrfeze mdaberobs.

8. davuSvaT sawinaaRmdego: aC da BD wrfeebi erT sibrtyeSi mdebareobs. maSin, cxadia, 
wertilebi a, B, C da D am sibrtyeSia moTavsebuli. aqsioma 3-is ZaliT aB da CD wrfee-
bic amave sibrtyeSi iqneba, rac ewinaaRmdegeba pirobas.

a

b

a1

b1

a

x

b

a B

m

x y
saorientacio naxazi

a B

m m

NL

P
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11. gavagrZeloT mediana misi toli monakveTiT da miRebuli wertili SevaerToT sam-
kuTxedis romelime wverosTan. miRebuli samkuTxedi da mocemuli samkuTxedi tol-
didia. vipovoT farTobi heronis formuliT S=270sm2.

7. aqsiomebis Sedegebi
amoxsnebi, miTiTebebi:

1. a) ar SeiZleba. wrfeze da masze aramdebare wertilze yovelTvis 
gaivleba sibrtye. e.i. oTxive wertili erT sibrtyeSi moxvdeba.
b) ar SeiZleba. or gadamkveT wrfeze gaivleba sibrtye.

2. a da b wrfeebze gaivleba (a;b) sib rtye. 
n wrfe kveTs a wrfes a wer tilSi, b wrfes B wertilSi. 
aqsioma 3-is Ta naxmad, n wrfec (a;b) sibrtyeSi mo Tavsdeba.
M wertilze gamavali yvela wrfe erT sib rtyeSi ar mde-
bareobs.

3. vTqvaT a, O da D wertilebi ekuT vnis a sibrtyes, maSin cxa dia, aO wrfec da masTan 
C wer tili da DO wrfe da masTan B wertilic amave sibrtyeSi aRmoC ndeba.

4. SesaZlebelia ori SemTxveva: 

a) samive wrfe erT sibrtyeSi mdebareobs - (a;b) sib-
rtyeSi moxvdeba c wrfec.

b) c wrfe ar xvdeba (a;b) sibrtyeSi, maSin vRebulobT 
sam sibrtyes: (a;b); (a;c); (b;c).

5. davuSvaT, sami wrfe erT wertilSi ar ikveTeba. aRvniSnoT 
maTi kveTis wertilebi a, B da C-Ti. aqsioma 3-is Tanaxmad, 
BC wrfe moxvdeba aC da aB wrfe ebze gamaval sibrtyeze. 
e.i. Tu sami wrfe erT wertilSi ar ikveTeba, isini erT 
sibrtyeSi moTavsdeba. erT wertilSi gamavali sami wrfe 
SeiZleba erT sibrtyeSi moTavsdes (nax. a), an erT-erTi 
wrfe kveTdes danarCen orze gavlebul sibrtyes (nax. b.).

a)    b)

A B

M

ba

A D

B

O

C

A

b
a c A

b

ac

A

B

C
b

ca
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6. a wrfe kveTs a sibrtyes a wertilSi. u.d., rom a wrfe 
kveTs β sibrtyes. davuSvaT sawinaaRmdego: a wrfe β	sib-
rtyes ar kveTs. avi RoT β sibrtyeze raime B wertili 
da gavavloT (B;a) sibrtye, romelic cxadia, kveTs a si-
brtyes, romelic c wrfeze, ro melic a wertilze gadis da 
agreTve kveTs β sib rtyes B wertilze ga maval romeliRac 
d wrfe ze. miviReT (B;a) sibrtyeSi d wrfis paralelur 
or (a da c) wrfes, romlebic erT, a wertilze gadis, rac 
SeuZlebelia. r.d.g.

8. wrfeTa paraleluroba
reziume:

moswavleebma ician sibrtyeze paralelur wrfeTa ganmarteba. maT unda dainaxon, rom 
ori wrfis argadakveTa sivrceSi yovelTvis ar niSnavs wrfeTa paralelobas; ganasx-
vavon erTmaneTisgan paraleluri da acdenili wrfeebi.
amoxsnebi, miTiTebebi:

1. aqsioma 3-is ZaliT nebismieri wrfe, romelic or paralelur wrfes gadakveTs erT 
sibrtyeSi mdebareobs.

 

2. ix. amocana 1.

3. arsebiTia imis Cveneba, rom a, C1 da B1 wertilebi erT 
wrfeze ganTavsdeba (sibrtyeebis gadakveTis wrfe).

d) aC=a; BC=b; CC1=c
u.v. BB1 ∆	aCC1~aBB1

AB
AC

BB
CC

1

1= , saidanac 
( )

BB
a

c a b
1 =

+
.

4. d) MM
a b
21 =
+ .

5. d) aa1=a,  BB1=a. CavTvaloT, rom b>a. ga vagrZeloT BB1  
a1B1-is paralelur aB2-s  gada kveTamde. ∆	aBB2-Si MM2 

Suaxazia. BB2=a+b, e.i., MM1=
a b
2
+ , magram M1M2=aa1=B1B2=a. 

miviReT: MM1=MM2–M1M2=
a b

a
b a

2 2
+

- =
- .

10. cxadia, b=0, e.i. k
5
8

=- .

�

�

a

c

d

A

B

B C

b c

a

A

B

C

C
1

B
1

A

B

M

M
1

A
1

M
2

B
2

B
1
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II Tavis damatebiTi savarjiSoebi

1. moc. aC= AB
2

. avagoT a wertilis simetriuli a1 wertili BC 

wrfis mimarT. ∆aBa1 tolgverdaa. BC biseqtrisaa, e.i. a=30°.

2. avagoT B wertilis simetriuli B1 wertili l wrfis 
mimarT. a da B1 SevaerToT. cxadia BK=KB1 (∆BKB1 tolfer-
daa), e.i. aKB texilis sigrZe tolia aKB1 texilis sigrZis 
(nebismieri k∈l-isTvis). es ukanaskneli ki umciresia, rac a1K 
da B1 erT wrfeze mdebareobs.

3. (ixileT naxazi)    4. gadavitanoT BD diagonali BC veqtorze 
          (BCMD paralelogramia). SaBCD=S∆aCM.

5. ixileT amocana 4.  6. ixileT amocana 4.

7. ∆aBM~∆aMC.       
AM
AB

AC
AM

=  aM2=aB·aC ⇒ aM= AB AC$ . e.i. aseT wertilTa geo-

metriuli adgilia wrewiri centriT a da radiusiT R= AB AC$ , aB wrfesTan gadakve-
Tis wertilebis garda.

8. miTiTeba: ∆BCC1 da ∆haC1 msgavsia.

9. miTiTeba: ∆MaC da ∆MCB msgavsia.

a

B C

D M

a1

B

a

aCx x

2x

a
B

Mm

n N

a1

B1

a

B1

ℓ
K

B

a                                             B                                                                C

M
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III Tavi

1. parametrebis Semcveli gantoleba

reziume:  

icodes parametris cneba; unda asxvavebdes erTmaneTisgan ucnob cvladsa da parametrs; 
esmodes parametris Semcveli amocanis azri.

amoxsnebi, miTiTebebi:

1. a) 
3

2ax = ; b) 
5
47 ax +

= ;   g) Tu a=0, x nebismieria, Tu a≠0 x=1;

d) Tu b=1 x∈∅, Tu b≠1, 
1

2
-

=
b

x ;  e)  x(3–b)=3, Tu b≠3, b
x

-
=

3
3

, Tu b=3 x∈∅.

v) ax–a+5=3x (a–3)x=a–5. Tu  a≠3 
3
5

-
-

=
a
ax . Tu a=3, x∈∅.

z)  (a+2)x=(a–2)(a+2);
Tu a≠–2 x=a–2; Tu a=–2 x∈R.
T)  (b–3)(b+2)x=b+2.

Tu b≠3 da b≠–2; 3
1
-

=
b

x .

Tu b=3 x∈∅. Tu b=–2 x∈R.
i) a2x–a=ax+2
a(a–1)x=a+2.
Tu a≠0 da a≠1 

)1(
2
-
+

=
aa

ax ;

Tu a=0 an a=1 x∈∅;

k) x2+bx+b–1=0
D=b2–4b+4=(b–2)2





--

-
=

-±-
=

1
1

2
)2(

b
bbx

l) x2+4x–a=0

aD
+= 4

4
Tu a<–4 x∈∅.
Tu a=–4 x=–2.
Tu a>–4 ax +±-= 42 .

m) ax2+2x+5=0

aD 51
4

-= .
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Tu a=0  
2
5

-=x .

Tu 
5
1

>a  x∈∅.

Tu 
5
1

=a  x=–5.

Tu 
5
1

<a  da a≠0 
a

ax 511 -±-
= .

3. a) 3)5)(3( -=+- kxkk .

1. k=–5; 2. k=3;  3. k≠3; k≠5.
g) (1+k)x=k2+5k.
1. k=–1; 2. k∈∅; 3. k≠1.

6. 0
5

55
=

-
+

x
ax .





≠
-=
5x

ax
 Tu a=–5 gantolebas amonaxsni ar aqvs.

9. )3)(5()3)(2( -+=-- aaxaa .
a) a≠2;3; b) a=3;  g) a=2.

13. 02 =++ qpxx . 31 =x ; 42 -=x .

024 =++ qpxx  gantolebisTvis 42 -≠x , e.i. 32 =x  3±=x .

32
2

2
1 =+ xx 6.

14. 02 =++ cbxax   21 =x ; 32 -=x .

0
1

2
1

2 2

=+







+
+








+
c

x
xb

x
xa

   








-=
+

=
+

3
1

2

2
1

2

x
x

x
x

5
1

-=

∅∈

x

x

2. modulis Semcveli gantolebisa da utolobis amoxsna

reziume:

gavaxsenoT moswavleebs ricxvis modulis geometriuli interpretacia. |a|=5 niSnavs, 
rom a-s Sesabamisi wertilis koordinati saTavidan daSorebulia 5 erTeuliT, anu a=5 
an a=–5 . maSasadame |a|>5 niSnavs, rom is wertilebi, romelTa koordinatebi akmayofile-
ben mocemul utolobas daSorebulia koordinatTa saTavidan 5-ze meti erTeuliT.

amoxsnebi, miTiTebebi:

2. a) x x6 9
2
- + =2x–3 ⇒  |x–3|=2x–3 ⇒ 

3

0

3

2

x

x

x

x

1

$

=

=

N

P

O
O
O
OO

R

T

S
S
S
S
S

)
)  ⇒ x=2.

3
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b)  ( )x2 3
2

- =|x–2| ⇒  |2x–3|=|x–2|= x x

x x

x

x
2 3 2

2 3 2

1

3
5&

- = -

- = -

=

=
o >>

g) x=7; 
3
1

- .

d) x2–4x+4=2|x–2| ⇒ (x–2)2–2|x–2|=0 ⇒ |x–2|(|x–2|–2)=0 ⇒ ( |

| |

x

x

x

x

x

2 0

2 2

2

4

0

&
- =

- =

=

=

=

>> .

3. a) x≠0; b) (–∞;–2] [2;∞); g) x=0;  d) ∅.

9. 2
2
322

2
1

2
1

-=⋅⋅-⋅=-= NCNCNOBNCAOBAC hhNCSSS . vipovoT a wertilis koordi-

natebi. MN wrfis gantolebaa: y=–x+2; aM wrfis gantolebaa: 1
2
1

--= xy ; a(6;–4), e.i. 
hNC=6. 7=OBACS .

10. 
bacbca +

+
+

=
+

112 . gamartivebiT vRebulobT 2222 cab += .

11. 100!=1·2·3······99·100 daviTvaloT am namravlSi ramdeni 5-iania. 1 — 100-mde 5-is jera-
dia — 20. 25-is jeradi — 4. e.i. sul 24 5-iani, e.i. namravli dabolovdeba 24 nuliT.

3. maRali xarisxis gantolebis amoxsna

reziume: ganvumartoT moswavleebs, rom maRali xarisxis gantoleba rom amovxsnaT an 
unda SevarCioT xelsayreli aRniSvna, an marjvena mxares unda davtovoT nuli, xolo 
marcxena mxare unda davSaloT mamravlebad, an kidev zepirad davinaxoT fesvebi da da-
vamtkicoT, rom mocemul gantolebas meti amonaxseni ara aqvs. ganvmartoT bikvadrat-
uli gantoleba; sasurvelia ganvixiloT yvela SemTxveva — rodis da ramdeni amonaxsni 
aqvs bikvadratul gantolebas.

amoxsnebi, miTiTebebi:

2. 
4

)24(15

60
16

24
1

xxV -
=

-
=

xxV 15

60
42 ==

Sexvedramde: 
x

x
x

x
15

24

4
)24(15

-
=

-
. 22 )24(4 xx -= .

  

  8
242

=
-=

x
xx

 
=1V 60km/sT.  =2V 120km/sT.
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6. a) x2–x=y 1
2
2

2
=

-
+

-
+ y

y
y

y
;

b) yxx ≡++ 222  
6
7

1
1

=
+

+
-

y
y

y
y

;

g) y
x

x
≡

+12
   y – 5,21

-=+
y

y ;

d) y
x
xx

≡
+- 632

 68
=+

y
y ;

e) yxx ≡+- 22  3)1)(1( =+- yy ;

v) 4)2)(6( 22 -=-+-+ xxxx ;

yxx ≡-+ 42  4)2)(2( -≡+- yy ;

z) 81)96(2)6( 222 =+--- xxxx ;

yxx ≡- 62
.

T) 1)65(2)75( 222 =+--+- xxxx .

yxx ≡+- 752  1)1(22 =-- yy .

7. a) 9)1( 2 =+
x

x

912 2
2 =++

x
x , saidanac 71

2
2 =+

x
x .

b) 13122512)23(49 2
2

2 =-=-+=+
x

x
x

x .

8. a) 06)1()1(2 2
2 =-+++

x
x

x
x   y

x
x =+

1

 2y2 + y – 10 = 0                                   21 2
2

2 -=+ y
x

x

 ,y y
2
5

21 2=- = , saidanac x=1; –
2
1 ; –2.

9. a) =++++ )4)(3)(2)(1( xxxx 3231917)65)(45( 22 =⋅=++++ xxxx ;

b) 360)65)(45( 22 =++++ xxxx . yxx ≡++ 552 .

360)1)(1( =+- yy .

3612 =y
 19±=y

 
71 -=x

 
22 =x    

13. a) (x+5)(x–7)(x+1)(x–a)=0

51 -=x 72 =x
 

13 -=x
 

ax =4

zustad sami amonaxsni iqneba, roca a romelime sxva fesvs emTxveva e.i. a=–5;7;–1.
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b) 0)2)(15( 22 =--++ xxxax ;

0)2)(1)(15( 2 =-+++ xxxax .
ori fesvi ukve gvaqvs x1=–1; x2=2. zustad sami amonaxseni gveqneba, roca:
1) ax2+5x+1 samwevris D=0;
2) D>0 da erT-erTi fesvia –1 an 2.

3) a=0. e.i. 0;
4

11;4;
4
25

-=a .

14.   




=
=+

aβ
aβ

2
1802   

36=a

e.i. 36°; 36°; 108°.

4. iracionaluri gantoleba

reziume:

ganvmartoT iracionaluri gantoleba. moswavles unda esmodes, rom iracionaluri 
gantolebis amoxsnis procesSi aris gareSe fesvis gaCenis „saSiSroeba“. mas unda See-
Zlos gareSe fesvis dadgena da gantolebis fesvebis dawera (fesvebis Semowmeba).

amoxsnebi, miTiTebebi:

3. e) (2x–1) x 2- =0

x=
2
1  gansazRvris areSi ar Sedis, e.i. x=2.  

m) ukeTesia fesvis aRniSvna

x x y3 5 0
2

/ $- +

y2+y–12=0, saidanac y=3; x=–1;4.
v) (x–1) x 4

2
- =0 x±2.

6. cxadia, 11 diski TiToeuli 11 larad (121-s sxva gamyofebi garda 1-sa da 121-sa ar aqvs).

8. a) |3–5x|=2 x=1 x=
5
1 ;  b) x=–3 y=4;

g) x=
2
3

-  da y+4x–1=0 e.i. y=7.

d) x±1 y±4 gantolebas aqvs amonaxsnTa oTxi wyvili (±1; ±4) (±1; "4).

9. aB=2; BC=7; aC=8.
 ∆aBC-Si  aD:DC=2:7
 aD=2x; DC=7x, saidanac 9x=8; x=

9
8 .

∆aBD-Si aO biseqtrisaa, aB:aD=BO:OD ⇒ BO:OD=2:2x=1:
9
8 =9:8.

a

B

D

O

K

C
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5. utoloba

reziume:

gavaxsenoT moswavleebs ricxviTi utoloba, misi Tvisebebi, cvladiani utoloba, misi 
amoxsnis etapebi. wrfivi, kvardatuli utolobebi.

amoxsnebi, miTiTebebi:

5. amoxseniT sistema:

a) 
x x

x x

x

x

7 3 5 20

7 3 2 12
2
23

3

<

>

<

>

- +

- +
**

6. a) (x+5)(x–2)≥0 x∈(–∞;–5] [2;∞).

7. a) 
;x

x

1 2

5>

!)  (5;∞);  b) 
( )x

x

2 0

8 0

2

$

$

-

-
) . (–∞;8]

8. a) 5x 2–10xy+25y2+7=5x 2–10xy+5y2+20y2+7=5(x2–2xy+y2)+20y2+7=5(x–y)2+20y2+7>0;

b) x2+xy+y2=x2+xy+
4
1 y2+

4
3 y2= 1

x y y
2 4

3
0

2
2

$+ +` j ;

g) 
( )b b b

2
1 2

2
1

0>

2 2
+ -

=
+ ;

d) a2+b2+c2–ab–ac–bc= (( ) ( ) ( ) )a b c ab ac bc a b a c b c
2
1

2 2 2 2 2 2
2
1

0
2 2 2 2 2 2

$+ + - - - = - + - + -^ h .

9. a) mx2–9mx+5m+1>0
Tu m=0 da m>0 D<0   b) 

a

a

0

4 1 0

>

<+
)   a∈∅.

       m<
61
4

6. parametris Semcveli utolobebi

reziume:

moswavleebi ukve araerTxel Sexvdnen parametris cnebas gantolebebis, gantolebaTa 
sistemebis amoxsnis, funqciaTa gamokvlevebis dros; kvadratuli funqciis niSanmudmi-
vobis areebis dadgenis drosac, faqtobrivad, xsnian parametrul kvadratul utolo-
bebs. ganvixiloT wrfivi parametruli utoloba da SevecadoT msjeloba ZiriTadad 
moswavleebma Caataron Cvens mier dasmuli kiTxvebis daxmarebiT.

amoxsnebi, miTiTebebi:

1. g) 2ax+2a>3x–4x–4a
(2a+1)>–6a

Tu a x
a
a

2
1

2 1
6

> >- -
+

Tu a x
a
a

2
1

2 1
6

< <- -
+

Tu a
2
1

=-  x∈∅.
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e) x(x–a)<0 a SevadaroT 0-s

Tu a>0      a∈(0;a)

Tu a<0      a∈(a;0)

Tu a=0  a∈∅.

2. 3ax+2(a+x)>2–3a(x+1) CavsvaT x0=1.
miviRebT a>0.

3. a) 
x

x a

5

4

$

# -
)  a) 5<4–a; a<–1; b) a=–1; g) a>–1.

4. a) 
x

x a

3>

$
)  1. (3;∞) intervali iqneba, Tu a≤3. 2. [5;∞), Tu a=5.

5. a) 
ax

x a

1

4

<

>
)  cxadia, sistemas amonaxsni rom ar qondes, a>0 da pirvel utolobas qondes 

x
a
1

< saxe, sadac 
a

a
1

4< .

a
a

a

1
4

0

<

>
*  

a

a

4 1

0

>

>

2)  a
2
1

> .

6. a) a=2  (x–2)2≤0 x=2;  b) (ax+2)(3x–6)≥0 a=–1; x=2.

7. utolobis amoxsna intervalTa meTodiT

reziume:

sasurvelia, moswavleebs wina dRes davavaloT, rom amoxsnan mag. (x–1)(x+5)(x–7)(x+2)>0 
utoloba da daTvalon, Tu ramdeni sistemis amoxsna dasWirdaT imisTvis, rom Sees-
rulebinaT davaleba. mere ganumartoT intervalTa meTodis upiratesoba.

amoxsnebi, miTiTebebi:

2. d) (2x–4x2)(x4–1)≥0
2x(2x–1)(x–1)(x+1)(x2+1)≤0

   
      ]1;

2
1[]0;1[ ∪-∈x

3. d) 0
)232)(15(

)18)(112(
2

2

≤
+-+

+-
xxx

xx   

0182 >>+x
      e.i.

0232 2 >>+- xx       
]5,5;15(-∈x

0 a

a o
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4. a) 0
)1(

)73()7(
3

22

≥
+
-+

xx
xxx

0
)1(

)37()7(
3

2

≤
+

-+
xx

xxx     
}7{]

7
3;0()0;1( -∪∪-∈x

             

5. g) 
5

1)4( 2

-
+-

x
xx





≠
≥+-

5
0)2)(2(

x
xxx

        );5()5;2[]0;2[)( ∞∪∪-=yD

6. SevadginoT gantoleba saSualos formulis gamoyenebiT 2
20

0520
=

+
⋅+⋅

x
x

, saidanac x=30.

9. ax2–4ax+5–a=0 a≠0.

aaaaaD 55)5(4
4

22 -=--=   0)1(5 >-aa  );1()0;( ∞∪-∞∈a .

10.      
24
1

2
1

3
1

4
1

=⋅⋅ .

III Tavis damatebiTi savarjiSoebi

1. b) 4–5x=|5x–4|

4–5x≥0  
5
4

≤x
z) |x2–5x|=0 x=0; x=5.
T) |x2–2x|=–5 x∈∅.

2. e) (|x|–5)(|x|–7)≤0

| |

| |

x

x

7

5

#

$
)  x∈[–7;–5]∪[5;7]

3. a) 0
44
65

2

2

≠
++
+-

xx
xx  x∈R\{2;3;–2};

b) x2+4x–5≠0  x∈R\{–5;1}.

4. d) (|x|–4)(x2–2x–3)=0







=--

=

032

4
2 xx

x  

1;3
2

-==
±=

xx
x  

     oTxi.

6. a) a>5; b) 
2
5

->a ; g) );5()1;( ∞∪--∞∈a ; d) Ra∈ .
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9. a) 
c

D

0

0

>

<
=  (Tu fesvebi gaaCnia x2-is mimarT, isini uaryofiTia). miviRebT: C>0; 

b) D<0, e.i. C>4.

10. a) oTxi amonaxsni gvaqvs, Tu D>0 da a>0.

e.i. 




>-
>

04169
0

a
a

 
4

1690 << a .

b) ori amonaxsni, roca D=0 an D>0 da a<0 (fesvebi x2-is mimarT sxvadasxvaniSniania).

e.i. 
4

169
=a  an a<0.

11. a) (9–x2) x1 - =0 x=–3;1.

e) x2+13–2 x 13
2
+ =35 x 13

2
+ ≡y

y2–2y–35=0
y=–5 y=7.

x 13
2
+ ≠–5. e.i. x 13

2
+ =7, saidanac x=±6.

v) (x+1) x x 2
2
+ - =2(x+1) x=–1 gansazRvris areSi ar Sedis x x 2 2

2
+ - = , saidanac 

x=–3;2.

T) (x+2) x16 33+ =(x+2)(8x–15) x=–2 gantolebas akmayofilebs

miviReT x16 33+ =8x–15
 16x+33=(8x–15)2, saidanac x=1 da 3, akmayofilebs  mxolod 3, e.i. pasuxi: x=–2; 3.

12. a) (x2+2x)2–7(x2+2x)–8=0 x2+2x=y
y2–7y–8=0
y=8; –1. I. x2+2x=–1  II. x2+2x=8
  x=–1   x=–4; 2.
z) 2x3+3x2+3x+2=0
2(x3+1)+3x(x+1)=0
2(x+1)(x2–x+1)+3x(x+1)=0
(x+1)(2x2+x+2)=0
x=–1;

T) 10(x2–2x)2=18(x2–2x+2)
x2–2x≡y.

13. ax2+4x>1–3a
ax2+4x+3a–1>0

a

D

0

0

>

<
)   

;

a 0

1
3
4

>

-` j*  a∈ ;0
3
4` j.

14. CavsvaT x=–1
–5+3+4+2a=0
2a=–2
a=–1.
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15. a) 
( )

x

x x x

8

1 1
0

2

#
+

- + -

( )( )
0

x

x x

8

1 1
2

#
+

- +
 x∈(–8;1].

e) 
x
x

4
2

9 0
2

#
-
+

-c m

x
x

x
x

4
2

3
4
2

3 0#
-
+

-
-
+

+c cm m

( )

( )( )
0

x

x x

4

7 2 5
2 $

-

- -c m

     x∈ ;
2
5

[ ; )7j3 3-` B
17. a) y

x x

x

5 6

9
2

2

=
- -

-

x

x x

9 0

5 6 0

2

2

2

$-

- -
)  

( )( )

( )( )

x x

x x

3 3 0

6 1 02

#- +

- +
)  x∈(–3;–2)

Seamowme Seni codna

1. b; 2. g; 3. b; 4. g; 5. d; 6. g; 7. b; 8. b; 9. a; 10. d; 11. b; 12. a; 13. g; 14. d; 15. b; 16. b; 17. a) ∅; b) 1; 
2; g) ± 5 ; ±1; d) 0; ± 6 ; 18. g.

– – ++

4 7
2
5
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IV Tavi

1. kosinusebis Teorema

reziume:

vTxovoT moswavleebs daafiqsiron samuTxedis ori gverdi da cvalon maT Soris kuTxe 
(marTi, blagvi, maxvili) TiToeul SemTxvevaSi gazomon mesame gverdis sigrZe, gamoTq-
van varaudi.

amoxsnebi, miTiTebebi:

5. a=12, b=13.
a) I samkuTxedi marTkuTxa  II maxvilkuTxa   III blagvkuTxa

 313169144 =+=c  13 31312 << c .   25313 << c .

b) Tu c udidesi ar aris, udidesia b=13.
  I marTkuTxa   II maxvilkuTxaa, roca         III blagvkuTxaa, sadac
 5144169 =-=c .          135)1213( 222 <<⇒+< cc .       222 1213 +> c , e.i. 1<c<5.

7.     
     vipovoT a kuTxis kosinusi 36=25+64–80cosa; 

80
53cos =a .

     ∆aBK-dan 
8

155
80
5310125 =⋅-+=BK .

8.       acos1352)13()5()6( 222 xxxxx ⋅⋅-+= .

      acos1310132536 -+= .

      2cos1310 =a  65
13cos =a .

9.     

20164

321616

=+=

=+=

AC

AB

     acos2032220324 ⋅⋅-+= , saidanac

     10
3

1016
48cos ==a .
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2. kosinusebis Teoremis Sedegebi

reziume:

vTxovoT moswavleebs daafiqsiron paralelogramis diagonalebi da cvalon maT Soris 
kuTxe. TiToeuli SemTxvevisaTvis gazomon miRebuli paralelogramis gverdebi da 
gamoTvalon maTi kvadratebis jami. Sedegebi Seadaron, gamoTqvan varaudi.

amoxsnebi, miTiTebebi:

1. 4x2+9x2+2(121+529)  x=10.

3 . 2((x+4)2+x2)=144+196 x=7.

5. amocana SeiZleba gakeTdes medianis formuliT, magram 
SeiZleba gakeTdes piTagoras Teoremis gamoyenebiT.

 

3
10

3
2

== AKAP
 

    e.i. 
3

728
9

100
=-=OP

 72=BO  6828 =+=BC .

10.    1015
3
2

=⋅=AO  CO=15.

    AOC∆ -Si .  
2

11529450200
2
1

=-+=OM .

    BM=3OM=16,5.

12. 
)5)(2(

)5()2(
)2)(5(

35
-+
-++

=
+-

+
xx

xbxa
xx

x .

5x+3=(a+b)x+2a–5b toloba rom Sesruldes nebismieri x-Tvis 




=-
=+

352
5

ba
ba

, a=4 b=1.

13. P — filosofosebis raodenoba
 m — maTematikosebis raodenoba

 
9
7

=
p
m , e.i. metia filosofosebi.

3. sinusebis Teorema

reziume:

vTxovoT moswavleebs daxazon wrewiri da gaavlon qorda. daxazon am qordaze dayrd-
nobili Caxazuli kuTxeebi (orive rkalze). SekiTxvebi:
1) daasaxeleT toli kuTxeebi;
2) ramdeni gansxvavebuli kuTxe miiReT;
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3) SeadareT gansxvavebuli kuTxeebis sinusebi.
4) miRebuli samkuTxedebidan amoarCieT marTkuTxa da ipoveT 

asin
a

, Tu wrewiris ra-
diusia R.

amoxsnebi, miTiTebebi:

5. RAB 2
sin

=
a

R=15.

6. 32
sin

316
=

β
  β=30° an 150°.

7. K(1;2) KN=3. e.i. 332
2
1

=⋅⋅=OKNS .

8. 5·5 dafis farTobia 25, xolo dominos qvis 2. ar SeiZleba.

9. aseTi ricxvis cifrTa jami iqneba 300. 300 iyofa 3-ze da ar iyofa 9-ze. e.i. es ricxvi 
ver iqneba sruli kvadrati.

10. 2003≡1(mod7)
2004≡2(mod7)
2005≡3(mod7)
20063≡1(mod7)
2003·2004·2005+20063≡(6+1)(mod7) e.i. unaSTod iyofa 7-ze.

4. samkuTxedis biseqtrisis sigrZisa da farTobis
gamosaTvleli formulebi

reziume:

moswavleebs gavaxsenoT samkuTxedis biseqtrisis Tviseba, vTxovoT CamoTvalon sam-
kuTxedis farTobis gamosaTvleli maTTvis cnobili formulebi, daaxasiaTon isini, anu 
CamoTvalon, Tu ra monacemebi unda hqondeT, rom SeZlon am formulebis gamoyenebiT 
samkuTxedis farTobis gamoTvla.

amoxsnebi, miTiTebebi:

2. 
BC
AB

DC
AD

=  e.i. BC=10.

4. aB≡3x aC=5x
8x+8=32, x=3 aC=15.

5. I  
KC
6

9
6
= . KC=9 miviReT BC=15. ar SeiZleba.

 II. 3x=6 BC=10.
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6.    222 bcxbcxc -=

    
bcc

bcx
+

= 2
2

      3
2

2025
20

=
+

=x

7.   aB=30
   10864576 =+=AK

   59405 ==BD .

11. 1764225 =+=R .
170017100 =⋅== prS .

12. aB=9 aC=17, e.i. BC=10.

8
85

4
==

S
abcR .

16. kyxS AAOMAD =⋅= , 3=-= ONKDMAKN SkS ;
kyxS BBONBP =⋅=   3=-= ONKDDKBP SkS .

17. 

18. n2+8n+15=(n+4)2–1.

5. samkuTxedebis amoxsna

reziume:

moswavleebs ganvumartoT Tu ras niSnavs samkuTxedebis amoxsna, vTxovoT moiyvanon 
magaliTi, roca sakmarisia erTi, ori monacemi.

amoxsnebi, miTiTebebi:

5. kosinusebis TeoremiT aB=BC=10

 3
1

==
AC
AB

KC
BK

, BK=x

 3xKC =   10)13( =+x   )13(5 -=x .
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=-=⋅-⋅= 33100 2xKCBKACABAK .

1503)324(253100 =-- .

6. BB1=5 aa1=7  CC1=10.

3
14

=AO  3
20

=CO  3
5

1 =OB  medianis formulas vwerT aOC samkuTxedSi aC-s 

sapovnelad.

IV Tavis damatebiTi savarjiSoebi

1. NK||aB; MP||BC. e.i. aK=MN=KP=PC=6, miviReT aC=18. amis Semdeg 

ganvixiloT msgavseba ∆aMP~∆aBC, 
3
2

=
BC
MP

, MP=10, analogiurad 

NK=6. )(2 2222 MKMNMPNK +=+ , saidanac 24=MK .

2. cxadia, aM aris a kuTxis biseqtrisa.

3.    aK=10 KC=8.

    
2
3

==
KC
BC

AK
AB

.

6.      ∆aOK ⇒ OK=30.
   
      1811 =⇒∆ KOKBO , e.i. 121 =OO .

7. ganv. ∆COD

 OADCODC 30
2

=
∠

=∠ .

∠COD=90° (Siga calmxriv mdebare kuTxeebis biseqtrisebs 

 Soris)< e.i. CD=2OC=20. OK=OCsin60°=5 3 . OK warmoadgens wrewiris radiuss. 
aB=2r=10 3 . )23(20)31020(2)(2 +=+=+= CDABPABCD

.

CA

B

N

P

M

K

E

F

Q

CA

B

N

P

M

K

x1

x2

x1

x2

K

O

O1O2OABCO1O2OA B Ca KAB C DKO Ka2

K

P

7

9

1

5

A

BC

DK

N
A

BC

D
a

a

x
y
M

4
8

A

B

C

D

A

B C

D

K
O
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8.  ∆aBK-dan  316=AK

  98

2
14

2

=
⋅⋅⋅

⋅
=

ACBK

ACABR

9. viciT, rom paralelogramis kuTxe simaRleebs 

Soris kuTxis tolia. e.i. ∠a=∠C=a. ∆aBM-dan 
3
2

=AB

∆BCN-dan 
3
4

=BC ; aC vipovoT kosinusebis TeoremiT 

aDC samkuTxedidan  
7
24=AC .

12. aK=6 aB=10
 KD=15 BD=17
 aBCD trapeciaze Semoxazuli wrewiris radiusi vipo-

voT rogorc aBD samkuTxedze Semoxazuli wrewiris 

radiusi 
8

85
=R .

16. ganvixiloT aBC samkuTxedis msgavsi samkuTxedi, romlisTvisac 11 ==
a
aa , maSin 

a
bb =1  da 

a
cc =1 . miviRebT 1

33

=





+








a
c

a
b . ⇒






 < 1,

a
c

a
b 23







<








a
b

a
b

 da

23







<








a
c

a
c

⇒ >





+








22

a
c

a
b 1

33

=





+








a
c

a
b

. e.i. ⇒>





+






 2

1

22

a
a
c

a
b

 samkuTxedi 

maxvilkuTxaa.

17. vRebulobT, rom mediana im gverdis naxevaria, romlis mimarTac aris gavlebuli, 
e.i. samkuTxedi marTkuTxaa.

19.  aD=aC=1
∠D=∠aCD=45°
∠BCa=135°

 22135cos11211 +=⋅⋅⋅-+= AB .
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21. 2=AK   12=BK

 61=BD  ABD∆ -Si

 61=16+81–2·4·9·cosa 2
1cos =A  ∠a=60°.

∠C=60°.

IV Tavis testi

1 varianti

1. ∠a=∠C. 2. BAC ˆˆˆ << .  3. ∠C=90°. 4. 
111 CBAABC SS > . 5. 

111 CBAABC SS < .

6. 11

1

1

11

sinsin

2
sinsin CBBC

AA

R
A

CB
A

BC
<⇒

















>

==
. 7. ki. 8. ara. 9. 1

ˆˆ CC < .

10. 132  sm. 11. 
8
1cos =a ; 

16
9cos =β ; 4

3cos =γ .

12. gvaqvs ori SemTxveva

a)      b)

h2=100–9=91     h2=100–49=51
3521404991 ==+=BD   1529512 =+=BD .

II varianti

1. aB=aC. 2. BCA ˆˆˆ << . 3. ∠a=90°. 4. 1
ˆˆ BB < . 5. 

111 CBAABC SS < . 6. BC<B1C1. 7. ki. 8. ara.

9. 1
ˆˆ CC > . 10. 372 sm. 11. 

βsin
8

75sin
2

0 = . βγ -= 0105 . 12. 33  sm.
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V Tavi

2 . iracionaluri gamosaxulebis gamartiveba

reziume:

SevaxsenoT moswavleebs n-uri xarisxis fesvis Tvisebebi, moqmedebebi maTze. gakveTili 
faqtiurad emsaxureba ukve Seswavlili masalis gameorebas. paragrafis magaliTebi 
moswavleebs ganumtkicebs arsebul codnas da Seamzadebs maT wiladmaCvenebliani 
xarisxebis Semcvel gamosaxulebebze analogiuri moqmedebebis Casatareblad.

amoxsnebi, miTiTebebi:

4. a) 3 813 12= ; 3 274 12= ; 2 6412= ; 2 163 12= , e.i. 23 ; 34 ; 2 ; 33 .

12. a) 
x

x x

x

x x
x

25 4
3

6
10

8 5

20
340$

= =e o ; b) a a a a a5
343 11125 3060$ $ = = .

13. a) mag. ( ) ( )4 3 2 3- + + =6; b) mag. ( )( )3 2 3 2- + =1.

15. a) 
1 4 5

1
79

1 4 5

-
=

-

+
;

g) 
( ) ( )1 2 3

1

3 2 1

1

3 2 1

3 2 1

3 3 2 2

3 2 1

4

2 1 3 2
2

$

+ +
=

+ +
=

- +

- -
=

- -

- -
=

+ -^ h
;

v) 
3 2

1
9 6 4

3 3

3 3 3

-
= + + ; z) 

( )(4 2 )

2 3

1

2 9

2 3

1

2 3 9 81
3 3

3 3 3 3

-
=

-

+
=

-

+ + +
.

16. a) 
( ) ( ) 2 1

x x x x x x x x

x x x x

2 4 2 1 2 2 2 4 2 4 2 2 2 1

2 2 2 1 2 2
2 2

+ + - - - + - = - + - + + - + - + =

= - + + - - = - + + - -

cxadia, x≥2, Tu x 1 1$- , anu x≥3, maSin miviRebT 2 1x 2- + . Tu 2≤x<3, maSin 

x x2 2 1 2 3- + + - - = ;

b) 
( ) ( )

x x x x x x x x

x x

3 4 1 2 1 1 4 1 4 1 2 1 1

1 2 1 1 1
2 2

+ + - - + - = - + - + - - + - + =

= - + - - + =

     x≥1.

17. a) 11 6 2 9 6 2 2 3 2- = - + = - ; b) 11 4 7 7 4 7 4 7 2- = - + = - ;

g) ( ) ( )5 5 3 5 5 3 5 5 3 3
26
3

6
6

+ - = + - = + - = .

18. a) 
a ab b

a ab b
b a b

a ab b

a ab b ab
b a b

6 10

16 100
3

6 10

20 100 36
3

4

4 4

4

4 4

- +

- +
- - - =

- +

+ + -
- - - =

( )

a ab b

a b ab
b a b

6 10

10 36
3

4

2

4 4=
- +

+ -
- - - =

( 10 6 )( 10 6 )
3

a ab b

a b ab a b ab
b a b

6 104

4 4

4 4=
- +

+ - + +
- - - =  

10 6 3 3 3a b ab b a b a b a b 04 4 4 4 4 4 4+ + - - - = + - - = .
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19. a) 
4 32 9 162

7 54 15 128

2 3 2

21 2 60 2

5 2

3 2

5
3

43 43

3 34

1312 1212

3 34

12

12

$+

+
=

+

+
= = ;

b) 
( )( )

2 1

3 6 9 6 2 18

2 1

9 6 2 9 6 2 18

2 1

9 18
3

6

3 6 6

6

6 6

6

6 6

3
$

-

+ - -
=

-

+ - -
=

-

-
=- .

3. racionalurmaCvenebliani xarisxi

reziume:

ganvmartoT wiladmaCvenebliani xarisxi da vaCvenoT moswavleebs, rom misTvis samar-
Tliania naturalurmaCvenebliani xarisxis yvela Tviseba.

amoxsnebi, miTiTebebi:

10. a) gamartivebis Sedegad vRebulobT 
a
b -s. Casmis Sedegad — 3-s.

11. a) a b a c2
1

2
1

2
1

2
1

-  gamosaxuleba SeiZleba davSaloT kvadratebis sxvaobad: 

ab ac ab ac4
1

4
1

4
1

4
1

- +^ ^` ^ ^`h h j h h j. SeiZleba kubebis sxvaobad, vaCvenoT moswavleebs, rom a a
1

2
1

6
3

= ^ h ;

e) a+4=a+4 a +4–4 a =( a +2)2–4 a =( a +2–2 a4 )( a +2+2 a4 ).

15. B(6;0), e.i. a(3;0) 12=3+x2 x2=9.
m+8=3·9, saidanac m=19.

17. a) 
( )( )

( )

5( ) ( )

75 5 2

5 3 50 5 24

5 3 2

3 2 3 2
1

2

-

+ -
=

-

+ -
= .

18.  
KB
AK

BC

AC
9
16

2

2

= =

  SaCK=16S SCKB=9S

  7S=84  S=12
  SaBC=25S=300sm2.

20. isris siCqare 60 dan/sT, patara isris 5 dan/sT. maT Soris manZili ifareba siC-

qareebis sxvaobiT 55 dan/sT, e.i. 1 wT-Si maT Soris daifareba 
60
55  dan/sT, 38 wT-Si – 

60
55 38$  dan, an rac igivea 

60
55 38

6 209
$

$ c c=` j . 7 sT-ze maT Soris iyo 210°, e.i. 7 sT-sa da 38 

wT-ze iqneba 1°.

21. (a2+b2)2+7a2 b2=(a2– b2)2+11a2b2=(a–b)2(a+b)2+11a2b2 11.

C

a

K

B
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4. gamosaxulebis gamartiveba

amoxsnebi, miTiTebebi:

2. a) a b b a a b b a a b a a b a a9 6 9 12 4 3 3 22
1

2
1

2
1

2
1

2
1

2
1

4
1

2
1

4
1

4
1

2
1

4
1

4
1

+ + - + + = + - - =-
- - - - - - .

3. g) 14 6 ( )5 6 5 4 5 6 9 6 5 5 4 5 6 3 5 4

5 14 6 5 5 3 5 3

+ - - = + - + - = + - - =

= + - = + - =

5. b) 
( )

:
( ) ( )

( )( )

( )

(

b a a ab

a b a b

a b a

b ab a

a a b

a b b a

a b a

a b a2 2 2
2

1
2
1

4
1

4
1 2

4
1

4
1 2

2$
- +

+ + -

-

- +
=

+

+ -

-

-
=

-^ `
^ ^

h j
h h

;

g) 

( )

( ) ( )

( ) ( )

( )

( )

a

a

a a

a a

a
a

a a

a

a a

a a

a
a

1

2

1

1 3 1

1 1 3

1
1

1

2

1

1

4 4 4

4 4 4

1
1

3

3
2

3
2

3
2

3
2

3
2

3 3
2

3
2

23 3

23 3

$ $ $
-

-

+

- + +

+ - +

+
-

=
-

-
-

+

+ +

- +

+
-

=

-

8. g) ( ( ) ) ( )2 2 5 2 5 2 53 3 3
2 3

3 3 3
3

+ - = + - = .

5. Tvlis sistemebi

reziume:

wina klasebidan moswavleebs ukve aqvT warmodgena Tvlis sistemebze. sasurvelia mas-
wavlebelma wina gakveTilze daavalos gadaxedon ukve gavlil masalas.

amoxsnebi, miTiTebebi:

3. a) 231:5=46(1) a0=1.
46:5=9(1)  a1=1.
9:5=1(4)  a2=4.
 1<5 a3=1.
 (231)10=(1411)5.
       

e) 51:2=25(1)  a0=1.
25:2=12(1)  a1=1.
12:2=6(0)  a2=0.
6:2=3(0)  a3=0.
3:2=1(1)  a4=1.
1<2 1  a5=1.
(51)10=(110011)2

b) 375:8=46(7)  a0=7.
46:8=5(6)  a1=6.
 5<8 a3=5.
 (375)10=(567)8.

4. a)  (2357)9

   (357)9
(2457)9

+
  b) (1526)7

    (235)7
(1261)7

–
     g)   (232)6

  (152)6
  (504)6
(1544)6
(232)6
(43544)6

5. a) 10
12

8 )158(68382236 =+⋅+⋅= .
g) 

10
23

9 )5734(16356751031979797)7771( =+++=+⋅+⋅+⋅= .

( )a

a a

a

a

l a

1

1

2

1

1

1
1

3 3

3

3

3

$ $ $

=
-

-
-

+
=

-

-
=-
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6. a) 57+31=110 7+1=10 — rvaobiTSi.
b) 125+342=511 5+2=11 — eqvsobiTSi.

7. a) 0)17()12()25()12( 1010610 <-=- .
g) 10

1
6 )17(562)25( =+⋅= .

10. a) 22222. b) 77777. g) (11111)2=24+23+22+2+1=16+8+4+2+1=(31)10.

12. 12
3
12

+=







+
- x

x
xf .

2
13124124

3
12

-=⇒+=-⇒=
+
- xxx

x
x

.

.121
2

132)4( -=+





-=f

13.  ⇒=
3
1

CFB

ACF

S
S

3·SaCF=SCFB ⇒

  ⇒ 3(3S+S1)=S2+3S1 ⇒	9S2 (1)

  12
1

2 2
2
1

24
SS

SS
SS

=⇒=
+
+

.

(1)-s gaTvaliswinebiT ⇒= 129 SS
9
2

1

=
S
S

 e.i. xS 2= ; xS 91 =  da xS 182 = .

10
166034 21 =⇒==++= xxSSSS ABC

.

9,2293 1 ==+=+ xSSSS EKCBFK

Seamowme Seni codna

1) a; 2) b; 3) b; 4) a; 5) g; 6) g; 7) b; 8) a; 9) a; 10) g.

V Tavis damatebiTi savarjiSoebi

6. g) 1 2 5 2 2 1 5 2 7
2

2
3

3
- - = - - =-^^ ^h h h ;

d) ( )5 6 14 6 5 4 5 6 3 5 4 5 14 6 5 5 3 5 3+ - - = + - - = + - = + - = .
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VI Tavi

1. wesieri mravalkuTxedebi

reziume:

wina klasSi gavecaniT wesier mravalkuTxedebs, viswavleT wrewirze Semoxazuli wesi-
eri n-kuTxedebis ageba, roca amave wrewirSi Caxazuli iyo wesieri n-kuTxedi.
viciT, rogor avagoT wesieri 2n-kuTxedi, roca gvaqvs agebuli wesieri n-kuTxedi. 
paragrafSi mocemulia davaleba wyvilebisaTvis.
1. gavavloT samkuTxedis gverdebis SuamarTobebi wrewiris mcire rkalebTan gada-
kveTamde. cxadia, miRebuli 6 wertili (sami wertili samkuTxedis wveroebia) iqneba 
wesieri eqvskuTxedis wveroebi. miRebuli 6 wertili mimdevrobiT SevaerToT.
2. Caxazuli xuTkuTxedis wveroebze gavavloT wrewiris mxebebi erTmaneTTan gada-
kveTamde. mxebebis kveTis wertilebi iqneba Semoxazuli wesieri xuTkuTxedis wveroebi.
paragrafSi mocemuli individualuri SekiTxvebis pasuxebi.
WeSmaritia Tu ara, rom:
1) W; 2) mc; 3) mc; 4) mc; 5) W; 6) mc.
SeiZleba Tu ara, rom:
1) ara; 2) ara; 3) ara; 4) ara.

amoxsnebi, miTiTebebi:

1. a) 
2

33
3

2
3 ar

rh

ah =⇒








=

= ra 32=⇒ .

b) a=2r;  g) 
3
32 ra = .

2. a) 
2

3
2
3

2
3

3
2
2

3
aR

RhhR

ah
=⇒










=⇒=

=

3
Ra =⇒ .

b) kvadratze Semoxazuli wrewiris radiusi diagonalis naxevaria, e.i. 2
2
1 aR = , sadac   

Ra 2= .
g) a=R.

3. a) 
3

310
=R  3

35
=r ; b) 25 ; 5.

g) 10; 35 .

4. b) wesieri oTxkuTxedis wveroebma unda gayos wrewiri 4 tol nawilad. gavataroT 
ori urTierTmarTobuli diametri, maTi wrewirTan kveTis wertilebi warmoadgens 
kvadratis wveroebs.
g) Ra =6 ; amitom wrewiris nebismieri a1 wertilidan gadavdoT radiusis toli qorda, 
romelmac wrewiri gadakveTa  wertilSi, Semdeg a2 wertilidan gadavdoT radiusis 
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toli qorda da a.S. cxadia a1 da a2 wertilebi erTmaneTs daemTxveva. miRebuli a1 a2 a3 
a4 a5 a6 eqvskuTxedi iqneba wesieri.

5. ⇒








=

=
⇒




=

=-

6
32 ar

mr

rR
mrR

maam 32
6

3
=⇒= .

6. S
kvadratis

=a2
kv

=54 ⇒ a
kv

63=  33
2

2
=

a
·

3
3aR = ; 93 == Ra ; p=27.

7. 846 =a , 3426
4

3846 2
2

6 ⋅=
⋅

⋅=S .

⇒=⋅==
4

3
3426

2
32

3
aS ⇒⋅⋅= 22 4264a 684=a .

9. 6aR =  72
4

33166
4

36
2

6 =
⋅⋅

=⋅=
RS .

10. ⇒== 325,360sin3 2
6

ORS
6

132 =R .

5,630sin6 2
12 == oRS .

11. rpS nn ⋅=  ( np  perimetris naxevaria). 60=10r ⇒ r=6.

12. n=3 Semoxazuli≡b; Caxazuli≡a. r
a

3

3
= ;  r

b

6

3
= ; 

b
a

2
1

= ;

 n=6; r b

2

3
= ; a=r; 

b
a

2

3
=

13. ⇒=⋅= 3150
4

3
6

2
6

6
aS 1002

6 =a . 106 =a .

15. vipovoT gadakveTis wertili y=x–6 da 6
2
1

+-= xy  wrfeebis: (8;2)

 S=
2
1 ·6 ·2=12.

17. (a+1)3 
7a+4=7a+7–3=7(a+1)–3. saklebic da maklebic iyofa samze, anu sxvaobac iyofa 3-ze.

18. 35–B=44–(9+B), e.i. (9+B)11, magram (a+2)11, e.i. (a+2)+(9+B)=11+(a+B) iyofa 11-ze. e.i. 
(a+B)11.
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2. kuTxis radianuli zoma

reziume:

sasurvelia, wina dRes davavaloT moswavleebs moitanon Zafi, danayofebiani saxazavi 
da fargali.
davaleba: daxazeT koncentruli wrewirebi, aiReT raime centraluri kuTxe, TiToeuli 
wrewirisaTvis gazomeT am centraluri kuTxis Sesabamisi rkali da ipoveT am rkalis 
sigrZis Sefardeba radiusis sigrZesTan. miRebuli Sedegebi SeadareT erTmaneTs.

amoxsnebi, miTiTebebi:

7. 125!=1·2·3······125.

davTvaloT Tanamamravl 5-ebis raodenoba. 5-is jeradi 1-dan 125-mde aris 
5

125
, 25-is 

jeradi 
25

125
; 125-is jeradi ki 1, e.i. Tanamamravli 5 iqneba 25+5+1=31. e.i. namravli bo-

lovdeba 31 nuliT.

8. a) )4(4 45 +=+ nnnn  4n -is 5-ze gayofia naSTebia 0, 1 anu an n iyofa 5-ze, an n4+4.

b) )1( 2 -nn  iyofa samze, Tu n iyofa 3-ze, an n2–1 iyofa 3-ze. n2-s samze gayofis naSTebia 
0 da 1. 0-ia Tu n=3   k , e.i. an n  3 an (n2–1)  3.

9. 
2

2 1
)(

4








-
+

=+
-

=+
nm
nm

nm
mnnm .

3. segmenti. segmentis farTobi

reziume:

gakveTili iwyeba paragrafis dasawyisSi mocemuli, wyvilebisaTvis gankuTvnili sa-

muSaoTi. S
wr

2Rp= ; aRd == 2
kv

2 ·   a
kv

2R= .     S
kv

=2R2.
S

wr 
– S

kv 
=R2(�–2). individualuri SekiTxvebis pasuxebi:

marTalia Tu ara, rom:
1) ara; 2) ara; 3) ki; 4) a) tolferdaa; b) marTkuTxaa.

amoxsnebi, miTiTebebi:

1. a) S
seg )40sin

2
1

9
(40sin

2
140

360
22

2
 -=-=

pp RRR .

5. )
2
11(2120cos22 2222 +=-=⇒∆ RRRaABC  =

3
3

2
22 aRR =⇒= .

S
seg 12

3
92

3
32

1
3

120
360

2222 aaaa
-=⋅-⋅⋅=

pp
.

8. usg (x;y)≡k. x=ka da y=kb.
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2k3a3=k4b4 ⇒ 2a3=kb4. vTqvaT k=2, maSin a3=b4, aviRoT a=m4 da b=m3; x=2m4, y=2m3.
m=1, maSin x=y=2.
m=2, maSin x=32; y=16.

9. ⇒=
++

⇒-=+ 022
21

21
2

2
2

1

1

2

2

1

xx
xxxx

x
x

x
x 00)( 21

2
21 =+⇒=+ xxxx . e.i. a–3=0 anu a=3

5221 =+=⋅ axx .

10. 3
2

1
1

21

21
1

21 =⇒







-

=⋅

=⋅
⇒= - mmxx

xx
xx . 5221 =+=+ mxx .

11. ∆aOB marTkuTxaa, ∠CaO=135° ⇒ ∠a=∠B=45°. maSasadame, BC wrfis gantolebaa y=x+b 
(k=1). CavsvaT C wertilis koordinatebi, 6=b+2 ⇒ b=4, e.i. y=x+4. anu wrfe y RerZs kveTs 
y=4 wertilSi, anu samkuTxedis kaTetebis sigrZea 4 da S=8.

VI Tavis damatebiTi savarjiSoebi

1. ara, radgan gantoleba 


145)2(180
=

-
n
n

 ar ixsneba mTel ricxvebSi.

2. n=5, diagonalebis raodenobaa 5
2

)3(
=

-nn .

3. 186 =P sm 36 ==⇒ Ra sm.

4. 36sin2436sin2 55 =⇒= aRa O , e.i. 36sin120=P .

5. ⇒=⇒=
nn

Ran

 180sin3812180sin2
2
3180sin =

n



.

cxadia, 360180 0
0

=⇒= n
n

.

6. 186 == Ra sm. wrewirSi Caxazuli kvadratis diagonali wrewiris diametris tolia, 

e.i. 218362 44 =⇒= aa , e.i. 272=P sm.

7. l=36�=2�R ⇒ R=18. 60°-ian rkals Wimavs radiusis toli qorda, anu qordis sigrZea 
18.

8. raar 32
6

3
=⇒= . 2

22

33
4

334
4

3 rraS =
⋅

== .

9. wesier samkuTxedSi Caxazuli wrewiris radiusia 
6

3a
 e.i. wesier eqvskuTxedze 

Semoxazuli wrewiris radiusia Ra =⋅= 63
32

6
34 . 18

16
3166

4
36

2

=
⋅

⋅=⋅=
aS .

10. 
3

8
3
21645sin4 22

8 =⇒=⋅= RRS  .

6
2
3

3
8

2
3120sin

2
3 2

3 =⋅⋅=⋅= RS .
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11. 2621830sin6 22
12 =⇒=⋅= RRS  .

24
2
226445sin4 2

8 =⋅=⋅= RS .

12. 
3

3162460sin3 22
6 =⇒=⋅= RRS   S

wr
p

3
316

= .

13. 58

7
sin2

7
sin582

77
cos582

7
2

7

7

=⇒










=

⋅⋅=⋅⋅=⋅⋅=
R

Ra

tgtgra

p

pppp

.

14. wesieri TormetkuTxedis SDiga kuTxea 




150
12

10180
=

⋅ , e.i. 30=∠BAK .

4
3aAKABK =⇒∆   e.i. wesieri eqvskuTxedis

gverdi 
2

3
4

32 aaaaAD +=⋅+= .

15. a) R=a 
36

2 aR ⋅
==
pp

 ;  b) 
2

2 22 aRaR =⇒= , e.i. 
4

2
4

2 aR ⋅
==
pp

 ;

g) 
3

3 aRRa =⇒= . 
9
32

33
2

3
2 aaR ppp

=== .

16. wrewiris radiusi iyos R, maSin Caxazuli kvadratis gverdi 2Ra = , perimetri ki 

RP 24= .

242
55242
-

=⇒+=
p

p RRR . 
22

52
-

==
p

ppR .

17. O wertili aris C kuTxeSi Caxazuli wrewiris 
centri, amitom is mdebareobs C kuTxis biseqtri-
saze, e.i. aC:CB=3:4 anu aC=3x; CB=4x; aB=5x=35, anu 
x=7, e.i. aC=21; CB=28. cxadia KOPC oTxkuTxedi 
kvadratia, anu OK=r.

∆aKO~ 12
35
15

28
=⇒=⇒=⇒∆ rr

AB
AO

CB
OKACB .

KP
r

4
2

6
r

r= ={ .

18. 
p

p
2

2 
 =⇒= RR , 

pp
pp

44

2

2

2
2 

=== RS .
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21. heronis formuliT miviRebT 8487621 =⋅⋅⋅=S .

42184 =⇒⋅=⇒= rrprS . 
pp

pp
44

2

2

2
2 

=== RS .

8
65

844
151413

4
=

⋅
⋅⋅

==
S

abcR 2

2
2

8
65 pp =⇒ R

1024
4225

32
65 2

2

2

=





=

r
R
p
p

.

2 2 .   2025162 =⇒⋅= aa . 151692 =⇒⋅= bb .

 5
2

=
-+

=
cbar . pp 252 == rS . p25=S m2.

23. 21224 =⇒⋅=⇒⋅= rrrpS .

⇒-=
-++

=
-+

= cpccbacbar
2

2
2

10122 =⇒-= cc , R=5, pp 252 =R . S=25�sm2.

24. 
2
552 =⇒= RR pp .

 aC≡c=2R=5

 12
25

4927
222

22

=⇒





==+

=++⇒=+
ab

cba
abbaba

=S.

25. 6565 22 =⇒== RRS pp ; 6544 22 ⋅== Rc  (ix. N24-s naxazi).

654
222

222

222

⋅==+

=++

cba
abba  a

ba
ab

⇒



=+

=
⇒

22
108

 da b aris x2–22x+108=0 gantolebis amonaxsnebi.
              pasuxi: 8 da 14.

26. 




=
=+
40

13
ab

ba





=
=

⇒
5
8

b
a

892 =⇒ c . 
4

89
4

2
2 ppp ===

cRS .

27. radgan rombis gverdi mcire diagonalis tolia, e.i. rombis maxvili kuTxea 60°. 

3
2

2
3 2

222 RaRaS pp =⇒== Ra
3

2p
=⇒ .

28.   

⇒=⇒









=⇒=

===

pap
p

p

pa 8
sin

34
33

8
sin
4

22

2

rr

rahS
60

2
3sin =⇒= aa
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29.      ∆aBK ⇒ BK=5
      aK·KC=BK·KD
      

10
169)52(5122 =⇒-⋅= RR

      pp 61,2852 == RS sm2.

30.    1524339
6

3
>===

aOK

    e.i. aris 15 koncentruli wrewiri, romelTa centria 

    O da romlebic aBC samkuTxedis SigniTaa moTavsebuli.

31.       radgan trapeciaSi wrewiri Caixazeba, e.i.

       BC+aD=4x. S
tr

=2x2, S
wr 4

2
2 xR pp ==

       S
wr

: S
tr 824 2

2 pp
=

⋅
=

x
x

.

32.     15xADABD =⇒∆ ; 215xS =∆

     xRxRxxx 8)2(1515 =⇒-=⋅⋅⋅

     S
wr

264 xp= . S
wr

:S∆
15:64p= .

33. radgan trapeciaSi wrewiri Caixazeba, amitom fu-

Zeebis jami tolia ferdebis jamis e.i. aB=CD=40 
∠a=30°, ∆aBK ⇒ BK=20 ⇒ r=10.

 S=�R2=100�.

34. radgan aBCD trapeciaSi wrewiri Caixazeba, amitom 
aB+CD=BC+aD. radgan wrewiri Semoixazeba, trapecia 
tolferdaa, anu aB=CD=2, ∆BKD	⇒ BK= 3⇒BD 7= .
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aBCD trapeciaze Semoxazuli wrewiri aBD-zec aris Semoxazuli, amitom

3
7

2
334

732
=

⋅

⋅
=⇒∆ RABD . pp

3
72 == RS .

35.     
2

2

2
1

2
2

2
1

2

1

R
R

R
R

S
S

==
p
p .

     
⇒-+=⇒∆ oRRRRRABC 120cos2 11

2
1

2
1

2
2

     ⇒ 3:1:3 2
2

2
1

2
1

2
2 =⇒= RRRR .

36.  S
rg

=S1–S2=�62–�42=20�.

38. wrewirebi koncentrulia S
a a a
3

3

6

3

4

2 2 2

r r r= - =c cm m .

39.     
3
4

2

2

=⇒∆
r
RAOK .

     3:4:: 2222 == rRrR pp .

41.  Oa=OB=R ∠O=60°.

  (O1;r) wrewiri OMN samkuTxedSia Caxazuli, misi

  simaRlea R, e.i. 
3
Rr = .

42.    
OACOADC SSS -= (seqt) )

4
1(

4
2

2
2 pp

-=-= RRR .

43. BK||OO1. aK=2r  BK=OO1=4r,

 e.i. ∠aKB=60°. e.i. ∠O=60°. ∠O1=120°.

 3232 rrrAB == . S=SaOO1B–So(seqt)

 
–SO1(seqt) )

6
1134(

6
1134 2

2
2 pp

-=-= rrr .
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44. 
236

222
2 RRRRS pppp =--= .

45. 
)2(2

4
2 -
==

p
aR . 8

)2(2
)2(16

2
16

)2(2
1622 =

-
-

=
-

-
-

=-=
p
p

pp
pp aRS .

46. didi wris farTobis naxevaria 
2

)( 2rR +p
.

 patarebis jamia 
22

22 rR pp
+ .

 ganv. RrCBACCD
D
ABD

4
90

2 =⋅=⇒




=∠

∆


.

==
+

-
+

= RrrRrRS 2
22

)(
2

)( 222 ppp 2

4
4

4
CDRr pp

=

VI Tavis testi

I varianti

1. eqvskuTxedi. 2. m-kuTxedi. 3) a) n=4;  b) n=3. 4. 5. a) wesieri mravalkuTxedis yvela 
gverdi ar aris toli (mcdaria), b) wesieri mravalkuTxedi ar aris Caxazuli, an ar aris 
Semoxazuli (mcdaria), g) wesier n-kuTxeds ar aqvs n simetriis RerZi (mcdaria). 6. a=120°.

8. )12(450 + . 9. o36sin2
5

. 10. 12 sm.  12. 120°-iT. 13. 15. 14. marTalia. 15. aqvs.

II varianti

1. xuTkuTxedi. 2. n-kuTxedi. 3) a) n=3;  b) n=6; g) n=3. 4. an<am.  5. a) wesieri mravalkuTxedis 
yvela kuTxe toli ar aris (mcdaria), b) wesier mravalkuTxedze Semoxazuli da Caxazuli 
wrewirebis centrebi erTmaneTs ar emTxveva (mcdaria), g) Tu wesier mravalkuTxedis 
gverdebis raodenoba luwia, maSin mas ar aqvs simetriis centri (mcdaria).

6. marTi. 8. 800 2 1+ . 9. o36sin2
3

. 10. 8 sm. 12. SeiZleba 60°. 13. 16. 14. marTalia. 15. ara.
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VII Tavi

2. logikuri msjeloba

reziume:

moswavlem unda SeZlos logikuri msjelobis eiler _ venis diagramis saxiT gamosaxva. 
paragrafSi mocemuli wyvilebSi gadasawyveti amocanebisaTvis mivuTiToT aagon venis 
diagramebi.

 1. a _ a elementebis simravle, B _ b el-

ementebis simravle, C _ c elementebis 

simravle, e.i. msjeloba sworia.

2. e.i. ∅=∩ BC . SesaZlebelia

 ⇒⊂ AC  msjeloba mcdaria.

 3. ⇒∅=∩ AC  msjeloba arasworia.

amoxsnebi, miTiTebebi:

1. a)      b)

g)      d)

2.

mascavleblis cigni_X_kl._cor.indd   77 02.07.2012   13:31:23



78

3. SeEsaZloa. magram araaucilebeli, e.i. ar gamomdin-
areobs.

4. a)      b)

  mcdaria;     sworia.

g)      d)

  sworia     mcdaria
       

5. b)     
     nini ar aris me-10 klaseli.

d) ivane SesaZloa qarTveli iyos.

6. a)       b)

  e.i. mcdaria      e.i. mcdaria.
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g)       d)

  e.i. mcdaria    

         e.i. mcdaria.

8. davweroT aB wrfis gantoleba y=kx+b, cxadia, 
b=1. miviReT y=kx+1. gadia (–2;0) wertilze 0=–2k+1 → 
k=0,5. y=0,5x+1. B wertilis koordinatebia (2;y1) ⇒ 
y1=2. maSasadame BC=2.

 










=⋅⋅=

+==⋅⋅=

112
2
1

442
2
1

1

1

S

SSS ABC
3=⇒ S

.

9. naturaluri ricxvis kvadratis 3-ze gayofis SesaZlo naSTebia 0 da 1, x2+y2=z2. toloba 
rom Sedges, amisaTvis x-is da y-is erTi naSTi mainc unda iyos 0. (0,1)+(0,1)=(0,1). r.d.g.

10. x da y-dan erTi mainc iyofa 3-ze (ix N9), 4-ze gayofis SesaZlo naSTebia 0, 1 e.i. 
(0,1)+(0,1)=(0,1) toloba rom Sedges marcxena mxares erTi mainc noli unda iyos. maSasadame 
x da y ricxvebidan erT-erTi iyofa 4-ze. I da II daskvnidan gamomdinareobs, rom xy12.

2. operaciebi gamonaTqvamebze

reziume:

gavaxsenoT moswavleebs ra aris gamonaTqvami, sawinaaRmdego gamonaTqvami, ra SemTx-
vevaSia WeSmariti „an“ da „da“ kavSiriT SeerTebuli rTuli gamonaTqvami. unda SeZlon 
aseTi gamonaTqvamis sawinaaRmdego gamonaTqvamis Camoyalibeba.

amoxsnebi, miTiTebebi:

6. a) 2 ar aris racionaluri ricxvi; b) 8≤4; g) 9>5;
d) arseboben 3-is arajeradi naturaluri ricxvebi;
e) arc erTi naturaluri ricxvi ar iyofa 5-ze;

10. a) an 12 ar iyofa 3-ze, an 8 ar iyofa 5-ze;
g) xval an ar iwvimebs, an yinva ar iqneba;
d) xval arc iwvimebs da yinvac ar iqneba.
e) arc gudaurSi waval da arc bakurianSi.
v) nika arc TeatrSi wava da arc fexburTze.
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11. giorgis da sabas pasuxebi sawinaaRmdego gamonaTqvamebia, amitom Tu erTi WeSmari-
tia, maSin meore mcdaria da piriqiT.

1) vTqvaT giorgis naTqvamia WeSmariti, maSin danarCe-
nebi tyuis. e.i. Tu mina sabam gatexa, maSin lukas naTq-
vami swori gamodis.

2) vTqvaT sabas naTqvamia swori, e.i. sworia, rom mina 
sabam ar gatexa. maSin radgan lukas naTqvami mcdaria, 
amitom mina lukas gautexavs. aseve mcdari gamodis 
nikas naTqvamic.

    pasuxia: luka.

12. OL=OK ⇒ K(0;4) da L(0;–4). M wertilis koordinatebia M(x1;4) da radgan M wertili 

y=2x–4 funqciis grafikze mdebareobs, amitom ⇒



=

==⇒-=
8

4424 11

KL
KMxx

S=
2
1 8·4=16.

13. Sa=x(10–2x)=–2x2+10x=y.

5,2
4

10
0 =

-
-

=x

10–2x=5 marTkuTxedis gverdebia 2,5 da 5.

14. CB=2x daStrixuli nawilis farTobi tolia:

=+-=---= )122(
2

))6(36(
2

222 xxxxS pp

= )6( 2 xx +-p . dxy 62 +-=  6x.
funqcia udides mniSvnelobas iRebs, roca 

3
2
6

0 =
-
-

=x . maSasadame, BC=6.

3. implikacia. ekvivalencia

reziume:

moswavleeblebma unda SeZlon, rom mocemuli ori gamonaTqvamidan Seadginon implika-
cia. yuradReba unda gamaxvildes imaze, rom a→B implikaciis SemTxvevaSi ar aris 
aucilebeli maT Soris mizez-Sedegobrivi kavSiris arseboba. magaliTad a: „everesti 
saqarTveloSi mdebareobs“, B: „Tbilisi saqarTvelos dedaqalaqia“. marTalia a da B 
winadadebebi erTmaneTTan aranair kavSirSi ar aris, miuxedavad amisa, a→B WeSmaritia 
da B→a mcdari. moswavleebs yuradReba unda gavumaxviloT imaze, rom a←B, rom a↔B 
iqneba WeSmariti, Tu erTdroulad WeSmaritia a→B da B→a implikaciebi.
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a)

amoxsnebi, miTiTebebi:

3. b) Tu wertili kuTxis biseqtrisaze mdebareobs, maSin igi Tanabradaa daSorebuli 
kuTxis gverdebidan.
e) Tu adamiani lamazia, maSin is keTilia.

5. miTiTeba: SeadgineT WeSmaritul mniSvnelobaTa cxrili.

7. a) ricxvi iyofa 12-ze da ar iyofa 3-ze.

g) ekam unarebSi 85 qula daagrova, magram vauCeri ver aiRo..

8. a) Tu irina qera araa, maSin is evropeli ar aris.
b) Tu bavSvi skolaSi dadis, maSin misi asaki 6-ze naklebi ar aris.

9. vTqvaT saZiebeli manZilia O1C=x km da sxeulis masa, romelic C wertilSia moTavse-

buli iyos m. meqanikis kanonis Tanaxmad 
2

1
1 x

mmkF = , sadac k proporciulobis koefici-

entia, aseve mTvarisken mizidulobis Zala iqneba 2
2

2 )( x
mm

kF
-

=


, 51084,3 ⋅≈ km, pirobiT

21 FF = ⇔ q
m
m

x
x

≡=
- 2

1
2

2

)(
,  q=81,5. ⇒±=

-
q

x
x



5
1 1046,3

1
⋅≈

+
=

q
q

x


(km).

5
2 1032,4

1
⋅≈

-
=

q
q

x


km. e.i. OO1 wrfeze arsebobs ori iseTi C da C1 wertili, sadac 

sxeulze moqmedi mizidulobis Zalebi erTmaneTs utoldeba.

4. logikuri gamomdinareoba

reziume:

es gakveTili sasurvelia Catardes integrirebul gakveTilad fizikis maswavlebelTan 
erTad. N8 da N9 amocanebi, romelic gankuTvnilia jgufuri mecadineobisaTvis fizikis 
maswavleblis daxmarebiT gadawydeba. sasurvelia Tu me-9 amocanis amoxsnis Semdeg Ca-
tardesa Sesabamisi cda. moswavles unda SeeZlos ganasxvavos logikuri gamomdinareoba 
da implikacia, ekvivalencia da eqvivalentoba.
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amoxsnebi, miTiTebebi:

1. a) W;  b) mcdaria, mag. Tu m=4,5; g) W; d) W; e) W.

3. a) (a3), maSin a=3k da a2=9k2, e.i. a2 9.

piriqiT, Tu a2 9, maSin a2=9k2; e.i. a=3k da a3.

g) Tu 13a5, radgan u.s.g. (13;5)=1, amitom a5,
Tu a5, ⇒ a=5k ⇒ 13a=13·5k ⇒ 13a5.

5. a) Tu kuTxeebi vertikaluria, maSin isini tolia. b) Tu samkuTxedi tolgverdaa, maSin 
misi kuTxeebi tolia.

10. samkuTxedis perimetri iyos x, maSin kvadratis iqneba a–x.

SSS += 2 =
+-

+
⋅

=





 -

+





=

16
2

49
3

44
3

3

22222 xaxaxxax x a ax x

9 16

4 3 9 18 9
2 2 2

$
+ - +

=

169
918)349( 22

⋅
+-+

=
aaxx

22 918)349( aaxxy +-+=  funqcia umcires mniSvnelobas iRebs, roca

aax
349

9
)349(2

18
0

+
=

+
= . aaaaaa

349
34

349
9349

349
9

+
=

+

-+
=

+
- .

mavTuli iWreba samkuTxedisTvis a
349

9
+

 da kvadratisTvis 
349

34
+

a .

11. a) x2+(2–a)x–a–3=0
x1+x2=a–2
x1·x2=–(a+3)

⇒++=-=+ 21
2

2
2

1
22

21 2)2()( xxxxaxx

426244)3(2)2( 2222
2

2
1 +-=+++-=++-=+⇒ aaaaaaaxx .

422 +-= aay  funqcia minimalur mniSvnelobas iRebs 1
2
2

0 ==a , a=1;

b) x2+(1+2a)x+a2–1=0

=--+=-+=+ )1(2)21(2)( 22
21

2
21

2
2

2
1 aaxxxxxx 1+4a+4a2–2a2+2=2a2+4a+3.

1
4
4

0 -=
-

=a , a=–1.

5. amocanebi albaTobis Teoriidan

reziume:

SesaZlebelia es gakveTili Catardes, rogorc integrirebuli gakveTili fizikis mas-
wavlebelTan erTad. Catardes Sesabamisi cdebi. amave Temaze SesaZloa me-2 gakveTilis 
Catarebac ukve biologiis maswavlebelTan. SesaZloa kidev sxva sakiTxebis ganxilva 
biologiidan (ix. sanimuSo gakveTilis scenari). moswavleebs SevaxsenoT ZiriTadi 
cnebebi da ganmartebebi albaTobaTa Teoriidan.
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amocana 1.
yvela SesaZlo xelSemwyobi SemTxvevebi iqneba:









--
++

, 







-+
++

, 







+-
++

. aseve Tu adgilebs SevucvliT striqonebs gveqneba kidev 3 

SemTxveva da kidev me-7 







++
++

. sul Svidi.

wyvilebSi: a) 
16
1

; b) paraleluri SeerTebaa, e.i. sakmarisia erTSi mainc gadiodes deni, 

amitom 
16
15)( =→ BAP .

amocana 2.
saxelosno gaiTiSeba, Tu moxdeba a an B1, B2 da B3 erTdroulad. e.i. 321 BBBAC += .

).( 321321321 BBBABBBABBBAC ++⋅=⋅=+=

amocana 3.
-++=∪∪ )()()()( CNBNANCBAN -∩-∩ )()( CANBAN )()( CBANCBN ∩∩+∩ .

amoxsnebi, miTiTebebi:

3. davTvaloT im ricxvebis raodenoba, romlebic iyofa an 2-ze, an 3-ze, an 5-ze.

 -++=∪∪ )()()()( CNBNANCBAN
 -∩-∩ )()( CANBAN )()( CBANCBN ∩∩+∩ .

 74
30
90

15
90

10
100

6
96

5
100

3
99

2
100

=+---++= , e.i. ar iyofa 2-ze, 

an 3-ze, an 5-ze 26 ricxvi.

5. 7·5=35.

6. gadavnomroT ujrebi. 1,2, . . . 64. kentebiT Savebi, luwebiT TeTrebi. wyvilebi iqneba 
(1,2), (1,4) . . . (1,64) . . . (63,64) e.i. 1024322 = .
b) sul 32 TeTri ujraa. yoveli dawyvileba yovelTan e.i. 496

2
3132

=
⋅

. aseve Savebic e.i 
2·496=992.
7. 4·3·2·1=24

2
=12.

8. kv — 









------
-------
----

31103
3092
29221581

 P(5
kv 7

3) = .

9. 

 840
1

2
1

3
2

4
1

5
3

6
1

7
1

=⋅⋅⋅⋅⋅=P
.
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11. a) 321 AAA ;  b) A A A1 2 3$ ;  g) 321 AAA ∪∪ ; d) 321 AAA .

16. P (erTi mainc momgebiania 7,0
256
175

4
31)(1)

4

4321 ≈=





-=⋅⋅⋅-= AAAAP .

18.  P(erTi feris
10
1

4
1

5
2

6
3

4
1

5
2

6
3) =⋅⋅+⋅⋅= .

20. S
gv =-+-=-+-⋅= )]25()15([4)]250()230([2 xxxxxxxx

 ]402[4]2515[4 222 xxxxxx +-=-+-= .

 xxy 402 2 +-=  funqciis mniSvneloba maqsimaluria, 

     roca 10
4
40

0 =
-

=x .

6. statistikis elementebi

reziume:

moswavlem unda SeZlos ipovos variaciuli mwkrivis moda, mediana, saSualo. gabnevis 
diapazoni, saS. kvadratuli gadaxra, dispersia. SeZlos Seadginos mocemuli monace-
mebis Sesabamisi diagramebi: svetovani, wertilovani, wriuli. Seadginos sixSireTa da 
fardobiT sixSireTa histograma. SesaZlebelia es gakveTili Catardes integrirebul 
gakveTilad geografiis maswavlebelTan erTad. sasurvelia Tu gakveTilze iqneba erTi 
mainc kompiuteri, moswavleebs eqnebaT saSualeba moiZion informacia mag. planetebis 
masis, kontinentTa mdinareebis, qveynebis mosaxleobis Sesaxeb da Seadginon Sesabamisi 
diagramebi kompiuterSi.

amoxsnebi, miTiTebebi:

6. intervalSi moqceuli monacemTa mniSvnelobebi SesaZlebelia gaigivdes am inter-
valis Sua wertilTan.
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SevadginoT cxrili:

       4,44
25

1110
==x .

7. g) 9830
12

142122927268102
≈

⋅+⋅+⋅+⋅+++⋅  lari.

d) zafxulSi — 7+12+14=33, zamTarSi — 9+10+8=27.

%22%
9

200100
27

2733
≈=⋅

-
-iT.

9.  y=kx+b a(4;18)
     18=4k+b b=18–4k e.i.   y=kx+18–4k.
gavutoloT x2=kx+18–4k
  x2–kx+4k–18=0      D dadebiTia.
  y1 + y2 = x1

2 + x2
2 = (x1+x2)

2–2x1x2 = k2–8k+36
  umciresia, roca k=4    b=2    y=4x+2.

Seamowme Seni codna

1. b; 2. a; 3. g; 4. a; 5. g; 6. d; 7. a; 8. a;    
9. a) 186100kv.km; b) ≈80,5%; g) ≈55%; d) 171000 kv.km

VII Tavis damatebiTi savarjiSoebi

1. a) erTi mainc ixvi Wrelia;

b) arc erTi ixvi ar aris Wreli;

g) erTi mainc ixvi ar aris Wreli;

d) ixvi arc Wrelia da arc dafrinavs;

e) ixvi an Wreli ar aris an ar curavs.
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2. a) Tu nika studenti ar aris, maSin is universitetSi ar swavlobs;

b) Tu moswavle kargad ar swavlobs, maSin is bejiTi ar aris;

g) Tu ricxvi ar iyofa 36-ze, maSin is ar iyofa an 4-ze an 9-ze.

d) Tu nino arc megobrebTan ar wava da arc kinoSi, maSin xval mziani amindi ar iqneba.

3. 
35
2 .

4. p= 3
10.

5. aseTi nomrebia: 14, 23, 32, 18, 27, 36. e.i. 
30
6

=p .

6. 
5
2

5
2

6
1

7
2

6
2

7
2

7
2

=⋅⋅+⋅+=p .

10.  a) 186100;     b) %80100
86600
69700

≈⋅ ;  

 g) %55100
45100

4510069700
≈⋅

-
;  d) 171000.

T

T

T

w

w

S

S

2
7

2
6

2
5

2
7

1
6
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VIII Tavi

1. perioduli funqcia

reziume:

moswavleebi icnoben funqciis zogierT Tvisebas — zrdadoba-klebadobas, luw-ken-
tobas, udides, umcires mniSvnelobebs... gavacnoT maT funqciis erT-erTi saintereso 
Tviseba — perioduloba. gavaxsenoT maTTvis nacnobi perioduli funqciebi — nebis-
mieri mudmivi funqcia, {x}, saaTis isris moZraoba da a.S.

amoxsnebi, miTiTebebi:

2. dirixles funqcia periodulia da misi periodia nebismieri racionaluri ricxvi.

r∈Q ⇒ 
Tu

Tu

,

,

x r Q x Q

x r I x I

d d

d d

+

+
=  e.i. 

Tu

Tu

( ) ( ),

( ) ( ),

f x f x r x Q

f x f x r x I

1

1

d

d

= = +

=- = +
= .

6. a) y=x2–x [0;1]
f(2)=f(0)=0
f(1,5)=f(0,5)=0,25–0,5=–0,25.

f f f13
6
1

13
6
1

14
6
5

36
5

- = - + = =-` ` `j j j .

b) y=y3–x2 [0;1].

f(2)=0 f(1,5)=
8
1

- ; f 13
6
1

256
25

- =-` j .

7. f(–10)=f(–10+4·3)=f(2)=10.

8. f(–19)=–f(19)=–f(3+16)=–f(3)=–7.

9. f(–8,3)=–f(8,3)=–f(2,3+6)=–f(2,3)=–2.

10. f(x+4)=f(x+2+2)=–f(x+2)=f(x).

11. vaCvenoT, rom f(x) funqcia periodulia mocemuli f(x+2)=
( )

( )

f x

f x

1

1
-

+
, e.i.

f(x+4)=f(x+2+2)=
( )

( )

( )

( )

( )

( )

( )f x

f x

f x

f x

f x

f x

f x1 2

1 2

1
1

1

1
1

1

1
- +

+ +
=

-
-

+

+
-

+

=- .

f(x+6)=f(x+4+2)=
( )

( )

( )

( )

f x

f x

f x

f x

1 4

1 4

1

1
- +

+ +
=

+

- .

f(x+8)=f(x+6+2)=
( )

( )
( )

f x

f x
f x

1 6

1 6
- +

+ +
= . e.i. f(x)-is periodia 8.

f(2000)=f(8)=f(2+6)=
( )

( )

f

f

2 1

2 1
+

- =0,5.

16. 
x y z

x y z

6 4 7 1

4 2 5
3
2

+ + =

+ + =
*   

2 2 2x y z

x y z

3
1

6
1

+ + =

+ + =
. e.i.  6 sT-Si.
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2. sinusis da kosinusis ganmarteba

reziume:

moswavleebi icnoben trigonometriuli funqciebis ganmartebas da mniSvnelobebs sam-
kuTxedis kuTxeebisTvis. SevecadoT maTTvis gasagebi gaxdes am funqciaTa ganzogadeba 
nebismieri kuTxisTvis jer gradusuli da Semdeg radianuli zomebisaTvis.

amoxsnebi, miTiTebebi:

4. mag. 180° da –180°; 360° da –360°,  SesaZlebelia mxolod RerZze.

5. T) –30°+360°·n n∈Z.

6. sasurvelia, rom mniSvnelobebi moswavleebma zepirad icodnen.

9. a) 45°+180°·n; b) –45°+180°·n.

12. moswavleebma unda gaiazron, rom am davalebis Sesrulebisas ar iTxoveba kuTxis 
gradusuli zomis povna. unda dadgindes, rom |sina| mniSvneloba ar aRemateba 1-s.

17. utolobis samarTlianoba SeiZleba vaCvenoT wrewirze samkuTxedis utolobiT.

20. tolgverda samkuTxedis gverdi aRvniSnoT a-Ti, marTkuTxedis meore gverdi x-iT, 

maSin perimetri toli iqneba 3a+2x=10. x a
2

10 3
=

- . farTobi

S(a)= ( ( ) )
a

ax
a a a

a a a a a
4

3

4

3

2
10 3

4
1

3 20 6
4
1

6 3 20
22 2

2 2 2
+ = +

-
= + - = - - +^ h .

vipovoT miRebuli kvadratuli funqciis wvero 
( )

( )
a

2 6 3

20
33

10 6 3
0 =

- -

-
=

+
.

x=5– ( )

2
3

33

10 6 3

11

25 5 3
$

+
=

-
.

22. –n2+11n–28=0, roca n=4;7, e.i. Tu n=5;6 mimdevrobis wevrebi naturaluria.

3. sin da cos funqciebis zogierTi Tviseba

reziume:

trigonometriis Seswavlis procesSi erT-erTi mTavari momentia, moswavlem kargad 
gaiTavisos trigonometriuli wrewiri. xedavdes trigonometriul funqciaTa Tvise-
bebis samarTlianobas, rogorc wrewirze, iseve am funqciaTa Sesabamis grafikebze.

amoxsnebi, miTiTebebi:

1. savarjiSDos mizania, moswavlem icodes trigonometriul funqciaTa niSnebi meo-
Txedebis mixedviT.
g) sina·cosa<0, e.i. sin da cos funqciebs unda hqondeT sxvadasxva niDSnebi, es ki xdeba II da 
IV meoTxedebSi.
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4. z) sin5°cos95°<0
sin5°>0, e.i. sin5°cos95°<sin5°.

6. mivaqcioT yuradReba rom jer gamoiyenon luw-kentoba da Semdeg gamoyon periodi.
i) cos(–2220°)=cos2220°=cos(6·360°+60°)=

2
1 .

7. a) ar SeiZleba, orive funqciis maqsimaluri mniSvneloba aris 1 da es mniSvneloba ar 
miiRweva erTi da igive argumentis dros.

8. a) sin3x=sin(3x+360°)=sin3(x+120°) e.i. T0=120°.
b) cos2x=cos(2x+360°)=cos2(x+180°) T0=180°. sasurvelia, Tu klasi amis saSualebas gva-
Zlevs, davanaxoT zogadad, rom sin(kx+b) da cos(kx+b) funqciaTa umciresi dadebiTi 

periodia 
k

360c .

9. d) –1≤m2–2≤1 
1≤m2≤3   ( )( )

( )( )

m m

m m

3 3 0

1 1 0

#

$

- +

- +
) .

v) aseTi m ar arsebobs.

11. a) sin
x

1
4

1# #- , e.i. sin
x

2 2
4

2# #- .

16. a(a–b+c)=a·f(–1)<0
e.i. a-s da f(–1) sxvadasxva niSnebi aqvs, es ki niSnavs, rom D>0.

4. tgα da ctgα funqciebi da maTi Tvisebebi

amoxsnebi, miTiTebebi:

18. a) tg2x=tg(2x+180°)=tg2(x+90°) T0=90°.

d) tg x tg
x

tg
x

2 2
180

2
360

c
c

= + =
+` j  T0=360°.

19. a=
a4

12
-

-
 a2–4a–12=0 a=6; –2.

20. S = x(5–x) = –x2+5x x0=2,5.  kvadratia 2,5 gverdiT.

–1 1 33-
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5. ricxviTi argumentis trigonometriuli funqciebi

reziume:

moswavles unda SeeZlos ricxvis mdebareobis gansazRvra wrewirze meoTxedebis mixed-
viT. ricxviTi argumentis niSnis dadgena. unda icodes kuTxis gradusul da radianul 
zomas Soris kavSiri da SeeZlos erTis meoreSi gadayvana da piriqiT, unda SeeZlos 
yvela im kiTxvaze pasuxis gacema, rac mocemulia paragrafSi wyvilebSi samuSaod.

amoxsnebi, miTiTebebi:

4. a) 5 wT-Si wuTebis isari gadis 30°–s anu sruli wrewiris 
12
1 -s, e.i. 

6
2

3
r r
= .

7. d) n=8 
8

180 6c- =135°.

12. b.
1) n2–n–5=1
    n2–n–6=0  n=2;
2) n2–n–5=7
    n2–n–12=0 n=4;
3) n2–n–5=–11
    n2–n+6=0  n=∅.

13. an=n2–n–12

n0= 2
1 , e.i. umciresia a1=–12. udidesi ar arsebobs.

14. gemis siCqare — x
mdinaris siCqare — y=tivis siCqares.
pirobis Tanaxmad, 3(x+y)=4(x–y). saidanac x=7y.

tivi a-dan B-mde 3(x+y) manZils gaivlis 
( )

y

x y

y
x3

3 1
+

= +` j=3·8=24 (sT).
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6. trigonometriuli gantoleba
reziume:

davanaxoT moswavleebs sinx=a da cosx=a gantolebebis amoxsnebi wrewirze. jer gansaz-
Rvron a parametris mniSvnelobebi, romelTaTvisac gantolebebs amoxsna eqnebaT, 

Semdeg etapze davawerinoT amonaxsnebi cal-calke. magaliTad, sin x
2
1

= ; x n
6

2
r

r= +  

da 2x n
6
5r

r= + , Semdeg am pasuxebis gaerTianebiT miRebuli formula. analogiurad 
cosx=a-sTvis.

I sinx=a

amoxsnebi, miTiTebebi:

5. a) 2sin2x–3sinx+1=0 sinx=y.
2y2–3y+1=0

y=
2
1 ; 1. 

( )x k

x k

1
6

2
2

k r
r

r
r

= - +

= +

R

T

S
S
SS

7. a) sinx sin x
2
1

0- =` j  
sin

sin

x

x

0

2
1

=

=
>

;
2 2
r r

-8 B SualedSi mocemuli gantolebis fesvebia 0 da 
6
r .

II cosx=0 gantoleba

6. g) cos x
6 2

3r
- =-` j

cos x
6 2

3r
- =-` j

5
2x k

6 6
!

r r
r- = +

2x k
6 6

5
!
r r

r= +  aseT  SemTxvevaSi sjobs fesvebi cal-calke daiweros.

x1=�+2�k x2= 3
2r

- +2�k.

7. a) 2cos2x+5cosx–3=0  cosx=y.
2y2+5y–3=0

y=
3

2
1
->   cosx≠–3.

cosx= 
2
1  x=

3
!
r +2�k. umciresi dadebiTi 

3
r .

b) 2cos2x– 2 cosx+2cosx– 2 =0
2cosx(cosx+1)– 2 (cosx+1)=0
(cosx+1)(2cosx- 2 )=0

cosx=–1 cosx=
2
2 . umciresi dadebiTia 

4
r .
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10. b) cos2x=
2
1 .

cosx=
2
2

!  formuliT x= k
4

2!
r

r+  da x= 2 k
4
3

!
r

r+ . Tu ganvixilavT 

wrewirze, pasuxi SeiZleba CavweroT ase: x= k
4

!
r
r+ , an ufro mar-

tivadac: x= n
4 2
r r
+ , n∈Z.

11. v) cosx=x2–2x+2
x2–2x+2 funqciis umciresi mniSvnelobaa 1, roca x=1, magram cos1≠1, e.i. gantolebas 
amonaxsni ar aqvs.

12. a) 0
x x

x x

11 30

5 6
<2

2

- +

- +

( )( )

( )( )

x x

x x

5 6

2 3
0<

- -

- -

 II da IV  meoTxedSi sin da cos sxvadasxvaniSnianebia.

14. x2–5x+3=0
x1+x2=5
x1x2=3

( )

x
x

x
x

x x x x
x x x x

x x x x

x x x x x x

1 1 1 1

2
3
8

1

2

2

1

1 2 1 2

2

2

1

2

1 2

1 2 1 2

1 2

2

1 2 1 2

+
+

+
=

+ + +
+ + +

=
+ + +

+ - + +
= .

III. tgx=a gantoleba.

3.
  Tu a∈(0;∞)
  orive erTniSniani
  Tu a∈(–∞;0)
  sxvadasxvaniSniani.

6. a) tg3x–3tgx=0
tgx=0 tgx=± 3

x=�k x=±
3
r +�k.

4
r

-

4
r

4
3r

4
3r

-

532
+ – + – +

6

5

3

2

6

0

tg

ctg
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b) tgx–tgxsinx=0
tgx(1–sinx)=0
tgx=0 an sinx=1

x=�n x= k
2

2
r

r+ , magram am wertilSi tg gansazRvruli ar aris, e.i. pasuxia: x=�n.

7. a) arctg ( )arctg
2
1

2
1

1 1
4
r

- - = - =-` j .

9. y=x2–6x+c
radgan x2=5, e.i. x1=1 da c=5 da M(0;5), N(3;–4).

10. y=kx+b (3;10) y=x2.
10=3k+b
b=10–3k
gvinda gadakveTis wertilebis ordinatebis jami, e.i. x2=kx+b; x2–kx+3k–10=0.
y1+y2=x1

2+x2
2=(x1+x2)

2–2x1x2=k2–6k+20.
k0=3 Sesabamisi b=1, e.i. y=3x+1.

12. ax2+bx+c=0  x1=4; x2=5.

e.i. 
x

x 5
4

+
=   

x
x 5

5
+

= .

        x
3
5

=   x
4
5

= .

VIII Tavis damatebiTi savarjiSoebi

14. a) sin arcsin cos sinarctg ar2 1
2

3

2

3

2 3 6
r r r

+ + = + +c `m j=sin�=0.

15. ∠COD=2a e.i. ∠aOD=180°-2a. gadavitanoT CK||BD. 
∠aCK=∠aOD=180°–2a.  davuSvaT CP⊥aK, maSin 

∠aCP=90°–a  da ∠CaP=a, e.i. aP=hctga. 

SaBCD=SaCK=
2
1 aK·CP=aP·CP=h2ctga.

16. mivadgaT ∆aCM=∆aCB

  ; ;
sin

sin
S

a
a AB AM a

S
2

2
2

2
4

2
2a

a
= = = =

 
sin

a
S

2
2a

= . haB=asin2a=2 sinS 2$ a .

CM=
2
1 haB= sinS 2$ a   OK= sinS

3
1

2$ a .

O

B C

KDPa

a

M C

O
K

a

M

B
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17. h= a

2

3  SBCM= a

4

3
2

 SaBM= a a
AM

2

3

2

3
2

$= , saidanac aM=2a; davuSvaT BP⊥aM, 

 

maSin PM= a
2

 da aP= a
2
3 . ∆aBP-Si tga=

a

a

2
3
2

3

3

1
= , e.i. a=30°.

20. a) ( )
sin

x
3

2
1

r -
=

( )x
k

3
2

2
2

r r
r

-
= +

x–2= 6k
2
3
+

x k
2
7

6= +  umciresi dadebiTia 3,5.

a

B             C

P

S
2S 2S

D
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sakontrolo weris nimuSebi

sakontrolo wera №1

1. ipoveT a , Tu 
x

y 3
=  funqciis grafikze mdebareobs A  wertili, 

a) );3( aA ; b) )2;(aA .

2. aageT 12
+=

x
y  funqciis grafiki. dawereT

a) funqciis gansazRvris are;

b) mniSvnelobaTa are;

g) zrdadoba-klebadobis Sualedebi;

d) niSanmudmivobis Sualedebi.

kveTs Tu ara funqciis grafiki 1) sakoordinato RerZebs; 2) 1=y  wrfes; 2=y  wrfes?

3.   mocemulia )(xfy =  funqciis grafiki

1) ipoveT misi gansazRvris are;

2) ipoveT misi mniSvnelobaTa are;

3) RerZebTan kveTis wertilebi;

4) luwia Tu kenti funqcia;

5) zrdadoba _ klebadobis Sualedebi;

6) amoxseniT utoloba:

    a) 0)( >xf ; b) 0)( ≤xf ; g) 1)( <xf ; d) 5)( <xf ; e) 5)( -<xf .

7. Rebulobs Tu ara funqcia udides an umcires mniSvnelobas 
da miuTiTeT argumentis Sesabamisi mniSvneloba.

sakontrolo wera №2

1. romeli wertilia )4;3(M  wertilis simetriuli a) ordinatTa RerZis mimarT, 
b) abscisaTa RerZis mimarT, g) koordinatTa saTavis mimarT.

2.   ipoveT manZili  a(0;2;3) da BB(7;3;9) wertilebs Soris. 
3 aBC samkuTxedis BC gverdze aRebulia K wertili ise, rom BK:KC=1:3, aC gverdze _ 

L wertili ise,  rom aL:LC=2:5. ra SefardebiT yofs aK da BL monakveTebis gadakveTis 
O  wertili aK da BL monakveTebs?

 4.    trapecia fuZeebis paraleluri wrfiT gayofilia or msgavs trapeciad. ipoveT am 
monakveTis sigrZe,Tu fuZeebis sigrZeebia 3sm. Dda27sm
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sakontrolo wera №3

1. a parametris ra mniSvnelobisTvis aqvs gantolebas: (a2–7a+12)x = a–4
 a) erTi amonaxseni;    b)uamravi amonaxseni;   g)arcerTi amonaxseni.

2.  a parametris ra mniSvnelobisTvis aqvs gantolebas zustad ori amonaxseni:  (x2–3x+2)
(x–a)=0.

3. ipoveT funqciis gansazRvris are: y
x x

x
x5 3 2

5
2

3
2

=
+ -

-
+

-

4.  k parametris ra mniSvnelobisTvis aqvs utolobas: kx2–9kx+5k+1<0
a) erTaderTi amonaxseni;   b)uamravi amonaxseni;  g)arcerTi amonaxseni.

5. amoxseniT utoloba: 
( )( )

( )

x x x

x x

20 1

3
0

2

2 3

4

$
+ - +

-
.

sakontrolo wera №4

1. samkuTxedis gverdebi ise Seefardeba erTmaneTs, rogorc 10:7:4. ipoveT udidesi 
kuTxis kosinusi.

2.  aBC samkuTxedze Semoxazuli wrewiris radiusis sigrZea 16 3 sm.BC Ggverdis sigrZea 
24sm; ipoveT a kuTxis gradusuli zoma.

3. samkuTxedis gverdebis sigrZeebia 8sm,12sm Dda 14sm. ipoveT umciresi kuTxis biseq-
trisis sigrZe.

4. ipoveT Semoxazuli da Caxazuli wrewirebis radiusebi samkuTxedisa, romlis 
gverdebia 8sm, 10sm da  14sm.

sakontrolo wera №5

1. gaaTavisufleT wiladis mniSvneli iracionalobisagan: 

 a) 
3 2

1

+
; b) 

x

x

3

3
3 3-

- ;  g) 
3 5 2

5

+ -
.

2. ipoveT gamosaxulebis mniSvneloba   19 8 3 12 6 3+ - + .

3. SekveceT wiladi:   a) 
a b

a b
4 4

2
1

2
1

+

- ;    b) 
x x y y

x y
23 3

1
3
1

2
3+ +

-

4. gaamartiveT: 
1x

x

x

x

x

1

1

1

1
4

3

-

+
+

+

-
-

-

-e o
5. CawereT aTobiT sistemaSi ricxvi (100101)2.
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sakontrolo wera №6

1. ipoveT   kuTxis radianuli zoma, Tu
 a) 40°;   b) 35°;   g) 190°;    d) 240°.

2. ipoveT 120°-iani segmentis farTobi, Tu am segmentis Sesabamisi qorda 20 sm-ia.

3. ipoveT wesieri 12-kuTxedis kuTxis gradusuli zoma.

4. wesier eqvskuTxedSi Caxazuli wrewiris radiusi 3 3 -is tolia. ipoveT eqvskuTxedis 
gverdi.

5. ipoveT wrewiris sigrZe, Tu masSi Caxazuli wesieri samkuTxedis gverdi 3sm-s tolia.

sakontrolo wera №7

1. stadions aqvs 4 Sesasvleli. stadionze Sesvlis da gasvlis sul ramdeni varianti 
arsebobs?

2. mocemulia }7;8;4;3{=A  }6;5;0{=B . sibrtyeze ramdeni wertili arsebobs, Tu misi 
koordinatebi airCeva

 a) A  simravlidan;  b) B  simravlidan;  g) pirveli koordinati A  simravlidan, meore 
koordinati B  simravlidan; 

3. samSeneblo kompania samuSaoebs asrulebs 5 sxvadasxva obieqtze. kompanias yavs 10 
satvirTo avtomanqana. TiToeuli obieqtisaTvis gamoyofili unda iyos TiTo manqana. 
ramdennairad SeiZleba amis gakeTeba, Tu

a) avtomanqanebi sxvadasxva tvirTmzidobisaa;

b) avtomanqanebi erTi da igive tvirTmzidobisaa.

4. vagorebT or kamaTels da vixilavT Semdeg xdomilobas:

 A _ pirvel kamaTelze mova 6 qula; 

 B  _ erT-erT kamaTelze mova 5 qula. gamoTvaleT A ; B ; A ; B  da BA ⋅  xdomilobaTa 
albaToba.

5. oTaxSi imyofeba xuTi gogona, amasTan nebismieri gogonas ori da mainc am oTaxSia. 
daamtkiceT, rom xuTive es gogona debi arian.

6. mocemulia kvadratuli gantoleba 072 22 =+--- aaxx  da 5≤a . ipoveT albaToba 
imisa, rom am gantolebis fesvebi ar eqneba, Tu a SemTxveviT aRebuli ricxvia misi 
dasaSvebi aredan?
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sakontrolo wera №8

1. cnobilia, rom f(x) funqcia luwia da periodulia periodiT 7. ipoveT  f(30), Tu f(–2)=5.  

2. ipoveT 1 0arcsin arccosarctg
2

3
+ + .

3. amoxseniT gantoleba: a) 
3

sin x
2
1r

- =` j ; b) 2cos2x–5cosx–3=0.

4.  a–s ra mniSvnelobebisTvis gaaCnia gantolebas amonaxseni? 

 a) sin x
a
a

1
2

=
+
- ;  b) tgx=a2+5a–6.

5. ipoveT funqciis umciresi dadebiTi wertili:

 a) y=sin2x;  b) tg x
2

2+` j.
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