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kalkulusi biologebisTvis
leqcia 1                                                         kalkulusi biologebisTvis

leqciebis kursi

kalkulusi qimiis, biologiisa da sicocxlis Semswavlel mecnierebebisTvis

Sesavali

kalkulusi biologiisa da sicocxlis Semswavlel mecnierebebisaTvis faq​ti​u​rad warmoadgens diferencialuri da integraluri aRricxvis Sesaval kurss wrfi​vi algebrisa da analizuri geometriis elementebiT. Mmisi mizania gamartive​bul enaze gaacnos studentebs yvela is ZiriTadi maTematikuri cneba, romelic auci​lebelia kursSi Sesabamis adgilas CarTuli biologiuri, ekologiuri, same​di​cino da a. S. modelebis studentebisTvis gasagebad prezentaciisTvis. Kkursis mi​zans ar warmoadgens am modelebis ageba-gamokvlevis maTematikuri meTodebis Ses​wav​la. Uukanasknels mieZRvneba ufro Rrma kursebi: 1. diferencialuri modelebi bi​​​olo​gi​a​sa da sicocxlis Semswavlel mecnierebebSi; 2. albaTobis Teoria da ma​Te​matikuri statistika da maTi gamoyenebebi biolo​gi​a​sa da sicocxlis Semswav​lel mecnierebebSi.

kalkulusis Seqmna XVII s.-Si warmoadgenda Semobrunebis punqts az​rovnebis is​to​riaSi da dasabami misca Tanamedrove maTematikur mecnierebas. kalkulusi safuZ​vlad udevs Tanamedrove maTematikis mraval dargs. is gamoiyeneba mraval sxva mec​ni​erebaSi, kerZod, qimiaSi, biologiasa da sicocxlis Semswavlel mecnierebebSi, raSic am kur​sis gavlisas davrwmundebiT.

gza kalkulusis Sesaqmnelad erTi mxriv ricxvis cnebis gafarToebiT, xolo meore mxriv geometriisa da algebris SerwymiT gaikvala. bunebrivia, rom Cvenc kur​si ricxvebis bunebis ganxilviT daviwyoT. aq mxolod imas SevniSnavT, rom sxva dargebSi maTematikis gamoyeneba dakavSirebulia procesebis Tu movlenebis maTe​ma​ti​kuri modelebis SedgenasTan. magaliTisTvis ganvixiloT WriWinis daWriWinebis saSualebiT garemos temperaturis dadgenis umartivesi modeli
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sadac C garemos temperaturaa celsiusis SkaliT. es modeli xalxuri dak​vir​​vebis analizis safuZvelze Seiqmna. SemdgomSi Cven dazustebul modelebsac gavecnobiT.
leqcia 1

1. ricxvebi

1.1. operaciebi ricxvebze. namdvil ricxvTa veli 
Tvlis Sedegad miRebul ricxvebs naturaluri ricxvebi ewodebaT. naturalur ricxvTa simravle N simboloTi aRiniSneba. 
0, 1, 2, 3, 4, 5, 6, 7, 8, 9-s cifrebi ewodeba.
ricxvs, garda 1-isa, romelic unaSTod iyofa mxolod 1-ze da Tavis Tavze, martivi ricxvi ewodeba.

ricxvs, romelic 1-isa da Tavis Tavis garda sxva ricxvzec iyofa unaSTod, Sed​genili ricxvi ewodeba.

ricxvi 1 arc martivia da arc Sedgenili.

mTeli ricxvebi ewodeba 
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 saxis ricxvebs, sadac 
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. mTel ricxvTa simravle Z simboloTi aRiniSneba.
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racionaluri ricxvebi ewodebaT 
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 ricxvs wesieri wiladi ewodeba, xolo roca 
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usasrulo aTwilads, romlis erTi an ramdenime cifri ucvlelad meordeba erTi da imave mimdevrobiT, perioduli aTwiladi ewodeba.

usasrulo perioduli aTwiladi warmoadgens racionalur ricxvs da, piriqiT, yoveli racionaluri ricxvi warmoidgineba usasrulo perioduli aTwiladiT.

usasrulo araperiodul aTwilads 
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 iracionalur ricxvi ewodeba.

racionalur da iracionalur ricxvebs namdvili ricxvebi ewodebaT. maTi simravle R simboloTi aRiniSneba.

dadebiTi wiladi ricxvebi cnobili iyo jer kidev babilonisa da egviptis uZvelesi civilizaciebisTvis. varaudoben, rom 0 indoelebma SemoiRes, xolo uaryofiTi racionaluri ricxvebi _ italielebma aRorZinebis xanaSi (XIV-XVI ss.).

x ricxvis mTeli nawili (aRvniSnoT 
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algebris yvela wesi SeiZleba miRebuli iqnes Semdegi 12 aqsiomidan:

1. yoveli a da b ricxvisTvis arsebobs erTaderTi ricxvi, romelsac jami ewodeba da aRiniSneba 
[image: image23.wmf]a

b

+

 simboloTi.

2. 
[image: image24.wmf]a

b

b

a

+

=

+

 (Sekrebis komutaturoba).

3. 
[image: image25.wmf](

)

(

)

a

b

c

a

b

c

+

+

=

+

+

 (Sekrebis asociaciuroba).

4. arsebobs iseTi ricxvi, romelic aRiniSneba simboloTi 0, iseTi, rom 
[image: image26.wmf]a

a

+

=

0

. mas “nuli” ewodeba.

5. yoveli a-sTvis arsebobs erTaderTi ricxvi 
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6. yoveli a da b ricxvisTvis arsebobs iseTi erTaderTi ricxvi, romelsac a da b ricxvebis namravli ewodeba da aRiniSneba an 
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10. arsebobs iseTi ricxvi, romelic aRiniSneba simboloTi 1, iseTi, rom 
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ricxvisTvis arsebobs iseTi erTaderTi ricxvi, romelsac a-s Seb​ru​ne​​buli ewodeba da aRiniSneba 
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1-12 aqsiomebs velis aqsiomebi ewodebaT. ramdenadac yvela namdvil ricx​vTa er​Tob​lioba (simravle) akmayofilebs am aqsiomebs, mas namdvil ricxvTa veli ewo​de​ba. saerTod, vels qmnis nebismieri bunebis (abstraqtuli) obieq​tebis simravle, rom​lis elementebic akmayofileben velis 1-12 aqsiomebs.

simravle pirveladi maTematikuri cnebaa, romelic ganmartebis gareSe miiReba. is SeiZleba mxolod aRiweros. magaliTad, mTel ricxvTa simravle, racionalur ri​cxvTa simravle, auditoriaSi studentebis simravle, auditoriaSi merxebis sim​rav​le, auditoriaSi studentebis da merxebis simravle da a. S.

rogorc aRvniSneT, algebris yvela wesi SeiZleba SeiZleba miRebuli iqnes ve​lis 1-12 aqsiomebidan. SevTanxmdeT, rom 
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1. -0, gansazRvris Tanaxmad, iseTi erTaderTi x ricxvia, romlisTvisac 
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2. me-5 aqsiomis Tanaxmad erTi mxriv
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xolo meore mxriv
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Tu am ukanasknelis mimarT gamoviyenebT me-2 aqsiomas, miviRebT
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[image: image70.wmf]a

¹

0

 da 
[image: image71.wmf]ax

b

=

; maSin me-7, me-8, me-12 da me-10 aqsiomebis Tanaxmad, 


[image: image72.wmf]ba

ax

a

xa

a

x

aa

x

x

x

-

-

-

-

=

=

=

=

×

=

×

=

1

1

1

1

1

1

(

)

(

)

(

)

,

saidanac 
[image: image73.wmf]x

ba

=

-

1

; Tu 
[image: image74.wmf]x

ba

=

-

1

, maSin me-7, me-8, me-12 da me-10 aqsiomebis Tanaxmad,


[image: image75.wmf](

)

(

)

(

)

ax

a

ba

a

a

b

aa

b

b

b

=

=

=

=

×

=

-

-

-

1

1

1

1

;

5. Tu me-9 aqsiomas gamoviyenebT 
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6. vTqvaT, 
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sadac bolo nabiji gamomdinareobs me-5 mtkicebidan; 
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SemoviRoT Semdegi aRniSvnebi (axarisxeba)


[image: image91.wmf]a

a

1

:

=

, 
[image: image92.wmf]a

a

a

×

=

:

2

, 
[image: image93.wmf]2

3

:

a

a

a

×

=

 da a. S.;

Tu 
[image: image94.wmf]a

¹

0

, CavTvaloT, rom


[image: image95.wmf]a

0

1

=

;

radgan


[image: image96.wmf]a

a

1

1

=

-

,

vwerT, rom


[image: image97.wmf](

)

a

a

a

-

-

=

=

2

1

2

2

1

, 
[image: image98.wmf]a

a

-

=

3

3

1

 da a. S.;
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sidides, xolo Tu es ricxvebi dadebiTia, maSin maTi saSualo geometriuli ewo​de​ba 
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