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Sesavali 

 Eeqsperimentuli monacemebis maTematikuri damuSavebis meTodebisa 

da analizis  arasakmarisi codna xSirad iwvevs seriozul siZneleebs 

Tundac teqnikurad maRal doneze Catarebuli fizikuri eqsperimentis 

Sedegebidan swori daskvnebis gakeTebis saqmeSi.  

winamdebare  praqtikumis mizania mkiTxvels gaacnos eqsperimentuli 

monacemebis maTematikuri damuSavebis zogierTi farTod gamoyenebuli 

meTodebi konkretuli magaliTebis safuZvelze. igulisxmeba, rom 

mkiTxveli flobs umaRlesi maTematikis safuZvlebs sainJinro 

specialobebisaTvis gaTvaliswinebuli programis farglebSi. 

praqtikumi gankuTvnilia sainJinro fizikis programis 

bakalavriatis studentebisaTvis. is garkveul sargeblobas moutans 

eqsperimentuli fizikiT dainteresebul mkiTxvelebsac 
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1. gazomvaTa cdomilebebi 
saSualo mniSvnelobebi da maTi Sefaseba 
 

1.1. monacemTa intervaluri rigis saSualos 
gamoTvla 

 𝑥1, 𝑥2 , ⋯ , 𝑥𝑛  sidideebis saSualo ariTmetikuli ewodeba am ricxvebis 

jams gayofils maT raodenobaze, da ase Caiwereba 

𝑥 = 
𝑥1+𝑥2+⋯,+𝑥𝑛

𝑛
 =

1

𝑛
 𝑥𝑖

𝑛
𝑖=1 .     (1.1) 

 𝑥1, 𝑥2 , ⋯ , 𝑥𝑛  sidideebis saSualo kvadratuli gadaxra maTi saSualo 

mniSvnelobidan 𝑥  ewodeba gamosaxulebas 

𝑆∗ =  
 𝑥1−𝑥  2+ 𝑥2−𝑥  2+⋯+ 𝑥𝑛 −𝑥  2

𝑛
=  

1

𝑛
  𝑥𝑖 − 𝑥  2𝑛

𝑖=1   (1.2) 

nebismieri 𝑎  ricxvidan saSualo kvadratuli gadaxris sapovnelad 

samarTliania formula 

1

𝑛
  𝑥𝑖 − 𝑎  2

𝑛

𝑖=1

=
1

𝑛
  𝑥𝑖 − 𝑥  2 +  𝑥 − 𝑎2 2

𝑛

𝑖=1

 

 im SemTxvevaSi, rodesac gazomvis Sedegebs Soris gvxvdeba toli 

sididis ricxvebi, (1.1) da (1.2)  formulaSi Sesabamisi sidideebi SeiZleba 

gavaerTianoT. vTqvaT 𝑥1 monacemi gvxvdeba 𝑚1 - jer, 𝑥2 - 𝑚2 – jer, ⋯, 𝑥𝑘 

- 𝑚𝑘 – jer (𝑚1 + 𝑚2 + ⋯ + 𝑚𝑘 = 𝑛). 

 maSin (1.1) da (1.2) da formulebi Sesabamisad miiReben saxes: 

𝑥 =
𝑚1𝑥1+𝑚2𝑥2+⋯+𝑚𝑘𝑥𝑘

𝑛
=

1

𝑛
 𝑚𝑖𝑥𝑖

𝑘
𝑖=1    (1.3)  

𝑆∗ =  
𝑚1 𝑥1−𝑥  2+𝑚2 𝑥2−𝑥  2+⋯+𝑚𝑘 𝑥𝑘−𝑥  2

𝑛
=  

1

𝑛
 𝑚𝑖 𝑥𝑖 − 𝑥  2𝑘

𝑖=1  (1.4). 

 zemoTmoyvanili formulebi samarTliania im SemTxvevaSi, rodesac  

gazomvebi Tanabari   sizustiTaa Catarebuli. 

Tanabari sizustis gazomvebi ewodebaT iseT gazomvebs, romlebic 

Catarebulia erTnairi sizustis mqone gasazomi saSualebebiT, erTnair 

pirobebSi. 
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araTanabari sizustis gazomvebi iseTi gazomvebia, romlebic 

Catarebulia erTmaneTisagan gansxvavebuli sizustis saSualebebiT  an  

(da) sxvadaxva pirobebSi.  magaliTad erTi da igive kuTxe SeiZleba 

gavzomoT zusti TeodolitiT an teqnikuri TeodolitiT (Teodoliti 

kuTxis gamzomi xelsawyoa. teqnikuri Teodolitis sizuste gacilebiT 

naklebia  zusti Teodolitis sizusteze) am SemTxvevaSiGgazomvis 

Sedegebi ar iqneba Tanabari sizustis. 

araTanabari sizustis gazomvis Sedegebis Sesadareblad iyeneben e.w.  

gazomvis Sedegis wonas an sxvanairad gazomvis wonas. rac ufro saimedoa 

gazomvis Sedegi miT metia wona.  wona warmoadgens saSualo kvadratuli 

cdomilebis kvadratis Sebrunebul  sidides 

𝑝 =
1

𝑆2 . 

calkeuli Sedegis saSualo kvadratuli cdomileba 𝑆  Tavis mxriv 

iangariSeba formuliT 

𝑆 =  
1

𝑛 − 1
  𝑥 − 𝑥𝑖 2

𝑛

𝑖=1

 

is axasiaTebs yoveli calkeuli gazomvis cdomilebas da rodesac 

gazomvaTa raodenoba usasrulod izrdeba (𝑛 → ∞)  𝑆 miiswrafvis mudmivi 

zRvrisaken 𝜍,  romelsac namdvili saSualo kvdratuli cdomileba 

ewodeba 

𝜍 = lim
𝑛→∞

𝑆 

Aaqve SevniSnoT, rom sidides 𝜍2,  ewodeba dispersia da is 

axasiaTebs SemTxveviTi sidideebis gabnevas. 

𝜍-is gazrdiT izrdeba gabneva anu gazomvis sizuste mcirdeba.  

saSualo ariTmetikulis saSualo kvadratuli cdomileba ewodeba 

sidides  

𝑆საშ =  
1

𝑛 𝑛 − 1 
  𝑥 − 𝑥𝑖 2

𝑛

𝑖=1

=
𝑆

 𝑛
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Ees ukanaskneli warmoadgens gazomvis sizustis gazrdis 

fundamentur kanons gazomvaTa ricxvis gazrdisas.  

vTqvaT raRac Reros sigrZe gazomilia sxvadasxva cdomilebiT: 

220,35 ± 0,1 m da 220,35 ± 0,2 m, maSin gazomvaTa wonebi iqneba  

𝑝1 =
1

 0,1 2
=

1

0,01
= 100 

Dda  

𝑝2 =
1

 0,2 2
=

1

0,04
= 25 

miRebuli monacemebis Sedarebidan Cans, rom pirveli gazomva ufro 

zustadaa Catarebuli vidre meore. 

Sewonili saSualo mniSvneloba iangariSeba formuliT 

𝑥 =
𝑝1𝑥1 + 𝑝2𝑥2 + ⋯ + 𝑝𝑘𝑥𝑘

𝑝1 + 𝑝2 + ⋯ + 𝑝𝑘
=

 𝑝𝑖𝑥𝑖
𝑘
𝑖=1

 𝑝𝑖
𝑘
𝑖=1

 

xolo Sewonili saSualo kvadratuli mniSvnelobisaTvis 

samarTliania formula 

𝑆∗ =  
𝑝1 𝑥1−𝑥  2+𝑝2 𝑥2−𝑥  2+⋯+𝑚𝑘 𝑥𝑘−𝑥  2

𝑝1+𝑝2+⋯+𝑝𝑘
=  

 𝑝𝑖 𝑥𝑖−𝑥  2𝑘
𝑖=1

 𝑝𝑖
𝑘
𝑖=1

. 

saSualo mniSvnelobis gamoTvla Zalian martivdeba Tu 𝑥𝑖 

mniSvnelobebis aTvlas daviwyebT  saTanadod SerCeuli aTvlis 

saTavidan saTanado masStabiT. Ppaqtikulad esaa wrfivi Canacleba 

𝑥𝑖 = 𝑎 + 𝑕𝑏    𝑖 = 1, 2, 3, ⋯ , 𝑘   (1.5)  

moyvanili cvlilebis gaTvaliswinebiT saangariSo formulebi 

miiReben saxes 

𝑥 = 𝑎 + 𝑕𝑏  (1.6) sadac 𝑏 =
1

𝑛
 𝑚𝑖𝑏𝑖

𝑕
𝑖=1     (1.7) 

 𝑠∗ = 𝑕 
1

𝑛
 𝑚𝑖  𝑏𝑖 − 𝑏  

2𝑕
𝑖=1 = 𝑕 𝑏2   −  𝑏  

2
   (1.8) sadac 

𝑏2   =
1

𝑛
 𝑚𝑖

𝑘
𝑖=1 𝑏𝑖

2   (1.9) 

kontrolis mizniT yvela gaTvlas imeoreben aTvlis sxva 𝑎1sawyisis 

mimarT: miRebuli Sedegebi unda daemTxves damrgvalebis sizustiT. 
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magaliTi. cxril 1 - Si pirvel or svetSi moyvanilia raRac 

sididis 10 gazomvis Sedegi ( 𝑥 −  gazomvis Sedegebia, 𝑚 −  gazomvaTa 

raodenoba). avirCioT aTvlis saTaved 𝑎 = 36,0  davuSvaT, rom 𝑕 = 0,1.  

gamovTvaloT mniSvnelobebi 

𝑏𝑖 =
𝑥𝑖 − 𝑎

𝑕
=

𝑥𝑖 − 36,0

0,1
 

mesame svetisaTvis. meoTxe da mexuTe svetebis ricxvebis jami gvaZlevs  

yvela monacems 𝑥  da 𝑠∗  gamosaTvlelad. Bbolo sam svetSi mocemulia 

sakontrolo gaTvlebi aTvlis saTavisaTvis 𝑎 = 36,1,  rac Seesabameba 

wanacvlebas 𝑏 = 𝑏1 + 1. 

 cxrili 1 

 

sawyisi monacemebi 

 

angariSi 

 

kontroli 

𝑥 

 

𝑚 

 

𝑏 𝑚𝑏 𝑚𝑏2 𝑏1 

 

𝑏1𝑚 

 

𝑚𝑏1
2 

 

35,6 

35,9 

36,1 

36,2 

36,6 

1 

3 

3 

2 

1 

−4 

−1 

 1 

 2 

 6 

−4 

−3 

  3 

  4 

    6 

16 

3 

3 

8 

36 

−5 

−2 

  0 

  1 

  5 

−5 

−6 

  0 

  2 

  5 

25 

12 

0 

2 

25 

jami 10 _ 6 

 

66 

 

_ 

 

-4 64 

 

miRebuli jamebiT gamovTvaloT saSualoebi: 

𝑏 =
6

10
= 0,6     (1.7 formulis ZaliT) 

𝑥 = 36,0 + 0,1 ∙ 0,6 = 36,06 (1.6 formulis ZaliT) 

𝑠∗ = 0,1 
66

10
−  0,6 2 = 0,1 6,24 = 0,25 (1.8, 1.9 formulebis ZaliT) 

sakontrolo gaTvlebi iZleva igive Sedegebs 

𝑏1
 =

−4

10
= −0,4, 𝑥 = 36,1 + 0,1 ∙ (−0,4) = 36,06   
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𝑠∗ = 0,1 
64

10
−  −0,4 2 = 0,1 6,24 = 0,25 

gaTvlis Mmoyvanili meTodika gansakuTrebiT mosaxerxebelia 

saSualoebis gamosaTvlelad im SemTxvevisaTvis rodesac  gazomvis 

yvela monacemi dajgufebulia erTnairi sigrZis intervalebad (monacemTa 

intervaluri rigi, dajgufebuli monacemebi). Aam SemTxvevaSi 𝑥𝑖  aRniSnaven 

intervalebis  saSualos, aTvlis 𝑎 sawyisad iReben Sua intervalis Sua 

monacems (an erT-erTi saSualo intervalis Sua monacems), xolo 𝑕 

sidided iReben intervalis sigrZes. amasTan 𝑏𝑖  mniSvnelobebi tolia  

intervalebis  nomrebis, romlebic aTvlilia arCeuli Sua intervalidan, 

rogorc es qvemoT moyvanili magaliTidan Cans. 

cxril 2_Si moyvanilia saSualo mniSvnelobebisa da saSualo 

kvadratuli gadaxris mniSvnelobebis gamoTvlis Sedegebi intervaluri 

rigisaTvis. 

Aaq intervalis sigrZe Seadgens 𝑕 = 0,050.  aTvlis arCeuli 

saTavisTvis  𝑐 = 8,600  da angariSi gvaZlevs: 

 

𝑢 =
𝑥 − 8,600

0.050
,   𝑢 =

60

100
= 0.6,   

𝑥 = 8,600 + 0.050 ∙ 0,6 = 8,630, 

𝑠∗ = 6,050 6,94 −  0,6 2 = 0,050 6,58 = 0,128. 

 

sakontrolo aTvlis saTavisaTvis 𝑐1 = 8,650 gvaqvs 

𝑣 =
𝑥 − 8,650

0.050
,   𝑢 =

−40

100
= −0,4, 𝑥 = 8,650 + 0,50 −0,4 = 8,630 

𝑠∗ = 6,050 6,74 −  −0,4 2 = 0,050 6,58 = 0,128 

rogorc  vxedavT gaTvlebi sworadaa Catarebuli. 

 

 

 



10 
 

cxrili 2 

sawyisi monacemebi angariSi kontroli 

 

intervali 

 

 

𝑥 

 

 

𝑚 

 

𝑏 

 

𝑚𝑏 

 

𝑚𝑏2 

 

𝑏1 

 

 

𝑏1𝑚 

 

 

 

𝑚𝑏1
2 

 

 

8,275 − 8,325 

8,325 − 8,375 

8,375 − 8,425 

8,425 − 8,475 

8,475 − 8,525 

8,525 − 8,775 

8,575 − 8,625 

8,625 − 8,675 

8,675 − 8,725 

8,725 − 8,775 

8,525 − 8,775 

8,775 − 8,825 

8,825 − 8,875 

8,875 − 8,925 

8,925 − 8,975 

 

8,30 

8,35 

8,40 

8,45 

8,50 

8,55 

8,60 

8,65 

8,70 

8,75 

8,80 

8,85 

8,90 

8,95 

1 

2 

4 

5 

8 

10 

18 

17 

12 

9 

7 

6 

0 

1 

−6 

−5 

−4 

−3 

−2 

−1 

   0 

1 

2 

3 

4 

5 

6 

7 

 

−6 

−10 

−16 

−15 

−16 

−10 

0 

17 

24 

27 

28 

30 

0 

7 

36 

50 

64 

45 

32 

10 

0 

17 

48 

81 

112 

150 

0 

49 

−7 

−6 

−5 

−4 

−3 

−2 

−1 

0 

1 

2 

3 

4 

5 

6 

 

−7 

−12 

−20 

−20 

−24 

−20 

−18 

0 

12 

18 

21 

24 

0 

6 

 

49 

72 

100 

80 

72 

40 

18 

0 

12 

36 

63 

96 

0 

36 

 

jami − 100 − 60 

 

694 

 

_ 

 

−40 674 

 

 

1.2. Teoriuli saSualos gamoTvla 

 
  gazomvis SemTxveviTi cdomilebebi emorCilebian ganawilebis 

garkveul kanonebs, romlebsac aRmovaCenT Tu CavatarebT raRac 

gazomvebs ucvlel pirobebSi  da viangariSebT im Sedegebis 𝑚 
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raodenobas, romlebic moxvdebian nebismier gamoyofil intervalSi. am 

ricxvis  Sefardeba Catarebul gazovaTa 𝑛  raodenobasTan, romelsac 

ewodeba gamoyofil intervalSi moxvedris fardobiTi sixSire, gazomvaTa 

sakmaod didi raodenobis pirobebSi axlos iqneba garkveul mudmiv 

ricxvTan. es garemoeba saSualebas gvaZlevs SemTxveviTi cdomilebis 

Sesaswavlad gamoviyenoT albaTobis Teoriis elementebi. Teoriul 

albaTur modelSi SemTxveviTi cdomilebebi 𝑧 = 𝑥 − 𝑎  ( 𝑧  SemTxveviTi 

cdomilebaa, 𝑥  gazomvis Sedegi, xolo 𝑎  - gasazomi sididis namdvili 

mniSvneloba) da TviT gazomvis Sedegi 𝑥 = 𝑧 + 𝑎  ganixilebian, rogorc 

SemTxveviTi sidideebi, romlebic iReben nebismier namdvil mniSvnelobas, 

amasTan TiToeul  𝑧1, 𝑧2  intervals Seesabameba srulebiT garkveuli 

ricxvi, romelsac ewodeba 𝑧  SemTxveviTi sididis am intervalSi 

moxvedris albaToba da aRiniSneba ase: 𝑷 z1 < 𝑧 < z2  an 𝑷(𝒛 ∈  z1 < 𝑧 < z2 ). 

praqtikulad SeiZleba CavTvaloT, rom mocemul intervalSi 𝑧  sididis 

moxvedris fardobiTi sixSire tolia zemoT naxsenebi albaTobis: 

𝑚

𝑛
≈ 𝑷 z1 < 𝑧 < z2 . 

       wesi, romelic saSualebas iZleva nebismieri  𝑧1, 𝑧2   

intervalisaTvis moiZebnos 𝑷 z1 < 𝑧 < z2  albaToba, atarebs SemTxveviTi 𝑧 

sididis ganawilebis albaTobis kanonis saxels. Ees kanoni Caiwereba 

Semdegi integralis saxiT  

𝑷 z1 < 𝑧 < z2 =  𝑝 𝑧 𝑑𝑧
z2

z1
  

sadac 𝑝 𝑧  - raRac arauaryofiTi funqciaa, romelic normirebulia          

pirobiT  

 𝑝 𝑧 𝑑𝑧

z2

z1

= 1 

es funqcia sruliad akmayofilebs albaTobebis ganawilebis Sesabamis 

kanons da mas ewodeba ganawilebis simkvrive.  

 SemTxveviTi sididis erT-erTi ricxviTi maxasiaTebelia 

maTematikuri molodini, romelsac Teoriuli saSualo ewodeba. 
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maTematikur molodins gaaCnia martivi fizikuri arsi: Tu raRac wrfeze 

SemTxveviT ganvaTavsebT erTeul masas, ise rom TiToeul 𝑖  - ur 

wertilSi ganlagdeba 𝑖 – uri masa (diskretuli ganawileba) an uwyvetad 

“wavusvamT” am masas (absuluturad uwyveti ganawileba), maSin 

maTematikuri molodini gviCvenebs wrfis “simZimis centris” koordinatas. 

sxvanairad maTematikuri molodini aris ricxvi romlis garSemoc 

Tavmoyrilia SemTxveviTi mniSvnelobis monacemebi. 

 Ddiskretuli SemTxveviTi sididisaTvis 𝑋  (romelic mocemulia 

mniSvnelobebiT 𝑥1, 𝑥2 , ⋯ , 𝑥𝑛  da am mniSvnelobebis Sesabamisi albaTobebiT 

𝑝1, 𝑝2, ⋯ , 𝑝𝑛 maSin maTematikuri molodini 𝑀𝑋 iangariSeba formuliT 

𝑀𝑋 = 𝑥1𝑝1, +𝑥2𝑝2 + ⋯ + 𝑥𝑛𝑝𝑛 (1.10) 

xolo, Tu SemTxveviTi sidide ganawilebulia uwyvetad 𝑃(𝑥)  - is  

albaTobis ganawilebis simkvriviT, maSin maTematikuri molodinis 

saangariSo formulas aqvs saxe 

𝑀𝑋 =  𝑥𝑃 𝑥 
+∞

−∞
𝑑𝑥  

 ganvixiloT magaliTebi. 

 magaliTi 1. vTqvaT vagorebT kamaTels, SemTxveviTi sidide toli 

iyos im qulebis raodenobis romelic mova kamaTelis erTi gagorebisas. 

rogorc cnobilia kamaTelis erTxel gagorebisas sul arsebuli 6 

ricxvidan TiToeulis mosvlis albaToba 1 6  - is tolia, amitom (1.10) 

formulis Tanaxmad  

𝑀𝑋 = 1 ∙
1

6
+ 2 ∙

1

6
+ 3 ∙

1

6
+ 4 ∙

1

6
+ 5 ∙

1

6
+ 6 ∙

1

6
= 

= 21 ∙
1

6
= 3,5 

      maSasadame  kamaTlis erTi gagorebisas saSualod mova 3,5 qula. 

magaliTi 2. vTqvaT avtomaturi iaraRidan isvrian 5-jer da mizanSi 

erTxel  moxvedris albaTobaa 0,4 amasTan albaToba gasrolidan 

gasrolamde ar icvleba. viangariSoT mizanSi moxvedris maTematikuri 

molodini 
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𝑀𝑋 = 5 ∙ 0.4 = 2 

        maSasadame gasrolaTa didi raodenobis seriebisas, rodesac 

TiToeul seriaSi Sedis 5 gasrola, TiToeul seriaze saSualod mova 2 

moxvedra mizanSi. 

 magaliTi 3. vTqvaT 𝑋   SemTxveviT sidides warmoadgens wertilis 

koordinati, romelic gaaCnia  𝑎, 𝑏  monakveTze SemTxveviT dasmul 

wertils, maSin maTematikuri molodini iangariSeba formuliT 

𝑀𝑋 =  𝑥 ∙
1

𝑏 − 𝑎

𝑏

𝑎

𝑑𝑥 = 𝑥2 ∙
1

𝑏 − 𝑎
=

𝑏2 − 𝑎2

2 𝑏 − 𝑎 
=

𝑎 + 𝑏

2
 

maSasadame Tanabari ganawilebis centri Zevs   𝑎, 𝑏  monakveTis Sua 

wertilSi. 

magaliTi 4. vTqvaT  mocemuli gvaqvs diskretuli SemTxveviTi 

monacemebi Sesabamisi albaTobebiT 

        cxrili 3 

𝑋 _ 4 6 10 

P𝑃 0,2 0,3 0,5 

 

vipovoT 𝑋 SemTxveviTi sididis maTematikuri molodini. 

𝑀𝑋 = 𝑥1𝑝1 + 𝑥2𝑝2 + 𝑥3𝑝3 = −0,4 ∙ 0,2 + 6 ∙ 0,3 + 10 ∙ 0,5 = 

= −2 + 1,8 + 5 = 6. 

magaliTi 5. gamovTvaloT SemTxveviTi sididis maTematikuri 

molodini Tu misi ganawilebis simkvrives aqvs saxe 

𝑓 𝑥 =  
0,            𝑥 ≤ 0

2𝑥, 0 < 𝑥 ≤ 1
0, 1 < 𝑥  

  

𝑀𝑋 =  𝑥 ∙ 𝑓 𝑥 𝑑𝑥 =  𝑥2𝑥𝑑𝑥 = 2  𝑥2

2

1

1

0

1

0

𝑑𝑥 =
2

3
𝑥3 =

2

3
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    1.3. wertilovani Sefasebebi 
 

vTqvaT mocemuli gvaqvs raRac sididis  damoukidebeli gazomvis 𝑛 

Sedegi da davuSvaT, rom es 𝑥1, 𝑥2 , ⋯ , 𝑥𝑛  Sedegebi ar Seicaven sistematur 

da uxeS cdomilebebs, Aanu yvela uxeSi cdomileba amoRebulia da 

sistematur cdomilebebze Seyvanilia Sesworeba. Sefasdes gasazomi 𝑎 

parametris namdvili mniSvneloba niSnavs: 

a) gazomvis Sedegebze dayrdnobiT mieTiTos iseTi funqcia 

𝑔(𝑥1, 𝑥2, ⋯ , 𝑥𝑛 ), romelic iZleva sakmaod karg miaxloebas 𝑎 _ Tan (aseT 

funqcias wertilovani an sxvanairad 𝑎 Sefaseba  ewodeba); 

b) naCvenebi iqnas intervalis sazRvrebi  𝑔 − 𝜀1, 𝑔 + 𝜀2  , romelic 

mocemuli 𝑃  albaTobiT dafaravs 𝑎  namdvili sidides (aseT Sefasebas 

sandoobiTi Sefaseba ewodeba, xolo 𝑃 albaTobas – ndobis albaToba an 

Sefasebis saimedooba,  𝑔 − 𝜀1, 𝑔 + 𝜀2   -s ewodeba ndobis intervali, xolo 

mis sazRvrebs – ndobis sazRvrebi). imisaTvis, rom miRweul iqnas 𝑎 

namdvil mniSvnelobasTan sakmarisad kargi miaxloeba, 𝑔(𝑥1, 𝑥2, ⋯ , 𝑥𝑛 ) 

Sefasebas SeZlebisdagvarad unda gaaCndes Semdegi Tvisebebi: 

1) waunacvlebloba. Sefasebas ewodeba waunacvlebeli Tu misi 

Teoriuli saSualo (maTematikuri molodini) emTxveva 𝑎. 

2) Semdgradoba. Sefasebas ewodeba Semdgari Tu gazomvebis ricxvis 

𝑛 usasrulod gazrdiT is albaTurad miiswrafvis 𝑎-ken. 

3) efeqturoba. waunacvlebel Sefasebas ewodeba efeqturi Tu,  mas 

gaaCnia gazomvis Sedegebis mixedviT umciresi gafantva 𝑎  waunacvlebel 

Sefasebebs Soris. 

 wertilovani Sefasebebi. Tu 𝑎  sididis yvela 𝑛  gazomva 

Catarebulia erTnairi sizustiT (Tanabarwertilovani gazomvebi), maSin 

namdvili mniSvnelobis Sesafaseblad gamoiyeneba gazomvis Sedegebis 

saSualo ariTmetikuli: 

𝑎 ≈ 𝑥 = 𝑥 =
𝑥1+𝑥2+⋯+𝑥𝑛

𝑛
=

1

𝑛
 𝑥𝑖

𝑛
𝑖=1  (1.11)    
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Ees Sedegi waunacvlebeli  da Semdgaria. Tu damatebiT davuSvebT, 

rom gazomvis cdomilebebi emorCileba albaTobebis ganawilebis 

normalur kanons, es Sefaseba efeqturicaa. 

Tu gazomvebi araa Tanabari sizustisaa, magram cnobilia gazomvis 

wonebi, anu 𝑝1, 𝑝2, ⋯ , 𝑝𝑛  (ricxvebi, romlebic ukuproporciulia 

cdomilebebis dispersiis 𝜍1
2, 𝜍1

2 , ⋯ , 𝜍𝑛
2 =

1

𝜍1
2 ;

1

𝜍2
2 ;  ⋯ ,

1

𝜍𝑛
2 ) maSin namdvili 𝑎 

sididis namdvili  niSvnelobis Sesafaseblad iyeneben Sewonil saSualo 

ariTmetikul mniSvnelobas 

𝑎 ≈
𝑝1𝑥1+𝑝2𝑥2+⋯+𝑝𝑘𝑥𝑘

𝑝1+𝑝2+⋯+𝑝𝑘
=

 𝑝𝑖𝑥𝑖

 𝑝1
 (1.12) 

Aam  ASefasebas igive Tviseba aqvs rac (1.11). sasargebloa yuradReba 

mieqces imas, rom Sewonili ariTmetikuli mniSvneloba (1.12)  

damokidebulia ara  wonebze 𝑝1, 𝑝2, ⋯ , 𝑝𝑛  aramed mxolod maT 

Tanafardobaze. (𝜍 aris saSualo kvadratuli cdomileba) 

SevexoT Tanabari sizustis gazomvebis sandoobis Sefasebas. qvemoT 

moyvanili gasazomi 𝑎  sididis namdvili mniSvlobis sandoobis Sefaseba 

mocemulia im daSvebiT, rom gazomvis SemTxveviTi mniSvnelobebi 

emorCileba albaTobebis  ganawilebis normalur kanons. Aaq ganxilulia 

mxolod simetriuli sandoobis Sefasebebi, romlbsac gaaCniaT Semdegi 

utolobis saxe 

𝑥 − 𝜀 < 𝑎 < 𝑥 + 𝜀 

Aan  

 𝑎 − 𝑥  < 𝜀 (1.13) 

sadac 𝑥  saSualo ariTmetikuli mniSvnelobaa (1.11). 

𝜀 sidide ganisazRvreba mocemuli sandoobis albaTobiT (Sefasebis 

saimedooba) 𝑃 ; Cveulebriv saimedooba 𝑃  aiReba erT-erTi sami donidan 

0,95,  0,99, 0,999. 

sandoobis Sefaseba gazomvis cnobili mniSvnelobis SemTxvevaSi. Tu 

winaswar cnobilia saSualo kvadratuli cdomileba 𝜍 (an sxva romelime 
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masTan  dakavSirebuli sizustis maxasiaTebeli) maSin sandoobis 

Sefasebas (1.13)  aqvs Semdegi saxe 

 𝑎 − 𝑥  < 𝑡 𝑃 𝜍/ 𝑛 (1.14) 

sadac 𝑛  gazomvebis ricxvia, xolo 𝑡 𝑃  ganisazRvreba dasaxuli 

sandoobis 𝑃 albaTobiT, pirobidan  

2𝜑 𝑡 = 𝑃 (1.15)  

anu moiZebneba danarTis  I cxrilidan, amrigad aq  

𝜀 = 𝑡 𝑃 
𝜍

 𝑛
 

ganvixiloT magaliTi 1. vTqvaT raRac sidide gazomilia 10 – jer 

Sedegebi mocemulia cxrilSi 4.  𝜍 = 0,28 da gvinda SevafasoT gasazomi 𝑎 

sididis namdvili mniSneloba saimedoobiT 𝒫 = 0,99. 

Aamoxsna. danarTis I  cxrilidan 𝒫 = 2𝜑 𝑡 = 0.99 mniSvnelobisaTvis  

e.i. 1 − 𝒫 = 0,01 - Tvis vpoulobT 𝑡 = 2,576. cxrilis monacemebis mixedviT 

                     cxrili 4 

x m 

35,6 
35,9 
36,1 
36,2 
36,6 

1 
3 
3 
2 
1 

jami 10 

 

gaTvlili saSualo mniSvneloba 𝑥 = 36,06  da Sesabamisad 

saimedoobiT 0,99 SeiZleba CavTvalT, rom  

 𝑎 − 𝑥  =  𝑎 − 36,06 < 2,576 ∙
0,28

 10
= 0,23 

Ees ki imas niSnavs, rom 𝑎 sidide ganTavsebulia intervalSi 

 36,06 − 0,23; 36,06 + 0,23 =  35,83; 36,29 . 
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1.4.aucilebel gazomvaTa raodenoba 

gazomvis 𝑛  raodenobis gazrdiT, im SemTxvevaSic ki rodesac 

gazomvis sizuste ucvlelia, SesaZlebelia gaizardos sandoobis 

Sefasebis saimedooba an Semokldes sandoobis intervali gasazomi 

sididis namdvil mniSvnelobamde. Ggazomvis aucilebeli  raodenoba, 

romelic saWiroa  𝜀 sizustisa  da  𝒫 saimedoobis misaRwevad SeiZleba 

winaswar gaiTvalos maSin, rodesac cnobilia gazomvebis saSualo 

kvadratuli cdomileba (igulisxmeba, rom gazomvebi 

Tanabarwertilovania da damoukidebeli). Aam SemTxvevaSi gazomvaTa 

raodenoba, romelic saWiroa 𝜀 sizustis sandoobis Sesafaseblad  

 𝑎 − 𝑥  <  𝜀 

  dasaxuli saimedoobiT, gamoiTvleba formuliT (1.14) 

𝑛 ≥  
𝑡 𝒫  

 𝜀
 

2

𝜍2  

sadac 𝑡 = 𝑡 𝒫   sidide gamoiTvleba tolobiT 2φ t  = 𝒫, danarTis I 

cxrilidan. 

 Tu saSualo kvadratuli cdomileba winaswar cnobili araa, magram 

cnobilia Tundac misi rigi, gaazomvis aucilebeli raodenoba 

SesaZlebelia ganisazRvros 𝒫  saimedoobisagan da Tanafardobisagan 

𝑞 =  𝜀 𝑠 ,  sadac 𝑠  warmoadgens cdomilebis momaval empiriul standarts. 

gazomvis 𝑛 –  is 𝒫  da 𝑞 -gan damokidebulebis dasadgenad gamoiyeneba 

cxrili 5. 

magaliTad, imisaTvis, rom garantirebul iqnas sandoobis Sefaseba 

𝒫 = 0,99  saimedoobiTa da sizustiT 0,1𝑠  - mde saWiroa 668 gazomva. 

praqtikulad SeiZleba SemovifargloT ufro naklebi gazomvaTa 

raodenobiT Tu gamoviyenebT Semdeg martiv xerxs. jer saWiroa 

SedarebiT naklebi raodenobis gazomvebis Catareba (3-4 jer naklebi 

vidre es cxrilSia moyvanili). Agazomvebis am SedegebiT unda gavTvaloT 

ndobis intervali. Semdeg ki davazustoT gazomvaTa saWiro raodenoba im 
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  cxrili 5 

𝒫 

𝑞 

0.90 

 

0.95 0.98 0.99 0.999 

1,0 
0,5 
0,4 
0,3 
0,2 
0,1 
0,05 

5 
13 
19 
32 
70 
273 
1084 

7 
18 
27 
46 
99 
387 
1540 
 

9 
25 
37 
64 
139 
545 
2168 

11 
31 
46 
78 
171 
668 
2659 

17 
50 
74 
127 
277 
1089 
4338 
 

 

mosazrebiT, rom ndobis intervalis Semcireba 𝜆 jer miiRweva gazomvebis 

raodenobis gazrdiT 𝜆2 jer (magaliTad ndobis intervalis Semcireba 2-

jer miiRweva gazomvaTa raodenobis gazrdiT 4-jer). 

magaliTi 1. vTqvaT raRac 𝑎 sidide gazomilia  𝑛 = 10 - jer da man 

mogvca sizuste 0,27 saimedoobiT 0,99.  Tu Cven gvsurs imave saimedoobiT 

𝑎 sidide SevafasoT 0,1 sizustiT, anu ndobis intervali SevamciroT 2,7 

– jer, maSin gazomvaTa raodenoba unda gavzardoT 10 ∙ 2,72 = 73Y- mde. 

 

1.5.saSualo kvadratuli cdomileba 

 saSualo kvadratuli cdomileba izomeba imave erTeulebSi ra 

erTeulebSic izomeba TviTon SemTxveviTi cdomileba da gamoiyeneba 

saSualo ariTmetikulis standartuli cdomilebis dasadgenad da 

iangariSeba formuliT 

.𝜍 =  
1

𝑛
  𝑥𝑖 − 𝑥  2𝑛

𝑖=1  

sadac 𝑥𝑖  gazomvis TiToeuli Sedegia, xolo 𝑥  gazomvis Sedegebis 

saSualo mniSvneloba. 

 SevexoT saSualo kvadratuli cdomilebis interpretacias. Aam 

sididis maRali mniSvneloba metyvelebs imaze, rom mocemul simravleSi 

monacemebi didadaa gafantulia  saSualo mniSvnelobasTan SedarebiT da 
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piriqiT dabali mniSvneloba miuTiTebs imaze, rom mocemul simravleSi 

monacemebi dajgufebulia saSualo mniSvnelobis siaxloves. vTqvaT 

mocemuli gvaqvs sami ricxviTi simravle  0, 0, 14, 14 ,   0, 6, 8, 14  da 

 6, 6,   8, 8 .  YTiToeuli am simravlis saSualo mniSvnelobaa 7, xolo 

saSualo kvdratuli gadaxrebi  Sesabamisad tolia 7,  5 da 1. Bbolo 

simravlis saSualo kvadratuli gadaxra yvelaze  mcirea, vinaidan misi 

monacemebi Tavmoyrilia saSualo mniSvnelobasTan axlos. Ppirveli 

simravlis saSualo kvadratuli gadaxra yvelaze didia da masSi 

monacemebi saSualosgan sakmaod daSorebulia. zogadad  saSualo 

kvadratuli gadaxra SeiZleba miviCnioT ganuzRvrelobis sazomad. 

fizikaSi saSualo kvadratuli gadaxra gamoiyeneba raime gasazomi 

sididis cdomilebis zomad. Ees sidide Zalian mniSvnelovania imis 

dasadgenad Tu ramdenad aris Sesaswavli sididis mniSvneloba Teoriis 

mier nawinaswarmetyveleb sididesTan axlos; Tu gazomili sididis 

saSualo mniSvneloba Zalian gansxvavebulia Teoriisagan 

nawinaswarmetyvelebisagan  (saSualo kvadratuli cdomilebis maRali 

mniSvneloba)  maSin miRebuli mniSvnelobebis an maTi miRebis meTodi 

unda gadamowmdes. 

 vTqvaT arsebobs ori qalaqi, dRisiT erTnairi maqsimaluri 

temperaturiT, magram erTi maTgani mdebareobs zRvis sanapirosTan xolo 

meore zRvisgan moSorebiT. cnobilia, rom zRvis sanapirosTan mdebare 

qalaqis temperaturis mniSvnelobebi dRis ganmavlobaSi erTmaneTisagan 

naklebad gansxvavdeba vidre kontinentis SigniT mdebare qalaqebis 

temperaturebi dRis ganmavlobaSi. Aaqedan gamomdinare sanapirosTan 

mdebare qalaqis temperaturebis saSualo kvadratuli gadaxrebi  ufro 

naklebi iqneba vidre kontinentis SigniT mdebare qalaqebis. praqtikaSi ki 

es imas niSnavs, rom albaToba imisa, rom yoveli konkretuli dRis haeris 

maqsimaluri temperatura  mniSvnelovnad iqneba gansxvavebuli saSualo 

temperaturisagan  kontinentis SigniT mdebare qalaqisaTvis ufro 

maRalia sanapirosTan mdebarev qalaqTan SedarebiT. 
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1.6.logariTmuli normaluri ganawileba 

SemTxveviTi uwyveti sidideebis ganawilebis yvelaze gavrcelebuli 

kanonia normaluri ganawilebis kanoni. SemTxveviTi sidide 

ganawilebulia normaluri kanoniT Tu Tu misi albaTobis simkvrives 

gaaCnia Semdegi saxe: 

𝛷 𝑥 =
1

𝜍 2𝜋
𝑒

−
 𝑥−𝑎 2

2𝜍2  

Sadac 𝛼  SemTxveviTi sididis maTematikuri molodinia, xolo 𝜍  - 

saSualo kvadratuli gadaxra. 

albaTobis simkvrivis normluri ganawilebis grafiki simetriulia 

𝑥 = 𝛼  wrfis, e. i. maTematikuri molodinis – 𝑥 -is. Amrigad, Tu 𝑥 = 𝛼 , 

mruds gaaCnia maqsimumi, romelis tolia 

𝛷 𝑥 =
1

𝜍 2𝜋
≈

0,3989

𝜍
 

maTematikuri molodinis gazrdisas wiri wainacvlebs 𝑥  RerZis 

gaswvriv. nax.1-dan Cans, rom rodesac 𝑥 = 3,  wirs gaaCnia maqsimumi, 

vinaidan, maTematikuri molodini 3-is tolia.Tu maTematikuri molodini 

miiRebs sxva mniSvnelobas, magaliTad, 𝑥 = 6, maSin wirs eqneba maqsimumi, 

roca 𝑥 = 6 . Tu vilaparakebT saSualo kvadratul gadaxraze, rogorc 

grafikidan Cans, rac metia misi mniSvneloba, miT naklebia albaTobis 

simkvrivis maqsimaluri mniSvneloba. 

zogjer hipoTeza normaluri ganawilebis Sesaxeb ewinaaRmdegeba 

eqsperimentalur monacemebs. magram zogjer SesaZlebelia eqsperimentaluri 

𝑋𝑖 monacemebi gardaiqmnas ise, rom gardaqmnili sidideebi  𝑌𝑖 𝑋𝑖  SeiZleba 

daemorCilnon normaluri ganawilebis kanons. 

magaliTad, xSirad gvxvdeba SemTxvevebi, rodesac normalur 

ganawilebas emorCileba ara TviT gazomvis Sedegebi, aramed maTi 

logariTmi. es xdeba maSin, rodesac is faqtorebi, romlebic  amaxinjeben 

gazomvis Sedegebs, iwveven efeqtebs, romlebic proporciulia TviT 

gazomvis   Sedegebis   (anu  rodesac  saSualod ucvlelia ara gazomvis 
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nax.1. albaTobis simkvrivis normaluri ganawileba 

 

absoluturi cdomilebebi, aramed fardobiTi cdomilebebi). Aam dros 

amboben, rom TviT gazomvis Sedegi 𝑋 emorCileba logariTmul normalur 

ganawilebas.   

Tu SemTxveviTi sididis logariTmi ganawilebulia normalurad, 

maSin amboben, rom SemTxveviTi sidide xasiaTdeba normaluri 

logariTmuli ganawilebiT. logariTmulad normalurad ganawilebis 

funqcias gaaCnia Semdegi saxe: 

𝑃 𝐿𝑛𝑥 =
1

𝜍 2𝜋
  𝑒

−
 𝐿𝑛𝑥 −𝐿𝑛𝑎  2

2𝜍2
𝐿𝑛𝑥

−∞
𝑑 𝐿𝑛𝑥  
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       logariTmuli normaluri ganawilebis albaTuri simkvrivis 

ganawilebis formulas aqvs Semdegi saxe: 

𝛷 𝑥 =
1

𝜍 2𝜋
 𝑒

−
 𝐿𝑛 (𝑥)−𝐿𝑛𝑎  2

2𝜍2  

qvemoT moyvanili normaluri logariTmuli ganawilebis mrudidan 

(nax. 2) Cans, rom rac naklebia 𝜍 da metia maTematikuri molodini 𝑎 , miT 

ufro mrudi naklebad cicaboa da miiswrafis simetriisaken. Mmocemuli 

kanoni xSirad gamoiyeneba  xelsawyos cveTis, sabanko Semosavlebis da 

sxva amocanebis aRwerisaTvis. 

 

nax.2. albaTobis simkvrivis normaluri logariTmuli ganawileba 
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magaliTi 1. SemTxveviTi   sidide   ganawilebulia     normalurad 

maTematikuri molodiniT 𝜇 = 10 da saSualo kvadratuli gadaxriT 𝜍 = 5. 

vipovoT albaToba imisa, rom SemTxveviTi sidide miiRebs mniSvnelobas, 

romelic ekuTvnis intervals  5, 25 . 

amoxsna. Ppirobis ZaliT gvaqvs: 𝜇 = 10, 𝜍 = 5, 𝛼 = 5, 𝜂 = 25.  

saangariSo formulas aqvs saxe  𝑃 𝛼 < 𝑥 < 𝜂 = 𝛷  
𝜂−𝜇

𝜍
 − 𝛷  

𝛼−𝜇

𝜍
 .   

formulaSi Casma gvaZlevs 𝑃 5 < 𝑥 < 25 = 𝛷  
25−10

5
 − 𝛷  

5−10

5
 = 𝛷 3 − 𝛷 −1 . 

danarTSi moyvanili integralebis cxrilidan (cxrili XI ) vpoulobT 

𝛷 3 − 𝛷 −1 = 0,99865 − 0,1587 = 0,83995 

 da sabolood 

𝑃 5 < 𝑥 < 25 = 0,83995 

magaliTi 2. viangariSoT albaToba imisa, rom SemTxveviTi sidide  

logariTmuli ganawilebiT 𝜇 = 1, 𝜍 = 5,  miiRebs mniSvnelobebs (2, 5) 

intervalSi. 

Aamoxsna. 𝑃 2 < 𝑥 < 5 = 𝑃 𝑙𝑛2 < 𝑥 < 𝑙𝑛5 .  logariTmebis cxrilidan 

vpoulobT 𝐿𝑛2 = 0,6932, 𝐿𝑛5 = 1,6094, anu gvaqvs 𝑃 0,6932 < 𝑥 < 1,6094 =  

𝛷  
1,6094−1

0,5
 − 𝛷  

0,6932−1

0,5
 = 𝛷 1,2188 − 𝛷 −0,6126 .  

 danarTSi moyvanili integralebis cxrilidan (cxrili XI) 

vpoulobT 𝛷 1,2188 − 𝛷 −0,6126 = 0,618 da sabolood 

𝑃 𝑙𝑛2 < 𝑥 < 𝑙𝑛5 = 0,618. 

 

1. empiriuli formulebis parametrebis 

dadgena 
 

    2.1. saSualoebis meTodi 

 zogjer  𝑌 = 𝑎𝑋 + 𝑏 (2.1)  formulis parametrebis dadgenisas 

aucilebeli araa maRali sizuste (magaliTad rodesac es parametrebi 

saWiroa mxolod pirveli miaxloebisaTvis, an rodesac mocemuli 
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wertilebis raodenoba sakmarisad bevri araa) maSin SeiZleba gamoviyenoT 

gamartivebuli meTodebi. 

 daWimuli Zafis meTodi. Ees meTodi mdgomareobs SemdegSi: gazomvis 

Sedegebi daaqvT e.w. milimetrulaze da gamWvirvale saxazaviT gaatareben 

iseT wrfes, rom mis zemoT da qvemoT aRmoCndes wertilebis erTnairi 

raodenoba. Aam wrfis parametrebs gansazRvraven ori wertiliT. imis 

nacvlad, rom Cveulebriv milimetrul qaRaldze daitanon gazomvis 

gadaTvlili Sedegebi, SeiZleba visargebloT specialuri qaRaldiT 

funqcionaluri badiT, romelic Seesabameba koordinatTa gamoyenebul 

gardaqmnebs: aseT qaRaldze mocemuli wertilebi daitaneba 

gadaangariSebis gareSe da saZebni parametri aseve ganisazRvreba ori 

wertiliT. 

 vTqvaT gvaqvs xarisxovani funqcia 𝑦 = 𝑎𝑥𝑏 (2.2) da gvinda vipovoT 

misi  parametrebi. amisaTvis saWiroa (2.2) gamosaxuleba gavalogariTmoT. 

miviRebT:  𝑙𝑔𝑦 = 𝑙𝑔𝑎 + 𝑏𝑙𝑔𝑥 (2.3), SemovitanoT aRniSvnebi aRniSvnebi 𝑋 = 𝑙𝑔𝑥,

𝑌 = 𝑙𝑔𝑦 (2.4) rac iZleva gamosaxulebas 𝑌 = 𝑎1𝑋 + 𝑏1 (2.5) , sadac 𝑎1 = 𝑏  da 

𝑏1 = 𝑙𝑔𝑎.  

maCvenebliani funqciis 𝑦 = 𝑎𝑒𝑏𝑥 (2.6) parametrebis mosaZebnad aseve 

iyeneben logariTmul gardaqmnas: 𝑙𝑔𝑦 = 𝑙𝑔𝑎 + 𝑥𝑏𝑙𝑔𝑒  (2.7) da aRniSvnebs 

𝑋 = 𝑥,    𝑌 = 𝑙𝑔𝑦  rac aseve iZleva wrfiv damokidebulebas mniSvnelobebiT 

𝑎1 = 𝑏𝑙𝑔𝑒  2.8 ,   𝑏1 = 𝑙𝑔𝑎(2.9).  

Sesabamisi grafikebis agebiTa da martivi gaangariSebebiT advilad 

miiReba (2.6) da (2.7) formulebSi Semavali parametrebi da funqcionaluri 

damokidebulebebis Sesatyvisi formulebi.N 

ganvixiloT konkretuli   magaliTebi. 

magaliTi 1. vTqvaT mocemuli gvaqvs fizikuri eqsperimentis 

monacemebi da winaswar cnobilia, rom gazomvis 𝑥  da 𝑦  Sedegebs Soris 

damokidebulebas xarisxovani funqciis 𝑦 = 𝑎𝑥𝑏  saxe aqvs. vipovoT 𝑎 da 𝑏 

parametrebi 
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amoxsna. 

                      cxrili 6 

x y 

1 0,2 

2 0,8 

3 1,6 

4 3,2 

5 5,0 

 

gavalogariTmoT 𝑥  da 𝑦  mniSvnelobebi da monacemebi SevitanoT 

cxrilSi 

                            cxrili 7 

lgx lgy 

0 _ 0,70 

0,30 _ 0,10 

0,48 0,20 

0,60 0,51 

0,70 0,70 

 

 avagoT lgy _is lgx _ze damokidebulebis grafiki. miviRebT (2.3) 

formulis Sesabamis wrfes, romelic gamosaxulia nax. 3_ze 

 

 

nax.3. 𝑙𝑔𝑦 _is 𝑙𝑔𝑥 _ze damokidebulebis grafiki 
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 vipovoT 𝑎 − s mniSvneloba, misi logariTmi warmoadgens im 

wertilis ordinatas, romelsac grafiki mohkveTs ordinatTa RerZs. 

Ggrafikis mixedviT  𝑙𝑔𝑎 = −0,70 , aqedan 𝑎 = 10−0,70 =
1

100,70 =
1

5,01
= 0,2 . Aaxla 

vipovoT 𝑏_s mniSvneloba. amisaTvis vipovoT grafikis abscisTa RerZTan 

gadakveTis wertilis abscisa. is tolia 𝑙𝑔𝑥 = 0,35.  vinaidan grafikis 

abscisTa RerZTan gadakveTis werilis ordinata 0_is tolia gvaqvs  

0 = 𝑙𝑔𝑎 + 𝑏𝑙𝑔𝑥 aqedan 

𝑏𝑙𝑔𝑥 = −𝑙𝑔𝑎 = 0,70 an 

𝑏 ∙ 0,35 = 0,70 da  

𝑏 = 2 

sabolood  cxrilSi moyvanili monacemebis mixedviT 𝑥  da 𝑦  sidideebs 

Soris damokidebulebas aqvs Semdegi saxe 

𝑦 = 0.2𝑥2 

magaliTi 2. vTqvaT mocemuli gvaqvs fizikuri eqsperimentis 

monacemebi da winaswar cnobilia, rom gazomvis 𝑥  da 𝑦  Sedegebs Soris 

damokidebulebas aqvs maCvenebliani 𝑦 = 𝑎𝑒𝑏𝑥  funqciis saxe aqvs. vipovoT 

𝑎 da 𝑏 parametrebi. 

amoxsna. 

                            cxrili 8 

𝑥 𝑦 

0 3,00 

1 1,83 

2 1,10 

3 0,66 

4 0,40 

5 0,24 

6 0,15 

M 
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vipovoT 𝑦 sidideebis logariTmebi. Ggvaqvs 

  cxrili 9 

𝑦 3,00 1,83 1,10 0,66 0,40 0,24 0,15 

𝑙𝑔𝑦 0,48 0,26 0,04 _0,18 _0,40 _0,62 _0,82 

 

𝑙𝑔𝑒 = 0,43 

      avagoT 𝑙𝑔𝑦  _ is 𝑥 _ze damokidebulebis grafiki. (2.7) formulis 

Tanaxmad is warmoadgens nax.4 _ ze gamosaxul wrfes. Aam wrfis 

ordinatTa RerZTan gadakveTis wertlis  ordinata, rogorc grafikidan 

Cans tolia 𝑙𝑔𝑎 = 0,48 , saidanac 𝑎 = 100,48 = 3,02 . Aaxla vipovoT 

𝑏. Ggrafikidan Cans, rom misi abscisTa RerZTan gadakveTis wertilis 

abscisa 𝑥 = 2,2. Aam SemTxvevaSi 𝑙𝑔𝑦 = 0 da (2.7) formulis ZaliT, vwerT 

0 = 0,48 + 2,2 ∙ 𝑏 ∙ 0,43 aqedan  

𝑏 =
−0,48

2,2∙0,43
=

−0,48

0,95
= −0,51. 

maSasadame saZebn funqcias aqvs saxe 

𝑦 = 3,02𝑒−0,51𝑥  

 

A  

nax.4. 𝑙𝑔𝑦 damokidebuleba 𝑥 -ze 
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saSualoebis meTodi. meTodis arsi imaSia, rom eqsperimentul 

wertilebs yofen or daaxloebiT tol nawilad da TiToeuli 

jgufisaTvis gadaxraTa  jams utoleben nuls 

  𝑌𝑘 − 𝑎𝑋𝑘 − 𝑏 = 0; (2.9) 

Ees iZleva ori wrfivi gantolebisagan Semdgar sistemas  𝑎  da 𝑏 

parametris dasadgenad; 

   

 
𝑎  𝑋𝑘 + 𝐿𝑏 =  𝑌𝑘

𝐿
𝑖=1

𝐿
𝑖=1

𝑎  𝑋𝑘 +  𝑁 − 𝐿 𝑏 =  𝑌𝑘
𝐿
𝑘=𝐿+1

𝑁
𝑘=𝐿+1

   (2.10)   

sadac  𝐿 = 𝑁 2  rodesac 𝑁 luwia da 𝐿 = (𝑁 + 1) 2  rodesac 𝑁  kentia. 

      Oorive  gantolebis Sekreba  gvaZlevs  

𝑏 = 𝑌 − 𝑎𝑋  (2.11)  

sadac 𝑋 =
1

𝑁
 𝑋𝑘  (2.12),𝑁

𝑘=1  

 𝑌 =
1

𝑁
 𝑌𝑘  (2.13),𝑁

𝑘=1  

𝑎 parametri ki gamoiTvleba formuliT  

𝑎 =
1

𝐿
 𝑌𝑘−𝑌 𝑁

𝑘=1
1

𝐿
 𝑋𝑘−𝑋 𝑁

𝑘=1

   (2.14)   

 

                      cxrili 10 

x y lgx lgy 

1 0,2 0 _ 0,70 

2 0,8 0,30 _ 0,10 

3 1,6 0,48 0,20 

4 3,2 0,60 0,51 

5 5,0 0,70 0,70 

 

 

magaliTi 3. vTqvaT mocemuli gvaqvs eqsperimentis Sedegebi qvemoT 

moyvanili  cxrilis saxiT. 
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                               cxrili 11 

x y 

1,1 1,4 

1,8 1,7 

3,5 2,3 

4,6 2,2 

6,2 2,6 

6,8 2,9 

7,5 3,0 

8,4 3,2 

9,5 3,4 

10,6 3,7 

11,5 4,1 

 

saSualoebis meTodiT avagoT Sesabamisi wrfis gantoleba 

 amoxsna. davyoT monacemebi or nawilad: pirvelSi SevitanoT 6 

monacemi (𝐿 =   𝑁 + 1 2 =   11 + 1 2  = 6), xolo meoreSi _ danarCeni xuTi. 

(2.10) formulebis ZaliT gvaqvs: 

 
𝑎 1,1 + 1,8 + 3,5 + 4,6 + 6,2 + 6,8 + 6𝑏 = 1,4 + 1,7 + 2,3 + 2,2 + 2,6 + 2,9

𝑎 7,5 + 8,4 + 9,5 + 10,6 + 11,7 + 5𝑏 = 3,0 + 3,2 + 3,4 + 3,7 + 4,1
  

 
24,0𝑎 + 6𝑏 = 13,1
47,7𝑎 + 5𝑏 = 17,4

  

      (2.10) formulebis Sekreba gvaZlevs 

𝑏 = 𝑌 − 𝑎𝑋  

sadac  

𝑋 =
1

𝑁
 𝑋𝑘 =

1

11
∙  24,0 + 47,7 = 6,5

𝑁

𝑘=1

,    

𝑌 =
1

𝑁
 𝑌𝑘

𝑁

𝑘=1

=
1

11
∙  13,1 + 17,4 = 2,8 
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ase rom saSualoebis meTodSic wrfiv damokidebulebas aqvs 

standartuli saxe: 

𝑌 − 𝑌 = 𝑎  𝑋 − 𝑋   

magram  𝑎 parametri gamoiTvleba (2.14) formuliT. 

𝑎 =  

1
6 ∙ 13,1 − 2,8

1
6 ∙ 24,0 − 6,5

=
2,2 − 2,8

4,0 − 6,5
= 0,2 

Dda sabolood wrfis gantolebas aqvs saxe 

𝑌 − 2,8 = 0,2 𝑋 − 6,5  

Aan  

𝑌 − 2,8 = 0,2𝑋 − 1,3  

Dda sabolood 

𝑌 = 0,2𝑋 + 1,5. 

 Aaucileblad unda SevniSnoT, zemoT moyvanil magaliTebSi 

gamoyenebuli  meTodebi  iZleva parametrebis sakmaod uxeS Sefasebas. 

 

2.2. mravalwevris optimaluri xarisxis dadgena 

eqsperimentis  monacemebiT mravalwevris optimaluri xarisxis 

dadgena emyareba daSvebas, rom saZebni damokidebuleba zustad SeiZleba 

warmodgenil iqnas raRac 𝑛0 xarisxis mravawevriT: 

𝑦 =  𝑎𝑖
𝑛0
𝑖=0 𝑥𝑖 = 𝑎0 + 𝑎1𝑥 + 𝑎2𝑥2 + ⋯ + 𝑎𝑛𝑥𝑛0 (2.15)  

Dda, rom funqciis 𝑦𝑘  gazomili sidideebi Seicaven mxolod SemTxveviT 

cdomilebebs ƞ𝑘 , romlebic damoukidebelni arian da emorCilebian 

ganawilebis normalur kanons erTnairi 𝜍2  dispersiiT Tanabari 

sizustiT gazomvebisas, an dispersiebs 𝜍2 𝑤𝑘 , araTanabari sizustiT 

gazomvebisas (𝑤𝑘 - gazomvebis wonebis mniSvnelobebia, 𝑘 = 1, 2, 3, ⋯ , 𝑁.  

        ZiriTadi cnebebi formulirebulia (2.15) sididis daSlis 

terminebiT CebiSevis orTogonaluri mravawevriT; 

𝑦 =  𝑏𝑖
𝑛0
𝑖=0 𝑝𝑖 𝑥  (2.16) 

sadac 
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  𝑝𝑖(𝑥𝑘
𝑁
𝑘=1 )𝑝𝑗  𝑥𝑘 𝑤𝑘 = 0 rodesac 𝑖 ≠ 𝑘. 𝑏𝑗 parametrebis Sefaseba xdeba  

𝑏𝑗 =
1

𝐻𝑗
 𝑦𝑘

𝑁
𝑘=1 𝑝𝑗  𝑥𝑘 𝑤𝑘 , 𝐻𝑗 =  𝑝𝑓 𝑥𝑘 𝑤𝑘

𝑁
𝑘=1    (2.17)  

formulebiT.  

       TanmimdevrobiT     gamovTvaloT   𝑏0, 𝑏1, 𝑏3, ⋯   parametrebi (2.17)   

formulebiT: yoveli morigi 𝑏𝑛  Sefasebis Semdeg gamovTvaloT 

gadaxrebis kvadratebis jami 

𝑆𝑛 =  𝓌𝑘  𝑦𝑘 −   𝑏𝑗  0
𝑝𝑗  𝑥𝑘 𝑛

𝑗 =0  
2

𝑁
𝑘=1  , 

es ukanaskneli formula mosaxerxebelia warmodgenil iqnas Semdegi 

saxiT: 

𝑆𝑛 =  𝓌𝑘𝑦𝑘
2𝑁

𝑘=1 − (𝑏0
2𝐻0 + 𝑏1

2𝐻1 + ⋯ + 𝑏𝑛
2𝐻𝑛  (2.18)  

yoveli axali 𝑏𝑛+1𝑝𝑛+1(𝑥)  wevris damateba 𝑦  mravalwevris DdaSlaSi 

orTogonaluri mravalwevriT 𝑝𝑗 (𝑥)  amcirebs 𝑆𝑛  gadaxrebis kvadratebis 

jamis mniSvnelobas sididiT 𝑏𝑛+1
2 𝐻𝑛+1. 

aseTnairad gamoTvlili  𝑆𝑛  yoveli mniSvneloba unda gavyoT 

𝑁 − 𝑛 − 1 ricxvze da miRebuli mniSvneloba unda SevadaroT wina 

mniSvnelobas. SesarCevi mravalwevris xarisxi unda gavzardoT manam, 

sanam (2.19)  Tanafadoba ar daiwyebs SesamCnevad Semcirebas. 

𝑆𝑛

𝑁−𝑛−1
=

𝑆𝑛

𝑁−𝑛−1
 𝓌𝑘  𝑦𝑘 −   𝑏𝑗  0

𝑝𝑗  𝑥𝑘 𝑛
𝑗=0  

2
𝑁
𝑘=1   (2.19)    

 𝑛 = 𝑛0  is mniSvneloba, romlis Semdgomac (2.19)  fardoba praqtikulad 

Sewyvets zrdas, iZleva mravalwevris optimalur xarisxs. 

 ganvixiloT magaliTi 1. 12 cxrilis pirvel da meore svetebSi 

mocemulia raRac gazomvis Sedegebi, romelic Seicavs SemTxveviT 

cdomilebebs 𝜍2  dispersiiT. Cveni amocanaa SevarCioT am monacemebiT 

optimaluri xarisxis mravalwevri. 

 Aamoxsna. vinaidan argumenti mocemulia 𝑕 = 0,1  bijiT, 𝑏0, 𝑏1, 𝑏3, ⋯ 

parametrebis  Sesafaseblad gamoviyenoT danarTSi moyvanili 

oTogonaluri mravalwevrebis   cxrili II  𝑁 = 9 – Tvis  (gazomvebis 

raodenoba 9 –is tolia).  
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 amasTan erTad  danarTis II cxrilis Sesabamisad, aq gamoTvlilia 

dayvanili mravalwevris mniSvnelobebi 𝑝𝑗
∗  ( 𝑗 = 1,2,3,4,5).  Aamitom 𝐻𝑗 

nacvlad gamoyenebulia 𝛾𝑗  sidideebi, ise, rom 𝑏𝑗  parametrebis 

Sesafasebel formulebs aqvT saxe 

𝑏𝑗 =
1

𝛾𝑗
 𝑦𝑘𝑝𝑖 𝑢𝑘 

𝑛

𝑘=1

,   𝑢𝑘 =
𝑥𝑘 − 0,5

0,1
 

       TvalsaCinoebisaTvis 12 cxrilSi moyvanilia ori ori sveti 

namravlebisaTvis 𝑦 ∙ 𝑝1
∗  da 𝑦 ∙ 𝑝2

∗ . Bbolo svetebSi moyvanilia 𝑝3
∗, 𝑝4

∗, 𝑝5
∗ , 

romlebic warmoadgenen Tanamamravlebs 𝑦𝑘  Sesabamisi 

mniSvnelobebisaTvis. 

cxrili 12  

𝑥 𝑦  𝑦 − 𝑏0 2 𝑝1
∗ = 𝑢 𝑢 ∙ 𝑝

1
∗ 𝑝2

∗ 𝑢 ∙ 𝑝
2
∗ 𝑝2

∗ 𝑝4
∗ 𝑝5

∗ 

0,1 

0,2 

0,3 

0,4 

0,5 

0,6 

0,7 

0,8 

0,9 

5,1234 

5,3057 

5,5687 

5,9378 

6,4370 

7,0978 

7,9493 

9,0253 

  

10,3627 

3,4419 

2,7987 

1,9879 

1,0833 

0,2933 

0,0142 

0,9422 

4,1888 

11,4519 

-4 

-3 

-2 

-1 

0 

1 

2 

3 

4 

-20,4936 

-15,9171 

-11,1374 

-5,9378 

0 

7,0978 

15,8986 

27,0759 

41,4508 

28 

7 

-8 

-17 

-20 

-17 

-8 

7 

28 

143,4552 

37,1399 

-44,5496 

-100,9426 

-128,7400 

-120,6626 

-63,5944 

63,1771 

290,1556 

-14 

7 

13 

9 

0 

-9 

-13 

-7 

14 

14 

-21 

-11 

9 

18 

9 

-11 

-21 

14 

-4 

11 

-4 

-9 

0 

9 

4 

-11 

4 

ჯამი 62,8077 26,2022 - 38,0372 - 75,4386 - - - 

𝛾   60  924  11,88 34,32 3120 

 

 MmiRebuli jamebiT vpoulobT 

𝑏0 = 𝑦 =
1

9
∙ 62,8077 = 6,97863 

𝑏1 =
1

60
∙ 38,0372 = 0,63395 

𝑏2 =
75,4386

924
= 0,081644 
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𝑏3 =
5,9252

1188
= 0,0049876 

𝑏4 =
0,3429

3432
= 0,00009991 

𝑏5 =
0,0042

3120
= 0,00000134 

     axla davTvaloT cdiseuli monacemebis gamoTvlili monacemebidan 

gadaxrebis kvadratebis jami (2.19) formuliT 𝑛 = 0, 1, 2, 3, 4, 5 

mniSvnelobebisaTvis: 

𝑆0 =   𝑦𝑘 − 𝑏0 2𝑛
𝑘=1 = 26,2022,  𝑆0 8 = 3,2559 

 

𝑆1 = 𝑆0 − 𝑏1
2𝐻1 = 26,2022 − 0,633962 ∙ 60 = 2,0866,     𝑆1 7 = 0,2984 

𝑆2 = 𝑆0 − 𝑏2
2𝐻2 = 2,0886 − 0,0816442 ∙ 308 = 0,355,    𝑆2 7 = 0,2984 

𝑆3 = 𝑆0 − 𝑏3
2𝐻3 = 0,0355 − 0,0498762 ∙

7128

5
= 0,000059,      𝑆3 5 = 0,000012 

Semdgomi gaTvlebi met sozustes moiTxoven. moviyvanoT mxolod 

saboloo Sedegebi. 

𝑆4 = 0,0000049       𝑆4 4 = 0,000012 

𝑆5 = 0,0000045       𝑆5 4 = 0,000015 

      vxedavT, rom (41-4) Tanafardoba praqtikulad wyvets Semcirebas 

𝑛 =  4 - dan. Amrigad saZebni empiriuli formulaa 

𝑦 =  𝑏𝑗 𝑥𝑗

4

𝑗=0

 𝑢 = 𝑏0 + 𝑏1𝑢 + 𝑏2  𝑢2 −
20

3
 + 𝑏3  𝑢2 −

59

5
𝑢 + 𝑏4  𝑢4 −

115

7
𝑢2 +

216

7
 = 

= 0,9991 ∙ 10−4𝑢4 + 4,9876 ∙ 10−3𝑢3 + 8,0003 ∙ 10−2𝑢2 + 5,7510 ∙ 10−1𝑢 + 

+ 6,43742 

amasTan 

𝑢 =
𝑥−0,5

0,1
= 10(𝑥 − 0,5). 

      miRebuli empiriuli formula SeiZleba ase CavweroT 

𝑦 = 0,00991(𝑥 − 0,5)4 + 4,9876(𝑥 − 0,5)3 + 8,0003(𝑥 − 0,5)2 + 5,7510 𝑥 − 0,5 + 

+ 6,43742 

Aan  
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𝑦 = 0,00991𝑥4 + 2,9894𝑥3 + 2,0176𝑥2 + 0,9919𝑥 + 5,0010 

amasTan erTad sanam CavwerT empiriul formulas saboloo saxiT, 

mizanSewonilia SevafasoT cdomilebebi, romlebic daSvebul iqna misi 

parametrebis dadgenisas da amis gaTvaliswinebiT davamrgvaloT 

miRebuli sidideebi. ganxilul SemTxvevaSi gazomvis Sedegebis dispersia 

𝜍2 SeiZleba Sefasdes sididiT  

𝜍2 ≈ 𝑆4 4 = 12 ∙ 10−8. 

𝑏0, 𝑏1, 𝑏3, 𝑏4 PAparametrebis gansazRvris saSualo kvadratuli cdomilebebi 

SeiZleba Sefasdes Semdegi TanafardobebiT 

𝜍(𝑏0) =  
𝜍2

9
≈ 1,2 ∙ 10−4,    𝜍(𝑏1) =  

𝜍2

60
≈ 4,5 ∙ 10−5, 

  

𝜍(𝑏2) =  
𝜍2

308
≈ 2,0 ∙ 10−5,  𝜍(𝑏3) =  

𝜍2

1425,6
≈ 9,3 ∙ 10−6 

𝜍(𝑏4) =  
𝜍2

5883,6
≈ 4,5 ∙ 6. 

      zemoT moyvanili parametrebis mnivnelobebi  davamrgvaloT, amasTan 

SevinarCunoT erTi saeWvo niSani; 

        𝑏0 = 6,9786,   𝑏1 = 0,63395,    𝑏2 = 0,08164, 𝑏3 = 0,00499,   𝑏4 = 0,000100.    

CavsvaT miRebuli mniSvnelobebi  empiriul formulaSi, gavxsanaT 

frCxilebi, saboloo formulaSi movaSoroT saeWvo niSnebi, miviRebT 

𝑦 = 1,00 𝑥 − 0,5 4 + 4,99 𝑥 − 0,5 3 + 8,000 𝑥 − 0,5 2 + 5,751 𝑥 − 0,5 + 6,4374 ≈ 

≈ 1,0𝑥4 + 3,0𝑥3 + 2,0𝑥2 + 1,0𝑥 + 5,00. 

Aamrigad saZebn mravalwevrs gaaCnia sxe 

𝑦 = 𝑥4 + 3𝑥3 + 2𝑥2 + 𝑥 + 5. 

2.3. xarisxovani da maCvenebliani funqciebi 

 zogjer  empiriuli formulis SeCevisas saWiro xdeba arCevanis 

gakeTeba xarisxovan da maCveneblian funqciebs Soris. Aam SemTxvevaSi 

saWiroa eqsperimentuli wertilebi (gadaangariSebis gareSe) davsvaT 

logariTmul da naxevradlogariTmul qaRaldebze; Tu wertilebi kargad 
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dalagda wrfeze logariTmul qaRaldze, maSin virCevT xarisxovan 

funqcias 𝑦 = 𝑎𝑥𝑏 ,  xolo Tu wertilebi kargad dalagda 

naxevradlogariTmul qaRaldze virCevT maCveneblian funqcias 𝑦 = 𝑎𝑒𝑏𝑥 . 

Sesabamisi funqciis arCevis Semdeg misi parametrebis 𝑎  da 𝑏  dadgena 

xdeba miRebuli wrfis ori wertilis meSveobiT. 

     Tu ara gvaqvs miTiTebuli qaRaldebi SeiZleba visargebloT im 

garemoebiT, rom xarisxovani funqciis mniSvnelobebi adgenen geometriul 

progresias argumentis mniSvnelobebisaTvis, romlebic adgenen 

geometriul progresias, xolo maCvenebliani funqciis mniSvnelobebi 

adgenen geometriul progresias, argumentis mniSvnelobebisaTvis, 

romlebic adgenen ariTmetikul  progresias. Aamitom dasaxelebul 

funqciebs Soris arCevanis gakeTebisas awarmoeben gazomvebis or rigs; 

Tanabrad daSorebuli wertilebisaTvis 𝑥𝑘+1 = 𝑥𝑘 + 𝑕 da wertilebisaTvis, 

romlebic adgenen geometriul progresias 𝑥𝑘+1 = 𝑥𝑘𝑞.  amis Semdeg 

TiToeuli am rigisaTvis angariSoben Tanafardobebs 

𝑦2

𝑦1
,
𝑦3

𝑦2
,
𝑦4

𝑦3
, ⋯ 

da irCeven im rigs, romlisTvisac es Tanafardobebi ufro mudmivia. amiT 

irCeven empiriuli formulis saxesac: Tu ufro mudmivia funqciis 

mniSvnelobebi argumentis Tanabrad daSorebuli mniSvnelobebisaTvis 

irCeven maCveneblian funqcias, winaaRmdeg SemTxvevaSi – xarisxovans. 

 magaliTi 1. cxril 13 _ Si moyvanili monacemebiT gavakeToT 

arCevani maCveneblian da xarisxovan funqciebs Soris. 

amoxsna. viangariSoT 𝑦𝑘  mniSvnelobebis Sefardeba Tanabrad 

daSorebuli wertilebisaTvis 

cxrili 13  

𝑘 𝑥 𝑦 𝑘 𝑥 𝑦 𝑘 𝑥 𝑦 

1 
2 
3 
4 

0,4 
0,6 
0,8 
1,0 
 

0,043 
0,139 
0,311 
0,637 

 

5 
6 
7 
8 
 

1,2 
1,4 
1,6 
1,8 

1,068 
1,699 
2,572 
3,646 

 

9 
10 
11 
 

2,0 
2,2 
2,4 

4,981 
6,664 
8,595 
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 𝑦2

𝑦1
=

0,139

0,043
= 3,23,   

𝑦3

𝑦2
=

0,311

0,139
= 2,24,

𝑦4

𝑦3
=

0,637

0,311
= 2,05 ⋯,   

𝑦10

𝑦9
=

6,664

4,981
= 1,34  ,

𝑦11

𝑦10
=

8,595

6,664
=

1,29  

 rogorc vxedavT es Tanafardobebi TandaTan mcirdeba da bolo 

monacemi samjer naklebia pirvelze, Sesabamisad maCvenebliani funqcia ar 

gamogvadgeba. 

 axla  viangariSoT 𝑦𝑘  fardobebi 𝑥𝑘  wertilebisaTvis, romlebic 

adgenen geometriul progresias mniSvneliT 𝑞 = 2  (e.i. wertilebisaTvis 

romlebic akmayofileben pirobas 𝑥𝑘 𝑥𝑖 = 2); 

𝑦3

𝑦1
=

0,311

0,043
= 7,68,

𝑦5

𝑦2
=

1,068

0,139
= 8,27,

𝑦7

𝑦3
=

2,572

0,311
= 8,27,

𝑦9

𝑦4
=

4,981

0,637
= 7,83,

𝑦11

𝑦5
=

8,595

1,068
= 8,06.    

es Tanafardobebi TiTqmis mudmivia. Aanalogiuri situaciaa maSinac 

rodesac geometriuli progresiis mniSvneli 𝑞 = 3: 

𝑦5

𝑦1
=

1,068

0,043
= 24,8,

𝑦8

𝑦2
=

3,646

0,139
= 28,4,

𝑦11

𝑦3
=

8,595

0,311
= 27,6 

aqac Tanafardobebi mudmivia da upiratesoba unda mieniWos xarisxovan 

funqcias 𝑦 = 𝑎𝑥𝑏 . 

 gavasaSualoebT ra gnxilul Tanafardobebs, SegviZlia 

gamovTvaloT 𝑦 = 𝑎𝑥𝑏  xarisxovani funqciis 𝑏  parametris miaxloebiTi 

mniSvneloba formuliT 

𝑏 =
𝑙𝑔  𝑦𝑘+1 𝑦𝑘             

𝑙𝑔𝑞
 

sadac 𝑦𝑘+1 𝑦𝑘             warmoadgens gansaxilveli Tanafardobebis saSualo 

mniSvnelobebs  wertilebisaTvis romlebic qmnian geometriul 

progresias mniSvneliT 𝑞. 

A ase magaliTad moyvanili magaliTisaTvis, roca 𝑞 = 2 vRebulobT  

𝑦𝑘+1 𝑦𝑘            =
7,68 + 8,27 + 8,27 + 7,83 + 8,06

5
= 8,02 

Dda  

𝑏 =
𝑙𝑔8,02

𝑙𝑔2
= 3, 
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xolo, roca 𝑞 = 3 

𝑦𝑘+1 𝑦𝑘            =
24,8 + 28,48 + 27,6

3
= 26,9 

da 

𝑏 =
𝑙𝑔26,9

𝑙𝑔3
= 3,00. 

       amrigad pirveli miaxloebiT SeiZleba CavTvaloT, rom empiriuli 

formulas aqvs saxe 𝑦 = 𝑎𝑥3; axla saWiroa SeirCes 𝑎 parametri, romelic 

ukve wrfivad Sedis masSi. 

      sruliad analogiurad  𝑦𝑘+1 𝑦𝑘  Tanafardobebis  TiTqmis mudmivi 

mniSvnelobebisaTvis Tanabrad Sorebuli wertilebisaTvis 𝑥𝑘+1 = 𝑥𝑘 + 𝑕 

SeiZleba am sidideebis gasaSualoeba da 𝑦 = 𝑎𝑒𝑏𝑥  maCveneblian funqciaSi 

sawyisi miaxloebiT  𝑏  parametris gamoTvla formuliT 

𝑏 =
𝑙𝑔  𝑦𝑘+1 𝑦𝑘             

𝑕𝑙𝑔𝑒
. 

3. korelaciuri damokidebulebi 

 
3.1. korelaciis koeficienti da misi gamoTvla 

ganvixiloT korelaciis koeficientis Sefasebis martivi magaliTi. 

 laboratoriul  samuSaoSi “maTematikuri qanqara” Tavisufali 

vardnis aCqarebis 𝑔 dasadgenad iyeneben damokidebulebas qanqaris rxevis 

periods 𝑇  da qanqaris sigrZes 𝐿  Soris. Teoria iZleva Semdeg 

Tanafardobas: 

𝑇 = 2𝜋 
𝐿

𝑔
     (3.1)  

amrigad, Teoriis  mixedviT 𝐿 da 𝑇2 sidideebs Soris arsebobs 

wrfivi damokidebuleba. SevamowmoT es mtkiceba, amisaTvis korelaciis 

koeficienti 𝑅 gamovTvaloT formuliT: 

𝑅 = 
   𝑥𝑖−𝑥   𝑦𝑖−𝑦   𝑁

𝑖=1

   𝑥𝑖−𝑥  2𝑁
𝑖=1    𝑦𝑖−𝑦  2𝑁

𝑖=1

  (3.2) 
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vTqvaT periodis gazomvis eqsperimenti Catarda qanqaris xuTi 

sxvadasxva sigrZisaTvis. Sedegebi  moyvanilia cxril 14 - Si. cxadia 

qanqaris TiToeuli sigrZisaTvis periodi gazomil iqna ramodenimejer da 

cxrilSi Setanil iqna periodis kvadratis gasaSualebuli 

mniSvnelobebi. 

cxrili 14  

cdis 
nomeri 

1 2 3 4 5 

Zafis 
sigrZe, 
𝐿, sm 

10 17 24 31 38 

Pperiodis 
Kkvadrati, 

𝑇2, წმ2 

0,4132 0,6954 0,9801 1,2618 15460 

 

 jer gamovTvaloT AZafis sigrZis da periodis kvadratis saSualo   

mniSvnelobebi. 

𝐿 = 24 sm, 𝑇2    = 0,9793 წმ2. 

amis Semdeg gamovTvaloT  (1)  formulaSi Semavali sami jami: 

  𝐿𝑖 − 𝐿  25
𝑖=1 = 490  სმ2, 

  𝑇𝑖
2 − 𝑇2     

25
𝑖=1 = 0,802 წმ4. 

CavsvamT ra miRebul mniSvnelobebs (1)  formulaSi miviRebT 

korelaciis koeficientis miaxloebiT mniSvnelobas: 

𝑅 = 0,999999 

Kkorelaciis erTTan ase axlos myofi mniSvneloba damajereblad 

metyvelebs imaze, rom 𝐿  da 𝑇2  sidideebs Soris arsebobs wrfivi 

damokidebuleba da eqsperimentalurad adasturebs Teoriul (3.2)  

formulas. 𝑅  sididis erTisgan umniSvnelo gadaxra gamowveulia Zafis 

sigrZisa da periodis gazomvis cdomilebiT. 

ganvixiloT sxva magaliTi. vTqvaT erTmaneTs ejaxeba erTnairi 

sigrZis Zafze dakidebuli ori foladis burTula (nax.5). Ppirveli 
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burTula gadaxrilia ise, rom misi Zafi vertikalTan adgens 𝜑 kuTxes da 

mas xels vuSvebT nulovani sawyisi siCqariT. 

 

 

nax.5.N ori drekadi burTulas Sejaxebis  sqema 

 

vupasuxoT kiTxvas: damokidebulia  Tu ara FSejaxebis dro 

gadaxris kuTxeze? Sejaxebis drois  qveS  igulisxmeba is dro, romlis 

ganmavlobaSic  drekadad deformirebuli burTulebi erTmaneTTan 

kontaqtSi  imyofebian. Sesabamisi laboratoriuli mowyobiloba 

saSualebas  iZleva  drois es intervali gaizomos mikrowamebis  

sizustiT. 

vTqvaT eqsperimentSi drois intervali gaizoma kuTxeebis 𝜑 

intervalisaTvis 50 _dan 150 _mde. TiToeuli 𝜑  kuTxisaTvis dajaxebis 𝑇 

dro gaizoma 6_jer da gaangariSebul iqna  miRebuli  Sedegis saSualo 

ariTmetikuli.  Sedegebi Setanilia cxril 15_Si. 

erTi SexedviT 𝜑  kuTxis SemcirebiT Sejaxebis dro sakmaod 

qaoturad icvleba. 𝜑 da 𝑇 sidideebs Soris urTierTkavSiris arsebobis 
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an ararsebobis Sesaxeb upirveles yovlisa saWiroa gavTvaloT 

korelaciis koeficienti. 

    cxrili 15  

Ggadaxris sawyisi kuTxe, 𝜑 

grad 

Sejaxebis dro, mkwm 

15 133,2 

14 134 

13 143,7 

12 135,8 

11 134,2 

10 135,4 

9 139,3 

8 125 

7 110,7 

6 130,7 

5 110 

 

jer  cxril 15 _ is monacemebiT gamovTvaloT 𝜑  kuTxis da 

Sejaxebis 𝑇 drois  saSualo mniSvneloba: 

𝜑 = 10 grad, 𝑇 = 129,3 mkwm, 

Semdeg_sami jami, romlebic saWiroa (3.1) formulis gamosayeneblad. 

   𝜑𝑖 − 𝜑   𝑇𝑖 − 𝑇   = 294,711
𝑖=1  grad.mkwm 

   𝜑𝑖 − 𝜑   
211

𝑖=1 = 110  გრად2, 

  𝑇𝑖
2 − 𝑇2     

211
𝑖=1 = 1673 წმ2 

 gamoTvlili jamebis CasmiT (3.1) formulaSi miviRebT korelaciis 

koeficientis miaxloebiT mniSvnelobas: 

𝑅 = 0,687 

miRebuli  mniSvneloba arsebiTad gansxvavdeba nulisagan. 

Sesabamisad SeiZleba davaskvnaT, rom sakvlev sidideebs Soris arsebobs 
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urTierTkavSiri, magram is SesaZlebelia Sors iyos wrfivisagan. 

gadaxris kuTxisa da Sejaxebis drois urTierTkavSiris konkretuli 

kanonis dasadgenad  saWiroa mocemuli problemis ufro detaluri  

eqsperimentuli da Teoriuli kvleva  

 

          3.2.Kpirdapiri regresiebi 

 regresia (laT. regression – ukumoZraoba, ukandaxeva) albaTobis 

Teoriisa da maTematikur statistikaSi raRac sididis saSualo 

mniSvnelobis damokidebuleba raRac sxva sidideze an sidideebze. wminda 

funqcionaluri damokidebulebisagan - 𝑦 = 𝑓(𝑥)  gansxvavebiT, rodesac 

damoukidebeli 𝑥  cvladis ToToeul mniSvnelobas Seesabameba 

damokidebuli cvladis - 𝑦  - is erTi da mxolod erTi mniSvneloba, 

regresiuli kavSiris dros 𝑥  - is erTidaimave mniSvnelobas, sxvadasxva 

SemTxvevisagan damokidebulebiT Seesabameba 𝑦  -- is sxvadasxva 

mniSvneloba. 

 es termini statistikaSi pirvelad gamoiyena frensis hamiltonma 

(1886 w) adamianis fizikuri maxasiaTeblebis STamomavlobiT gadacemis 

sakiTxebis SeswavlasTan dakavSirebiT. erT-erT maxasiaTeblad AaRebul 

iqna adamianis simaRle; amasTan aRmoCenili iqna, rom mTlianobaSi maRali 

mamebis Svilebi, rogorc es mosalodneli iyo ufro maRlebi iyvnen 

vidre dabali simaRlis mqone mamebis Svilebi. ufro saintereso ki is 

iyo, rom Svilebis simaRleebs Soris gansxvaveba ufro naklebi iyo vidre 

mamebis simaRleebs Soris gansxvaveba.  

    vTqvaT Catarebulia 𝑛 eqsperimenti, romlis Sedegadac miRebulia 

 𝑋, 𝑌  sidideebis Semdegi mniSvnelobebi   𝑥𝑖 , 𝑦𝑖   sadac 𝑖 = 1, 2, 3, ⋯ , 𝑛.  

maSin 𝑦 - is 𝑥 – ze regresiis gantolebas aqvs saxe 

𝑦 − 𝑦 = 𝜌 ∙
𝜍2 2

𝜍1 2   𝑥 − 𝑥   

xolo 𝑥- is 𝑦 – ze regresiis gantolebas - saxe 
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𝑥 − 𝑥 = 𝜌 ∙
𝜍1 2

𝜍2 2   𝑦 − 𝑦   

sadac 𝑥 =
 𝑥𝑖

𝑛
, 𝑦 =

 𝑦𝑖

𝑛
 

 

𝜍1 2 = 𝑥2   −  𝑥  2 

𝜍2 2 = 𝑦2   −  𝑦  2 

𝜇𝑒 = 𝑥𝑦   − 𝑥 𝑦  

korelaciis koeficienti  

𝜌 ≈
𝜇𝑒

𝜍1 𝜍2 
 

 korelaciis koeficienti akmayofilebs pirobas  𝜌 ≤ 1 

N nax. 6 _ ze naCvenebia Tu rogori gadaxrebi igulisxmeba. 𝑦 - is 𝑥 – 

ze da piriqiT 𝑥 - is 𝑦 – ze pirdapiri regresiebisas. 

Oorive empiriuli wrfe gadis empiriuli ganawilebis centrze - 

 𝑥 , 𝑦   wertili. 𝑥  - is 𝑦  – ze regresiis wrfis daxra 𝑥  RerZis mimarT 

yovelTvis metia vidre 𝑦 - is 𝑥 – ze wrfis. 

 ganvixiloT  konkretuli monacemebi, romlebic moyvanilia 

cxrilSi 16. 

 

cxrili 16 

𝑥𝑖 23 24 24,5 24,5 25 25,5 26 26 26,5 26,5 27 27 28 

𝑦𝑖 0,48 0,50 0,49 0,50 0,51 0,52 0,51 0,53 0,50 0,52 0,54 0,52 0,53 

 

vipovoT 𝑦 - is 𝑥 – ze da 𝑥- is 𝑦 – ze pirdapiri regresiis gantolebebi. 
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nax.6.   𝑦 - is 𝑥 – ze pirdapiri regresiis gadaxris saxe 

 

 

nax.7.   𝑥 - is 𝑦 – ze pirdapiri regresiis gadaxris saxe  

  

  angariSis gasamartiveblad  SevavsoT cxrili damatebiTi 

monacemebiT 

 zemoT moyvanili monacemebiT miviRebT Semdeg m,niSvnelobebs: 

𝑥 =
333,5

13
≈ 26,65;    𝑦 =

6,65

13
≈ 0,51;     𝑥2   =

8579

13
≈ 659,9;   𝑦2   =

3,405

13
≈ 0,261 

𝜍1 2 ≈ 659,9 − 25,652 ≈ 1,822;     𝜍2 2 ≈ 0,261 − −0,512 ≈ 0,000275;       
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𝜇𝑒 ≈
170,8

13
− 25,5 ∙ 25,65 ≈ 0,018;   𝜌 =

0,0485

1,41 ∙ 0,031
≈ 0,815 

da  𝑦 - is 𝑥 – ze rgresiis wrfis gantolebas aqvs saxe  

𝑦 = 0,81 ∙
0,016

1,35
 𝑥 − 25,65 + 0,51 an 

𝑦 = 0,01𝑥 + 0,255 

       cxrili 17  

𝑥𝑖 𝑦𝑖 𝑥𝑖
2 𝑦𝑖

2 𝑥𝑦 

23 0,48 529 0,23 11 

24 0,50 576 0,25 12 

24,5 0,49 600,25 0,2401 12,005 

24,5 0,50 600,3 0,25 12,25 

25 0,51 625 0,26 12,8 

25,5 0,52 650,3 0,27 13,26 

26 0,51 676 0,26 13,3 

26 0,53 676 0,28 13,8 

26,5 0,50 702,3 0,25 13,25 

26,5 0,52 702,3 0,27 13,78 

27 0,54 729 0,292 14,58 

27 0,52 729 0,27 14 

28 0,54 784 0,28 14,8 

jami 333,5 6,65 8579 3,406 170,8 

  

Dda  𝑥 - is 𝑦 – ze regresiis wrfis gantolebas ki aqvs saxe  

𝑥 = 0,815 ∙
1,35

0,016
 𝑦 − 0,51 + 25,65 

Aan 

𝑥 = 68,7𝑦 − 9,4.A          

   avagoT  mocemuli wertilebi da regresiis wrfeebi. 

korelaciis koeficienti nulis toli araa, rac imas niSnavs, rom 

arsebobs kavSiri 𝑥  da 𝑦  sidideebs Soris, da vinaidan korelaciis 
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koeficienti erTTan axlosaa SeiZleba vivaraudoT, rom es 

damokidebuleba wrfivia. Aam varauds amarTlebs sawyisi wertilebis  da 

regresiis Sedegad miRebuli wertilebis ganlageba: regresiis wrfeebs 

Soris kuTxe mcirea da wertilebi ganTavsebulia regresiis wrfeebTan 

axlos (nax.7). 

 

Nnax.8.N rigi 1 mocemuli wertilebi, rigi – 2 _ 𝑦-is 𝑥-ze pirdapiri 
regresia, rigi – 3 𝑥-is 𝑦-ze pirdapiri regresia 

 
 

E4. eqsperimentuli monacemebis analizis 
 zogierTi amocanebi 

 
4.1. ricxviTi integrireba. trapeciis wesi 

   ricxviTi integrirebis qveS igulisxmeba gansazRvruli integralis 

gamoTvlis ricxviTi meTodebis erToblioba da is gamoiyeneba maSin 

rodesac funqcia  mocemulia ara analizurad, aramed cxrilis saxiT 

anda, rodesac integralqveSa funqcia mocemulia magram misi 

pirvelyofili ar gamoisaxeba analizuri funqciiT magaliTad 𝑓 𝑥 =
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𝑒𝑥𝑝 −𝑥2 . Aam or SemTxvevaSi SeuZlebelia integralis gamoTvla niuton-

laibnicis formuliT. aseve SesaZlebelia Seiqmnas iseTi situacia, rom 

pirvelyofili imdenad rTulia, rom integrali SeiZleba gamoiTvalos 

ufro swrafad ricxviTi meTodebiT. 

  ganvixiloT integralis gamoTvlis trapeciis meTodi. is 

Cveulebriv gamoiyeneba maSin rodesac funqciis mniSvnelobebi gazomilia 

Tanabrad daSorebuli argumentebisaTvis, anu rodesac warmodgenilia 

cxriliT mudmivi 𝑕𝑖 bijiT (cxrili 18): 

                cxrili 18  

𝑥 𝑦 = 𝑓 𝑥  

𝑥0 = 𝑎 

𝑥1 = 𝑥0 + 𝑕 

𝑥2 = 𝑥1 + 𝑕 

⋯ 

𝑥𝑛 = 𝑏 = 𝑥𝑛−1 + 𝑕 

 

𝑦0 

𝑦1 

𝑦2 

⋯ 

𝑦𝑛 

 

 

 

   trapeciis wesis mixedviT 𝐼 =  𝑓 𝑥 
𝑏

𝑎
𝑑𝑥 (4.1)  integralis miaxloebiT 

mniSvnelobad aiReba sidide 

𝑇𝑘 ≈ 𝑕  
𝑦0

2
+ 𝑦1 + 𝑦2 + ⋯ + 𝑦𝑛−1 +

𝑦𝑛

2
  (4.2)   

Aan 𝑇𝑘 ≈ 𝑕  
𝑓(𝑥0)

2
+ 𝑓 𝑥1 + 𝑓 𝑥2 + ⋯ + 𝑓(𝑥𝑛−1) +

𝑓 𝑥𝑛  

2
  

 

Aanu iTvleba, rom 𝐼 ≈ 𝑇𝑘 .  trapeciis wesis geometriuli 

interpretacia mocemulia nax.8-ze. mrudwiruli trapeciis farTobi 

Secvlilia marTkuTxa trapeciis farTobebiT. amasTan, rogorc naxazidan 

vxedavT funqciis gazomili mniSvnelobebi 𝑦𝑘  SeiZleba ar emTxveodes 

funqciis 𝑓 𝑥  mniSvnelobebs  𝑥𝑘 wertilebSi, vinaidan funqciis gazomili 

mniSvnelobebi Seicaven eqsperimentul cdomilebebs.  
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ganvixiloT magaliTi. vipovoT   3 − 𝑥2  1 − 𝑥 𝑑𝑥.
2

−1
 davyoT  monakveTi 

 −1, 2  10 tol nawilad anu 𝑕 =  2 − (−1) 10 = 3 10  = 0,3. 

 

 

nax. 9. Mmrudwiruli trapecia 

mrudwiruli trapeciis farTobi Secvlilia marTkuTxa trapeciis 

farTobebiT. amasTan, rogorc naxazidan vxedavT funqciis gazomili 

mniSvnelobebi 𝑦𝑘  SeiZleba ar emTxveodes funqciis 𝑓 𝑥  mniSvnelobebs  

𝑥𝑘  wertilebSi, vinaidan funqciis gazomili mniSvnelobebi Seicaven 

eqsperimentul cdomilebebs.  

ganvixiloT magaliTi. vipovoT   3 − 𝑥2  1 − 𝑥 𝑑𝑥.
2

−1
 davyoT  monakveTi 

 −1, 2  10 tol nawilad anu 𝑕 =  2 − (−1) 10 = 3 10  = 0,3. 

SevadginoT cxrili 19: 

cxrili 19  

𝑥𝑖 -1 - 0,7 - 0,4 -0,1 0,2 0,5 0,8 1,1 1,4 1,7 2 

𝑓 𝑥𝑖  4 4,267 3,976 3,289 2,368 1,375 0,472 -0,179 -0,416 -0,077 1 

trapeciis formuliT gvaqvs: 

𝑇𝑘 = 0,3(
4

2
+ 4,267 + 3,976 + 3,289 + 2,368 + 1,375 + 0,472 +  −0,179 +  −0,416 + 
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+ −0,077 + 1) = 5,2725 

Tu igive integrals gamovTvliT analizurad miviRebT 5,25 anu 

rogorc vxedavT miaxloeba sakmaod kargia. 

trapeciis MmeTodiT integralis gamoTvlisas mTliani cdomileba 

tolia ori cdomilebis jamis:  cdomilebis, romelic gamowveulia 

mrudwiruli trapeciis SecvliT sworxazovani trapeciiT ((analitikuri 

cdomileba)  da damrgvalebis cdomilebiT, romelic gamowveulia 

gazomvis cdomilebiT  (empiriuli cdomileba. 

4.2. rombergis meTodi 

rombergis meTodi gamoiyeneba mxolod im SemTxvevaSi rodesac 

integralqveSa funqciis mniSvnelobebi gazomilia argumentis im 

mniSvnelobebisaTvis, romlebic  𝑎, 𝑏  intervals yofen 𝑛  tol nawilad, 

amasTan 𝑛  jeradia 2 – is garkveuli xarisxis: 𝑛 = 𝑚 ∙ 2𝑘  (𝑚. 𝑘  - 

naturaluri ricxvebia). rombergis meTodi mdgomareobs raRac 𝑕  bijiT  

trapeciis meTodiT gamoTvlili integralis TanmimdevrobiT 

dazustebaSi, imave wesiT ormagi  2𝑕  bijis gamoyenebiT. Eis saSualebas 

iZleva amoRebul iqnas maqsimaluri informacia mocemuli monacemebidan 

da gamoiTvalos integrali gacilebiT maRali sizustiT, vidre amis 

saSualebas iZleva trapeciis meTodi imave bijiT. 

4.1 paragrafisagan gansxvavebiT aq SemoRebulia  Semdegi aRniSvnebi: 

𝑇𝑖  warmoadgens  𝑇𝑘 ≈ 𝑕  
𝑦0

2
+ 𝑦1 + 𝑦2 + ⋯ + 𝑦𝑛−1 +

𝑦𝑛

2
  saxis sidides 

bijiT 𝑕𝑖 ; 

𝑕0 =  𝑏 − 𝑎 𝑚  (sawyisi biji); 

𝑕𝑖+1 = 𝑕 2   𝑖 = 0, 1, ⋯ , 𝑘 − 1 . 

jer trapeciis wesiT  gamoTvlian integralis miaxloebiT 

mniSvnelobas 𝑕0 bijiT: 

𝑇0 = 𝑕0  
𝑓 𝑕0 

2
+ 𝑓 𝑎 + 𝑕0 + ⋯ + 𝑓  𝑎 +  𝑚 − 1 𝑕1 +

𝑓 𝑏 

2
  = 
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= 𝑕0  
𝑓 𝑎 +𝑓 𝑏 

2
+  𝑓 𝑎 + 𝑗𝑕0 𝑚−1

𝑖=1   6.1-7 

Semdeg gamoTvlian sidides  

𝑇1 = 𝑕1  
𝑓 𝑎 

2
+ 𝑓 𝑎 + 𝑕1 + ⋯ + 𝑓  𝑎 +  2𝑚 − 1 𝑕2 +

𝑓 𝑏 

2
   ise, rom iyeneben 

saSualo wertilebSi 𝑎 + 𝑕1 , 𝑎 + 3𝑕1, ⋯ , 𝑎 +  2𝑚 − 1 𝑕1   𝑓 𝑥 −  is  mxolod 

damatebiT  mniSvnelobebs. 

Aam mizniT gamoiTvlian Semasworebel wevrs 

𝑉0 = 𝑕0  𝑗  𝑎 +  𝑗 −
1

2
 𝑕0 𝑚

𝑖=1  (4.3)   

Dda Semdeg pouloben  

𝑇1 =
1

2
 𝑇0 + 𝑉0  (4.4)     

Ointegralis ori moZebnili miaxloebiTi  mniSvnelobiT (𝑇1  bijiT 

𝑕1 da 𝑇0 ormagi bijiT 𝑕0 = 2𝑕1) gamoTvlian ukeTes miaxloebas 

𝑆1 = 𝑇1 +
1

3
 𝑇1 − 𝑇0 =

1

3
 4𝑇1 − 𝑇0 .  (4.5)   6.1-10 

𝑆1  miaxloeba gansazRvravs simpsonis wess 𝐼 ≈ 𝑆1;   𝑆1  sidides 

Ceulebriv Caweren Semdegi saxiT 

𝑆1 =
1

3
𝑕1 𝑓 𝑎 + 4𝑓 𝑎 + 𝑕1 + 2𝑓 𝑎 + 2𝑕1 + ⋯ + 4𝑓 𝑎 +  2𝑚 − 1 𝑕1 + 𝑓 𝑏  6.1-11 

magaliTi 1. 𝑦 = 𝑓 𝑥  funqcia mocemulia pirveli ori svetiT, 13 

tolad daSorebuli wertiliT  0,4; 1,6  monakveTze; funqciis 

mniSvnelobis cdomileba ar aRemateba 10−4 . gamovTvaloT 𝑓 𝑥  integrali 

10−4 sizustiT. 

Aamoxsna. vinaidan integrebis monakveTi dayofilia 12 tol nawilad 

𝑕 = 0,1  bijiT, sawyis bijad aviRoT 𝑕0 = 0,4.  trapeciis wesiT 

gamovTvaloT sawyisi miaxloeba 

𝑇0 = 0,4 0,2471 + 1,6542 + 1,9866 + 0,5868 = 1,78988. 

Sesworebis wevri  

𝑉0 = 0,4 1,0523 + 2,0817 + 1,6193 = 1,88132. 
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Semdegi miaxloeba trapeciis wesiT, bijiT 𝑕1 = 0,2. 

𝑇1 =
1

2
 1,78968 + 1,88132 = 1,83560 

cxrili  20  

𝑥 𝑦 𝑇0-Tvis 𝑉0-Tvis 𝑉1-Tvis 

0,4 

0,5 

0,6 

0,7 

0,8 

0,9 

1,0 

1,1 

1,2 

1,3 

1,4 

1,5 

1,6 

0,4942 

0,7655 

1,0523 

1,3625 

1,6542 

1,8990 

2,0817 

2,0629 

1,9866 

1,8274 

1,6193 

1,3937 

1,1736 

0,2471 

⋯ 

⋯ 

⋯ 

1,6542 

⋯ 

⋯ 

⋯ 

     1,9866 

⋯ 

⋯ 

⋯ 

0,5868 

 

⋯ 

→1,0523 

⋯ 

 

 

→2,0817 

⋯ 

 

⋯ 

→1,6193 

⋯ 

 

 

→0,7556 

 

→1,3625 

 

→1,8890 

 

→2,0629 

 

→1,8274 

 

→1,3987 

 

am monacemebiT gamovTval;oT pirveli miaxloeba simpsonis wesiT 

𝑆1 = 1,83560 +
1

3
∙ 0,04572 = 1,85084 

vinaidan saWiro sizuste jer aSkarad miRweuli araa, gamovTvaloT 

Sesworebis axali wevri 

𝑉1 = 0,2 0,7555 + 1,3625 + 1,8890 + 2,0629 + 1,8274 + 1,3937 = 1,85820 

 da axali miaxloeba, trapeciis wesiT, DA𝑕2 = 0,1 bijiT iqneba  



51 
 

𝑇2 =
1

2
 1,83560 + 1,88820 = 1,84690. 

angariSis gagrZeleba rombergis meTodiT moyvanilia cxrilSi 21 

      cxrili 21  

𝑕 𝑇 𝑆 𝑅 

0,4 

0,2 

0,1 

1,78988 

1,83560 

1,84690 

 

1,85084 

1,85067 

 

 

1,85066 

Oori ukanaskneli Sedegis sxvaoba Seadgens mxolod 10−5 , rac 

gvaZlevs sababs vTqvaT, rom wakveTis cdomileba naklebia 10−5 − ze. aqve 

SevniSnoT, rom ganxilul  magaliTSi SeuZlebelia   sizustis gazrda, 

vinaidan yvela monacemi amowurulia. 

SevafasoT damrgvalebis cdomileba. vinaidan pirobis Tanaxmad 

funqciis mniSvnelobaSi cdomileba ar aRemateba 10−4,  SegviZlia 

davuSvaT, rom 3𝜍 = 10−4. integrebis monakveTis sigrZe 𝑕 = 0,1 bijisaTvis 

tolia 1,2-is  intervalebis raodenobisaTvis 𝑛 = 12, amitom damrgvalebis 

cdomileba Seadgens 
3 𝑏−𝑎 𝜍

 𝑛
= 0,35 ∙ 10−4  trapeciis wesisaTvis 𝑇 ; simpsonis 

wesisaTvis 0,37 ∙ 10−4  𝑆;  0,40  ∙ 10−4  rombergis wesisaTvis 𝑅 , rac aseve 

daSvebis farglebSi jdeba. 

amrigad 10−4 - mde sizustiT SegviZlia CavTvaloT, rom  

 𝑓 𝑥 
1,2

0,4

𝑑𝑥 = 1,8507 

4.3. ricxviTi diferencireba 

xSirad sainJinro-teqnikuri da sxva gamoyenebiTi amocanebis 

gadasawyvetad saWiro xdeba garkveuli rigis cxrilis saxiT mocemuli 

𝑦 = 𝑓 𝑥  funqciis warmoebulis  povna. garda amisa, zogjer 𝑦 = 𝑓 𝑥  

analizuri saxe rTulia da misi uSualo diferencireba Zalian 
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gaZnelebulia. Aam SemTxvevebSi iyeneben ricxviT diferencirebas. 

zogadad ricxviTi diferencirebis amocanas warmoadgens  cxrilSi 

garkveuli 𝑕   bijiT mocemuli funqciis warmoebulis povna imave 𝑕 

bijiT. arsebobs aseTi diferencirebis mravali meTodi.  

 Ppirvel rigSi yuradReba unda mivaqcioT im garemoebas, rom Tu 

ricxviTi integrireba moasworebs sawyisi monacemebis cdomilebebs, 

amcirebs eqsperimentis “xmaurs”, ricxviTi diferencirebis Sedegze es 

“xmauri” did gavlenas axdens: sawyisma mcire cdomilebebma SeiZleba 

mniSvnelovnad daamaxinjos ricxviTi diferencirebis Sedegebi. Aamitom 

saWiroa jer moswordes sawyisi monacemebi da mxolod Semdeg iqnas 

gamoyenebuli ricxviTi diferencirebis meTodebi.. 

 𝑦 = 𝑓 𝑥 Ffunqciis warmoebulis gamosaTvleli yvelaze martivi 

formulaa warmoebulis gamoTvla  Tanabrad daSorebuli kvanZebiT. 

𝑓𝑘
𝐼 𝑥𝑘 =

𝑓 𝑥𝑘+1 −𝑓 𝑥𝑘−1 

2𝑕
  (4.6)   

sadac 𝑕 = 𝑥𝑘 − 𝑥𝑘−1 = 𝑥𝑘+1 − 𝑥𝑘 

zogjer mocemul 𝑦 = 𝑓 𝑥  funqcias  𝑎, 𝑏   monakveTze cvlian 

mainterpolirebeli funqciiT 𝑦 = 𝑃 𝑥 , yvelaze xSirad polinomiT da 

Tvlian rom 𝑓 ′ 𝑥 = 𝑃′ 𝑥  (4.7)   sadac      𝑎 ≤ 𝑥 ≤ 𝑏 . Aanalogiurad 

gamoiTvleba ufro maRali rigis warmoebulebi. Tu cnobilia 

mainterpolirebeli 𝑦 = 𝑃 𝑥  funqciis  cdomileba  

𝑅 𝑥 = 𝑓 𝑥 − 𝑃 𝑥  (4.8)    

maSin 𝑃′ 𝑥  warmoebulis cdomileba  

𝑟 𝑥 = 𝑅′ 𝑥 = 𝑓 ′ 𝑥 − 𝑃′ 𝑥   (4.9)   

Aanu mainterpolirebeli funqciis warmoebulis cdomileba tolia 

am funqciis cdomilebis warmoebulis. zogadad, rom vTqvaT ricxviTi 

diferencireba naklebad zusti operaciaa vidre interpolireba, rac imas 

niSnavs, rom 𝑓 𝑥  da 𝑃 𝑥  funqciebis siaxlove  𝑎, 𝑏  Sualedze ar iZleva 

amave Sualedze maTi warmoebulebis siaxlovis garantias.  

moviyvanoT   ricxviTi    diferencirebis   formulebi stirlingis 

mainterpolirebeli formulebis safuZvelze. vTqvaT 
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⋯ 𝑥−3, 𝑥−2, 𝑥−1, 𝑥0, 𝑥1, 𝑥2 , 𝑥3, ⋯  warmoadgenen Tanabrd daSorebul wertilebis 

sistemas, bijiT 𝑕 = 𝑕𝑖−1 − 𝑕𝑖  da 𝑦𝑖 = 𝑓 𝑥𝑖  warmoadgens 𝑦 = 𝑓 𝑥  Sesabamis 

mniSvnelobebs. vTqvaT 𝑞 =
𝑥−𝑥0

𝑕
 da SevcvliT ra 𝑦 = 𝑓 𝑥  funqcias 

stirlingis interpolaciuri polinomiT, miviRebT: 

𝑦 = 𝑦0 + 𝑞∆𝑦−1 2 +
𝑞2

2!
∙ ∆2𝑦−1 +

𝑞 𝑞2 − 1 

3!
∙ ∆3𝑦−3 2 +

𝑞2 𝑞2 − 1 

4!
∙ ∆4𝑦−2 + 

 

+
𝑞 𝑞2−1  𝑞2−22 

5!
∙ ∆5𝑦−5 2 +

𝑞2 𝑞2−1  𝑞2−22 

6!
∙ ∆6𝑦−3 + ⋯ (4.10)    

simoklisaTvis Semotanilia Semdegi Semoklebebi: 

∆𝑦−1 2 =
∆𝑦−1+∆𝑦0

2
, 

∆3𝑦−3 2 =
∆𝑦−2 + ∆𝑦−1

2
 

∆5𝑦−5 2 =
∆3𝑦−3+∆3𝑦−2

2
 da a.S. 

imis gaTvaliswinebiT, rom 
𝑑𝑞

𝑑𝑥
=

1

𝑕
  SeiZleba  CavweroT. 

𝑦′ =
1

𝑕
(∆𝑦−1 2 + 𝑞∆2𝑦−1 +

3𝑞2 − 1

6
∙ ∆3𝑦−3 2 +

2𝑞3 − 𝑞

12
∙ ∆4𝑦−2 + 

+
5𝑞4−15𝑞2+4

120
∙ ∆5𝑦−5 2 +

3𝑞5−10𝑞3+4𝑞

360
∙ ∆6𝑦−3 + ⋯ )  (4.11)   

 

𝑦′′ =
1

𝑕2
(∆2𝑦−1 + 𝑞∆3𝑦−3 2 +

6𝑞2 − 1

6
∙ ∆4𝑦−2 +

2𝑞3 − 3𝑞

12
∙ ∆5𝑦−5 2 + 

+
15𝑞4−30𝑞2+4

360
∙ ∆6𝑦−3 + ⋯) 

magaliTi 1. vipovoT 𝑦 = 𝑓(𝑥)  funqciis pirveli da meore rigis 

warmoebulebi 𝑦′ da 𝑦′′  cxrilurad mocemuli funqciisaTvis. 

cxrilis Sesabamisad  𝑕 = 0,02, 𝑥 = 1 , 𝑥0 = 1 da 𝑞 = 0 

Mmonacemebi CavsvaT (4.11) formulaSi, miviRebT: 

𝑦′ 1 =
1

0,02
 −

87355 + 88656

2
∙ 10−7 −

1

6
∙

25 + 26

2
∙ 10−7 +

1

30
∙ 10−7 = −0,4400485 
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𝑦𝐼𝐼 1 =
1

0,022
 −1301 ∙ 10−7 −

1

12
∙ 1 ∙ 10−7 = −0,325 

cxrili 22  

𝑥 𝑦 ∆𝑦 ∆2𝑦 ∆3𝑦 ∆4𝑦 

0,96 0,7825361     

  -86029    

0,98 0.7739332  -1326   

  – 87355  25  

1,00 0.7651977  -1301  1 

  – 88656  26  

1,02 0.7563321  -1275   

  – 89931    

1,04 0.7473390     

 

SevniSnoT, rom cxrilSi moyvanili funqcia warmoadgens beselis 

funqcias 𝑦 = 𝐽0 𝑥 , romlisTvisac 𝑥 = 1  wertilSi pirveli rigis 

warmoebuli tolia  0,4400506 xolo meore rigis warmoebuli   - 0,325147. 

Orogorc vxedavT  meore rigis warmoebuli iZleva met cdomilebas 

pirveli rigis warmoebulTan SedarebiT. 

4.4. interpolacia 

xSirad praqtikuli amocanebis gadawyvetisas gvxvdeba Semdegi 

situacia: Teoriuli mosazrebebidan gamomdinareobs, rom raRac 𝑦 sidide 

warmoadgens uwyveti 𝑥  argumentis 𝑦 = 𝑓 𝑥  funqcias, amasTan 𝑓 𝑥  

funqciis saxe ucnobia. amasTan argumentis SemosazRvrul intervalSi 

𝑥 ∈  𝑎, 𝑏   𝑥𝑖 𝑖 = 1,0,2, ⋯ , 𝑖  wertilebSi cnobilia  funqciis sasruli 

raodenobis mniSvnelobebi 𝑦𝑖 .  𝑥𝑖 𝑖 = 1,0,2, ⋯ , 𝑛  wertilebs ewodebaT 

kvanZebi. sxvanairad, rom vTqvaT gamosakvlevi funqciis sawyisi monacemebi 
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SeiZleba Caiweros cxrilis saxiT, romelic Seicavs ricxvTa 𝑛 + 1 

dalagebul wyvils. 

 

cxrili 23    

𝑥0 𝑥1 ⋯ 𝑥𝑛 

𝑦0 = 𝑓 𝑥0  𝑦1 = 𝑓 𝑥1  ⋯ 𝑦𝑛 = 𝑓 𝑥𝑛  

 

23   cxrilis sawyisi monacemebi grafikulad moyvanilia nax.9-ze.  

 

 
nax.10. interpolaciisaTvis gankuTvnili sawysi monacemebis grafikis 

magaliTebi. Savi wertilebiT moniSnulia 𝑓 𝑥  funqciis 𝑦𝑖 mniSvnelobebis 
interpolaciis kvanZebSi 𝑥𝑖 0,1,2, ⋯ , 𝑛  

 

problema  mdgomareobs  𝑎, 𝑏  intervalidan aRebuli 𝑥𝑖 𝑖 = 1,0,2, ⋯ , 𝑛  

- is nebismieri mniSvnelobisaTvis iseTi 𝑦 = 𝑓 𝑥  funqciis, romelic ar 

emTxveva arcerT kvanZs. Ddasmuli problemis gadawyveta  or nawilad    

SeiZleba   daiyos,   romlebsac  ewodebaT interpolacia   da 

eqstrapolacia. ra aris interpolacia da eqstrapolacia? interpolacia 

aris aRdgena imisa rac aris mezobel sidideebs Soris - xerxi, romelic 

saSualebas iZleva moZebnil iqnas  saSualedo sidideebi, rodesac 

mocemulia cnobili sidideebis diskretuli mniSvnelobebi. magaliTad 

gvaqvs cxrili romelSic mocemulia eleqtruli denis Zalis 

mniSvnelobebis damokidebuleba Zabvisagan 𝐼 𝑈 ,  ZabvebisaTvis 𝑈 =

0,1,2, ⋯ ,10 v da gvinda vipovoT denis Zalis mniSvneloba magaliTad Zabvis 
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𝑈 = 1,372 v mniSvnelobisaTvis. sasargebloaAaqve ganvmartoT farTod 

gamoyenebuli termini aproqsimacia. aproqsimacia – miaxloeba, 

warmoadgens mecnierul meTods, romelic mdgomareobs erTi obieqtis 

meore garkveuli kuTxiT masTan axlos mdgomi, magram ufro martivi  

obieqtiT, magaliTad iracionaluri ricxvebis Secvla racionaluriT. Tu 

zemoT moyvanil magaliTSi amocanad davisaxavT funqciis saxis povnas, 

romelic miaxloebiT gansazRvravs denis Zalasa da Zabvas Soris 

damokidebulebas es iqneba aproqsimaciis amocna. Aanu interpolaciisagan 

gansxvavebiT   vpoulobT ara raRac sidides mezobeli sidideebis 

meSveobiT aramed funqciis saxes  yvela mocemuli monacemebis meSveobiT. 

rogorc zemoT SevniSneT, interpolacia mdgomareobs axali 𝐹 𝑥  

funqciis povnaSi, romelsac mainterpolirebeli funqcia an 

interpolanti ewodeba. 𝐹 𝑥  funqcia ekuTvnis garkveul klass da 

𝑥𝑖 𝑖 = 1,0,2, ⋯ , 𝑛  wertilebSi iRebs imave mniSvnelobebs, rasac 𝑓 𝑥  

funqcia 

𝐹 𝑥𝑖 = 𝑦𝑖 = 𝑓 𝑥𝑖 ,    𝑖 = 1,0,2, ⋯ , 𝑛    (4.12)   

argumentis 𝑥𝑖 𝑖 = 0,1,2, ⋯ , 𝑛  mniSvnelobebs interpolaciis kvanZebi 

ewodebaT. 

SevniSnoT, rom TavisTavad 23 cxrilis monacemebi ver 

gansazRvraven mainterpolirebeli funqciis konkretul saxes. magaliTad, 

nax. 9   grafikis wertilebi SeiZleba mimdevrobiT SevaerToT wrfis 

monakveTebiT. meores mxriv yovelTvis SesaZlebelia  moiZebnos   𝑛  - uri 

rigis algebruli polinomi namdvili  koeficientebiT, romlis grafikic 

zustad gaivlis 𝑛 + 1  raodenobis mocemul wertilze, Tu 23 cxrilis 

yvela kvanZi sxvadasxvaa.. zogadad arsebobs usasrulo raodenobis 𝐹 𝑥  

funqcia, romelic akmayofilebs 23  pirobas. praqtikaSi 

mainterpolirebel funqciad xSirad iyeneben algebrul polinomebs, 

eqsponentebis jamebs, furie-jamebs da a.S. interpolantis saxis SerCevaze 

gavlenas axdens nebismieri informacia, romelic exeba 𝑥 da 𝑦 cvladebs 

Soris kavSirs. M 
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meores mxriv unda SevniSnoT, rom  interpolantma 4.12 kvanZebSi 

unda miiRos sainterpolacio funqciis zusti mniSvnelobebi. Tu 

cxrilSi moyvanili 𝑦𝑖  monacemebi Seicaven arsebiT cdomilebebs, maSin 

4.12  pirobis zusti Sesruleba SeuZlebelia. maSin 𝑓 𝑥 - is  im 

mniSvnelobebis sapovnelad, romlebic ar emTxvevian kvanZebs 

mizanSewonilia gamoyenebul iqnas aproqsimaciis meTodebi. 

ganvixiloT lagranJis interpolaciuri polinomi. Nnamdvili 

koeficientis mqone polinomebi warmoadgenen kargad Seswavlil 

funqciebs, romelTa gaTvlebic martivia. isini kargad emorCilebian 

Sekrebas, gadamravlebas, diferencirebas da integrebas. maT xSirad 

iyneben interpolantebad. 

vTqvaT sawyis informacias warmoadgens 23  cxrilSi moyvanili 

monacemebi anu gvaqvs 𝑛 + 1  raodenobis  𝑥𝑖 , 𝑦𝑖   𝑖 = 0,1,2, ⋯ , 𝑛  ricxvebis 

wyvili. avagoT mainterpolirebeli funqcia algebruli polinomis saxiT. 

funqciaTa Teoriidan cnobilia, rom sibrtyeze mdebare  𝑛 + 1 

raodenobis wertilze, mocemuli koordinatebiT  𝑥𝑖 , 𝑦𝑖   𝑖 = 0,1,2, ⋯ , 𝑛 , 

SeiZleba gavavloT algebruli polinomis grafiki namdvili 

koeficientebiT, Tu 𝑥𝑖 𝑖 = 0,1,2, ⋯ , 𝑛  ricxvebi gansxvavebulia 

erTmaneTisagan. Tu polinomis xarisxi 𝑚 = 𝑛 maSin zogadad es polinomi 

erTaderTia. (4.12)   moTxovnis Tanaxmad interpolaciis kvanZebSi 𝑥𝑖 𝑖 =

0,1,2, ⋯ , 𝑛  am polonomis mniSvnelobebi 𝑃𝑚  𝑥  zustad emTxveva 

sainterpolacio 𝑓 𝑥  funqciis mocemul 𝑦𝑖 𝑖 = 0,1,2, ⋯ , 𝑛  mniSvnelobebs: 

𝑃𝑚  𝑥𝑖 = 𝑦𝑖     𝑖 = 0,1,2, ⋯ , 𝑛  (4.13). 

Aamrigad yovelTvis moiZebneba 𝑚 = 𝑛   xarisxis 𝑃𝑚  𝑥  polinomi, 

romelic warmoadgens mainterpolirebel polinoms. 

specialur SemTxvevebSi, rodesac   𝑥𝑖 , 𝑦𝑖   𝑖 = 0,1,2, ⋯ , 𝑛  wertilebi 

ganlagebulia gansakuTrebuli wesrigiT, polinomis xarisxi 

SesaZlebelia 𝑛  - ze naklebic iyos. magaliTad rodesac wertilebi 

ganlagebulia erT wrfeze, maTze, miuxedavad wertilebis raodenobisa, 

gaivlis wrfivi funqciis grafiki (pirveli xarisxis polinomi). 
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Tu 𝑚 > 𝑛  maSin im polinomebis raodenoba, romlebic gaivlian 

mocemul werilebze usasrulod didi raodenobisaa. 

SevexoT im SemTxvevas, rodesac kvanZebs Soris manZilebi erTnairi 

araa. Aam SemTxvevaSi mizanSewonilia lagranJis polinomis ageba. Ees 

polinomi aigeba Semdegi jamis saxiT: 

𝐿𝑛 𝑥 =  𝑙𝑖
𝑛
𝑖=0  𝑥 ∙ 𝑦𝑖 , (4.14)   

sadac  𝑙𝑖 𝑥  - lagranJis koeficientebia da isini warmoadgenen 

funqciis argumentis 𝑥 funqcias  𝑖 = 0,1,2, ⋯ , 𝑛  (4.15)     

(4.15)   pirobis Sesasruleblad lagranJis koeficientebi unda 

akmayofilebdnen pirobas: 

𝑙𝑖  𝑥𝑗  = 𝛿𝑖𝑗   𝑖, 𝑗 = 0,1,2, ⋯ , 𝑛   (4.16)   

sadac 𝛿𝑖𝑗  - kronekeris simboloa  𝛿𝑖𝑗 = 0 თუ 𝑖 ≠ 𝑗 და 𝛿𝑖𝑗 = 1  თუ 𝑖 = 𝑗 . 

(4.16)   pirobis Sesasruleblad lagranJis koeficientebi 

warmovadginoT namravlis saxiT: 

𝑙𝑖 𝑥 = 𝑐𝑖 𝑥 − 𝑥0  𝑥 − 𝑥1 ⋯  𝑥 − 𝑥𝑖−1  𝑥 − 𝑥𝑖+1 ⋯  𝑥 − 𝑥𝑛   (4.17)   

sadac 𝑐𝑖 jer-jerobiT ucnobi  mudmivi sidideebia. 

lagranJis 𝑖  - ur koeficientSi ar Sedis mamravli  𝑥 − 𝑥𝑖 , amitom 

yoveli (4.17)   me-  𝑖  -e namravli Seicavs 𝑛  raodenobis frCxils da 

lagranJis yoveli koeficienti 𝑛 rigis polinomia. 

mudmivi 𝑐𝑖   sidideebis cxadis saxiT warmodgenisaTvis SeiZleba 

gamoviyenoT piroba 𝑙𝑖 𝑥𝑖 = 1  𝑖 = 0,1,2, ⋯ , 𝑛 , (4.16)    moTxovnis ZaliT. maSin 

(4.17)   – dan maSinaTve gamomdinareobs, rom  

1

𝑐𝑖
=   𝑥𝑖 − 𝑥𝑗  

𝑛
𝑗 =0,𝑗≠𝑖 . 

Aamrigad, lagranJis koeficientebi warmoadgenen SefardebaTa 

namravls: 

𝑙𝑖 𝑥𝑖 =  
 𝑥−𝑥𝑗  

 𝑥𝑖−𝑥𝑗  

𝑛
𝑗 =0,𝑗≠𝑖  (4.18). 

AuSualo CasmebiT advilad SeiZleba davrwmundeT, rom (4.18)   (2.7) 

koeficientisTvis sruldeba (4.16)  piroba.  
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interpolaciuri polinomi lagranJis formaSi miiReba moZiebuli 

koeficientebis (4.18)    CasmiT  (4.14)    gamosaxulebaSi:  

𝐿𝑛 𝑥 =   𝑦𝑖 ∙  
 𝑥−𝑥𝑗  

 𝑥𝑖−𝑥𝑗  

𝑛
𝑗 =0,𝑗≠𝑖  𝑛

𝑖=0   (4.19)  

Mmeti TvalsaCinoebisaTvis mesame xarisxis polinomi CavweroT 

gaSlili saxiT: 

𝐿3 𝑥 = 𝑦0

 𝑥 − 𝑥1  𝑥 − 𝑥2  𝑥 − 𝑥3 

 𝑥0 − 𝑥1  𝑥0 − 𝑥2  𝑥0 − 𝑥3 
+ 𝑦1

 𝑥 − 𝑥0  𝑥 − 𝑥2  𝑥 − 𝑥3 

 𝑥1 − 𝑥0  𝑥1 − 𝑥2  𝑥1 − 𝑥3 
+ 

+𝑦2
 𝑥−𝑥0  𝑥−𝑥1  𝑥−𝑥3 

 𝑥2−𝑥0  𝑥2−𝑥1  𝑥2−𝑥3 
+ +𝑦3

 𝑥−𝑥0  𝑥−𝑥1  𝑥−𝑥2 

 𝑥3−𝑥0  𝑥3−𝑥1  𝑥3−𝑥2 
. 

 

ganvixiloT magaliTi. 

cxrili 24  

𝑖 0 1 2 3 4 

𝑥𝑖 -2 -1 1,2 3,5 5 

𝑦𝑖 -4 0 3,8 -2 7 

 

vinaidan  cxrili 24  Seicavs 5 kvanZs, interpolaciuri polinomi 

iqneba me-4 xarisxis. CavsvamT ra cxrilur monacemebs zogad formulaSi 

(4.19), vipoviT lagranJis polinomis cxad saxes. 

𝐿4 𝑥 = −4
 𝑥 + 1  𝑥 − 1,2  𝑥 − 3,5  𝑥 − 5 

 −2 + 1  −2 − 1,2  −2 − 3,5  −2 − 5 
+ 

+3,8
 𝑥 + 2  𝑥 + 1  𝑥 − 3,5  𝑥 − 5 

 1,2 + 2  1,2 + 1  1,2 − 3,5  1,2 − 5 
+ 

−2
 𝑥 + 2  𝑥 + 1  𝑥 − 1,2  𝑥 − 5 

 3,5 + 2  3,5 + 1  3,5 − 1,2  3,5 − 5 
+ 

+7
 𝑥 + 2  𝑥 + 1  𝑥 − 1,2  𝑥 − 3,5 

 5 + 2  5 + 1  5 − 1,2  5 − 3,5 
 

jami mxolod 4 Sesakrebs Seicavs, vinaidan lagranJis koeficienti 

mravldeba nulovan mniSvnelobaze 𝑦1 = 0.  Ppolinoms Tu daviyvanT 

standartul saxemde mas eqneba Semdegi saxe: 

𝐿4 𝑥 = 0,0819538𝑥4 − 0,181866𝑥3 − 1,43424𝑥2 + 2,19964𝑥 + 3,37007. 
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Aagebuli polinomis grafiks aqvs saxe, romelic moyvanilia nax.10 - 

ze.  

 

 

 

Nnax.11. cxrili 24 -is 6 wertilze gamavali lagranJis 
interpolaciuri polinomi 

 

rogorc dasawyisSi iyo miTiTebuli, lagranJis polinomis ageba 

xdeba kvanZebis nebismieri raodenobisaTvis. Mmagram mocemuli 𝑥  

argumentisaTvis (4.19)   formuliT    lagranJis polinomi moiTxovs didi 

raodenobiT gaTvlebis Catarebas, kerZod 2𝑛 𝑛 + 1 + 𝑛  raodenobis 

Sekreba da  gamoklebas, da agreTve 2𝑛(𝑛 + 1) gamravleba da gayofas. 

polinomebi, romlebic mudmivi bijis mqone cxrilebis 

interpolacias awarmoeben  SeiZleba gamoTvlil iqnan ufro swrafad 

lagranJis universaluri polinomis gamoyenebiT.  

ganvixiloT SemTxveva rodesac cnobilia sainterpolirebeli 

𝑦 = 𝑓 𝑥  funqciis mniSvnelobebi Tanabrad DdaSorebul kvanZebSi. Aam 

dros interpolaciis kvanZebi 𝑥𝑖 gamosaxebian formulebiT: 

𝑥𝑖 = 𝑥0 + 𝑖𝑕,    𝑖 = 0,1,2, ⋯ , 𝑛    (4.20)  

mudmiv 𝑕 parametrs ewodeba inerpolaciuri nabiji. 
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aseT amocanaSi sawyisi monacemebis raodenobaa  𝑛 + 3 : 

interpolaciis sawyisi kvanZi 𝑥0,  interpolaciis biji 𝑕  da 

interpolaciis kvanZebSi  ucnobi funqciis  (𝑛 + 1)  raodenobis 

mniSvnelobebi: 𝑦𝑖 𝑖 = 0,1,2, ⋯ , 𝑛 . 

avagoT 𝑛  xarisxis 𝑃𝑛 𝑥  polinomi, romelsac gaaCnia (4.13)    (2.2) 

Tviseba 

𝑃𝑛 𝑥𝑖 = 𝑦𝑖  𝑖 = 0,1,2, ⋯ , 𝑛   (4.21)  

sadac 𝑥𝑖 mniSvnelobebi mocemulia (4.20)  formuliT. 

 Tanabrad daSorebuli kvnZebisaTvis interpolaciuri polinomi 

pirvelad agebul iqna niutonis mier. 

 Nniutonis pirveli polinomi aigeba Semdegi formiT: 

𝑃𝑛 𝑥 = 𝑎0 +   𝑎𝑗 ∙   𝑥 − 𝑥𝑗  
𝑖−1
𝑗 =1  𝑛

𝑖=1  (4.22)   

Aan gaSlili saxiT: 

𝑃𝑛 𝑥 = 𝑎0 + 𝑎1 𝑥 − 𝑥0 + 𝑎2 𝑥 − 𝑥0  𝑥 − 𝑥1 + 𝑎3 𝑥 − 𝑥0  𝑥 − 𝑥1  𝑥 − 𝑥2 + ⋯ 

+𝑎𝑛 𝑥 − 𝑥0 ⋯  𝑥 − 𝑥𝑛−1  

P  polinomis koeficientebi unda gamoisaxos cnobili sidideebiT 

𝑥0, 𝑕, 𝑛, 𝑦𝑖 𝑖 = 0,1,2, ⋯ , 𝑛  (4.21) moTxovnis gamoyenebiT anu polinomis grafikma 

unda gaiaros mocemuli sistemis yvela wertilSi. Aaqve SevniSnoT, rom 

(4.22)    (2.11) –Si Casma 𝑥 = 𝑥0 iZleva saZebni polinomis Tavisufal wevrs 

𝑎0 = 𝑦0 (4.23)     

polinomis danarCeni koeficientebi SeiZleba gamosaxos  saboloo 

sxvaobebiT, romelic aRwerilia zemoT (igulisxmeba ∆, ∆2, …)  

Mmtkicdeba, rom (4.21)  da   (2.10) piroba eqvivalenturia  

∆𝑘𝑃𝑛 𝑥0 = ∆𝑘𝑦0      𝑘 = 0,1,2, ⋯ , 𝑛  (4.24)     

avagoT saboloo sxvaobebi ∆𝑖𝑃𝑛 𝑥 sadac  𝑖 =

0,1,2, ⋯ , 𝑛 ,   interpolaciis nebismieri wertilisaTvis  mocemuli 𝑕 bijiT. 

Ppirveli koeficientis 𝑎1  mosaZebnad SevadginoT polinomis  

pirveli  saboloo sxvaoba (4.22): 

∆1𝑃𝑛 𝑥 = 𝑃𝑛 𝑥 + 𝑕𝑥 − 𝑃𝑛 𝑥  (4.25). 
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visargebloT im garemoebiT, rom saboloo sxvaobebi wrfivia da 

gamovTvaloT isini calkeuli (4.22) SesakrebebisaTvis ise, rom frCxilebs 

gareT gavitanoT mamravlebi 𝑎𝑖 𝑖 = 0,1,2, ⋯ , 𝑛 : 

𝑖 = 0                   𝑎0 − 𝑎 = 0 

𝑖 = 1   𝑎1  𝑥 + 𝑕 − 𝑥0 −  𝑥 − 𝑥0  = 𝑎𝑕       

𝑖 = 2    𝑎2  𝑥 + 𝑕 − 𝑥0  𝑥 + 𝑕 − 𝑥1 −  𝑥 − 𝑥0  𝑥 − 𝑥1  = 

= 𝑎2  𝑥 + 𝑕 − 𝑥0  𝑥 − 𝑥0 −  𝑥 − 𝑥0  𝑥 − 𝑥0−𝑕  = 𝑎22𝑕 𝑥 − 𝑥0   

Bolo gardaqmnebSi gamoyenebuli iyo, rom 𝑥1 = 𝑥0 + 𝑕. 

Semdgomi gamoTvlebiT SeiZleba vaCvenoT, rom danarCeni 𝑎𝑖 𝑖 > 2  

koeficientebis Tanamamravlebi  aucileblad Seicaven  𝑥 − 𝑥0  sxvaobas. 

sabolood sawyisi polinomis pirveli sxvaobisaTvis miviRebT 

gamosaxulebas: 

∆1𝑃𝑛 𝑥 = 𝑎1𝑕 + 2𝑎2 𝑥 − 𝑥0 𝑕 + 3𝑎3 𝑥 − 𝑥0  𝑥 − 𝑥1 𝑕 + 

+𝑛𝑎𝑛 𝑥 − 𝑥0 ⋯  𝑥 − 𝑥𝑛−2 𝑕 (4.26)      

Axla Tu (4.26) –Si davuSvebT, rom 𝑥 = 𝑥0,  miviRebT:  

∆1𝑃𝑛 𝑥0 = 𝑎1𝑕.  

Mmeores mxriv, (4.24)  – dan da (4.21) –dan gamomdinareobs, rom  

∆1𝑃𝑛 𝑥0 = 𝑦1 − 𝑦0. 

Aam ori gamosaxulebis Sedarebidan  ∆1𝑃𝑛 𝑥0  - Tvis viRebT, rom 

saZebni polinomis pirveli koeficienti cnobili sidideebis meSveobiT 

ase gamoisaxeba: 

𝑎1 =  𝑦1 − 𝑦0 𝑕     (4.27) 

Mmeore koeficientis 𝑎2  saangariSod  ganixileba (4.22)    polinomis 

meore saboloo sxvaoba: 

∆2𝑃𝑛 𝑥 = ∆1𝑃𝑛 𝑥 + 𝑕 − ∆1𝑃𝑛 𝑥 . 

cxadia is ar Seicavs Sesakrebs 𝑎1  koeficientiT, vinaidan es 

koeficienti warmoadgens mamravls mudmivasi, romelic Sedis jamSi 

∆1𝑃𝑛 𝑥    (4.26)  Tanaxmad. Tu SevasrulebT gardaqmnebs, romlebic 

analogiuria gardaqmnebisa,  romlebic Catarda sawyisi polinomis 

pirveli saboloo sxvaobis saangariSod meore polinomis ∆2𝑃𝑛 𝑥  
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Tavisufali wevri iqneba 2𝑎2𝑕2 , xolo danarCeni wevrebi seicaven 

Tanamamravlebs (𝑥 − 𝑥0). cxadia  𝑥 = 𝑥0 wertilSi miviRebT:: 

∆2𝑃𝑛 𝑥0 = 2𝑎2𝑕2. 

Mmeores mxriv  Teoriidan cnobilia, rom nebismieri funqciisaTvis 

adgili aqvs tolobas: 

∆2𝑃𝑛 𝑥0 = 𝑃𝑛 𝑥2 − 2𝑃𝑛 𝑥1 + 𝑃𝑛 𝑥0 , 

(4.21)  pirobis ZaliT:  

∆2𝑃𝑛 𝑥0 = 𝑦2 − 2𝑦1 − 𝑦0. 

Sedareba saZebni polinomis meore koeficientisaTvis iZleva Semdeg 

gamosaxulebas: 

𝑎2 =  𝑦2 − 2𝑦1 − 𝑦0  2𝑕2   (4.28). 

 Aanalogiurad, saZebni (4.22)  polinomis sxva koeficientebis 

misaRebad saWiroa  gavimeoroT aRwerili procedura umaRlesi saboloo 

sxvaobebisaTvis. Sedegad Cven miviRebT niutonis interpolaciuri 

polinomis koeficientebis  zogadi saxis Semdeg gamosaxulebas: 

𝑎𝑖 =
∆𝑖 𝑦0 

𝑖!𝑕 𝑖    (4.29)     

Sesabamisad nulovan kvanZSi 𝑥0, 1,2, ⋯ , 𝑛 rigis saboloo sxvaobebis 

meSveobiT gamoTvlili niutonis mainterpolirebeli  polinomi 

gamosaxeba Semdegi formuliT: 

𝑃𝑥 𝑥 = 𝑦0 +   
∆𝑖 𝑦0 

𝑖!𝑕 𝑖
  𝑥 − 𝑥𝑘 𝑖−1

𝑘=0  𝑛
𝑖=0   (4.30). 

mtkicdeba, rom agebuli polinomi akmayofilebs pirobas (4.21). 

praqtikuli miznebisaTvis niutonis polinomis (4.20)     (2.19) 

angariSi umjobesia CavataroT  axal cvladis SemotaniT: 

𝑞 =  𝑥 − 𝑥0 𝑕     (4.21)      

maSin niutonis maiterpolirebel polinoms eqneba Semdegi saxe: 

𝑃𝑛 𝑥 = 𝑦0 + 𝑞 ∙ ∆1𝑦0 +
𝑞 𝑞−1 

2!
∙ ∆2𝑦0 +

𝑞 𝑞−1  𝑞−2 

3!
∙ ∆3𝑦0 + ⋯  

+
𝑞 𝑞−1 ⋯ 𝑞−𝑛+1 

𝑛!
∙ ∆𝑛𝑦0 (4.22). 
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(4.22) formulis analizi aCvenebs, rom agebuli niutonis 

interpolantis cdomileba minimalur mniSvnelobebs iRebs maSin rodesac 

argumentis mniSvnelobebi axlosaa 𝑥0  kvanZTan. zemoT lagranJis 

polinomisaTvis moyvanili  magaliTi aCvenebs, rom yovelTvis 

mizanSewonili araa polinomis ageba yoveli kvanZisaTvis, vinaidan am 

SemTxvevaSi SeiZleba gaCndnen dausabuTebeli gadaxrebi. Ppraqtikuli 

gaangariSebebisas xSirad winaswar irCeven mainterpolirebeli 

mravalwevris xarisxs. Semdeg nulovan 𝑥0  kvanZad irCeven im kvanZs, 

romelic marcxnidan uaxloesia 𝑥  argumentTan, romlisTvisac 

gamoTvlil unda iqnas ucnobi  𝑓 𝑥  funqciis  mniSvneloba. 𝑛 -uri 

xarisxis interpolanti (4.22) aigeba 𝑥  argumentis marjvniv ganlagebul  

𝑥0  da 𝑛  kvanZebSi funqciis 𝑦𝑖  mniSvnelobebis daxmarebiT. funqciis 

mniSvnelobebi 𝑥0 kvanZis marcxniv ar gamoiyeneba. 

cxrili 25  

𝑥𝑖 3.0 3,1 3,2 3,3 3,4 3,5 3,6 

𝑦𝑖 0,550 0,450 0,365 0,293 0,234 0,185 0,146 
 

vTqvaT gvinda gamovTvaloT 𝑓 𝑥  funqciis mniSvneloba wertilSi 

argumentis mniSvnelobisaTvis 𝑥 = 3,22.  kvanZebi 25  cxrilSi Tanabrad 

daSorebulia bijiT 𝑕 = 1,  amitom mizanSewonilia niutonis 

interpolantis gamoyeneba. 

SemovifargloT mesame xarisxis polinomiT. Nnulovan kvanZad, 

rogorc zemoT iyo rekomendebuli aviRoT 𝑥 = 3,22 marcxnidan uaxloesi 

kvanZi, esaa 𝑥0 = 3,2.  polinomi avagoT oTxi kvanZiT 𝑥𝑖 ≥ 3,2.  SevadginoT 

saboloo sxvaobebis cxrili ∆𝑘𝑦𝑖 𝑘 = 1,2,3 , romelic aucilebelia (4.22)        

polinomis asagebad 𝑛 = 3  _ Tvis. avagoT cxrili, amasTan 

gaviTvaliswinoT, rom  pirvelze ufro maRali rigis sxvaobebi aigeba, 

rogorc cxrilis mezobel marcxena svetebSi mdgomi wina rigis sxvaobis 

sxvaobebi. 
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cxrili 26 

𝑖 𝑥𝑖 𝑦𝑖 ∆𝑦𝑖 ∆2𝑦𝑖 ∆3𝑦𝑖 
0 3,2 0,365 -0,072 0,013 -0,003 
1 3,3 0,293 -0,059 0,01  
2 3,4 0,234 -0,049   
3 3,5 0,185    

 

 𝑥 = 3,22 da 𝑥0 = 3,2 mniSvnelobebisaTvis da gamovTvaloT parametri 

𝑞 =  3,22 − 3,2 0,1 = 0,2  da yvela saWiro ricxvi CavsvaT  (4.22)    

formulaSi: 

𝑓 3,22 = 𝑃3 𝑥 = 3,22 = 0,365 + 0,2 −0,072 +
0,2 0,2 − 1 

2
0,013 + 

+
0,2 0,2−1  0,2−2 

3!
= 0,349. 

Ffunqciis sawyisi mniSvnelobebi interpolaciis kvanZebSi mocemuli 

iyo sami niSnadi cifrebiT (ix. cxrili  26), amitom damrgvalebis wesebis 

Tanaxmad damrgvalebas vaxdenT sam niSnad  ciframde. 

moviyvanoT formulebi ori mniSvnelovani interpolaciisaTvis. 

1)wrfivi interpolacia. interpolaciuri polinomis (4.22)   ageba 

xdeba ori kvanZiT da warmoadgens wrfiv funqcias: 

𝑃1 𝑥 = 𝑦0 + 𝑞 ∙ ∆1𝑦0 an 𝑃1 𝑥 = 𝑦0 +
𝑥−𝑥0

𝑕
 𝑦1 − 𝑦0  (4.23) 

am ukanasknel formulas advilad miviRebT  nax. 9 _ is meSveobiT, 

SevaerTebT ra or wertils  𝑥0, 𝑦0  da  𝑥1, 𝑦1  wrfis monakveTiT. mezobeli 

kvanZebis wertilebis      𝑥𝑖 , 𝑦𝑖  da  𝑥𝑖+1, 𝑦𝑖+1  wrfis monakveTiT 

SeerTebiTa SeiZleba miviRoT  da nawil-nawil wrfivi inerpolaciuri 

grafiki. Ppraqtika gviCvenebs, rom fizikis mravali amocanisaTvis 

interpolaciis aseTi saxe misaRebi araa, vinaidan Seicavs did 

cdomilebebs. 

2)kvadratuli interpolacia. (4.22)  polinomisaTvis am SemTxvevaSi 

SeirCeva sami kvanZi. Ppolinomi warmoadgens Semdegi saxis kvadratul 

funqcias: 
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𝑃2 𝑥 = 𝑦0 + 𝑞 ∙ ∆1𝑦0 +
𝑞 𝑞−1 

2
∙ ∆2𝑦0 an 

𝑃2 𝑥 = 𝑦0 + 𝑞 ∙  𝑦1 − 𝑦0 +
𝑞 𝑞−1 

2
∙  𝑦2 − 2𝑦1 + 𝑦0   (4.24). 

gamoTvliT maTematikaSi aseve gamoiyenebian interpolaciuri 

polinomebi, romlebic agebulia Tanabrad daSorebuli kvanZebis 

safuZvelze, romelTa koeficientebis gaTvlac xdeba funqciis 

mniSvnelobebisaTvis, romlebic ganTavsebulia arCeuli 𝑥  wertilebis, 

rogorc marcxniv ise marjvniv. 

aseTi interpolantebis asagebad mosaxerxebelia kvanZebi mocemuli 

iyos Semdegi saxiT 

𝑥𝑖 = 𝑥0 + 𝑖𝑕,  sadac 𝑖 = 0, ∓1, ∓2, ⋯ ∓ 𝑛  (4.28). 

Aamrigad kvanZis nomrebi SeiZleba iyos rogorc dadebiTi ise 

uaryofiTi ricxvebic. Centralur kvanZs gaaCnia nulovani indeqsi. 

SemdgomSi 𝑞  sidided gamoviyenebT (4.21)  formuliT gansazRvrul 

sidides. qvemoT moyvanilia stirlingis interpolaciuri formula., 

Semdegi saxiT: 

𝑃𝑆 𝑥 = 𝑦0 + 𝑞 ∙
∆𝑦−1+∆𝑦0

2
+

𝑞2

2
∙ ∆𝑦−1

2 +
𝑞 𝑞2−1 

3!
∙

∆𝑦−2
3 +∆𝑦−1

3

2
+  

+
𝑞 𝑞2 − 1 

4!
∙ ∆𝑦−2

4 +
𝑞 𝑞2 − 1 (𝑞2 − 4)

5!
∙
∆𝑦−3

5 + ∆𝑦−2
5

2
+ 

+
𝑞 𝑞2 − 1 (𝑞2 − 4)

6!
∙ ∆𝑦−3

6 + ⋯ +
𝑞 𝑞2 − 1 (𝑞2 − 4)(𝑞2 − 9) ⋯  𝑞2 −  𝑛 − 1 2 

 2𝑛 − 1 !
∙ 

∙
∆2𝑛−1𝑦−𝑛 +∆2𝑛−1𝑦− 𝑛−1 

 2𝑛 
+   

+
𝑞2 𝑞2−1  𝑞2−4  𝑞2−9 ⋯ 𝑞2− 𝑛−1 2 

 2𝑛 !
∙ ∆2𝑛𝑦−𝑛    (4.29). 

Aam ukanasknel formulaSi ∆𝑘𝑦𝑖  simboloebiT aRniSnulia saboloo 

sxvaobebi, romlebic gamoiTvleba formulebiT: 

∆𝑦𝑖 = 𝑦𝑖+1 − 𝑦𝑖 . ∆
2𝑦𝑖 = ∆𝑦𝑖+1 − ∆𝑦𝑖 da a.S. 

specialurma kvlevebma aCvenes, rom stirlingis interpolaciur 

formulas (4.29)   umciresi mniSvneloba gaaCnia maSin rodesac 

 𝑞 ≤ 1 4 . 
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stirlingis kvadratul interpolaciur formulas aqvs Semdegi 

saxe 

𝑃𝑆 𝑥 = 𝑦0 + 𝑞 ∙
∆𝑦−1 + ∆𝑦0

2
+

𝑞2

2
∙ ∆𝑦−1

2 = 𝑦0 +
𝑦

2
∙  𝑦0 − 𝑦−1 + 

+
𝑞2

2
 𝑦𝑖 + 𝑦−1 − 2𝑦0  (2.31). 
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danarTi 1 
ZiriTadi formulebi  

 
1. 𝑥1, 𝑥2 , 𝑥3,∙∙∙, 𝑥𝑛saSualo ariTmetikuli 

 

𝑥 =
𝑥1 +  𝑥2 + 𝑥3 +∙∙∙ +𝑥𝑛

𝑛
=

1

𝑛
 𝑥𝑖

𝑛

1

 

  
2. Sewonili saSualo 

𝑥𝑖 =
 𝑝𝑖𝑥𝑖

𝑛
1

 𝑝𝑖
𝑛
1

 

 
3. Absoluturi cdomileba 

∆𝑥𝑖 = 𝑥 − 𝑥𝑖 
                Aan                  

∆𝑥𝑖 = 𝑥 − 𝑥𝑖 
Aaq 𝑥 -gasazomi sididis  saSualo mniSvnelobaa, xolo 𝑥-namdvili 
mniSvneloba. vinaidan rogorc wesi namdvili mniSvneloba ucnobia 
sargebloben formuliT  

∆𝑥𝑖 = 𝑥 − 𝑥𝑖 
 

4. fardobiTi cdomileba  

∆𝑥ფარდ =
∆𝑥𝑖

𝑥
, an ∆𝑥ფარდ =

∆𝑥𝑖

𝑥 
 

   
5. gazomvaTa n raodenobiasas calkeuli gazomvis saSualo 

kvadratuli cdomileba 
  

𝑆𝑛 =  
  𝑥 − 𝑥𝑖 2𝑛

1

𝑛 − 1
 

 
   6.SerCeviTi dispersia 

𝑆𝑛
2 =

  𝑥 − 𝑥𝑖 
2𝑛

1

𝑛 − 1
 

    
   7.generaluri dispersia  
 

𝜍2 = lim
𝑛→∞

𝑆𝑛
2 

 
  8.gazomvis wona 
   

𝑝 =
𝑘

𝜍2
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   9.araTanabarwertilovani gazomvis dispersia 

 

𝑆𝑛
2 =

 𝑝 𝑥 − 𝑥𝑖 
2𝑛

1

𝑛  𝑝𝑖
𝑛
1

 

 
10.variaciis  koeficienti 
 

𝑤 =
𝜍

𝑥 
∙ 100% (generaluri) 

 
 

𝑤𝑛 =
𝑆𝑛

𝑥 
∙ 100% (SerCevTi) 

 
11.saSualo ariTmetikuli cdomileba SerCeviTi) 
 

𝑟𝑛 =
 𝑥 − 𝑥1 +  𝑥 − 𝑥2 +∙∙∙ + 𝑥 − 𝑥𝑖 

𝑛
=

  𝑥 − 𝑥𝑖  
𝑛
1

𝑛
 

12.generaluri  saSualo ariTmetikuli  cdomileba 
𝜌 = lim

𝑛→∞
𝑟𝑛 

13.kavSiri saSualoariTmetikul da saSualokvadratul cdomilebas 
Soris 

 
𝜌 = 0.80𝜍;     𝛼 = 1.25𝜌 

 
14.ndobis intervali intervalebisTvis 
 

     ∆𝑥       𝜍          2𝜍       3𝜍 
                                𝛼       0.68    0.95   0.097 
15.dispersiis Sekrebis kanoni: 
 

Tu 𝑍 = 𝑋 + 𝑌, maSin 𝑆𝑧
2 = 𝑆𝑥

2 + 𝑆𝑦
2 

 
16.saSualo ariTmetikulis cdomileba 

𝑆𝑛𝑥 =
𝑆𝑛

 𝑛
 

 
17.stiudentis  koeficienti 

𝑡𝛼𝑛
=

 𝑛∆𝑥

𝑆𝑛
 

 
18.SemTxveviTi damoukidebeli cdomilebebis Sekrebis kanoni 
 

Tu 𝑌 = 𝑋1 ∙ 𝑋2 ∙∙∙ 𝑋3 
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maSin  
∆𝑌

𝑌
 

2

=  
∆𝑋1

𝑋1
 

2

+  
∆𝑋2

𝑋2
 

2

+∙∙∙ +  
∆𝑋𝑛

𝑋𝑛
 

2

;  Tu 𝑌 =
𝑋1

𝑋2
, maSin 

 
∆𝑌

𝑌
 

2

=  
∆𝑋1

𝑋1
 

2

+  
∆𝑋2

𝑋2
 

2

; 

Tu 𝑌 = 𝐴𝑋 + 𝐵, sadac 𝐴 da 𝐵 mudmivi sidideebia, maSin ∆𝑌 = 𝐴∆𝑋 
 
19.CebiSevis utoloba  

𝑃( 𝑥 − 𝑥𝑖  <𝛼𝜍) <
1

𝛼2 

 
20.funqciis SemTxveviTi cdomileba 
 

Tu 𝑌 = 𝑓(𝑋), maSin ∆𝑌 = 𝑓𝐼 𝑋 ∆𝑋 
Dda  

∆𝑌

𝑌
=

𝑓𝐼 𝑋 

𝑓(𝑋)
∆𝑋; 

Tu 𝑌 = 𝑓(𝑋1, 𝑋2,∙∙∙, 𝑋𝑛), maSin  ∆𝑌 =    
𝜕𝑓

𝜕𝑋𝑖
∆𝑋𝑖 

2
𝑛
1  

 

∆𝑌

𝑌
=    

𝜕𝑙𝑛𝑓

𝜕𝑋𝑖
∆𝑋𝑖 

2𝑛

1

 

21.umciresi kvadratebis meTodi 
 

𝑦 = 𝑘𝑥 + 𝑏, 
 

𝑘 =
𝑛  𝑥𝑖𝑦𝑖 −  𝑥𝑖 −  𝑦𝑖

𝑛
𝑖

𝑛
𝑖

𝑛
𝑖

𝑛  𝑥𝑖
2 −   𝑥𝑖

𝑛
𝑖  2𝑛

𝑖

 

𝑏 =
𝑛  𝑥𝑖

2  𝑦𝑖
2𝑛

𝑖 −  𝑥𝑖 −  𝑥𝑖
𝑛
𝑖

𝑛
𝑖  𝑥𝑖𝑦𝑖

𝑛
𝑖

𝑛
𝑖

𝑛  𝑥𝑖
2 −   𝑥𝑖

𝑛
𝑖  2𝑛

𝑖

 

 
 

𝑆0
2 =

 𝑦𝑖
2𝑛

𝑖

 𝑛 − 2 
−

  𝑦𝑖
𝑛
𝑖  2

𝑛 𝑛 − 2 
−

 𝑛  𝑥𝑖𝑦𝑖
𝑛
1  2

 𝑛  𝑥𝑖
2 −   𝑥𝑖

𝑛
𝑖  2𝑛

𝑖   𝑛 − 2 𝑛
 

𝑆𝑘
2 =

𝑆0
2𝑛

𝑛  𝑥𝑖
2 −   𝑥𝑖

𝑛
𝑖  2𝑛

𝑖

 

𝑆𝑏
2 =

𝑆0
2  𝑥𝑖

2𝑛
𝑖

𝑛  𝑥𝑖
2−  𝑥𝑖

𝑛
𝑖  

2𝑛
𝑖

F 
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Ddamxmare formulebi 
 

1.saSualo ariTmetikuli 
 

𝑥 = 𝑥0 +
1

𝑛
  𝑥𝑖 − 𝑥0 𝑛

1 , 

sadac  𝑥0 - 𝑥  - Tan axlos myofi   nebismieri ricxvia 
 
2.saSualo kvadratuli cdomileba 
 
a)erTeuli gazomvis 
 

𝑆𝑛 =
   𝑥0 − 𝑥𝑖 2 −

   𝑥0 − 𝑥𝑖 
𝑛
1  2

𝑛
𝑛
1

𝑛 − 1
 

 
b)saSualo ariTmetikulis  

𝑆𝑛𝑥 =  
𝑛   𝑥0 − 𝑥𝑖 2 −    𝑥0 − 𝑥𝑖 

𝑛
1  2𝑛

1

𝑛 − 1
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danarTi 2. cxrilebi 

cxrili I. 𝛷(𝑡) albaTobis integralTan dakavSirebuli sidideebi; 
t=t(𝒫) funqcia warmoadgens   𝒫 = 2𝛷(𝑡) funqciis Seqceuls 

 

 
t 

 
𝛷(𝑡) 

 
1 − 2𝛷(𝑡) 

 

 
1-𝒫 

 

t=t(𝒫) 
 

𝒫 

2,5 
2,6 
2,7 
2,8 
2,9 
 

3,0 
3,1 
3,2 
3,3 
3,4 
 

3,5 
3,6 
3,7 
3,8 
3,9 
 

4,0 
4,1 
4,2 
4,3 
4,4 
 

4,5 
4,6 
4,7 
 

4,8 
4,9 
5,0 
 
 

0,49379 
 49534 
 49653 
 49744 
 49813 

 
0,49865 
 49903 
 49931 
 49952 
 49966 

 
0,499767 
 499841 
 499892 
 499927 
 499952 

 
0,499968 
 499979 
 499987 
 499991 
 499995 

 
0,499966 
 499979 
 499987 

 
0,499992 
 499995 
 499997 

0,01242 
 00932 
 00693 
 00511 
 00373 

 
0,00270 
 00194 
 00137 
 00097 
 00067 

 
0,000465 
 000318 
 000216 
 000145 
 000095 

 
0,000063 
 000041 
 000027 
 000017 
000011 

 
0,0000068 
 0000041 
 0000045 

 
0,0000016 
 0000009 
 0000006 

 

0,05 
 04 
 03 
 02 
 01 
 

0,009 
 008 
 007 
 006 
 005 
 

0,004 
 003 
 002 
 001 

  0009 
 

0,0008 
 0007 
 0006 
 0005 
 0004 

 
0,0003 
 0002 
 0001 

 
10−5 
10−6 
10−7 

 
 

1,960 
2,054 
2,170 
2,326 
2,576 

 
2,612 
2,652 
2,697 
2,748 
2,807 

 
2,878 
2,968 
3,090 
3,291 
3,290 

 
3,353 
3,390 
3,432 
3,481 
3,540 

 
3,615 
3,720 
3,891 
 

4,417 
4,892 
5,327 

0,95 
 96 
  97 
  98 
  99 
 

0,991 
 992 
 993 
 994 
 995 
 

0,996 
 997 
 998 
 999 
 9991 

 
0,9992 
 9993 
 9994 
 9995 
 9996 

 
0,9997 
 9998 
 9999 

  
1-10−5 
1-10−6 
1-10−7 
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cxrili II. CebiSevis orTogonaluri mravalwevris mniSvneloba 9 

wertilisaTvis  

𝑁 = 9 = 𝐻0 

𝑝1 = 𝑢 = 𝑝1
∗,   𝑝2 = 𝑢2 −

20

3
=

1

3
𝑝2

∗, 

𝑝3 = 𝑢3 −
59

5
𝑢 =

6

5
𝑝3

∗, 

𝑝4 = 𝑢4 −
115

7
𝑢2 +

216

7
=

12

7
𝑝4

∗, 

𝑝5 = 𝑢5 −
185

9
𝑢2 +

716

9
𝑢 =

20

3
𝑝5

∗. 

 

𝑢 𝑝1
∗ 𝑝2

∗ 𝑝3
∗ 𝑝4

∗ 𝑝5
∗ 
 

0 
1 
2 
3 
4 
 

0 
1 
2 
3 
4 
 

-20 
-17 
-8 
7 
28 

0 
-9 
-13 
-7 
14 

18 
9 
-11 
-21 
14 

0 
9 
4 
-11 
4 

7 60 924 1188 3432 3120 
 

11 60 308 7128

5
 

41184

7
 

20800 

𝐻𝑗

𝐻𝑗−1
 6

2

3
 5

2

15
 4

22

35
 4

8

63
 3

53

99
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cxrili III. 
ndobis  albaTobebi 𝛼   intervalisTvis gamosaxuli saSualo 

kvadratuli cdomilebis wilebSi  ɛ=
∆𝑥

𝛼
 

laplasis funqcia: 2𝛩 =
2

 2𝜋
 𝘦−

ɛ2

2𝑑ɛ=
ɛ

0
𝛼 

 

ɛ  𝛼 ɛ  𝛼 ɛ  𝛼 
0 

0.05 
0.1 
0.15 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 
1.1 

0 
0.04 
0.08 
0.12 
0.16 
0.24 
0.31 
0.38 
0.45 
0.55 
0.57 
0.63 
0.68 
0.73 

1.2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
2.0 
2.1 
2.2 
2.3 
2.4 
2.5 

0.77 
0.80 
0.84 
0.87 
0.89 
0.91 
0.93 
0.94 
0.95 
0.964 
0.972 
0.973 
0.984 
0.988 

2.6 
2.7 
2.8 
2.9 
3.0 
3.1 
3.2 
3.3 
3.4 
3.5 
3.6 
3.7 
3.8 
3.9 

0.990 
0.993 
0.995 
0.996 
0.997 
0.9981 
0.9986 
0.9990 
0.9993 
0.9995 
0.9997 
0.9998 
0.99986 
0.99990 
0.99993 
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cxrili IV 
stiudentis  koeficientebi  𝑡𝛼𝑛

 

n 𝛼 
0.1 0.2 0.3 0.4 0.5 0.6 

2 
3 
4 
5 
 
6 
7 
8 
9 
10 
 
11 
12 
13 
14 
15 
 
16 
17 
18 
19 
20 
 
21 
22 
23 
24 
25 
 
26 
27 
28 
29 
30 
 
40 
60 

    120 
∞ 
 

0.16 
 .14 
 .14 
 .13 
 

 .13 
 .13 
 .13 
 .13 
 .13 
 

 .13 
 .13 
 .13 
 .13 
 .13 
 

 .13 
 .13 
 .13 
 .13 
 .13 
 

 .13 
 .13 
 .13 
 .13 
 .13 
 

 .13 
 .13 
 .13 
 .13 
 .13 
 

 .13 
 .13 
 .13 
 .13 
  
 

0.33 
 .45 
 .42 
 .41 
 

 .27 
 .27 
 .26 
 .26 
 .26 
 

 .26 
 .26 
 .26 
 .26 
 .26 
 

 .26 
 .26 
 .26 
 .26 
 .26 
 

 .26 
 .26 
 .26 
 .26 
 .26 
 

 .26 
 .26 
 .26 
 .26 
 .26 
 

 .26 
 .25 
 .25 
 .25 
 

0.51 
 .45 
 .42 
 .41 
 

 .41 
 .40 
 .40 
 .40 
 .40 
 

 .40 
 .40 
 .40 
 .39 
 .39 
 

 .39 
 .39 
 .39 
 .39 
 .39 
 

 .39 
 .39 
 .39 
 .39 
 .39 
 

 .39 
 .39 
 .39 
 .39 
 .39 
 

 .39 
 .39 
 .39 
 .39 

0.73 
 .62 
 .58 
 .57 
 

 .56 
 .55 
 .55 
 .54 
 .54 
 

 .54 
 .54 
 .54 
 .54 
 .54 
 

 .54 
 .54 
 .53 
 .53 
 .53 
 

 .53 
 .53 
 .53 
 .53 
 .53 
 

 .53 
 .53 
 .53 
 .53 
 .53 
 

 .53 
 .53 
 .53 
 .53 

1.00 
 .82 
 .77 
 .74 
 

 .73 
 .72 
 .71 
 .71 
 .70 
 

 .70 
 .70 
 .70 
 .69 

    .69 
 

 .69 
 .69 
 .69 

    .69 
    .69 
 

 .69 
 .69 
 .69 

    .69 
 .69 
 

 .68 
 .68 
 .68 

    .68 
 .69 
 

 .68 
 .68 
 .68 

    .67 
 

1.38 
1.06 
0.98 
 .94 
 

 .92 
 .90 
 .90 
 .90 
 .88 
 

.88 

.87 

.87 

.87 

.87 
 

.88 

.86 

.86 

.86 

.86 
 

.86 

.86 

.86 

.86 

.86 
 

.86 

.86 

.86 

.86 

.85 
 

.85 

.85 

.85 

.86 
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cxrili IV. stiudentis  koeficientebi  𝑡𝛼𝑛
 

(gagrZeleba) 
 
n 𝛼 

0.7 0.8 0.9 0.95 0.98 0.99 0.999 
2 
3 
4 
5 
 
6 
7 
8 
9 
10 
 
11 
12 
13 
14 
15 
 
16 
17 
18 
19 
20 
 
21 
22 
23 
24 
25 
 
26 
27 
28 
29 
30 
 
40 
60 
120 
 ∞ 
 

2.0 
1.3 
1.3 
1.2 
 

1.2 
1.1 
1.1 
1.1 
1.1 
 
1.1 
1.1 
1.1 
1.1 
1.1 
 
1.1 
1.1 
1.1 
1.1 
1.1 
 
1.1 
1.1 
1.1 
1.1 
1.1 
 
1.1 
1.1 
1.1 
1.1 
1.1 

 
1.1 

   1.0 
1.0 
1.0 

3.1 
1.9 
1.6 
1.5 
 

1.5 
1.4 
1.4 
1.4 
1.4 
 

1.4 
1.4 
1.4 
1.4 
1.3 
 

1.3 
1.3 
1.3 
1.3 
1.3 
 

1.3 
1.3 
1.3 
1.3 
1.3 
 

1.3 
1.3 
1.3 
1.3 
1.3 
 

1.3 
1.3 
1.3 
1.3 

6.3 
2.9 
2.4 
2.1 
 

2.0 
1.9 
1.9 
1.9 
1.8 
 

1.8 
1.8 
1.8 
1.8 
1.8 
 

1.8 
1.7 
1.7 
1.7 
1.7 
 

1.7 
1.7 
1.7 
1.7 
1.7 
 

1.7 
1.7 
1.7 
1.7 
1.7 
 

1.7 
1.7 
1.7 
1.6 

 

12.7 
4.3 
4.3 
4.3 
 

2.6 
2.4 
2.4 
2.3 
2.3 
 

2.2 
2.2 
2.2 
2.2 
2.1 
 

2.1 
2.1 
2.1 
2.1 
2.1 
 

2.1 
2.1 
2.1 
2.1 
2.1 
 

2.1 
2.1 
2.0 
2.0 
2.0 
 

2.0 
2.0 
2.0 
2.0 
 

31.8 
7.0 
4.5 
3.7 
 

3.4 
3.1 
3.0 
2.9 
2.8 
 

2.8 
2.7 
2.7 
2.7 
2.6 
 

2.6 
2.6 
2.6 
2.6 
2.5 
 

2.5 
2.5 
2.5 
2.5 
2.5 
 

2.5 
2.5 
2.5 
2.5 
2.5 
 

2.4 
2.4 
2.4 
2.3 

63.7 
9.9 
5.8 
4.6 
 

4.0 
3.7 
3.5 
3.4 
3.3 
 

3.2 
3.1 
3.1 
3.0 
3.0 
 

2.9 
2.9 
2.9 
2.9 
2.9 
 

2.8 
2.8 
2.8 
2.8 
2.8 
 

2.8 
2.8 
2.8 
2.8 
2.8 
 

2.7 
2.7 
2.6 
2.6 

 

636.6 
31.6 
12.9 
3.6 
 

6.9 
6.0 
5.4 
5.0 
4.9 
 

4.6 
4.5 
4.3 
4.2 
4.1 
 

4.0 
4.0 
4.0 
3.9 
3.9 
 

3.8 
3.8 
3,8 
3.8 
3.7 
 

3.7 
3.7 
3.7 
3.7 
3.7 
 

3.6 
3.5 
3.4 
3.3 
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  cxrili V 

 

გაზომვათა აუცილებელი რაოდენობა, ∆ ცდომილების მისაღებად   𝑝 

საიმედოობით 
 
 
∆= ∆𝑥 𝜍  

𝑝 მნიშვნელობა 

0,5 0,7 0,9 0,95 0,99 0,999 

1.0 2 3 5 7 11 17 

0.5 3 6 13 18 31 50 

0.4 4 8 19 27 46 74 

0.3 6 13 32 46 78 127 

0.2 13 29 70 99 171 277 

0.1 47 169 273 387 668 1089 
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cxrili VI 
ndobis  intervali σ-Tvis 
 

  𝛼          0.99 0.98 0.95 0.90 

 𝛾 
𝑛      

𝛾1 𝛾2 𝛾1 𝛾2 𝛾1 𝛾2 𝛾1 𝛾2 

2 
3 
4 
5 
5 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
25 
30 
40 
50 
70 
100 
200 

0.36 
.43 
.48 
.52 
.55 
.57 
.59 
.60 
.62 
.63 
.64 
.65 
.66 
.67 
.68 
.68 
.69 
.70 
.70 
.73 
.74 
.77 
.79 
.82 
.85 
.89 
 

160 
14 
6.5 
4.4 
3.5 
3.0 
2.7 
2.4 
2.3 
2.2 
2.1 
2.0 
1.9 
1.8 
1.8 
1,8 
1.7 
1.7 
1.7 
1.6 
1.5 
1.4 
1.3 
1.3 
1.2 
1.1 

0.39 
.47 
.51 
.55 
.58 
.60 
.62 
.63 
.64 
.66 
.67 
.68 
.69 
.69 
.70 
.71 
.72 
.73 
.75 
.77 
.79 
.7 
.81 
.84 
.86 
.90 

80 
10 
5.1 
3.7 
3.0 
2.6 
2.4 
2.2 
2.1 
2.0 
1.9 
1.8 
1.8 
1.7 
1.7 
1.7 
1.6 
1.6 
1.5 
1.4 
1.3 
1.3 
1.2 
1.2 
1.2 
1.1 

0.45 
.52 
.57 
.60 
.62 
0.64 
.66 
.68 
.69 
.70 
.71 
.72 
.73 
.73 
.74 
.75 
.75 
.76 
.76 
.76 
.80 
.82 
.84 
.86 
.88 
.91 

32 
6.3 
3.7 
2.9 
2.5 
2.2 
2.0 
1.9 
1.8 
1.7 
1.6 
1.6 
1.6 
1.5 
1.5 
1.5 
1.5 
1.5 
1.4 
1.3 
1.3 
1.2 
1.2 
1.2 
1.2 
1.1 

0.51 
.58 
.62 
.65 
.67 
.68 
.70 
.72 
.73 
.74 
.75 
.76 
.76 
.77 
.77 
.79 
.79 
.79 
.81 
.83 
.85 
.86 
.88 
.89 
.90 
.93 

16 
4.4 
2.9 
2.4 
2.1 
1.9 
1.8 
1.7 
1.6 
1.6 
1.5 
1.5 
1.5 
1.5 
1.4 
1.4 
1.4 
1.4 
1.4 
1.3 
1.3 
1.2 
1.2 
1.2 
1.1 
1.1 
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cxrili VII 
aucilebel gazomvaTa raodenoba ε  toli SemTxveviTi cdomilebis α 
saimedoobiT misaRwevad 
 
 

𝜀 =
∆𝑥

𝑆
 

 

𝛼 

    0.5 0.7 0.9 0.95 0.99  0.999 

1.0 
0.5 
0.4 
0.3 
0.2 
0.1 
0.05 
0.01 

 

2 
3 
4 
6 
13 
47 
180 
4500 

 

3 
6 
8 
13 
29 
110 
430 
1100 

5 
13 
19 
32 
70 
270 
1100 
27000 

7 
18 
27 
46 
100 
390 
1500 
38000 

11 
31 
46 
78 
170 
700 
2700 
66000 

17 
50 
74 
130 
280 
1100 
4300 
11000 
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cxrili VIII 
uxeSi cdomilebis Sefaseba 

vმაქს =  
x −xk

S
  n  gazomvaTa rigSi β albaTobisTvis 

 
n 𝛽 

0.1 0.05 0.025 0.01 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
21 
21 
22 
23 
24 
25 

1.41 
1.65 
1.79 
1.89 
1.97 
2.04 
2.10 
2.15 
2.19 
2.23 
2.26 
2.30 
2.33 
2.35 
2.38 
2.40 
2.43 
2.45 
2.47 
2.49 
2.50 
2.52 
2.54 
 

1.41 
1.69 
1.87 
2.00 
2.09 
2.17 
2.24 
2.29 
2.34 
2.39 
2.43 
2.46 
2.49 
2.52 
2.55 
2.58 
2.60 
2.62 
2.64 
2.66 
2.68 
2.70 
2.72 
 

1.41 
1.71 
1.92 
2.07 
2.18 
2.27 
2.35 
2.41 
2.47 
2.52 
2.56 
2.60 
2.64 
2.67 
2.70 
2.73 
2.75 
2.78 
2.80 
2.82 
2.84 
2.86 
2.88 

1.41 
1.72 
1.96 
2.13 
2.27 
2.37 
2.46 
2.54 
2.61 
2.66 
2.71 
2.76 
2.80 
2.84 
2.87 
2.90 
2.93 
2.96 
2.98 
3.01 
3.03 
3.05 
3.07 
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cxrili IX 

 

 
sawyisi 

monacemebi 
 

 

 

angariSi 

  

kontroli 

𝑥 𝑚 𝑢 𝑚𝑢 𝑚𝑢2 𝑢 𝑚𝑢 𝑚𝑢2 

35,6 

35,9 

36,1 

36,2 

36,6 

1 

3 

3 

2 

1 

−4 

−1 

1 

2 

6 

−4 

−3 

3 

4 

6 

16 

3 

3 

8 

36 

−5 

−2 

0 

1 

5 

−5 

−6 

0 

2 

5 

26 

12 

0 

2 

25 

jami 10 − 6 66 − − 64 
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cxrili X 

 

intervalebi 𝑥 𝑚 𝑢 𝑚𝑢 𝑚𝑢2 𝑢 𝑚𝑢 𝑚𝑢2 

8,275 − 8,325 

8,325 − 8,375 

8,375 − 8,425 

8,425 − 8,475 

8,475 − 8,525 

8,525 − 8,775 

8,575 − 8,625 

8,625 − 8,675 

8,675 − 8,725 

8,725 − 8,775 

8,525 − 8,775 

8,775 − 8,825 

8,825 − 8,875 

8,875 − 8,925 

8,925 − 8,975 

 

8,30 

8,35 

8,40 

8,45 

8,50 

8,55 

8,60 

8,65 

8,70 

8,75 

8,80 

8,85 

8,90 

8,95 

1 

2 

4 

5 

8 

10 

18 

17 

12 

9 

7 

6 

0 

1 

 

−6 

−5 

−4 

−3 

−2 

−1 

0 

1 

2 

3 

4 

5 

6 

7 

 

 

 

−6 

−5 

−4 

−3 

−2 

−1 

0 

1 

2 

3 

4 

5 

6 

7 

 

35 

50 

64 

45 

32 

10 

0 

17 

48 

81 

112 

150 

0 

49 

 

−7 

−6 

−5 

−4 

−3 

−2 

−1 

0 

1 

2 

3 

4 

5 

6 

 

−7 

−12 

−20 

−20 

−24 

−20 

−18 

0 

12 

18 

21 

24 

0 

6 

 

49 

72 

100 

80 

72 

40 

18 

0 

12 

36 

63 

96 

0 

36 

 

jami − 100 − 60 694 − −40 674 
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cxrili XI. Ffunqcia 𝛷 𝑥 =
1

 2𝜋
 𝑒−𝑡2/2𝑥

−∞
𝑑𝑡 

(standartuli normaluri ganawilebis fuqcia) 

 

 

 SeniSvna: rodesac 𝑥 > 0 maSin 𝛷 𝑥  iangariSeba 
formuliT 𝛷 𝑥 = 1 − 𝛷 −𝑥  
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danarTi 3  

magaliTebi 

ganvixiloT eqsperimentuli monacemebis damuSavebis sxvadasxva 

konkretuli magaliTi 

I.pirdapiri  gazomvebi. 

  Aam SemTxvevaSi rekomendebulia operaciebis Semdegi mimdevroba: 

   1). gazomvis TiToeuli monacemi SeitaneT cxrilSi 

   2) gamoTvaleT 𝑛 gazomvis  saSualo  mniSvneloba 

𝑥 =
 𝑥𝑖

𝑛
1

𝑛
 

   3) gamoingariSeT calkeuli gazomvis cdomileba 

∆𝑥𝑖 = 𝑥 − 𝑥𝑖 

   4) gamoingariSeT calkeuli gazomvis cdomilebis  kvadrati 

 ∆𝑥1 2,  ∆𝑥1 2,∙∙∙,  ∆𝑥𝑛 2 

   5) gamoinagariSeT saSualo ariTmetikulis saSualo kvadratuli 

cdomileba 

𝑥 =  
  ∆𝑥 2𝑛

1

𝑛 𝑛 − 1 
 

   6) aiReT  saimedoobis mniSvneloba (Cveulebriv iReben 𝑝 = 0.95) 

      7) saimedoobis mocemuli 𝑝 da gazomvis 𝑛 raodenobisagan  

gamomdinare, gansazRvreT stiudentis koeficientis mniSvneloba 𝑡 

   8) gamoiangariSeT ndobis  intervali (gazomvis  cdomileba) 

∆𝑥 = 𝑆𝑟 ∙ 𝑡  

   9) Tu gazomvis Sedegis cdomileba ∆𝑥 toli an daaxloebiT erTi 

sididis aRmoCnda xelsawyos  cdomilebisa 𝛿,   maSin  ndobis intervalis 

sazRvrad  aiReT  

∆𝑥 =   𝑆𝑟 ∙ 𝑡 2 + 𝛿2 
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Tu  erTi  cdomileba naklebia  meoreze samjer an  metjer,  ufro  

nalebi moiSoreT 

    10) sabolooSedegi CawereT  Semdegi  saxiT 

𝑥 = 𝑥 ± ∆𝑥 

    11). SeafaseT gazomvis Sedegis fardobiTi cdomileba 

𝜀 =
∆𝑥

𝑥
∙ 100% 

vnaxoT Tu rogor  gamoiyeneba zemoT  moyvanili  formulebi  

konkretuli  ricxvebisTvis 

    vTqvaT  gavzomeT  Reros diametri  𝑑 (sistematuri cdomileba iyos 

0.005 mm). gazomvis Sedegebi SevitanoT cxrilis meore grafaSi. movZebnoT 

𝑥  da cxrilis mesame grafaSi SevitanoT sxvaobebi 𝑑 − 𝑥  , xolo meoTxeSi 

– am sxvaobis kvadratebi 

𝑥 =
 𝑥𝑖

𝑛
1

𝑛
=

 𝑑𝑖
6
1

6
=

24.06

6
= 4.01 mm 

𝑆𝑟 =  
  ∆𝑥 2𝑛

1

𝑛 𝑛−1 
=  

   𝑑−𝑥  2 26
1

6∙5
=  

0.0046

30
= 0.01238 mm 

aviRebT, ra saimedoobas P = 0.95, stiudentis koeficientebis 

cxrilidan  eqvsi   gazomvisaTvis   vpoulobT    t = 2.57.           absolutur 

 

n d, mm d − x  d − x  2 

1 

2 

3 

4 

5 

6 

4.02 

3.98 

3.97 

4.01 

4.05 

4.03 

+ 0.01 

- 0.03 

- 0.04 

+ 0.00 

+ 0.04 

+ 0.02 

0.0001 

0.0009 

0.0016 

0.0000 

0.0016 

0.0004 

 

         24.06        -      0.0046 
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cdomilebas vpoulobT  formuliT  

Δd=𝑆𝑟 ∙ 𝑡 = 0.01238 · 2.57 = 0.04 mm. 

SevadaroT SemTxveviTi  da sistematuri  cdomilebebi  

∆

𝛿
=

0.04

0.005
= 8 

vinaidan  𝛿 < ∆ amitom 𝛿 = 0.005 ukuvagdoT. 

saboloo  Sedegi  ase CavweroT  𝑑 = (4.01 ± 0.04) roca 𝑝 = 0.95 

 

𝜀 =
∆𝑥

𝑥
∙ 100% =

0.04

4.01
∙ 100% ≈ 1% 

II.arapirdapiri  gazomvebi 

   rogorc zemoT iyo miTiTebuli arapirdapiri gazomvebis dros 

CvenTvis saintereso sidide warmoadgens uSualod gazomvadi  erTi an 

ramdenime sididis funqcias 

 

𝑁 = 𝑓 𝑥, 𝑦, 𝑧, …   (1) 

 

rogorc albaTobis Teoriidan gamomdinareobs sididis saSualo 

mniSvneloba miiReba am ukanasknelSi gazomili sidideebis saSualo 

mniSvnelobis CasmiT  

𝑁 = 𝑓 𝑥 , 𝑦 , 𝑧 , …   (2) 

saWiroa movZebnoT am funqciis absoluturi da fardobiTi 

cdomilebebi, Tu cnobilia damoukidebeli sidideebis saSualo 

mniSvnelobebi. 

    ganvixiloT ori SemTxveva, roca Secdoma  sistematuria an Secdoma 

SemTxveviTia. sistematuri cdomilebis SemTxvevaSi arapirdapiri 

gazomvebis Sesaxeb erTiani azri dRemde ar arsebobs. Mmagram Tu  

gamovalT arapirdapiri gazomvebis sistematuri cdomilebis 

ganmartebidan mizanSewonilia sistematuri cdomilebebi viangariSoT   

formulebiT 
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𝛿𝑁 = ±   
𝜕𝑓

𝜕𝑥
𝛿𝑥 +  

𝜕𝑓

𝜕𝑦
𝛿𝑦 +  

𝜕𝑓

𝜕𝑧
𝛿𝑧 + ⋯   (3) an 

 

𝛿𝑁 = ±𝑁   
𝜕𝑙𝑛𝑓

𝜕𝑥
𝛿𝑥 +  

𝜕𝑙𝑛𝑓

𝜕𝑦
𝛿𝑦 +  

𝜕𝑙𝑛𝑓

𝜕𝑧
𝛿𝑧 + ⋯   (4) 

sadac  

𝜕𝑓

𝜕𝑥
,
𝜕𝑓

𝜕𝑦
,
𝜕𝑓

𝜕𝑧
, … 

Aaris   

𝑁 = 𝑓 𝑥, 𝑦, 𝑧, …   

Ffunqciis kerZo warmoebulebi 𝑥, 𝑦, 𝑧, … -iT gamoTvlili im pirobiT, rom 

yvela argumenti garda im argumentebisa, romlebiTac Catarebulia 

gazomva mudmivi sidideebia. 𝛿𝑥, 𝛿𝑦, 𝛿𝑧  argumentebis sistematuri 

cdomilebebia. (3) formuliT sargebloba mosaxerxebelia maSin, rodesac 

funqcias 𝑁 = 𝑓 𝑥, 𝑦, 𝑧, …   aqvs argumentebis  jamis  an  sxvaobis  saxe, 

xolo (4) formuliT  maSin rodesac funqcias  aqvs argumentebis 

namravls an fardobis saxe. 

   Aarapirdapiri gazomvebis SemTxveviTi cdomilebis saangariSod unda 

visargebloT formulebiT  

∆𝑁 = ±   
𝜕𝑓

𝜕𝑥
∆𝑥 

2

+  
𝜕𝑓

𝜕𝑦
∆𝑦 

2

+  
𝜕𝑓

𝜕𝑧
∆𝑧 

2

+ ⋯   (5) an 

 

∆𝑁 = ±𝑁   
𝜕𝑙𝑛𝑓

𝜕𝑥
∆𝑥 

2

+  
𝜕𝑙𝑛𝑓

𝜕𝑦
∆𝑦 

2

+  
𝜕𝑙𝑛𝑓

𝜕𝑧
∆𝑧 

2

+ ⋯   (6) 

sadac  ∆𝑥, ∆𝑦, ∆𝑧, …  aris argumentebis ndobis intervalebi 𝑥, 𝑦, 𝑧, … 

argumentebis mocemuli ndobis albaTobebisTvis.  mxedvelobaSi unda 

viqonioT, rom Δx, Δy, Δz, ... intervalebi aRebuli unda iyos erTnairi  

ndobis albaTobebisTvis 𝑃1 = 𝑃2 = ⋯ = 𝑃𝑛 = 𝑃 .  Aam  SemTxvevaSi ∆𝑁 ndobis 

intervalisTvis saimedooba aseve toli iqneba 𝑃. 

    xSirad SeimCneva  SemTxveva, rodesac sistematuri cdomileba da 

SemTxveviTi  cdomileba daaxloebiT erTnairia da oriveni erTnairad 

ganapirobeben gazomvis sizustes.  Aam  SemTxvevaSi  sruli  cdomileba 
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  ganisazRvreba rogorc kvadratuli jami, SemTxveviTi ∆  da 

sistematuri 𝛿  cdomilebebisa, ara nakleb 𝑃  albaTobiT. sadac 𝑃 

SemTxveviTi cdomilebis ndobis albaTobaa: 

 = ∆2 + 𝛿2 

arapirdapiri gazomvebisas, aRwarmoebad pirobebSi fuqcias  

pouloben calkeuli gazomvebisTvis, xolo ndobis intervals  mosaZebni 

sididis misaRebad gamoTvlian im meTodikiT, romelic gamoiyeneba  

pirdapiri gazomvebisTvis. 

unda aRiniSnos, rom rodesac  funqcionaluri damokidebuleba 

mocemulia galogariTmebisTvis xelsayreli formuliT, ufro  martivia  

ganvsazRvroT fardobiTi cdomileba, xolo Semdeg  Tanafardobidan 

∆𝑁 = 𝜀𝑁  movZebnoT absoluturi cdomileba. 

gaTvlebis dawyebamde yovelTvis unda vifiqroT Casatarebel  

gaTvlebze  da  davweroT formulebi, romlebiTac visargeblebT  

cdomilebebis gamosaTvlelad. Ees  formulebi saSualebas  mogvcemen 

davadginoT Tu ra gazomvebi unda CavataroT gansakuTrebuli yuradRebiT 

da romlebze ar Rirs didi drois daxarjva. 

arapirdapiri gazomvebis Sedegebis damuSavebisas Arekomendebulia 

operaciebis Semdegi mimdevroba: 

1)pirdapiri gazomvis  yvela sidide daamuSaveT pirdapiri gazomvebis 

Sedegebis damuSavebis meTodebiT. amasTan  gasazomi sididisTvis aiReT 

ndobid erTnairimniSvneloba 𝑃 

2)arapirdapiri gazomvis cdomileba  SeafaseT  (3) da (4) formulebiT, 

sadac warmoebulebi gamoTvaleT sidideebis saSualo mniSvnelobisTvis. 

Tu calkeuli gazomvis cdomileba diferencirebis SedegSi  Sedis  

ramdenjerme, unda davajgufoT is wevrebi erTad, romlebic Seicaven 

erTnair  diferencials, da aviRoT diferencialis win frCxilebSi 

mdgomi  wevrebis moduli;  xolo niSani 𝑑 nacvlad  aviRoT ∆ an 𝛿 

3)Tu sistematuri da SemTxveviTi cdomilebebis mniSvnelobebi axlosaaa 

erTmaneTTan  isini unda SevkriboT cdomilebis Sekrebis kanoniT. Tu 
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erTi cdomileba naklebia  meoreze 3-jer an metjer ufro naklebi unda 

ukuvagdoT. 

4) gazomvis Sedegebi  CawereT  Semdegi saxiT  

𝑁 = 𝑓(𝑥 , 𝑦 , 𝑧 , … ) ± ∆𝑓 

5) gansazRvreT arapirdapiri gazomvebis seriis fardobiTi  cdomileba 

𝜀 =
∆𝑓

𝑓
. 100% 

    moviyvanoT arapirdapiri gazomvebis damuSavebis magaliTi 

magaliTi 1. vipovoT cilindris moculoba formuliT 

𝑣 = 𝜋𝑑2𝑕  (7) 

sadac  𝑑 cilindris diametria, xolo 𝑕 - cilindris simaRle. Oorive es 

sidide ganisazRvreba pirdapiri gazomviT. vTvaT gazomvebma mogvces 

Semdegi Sedegebi: 𝑑 = (4.01 ± 0.03) mm da 𝑕 = (8.65 ± 0.02)mm erTnairi 𝑝 = 0.95 

saimedoobiT. Mmoculobis  saSualo mniSvneloba iqneba  

𝑣 = 3.14 ∙   4.01 2 ∙ 8.65 mm3 

gavalogariTmoT (7)  

𝑙𝑛𝑉 = 𝑙𝑛𝜋 + 2𝑙𝑛𝑑 + 𝑙𝑛𝑕 − 𝑙𝑛4 

𝜕𝑙𝑛𝑉

𝜕𝑑
=

2

𝑑
 

𝜕𝑙𝑛𝑉

𝜕𝑕
=

2

𝑑
 

∆𝑉 = ±𝑉   
2 ∙ ∆𝑑

𝑑
 

2

+  
∆𝑕

𝑕
 

2

 

∆𝑉 = ±109.19  
2∙0.03

4.01
 

2

+  
0.02

8.65
 

2

≈ 1.65 mm3 

 

vinaidan  gazomva Catarebulia mikrometriT, romlis danayofis  

fasia 0.01 mm, sistematuri cdomileba 𝛿𝑑 = 𝛿𝑕 = 0.01  mm. sistematuri 

cdomileba 𝛿𝑉 iqneba  
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𝛿𝑉 = ±𝑉  2 ∙
𝛿𝑑

𝑑
+

𝛿𝑕

𝑕
 = 109.19  

2∙0.01

4.01
+

0.01

8.65
 ≈ 0.67 mm3 

sistematuri  cdomileba  Sesadaria SemTxveviTi cdomilebis da 

Sesabamisad 

∆𝑉 =   1.65 2 +  0.67 2 = 1.78 ≈ 2mm3 

A amrigad  gazomvis  Sedegia  

𝑉 =  109 ± 2  mm3  𝑝 = 0.95-Tvis 

𝜀 =
2

109
∙ 100% ≈ 2% 

     magaliTi 2. moZebneT absoluturi  da fardobiTi  cdomilebis  

mniSvnelobebi  Semdegi  funqcionaluri damokidebulebisTvis 

𝜏 =
𝑚1 + 𝑚2 − 𝑚3

2𝑚1𝑚2
 

A   am SemTxvevaSi ufro mosaxerxebelia jer movZebnoT fardobiTi  

cdomileba. maSin 

𝑑 =  𝑙𝑛  
𝑚1 + 𝑚2 − 𝑚3

2𝑚1𝑚2
  = 𝑑 𝑙𝑛 𝑚1 + 𝑚2 − 𝑚3 − 𝑙𝑛2 − 𝑙𝑛𝑚1 − 𝑙𝑛𝑚2 = 

= 𝑑 𝑙𝑛 𝑚1 + 𝑚2 − 𝑚3  − 𝑑 𝑙𝑛2 − 𝑑 𝑙𝑛𝑚1 − 𝑑(𝑙𝑛𝑚2)= 

=
𝑑 𝑚1 + 𝑚2 − 𝑚3 

𝑚1 + 𝑚2 − 𝑚3
−

𝑑𝑚1

𝑚1
−

𝑑𝑚2

𝑚2
=

𝑑𝑚1

𝑚1 + 𝑚2 − 𝑚3
+

𝑑𝑚2

𝑚1 + 𝑚2 − 𝑚3
−

𝑑𝑚3

𝑚1 + 𝑚2 − 𝑚3
− 

−
𝑑𝑚1

𝑚1
−

𝑑𝑚2

𝑚2
=  

1

𝑚1 + 𝑚2 − 𝑚3
−

1

𝑚1
 𝑑𝑚1 +  

1

𝑚1 + 𝑚2 − 𝑚3
−

1

𝑚2
 𝑑𝑚2 − 

−
𝑑𝑚3

𝑚1 + 𝑚2 − 𝑚3
=

𝑚2 − 𝑚3

𝑚1(𝑚1 + 𝑚2 − 𝑚3)
𝑑𝑚1 +

𝑚1 − 𝑚3

𝑚2(𝑚1 + 𝑚2 − 𝑚3)
𝑑𝑚2 − 

−
𝑑𝑚3

𝑚1 + 𝑚2 − 𝑚3
=

𝑚2 − 𝑚3

𝑚1(𝑚1 + 𝑚2 − 𝑚3)
𝑑𝑚1 +

𝑚1 − 𝑚3

𝑚2(𝑚1 + 𝑚2 − 𝑚3)
𝑑𝑚2 − 

−
1

𝑚1 + 𝑚2 − 𝑚3
𝑑𝑚3 
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(48)  formulis gamoyenebiT  miviRebT 

𝜀 =
∆𝜏

𝜏 
=

=   
𝑚2 − 𝑚3

𝑚1(𝑚1 + 𝑚2 − 𝑚3)
 

2

 ∆𝑚1 2 +  
𝑚1 − 𝑚3

𝑚 (𝑚1 + 𝑚2 − 𝑚3)
 

2

 ∆𝑚1 2 +  
𝑑𝑚3

𝑚1 + 𝑚2 − 𝑚3
 

2

 

 

Aabsoluturi SemTxveviTi cdomileba  moiZebneba formulidan 

∆𝜏 = 𝜀 ∙ 𝜏  

(4) formulis  gamoyenebiT miviRebT  

𝜀 =
𝛿𝜏

𝜏 
=  

𝑚2 − 𝑚3

𝑚1(𝑚1 + 𝑚2 − 𝑚3)
𝛿𝑚1 +  

𝑚1 − 𝑚3

𝑚2(𝑚1 + 𝑚2 − 𝑚3)
𝛿𝑚2 +  

𝛿𝑚3

𝑚1 + 𝑚2 − 𝑚3
  

   absolutur sistematur cdomilebas movZebniT gamosaxulebidan 

𝛿𝜏 = 𝜀 ∙ 𝜏  
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