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 wignSi elementarulad gadmocemulia cdomilebebis Tanamedrove 

Teoria da misi gamoyenebis meTodebi fizikuri eqsperimentis Sedegebis 

damuSavebaSi. moyvanili masalis aTvisebisaTvis sakmarisia bakalavriatis 

pirveli kursis maTematikis safuZvlebis codna. Mmasalis gadmocemis 

xasiaTi gaTvaliswinebulia cdomilebebis raodenobrivi Sefasebis 

sawyisi etapebis  gasacnobad, magram is SesaZlebelia gamoyenebul iqnas 

praqtikuli samuSaoebis Casatarebladac.  

 saxelmZRvanelo gaTvaliwinebulia bakalavriatis maRali kursis 

studentebisaTvis, magram is garkveul daxmarebas gauwevs doqtorantebs 

da fizikuri eqsperimentiT dakavebul pirebs miRebuli Sedegebis 

maTematikur damuSavebaSi. 
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S e s a v a l i 

gazomvebis Sedegebidan  maqsimalurad sando informaciis miReba 

aucileblad  moiTxovs  am Sedegebis maTematikur damuSavebas da 

analizs. eqsperimentuli monacemebis maTematikuri damuSavebis 

Tanamedrove meTodebisa da maTi analizis   arasrulyofili codna 

xSirad iwvevs gamartivebuli da dausabuTebeli xerxebis gamoyenebas, 

ramac saboloo jamSi SeiZleba  eqsperimentis Sedegad miRebul 

daskvnebSi iCinos Tavi. amasTan im sakiTxebis wre, romelic xSirad 

gvxvdeba msgavs amocanebSi, arcTu farToa. Ees sakiTxebia  empiriuli 

formulebis SeCeva da maTi parametrebis dadgena, gazomili sidideebis 

namdvili mniSvnelobebisa da gazomvis sizustis Sefaseba, korelaciuri 

damokidebulebebis kvleva da aseve analizis zogierTi iseTi sakiTxebi 

rogorebicaa - integrireba, diferencireba, interpolacia. swored am 

sakiTxebzea ZiriTadad gamaxvilebuli yuradReba mocemul 

saxemZRvaneloSi. 

saxelmZRvanelo Sedgeba xuTi Tavisagan. Ppirvel TavSi moyvanilia 

iseTi sakiTxebi rogorebicaa: gazomvis cneba, gazomvis Sedegebis Cawera 

da Sesabamisi grafikebis ageba, gazomvis Sedegebis klasifikacia, 

gazomvis uxeSi cdomilebebis gamoricxvis meTodebi, xelsawyos 

cdomilebis gaTvaliswineba da iradapiri gazomvis cdomilebebi. Mmeore 

Tavi daTmobili aqvs saSualo mniSvnelobebsa da maT Sefasebas, 

cdomilebaTa ganawilebis kanonebs. Mmesame TavSi moyvanilia empiriuli 

formulebis parametrebis SerCevis meTodika. meoTxe Tavi mTlianad 

eZRvneba korelaciuri damokidebulebebis analizs. meoTxe TavSi 

gadmocemulia cdiseuli monacemebis analizis farTod gavrcelebuli 

meTodebi da maTi gamoyenebis specifika. saxelmZRanelos boloSi 

danarTis saxiT mocemulia saangariSo formulebi, ZiriTadi cxrilebi 

da zogierTi gaangariSebis magaliTebi. 
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T a v i  I 

Ggazomvis cdomilebebi 

1.1.Ggazomvis cneba 

Ffizikuri eqsperimentis mizania ama Tu im sididis gazomva, rac 

saSualebas gvaZlevs davamyaroT kavSiri sxvadasxva sidideebs Soris da 

amiT CavwvdeT fizikuri movlenis arss.  magaliTad Zneli dasajerebelia, 

rom sinaTlis ori sxivis zeddebisas SeiZleba warmoiqmnas bneli ubani, 

anu sxva sityvebiT rom vTqvaT adgili hqondes interferencias. 

Sesabamisi eqsperimentis Catareba da fizikuri sidideebis gazomva ki 

gvarwmunebs, rom interferencias marTlac aqvs adgili da is emorCileba 

garkveul obieqtur kanonebs. eqsperimentatori kanonzomirebebis 

Seswavlisas, cdilobs gamoyos is Taviseburebebi, romlebic mas 

arsebiTad  eCveneba  da amis Semdeg axdens gamoyofili movlenis 

ganzogadoebas, agebs Teorias da akeTebs Sesabamis daskvnebs, romelTa 

Semowmebac Semdgom xdeba eqsperimentebiT. 

gazomva ewodeba  gasazomi sididis Sedarebas erTeulad aRebul 

amave saxis sididesTan - etalonTan. Eetaloni warmoadgens imave 

ganzomilebis mqone sxva sidides, romelic aRebulia erTeulad. 

gazomvisas Cven vigebT Tu ramdenjeraa meti an naklebi gasazomi sidide 

etalonTan SedarebiT. magaliTad Tokis sigrZis metrobiT gazomvisas 

vigebT Tu ramdeni metrianisgan Sedgeba es Toki. Aam gazomvas safuZvlad 

udevs metris etaloni. sxeulis masis gazomvisas mas vadarebT masis 

etalons - kilograms. 

 yuradReba  mivaqcioT, rom principSi gasazomi sidide yovelTvis 

ar gamoisaxeba etalonuri mniSvnelobebis mTeli ricxvebiT.  magaliTad 

gavzomoT Reros sigrZe. gazomvis dawyebamde  viciT, rom Reros sigrZe 

warmoadgens fizikur sidides, romelsac gaaCnia garkveuli dadebiTi 

skalaruli mniSvneloba 𝐿0, magram is CvenTvis ucnobia. 

 Eetalonad SegviZlia aviRoT sazomi ruleti 1 sm toli 

danayofebiT. Tu gasazom ReroSi ganTavsda 51 sm etalonuri mniSvneloba 
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vityviT, rom gazomvis Sedegia 𝐿1 = 51 sm. ismis kiTxva SeiZleba Tu ara 

vamtkicoT, rom Reros sigrZe 𝐿0  zustad 51 sm-is tolia? ufro 

yuradRebiT gazomvisas aRmoCndeba, rom Reros sigrZe mTlad zustad ar 

emTxveva 51 sm-is tol monakveTs. Ee.i. 𝐿0 ≠ 𝐿1 , Tumca 𝐿0 ≈ 𝐿1  es imas 

niSnavs, rom  miviReT miaxloebiTi Sedegi. Sedegis dasazusteblad 

aucilebelia aviRoT sxva gamzomi xelsawyo, magaliTad ruleti 

milimetrebiani danayofebiT. vTqvaT gazomvis Sedegi toli aRmoCnda 𝐿1= 

513 mm-is es imas niSnavs, rom miviReT gasazomi sididis ufro zusti 

mniSvneloba. 

 magram isev Cndeba kiTxva: 513 mm aris Tu ara Reros namdvili 

sigrZe? Tu aviRebT kidev erT xelsawyos, magaliTad lazerul 

interferometrs - da miviRebT Reros sigrZes mikrometrebSi, iqneba Tu 

ara axali Sedegi ufro axlos namdvil mniSvnelobasTan? albaT iqneba. 

daemTxveva  Tu ara absoluturad zustad gazomvis Sedegi gasazomi 

sididis namdvil mniSvnelobas? albaT ara. 

 amrigad Cven mivediT gazomvis sizustis problemasTan, an ufro 

zustad Tu vityiT, Catarebuli gazomvis cdomilebis gansazRvris 

problemasTan. 

 davsvaT ori kiTxva: 

 1) SeiZleba Tu ara absoluturad zustad gaizomos fizikuri 

sidide? 

 2)  saWiroa Tu ara aseTi gazomva? 

 Ppirvel kiTxvaze pasuxi iqneba uaryofiTi. vinaidan nebismier 

etalons gaaCnia saboloo sidide, aranairi safuZveli ara gvaqvs 

vivaraudoT, rom gasazom sidideSi yovelTvis zustad moTavsdeba 

etalonis mTeli ricxvi. 

 naTqvamis safuZvelze SeiZleba CamovayaliboT Semdegi zogadi 

mtkiceba: 

gazomva iZleva  miaxloebiT  Sedegs, an sxva sityvebiT, rom vTqvaT 

is Seicavs gazomvis cdomilebas. 
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 Ggazomvis cdomileba ewodeba sxvaobas gasazomi sididis  namdvil 

𝐴 mniSvnelobasa da gazomvis  𝑎𝑖   Sedegs Soris  

𝐴 − 𝑎𝑖    (1.1) 

 meore kiTxvaze pasuxic uaryofiTia. Aabsoluturi sizuste -  

idealuri cnebaa, xolo - eqsperimentalur fizikaSi - usargebloc. 

Tu gaviTvaliswinebT im faqts, rom rac ufro didi sizustiT 

movindomebT gazomvis Catarebas miT ufro Znelia amis gakeTeba, unda 

davaskvnaT, rom gazomva unda Catardes ara maqsimaluri sizustiT aramed 

mxolod im sizustiT rasac moiTxovs mocemuli  amocana. magaliTad, 

magidis damzadebisas srulebiT sakmarisia 0,5 sm sizuste rac Seadgens 

~ 0,5%; sakisris zogierTi detalis damzadebisas aucilebelia 0,001 mm 

anu 0,01% sizuste, magram sinaTlis gamosxivebis speqtraluri xazebis 

talRis  sigrZis gazomvisas zogjer aucilebelia 10−11  sm anu 10−5  % 

sizuste. amasTan erTad unda vicodeT, rom arcTu iSviaTad gazomvis 

cdomilebis Semcireba saSualebas iZleva, aRmoCenil iqnas axali 

kanonzomierebebi da amis mravali magaliTi arsebobs. magaliTad 

cnobilia masis Senaxvis kanoni, romlis mixedviTac qimiur reaqciaSi 

monawile nivTierebebis masaTa jami reaqciamde tolia reaqciis Semdeg 

miRebuli nivTierebebis masaTa jamis. Mmagram qimiuri reaqciis dros 

adgili aqvs energiis gamoyofas an STanTqmas da ainStainis formulis 

Tanaxmad es energia gamoiTvleba formuliT 𝐸 = 𝑚𝑐2  (𝐸  –gamoyofili an 

STanTqmuli  energiaa, 𝑚 - masa, 𝑐 - sinaTlis siCqare), amitom  moreagire 

nivTierebebis masebi gansxvavebuli iqneba reaqciis Semdeg miRebuli 

nivTierebis masebis jamis. naxSiris wvisas es gansxvaveba Seadgens 1 g-s 

3 000 t naxSirze. Aam gansxvavebis SesamCnevad saWiroa gazomvis Catareba 

Zalian maRali sizustiT - 3 ∙ 10−8%. Ees imas niSnavs, rom masaTa Senaxvis 

kanoni naxSiris wvisas samarTliania 3 ∙ 10−8 % - mde sizustiT gazomvebis 

Catarebisas. SevniSnoT, rom aseTi sizustis miRweva awonviT SeuZlebelia 

da amitom  aRniSnuli cvlileba dadgenil iqna arapirdapiri meTodebiT. 
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gazomvis sizustis gazrdis sxva sasargeblo magaliTia 1932 wels 

wyalbadis mZime izotopis – deiteriumis aRmoCena, romelic miRweul iqna 

Cveulebrivi wylis simkvrivis maRali sizustiT gazomviT. deiteriumi 

mxolod umniSvnelod zrdis wylis simkvrives. 

    zustad aseve 1894 wels releis mier zusti gazomvebiT  dadgenil 

iqna, rom haeridan gamoyofili azotis simkvrive ramdenadme aRemateboda 

sufTa amiakis daSliT miRebuli azotis simkvrives. Ees sxvaoba Zalian 

mcire iyo, sul raRac 5 mg/l, magram man ramseis da releis saSualeba 

misca 1895 wels aRmoeCinaT inertuli airi – argoni. 

  eqsperimentuli fizika  kmayofildeba gazomvis miaxloebiTi 

SedegebiT, Mmagram amasTan erTad aucileblad unda vicodeT gazomvis 

cdomilebis sidide. 

 yuradReba mivaqcioT im garemoebas, rom (1.1) gamosaxuleba ar 

gamodgeba gazomvis cdomilebis sididis saangariSod, vinaidan TviT 𝐴  

sidide CvenTvis ucnobia.  

 upirvelesad SevniSnoT, rom  gazomvis cdomileba damokidebulia 

gamoyenebul  gamzom  xelsawyoze. Mmraval xelsawyos gaaCnia  

danayofebiani skala. mezobel danayofebs Soris mniSnelobaTa sxvaobas 

ewodeba umciresi danayofis fasi (udf). Mmiwis sazomi lentis udf 

tolia 1 sm - is, sadurglo lentis - 1 mm - is, xolo mikrometris 0,01 mm-

is da a.S. 

umciresi danayofis fasi aucileblad ar warmoadgens sigrZes. 

eleqtrogamzom xelsawyoebs  gaaCniaT udf, romelic gamoisaxeba 

magaliTad denis Zalis erTeulebSi, eleqtruli Zabvis erTeulebSi da 

a.S. mag. Uudf SeiZleba toli iyos 0,1 a; 1 ma; 5 mka; 0,05 v da aS. Tu 

xelsawyo isriani araa, aramed gaaCnia cifruli tablo, maSin udf tolia 

tablos umciresi Tanrigis (anu asaxvadi mniSvnelobebis umciresi   

sxvaobis). 

 unda  gvaxsovdes, rom im sididis gazomva, romelic naklebia 

mocemuli xelsawyos umciresi danayofis fasze arakoreqtulia. 
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magaliTad saxazaviT, romlis udf tolia 1 sm-is SeuZlebelia dadgindes 

Tu ramden milimetrs Seicavs gasazomi monakveTi. amisaTvis saWiroa 

aviRoT saxazavi, romlis udf tolia 1 mm-is. 

 zemoT moyvanili magaliTidan Cans, rom  𝐴 − 𝑎𝑖 sxvaoba ar SeiZleba 

aRematebodes udf-s. maSasadame, rac naklebia  udf, miT ufro zustia 

xelsawyo da miT naklebia gazomvis cdomileba.  

 SeiZleba Tu ara cdomilebis sidided aviRoT udf? Tu ase 

moviqceviT miviRebT SesaZlo cdomilebis zeda zRvars. erTi SexedviT 

ise Cans, rom gazomvis cdomilebis Sesamcireblad sakmarisia aviRoT 

ufro zusti -  naklebi udf-s mqone xelsawyo. 

 samwuxarod problema ufro rTulia. 

 aRmoCnda, rom (amaSi Tqven TviTon darwmundebiT  eqsperimentis 

Catarebisas), Tu erTidaimave sididideebis gazomvas gaimeorebs 

sxvadadsxva adamiani erTi da imave xelsawyoTi, erTi da imave pirobebSi, 

SeiZleba miiRos  sxvadasxva Sedegi. 

ase, magaliTad, laboratoriul samuSaoSi “atvudis manqana” 

tvirTis vardnis dro izomeba eleqtronuli wamzomiT, romlis udf 

tolia 0,02 wm-is. samuSaos Sesrulebisas erTnair pirobebSi 5-jer 

izomeboda erTi da imave tvirTis vardnis dro. miRebul iqna Semdegi 

mniSvnelobebi: 5,08;  5,04; 5,06; 5,04 wm. rogorc vxedavT zogierTi miRebuli 

mniSvneloba erTmaneTisagan gansxvavdeba udf-ze meti mniSvnelobiT, rac 

cxadia ver aixsneba xelsawyos cdomilebiT. 

saqme imaSia, rom “eqsperimentis pirobebis ucvleloba - 

identuroba” - idealizirebuli cnebaa, da Tu mkacrad vityviT, 

ararealuric. Cven vcxovrobT iseT samyaroSi, romelSic Semaval 

obieqtebs Soris adgili aqvs mravalgvar urTierTqmedebas, amasTan am 

urTierTqmedebebis intensivoba  TiTqmis yovelTvis icvleba. 

zemoT moyvanil magaliTSi, tvirTis vardnaze gavlenas axdens 

haeris moZraoba, haeris simkvrivis fluqtuacia, mtveri, danadgaris 

vibracia, romelic gamowveulia garemomcveli sxeulebis moZraobiT da 
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a.S. garda amisa, gazomvis Sedegze moqmedebs xelsawyos SigniT mimdinare 

procesebi. Tu xelsawyo, Tundac umartivesi, xis saxazavia, danayofebs 

Soris manZili icvleba  siTburi gafarToebis an tenianobis cvlilebis 

gamo. Tu xelsawyo eleqtronulia, misi Cveneba damokidebulia Zabvis 

cvlilebaze mkvebav wredSi miuxedavad imisa masSi CamontaJebulia Tu 

ara stabilizaciis bloki. 

yvelaze mniSvnelovania ori garemoeba: 

1) gazomva SeiZleba mravali mizeziT damaxinjdes. amasTan 

TiToeuli maTganis gavlena  SesaZlebelia mcire iyos magram maTma 

jamurma gavlenam SeiZleba gamoiwvios mniSvnelovani sxvaoba 𝐴  da 𝑎𝑖 

sidideebs Soris, anu didi cdomileba. 

2) yvelaze cudia is, rom aseTi cdomilebebis aRmofxvra  da maTi 

gamoTvla  winaswar SeuZlebelia. aseT cdomilebebs SemTxveviTi ewodeba. 

SemTxveviTi cdomileba yovelTvis arsebobs gazomvis SedegSi da 

amitom SeiZleba gavakeToT mniSvnelovan daskvna. 

gazomis Sedegi SemTxveviTi sididea. 

praqtikaSi es imas niSnavs, rom identur pirobebSi 𝐴  fizikuri 

sididis  gazomvis gameorebisas, zogadad, rom vTqvaT miiReba sxvadasxva 

ricxviTi monacemebi 𝑎1, 𝑎2, ⋯ , 𝑎𝑖 . 

mocemuli saxelmZRvanelos mizania SemTxveviTi cdomilebebis 

raodenobrivi Sefaseba. 

konkretuli meTodikebis ganxilvamde, SevniSnoT, rom gazomvebi or 

jgufad iyofa: pirdapiri da arapirdapiri. Ppirdapiri gazomvebisas 

gasazomi sidide pirdapir udardeba erTeul sidides gamzomi 

xelsawyoTi, romelic dagraduirebulia gazomvis Sesabamisi erTeulebiT. 

Ppirdapiri gazomvis magaliTebia: sigrZis gazomva saxazaviT, drois 

gazomva wamzomiT da a.S.  

arapirdapiri gazomvisas gansasazRvreli  sidide gamoiTvleba 

pirdapiri gazomviT miRebuli sxva sidideebis saSualebiT, romlebTanac 

is dakavSirebulia funqcionaluri kavSiriT. 
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magaliTebi: 

1) maTematikuri qanqaris periodis 𝑇  gamoTvla. 𝑇  gasazomad 

aucilebelia gaizomos is 𝑡 dro, romlis ganmavlobaSic xorcieldeba 𝑛 

rxeva. Semdeg periodi gamoiTvleba formuliT  

𝑇 = 
𝑡

𝑛
 

2) cilindris moculobis gazomva. cilindris moculobis 

gasazomad saWiroa pirdapir gaizomos cilindris diametri 𝑑 da simaRle 

, xolo Semdeg moculoba gamoiTvalos formuliT  

𝑉 =  
𝜋𝑑2

4
 

3) eleqtronis masis gazomva. cxadia eleqtronis masis gazomva 

sasworiT SeuZlebelia, e.i. SeuZlebelia pirdapiri gazomvis Catareba. 

eleqtronis masis arapirdapiri gziT gazomvis zogierTi meTodi 

eyrdnoba eleqtrul da magnitur velSi aCqarebuli  eleqtronebis 

nakadis gadaxras. 

xazi unda gavusvaT imas, rom arapirdapiri gazomviT gansasazRvravi 

sidide gamoiTvleba Teoriulad miRebuli formulebis an algoriTmebis 

meSveobiT sxva gazomili sidideebis damuSavebiT. swored Teoriuli 

fizikis meTodebiTaa SesaZlebeli  Zalian mcire da Zalian didi 

obieqtebis (atomebi, varskvlavebi da a.S.) parametrebis gazomva. 

Tanamedrove mecnierebaSi ZiriTadad tardeba arapirdapiri   

gazomvebi. 

sanam gadavidodeT gazomvis meTodebis ufro dawvrilebiT 

ganxilvasa da cdomilebebze, mokled SevexoT gazomvis Sedegebis 

Cawerasa da Sesabamisi grafikis gamosaxvis wesebs. 

 

1.2. gazomvis Sedegebis Cawera, grafikebi  

 

       ecadeT eqsperimentis monacemebi yovelTvis CaweroT cxrilis 

saxiT. aseTi Canaweri kompaqturia da advili wasakiTxi. erTi da imave 
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sididis mniSvnelobebi umjobesia CaweroT vertikalur svetSi, vinaidan 

TvalisTvis ase ufro iolia cifrebis aRqma. yoveli svetis dasawyisSi 

dawereT Sesabamisi sididis dasaxeleba an simbolo da uCveneT erTeuli. 

ganzomilebis erTeuls mieciT iseTi aTobiTi mamravli, rom Cawerili 

monacemebi moTavsdes 0.1 – dan 1 000 – mde intervalSi. magaliTad 

0.026=26∙10−3.  

        ganvixiloT cxrili 1.1, romelic warmoadgens raRac didi 

cxrilis nawils sxvadasxva masalis iungis modulisTvis.  

 

              cxrili 1.1. iungis moduli rkinisaTvis 

masala iungis moduli 

𝐸, 1011 ნ ∙ მ−2 

rkina 2.11 

 

rekomdebulia isargebloT CanaweriT, rodesac fizikuri sididis 

Semdeg dasmulia mZime da naCvenebia erTeuli, mocemul SemTxvevaSi - 

1011ნ ∙ მ−2  aseTi Canaweri gasagebia da albaT gaurkvevlobas ar iwvevs. 

erTeuli naCvenebia svetis dasawyisSi da amdenad aucilebeli araa misi 

ganmeoreba yvela mniSvnelobisTvis. cxrilSi unda moveridoT zedmet 

ganmeorebebs, cxadiaErac naklebia meore xarisxovani miT advilia 

mTavaris danaxva.  

gazomvis yvela Sedegi CawereT maSinaTve da yovelgvari damuSavebis 

gareSe. Aam wesidan gamonaklisi ar arsebobs. Aar CaataroT araviTari, 

Tundac martivi ariTmetikuli moqmedebebi zepirad, manam sanam Sedegs ar 

CawerT cxrilSi. magaliTad, vTqvaT denis sididis misaRebad saWiroa 

ampermetris Cvenebis orze gayofa. CawereT xelsawyos Cveneba pirdapir da 

ar gayoT orze. cxadia Tu ratom unda moviqceT ase: Tu Tqven orze 

gayofisas SecdebiT, misi gamosworeba Semdeg sakmaod gaZneldeba. gazomvis 

Catarebisa da Canaweris gakeTebisas kidev erTxel daxedeT xelsawyos da 

gadaamowmeT Canaweri. amrigad daxedeT, CaiwereT, SeamowmeT.      
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Zalian cudia, rodesac awarmoeben axal-axal gazomvebs, ise, rom 

ar atareben saSualedo analizs da sjerdebian mxolod saboloo 

ganxilvas. eqsperimentis Sedegebis nawilis analizisas xSirad vlindeba 

garkveuli Seusabamobebi, romlebic aucilebels xdian Sesabamisi 

koreqtivebi Setanas  eqsperimentis msvlelobaSi. garda amisa 

SesaZlebelia Sedegebis erTma seriam gamoiwvios eqsperimentis 

mimdinareobis Secvla.  

arsebobs Zveli Cinuri andaza “erTi naxati sjobs aTas sityvas”. 

eqsperimentis CanawerebSi da angariSSi Zalian didi mniSvneloba aqvs 

sqemebs. sqema, romelsac Tan erTvis ramdenime ganmarteba, xSirad gacilebiT 

ukeTesad aRwers eqsperimentis ideas vidre vidre am sqemis aRwera mxolod 

sityvebiT. qvemoT moyvanilia erTmaneTTan dakavSirebuli qanqarebis rxevis 

Sesaswavli danadgaris nawilis aRweris ori variantი.  

      varianti I. Hhorizontaluri Reros 𝐴  da 𝐵  wertilebSi 

mimagrebulia Zafi, maTTan 𝑃1 da 𝑃2 wertilebSi mosriale kvanZebis saxiT 

damatebiT mimagrebulia kidev ori Zafi, romlebzec kidia ori 𝑆1  da 

𝑆2 sfero. 𝐴𝐵,  𝐴𝑃1,  𝐵𝑃2  da 𝑃1𝑃2  ubnebis sigrZeebi aRniSnulia Sesabamisad 

𝑎1,  𝑦1,  𝑦2  da 𝑥.  manZili 𝑃1  kvanZidan 𝑆1  birTvis centramde tolia 𝑙1,  

manZili 𝑃2  kvanZidan 𝑆2  birTvis centramde tolia 𝑙2.   qanqarebs Soris 

manZilebis cvlas vaxdenT 𝑥  manZilis cvlilebiT, risTvisac  𝑃1  da 𝑃2 

kvanZebs gadavaadgilebT AP1P2B Zafis gaswvriv, ise rom sistemis simetria 

ar dairRves,  anu SenarCundes toloba 𝑦1 = 𝑦2.. 

varianti II. Mmowyobilobis sqema moyvanilia nax.1.1-ze. 𝐴𝑃1𝑃2𝐵   aris 

Zafis   mTliani   monakveTi,  xolo 𝑃1 da 𝑃2 - mosriale kvanZebi.    kavSirs 

vcvliT kvanZebis gadaadgilebiT   𝑥 sididis  cvlilebiT, amasTan y1  =  

=y2. 

                 cxadia aRweris meore varianti  ufro gasagebia da lakonuri. 

sqema unda iyos rac SeiZleba martivi da masze naCvenebi unda iyos 

mxolod is detalebi rac uSualod eqsperiments exeba.  

eqsperimentis     Sedegebis    damuSavebaSi  Zalian did rols TamaSoben 
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nax.1.1. qanqarebis rxevis Sesaswavli danadgaris sqema 

 
grafikebi. isini, jer erTi,  saSualebas iZlevian davadginoT 

zogierTi sidide, magaliTad daxra, an monakveTi, romelsac grafiki 

mokveTs RerZebs da a.S. meorec da mTavari – grafikebs iyeneben 

TvasaCinoebisTvis.     

magaliTad, davuSvaT, vzomavT  wylis dinebis siCqares milSi, 

rogorc wnevaTa sxvaobis funqcias da Cveni mizania davadginoT Tu 

rodis xdeba dinebis laminaruli reJimidan turbulenturze gadasvla.  

      gazomvis Sedegebi moyvanilia cxrilSi 1.2. 

 nakadi laminaruli rCeba manam sanam misi siCqare proporciulia 

wnevaTa sxvaobis. cxrilSi moyvanili monacemebiT imis Tqma Tu rodis 

irRveva proporciuloba Zneli saTqmelia, sxva saqmea, rodesac 

monacemebi moyvanilia grafikis saxiT (nax. 1.2), am SemTxvevaSi maSinaTve 

Cans wertili, romelSic proporciuloba irRveva.  

grafikebi  saSualeba iZlevian ufro TvasaCinod SevadaroT 

erTmaneTs eqsperimentuli da Teoriuli monacemebi 

    mesamec, eqsperimentul naSromebSi grafikebs iyeneben or sidides 

Soris empiriuli Tanafardobis dasadgenad. magaliTad vagraduirebT ra 

sakuTar  Termometrs raime etalonuri TermometriT, vadgenT Sesworebas  
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              cxrili 1.2. milSi wylis dinebis siCqaris  
                         damokidebuleba wnevaTa sxvaobisagan 
 

 wnevaTa 

sxvaoba,  

n∙ მ−2  

saSualo 

siCqare, 

mm/wm 

wnevaTa 

sxvaoba,  

n∙ მ−2 

saSualo 

siCqare, 

mm/wm 

7,8 35 78,3 245  

15,6  65  86,0  258  

23,4  78  87,6  258  

31,3  126  93,9  271 

39,0  142  101,6  277 

46,9  171  109,6 284  

54,7  194  118,0  290  

62,6  226        

 

 

 
nax.1.2. wylis dinebis siCqaris damokidebuleba wnevaze 
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da miRებul     wertilebze    vavlebT   mdovre   mruds (nax.1.4),   

romelsac   SemdgomSi   viyenebT Termometris Cvenebis koreqciisTvis. 

 

Nnax.1.3. Termometris dagraduirebis mrudi 

 

nax.1.4. Termometris Cvenebis Sesworeba 

masStabi. Ggrafikis agebisas horizontalur RerZze iReben 

damoukidebel cvlads,  xolo vertikalurze – gazomil sidides. 

grafikebis asagebad iyeneben sxvadasxva qaRalds: Cveulebrivi wrfivi 

masStabiT (milimetruli) da logariTmuli  masStabiT. Ees ukanaskneli 

ori saxisaa naxevrad logariTmuli (am SemTxvevaSi logariTmebi 
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aRebulia mxolod erT RerZze) da ormagad logariTmuli  (rodesac 

orive RerZze logariTmebia aRebuli).  naxevarlogariTmuli  qaRaldi 

mosaxerxebelia maSin, rodesac cvladebs Soris kavSiri logariTmuli an 

eqsponencialuri xasiaTisaa  𝑦 = 𝐵0 + 𝐵1𝑒𝑘𝑥  , xolo  Tu am kavSirs aqvs 𝑒𝑘𝑥 

saxe sadac k  ucnobi sididea, umjobesia aviRoT ormagi logariTmuli 

qaRaldi. 

vTqvaT  milimetrul qaRaldze vagebT grafiks. masStabis arCevisas 

unda gamovideT Semdegi mosazrebebidan:  

1) eqsperimentuli wertilebi ar unda iyvnen erTmaneTTan Zalian 

axlos (nax.1.5), vinaidan am SemTxvevaSi Znelia sasargeblo iformaciis 

aReba.  

 

nax.1.5. arasworad SerCeuli masStabis magaliTi 

 

eqsperimentuli wertilebi erTmaneTisgan azriani intervaliT unda 

davaSoroT, rogorc es magaliTad nax. 1.6 – zea naCvenebi. Tu 𝑥   da 𝑦 

sidideebis sawyisi mniSvnelobebi  sakmaodaa daSorebuli koordinatTa 

saTavidan maSin mizanSewonilia danayofebis aTvla RerZebze daviwyoT 

iseTi mniSvnelobebidan, romlebic mxolod cotaTi gansxvavdebian cdiT 

miRebuli im mniSvnelobisgan, romelic Sesabamis RerZze unda davitanoT, 

winaaRmdeg   SemTxvevaSi  grafikze  miviRebT  usafuZvlod  did cariel  
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Nnax.1.6.  ukeTesada SerCeuli masStabis magaliTi 
 

adgils. RerZebze masStaburi  danayofebis datanis Semdeg  maT 

siaxloves unda davsvaT Sesabamisi ricxvebi.  

2) masStabi  unda iyos martivi. Yyvelaze mosaxerxebelia rodesac 

gazomili sididis erTeuls (an 0.1, an 10, an 100   da a.S.) Seesabameba 1 

santimetri. Aaseve SeiZleba iseTi masStabi SeirCes, rom 1 sm 

Seesabamabodes 2 an 5 erTeuls. sxva masStabebs Tavi unda avaridoT 

Tundac imitom, rom winaaRmdeg SemTxvevaSi mogviwevs ariTmetikuli  

moqmedebebis Catareba zepirad. 

3) zogjer masStabis SerCeva xdeba Teoriuli mosazrebebis 

safuZvelze. ase magaliTad, Tu  gvainteresebs, Tu ramdenad 

akmayofileben gazomili sidideebi  𝑦 = 𝑘𝑥 Tanafardobas, maSin  grafikze 

𝑥 unda emTxveodes   koordinatTa   sistemis   dasawyiss.                

sazomi erTeulebi. iseve rogorc cxrilebis SemTxvevaSi, aTobiTi 

mamravli mosaxerxebelia mivaniWoT sazom erTeuls.  maSin grafikze 

danayofebi SeiZleba aRvniSnoT cifrebiT 1, 2, 3 ∙∙∙…an 10, 20, 30 ∙∙∙, da ara 

10000, 20000 da a.S., an 0.0001, 0.0002 da a.S. koordinatTa RerZebze unda 

moviyvanoT saxelwodeba an simboloebi. sazomi erTeulebi unda vuCvenoT 

iseTive xerxiT, rogorc es gavakeTeT cxrilebSi, anu aTobiTi mamravlebi   

unda   mivakuTvnoT   sazom   erTeuls.  iseve rogorc cxrilebis 



20 
 

SemTxvevaSi, aTobiTi mamravli mosaxerxebelia mivaniWoT sazom erTeuls.  

maSin grafikze danayofebi SeiZleba aRvniSnoT cifrebiT 1, 2, 3 ∙∙∙…an 10, 

20, 30 ∙∙∙ , da ara 10000, 20000 da a.S., an 0.0001, 0.0002 da a.S. koordinatTa 

RerZebze unda moviyvanoT saxelwodeba an simboloebi.  nax.1.7-ze 

naCvenebia Tu rogor unda gavakeToT warwerebi koordinatTa RerZebze da 

mivuTiToT  sazomi   erTeulebi.   zogjer sasargebloa   eqsperimentul 

 

 

Nnax.1.7. liTonis kuTri winaRobis damokidebuleba temperaturaze 

 

wertilebze gavataroT “saukeTeso” mdore wiri (nax.1.7-ze rogorc 

vxedavT mrudi araa gatarebuli). yuradReba miaqcieT termins – mdore 

wiri. damwyebi eqsprimentatorebi xSrad eqsperimentul wertilebs 

aerTeben ubralod texili wiriT, rogorc es nax. 1.8 - zea es naCvenebi. 

gamodis, rom or sidides Soris Tanafardoba aiwereba texiliT, rac 

naklebad albaTuria. ufro mosalodnelia, rom es damokidebuleba 

aiwereba mrudi wiriT da wertilebis gadaxra gamowveulia, gazomvis 

SemTxveviTi cdomilebebiT. 
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nax.1.8. eqsperimentuli wertilebis arasworada SeerTebis magaliTi 

 

eqsperimentis Sedegad miRebul  wertilebze wiris gatarebisas 

unda  visargebloT Semdegi wesebiT: 

1) rac meti  gadaRunvis wertilebi da uswormasworebebi aqvs 

mruds miT nakleb albaTuria isini da aseTi gansakuTrebulobebis 

Sesamowmeblad saWiroa Sesabamis areebSi ufro zusti gazomvebis 

Catareba. 

2) mrudi ise unda gatardes, rom is rac SeiZleba axlos iyos 

eqsperimentul wertilebTan da mis orive mxares wertilebis erTnairi 

raodenoba unda iyos ganTavsebuli. 

3) SesaZleblobis farglebSi eqsperimentuli wertilebi Zalian 

didad ar unda iyos daSorebuli mrudidan, umjobesia davuSvaT ori sami 

mcire gadaxra vidre erTi didi. 

im SemTxvevaSi, rodesac mocemuli gvaqvs Teoriuli mrudi, 

umjobesia eqsperimentis Sedegad miRebul wertilebze ar gavataroT 

“mdovre” mrudi”, vinaidan is SeiZleba ar Seesabamebodes faqtiur 

monacemebs da aman SeiZleba xeli SegviSalos  eqsperimentis Sedegebis 

TeoriulTan pirdapir SedarebaSi. 

Nnax.1.9-ze moyvanilia grafikis sworad agebis magaliTi. 
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nax.1.9. grafikis sworad agebis magaliTi 

 

sxvadasxva nivTierebebze an sxvadasxva pirobebSi gazomvis Sedegad 

miRebuli Sedegebi umjobesia aRvniSnoT sxvadasxva niSnakebiT:   

magaliTad naTeli rgolebiT, muqi rgolebiT, jvrebiT da a.S. amasTan 

erTad saWiroa zomierebis dacvac, Tu grafiki Zalian gadaitvirTa 

umjobesia  calkeuli jgufisTvis avagoT specialuri grafiki. 

koordinatTa RerZebze danayofebi da grafiki ukeTesia dasawyisSi 

avagoT fanqriT, vinaidan SesaZlebelia mogvindes masStabis Secvla an 

arasworad dasmuli wertilebis gasworeba.  

    mas Semdeg rac masStabi SerCeulia sworad  da eqsperimentuli 

wertilebi dasmulia saWiro sizustiT, SegviZlia isini  gavamuqoT da 

gavataroT muqi mrudi Sesabamisi xelsawyoTi. grafikis agebis Semdeg mas 

unda davaweroT dasaxeleba, romelic unda moicavdes mokle  Sinaars 

imisa Tu ras aCvenebs es grafiki. 

eqsperimentuli monacemis cdomilebis EsaCveneblad qsperimentuli 

wertili unda davsvaT  cdomilebis maCvenebeli monakveTis SigniT, 

rogorc es nax.1.10 – ze aris naCvenebi. 
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aseTi aRniSvnebis datana did dros moiTxovs, arTulebs grafiks 

da amdenad is unda gamoviyenoT mxolod maSin, rodesac es aucilebelia, 

anu rodesac cdomilebebis sidideze damokidebulia Teoriuli mrudidan 

                an                

Nnax.1,10. cdomilebis maCvenebeli monakveTebi 

eqsperimentuli wertilebis gadaxra (nax.1.11 da nax. 1.12). 

rogorc vxedavT eqsperimentuli wertilebis gadaxra wrfidan 

orive grafikze erTnairia, magram 1.11 grafikze gadxra albaT 

araarsebiTia, xolo 1.12 – ze ki arsebiTi. cdomilebebs Cveulebriv 

miuTiTeben maSinac, rodesac is sxvadasxvaa sxvadasxva eqsperimentuli 

wertilisTvis. 

    

 

 

 

 

 

nax.1.11. eqsperimentuli wertilebis gadaxra wrfidan araarsebiTia 

N                    

 

 

 

 

 

nax.1.12. eqsperimentuli wertilebis gadaxra wrfidan arsebiTia 
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1.3.  gazomvis cdomilebaTa klasifikacia  
 

fizikuri  sididis  ricxviTi  monacemebi miiReba gazomvis Sedegad. 

cnobilia, rom erTi da igive sididis sakmaod maRali sizustiT  

ramodenimejer gazomvisas miiReba sxvadasxva ricxvebi es ki imas niSnavs, 

rom  gazomvebi Seicaven cdomilebebs.  

ama Tu im gazomvis sizustes axasiaTeben absoluturi da 

fardobiTi cdomilebebiT.  

 gazomvis absoluturi cdomileba ∆𝒙  ewodeba  gazomvis Sedegad 

miRebul 𝑥  sididesa da gasazomi sididis namdvil 𝑥ნ   mniSvnelobas 

Soris sxvaobis absolutur mniSvnelobas da misi erTeulia gasazomi 

sididis erTeuli. vinaidan gasazomi sididis namdvili mniSvnelobis 

gansazRvra SeuZlebelia, praqtikaSi mis nacvlad iyeneben mis moqmed 

mniSvnelobas 𝑥მ ,   anu fizikuri sididis mniSvnelobas, romelic 

miRebulia cdebis meSveobiT maRali sizustis meTodebisa da 

xelsawyoebis gamoyenebiT da romelic imdenad axlosaa namdvil 

mniSvnelobasTan, rom SesaZlebelia misi gamoyeneba mocemul gazomviT 

amocanaSi. Mmoqmed mniSvnelobad Cveulebriv iReben saSualostatistikur 

 𝑥    mniSvnelobas 

𝑥 =
1

𝑛
 𝑥𝑖

𝑛
𝑖=1  (1.2) 

 maTematikur statistikaSi mtkicdeba, rom sistematuri 

cdomilebebis ar arsebobisas (an misi gamoricxvis Semdeg) Ees sidide 

warmoadgens saukeTeso miaxloebas gasazomi sididis namdvil 

mniSvnelobasTan. 

Yyovelive zemoTqmulis safuZvelze absoluturi cdomilebisaTvis 

SeiZleba davweroT 

∆𝑥 =  𝑥 − 𝑥   (1.3) 

 Aabsoluturi cdomileba izomeba imve erTeulebSi ra erTeulebSic 

izomeba 𝑥 sidide.  

absoluturi cdomileba srulyofilad   ver axasiaTebs gazomvis 

xarisxs. magaliTad Tu avtokalmis sigrZes gavzomavT 1 sm sizustiT, es 
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iqneba Zalian dabali sizuste ( ≈  10%), magram Tu amave 1 sm sizustiT 

gavzomavT manZils Tbilisidan baTumamde es metismetad maRali sizuste 

iqneba (≈0,8 ∙ 10−5%). 

amdenad absoluturi cdomilebis miTiTeba bevr arafers gveubneba 

namdvili sizustis Sesaxeb, Tu erTmaneTs ar SevadarebT absolutur 

cdomilebas da TviT gasazomi sididis mniSvnelobas. garda amisa 

absoluturi cdomileba, rogorc zemoT aRvniSneT, izomeba imave 

erTelebSi ra erTeulebSi izomeba gasazomi sidide, da Tu zomis 

erTeuli SevcvaleT misi mniSvnelobac Seicvleba, rac garkveul 

uxerxulobebs qmnis. 

 am TvalsazrisiT gacilebiT met da rac mTavaria zust 

informacias Seicavs fardobiTi cdomileba. gazomvis fardobiTi 

cdomileba 𝜀,  ewodeba absoluturi cdomilebis Sefardebas gasazomi 

sididis namdvil (moqmed) mniSvnelobasTan da xSirad gamoisaxeba 

procentebiT, Ee.i. gvaqvs 

𝜀 =
∆𝑥

𝑥მ
∙ 100% 

Aan yovelive zemoTqmulis gaTvaliswinebiT  

A𝜀 =
∆𝑥

𝑥 
∙ 100% 

 fardobiTi cdomileba uganzomilebo sididea da rogorc wesi 

procentebSi gamoisaxeba. 

    amrigad absoluturi cdomileba axasiaTebs meTods, romelic 

gazomvisTvis iqna arCeuli, xolo fardobiTi cdomileba ki - gazomvis 

xarisxs.  

     eqsperimentuli monacemebis maTematikuri damuSavebis erT-erT  

mizans warmoadgens gazomvis Sedegebis mixedviT gasazomi sididis 

namdvili mniSvnelobis Sefaseba. Aam amocanis gadasawyvetad aucilebelia 

vicodeT cdomilebebis ZiriTadi Tvisebebi da SegveZlos maTi gamoyeneba. 

gazomvis cdomilebebi mizanSewonilia daiyos sam nawilad: 

sistematuri, SemTxveviTi da uxeSi. 
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sistematuri cdomilebebi ewodebaT cdomilebebs, romlebic 

gamowveulia iseTi faqtorebiT, romlebic erTnairad moqmedeben 

erTidaimave gazomvebis mravaljeradi Catarebisas.  sistematuri 

cdomilebis  magaliTia   TefSebiani sasworiT  gazomvebis Catareba 

arazusti sawonebiT. vTqvaT gvaqvs sawoni romlis  wona namdvili 

wonisgan (vTqvaT 1000 g) gansxvavdeba 0,1 g-iT, maSin Cvens mier awonili 

sxeulis wona namdvilisgan meti an naklebi iqneba 0,1 g-iT da namdvili 

wonis dasadgenad cxadia miRebul mniSvnelobas unda mivumatoT an 

gamovakloT 0,1 g. sistematuri cdomilebis meore magaliTia sxeulis 

awonva  haerSi. Aarqimedes kanonis Tanaxmad haerSi awonili sxeulis wona 

gansxvavdeba namdvili wonisgan am sxeulis mier gamodevnili haeris 

woniT (gavixsenoT arqimedes kanoni: siTxeSi an airSi moTavsebul 

sxeulze moqmedebs vertikalurad zeviT mimarTuli amomgdebi Zala, 

romelic am sxeulis mier gamodevnili siTxis an airis wonis tolia). es 

msjeloba samarTliania sawonisTvisac.  swori wonis misaRebad, awonvis 

procesis Catarebis Semdeg saWiroa saTanado Sesworebis Setana, Tu amas 

ar gavakeTebT gazomvis Sedegebi “damZimebuli” iqneba sistematuri 

cdomilebiT.     

 moyvanili orive magaliTi sistematur cdomilebas miekuTvneba, 

magram maT Soris arsebobs arsebiTi gansxvavebac. Mmeore SemTxvevaSi 

advilad SeiZleba gamovTvaloT wonis danakargi. amisaTvis saWiroa 

vicodeT haeris, sawonis masalis  da asawoni sxeulis simkvrive, aseve 

sawonisa da asawoni sxeulebis moculobebi. simkvriveebis mniSvnelobebi  

sakmaod maRali sizustiT SeiZleba aviRoT cnobarebidan. amisgan 

gansxvavebiT pirvel SemTxvevaSi sawonis wonaze Sesworeba umravles 

SemTxvevaSi ucnobia. Mmis Sesaxeb mxolod imis Tqma SeiZleba, rom is ar 

aRemateba 0.1 g-s, anu 0,01%. Aamdenad sawonis arazust sidideze 

Sesworebis Setana SeuZlebelia da SegviZlia davweroT mxolod is, rom 

sxeulis wona tolia  𝑃 =  1000 ± 0,1   g. Tu sawonis wonis Sesaxeb sxva 

ram ar aris cnobili, garda imisa, rom misi cdomileba ar aRemateba 0,1 
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g-s, araviTari sxva gazomvebi am sawonebiT ufro zust mniSvnelobebs ver 

mogvcems. 

   sistematuri cdomilebis wyaro SeiZleba iyos gamzomi 

xelsawyos araswori regulireba, ramac SeiZleba gamoiwvios  aTvlis 

dasawyisis wanacvleba erT an meore mxares raRac mudmivi sididiT, Tu 

xelsawyos skala Tanabaria, xolo Tu skala araTanabaria maSin aTvlis 

dasawyisis wanacvleba SeiZleba sxva garkveul kanons eqvemdebarebodes.  

sistematuri cdomilebis sxva magaliTia gareSe pirobebis cvlileba, 

magaliTad temperaturis, Tu cnobilia maTi gavlena gazomvis Sedegebze. 

sistematuri cdomilebis gamovlena  moiTxovs specialuri 

kvlevebis Catarebas  (magaliTad erTi da igive sididis gazomva 

sxvadasxva meTodebiT an cnobili sidideebis etalonebis gazomvebis 

Catareba erTi da igive xelsawyoebiT). 

Tu sistematuri  cdomilebebi dadgenilia, isini SeiZleba advilad 

gaviTvaliswinoT Sesabamisi Sesworebebis SetaniT. 

SemTxveviTi cdomilebebi ewodebaT iseT cdomilebebs, romlebic 

gazomvis SedegebSi rCebian mas Semdeg rac gamoricxulia yvela uxeSi 

cdomileba da sistematuri cdomilebebi. SemTxveviTi cdomilebebi 

gamowveulia mravali iseTi faqtoriT, romelTa gavlenac imdenad 

umniSvneloa, rom maTi gamoyofa da gaTvaliswineba gazomvis teqnikis 

ganviTarebis mocemul etapze SeuZlebelia. magaliTad SemTxveviTi 

cdomilebis mizezi SeiZleba iyos haeris rxeva TefSebiani sasworiT 

awonvis dros, rodesac es rxeva sxdasxvanairad moqmedebs sasworis 

TefSebze; mtvris nawilakebi, romlebic SeiZleba ganlagdnen sawonebze; 

sxvadasxva xaxuni sasworis marcxena da marjvena berketebSi da a.S.  

SemTxveviTi cdomileba am faqtorebis jamuri zemoqmedebis Sedegia. 

SemTxveviTi cdomilebis Tavidan acileba SeuZlebelia. maTi  gamoricxva 

gazomvis TiToeuli Sedegidan aseve SeuZlebelia, Tumca albaTobis 

Teoriis gamoyenebiT xerxdeba maTi gavlenis Sefaseba gasazom sidideze, 

rac sabolood saSualebas iZleva gasazomi sidide dadgindes rac 
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SeiZleba mcire cdomilebiT, im cdomilebebTan SedarebiT, romlebsac 

calke aRebuli gazomvebi iZlevian. 

sistematuri cdomilebebi SeiZleba zogierT SemTxvevaSi  imdenad 

didi iyos, rom mniSvnelovnad daamaxinjos gazomvis Sedegebi. 

sistematuri cdomilebebi SeiZleba oTx jgufad daiyos:  

  1) cdomilebebi, romelTa bunebac CvenTvis cnobilia da romelTa 

sididec  SeiZleba zustad iqnas  gansazRvruli. aseTi cdomilebebi 

SeiZleba Tavidan iqnas acilebuli Sesabamisi Sesworebebis SetaniT.    

magaliTad sigrZis gazomvisas SesaZlebelia aucilebeli gaxdes 

Sesworebebis Setana, romlebic dakavSirebulia gasazomi sxeulis da 

sazomi saxazavis zomebis temperaturul cvlilebebTan; wonis gazomvisas 

– cdomileba, romelic gamowveulia haerSi wonis “danakargTan”, romelic 

Tavis mxriv gamowveulia haeris temperaturaze, tenianobaze, atmosferul 

wnevaze da a.S. cdomilebebis aseTi wyaroebi zedmiwevniT guldasmiT 

unda gaanalizdes, ganisazRvros Sesworebebi da gaTvaliswinebul iqnas 

saboloo SedegebSi. amasTan nebismieri gazomvis dros unda gamoviCinoT 

gonieri  midgoma. vnaxoT es sigrZis gazomvis magaliTze. vTqvaT vzomavT 

brinjaos cilindris diametrs 00𝐶   temperaturaze damzadebuli 

foladis saxazaviT da gazomvas vawarmoebT 250𝐶   temperaturaze. 

davuSvaT cilindris diametria 10 sm da gvinda misi sididis dadgena 00𝐶 

- ze. Bbrinjaos wrfivi gafarToebis koeficienti Seadgens 19 ∙ 10−6  1/grad, 

xolo foladis - 11 ∙ 10−6  1/grad. advili saCvenebelia, rom 250𝐶  -mde 

gaxurebisas saxazavis dagrZeleba iqneba 0,027 mm, xolo diametris – 0,047 

mm. am sidideebis sxvaoba tolia 0,02 mm-is, rac Seadgens Cveni gazomvis 

Sesworebas.  

moviyvanoT sxva magaliTi: vTqvaT sxeuls vwoniT araTanabari 

sigrZis mxrebis mqone berketiani sasworiT. davuSvaT mxrebs Soris 

sxvaoba Seadgens 0.001 mm-s. Tu mxrebis mTliani sigrZea 70 mm da asawoni 

sxeulis masaa 200 g martivi gamoTvlebiT davadgenT, rom sistematuri 

cdomileba iqneba 2.68 mg. am gazomvis sistematuri cdomilebis 
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gamoricxva SesaZlebelia awonvis specialuri meTodebis gamoyenebiT 

(gausis meTodi, mendeleevis meTodi da a.S.) 

Cveulebriv foladis saxazavs gaaCnia milimetruli danayofebi. Tu 

davuSvebT, rom TvaliT SesaZlebelia SedarebiT damajereblad 

SevafasoT 0.2 mm-is toli danayofi, maSin 0.2 mm iqneba is  sizuste, 

romelic miiRweva  mocemuli gamzomi xelsawyoTi. swored aseTi 

sizustiTaa datanili danayofebi saxazavze. rogorc vxedavT 

temparaturuli cdomileba 0,02 mm gacilebiT naklebia saxazavis 

danayofis fasze da amdenad am cdomilebaze Sesworebis Setana uazroa. 

sxva saqmea Tu gazomvas vawarmoebT mikrometriT – xelsawyoTi, 

romelic gazomvis saSualebas iZleva 0,001 mm sizustiT. Aam SemTxvevaSi 

Sesworebis – 0,02 mm Seyvana ara marto mizanSewonilia aramed 

aucilebelic.   

2) cnobili warmoSobis cdomilebebi, romelTa sididec ucnobia, 

magram viciT, rom is ar aRemateba raRac garkveul mniSvnelobas.  maT 

ricxvs miekuTvneba Cvens mier naxsenebi gamzomi xelsawyoebis 

cdomilebebi, romlebic zogjer xelsawyos klasiT ganisazRvreba. Tu 

xelsawyos skalaze naCvenebia sizustis klasi mag. 0.5, es imas niSnavs, 

rom xelsawyos Cveneba sworia sizustiT mTeli skalis  0.5%-iT. 

sxvanairad, rom vTqvaT Tu xelsawyos mTeli skala Seesabameba mag. 150 

volts, maSin gazomvis cdomileba ar aRemateba 0.75 volts. cxadia aseTi 

xelsawyoTi SeuZlebelia gazomvis Catareba, magaliTad 0.01 v sizustiT, 

Tu specialur  raime kompensaciur sqemebs ar SevqmniT. 

zogjer xelsawyos korpusze datanilia maqsimaluri cdomilebebis 

miSvnelobebi, zogjer cdomilebebi miTiTebulia pasportSi. Cveulebriv 

mocemulia absoluturi cdomilebis mniSvneloba, romelic iZulebuli 

varT CavTvaloT mudmiv sidided mTel skalaze, Tu ar aris mocemuli 

Sesworebis specialuri cxrili.  

zemoT aRwerili sistematuri cdomilebebis gamoricxva 

SeuZlebelia, magram rogorc wesi cnobilia maTi maqsimaluri sidideebi 
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da magaliTad Tu Zabva gavzomeT zemoT naxsenebi voltmetriT da miviReT 

mniSvneloba 𝑉 = 47.6 v es imas niSnavs, rom Zabvis mniSvneloba Zevs 46.8 da 

48.4 Soris, anu SegviZlia davweroT 𝑉 = (47.6 ± 0.75)v 

kidev erTi magaliTi: vTqvaT mikrometris pasportSi weria, rom 

“dasaSvebi cdomileba Seadgens ±0.004 mm-s +20 ± 40𝐶 - ze” es imas niSnavs, 

rom mocemuli mikrometriT gazomili sxeulis zomas pasportSi 

miTiTebul temperaturaze gaaCnia ±0.004  mm cdomileba gazomvis 

nebismieri Sedegisas.     

3) sistematuri cdomilebebi, romlebic ganpirobebulia gasazomi 

obieqtis TvisebebiT. Ees cdomilebebi xSirad daiyvaneba SemTxveviT 

cdomilebebze. magaliTad vTqvaT gvinda  raime  masalis 

eleqtrogamtarobis  dadgena, risTvisac aviReT  gamtaris naWeri, 

romelsac gaaCnia raime defeqti (gamsxvileba, araerTgvarovneba da a.S), 

cxadia eleqtrogamtarobis gansazRvraSi daSvebuli iqneba garkveuli 

cdomileba. ganmeorebiTi gazomva mogvcems imave Sedegs, anu daSvebulia 

garkveuli sistematuri cdomileba. gavzomoT aseTi  gamtaris ramdenime 

naWeris eleqtrogamtaroba da movZebnoT  saSualo mniSvneloba, romlis 

sididec SeiZleba meti an naklebi iyos calkeuli gamtarebis 

eleqtrogamtarobis sididideze, Sesabamisad am gazomvebis cdomilebebi 

SeiZleba mivakuTvnoT SemTxveviT cdomilebebs. 

   4) sistematuri cdomilebis mesame saxe yvelaze saxifaToa. Ees is 

cdomilebebia, romelTa arsebobis Sesaxeb Cven eWvic ki SeiZleba ar 

gveparebodes, magram maTi zegavlena  mniSvnelovani SeiZleba iyos. isini 

Tavs iCenen rogorc wesi rTuli gazomvebis dros da xSirad roca 

gvgonia, rom gazomva Catarebulia 2 – 3% sizustiT, am dros cdomilebam 

SeiZleba gadaaWarbos gasazomi sididis mniSvnelobas 2-3 jer da 

metjerac. Aase magaliTad Tu vadgenT raRac liTonis birTvis simkvrives 

da amisTvis gavzomeT wona da moculoba, davuSvebT Zalian uxeS 

cdomilebas, Tu es birTvi SigniT Seicavs siRruves, romlis Sesaxebac 

Cven warmodgenac ar gvqonda da romelic birTvis Camosxmis dros gaCnda.   



31 
 

saWiroa gvaxsovdes Semdegi martivi wesebi: 

1) Tu sistematuri cdomileba ganmsazRvrelia, anu Tu misi sidide 

arsebiTad aRemateba SemTxveviT cdomilebas, romelic mocemul meTods 

axasiaTebs, sakmarisia gazomva Catardes mxolod erTxel; 

2) Tu SemTxveviTi cdomileba AaRemateba sistematurs, gazomvebi 

unda Catardes ramdenjerme. gazomvaTa raodenoba imdeni unda iyos, rom 

saSualo ariTmetikulis SemTxveviTi cdomileba naklebi iyos sistematur 

cdomilebaze, ise, rom es ukanaskneli iyos mTliani cdomilebis 

ganmsazRvreli. amasTan unda aRvniSnoT, rom SeiZleba mxolod erTi 

gazomviT davkmayofildeT mxolod maSin, rodesac raRac sxva 

wyaroebidan cnobilia, rom SemTxveviTi cdomilebis sidide naklebia 

sistematurze. es xdeba maSin, rodesac gazomvebs vawarmoebT meTodiT, 

romlis cdomilebebi raRac xarisxiT cnobilia. magaliTad, vTqvaT 

vzomavT kalmis sigrZes saxazaviT, romlis danayofis fasia 1 mm, maSin 

SeiZleba darwmunebuli viyoT, rom SemTxveviTi cdomileba gacilebiT 

naklebia 1 mm-ze da SeiZleba davkmayofildeT erTi gazomviT. zustad 

aseve Cven viciT, rom Cveulebrivi savaWro sasworze awonvisas 

SemTxveviTi cdomileba naklebia 5 g-ze, maSin rodesac aseTi sasworis 

danayofis fasic 5 g-ia da Sesabamisad sistematuri cdomileba axlosaa 

am monacemTan. Sesabamisad aseT sasworze awonva unda CavataroT erTxel, 

rac praqtikaSi asec xorcieldeba. piriqiT, zogierTi markis zusti 

laboratoriuli sasworis SemTxveviTi cdomileba metia sistematur 

cdomilebaze da amdenad gazomvebi unda Catardes ramdenimejer. 

3) zogjer SesaZlebelia eqsprimentis meTodika ise Seicvalos, rom 

sistematuri cdomileba gaqres. magaliTad, laboratoriul samuSaoSi 

“maTematikuri qanqara”, Tavisufali vardnis aCqarebis gamosaTvlelad 

saWiroa gaizomos qanqaris sigrZe. sigrZis gazomvis sistematuri 

cdomilebis Tavidan asacileblad xSirad gamoiyeneba e.w. sxvaobiTi 

meTodi. rxevis periodebs 𝑇1  da 𝑇2  gamoTvlian Sesabamisad sigrZis ori 

sxvadasxva mniSnelobisaTvis 𝐿1  da 𝐿2 ,  Caweren  periodisaTvis or 
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formulas Sesabamisad 𝐿1  da 𝐿2  sigrZeebisaTvis da qvemoT moyvanili 

formuliT iangariSeben Tavisufali vardnis 𝑔aCqarebas:  

𝑔 = 4𝜋2  
𝐿1−𝐿2

𝑇2
2−𝑇1

2 ,  𝐿1 ≠ 𝐿2   (1.4) 

Aam formulaSi qanqaris sigrZis gazomvis sistematuri cdomilebebi 

gamoklebisas erTmaneTs abaTileben. 

SevniSnoT, rom zemoT moyvanili xerxi moiTxovs 𝐿1  da 𝐿2,  da 

Sesabamisad 𝑇1 da 𝑇2 sidideebs Soris mniSvnelovan gansxvavebas. Tu 𝐿1 da 

𝐿2   (da Sesabamisad 𝐿1  da 𝐿2 ) Soris gansxvaveba umniSvnelo iqneba, es 

mkveTrad gazrdis  Sedegis, am SemTxvevaSi 𝑔,  SemTxveviTi cdomilebas. 

sxva SemTxvevaSi sistematuri cdomilebebis gaTvaliswineba xdeba 

Sesworebebis SetaniT. magaliTad, sigrZis gazomvisas SesaZlebelia 

Sesworebis gamoTvla wagrZelebaze, romelic gamowveulia temperaturis 

cvlilebiT, SeiZleba gamoiTvalos aseve haeris amomgdebi Zalis sidide  

sxeulis masis dadgenisas awonviT da a.S. 

sistematuri cdomileba SesaZlebelia winaswar gamoiTvalos  an 

Tavidan iqnas acilebuli  eqsperimentis meTodikis gaumjobesebiT. 

uxeSi cdomileba iseTi cdomilebaa, romelic gamowveulia 

eqsperimentatoris mier gazomvis pirobebis darRveviT an misi 

uyuradRebobiT,  magaliTad eqsperimentatorma dakvirvebaTa cxrilSi 11-

is nacvlad Cawera 12. uxeSi cdomileba SeiZleba gamowveuli xelsawyos 

dazianebiT, eqsperimentSi gauTvaliswinebeli SemTxvevis CareviT da sxva. 

uxeSi cdomileba rogorc wesi mTeli eqsperimentis SemTxvevaSi mxolod 

erTi-orjer iCens Tavs.   uxeSi cdomilebis aRmoCenisas Sesabamisi 

monacemi ukugdebul unda iqnas da Tu es SesaZlebelia gazomvebi Tavidan  

Catardes. uxeSi cdomilebebis Tavidan acilebis erT-erTi gzaa 

gazomvebis Catareba maqsimaluri yuradRebiT,  imave sididis gazomva sxva 

eqsperimentatoris mier da a.S.  Ggazomvis uxeSi cdomilebis erT-erTi 

garegani maCvenebelia misi mkveTri gansxvaveba   sxva gazomili 

sidideebisgan. Aarsebobs uxeSi cdomilebis gamoricxvis zogierT 

maTematikur meTodi, romlebsac  qvemoT  SevexebiT. 
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SemTxveviTi cdomilebebi iseTi cdomilebebia, romlebic rCebian 

yvela gamovlenili sistematuri da uxeSi cdomilebebis gaTvaliswinebis 

Semdeg. SemTxveviTi cdomilebebi gamowveulia mravali iseTi faqtoris 

zegavleniT romelTa moqmedebis efeqti imdenad umniSneloa, rom maTi 

calke gamoyofa da gaTvaliswineba SeuZlebelia. SemTxveviTi cdomileba 

SeiZleba ganvixiloT rogorc am faqtorebis jamuri moqmedebis Sedegi. 

SemTxveviTi cdomilebebis gamoricxva SeuZlebelia, magram 

albaTobis Teoriis meTodebis gamoyenebiT SesaZlebelia maTi gavlenis 

gaTvaliswineba gasazomi sididis namdvili mniSvnelobis SefasebaSi, rac 

saSualebas iZleva gasazomi sididis mniSvneloba dadgindes calkeuli 

gazomvis cdomilebaze mniSvelovnad naklebi cdomilebiT. 

 

1.4.Ggazomvis SemTxveviT cdomilebaTa ganawileba  

 

arsebobs Ggazomvis SemTxveviT cdomilebaTa ganawilebis albaTuri 

modeli da normaluri ganawilebis kanoni. 

sanam SevexebodeT albaTur models ganvixiloT albaTobaTa 

Teoriis zogierTi sakiTxebi. 

xdomiloba ewodeba raime movlenas, romelic SeiZleba moxdes an 

ara. xdomiloba sami saxisaa aucilebeli, SeuZlebeli da SemTxveviTi. 

xdomilobas ewodeba aucilebeli Tu cdis Catarebis mocemul pirobebSi 

is aucileblad moxdeba. magaliTad Tu urnaSi devs xuTi cali Savi 

burTi, iqidan amoRebuli erTi burTi aucileblad Savi iqneba. 

xdomilobas ewodeba SeuZlebeli Tu Tu cdis Catarebis mocemul 

pirobebSi is ver moxdeba. magaliTad Tu urnaSi devs mxolod Savi 

burTebi iqidan TeTri burTis amoReba SeuZlebelia. xdomilobas ewodeba 

SemTxveviTi Tu cdis mocemul pirobebSi is SeiZleba moxdes an ar 

moxdes. magaliTad Tu yuTSi devs erTi  Savi da erTi  TeTri burTi, 

iqidan SemTxveviT amoRebuli burTi an Savi iqneba an ara.   moviyvanoT 

SemTxveviTi da araSemTxveviTi xdomilobebis magaliTebi. Mmzis 
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dabnelebis dasawyisi da dasasruli SesaZlebelia zustad iqnas 

nawinaswarmetyvelebi da amdenad is ar miekuTvneba SemTxveviT 

xdomilebas. Aaseve araa SemTxveviTi xdomileba matareblis mosvla 

sadgurSi vinaidan matareblebi moZraoben winaswar gansazRvruli 

grafikiT. Mmagram taqsis mosvla sadgurSi SemTxveviTi movlenaa, vinadan 

is winaswar araa zustad gawerili. 

ufro detaluri ganxilva gviCvenebs, rom moyvanil or magaliTs 

Soris mkveTri gansxvavebis miTiTeba yovelTvis  araa SesaZlebeli. 

    marTlac, matareblis sadgurze mosvla miTiTebulia saaTebsa da 

wuTebSi.  SemTxveviTi araa, rom magaliTad matarebeli baTumi-Tbilisi 

Tbilisis sadgurSi Semodis 6 sT-da 15 wT-ze. Mmagram Tu ufro zustad 

davakvirdebiT matareblis gaCerebas, maSinve davrwmundebiT, rom 

yoveldRe es xdeba sxvadasxva dros: DdRes magaliTad es moxda 6 sT-ze, 

15 wT-ze da 19 wm-ze., guSin 6 sT-ze, 15 wT-ze da 56 wm-ze, guSinwin 6 sT-

ze, 15 wT-ze da 8 wm-ze da a.S. amdenad baTumi-Tbilisis matareblis 

Camosvla TbilisSi wamebis sizustiT SemTxveviTi movlenaa, igive 

movlena wuTebis sizustiT – kanonzomieri. zustad igive SeiZleba iTqvas 

mzis dabnelebis Sesaxeb. is gamoTvlilia mzis sistemis sxeulebis 

moZraobis kanonebis safuZvelze garkveuli sizustiT. swored es 

ganapirobebs  mzis dabnelebis dasawyisisa da damTavrebis sizustis 

gansazRvras. am kuTxiT mzis dabneleba araa SemTxveviTi movlena, magram 

im sizusteze meti sizustiT ra sizustiTac dadgenilia planetebis 

moZraobis kanonebi mzis dabneleba  SemTxveviTi movlenaa. 

specialurad Catarebuli ganmeorebadi cdebi (eqsperimentebi) 

TavianTi Sedegebis mixedviT SeiZleba iyos kanonzomieri an SemTxveviTi. 

    cdas ewodeba kanonzomieri, Tu cdis Catarebamde SesaZlebelia misi 

Sedegebis calsaxad winaswarmetyveleba da mas ar gaaCnia 

urTierTgamoricxavi Sedegebi. maaliTad magididan ramdenjerac ar unda 

CamovagdoT burTi is yovelTvis daecema iatakze. SevniSnoT, rom 

urTierTgamoricxavi xdomilobebi ewodebaT iseT xdomilobebs, rodesac 



35 
 

erTi maTganis ganxorcielebis SemTxvevaSi sxva xdomilobebi 

gamoiricxeba. magaliTad erTi kamaTelis gagorebisas Tu amovida 3 

wertili is gamoricxavs sxva raodenobis wertilebis amosvlas. 

araurTierTgamomricxavi (Tavsebadi) xdomilobebis ganxorcielebis 

SemTxvevaSi erTi xdomilobis ganxorcieleba xels ar uSlis meore 

xdomilobis ganxorcielebas. magaliTad vTqvaT vagorebT or kamaTels, 𝐴 

xdomiloba iyos pirvel kamaTelze 6 wertilis amosvla, xolo 𝐵  - 

meoreze 5 wertili amosvla. cxadia pirveli xdomiloba xels ar uSlis 

meores da piriqiT. 

cdas ewodeba SemTxveviTi, Tu cdis Catarebamde SeuZlebelia misi 

Sedegis winaswarmetyveleba, magram SesaZlebelia Casatarebeli cdis 

yvela urTierTgamomricxavi xdomilobis dasaxeleba. SemTxveviTi cdis 

martivi magaliTia erTi kamaTelis gagoreba. cxadia am SemTxvevaSi 

SeiZleba amovides 1,  2,  3,  4,  5,  6 wertili. Ee.i. sul SesaZlebelia 

eqvsi urTierTgamoricxavi xdomiloba, TiToeuli maTgani elementarul 

xdomilobas warmoadgens. maSasadame elementaruli xdomiloba ewodeba 

mocemuli cdis yvela SesaZlo Sedegs, Tu is amave cdis sxva SedegebTan  

wyvil-wyvilad araTavsebadia. 

raime 𝐴 xdomilobis sawinaaRmdego xdomilobas ewodeba iseT 𝐶 

xdomilobas, romelis ganxorcielebis SemTxvevaSi adgili ara aqvs 𝐴 

xdomilobis ganxorcielebas da aRiniSneba simboloTi 𝐴 . magaliTad 

vTqvaT 𝐴  aris erT kamaTelze kenti raodenobis wertilebis amosvla 

𝐴 =  1, 3, 5  maSin misi sawinaaRmdego xdomiloba iqneba 𝐴 =  2, 4, 6 . 

𝐴 da 𝐵 xdomilobebs Tavsebad xdomilobebs  uwodeben, Tu 𝐴 da 𝐵 

xdomilobebis TanakveTa xdeba, xolo Tu TanakveTas adgili ara aqvs 

maSin xdomilobebs araTavsebad xdomilobebs uwodeben. Uori 𝐴  da 𝐵 

xdomilobebis  TanakveTa ewodeba iseT 𝐶  xdomilobas, romlis 

Semadgeneli erTi elementaruli xdomiloba mainc erTdroulad 

warmoadgens rogorc 𝐴  xdomilobis aseve 𝐵  xdomilobis elementarul 
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xdomilobas. Tu Tu 𝐴 da 𝐵 xdomilobebis TanakveTa ar xdeba, maSin maT 

araTavsebad xdomilobebs uwodeben. 

xdomilobas damoukidebeli ewodeba, Tu erTi maTganis 

ganxorcieleba an ar ganxorcieleba aranair gavlenas ar axdens meore 

xdomilobis ganxorcielebaze an ar ganxorcielebaze. magaliTad roca 

vagorebT or kamaTels, maSin pirvel kamaTelze amosuli wertilebis 

raodenoba araviTar gavlenas ar axdens meore kamaTelze amosuli 

wertilebis raodenobaze.  

    mokled ganvixiloT iseTi cnebebi, rogorebicaa fardobiTi sixSire 

da albaToba. vTqvaT vagdebT monetas da gvainteresebs “safasuris” an 

“borjRalis” mosvla Tu rogor aris dakavSirebuli monetis agdebis 

raodenobasTan.  vTqvaT 100 agdebisas “safasuri” amovida 44-jer, xolo 

“borjRali” – 56-jer. maSin vityviT, rom  “safasuris” amosvlis 

fardobiTi sixSirea 
44

100
= 0,44    an  44%, borjRalis amosvlis fardobiTi 

sixSirea 
56

100
= 0,56    an  56%.  vTqvaT 200 cdis Semdeg Sesabamisad 

“safasuri”  amovida 108-jer, xolo “borjRali” – 92-jer, maSin vityviT 

rom “safasuris” amosvlis fardobiTi sixSirea 
108

100
= 0,54    an 54%, xolo 

“borjRalis”    amosvlis fardobiTi sixSirea 
92

200
= 0,46    an 46%.  

rogorc specialurad Catarebulma cdebma aCvenes cdebis ricxvis 

Semdgomi zrdisas rogorc “safasuris” ise “borjRalis” amosvlis 

fardobiTi sixSire meryeobs 50% farglebSi. 

    M mocemul cdaSi romelime SemTxveviTi xdomilobis fardobiTi 

sixSire ewodeba, ganxorcielebuli  xdomilobebis raodenobis 

Sefardebas cdebis mTlian raodenobasTan.  

   M mocemul cdaSi romelime SemTxveviTi  xdomilobis  fardobiTi 

sixSire  ewodeba  ganxorcielebuli xdomilobis raodenobis Sefardebas 

cdebis saerTo raodenobasTan. 

    ramdenime xdomilobas  tolSesaZlo ewodeba, Tu maTi 

ganxorcielebis Sansi mocemul cdaSi erTnairia. magaliTad erTi 
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kamaTelis gagorebisas 1, 2, 3, 4, 5, 6 raodenobis wertilebis amosvlis 

Sansi erTnairia da TiToeuli maTganis amosvla ki - tolSesaZlo. 𝐴 

xdomilobis xelSemwyobi elementaruli xdomiloba  ewodeba im 

xdomilobas, romlis ganxorcielebac gvsurs  mocemul cdaSi. MAG

 magaliTadAD Tu vagorebT erT  kamaTels da gvsurs luwi 

raodenobis wertilebis amosvla, maSin am cdis  xelSemywobi 

elementaruli  xdomilobebi iqneba 2, 4, 6 wertilebis amosvla.  

    raime tolSesaZlo elementaruli xdomilobebisgan Semdgari  𝐴 

xdomilobis albaToba ewodeba am 𝐴  xdomilobebis xelSemwyobi 

xdomilobebis raodenobis Sefardebas amave 𝐴  xdomilobis Semadgenel 

elementarul xdomilobaTa  raodenobasTan. 𝑛 -iT aRvniSnoT 𝐴 

xdomilobis xelSemwob xdomilobaTa raodenoba, xolo 𝑚 -iT 𝐴 

xdomilobis yvela Semadgenel elementarul xdomilobaTa raodenoba, 

maSin 𝐴 xdomilobis albaToba 𝑃(𝐴) gamoiTvleba formuliT 

𝑃 𝐴 =
𝑛

𝑚
 

albaTobaTa Teoriis ZiriTadi kanonis Tanaxmad, romelsac didi 

ricxvebis kanonsac uwodeben, Catarebuli cdebis sakmaod didi      

raodenobis SemTxvevaSi, raime SemTxveviTi xdomilobis albaToba 

garkveuli miaxloebiT amave xdomilobis  fardobiTi sixSiris tolia. 

es Tanafardoba saSualebas gvaZlevs  cdiT sakmaod kargi 

miaxloebiT gavTvaloT CvenTvis ucnobi SemTxveviTi cdomilebis 

albaToba. 

    mokled SevexoT xdomilobaTa jamis, sawinaaRmdego xdomilobis da 

xdomilobaTa namravlis albaTobis gamoTvlas. 

    mtkicdeba, rom ori araTavsebadi xdomilobis jamis albaToba 

Semadgeneli xdomilobebis albaTobaTa jamis tolia 

𝑃 𝐴 + 𝐵 = 𝑃 𝐴 + 𝑃(𝐵) 

Tu 𝐴 da 𝐵  xdomilobebi Tavsebadia, maSin samarTliania toloba 

𝑃 𝐴 + 𝐵 = 𝑃 𝐴 + 𝑃 𝐵 − 𝑃(𝐴 ∙ 𝐵) 
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    raRac 𝐴 xdomilobis sawinaaRmdego xdomilobis albaToba tolia 1 

gamoklebuli 𝐴 xdomilobis albaToba 

𝑃  𝐴  = 1 − 𝑃(𝐴) 

     vTqvaT 𝐴  da 𝐵  damoukidebeli xdomlobebia, xolo 𝐶  iyos 

xdomiloba, romelic xorcieldeba mxolod maSin rodesac erTdroulad 

xorcieldeba 𝐴  da 𝐵  xdomilobebi. maSin amboben,  rom 𝐶  xdomiloba 

warmoadgens 𝐴  da 𝐵  xdomilobebis namravls. Mmtkicdeba, rom ori 

damoukidebeli xdomilobis namravlis albaToba Tanamamravli 

xdomilobebis albaTobaTa namravlis tolia 

𝑃 𝐴 ∙ 𝐵 = 𝑃(𝐴) ∙ 𝑃(𝐵) 

    simartivisTvis ganvixiloT SemTxveviTi xdomilobis ufro 

TvalsaCino  magaliTi. vTqvaT gvaqvs urna, romelSic Cayrilia zomiTa 

da woniT erTnairi sididis  Savi da TeTri feris burTulebi. vinaidan 

burTulebi erTmaneTisgan gansxvavdebian mxolod feriT da sxva 

arafriT, Tu urnaSi ar CavixedavT ver mivxdebiT Tu ra feris burTi 

amoviReT. amoviRoT urnidan burTi, CaviniSnoT da isev CavdoT urnaSi 

SevurioT burTebi da gavimeoroT amoRebis operacia ramodenimejer. 

    Tu urnaSi ido 𝑛  cali TeTri da 𝑛  cali Savi burTi, maSin Cven 

saSualod  es burTebi unda amogveRo erTnairi raodenobiT. sxvanairad 

es ase SeiZleba gamovsaxoT: sul urnaSi 2𝑛  burTia, maT Soris 𝑛  – 

TeTria. TeTri burTulebis raodenobis Sefardeba burTulebis saerTo 

raodenobasTan warmoadgens TeTri burTulebis amoRebis albaTobas. 

mocemul SemTxvevaSi is tolia 𝑛 2𝑛 = 1 2 . cxadia aseTivea Savi 

burTulebis amoRebis albaTobac. Tu burTulebis raodenoba sxvadasxvaa, 

magaliTad, TeTri burTulebis raodenoba orjer metia, vidre Savebis 

maSin advili saCvenebelia, rom TeTri burTulebis amoRebis albaToba 

toli iqneba 2 3 , xolo Savis 1 3 .  

𝑃 𝑎 + 𝑃 𝑏 = 1 

    Cven SegviZlia  xdomilebebis albaToba gamovTvaloT mxolod 

maSin, rodesac cnobilia Tu ramdeni saxis xdomileba SeiZleba 
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arsebobdes. mocemul SemTxvevaSi unda vicodeT  urnaSi moTavsebuli 

TeTri ( 𝑎)  da Savi ( 𝑏)  burTulebis raodenoba. xSirad es CvenTvis 

cnobili araa da gviwvevs Sebrunebuli amocanis amoxsna – TeTri da Savi 

burTulebis amoRebis sixSiriT  unda davadginoT ama Tu im burTulia 

amoRebis albaToba. vTqvaT CavatareT 𝑁  cda, anu 𝑁 -jer amoviReT 

burTulebi da TiToeul SemTxvevaSi CaviniSneT feri da burTula 

davabruneT ukan. vTqvaT 𝐾 -jer amoviReT TeTri burTula, maSin TeTri 

burTulas amoRebis sixSire ewodeba sidides  

𝐾

𝑁
 

    albaTobis Teoriis ZiriTadi kanoni – didi ricxvebis kanoni – 

amtkicebs, rom didi raodenobis 𝑁 cdis SemTxvevaSi CvenTvis sasurveli 

movlenis sixSire ramdenadac gvinda mcired gansxvavdeba am movlenis 

albaTobisgan, sxvanairad, rom vTqvaT Tu 

𝑃 𝑎 =
𝑎

𝑎 + 𝑏
 

(amasaTan 𝑎  da 𝑏  CvenTvis ucnobia), yovelTvis SegviZlia SevarCioT 

sakmaod didi 𝑁, ise, rom Sesruldes Tanafardoba 

 𝑃 𝑎 −
K

N
 < 𝜀 

sadac 𝜀 - ragind mcire  dadebiTi ricxvia. 

    es Tanafardoba saSualebas gvaZlevs  cdiT sakmaod kargi 

miaxloebiT gavTvaloT CvenTvis ucnobi SemTxveviTi cdomilebis 

albaToba. 

A  amrigad araSemTxveviTi xdomilobisgan gansxvavebiT, romelTa 

Sesaxebac Cven SeiZleba zusti codna gvqondes, eqneba mas adgili Tu ara, 

SemTxveviTi xdomilobis Sesaxeb amis Tqma SeuZlebelia. aseTi 

xdomilobis gamoCenis sixSire ganisazRvreba misi albaTobiT.   

albaTuri Sefaseba SeiZleba sakmaod saimedo iyos  da Sesabamisad Cven 

SegviZlia mas daveyrdnoT CvenTvis mniSvnelovani xdomilebebis 

winaswarmetyvelebisas  da  xSirad arcTu ufro cudad, im SemTxvevasTan 
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SedarebiT, rodesac saqme gvaqvs xdomilobebis Sesaxeb saimedo 

monacemebTan.  

    vTqvaT gvaqvs latariis erTi bileTi, latariisa romlis yovel aT 

bileTze modis erTi mogeba. TiToeuli bileTisTvis mogebis albaToba 

Seadgens 0.1 da Sesabamisad is rom is ar moigebs Seadgens - 0.9. 

    cxadia, rom am bileTis mflobeli ar iqneba gansakuTrebiT 

gaocebuli arc mogebiT da arc wagebiT. vTqvaT, mas gaaCnia aseTi 50 

bileTi. ra iqneba albaToba imisa, rom maTgan erTi maic moigebs. 

albaTobis TeoriaSi  mtkicdeba, rom albaToba imisa, rom erTdroulad 

moxdeba ramdenime xdomileba, romlebic xdeba erTmaneTisagan 

damoukideblad tolia TiToeul xdomilebaTa albaTobaTa namravlis. 

mocemul SemTxvevaSi albaToba imisa, rom pirveli  mocemuli 50 

bileTidan  ver moigebs tolia 0.9, xolo albaToba imisa, rom ver 

moigebs   meore maTgani isev iqneba – 0.9 (Tumca SevniSnoT, rom meore 

bileTisaTvis, rom is ar moigebs albaToba iqneba ramdenadme meti, 

vinaidan monawile bileTebis raodenoba erTiT naklebia – pirveli Cvens 

mier gaTvaliswinebulia rogorc aramogebuli. Latariis bileTebis didi 

raodenobis SemTxvevaSi es iseTi detalia, rom is SegviZlia 

ugulebelvyoT). Mmocemul pirobebSi albaToba imisa, rom ver moigebs 

verc pirveli  da verc meore iqneba 0,9  ∙ 0,9 = 0,92 = 0,81 . zustad aseve 

albaToba imisa, rom ver moigebs verc pirveli, verc meore, verc mesame 

bileTi iqneba 0,93 , xolo albaToba imisa, rom ver moigebs verc erTi 

bileTi 50 bileTidan iqneba, - 0,950 anu daaxloebiT 0,005. 

    meores mxriv albaToba imisa, rom moigebs yvela 50 bileTi iqneba 

gacilebiT naklebi 0,150 -ze. Ees ki imas niSnavs, rom rogorc pirveli ise 

meore xdomiloba praqtikulad arasodes ar ganxorcieldeba. Yyvelaze 

albaTuria, rom  50 bileTidan moigebs 5 bileTi, magram 4 an 6 bileTis 

mogebis alaTobac sakmaod maRalia. Nnakleb albaTuri iqneba 3 an 7 

bileTis mogebis albaToba. albaTobis Teoria saSualebas iZleva 
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gaTvlil iqnas TiToeuli am xdomilobis albaToba. Ees monacemebi 

moyvanilia cxril 1.3-Si. 

    cxadia cxrilSi moyvanili yvela albaTobis jami erTis tolia, 

vinaidan araviTari sxva xdomiloba, garda cxrilSi mocemulisa,  ar 

xdeba, xdomilobaTa aseT sistemas sruli ewodeba. 

 

cxrili 1.3. LlatariaSi mogebis albaTobebi 
(arsebuli 50 bileTidan mogebis 𝑛 
albaToba, rodesac erTi bileTis 
mogebis albaToba Seadgens 0.1) 

     

𝑛 𝑃(𝑛) 𝑛 𝑃(𝑛) 

0 

1 

2 

3 

4 

5 

6 

0.0051 

0.0290 

0.07790 

0.01387 

0.1809 

0.1850 

0.1541 

7 

8 

9 

10 

 

𝑃 0 + 𝑃 1 + ⋯ + 𝑝(10) 

𝑃 11 + 𝑃 12 + ⋯ + 𝑝(50) 

0.1077 

0.0643 

0.0334 

0.0191 

 

0.9913 

0.0087 

 

    ismis kiTxva rogori unda iyos xdomilobis albaToba, rom misi 

ganxorcieleba iyos utyuari. Aam kiTxvaze pasuxi mniSvnelovnad 

subieqturia da ZiriTadad damokidebulia imaze Tu ramdenad arsebiTia 

mosalodneli xdomiloba. ganvixiloT es sakiTxi or magaliTze: 

statistika metyvelebs, rom daniSnuli koncertebis 5% ar Sedgeba 

xolme. miuxedavad amisa, aviRebT ra bileTs, mivdivarT koncertze da 

darwmunebuli varT, rom is Sedgeba, Tumca misi albaToba mxolod 0.95 - 

is tolia. amasTan TviTmfrinavebiT frenisas katastrofebis albaToba 

5%, rom iyos Cven albaT uars vityodiT sahaero transportiT 

sargeblobaze. 

imisTvis, rom mSvidobianobis periodSi ar gavriskoT sakuTari 

sicocxliT, albaT sakmarisia, rom sikvdilinobis albaToba iyos ara 
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umetes 0.0001. Tumca sxvadasxva adamiani sxvadasxvanairad ekideba risks, 

magram yvelaze frTxilebic ki advilad wavlen masze Tu Tu 

araxelsayreli SemTxvevis albaToba Seadgens 10−6 −  10−7 . aseTia 

magaliTad didi qalaqis quCaSi saavtomobilo katastrofaSi moyolebis 

albaToba, magram miuxedavad amisa aravis eSinia quCaSi gamosvla. 

amrigad SegviZlia praqtikulad sakmarisad  CaTvaloT albaToba, 

romelic erTisgan gansxvavdeba 10−6 −  10−7 -iT,  xolo paraqtikulad 

SeuZleblad Tu – Tu misi ganxorcielebis albaToba naklebia 10−6 −

 10−7- ze. 

    SevniSnoT, rom cdis sakmaod didi raodenobis SemTxvevaSi es 

ukanaskneli SemTxvevebi mainc xorcieldeba, da miuxedavad imisa, rom 

albaToba imisa, rom adamiani mohyves avtokatastrofaSi naklebia 10−6  - 

ze, milionian qalaqSi is mainc xorcieldeba. 

   Y yovelive zemoT Tqmulis miuxedavad, SeiZleba moviyvanoT imis 

magaliTi, rodesac albaToba imdenad mcirea, rom is arasodes ar 

ganxorcieldeba da arc SeiZleba ganxorcieldes. am albaTobis Sefaseba 

SeiZleba samyaros asakis 𝑇  da im umciresi 𝑡  drois SefasebiT, romlis 

ganmavlobaSic SeiaZleba ganxorcieldes raRac elementaruli aqti. 

Tanamedrove kosmologiuri warmodgenebiT 𝑇 ≈ 1010  wels da 𝑡 ≈ 10−30 wm-s. 

Tu gaviTvaliswinebT samyaros zomebs, elementaruli moculobebis 

raodenoba 𝑛 Eiqneba 10150  es imas niSnavs samyaros arsebobis periodSi 

sul ganxorcielda 𝑡𝑛 ≈ 10250  elementaruli aqti. amasTan erTad e.w. 

“borelis saswaulis” albaToba – albaToba imisa, rom maimuni 

yovelgvari daxmarebis gareSe SemTxveviT kompiuterze klaviSebis 

daWeriT dawers raime gaazrebul teqsts, magaliTad vaJa-fSavelas 

stumar-maspinZels, rogorc martivi gamoTvlebi aCveneben Seadgens  

10−2000 , rac imdenad naklebia 10−200 -ze anu elementaruli aqtis 

ganxorcielebis albaTobaze, rom “borelis saswaulis” ganxorcielebis 

albaToba aramarto nakleb albaTuria aramed praqtikulad SeuZlebelic. 
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fizikuri sidideebis gazomvisas  im SemTxvevaSi, rodesac ZiriTad 

rols TamaSoben SemTxveviTi cdomilebebi maSin gazomvis sizuste 

SeiZleba Sefasdes mxolod garkveuli albaTobiT. marTlac, SemTxveviT 

cdomilebebs adgili aqvs  im mizezebiT, romlebic SemTxveviT xasiaTs 

atareben da romelTa gaTvaliswinebac SeuZlebelia magram gavlenas 

axdenen gazomvis saboloo Sedegze. zogierTi es cdomileba dadebiTia, 

zogierTic – uaryofiTi. saboloo cdomilebas, romelic miiReba am 

cdomilebebis SekrebiT, SeiZleba sxvadasxva mniSvneloba hqondes, magram 

TiToeul maTgans, zogadad, rom vTqvaT  sxvadasxva albaToba 

Seesabameba. 

moviyvanoT naTqvamis ilustracia. davuSvaT unda avwonoT asi 

nimuSi da gvaqvs sawonebi, romlebic saSualebas gvaZleven awonva 

CavataroT 0.05 g sizustiT (magaliTad imitom, rom yvelaze patara 

sawoni, romelic gagvaCnia  tolia 0.1 g). vTqvaT sasworis konstruqcia 

iseTia, rom mis TefSze ar SeiZleba 1 – ze meti nimuSis dadeba.  ismis 

kiTxva ra cdomilebas davuSvebT   yvela asive nivTis jamuri wonis 

dadgenisas? 

Cven viciT, rom TiToeuli awonvisas cdomileba SeiZleba iyos, 

rogorc dadebiTi ise uaryofiTi, amasTan erTad is ar aRemateba 0.05. 

bunebrivia, rom awonvisas Cven erTnairi raodenobiT davuSvebT 

cdomilebas rogorc erTi, ise meore mimarTulebiT. Ee.i. + 0.05 g 

cdomilebis daSvebis albaToba tolia - 0.05 cdomilebis daSvebis 

albaTobis. maSin 𝑃 +0.05 = 𝑃 −0.05 = 1 2 . 

amasTan Cven vuSvebT, rom calkeuli cdomilebebi erTmaneTisgan 

gansxvavdeba mxolod niSniT da absoluturi mniSvneloba tolia 0.05. 

aseTi daSvebebi mxolod zrdis saerTo Sedegis cdomilebas, magram am 

SemTxvevaSi es araarsebiTia. vTqvaT pirveli gazomvisas  davuSviT 

cdomileba +0.05, romlis albaTobac rogorc zemoT vTqviT tolia 1 2 . 

albaToba imisa, rom meore gazomvis cdomilebac toli iqneba +0.05- is, 

albaTobaTa namravlis wesis Tanaxmad iqneba (1 2) 2
= 1 4 . Bbolos 
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albaToba imisa, rom yvela asive gazomvis cdomileba dadebiTi niSnis 

tolia, gamoiangariSeba formuliT (1 2) 99
, anu daaxloebiT 2 ∙ 10−31 . aseTi 

albaToba, rogorc es zemoT vTqviT praqtikulad nulis tolia. anu 

SeuZlebelia saerTo wonis 5 g SemTxvevaSi davuSvaT cdomileba (0.05  ∙

100) , vinaidan aseTi cdomilebis albaToba mcired aRemateba 0-s. Cven 

SevarCieT yvelaze araxelsayreli SemTxveva. sxvanairad SeiZleba vTqvaT 

rom awonvis aseT pirobebSi namdvili cdomileba ar iqneba 5 g-ze meti. 

Cven avirCieT iseTi SemTxveva, roca yvela cdomileba maqsimaluria da 

Tac erTi niSnis. albaTobis Teoria saSualebas gvaZlevs SevafasoT Tu 

rogori iqneba sxva sididis cdomilebis daSvebis albaToba. amisTvis 

SemoviyvanoT saSualo kvadratuli da saSualo ariTmetikuli 

cdomilebis albaTobis cneba. 

albaTuri modeli. gazomvis SemTxveviTi cdomilebebi xasiaTdebian 

maTi ganawilebis garkveuli kanonebiT. aseTi kanonebis arsebobis 

aRmoCena SesaZlebelia Tu cdas CavatarebT ramodenimejer ucvlel 

pirobebSi da davTvliT monacemTa m raodenobas, romelic moxvdeba 

nebismier raRac arCeul intervalSi: am ricxvis Sefardeba mTlianad 

Catarebul cdebis n raodenobasTan (aRniSnul intervalSi moxvedris 

fardobiTi sixSire) gazomvebis sakmaod didi raodenobisaTvis axlos 

iqneba raRac mudmiv ricxvTan (cxadia es mudmivi ricxvi sxvadasxva iqneba 

sxvadasxva intervalisaTvis). Ees saSualebas gvaZlevs SemTxveviTi   

cdomilebebis SeswavlisaTvis  gamoyenebul iqnas  albaTobis 

Teoriis meTodebi.  Teoriul_albaTuri modelebSi SemTxveviTi 

cdomilebebi  𝑧 = 𝑥 − 𝑎  (maSasadame TviT gazomvis Sedegebi 𝑥 = 𝑎 + 𝑧 ) 

ganixilebian rogorc SemTxveviTi sidideebi, romlebsac SeuZliaT 

miiRon mebismieri namdvili mniSvneloba, amasTan TiToeul intervals 

(𝑧1;  𝑧2)  Seesabameba sruliad garkveuli  ricxvi, romelsac ewodeba 

SemxveviTi 𝑧  sididis am intervalSi moxvedris albaToba da aRiniSneba 

𝑃(𝑧1 < 𝑧 < 𝑧2)  an 𝑃  𝜖 𝑧1;  𝑧2  .  es albaToba gamodis rogorc (𝑧1;  𝑧2) 

intervalSi moxvedris idealizirebuli fardobiTi  sixSire, anu 
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praqtikaSi swored swored es albaTobaa axlos zemoT naxseneb 

fardobiT sixSiresTan: 

𝑚

𝑛
≈ 𝑃 𝑧1 < 𝑧 < 𝑧2 . 

        wess, romelic saSualebas iZleva nebismieri intervalisaTvis 

(𝑧1 < 𝑧 < 𝑧2)  moiZebnos 𝑃(𝑧1 < 𝑧 < 𝑧2)  albaTobebi ewodeba SemTxveviTi 𝑧 

sididis albaTuri ganawilebis kanoni. Ees kanoni SeiZleba Semdegi 

integraliT Caiweros: 

𝑃 𝑧1 < 𝑧 < 𝑧2 =  𝑝 𝑧 𝑑𝑧
𝑧2

𝑧1

 

sadac 𝑝 𝑧  garkveuli arauaryofiTi funqciaa, romelic 

normirebulia pirobiT 

 𝑝 𝑧 𝑑𝑧
∞

−∞

= 1 

Ees funqcia srulad gansazRvravs albaTobebis ganawilebis 

Sesabamis kanons da mas ewodeba ganawilebis simkvrive. 

 gazomvaTa SemTxveviTi cdomilebis gamosavlenad saWiroa 

gazomvebi CavataroT ramodenimejer. Tu TiToeuli gazomva mogvcems  

calkeuli gazomvebisgan gansxvavebul mniSvnelobebs, saqme gvaqvs 

situaciasTan, rodesac SemTxveviTi cdomileba TamaSobs arsebiT rols. 

gasazomi sididis yvelaze albaTur sidided miiReba yvela 

gazomili sididis saSualo ariTmetikuli 𝑥  (gavixsenoT, rom saSualo 

ariTmetikulis misaRebad unda SevkriboT yvela gazomili sidide da 

gavyoT maT raodenobaze). 

Uumravles   SemTxvevaSi    SemTxveviTi    cdomilebebi    

emorCileba ganawilebis  normalur  kanons, romelic dadgenil iqna 

gausis mier da ase Caiwereba: 

𝑝(𝑧) =  
1

𝜍 2𝜋
∙ 𝑒

− 
(∆𝑥)2

2𝜍2    (1.5) 

𝑝(𝑧)  normaluri ganawilebis simkvrivea,  ∆𝑥 −    warmoadgens 

gadaxras  namdvili mniSvnelobisgan, 𝜍 parametria ( 𝜍 > 0)  romelic 
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axasiaTebs  gazomvis sizustes. (𝜍 - parametrs ewodeba gazomvis  saSualo 

kvadratuli gadaxra, standartuli cdomileba an ubralod standarti).  

𝜍2 ewodeba cdomilebis dispersia,  is axasiaTebs SemTxveviTi sidideebis 

gafantvas zaidelis versia. albaTobebis simkvrivis ganawilebis grafiks 

ewodeba ganawilebis mrudi. Nnax.1.13 - ze naCvenebia normaluri 

ganawilebis mrudebi 𝜍 sxvadasxva mniSvnelobebisaTvis, am naxazidan Cans, 

rom 𝜍  parametris SemcirebiT normaluri ganawilebis mrudi ikumSeba 

vertikaluri RerZis gaswvriv da iSleba horizontaluri  RerZis 

gaswvriv da Sesabamisad rac naklebia 𝜍,  miT ufro swrafad mcirdeba 

ganawilebis simkvrive 𝑝 𝑧   (vertikaluri RerZi)   ∆𝑥  gazrdiT. 

 

 

Nnax.1.13. normaluri ganawilebis albaTobis simkvrive 

 𝑧1, 𝑧2  intervalSi moxvedris albaToba 𝑝(𝑧)  grafikulad 

gamoisaxeba Sesabamisi mrudwiruli trapeciis farTobiT albaTobis  
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ganawilebis mrudis qveS. kerZod, simetriul intervalSi  −𝑧1, 𝑧1 (𝑧1 > 0) 

moxvedris albaToba  gamoisaxeba farTobiT, romelic daStrixulia    

nax.1.14. Aaqedan Cans, rom rac ufro naklebia 𝜍,  miT ufro naklebia 

cdomilebis gafantva nulTan.  

 

 

 
nax.1.14. lurji figuris farTobi gviCvenebs (-1,3; 1,3) intervalSi 
Mmoxvedris albaTobas (vertikalur RerZze gadazomilia albaToba  

P(z), horizontalurze – intervali (-𝑧1;  𝑧1)) 

 
Nnormaluri ganawilebis kanoni kargad asaxavs SemTxveviTi 

cdomilebebis simetriis cnobil Tvisebas - sxvadasxva niSninani 

SemTxveviTi cdomilebebi daaxloebiT erTnari raodenobiT gvxvdeba da 

koncentraciis Tvisebas - absoluturi sididiT mcire SemTxveviTi 

cdomilebebi ufro xSirad gvxvdeba vidre didi cdomilebebi. 

gausis formula gamoyvanilia Semdegi daSvebebis gamoyenebiT: 

1) gazomvis cdomilebebis SeuZliaT miiRon uwyveti mniSvnelobebi; 

2) dakvirvebaTa didi raodenobis SemTxvevaSi erTnairi sididis 

magram sawinaaRmdego niSnis cdomilebebi erTnairi sixSiriT gvxvdeba; 
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3) cdomilebebis gamoCenis albaToba mcirdeba cdomilebis sididis 

gazrdasTan erTad. sxva sityvebiT rom vTqvaT didi cdomilebebi 

gvxvdeba ufro iSviaTad vidre mcire sididis cdomilebebi. 

SevniSnoT, rom  gausis formulis gamoyvanisas miRebulia 

garkveuli daSvebebi, romelTa mkacrad dasabuTebac SeuZlebelia. garda 

amisa 1-3 daSvebebi, romlebis miRebuli iyo gausis formulis 

gamoyvanisas,  mkacrad arasodes ar sruldeba. Ees gamomdinareobs 

Tundac iqidan, rom cdomilebebi arasodes ar SeiZleba iyos ragind 

mcire. magaliTad rodesac vzomavT Tokis sigrZes SemosazRvruli varT 

atomebis zomebiT ( ≈ 10−8  sm), eleqtruli muxtis gazomvisas ki - 

elementaruli muxtis sididiT 𝑒 (4.8∙ 10−10𝐶𝐺𝑆𝐸) da a.S. 

 es mrudebi saSualebas iZleva  davadginoT, Tu ra sixSiriT 

SeiZleba gamoCndes ama Tu im sididis cdomilebebi. Ggausis formula 

eqsperimentulad  araerTgzis aris Semowmebuli, romlebmac aCvenes, rom 

Tundac im ubnebSi sadac cdomilebebi Zalian didi ar aris, is 

SesaniSnavad eTanxmeba eqsperimetul monacemebs. 

miuxedavad imisa, rom zogierT SemTxvevaSi eqsperimentuli 

monacemebi ukeTesad aiwerebian sxva funqciebiT, mainc sargebloben  

ganawilebis normaluri kanoniT, uSveben ra mis siswores rogorc 

Tavisdavad cxads. sinamdvileSi saqme ufro rTuladaa. Aam kanonTan 

dakavSirebiT xSirad sarkastulad SeniSnaven, rom “eqsperimentatorebi 

endobiam mas maTematikosebis damtkicebaze dayrdnobiT, xolo 

maTematikosebi – fizikosebis eqsperimetebze dayrdnobiT”. maTematikuri 

mtkicebis arasimkacre  Cven zemoT ukve aRvniSneT. rac Seexeba 

eqsperimetalur dasabuTebas, is arafers gvaZlevs garda  histogramisa 

da yovelTvis SegviZlia SevarCioT mainterpolirebeli funqcia, romelic 

saSualebas mogvcems histogramis wertilebi  (Tundac maSin rodesac is 

sakmaod detaluradaa agebuli) ise avagoT, rom cdomilebis SemTxveviTi 

xasiaTis gamo  isini ar daemTxvevian histogramis wertilebs, Mmagram 

mainc arsebobs normaluri ganawilebis gamoyenebis seriozuli 
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safuZveli. Mmisi  gansakuTrebuli mniSvneloba mdgomareobs SemdegSi: im 

kerZo SemTxvevebSi, rodesac jamuri cdomileba vlindeba sxvadasxva 

faqtorebis erTdrouli moqmedebiT, romelTagan TiToeuls mcire 

wvlili Seaqvs saerTo cdomilebaSi,  ra kanonsac ar unda 

Seesabamebodes maTi ganawilebebi, jamuri ganawileba yovelTvis 

Seesabameba gausis ganawilebas. 

gausis ganawilebis gamoyenebis ZiriTadi pirobaa is, rom ar 

arsebobs dominirebadi cdomilebis calkeuli wyaroebi. Amis 

sailustraciod moviyvanoT samkuTxedis kuTxeebis jamis gazomvis 

Sedegebi, romlebic Catarebulia geodeziuri gadaRebiT. rogorc cxrili 

1.4 –dan vxedavT  gaTvlili da damzerili cdomilebebi erTmaneTs 

sakmaod kargad emTxveva Tu ar gaviTvaliswinebT bolo monacemebs sadac 

gausis mixedviT unda iyos 1.1, xolo cdiT miRebulia 9.  miRebuli 

Seusabamoba 8 –jer ∆𝑥 ≥ 1′′  SemTxvevisaTvis ar unda iyos gasakviri, 

vinaidan gausis formula yovelTvis samarTliania ∆𝑥  mcire 

mniSvnelobebisTvis. rac Seexeba cdomilebis did mniSvnelobebs iq 

eqstrapolacia uxeSia da Sedegic zusti ar aris. rogorc naxazidan 

vxedavT (3)  funqcias maqsimumi gaaCnia wertilSi 𝑥 = 0 , garda amisa is 

luwia. (3) funqciis arsi imaSi mdgomareobs, rom im figuris farTobi, 

romelic moqceulia mruds da ∆𝑥   RerZis ori ordinatis ∆𝑥1  da ∆𝑥2 

Sesabamis wertilebs (daStrixuli farTi) Soris ricxobrivad tolia 

albaTobisa, romliTac nebismier gazomili sidide xvdeba mocemul (∆𝑥1 , 

∆𝑥2) intervalSi. 

vinaidan mrudi simetriulia ordinatTa RerZis mimarT, SegviZlia 

vamtkicoT, rom im cdomilebebis albaTobebi, romlebic sididiT tolia 

da niSniT sawinaaRmdego erTmaneTis tolia. es ki imas niSnavs, rom 

gasazomi sididis Sesafaseblad SegviZlia aviRoT arCevis yvela 

elementis saSualo mniSvneloba  

𝑥 =
 𝑥і

𝑛
і

𝑛
    (1.6) 

sadac 𝑛 gazomvaTa raodenobaa. 
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cxrili 1.4. cdomilebebis ganawileba samkuTxedis kuTxeebis jamis 
gazomvisas (dakvirvebaTa saerTo raodenoba 470, saSualo kvadratuli 

cdomileba 𝜍 = 0. 40′′ ) 
 

 

cdomilebis     

sazRvrebi 

(„‟) 

dakvirvebaTa raodenoba mocemuli 

cdomilebiT 

cdiT miRebuli Ggausis 

formuliT 

gamoTvlili 

0.0-0.1 

0.1-0.2 

0.2-0.3 

0.3-0.4 

0.4-0.5 

0.5-0.6 

0.6-0.7 

0.7-0.8 

0.8-0.9 

0.9-1 

1-ze meti 

 

94 

88 

78 

58 

51 

36 

26 

14 

9 

7 

9 

92.3 

86.5 

76.7 

64.0 

49.8 

36.7 

25.4 

16.9 

9 

6.1 

1.1 

 

amrigad Tu Tu erTi da imave pirobebSi Catarebulia 𝑛  gazomva, 

maSin, rogorc zemoT aRvniSneT, gazomili sididis yvelaze albaTuri 

mniSvnelobaa misi saSualo ariTmetikuli mniSvneloba  𝑥  sidide. is  

miiswrafis gazomili sididis namdvili mniSvnelobisken, rodesac 

gazomvebis raodenoba 𝑛 → ∞. 

calkeuli gazomvis saSualo kvadratuli cdomileba ewodeba 

sidides 
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𝑆 =  
 (𝑥 −𝑥і)2

𝑛−1
   (1.7) 

is axasiaTebs yoveli calkeuli gazomvis cdomilebas. roca 𝑛 → ∞  

maSin 𝑆 miiswrafis 𝜍-ken 

𝜍 = lim𝑛→∞ 𝑆 (1.8) 

𝜍   gazrdasTan erTad izrdeba anaTvlebis fantva da mcirdeba 

gazomvis sizuste. 

   saSualo ariTmetikulis saSualo kvadratuli cdomileba 

ewodeba sidides  

𝑆𝑟 =  
 (𝑥 −𝑥і)2𝑛

𝑛=1

𝑛(𝑛−1)
=  

𝑆

 𝑛
   (1.9) 

es ukanaskneli gamosaxavs gazomvis sizustis zrdis fundamentur 

kanons gazomvebis raodenobis zrdisas. 𝑆𝑟  cdomileba axasiaTebs 

sizustes romliTac miiReba gazomili sididis 𝑥  saSualo mniSvneloba. 

𝑥 = 𝑥 ± ∆𝑥   (1.10) 

cdomilebis gaangariSebis es meTodika karg Sedegebs (0.68 

saimedoobiT) iZleva mxolod im SemTxvevaSi rodesac, erTi da igive 

sidide gazomilia aranakleb 30 – 50 jer.  

 𝛼  aRvniSnoT albaToba imisa, rom gazomvis Sedegi namdvili 

mniSvnelobisgan gansxvavdeba ara umetes ∆𝑥-iT da is ase Caiwereba 

𝑃 −∆𝑥 < 𝑥 − 𝑥 < ∆𝑥 = 𝛼 an 

𝑃 𝑥 − ∆𝑥 < 𝑥 < 𝑥 + ∆𝑥 = 𝛼   (1.11) 

 𝛼  albaTobas ewodeba ndobis albaToba an ndobis koeficienti. 

mniSvnelobebis intervals 𝑥 − ∆𝑥 -dan 𝑥 + ∆𝑥 -mde ewodeba ndobis 

intervali.Ggamosaxuleba (9)  gviCvenebs, rom gazomvis Sedegi  𝛼  toli 

albaTobiT  ar gamodis ndobis intervalidan. cxadia rac met 

saimedoobas moviTxovT miT meti iqneba ndobis intervali da piriqiT rac 

meti sididis ndobis intervals moviTxovT miT metia albaToba imisa, 

rom gazomvis Sedegi ar gamova mis sazRvrebs gareT. 
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Cven mivediT metad mniSvnelovan daskvnamde: SemTxveviTi 

cdomilebis dasaxasiaTeblad saWiroa ori ricxvis dasaxeleba, 

romelTagan erTia TviT cdomilebis sidide (anu ndobis intervali)  da 

meore - ndobis  albaToba. Mmxolod cdomilebis sididis dasaxeleba 

misi Sesabamisi ndobis intervalis  miTiTebis gareSe garkveulwilad 

azrs moklebulia vinaidan Cven ar viciT ramdenad saimedoa Cveni 

monacemebi. ndobis  albaTobis codna ki saSualebas gvaZlevs SevafasoT 

miRebuli Sedegis saimedooba. 

saimedoobis xarisxi sabolood mainc damokidebulia  Catarebuli 

gazomvebis xarisxze. 

cxadia TviTmfrinavis detalebis saimedobaa gacilebiT ufro 

maRali unda iyos vidre motoriani navis, xolo am ukanasknelis 

detalebis saimedooba unda aRematebodes xelis urikis detalebis 

saimedoobas. 

maRali xarisxis saimedobaa saWiro pasuxsagebi gazomvebis 

Catarebisas, es imas niSnavs, rom isini moiTxoven  meti ndobis 

intervalis arCevas ( 𝜍  wilebSi), sxvanairad, rom vTqvaT imave sididis 

(∆𝑥)  cdomilebis misaRebad saWiroa gazomvebis Catareba meti sizustiT, 

e.i. saWiroa 𝜍  sidide ama Tu im xerxiT Semcirdes saWiro ricxvjer. 

aseTi miznis miRwevis gzaa gazomvebis ricxvis mravaljeradi gazrda. 

Cveulebrivi gazomvebisas sakmarisia gazomvebis Catareba 0.90  - 0.95 

ndobis albaTobiT,  xolo  gazomvebisTvis, romlebsac moeTxoveba 

Zalian maRali saimedooba saWiroa  0.999 ndobis  albaTobis miRweva. 

amaze maRali ndobis albaToba Zalian bevr SemTxvevaSi saWiro araa. 

Zalian xSirad, cdomilebis ZiriTadi ricxobrivi maxasiaTeblis 

saxiT, mosaxerxebelia standartuli cdomilebis gamoyeneba, romelsac   

Seesabameba sruliad gansazRvruli saimedoobis albaToba 0.68, (Cven aqac 

da momavalSic vgulisxmobT, rom cdomilebebi ganawilebulia 

normaluri kanoniT). ndobis intervalis nebismieri mniSvnelobisTvis,  
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gausis formuliT, SesaZlebelia gaTvlil iqnas  ndobis albaToba. Ees 

gaTvlebi mocemulia specialur cxrilebSi (ix. danarTi cxrili I) 

 moviyvanoT am cxrilis gamoyenebis magaliTebi. 

 vTqvaT raRac gazomvebisas Cven miviReT Semdegi mniSvnelobebi: 

𝑥 = 1.27,   𝜍 = 0.032 . ra aris albaToba imisa, rom calkeuli gazomvis 

mniSvnelobebi moTavsebuli iqneba SualedSi 1.26  < 𝑥 < 1.28.  Cvens mier 

dadgenili ndobis intervalia ±0.01,   rac Seadgens   (𝜍 wilSi)       0.01 

: 0.032 = 0.31.  danarTis 1 cxrilidan vxedavT, rom ndobis albaToba 𝜀 =

0.3-Tvis Seadgens 0.24. sxva sityvebiT, rom vTqvaT gazomvebis daaxloebiT 

1 4  moTavsebuli iqneba cdomilebis ±0.01  SualedSi. gansazRvroT axla 

ndobis albaToba  sazRvrebisTvis 1.20 < 𝑥𝑖 < 1.3.  am intervalis 

mniSvneloba gamosaxuli 𝜍 wilebSi, iqneba 𝜀 = 0.07 ∶ 0.032 ≈ 2.2. danarTis 1 

cxrilis mixedviT vpoulobT 𝛼  mniSvnelobas 𝜀 = 2.2 -Tvis, rac 0.97 –is 

tolia. es imas niSnavs, rom gazomvebis Sedegebis daaxloebiT 97% 

ganTavsdeba am intervalSi. 

davsvaT meore kiTxva: rogori saimedoobis intervali unda 

avirCioT, imave gazomvebisTvis, ise rom Sdegebis daaxloebiT 98% 

ganTavsdes am intervalSi? imave cxrilidan vpoulobT, rom 𝛼 =  0.98 

Seesabameba mniSvneloba 𝜀 = 2.2  da Sesabamisad 𝛼𝜀 = 0.032 ∙ 2,4 ≈ 0.777  da 

miTiTiTebul ndobis albaTobas Seesabameba  intervali 1.193< 𝑥 < 1.347 an 

damrgalebulad 1.19 < 𝑥 < 1.35 . zogjer miRebuli Sedegi asec SeiZleba 

Caiweros 𝑥 = 1.27 ± 0.08  ndobis albaTobiT 0.98. amrigad  SemTxveviTi 

cdomilebis aRmosaCenad saWiroa davadginoT  ori ricxvi – ndobis 

intervali (cdomilebis sidide) da ndobis albaToba. saSualo 

kvadratul cdomilebas 𝜍 Seesabameba ndobis intervali 0.68, gaormagebul 

saSualo kvadratul cdomilebas – (2 𝜍)  - ndobis albaToba 0.95, 

gasammagebulis (3𝜍) - 0.997 

cdomilebis sxva mniSvnelobebisTvis ndobis albaToba 

ganisazRvreba danarTis I cxriliT. 
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zemoT moyvanili cdomilebis sami mniSvneloba sasurvelia vicodeT 

zepirad, radgan Cveulebriv, rogorc wignebSi ise statiebSi, roca 

mocemulia saSualo kvadratuli cdomileba, Cveulebriv ar moicema 

ndobis intervali.  Tu  gvecodineba zemoT moyvanili sami ricxvi, es 

sakmarisia imisTvis, rom gaverkveT gazomvis saimedoobaSi im SemTxvevaSi  

rodesac mocemulia  saSualo kvadratuli cdomileba an variaciis 

koeficienti. 

 saSualo kvadratul cdomilebasTan erTad zogjer sargebloben 

(1.12) formuliT gamoTvlili saSualo ariTmetikuli cdomilebiT. 

𝑟𝑛 =
  𝑥 −𝑥𝑖 

𝑛
1

𝑛
  (1.12) 

dakvirvebaTa didi ricxvis SemTxvevaSi  (praqtikulad 𝑛 > 30) s da r 

Soris arsebobs martivi Tanafardoba 

𝑠 = 1.25 𝑟 an 𝑟 = 0.8 𝑠 (1.13) 

mkacrad, rom vTqvaT es Tanafardobebi samarTliania mxolod 𝜍 da 

𝜌 -Tvis, magram ara 𝑠  an 𝑟 -Tvis. Mmcire 𝑛 -Tvis, Tanafardoba 𝑠 𝑟  

mniSvnelovnad gansxvavdeba zRvruli mniSvnelobisgan, amasaTan rogorc 

wesi  

𝑠

𝑟
>

𝜍

𝜌
 

umravles SemTxvevaSi mizanSewonilia visargebloT 𝑠  sididiT da 

ara 𝑟.  upirveles yovlisa imitom, rom vsargeblobT ra standartuli 

cdomilebiT 𝑠,  ufro martivia ganvsazRvroT ndobis albaTobis 

intervalebi, romlebic  specialuri cxrilebSia mocemuli. saSualo 

ariTmetikuli cdomilebis 𝑟,  upiratesobas warmoadgens is, rom misi 

gaangariSeba gacilebiT martivia. vidre 𝑠.  qvemoT moyvanilia meTodebi, 

romlebic saSualebas iZleva praqtikulad  Tavi avaridoT am siZneleebs. 

cxadia 𝑛 -is didi mniSvnelobebis SemTxvevaSi sulerTia Tu romeli 

cdomilebiT visargeblebT, vinaidan maT Soris arsebobs (1.13) 

Tanafardoba. 𝑛 - is mcire mniSvnelobebis dros, zemoT moyvanili 
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mizezebis gamo yovelTvis unda visargebloT standartuli cdomilebiT 

an variaciis koeficientiT 

𝑤 =
𝜍

𝑥 
∙ 100% (1.14) 

Tu gazomvebis 𝑛  mcire raodenobebisaTvis  visargeblebT 

ariTmetikuli cdomilebiT, ufro swori iqneba Tu gamoviyenebT ara (1.14) 

formulas aramed visargeblebT TanafardobiT  

𝑟 =
  𝑥 −𝑥𝑖 

𝑛
1

 𝑛 𝑛−1 
 (1.15) 

𝑛  didi mniSvnelobebis dros gansxvaveba am ori formuliT 

mocemul mniSvnelobebs Soris umniSvneloa. ndobis intervalis gaTvlebi 

Cven CavatareT im SemTxvevebisTvis rodesac gazomvis Sedegebi 

ganawilebuli iyo normaluri kanoniT. 

arcTu iSviaTad, rogorc es zemoT iyo naTqvami, yovelTvis araa 

cnobili cdomilebis ganawilebis kanoni da is gansxvavebulia 

normalurisgan. Ddispersiis gamoTvla am SemTxvevaSic saSualebas 

gvaZlevs gamovTvaloT ndobis intervali, gamoviyenebT ra CebiSevis 

utolobas, romelic miRebulia ganawilebis nebismieri kanonisTvis da 

amdenad gaaCnia zogadi xasiaTi.  

davuSvaT, rom Zveleburad 𝜍  warmoadgens saSualo kvadratul 

gadaxras, xolo 𝑎  aris nebismieri 1-ze meti ricxvi. Aam SemTxvevaSi 

CebiSevis utoloba ase Caiwereba 

  𝑥 − 𝑥 > 𝜍𝛼 <
1

𝛼2     (1.16) 

sainteresoa ndobis intervalisa da maTi Sesabamisi albaTobebis 

gamoTvlebis Sedegebis Sedareba normaluri ganawilebisa da CebiSevis 

utolobiT Sefasebul mniSvnelobebs Soris Tavisufali ganawilebisTvis. 

es Sedareba moyvnilia 1.5 cxrilSi. 

cxrilidan Cans, rom didi gadaxrebis albaTobebi Tavisufali 

ganawilebisTvis arsebiTad metia  normalurTan SedarebiT: es bunebrivad 

Sedegia  imisa, rom CebiSevis utolobis gamoyvna eyrdoba ganawilebis 

ufro zogad kanonebs.  
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              cxrili 1.5 

𝛼𝜍 𝑃ნორმ 𝑃𝑅 

1 

1.5 

2 

3 

0.32 

0.13 

0.05 

0.003 

- 

0.8 

0.25 

0.11 

P  

aqedan SeiZleba gavakeToT zogadi daskvna: analizis dawyebis win, 

ramdenadac es SesaZlebelia, unda davrwmundeT  ganawilebis kanonis 

normalurTan siaxloveSi da visargebloT ndobis intervalebis 

Sesabamisi SefasebebiT. 

 

1.5. gazomvis uxeSi Secdomebis gamoricxvis meTodebi 

 

mizanSewonilia cdomilebebis calke saxeobad ganxilul iqnas 

uxeSi cdomilebebis. maT miekuTvnebaT Sedegebi anomaluri ricxviTi 

mniSvnelobebiT. Llaparakia Sedegebze, romlebic 10 - jer da metjer 

gansxvavdebian sxva mniSvnelobebisagan. 

uxeSi cdomilebebis mizezi SeiZleba iyos xelsawyos muSaobaSi 

Seferxeba, eqsperimentatoris  Secdoma anaTvalis aRebisas  da Aa.S. 

cxadia uxeSi Secdomebi amoRebuli unda iyos gazomvis  Sedegebis 

seriidan.  

amasTan zogierTi anomaluri Sedegis xelaRebiT gamoricxvac araa 

gamarTlebuli. Aamdenad saWiroa maTematikuri proceduris Catareba, 

romelic saSualebas miscems eqsperimentators ganasxvavos uxeSi 

Secdoma dasaSvebi SemTxveviTi cdomilebisagan. 

uxeSi Secdomebis Zebnis qvemoT moyvanili meTodikas safuZvlad 

udevs mosazreba, rom SemTxveviTi Secdomebi emorCilebian albaTobebis 

ganawilebis gausis kanons (normaluri ganawileba). 
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albaTobis Teoriis Tanaxmad, SemTxveviTi cdomilebebi 

emorCilebian ganawilebis normalur kanons Tu sruldeba Semdegi sami 

piroba: 

1)SemTxveviTi faqtorebis gavlena, romlebic gazomvis Sedegebze 

axdenen gavlenas, Zalian bevria (praqtikulad SemousazRvravia). 

2) TiToeuli SemTxveviTi faqtori damoukidebelia sxvisgan. 

3) SemTxveviTi faqtorebidan arcerTi ar dominirebs  sxvaze. 

davuSvaT, rom es pirobebi sruldeba.  

normaluri ganawilebis gamoyenebiT SeiZleba gamovTvaloT 

gazomili sididis gadaxris albaToba gasazomi sididisagan. Tu es 

albaToba 𝜀  mcirea, maSin 𝛼 = 1 − 𝜀  saimedoobiT SeiZleba aseTi Sedegi 

CavTvaloT uxeS SecdomadD da mxedvelobaSi ar miviRoT. 

nomaluri Sdegebis analizis procedura SeiZleba Semdeg etapebad 

davyoT. 

1) upirveles yovlisa unda SevarCioT garkveuli  ndobis albaToba 

𝛼. 

2) Semdeg gazomvis Sedegebidan 𝑎1, 𝑎2, 𝑎3, ⋯ , 𝑎𝑛  droebiT amoviRoT 

“saeWvo” Sedegi, romelic mniSvnelovnad gansxvavdeba sxvebisgan, 

magaliTad 𝑎𝑘 . 

3) gamovTvaloT darCenili  𝑎𝑖 Sedegebis saSualo statistikuri 

mniSvneloba 𝑖 ≠ 𝑘, formuliT (2.1). 

𝑎 1 =
1

𝑛−1
∙  𝑎𝑖

𝑛
𝑖−1,𝑖≠𝑘       (1.17) 

4) stiudentis koeficientebis cxrilidan amovweroT 𝑡𝛼 ,𝑛−2, romelic 

Seesabameba  𝛼  saimedoobas da gazovaTa raodenobas 𝑛 − 1  anu 

Tavisuflebis xarisxis mniSvnelobas 𝜈 = 𝑛 − 2. 

5) gamovTvaloT sidide 

∆𝑎𝑚 = 𝑡𝛼 ,𝑛−2 
𝑛𝐷1

 𝑛 − 1  𝑛 − 2 
 . 

sadac 𝐷1  parametri gamoiangariSeba formuliT: 
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𝐷1 =   𝑎𝑖 −  𝑎1    2𝑛
𝑖=1,𝑖≠𝑘 . 

SevniSnoT, rom am ukanasknel jamSi ar Sedis rogorc Sesakrebi 

“saeWvo” mniSvneloba 𝑎𝑘 . 

 ∆𝑎𝑚  sidide warmoadgens maqsimalur dasaSveb gadaxras 𝛼 

sandoobis intervalisas.  

6) bolos, vamowmebT pirobas  

 𝑎1   −  𝑎𝑘  ≥ ∆𝑎𝑚  (1.17) 

Tu sruldeba  (1.17) piroba, “saeWvo” 𝑎𝑘  mniSvneloba iTvleba uxeS 

Secdomad da is amoRebul unda iqnas gazomvebis mocemuli seriis 

mniSvnelobebidan. 

Tu (1.17) piroba ar sruldeba maSin 𝑎𝑖 gazomvis Sedegi rCeba igive. 

ganvixiloT magaliTi. vTqvaT StangenfargliT diskos 𝑑 diametris 

gazomvisas miviReT Semdegi  6 mniSvneloba: 153,4 mm; 154,6 mm; 154,7 mm, 155,0 

mm, 164,3 mm; 154,3 mm. SevawmoT aris Tu ara mexuTe Sedegi 164,3 mm uxeSi 

Secdoma. 

1) aviRoT sandoobis intervali 𝛼 = 0,95. 

2) mniSvnelobebis monacemebidan amoviRoT 𝑎5=164,3. 

3) gamovTvaloT danarCeni xuTi sididis saSualo statistikuri 

mniSvneloba 𝑎 1 = 154,4. 

4) 𝛼 = 0,95 da Tavisuflebis xarisxis 6 _ 2 = 4  mniSvnelobisaTvis 

stiudentis koeficientebis cxrilidan (danarTi  cxrili II). 

amovweroT stiudentis koeficientis mniSvneloba 𝑡𝛼 ,4 = 2,776. 

5) sidide 𝐷1 = 1,50 , xolo maqsimaluri dasaSvebi gadaxra ∆𝑎𝑚 =

1,862. 

mocemul magaliTSi 𝑎5  gamosacdeli Sedegis mniSvneloba sxva 

Sedegebis saSualo 𝑎 1  mniSvnelobisagan gansxvavdeba sididiT, romelic 

gacilebiT aRemateba ∆𝑎𝑚 ,  amitom 𝑎5  Sedegi unda CaiTvalos uxeS 

Secdomad da amoRebul unda iqnas gazomvis monacemebidan.  
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  𝑎5  sididis amoRebis Semdeg unda Semowmdes darCenili Sedegebi 

proceduriT, romelic aRwerili iyo wina paragrafSi. Ddiskis 

diametrisaTvis sabolood viRebT: 

𝑑 = 154,4;   153,6≤ 𝑑 ≤ 155,2. 

Tu uxeS Secdomas 𝑎5  davtovebT gazomvis SedegebSi da CavatarebT 

igive procedurebs. maSin Cven jer erTi miviRebT gasazomi sididis 

gazrdil mniSvnelobas: 

𝑑 = 156,1; 

meorec,  ndobis intervalis gaumarTleblad farTo siganes 

151,8≤ 𝑑 ≤ 160,3. 

               

1.6.  xelsawyos cdomilebis gaTvaliswineba 

 

 eqsperimentis Catarebisas zogjer yvela gazomili 𝑎𝑖  sidide 

erTmaneTs emTxveva. Aam SemTxvevaSi ∆𝐴შემ nulis tolia. Mmagram ar iqneba 

swori Tu CavTvliT, rom miviReT gasazomi sididis namdvili 𝐴 

mniSvneloba. garda SemTxveviTi ∆𝐴შემ  cdomilebisa, gazomvis Sedegze 

gavlenas axdens gamzomi xelsawyos cdomilebac.  xelsawyos mier 

Setanili cdomileba aRvniSnoT 𝛿  asoTi. rac naklebia 𝛿 miT ufro 

zustia xelsawyo.  

       zemoT Cven SevniSneT,   rom xelsawyos sizuste ganisazRvreba udf 

-iT. Mmagram Tu gamzomi xelsawyo rTuli agebulebisaa, mxedvelobaSi 

unda miviRoT, rom esaa obieqti, romelic mravali nawilisagan Sedgeba 

da funqcionirebs raRac fizikuri movlenis safuZvelze. magaliTad 

arseboben magnitoeleqtruli, eleqtromagnituri, eleqtrodinamikuri  da  

sxva sistemebis eleqtrogamzomi xelsawyoebi. xelsawyos sxvadasxva 

nawilebis urTierTqmedebaze mravali SemTxveviTi faqtori axdens 

gavlenas. Aamrigad gazomvis SedegSi TviT xelsawyoc Seaqvs Tavisi 

wvlili. 
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mravali eleqtrogamzomi xelsawyos cdomileba gamoisaxeba 

sizustis klasiT. sizustis klasi  𝐾  _ esaa xelsawyos cdomileba, 

romelic gamoisaxeba procentebiT maqsimalurad dasaSvebi Cvenebidan: 

𝐾 =
𝛿

𝐴𝑚
100%  (1.18) 

sadac  𝐴𝑚  _ gasazomi sididis maqsimaluri mniSvnelobaa mocemuli 

SkaliT. 

 (8) (1.18) _ dan vRebulobT: 

𝛿 =
𝐴𝑚

100%
𝐾 (%)    (1.19) 

 xelsawyos sizustis klasi moyvanilia pasportSi an TviTon 

xelsawyoze. Aarsebobs eleqtrogamzomi xelsawyoebis sizustis Semdegi 

klasebi: 0,05;  0,1;  0,2; 0,5; 1,0; 1,5; 2,5; 4,0. Ppirveli oTxi klasi 

preciziulia (maRali sizustis), danarCenebi _ teqnikuri sizustis. 

 magaliTad: vTqvaT maqsimaluri Zabva, romelic SeiZleba gaizomos 

voltmetriT SerCeuli skaliT, tolia 500 voltis, xelsawyos sizustis 

klasi 𝐾 = 0,5. xelsawyos cdomilebis saangariSod unda gamovTvaloT  

𝛿 =
500𝐴

100%
0,5  % =  2,5𝐴. 

 iTvleba, rom  𝛿 mudmivi sididea xelsawyos mTels skalaze. 

      zogierTi gamzomi xelsawyos  pasportSi an uSualod xelsawyoze 

miTiTebulia cdomileba. Tu sizustis klasi ucnobia da ar arsebobs 

monacemebi xelsawyos cdomilebaze, maSin  Tvlian, rom  𝛿  tolia 

xelsawyos skalis umciresi danayofis fasis. 

 arsebiTad, 𝛿 sidide ganpirobebulia mravali SemTxveviTi procesiT, 

romelic xelsawyos SigniT mimdinareobs, da aseve warmoadgens 

SemTxveviTi cdomilebis Sefasebas. ∆𝐴შემ  sidide ganixileba, rogorc 

xelsawyos SigniT, ise mis gareT, mimdinare SemTxveviTi procesebiT 

gamowveuli  cdomilebebis  Sefaseba. SeiZleba vTqvaT, rom 𝛿 

warmoadgens saSualo cdomilebis Sefasebas ndobis maRali doniT 

(erTTan axlos myofi), romelic miiReba xelsawyos gamocdisas 

mraljeradi gazomvebiT. 
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zemoT gakeTebuli daskvnebis mixedviT sidideebi 𝑆0  da 𝛿  

damoukidebelia erTmaneTisagan. maTematikur statistikaSi mtkicdeba, rom 

gazomvis Sedegis mTliani cdomileba SeiZleba warmovadginoT  rogorc 

kvadratuli fesvi calkeuli cdomilebebis kvadratebis jamidan 

∆𝐴 =   ∆𝐴𝑛 𝑒  2 +  ∆𝐴𝑑 𝑑  2   (1.20) 

sadac  ∆𝐴𝑑 𝑑 =  𝑡𝛼 ,∞
𝛿

3
 xelsawyos cdomilebaa, romelic Seesabameba arCeul 

ndobis intervals 𝛼.  Tanamamravli 𝑡𝛼 ,∞  _ stiudentis koeficientia 

mocemuli  ndobis albaTobisaTvis 𝛼  da Tavisuflebis xarisxis 

usasrulo mniSvnelobisaTvis, gazomvebis 𝑛 → ∞  raodenobisaTvis.  𝑡𝛼 ,∞ 

mniSvnelobebi sxvadasxva 𝛼–Tvis  mocemulia stiudentis koeficientebis 

cxrilSi. 

amrigad, 𝐴  sididis gazomvis Sedegebi SeiZleba warmovadginoT 

Semdegi saxiT: 

𝐴 = 𝑎 ±   𝑡𝛼 ,𝑛−1𝑆0 
2

+  𝑡𝛼 ,∞
𝛿

3
 

2

   (1.21) 

 

an ufro mokled 𝐴 = 𝑎 ± ∆𝐴, sadac ∆𝐴 gamoiTvleba (10) formuliT. 

 amrigad gasazomi 𝐴  sididis namdvili mniSvneloba 𝛼  albaTobiT, 

imyofeba ndobis intervalis SigniT, romelsac gaaCnia Semdegi saxe: 

 𝑎 − ∆𝐴;  𝑎 + ∆𝐴 .      (1.22) 

SevniSnoT, rom Tu praqtikuli amocanebis gadawyvetisas 

absoluturi cdomilebebi ∆𝐴𝑛 𝑒  da ∆𝐴𝑑 𝑑  erTmaneTisagan mniSvnelovnad 

gansxvavdeba (aTjer da metad), winaswari Sefasebisas SeiZleba 

ugulebelvyoT umciresi maTgani. saboloo gaangariSebis warmoebisas 

unda visargebloT zogadi formuliT  (1.20). 

 

1.7.Ppirdapiri gazomvebis SemTxveviTi cdomilebebi 

vTqvaT raRac A  sidide gavzomeT ramodenimejer da miviReT 

mniSvnelobebi: 𝑎1, 𝑎2  ⋯ , 𝑎𝑖 ,   ⋯ , 𝑎𝑛  sadac 𝑛  gazomvebis raodenobaa. 𝑎𝑖 

ricxvebs Soris gansxvaveba SesaZlebelia sakmaod SesamCnevi iyos, 
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miuxedavad imisa, rom gazomvebi Catarebulia  erTnair pirobebSi, erTi 

da imave meTodiT da erTi da imave eqsperimentatoris mier. 

gazomvis cdomilebis SemTxveviTi xasiaTis gamo saZebni sidide, 

zogadad, rom vTqvaT ucnobia. 

SemTxveviTi cdomilebebis gamoTvla emyareba albaTobis Teorias 

da maTematikur statistikas. M 

maTematikur statistikaSi mtkicdeba, rom sistematuri 

cdomilebebis ar arsebobisas (an maTi aRmofxvis Semdeg) A  sididis 

saukeTeso miaxloebas warmoadgens gazomvis Sedegebis saSualo 

statistikuri mniSvneloba 

 𝑎 =
1

𝑛
 𝑎𝑖

𝑛
𝑖=1   (1.23) 

 

Tu gazomvebis raodenoba 𝑛  sakmaod didia, mravali gazomviT   

miRebul Sedegs  𝑎𝑖 , SeiZleba erTnairi niSnadi cifrebi  gaaCndes. Aam 

SemTxvevaSi saSualo statistikuri ufro mosaxerexebelia gamoiTvalos 

formuliT: 

𝑎 =
1

𝑛
 𝑛𝑘𝑎𝑖

𝑛
𝑖=1   (1.24) 

 

sadac 𝑛𝑘   warmoadgens 𝑎𝑘   mniSvnelobis gazomvebis raodenobis 

gameorebas gazomvebis 𝑛 seriidan. ajamva xdeba yoveli gansxvavebuli 𝑎𝑘  

mniSvnelobisaTvis. cxadia, rom  

𝑛 =  𝑛𝑘𝑘    (1.25) 

 

magaliTad, eqsperimentSi samjer iqna miRebuli 2,1; xuTjer – 2,3 da 

orjer – 2,2, maSin saSualo statistikuri gamoiTvleba formuliT 

𝑎 =
3 ∙ 2,1 + 5 ∙ 2,3 + 2 ∙ 2,2

3 + 5 + 2
= 2,22 

gazomvis nebismieri raodenobis 𝑛   gazomvisas SeuZlebelia 

garantirebul iqnas, rom  (1.23) an  (1.24) formulebiT gamoTvlili 𝑎  

mniSvneloba zustad daemTxveva saZebn A  sidides. saqme imaSia, rom  
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miuxedavad imisa rom gazomvis konkretul seriaSi Cven vRebulobT 𝑛 

garkveul ricxvs 𝑎𝑖   ( 𝑖 = 1,2,3, ⋯ , 𝑛) , gazomvis Sedegebi TavianTi arsiT 

warmoadgenen SemTxveviT sidideebs. amaSi Cven davrwmundebiT Tu 

CavatarebT  𝑛  raodenobis seriul gazomvebs, vnaxavT, rom miviRebT sxva 

ricxvebs 𝑎𝑖  ( 𝑖 = 1,2,3, ⋯ , 𝑛).   (1.23) an  (1.24) formulebiT gamoTvlili 

saSualo statistikuri 𝑎   damokidebulia yvela 𝑎𝑖 - ze. am situaciaSi 

saSualo statistikuric 𝑎  SemTxveviTi sididea. Aamis ilustracia 

SeiZleba movaxdinoT Tu CavatarebT 𝑛   raodenobis seriul gazomvebs 

ramodenimejer. gamovTvliT ra TiToeul SemTxvevaSi saSualo 

statistikur sidides 𝑎   zemoT moyvanili formulebiT, zogadad rom 

vTqvaT yovelTvis moviRebT sxvadasxva ricxviT mniSvnelobebs gazomvebis 

sxvadasxva seriisaTvis, Tumca es 𝑎   ricxvebi dajgufdebian A  sididis 

irgvliv. Sesabamisad miRebuli Sedegis cdomileba - (𝐴 − 𝑎 ) - aseve 

warmoadgens SemTxveviT sidides. 

maTematikuri statistikis erT-erTi mniSvnelovani Teorema 

amtkicebs, rom gazomvaTa 𝑛  raodenobis usasrulod gazrdisas saSualo 

statistikuri sidide 𝑎  usasrulod uaxlovdeba A sidides. 

aqedan gamomdinareobs, rom Sedegis 𝐴 = 𝑎  sizustis gazrda 

SesaZlebelia gazomvebis 𝑛   raodenobis gazrdiT. Mmagram meores mxriv 

SeuZlebelia gazomvebis usasrulo 𝑛   raodenobis Catareba da 

Sesabamisad 𝐴 = 𝑎  tolobis miRweva. amitom aucilebelia gamoTvlil 

iqnas (𝐴 − 𝑎 )  cdomilebis raodenobrivi mniSvneloba.  

maTematikuri statistika SemTxveviTi cdomilebis saSualo 

mniSvnelobis gamosaTvlelad, gvTavazobs formulas 

𝑆0 =  
  𝑎𝑖−𝑎  2𝑛

i=1

𝑛(𝑛−1)
   (1.25) 

am sidides xSirad ewodeba saSualo mniSvnelobis saSualo kvadratuli 

gadaxra. 𝑆0 sidide axasiaTebs saZebni 𝐴 sididis gansazRvris sizustes, 𝑎  

saSualo statistikuris gamoTvliT. ufro zustad, rom vTqvaT S0 
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warmoadgens 𝑎   saSualo statistikuris gadaxras namdvili A  

mniSvnelobisagan. Mmagram gazomvis Sedegis Cawera gamosaxulebiT 

𝐴 = 𝑎 ± 𝑆0  (1.26) 

seriozul gaugebrobas iwvevs. 

saqme imaSia, rom gavimeorebT ra serias 𝑛  gazomvebis raodenobiT 

da gamovTvliT ra TiToeul SemTxvevaSi axal saSualo statistikurs 

𝑎 , miviRebT ricxvebs, romlebic moxvdebian rogorc  a − S0; a + S0  

intervalis SigniT, ise mis gareT (aq 𝑎  qveS igulisxmeba gazomvebis 

pirveli seriis qveS miRebuli saSualo statistikuri). Uufro 

dawvrilebiTi gamoTvlebi aCveneben, rom naCvenebi intervalidan  

daaxloebiT saSualo statistikuri monacemebis erTi mesamedi nawili 

gamodis moyvanili intervalidan. Ees bunebrivia, vinaidan  𝑆0 warmoadgens 

saSualos da ara maqsimaluri cdomilebis Sefasebas. 𝑆0  sidides xSirad 

uwodeben miaxloebiTi tolobis 𝐴 ≈ 𝑎  saSualo kvadratul cdomilebas. 

zogadad Teoria uSvebs maqsimaluri cdomilebis usasrulod did 

mniSvnelobas. amasTan mxedvelobaSi unda gvqondes is garemoebac, rom 

Zalian Ddidi cdomilebebi praqtikaSi TiTqmis ar gvxvdeba. 

maTematikuri statistikis mixedviT, gazomvis Sedegis koreqtuli 

warmodgenisaTvis saWiroa winaswar  davsaxoT misi saimedooba, an 

sxvanairad Tu vityviT sandoobis intervali α  (sandoobis albaToba 

gamoisaxeba ricxviT 0-dan erTamde, an procentebiT 0-dan 100-mde da 

gviCvenebs albaTobas imisa, rom gazomili sididis nadvili mniSvneloba 

ganTavsdeba  mocemul SualedSi).  

 α mniSvneloba ise aiReba, rom damatebiTi albaToba  (1 -α) imdenad 

mcire iqneba, rom, xdomiloba (1 -α) toli albaTobiT erTjer gazomvisas 

praqtikulad ar ganxorcieldeba. praqtikaSi sandoobis albaToba α 

aiReba rac SeiZleba 1 Tan axlos: 0,9; 0,95; 0,99. 

        SemTxveviTi cdomilebebi miRebulia warmodgenil iqnas ndobis 

intervalis saxiT (ndobis intervali warmoadgens statistikur 

maxasiaTebels, romelic gviCvenebs Tu ra farglebSi imyofeba parametris 
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namdvili mniSvneloba) Aam intervalis sigrZe ganisazRvreba ndobis 

albaTobis sididiT. Nndobis intervalis centrad gasazomi A 

sididisaTvis aiReba misi saSualo mniSvneloba 𝑎 , romelic gamoTvlilia 

A  sididis gazomvebis seriidan. Aam ndobis intervalis sazRvrebi 

gamoisaxeba saSualo kvadratuli gadaxrisa da uganzomilebo 

stiudentis koeficientis 𝑡𝛼 ,𝑉 namravliT. 

      stiudentis koeficientis sidide damokidebulia adre arCeuli 

ndobis albaTobasa da mTelricxvian parametrs ν _ze, romelsac 

Tavisuflebis xarisxi ewodeba. Nndobis intervalis agebisas 

Tavisuflebis xarisxis ν  mniSvnelobad aiReba ricxvi, romelic 1_iT 

naklebia gazomvebis 𝑛  raodenobaze, romlebic Catarebulia erTnair 

pirobebSi. stiudentis koeficientis ricxviTi monacemebi ndobis 

sxvadasxva albaTobisaTvis moyvanilia cnobarebSi. 

 𝐴 fizikuri sididis Sedegi moicema Semdegi saxiT: 

𝐴 = 𝑎 ± 𝑡𝛼 ,𝑉𝑆0 ( (1.27) 

Canaweris arsi mdgomareobs SemdegSi: gasazomi sidide A  albaTobiT α 

imyofeba  𝑎  − 𝑡𝛼 ,𝑉𝑆0; 𝑎  + 𝑡𝛼 ,𝑉𝑆0  intervalis SigniT. sxva sityvebiT rom 

vTqvaT, agebuli intervali faravs ucnob 𝐴 sidides α albaTobiT. 

      amrigad, gazomvebis 𝑛   seriis raodenobis gameoreba mogvcems 

saSualo statistikuris 𝑎   mniSvnelobas, romelic praqtikulad 

ganTavsdeba adre agebuli ndobis intervalis SigniT. praqtikuli  

sandooba miiRweva ndobis  albaTobis α  didi sididiT. sawinaaRmdego 

Sedegis dadgomis albaToba (1 _ α)  tolia, anu Sedegi praqtikulad 

SeuZlebelia. 

       Nnamravli  

∆A𝑛𝑒  = 𝑡𝛼 ,𝑛−1𝑆0   (1.28) 

unda ganvixiloT, rogorc saZebni 𝐴 sididis dadgenis SemTxveviT magram 

ara maqsimalur cdomilebad, romelsac Seesabameba  α saimedooba. Tu α 

axlosaa erTTan, maSin ∆A𝑛 𝑒   cdomileba praqtikulad ar gansxvavdeba 
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maqsimalurad SesaZleblisagan, romelic realurad SeiZleba Segvxvdes 

eqsperimentSi. 

mokled SeiZleba davaskvnaT, rom  (1.28) formulaSi stiudentis 

koeficienti gviCvenebs, Tu ramdenjer metia albaTuri SemTxveviTi 

cdomileba (romelic Seesabameba arCeul sandoobis albaTobas) saSualo 

kvadratul gadaxraze 𝑆0. 

 

Tavi II 

saSualo mniSvnelobebi da maTi Sefaseba  

2.1. saSualoebi, maTi gamoTvlis meTodebi 

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

jams Sefardebuls monacemebis mTlian raodenobasTan 

𝑥 =
𝑥1+𝑥2+⋯+𝑥𝑛

𝑛
=

1

𝑛
 𝑥𝑖

𝑛
𝑖=1   (2.1) 

       saSualo 𝑥  mniSvnelobidan saSualo kvadratuli gadaxra ewodeba 

kvadratul fesvs TiToeli mniSvnelobisa da saSualo mniSvelobis  

sxvaobis kvadratebis saSualo ariTmetikulidan 

𝑠∗ =  
 𝑥1−𝑥  2+ 𝑥2−𝑥  2+⋯+ 𝑥2−𝑥  2

𝑛
=  

1

𝑛
  𝑥𝑖 − 𝑥  2𝑛

𝑖=1  (2.2) 

       Tu gazomvis Sedegebs Soris gvxvdeba erTmaneTis toli sidideebi 

maSin  (2.1) da (2.2) formulebSi Sesabamisi sidideebi SeiZleba 

gavaerTianoT. vTqvaT 𝑥1 monacemi gvxvdeba 𝑚1 jer, 𝑥2 monacemi 𝑚1 jer,⋯,  

𝑥𝑘 monacemi 𝑚𝑘 jer (𝑚1 + 𝑚2 + ⋯ + 𝑚𝑘 = 𝑛),maSin gveqneba: 

𝑥 =
1

𝑛
 𝑚𝑖𝑥𝑖

𝑛
𝑖=1   (2.3) 

𝑠∗ =  
1

𝑛
 𝑚𝑖 𝑥𝑖 − 𝑥  2𝑛

𝑖=1    (2.4) 

 



67 
 

        saSualo Sewonili mniSvneloba ganisazRvreba formuliT 

𝑥 =
𝑝1𝑥1+𝑝2𝑥2+⋯+𝑝𝑘𝑥𝑘

𝑝1+𝑝2+⋯+𝑝𝑘
=

 𝑝𝑖𝑥𝑖

 𝑝1
   (2.5) 

        saSualo Sewonilis kvadratuli gadaxris formulas aqvs Semdegi 

saxe 

𝑠∗ =  
𝑝1 𝑥1−𝑥  2+𝑝2 𝑥2−𝑥  2+⋯+𝑝𝑘 𝑥2−𝑥  2

𝑝1+𝑝2+⋯+𝑝𝑘
=  

  𝑥𝑖−𝑥  2𝑛
𝑖=1

 𝑝1
𝑛
𝑖=1

 (2.6) 

sadac 𝑝1, 𝑝2, ⋯ , 𝑝𝑘  Sesabamisad gazomvis Sedegebis 𝑥1 , 𝑥2, ⋯ , 𝑥𝑛  wonebia 

(wonebi warmoadgenen cdomilebaTa wilis Sebrunebul sidideebs. 

magaliTad Tu raRac sididis 𝑥𝑖 gazomvis cdomilebaa 40% anu 0,4 nawili, 

maSin misi wona iqneba 
1

0,4
= 2,5).  Sewonili saSualo mniSvnelobebi 

gamoiyeneba araTanabari sizustis gazomvebis Sedegebis damuSavebisas. 

araTanabari sizustis gazomvebi ewodebaT iseT gazomvebs, romlebic  

Catarebulia  gansxvavebuli sizustis xelsawyoebiT da (an) Catarebulia 

sxvadasxva pirobebSi.  

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   (2.7) 

moyvanili cvlilebis gaTvaliswinebiT saangariSo formulebi miiReben 

saxes 

𝑥 = 𝑎 + 𝑏  (1.6) sadac 𝑏 =
1

𝑛
 𝑚𝑖𝑏𝑖


𝑖=1     (2.8) 

𝑠∗ =  
1

𝑛
 𝑚𝑖  𝑏𝑖 − 𝑏  

2
𝑖=1 =  𝑏2   −  𝑏  

2
   (2.9) sadac 

𝑏2   =
1

𝑛
 𝑚𝑖

𝑘
𝑖=1 𝑏𝑖

2   (2.10) 
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kontrolis mizniT yvela gaTvlas imeoreben aTvlis sxva 𝑎1 sawyisis 

mimarT: miRebuli Sedegebi unda daemTxves damrgvalebis sizustiT. 

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. 

gazomvis SemTxveviTi cdomilebebi emorCilebian ganawilebis 

garkveul kanonebs, romlebsac aRmovaCenT Tu CavatarebT raRac 

gazomvebs ucvlel pirobebSi  da viangariSebT im Sedegebis 𝑚 

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 . 
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       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. 

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. 

diskretuli 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 (2.11) 

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

albaTobis ganawilebis simkvriviT, maSin maTematikuri molodinis 

saangariSo formulas aqvs saxe 
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𝑀𝑋 =  𝑥𝑃 𝑥 

+∞

−∞

𝑑𝑥 

 

zogjer fizikuri eqsperimentis mizania kvlevis sxvadasxva 

obieqtSi gansazRvruli parametris sxvadasxvaobis mizezis dadgena. 

magaliTad axali masalis  Seqmnisas SeiZleba aRmoCndes, rom misi raRac 

parametris mniSvneloba gansxvavdeba imave parametrisagan, romelic 

gaaCnda adre miRebul masalas da es gansxvaveba ar iyos mainc da mainc 

didi. Qam SemTxvevaSi Cndeba eWvi xom ar aris es gansxvaveba gamowveuli 

eqsperimentis cdomilebiT. 

 sakiTxis gadasawyvetad aris Tu ara es gansxvaveba gamowveuli 

SemTxveviTi Tu kanonzomieri faqtorebiT atareben eqsperimentis or 

serias TiToeli obieqtisaTvis Dda TiToeli maTganisaTvis gamoTvlian 

miRebuli eqsperimentuli Sedegebis saSualos 𝑥1    da 𝑥2   . sakiTxi ase ismis, 

rodis SeiZleba am saSualoebs Soris sxvaoba CaiTvalos sakmarisad 

didad, rom praqtikulad darwmunebuli viyoT am sxvaobis warmoqmnis 

araSemTxveviT xasiaTze. ganvixiloT ori SemTxveva. 

 saSualoebis Sedareba rodesac cnobilia dispersia da rodesac 

dispersia cnobilia ar aris. 

 ganvixiloT pirveli SemTxveva. vTqvaT Catarebulia 𝑛1  raodenobis 

Tanabarwertilovani gazomva pirvel seriaSi da 𝑛2 - raodenobis meoreSi., 

amasTan 𝜍1
2  da 𝜍2

2  iyos Sesabamisad pirveli da meore gazomvebis 

cdomilebis dispersiebi. Ggazomvis Sedegebis saSualo mniSvnelobebi 

Sesabamisad iyos 𝑥1    da 𝑥2   . MsaSualoebis gansxvavebebis SemTxveviT Tu 

kanonzomier xasiaTze daskvnis gasakeTeblad viangariSoT sidide 

𝑡 =
𝑥1    − 𝑥2    

 𝜍1
2 𝑛1+𝜍2

2 𝑛2  

  (2.3-1) (2.12) 

Semdeg avirCioT daskvnis saWiro albaToba da danarTis II cxrilidan 

vipovoT  𝑡(𝑃) Sesabamisi mniSvneloba (mag. 𝑃 = 0,99 – Tvis gvaqvs 𝑡 = 2,576). 
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Tu  (2.12) Tanafardobis absoluturi mniSvneloba aRemateba Cvens 

mier dadgenil 𝑡(𝑃) maSin saSualo mniSvnelobebs Soris gansxvaveba unda 

CaiTvalos mniSvnelovnad 𝑃 albaTobiT. winaaRmdeg SemTxvevasSi SeiZleba 

gansxvavebas yuradReba ar mivaqcioT da is SeiZleba CavTvaloT 

SemTxveviTad. 

      Tu cdomilebis dispersiebi gazomvaTa orive seriisaTvis erTnairia  

𝜍1
2 = 𝜍2

2 = 𝜍2 maSin  (2.12) formula miiRebs saxes  

𝑡 =
𝑥1    − 𝑥2    

𝜍 1 𝑛1+1 𝑛2  
 (2.3-2) (2.13) 

       magaliTi. vTqvaT gazomvebis ori seria 25 da 50 gazomvebis 

raodenobiT Catarebulia 𝜍 = 1,20  saSualo kvadratuli cdomilebiT, da 

TiToeuli seriis gazomvebis saSualo mniSvnelobebia Sesabamisad 

𝑥1   = 23,56  da  𝑥2   = 22,80. saWiroa SevadaroT es saSualoebi erTmaneTs da 

davadginoT gansxvavebis mniSvna.  

amoxsna.  (2.13) formulis Tanaxmad 

𝑡 =
23,56 −  22,80

1.20 1 25 + 1 50  
= 2,59 

danarTis II cxrilidan  vpoulobT uaxloes umcires     mniSnelobas 

𝑡 0,99 = 2,576. 

daskvna: gansxvaveba mniSvnelovania 0,99 albaTobiT. 

ganvixiloT meore SemTxveva rodesac dispersiebi ucnobia. am 

SemTxvevaSi vuSvebT, rom es dispersiebi erTnairia (em daSveba miiReba 

Seumowmeblad, rodesac gazomvebis orive seria tardeba erTi da imave 

xelsawyoebiT). 

erTnairi sizustiT Catarebuli pirveli seriis 𝑛1 raodenobis 

gazomvaTa   saSualo mniSvnelobaa 𝑥1      da empiriuli dispersiaa 𝑠1
2 xolo 

meore seriis 𝑛2   raodenobis gazomvaTa   saSualo mniSvnelobaa  𝑥2    da 

empiriuli dispersiaa 𝑠2
2.  imis gadasawyvetad Tu riTaa gamowveuli 

saSualo mniSvnelobebis gansxvaveba viangariSoT Tanafardobebi. 

𝑡 =
𝑥1    − 𝑥2    

𝑠 1 𝑛1+1 𝑛2  
 (2.14) 
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sadac 

𝑠 =  
 𝑛1−1 𝑠1

2+ 𝑛2−1 𝑠2
2

 𝑛1−1 + 𝑛2−1 
  (2.3-4) (2.15) 

Amis Semdeg davsaxoT saWiro albaToba da danarTis IV cxriliT vipovoT 

𝑡 𝑃, 𝑘 ,  romelic Seesabameba arCeul albaTobas 𝑃  da Tavisuflebis 

xarisxs 𝑘 = 𝑛1 + 𝑛2. Tu  (2.14) Tanafardobis absoluturi sidide aRemateba 

𝑡 𝑃, 𝑘  moZebnil sidides maSin saSualo mniSvnelobebs Soris sxvaoba 

SeiZleba CavTvaloT araSemTxveviTad 𝑃  saimedoobiT. winaaRmdeg 

SemTxvevaSi gansxvaveba iqneba mniSvnelovani. 

 (2.15) formuliT gansazRvruli Tanafardoba saSualeba iZleva 

Sefasdes ucnobi 𝜍2 dispersia 

𝜍2 ≈ 𝑠∗
2 =

1

𝑛
  𝑥𝑖 − 𝑎 2

𝑛

𝑖=1
 

is SeiZleba warmovadginoT saSualo mniSvnelobebidan saSualo 

kvadratuli gadaxrebiT 

𝑠1
∗ =  

𝑛1−1

𝑛1
𝑆1 da 𝑠2

∗ =  
𝑛2−1

𝑛2
𝑆2 

kerZod  

𝑠2 =
1

𝑛1+𝑛2−2
 𝑛1𝑠1

∗2 + 𝑛2𝑠2
∗2  (2.3-5) (2.15) 

magaliTi. vTqvaT Catarebulia Tanabari sizustis gazomvebis ori 

seria 25 da 50 gazomvebis raodenobiT saSualo mniSvnelobebia 

Sesabamisad 𝑥1   = 23,56,   𝑥2   = 22,80  da maTgan saSualo kvadratuli  

gadaxrebia 𝑠1
∗ = 1,10 da 𝑠2

∗ = 1,25.    saWiroa SevadaroT es saSualoebi 

erTmaneTs da davadginoT gansxvavebis mniSvneloba 𝑝 =0,99 saimedoobiT. 

      amoxsna. jer gamovTvaloT   (2) formulis mniSvneli  

𝑠 1 𝑛1 + 1 𝑛2  =  
1

73
(25 ∙ 1,102 + 50 ∙ 1,252)  1 25 + 1 50  = 0,298 

Dda Semdeg Tanafardoba  (2.14) 

𝑡 =
23,56 − 22,80

0,298
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danarTis IV cxriliT SerCeuli saimedoobisaTvis 𝑃 = 0,99  da 

Tavisuflebis xarisxisaTvis 𝑘 = 25 + 50 − 1 = 73  vpoulobT 𝑡 0,99; 73 =

2,65.  vinaidan es gamoTvlili mniSvneloba 2,55  naklebia cxrilidan 

napovn mniSvelobaze - 2,65,  SeiZleba CavTvaloT, rom gansxvaveba 

saSualoebs Soris umniSvneloa 0,99 albaTobiT. 

 SeniSvna. IV cxrilSi araa monacemebi 𝑘 = 73  mniSvnelobisaTvis. 

Sesabamisi monacemebi miRebulia wrfivi interpolaciiT. roca 𝑃 = 0,99 

cxrilidan vpoulobT or mniSvnelobas 

roca 𝑘1 = 70 maSin 𝑡 = 2,648 

roca 𝑘2 = 80 maSin 𝑡 = 2,639 

am monacemebiT viTvliT 

roca 𝑘1 = 73 maSin 𝑡 = 2,648 − 0,3 ∙ 0,009 = 2,645 

roca 𝑘2 = 80 maSin 𝑡 = 2,648 − 0,6 ∙ 0,009 = 2,643 

 

G2.2. gazomili sididis namdvili mniSvnelobis Sefaseba 
 

vTqvaT mocemuli gvaqvs raRac sididis  damoukidebeli gazomvis 𝑛 

Sedegi da davuSvaT, rom es 𝑥1, 𝑥2 , ⋯ , 𝑥𝑛  Sdegebi ar Seicaven sistematu da 

uxeS cdomilebebs, Aanu yvela uxeSi cdomileba amoRebulia da 

sisitematur cdomilebebze Seyvanilia Sesworeba. Sefasdes gasazomi 𝑎 

parametris namdvili mniSvneloba niSnavs: 

a) gazomvis Sedegebze dayrdnobiR mieTiTos iseTi funqcia 

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

funqcias wertilovani an sxvanairad 𝑎 − s Sefaseba  ewodeba); 

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

mocemuli 𝑃  albaTobiT dafaravs 𝑎  namdvili sidides (aseT Sefasebas 

ndobis Sefaseba ewodeba, xolo 𝑃  albaTobas – ndobis albaToba an 

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

sazRvrebs – ndobis sazRvrebi). 
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imisaTvis, rom miRweul iqnas 𝑎  namdvil mniSvnelobasTan sakmarisad 

kargi miaxloeba, 𝑔(𝑥1, 𝑥2 , ⋯ , 𝑥𝑛 ) Sefasebas SeZlebisdagvarad unda gaaCndes 

Semdegi Tvisebebi: 

1) obieqturi. Sefasebas ewodeba obieqturi Tu misi Teoriuli 

saSualo (maTematikuri molodini) emTxveva 𝑎. 

2) Semdgari. Sefasebas ewodeba Semdgari Tu gazomvebis ricxvis 𝑛 

usasrulod gazrdiT is albaTurad miiswrafvis 𝑎-ken. 

3) efeqturoba. obieqtur Sefasebas ewodeba efeqturi Tu, gazomvis 

Sedegebis mixedviT  mas gaaCnia umciresi gafantva 𝑎 obieqtur Sefasebebs 

Soris. 

 wertilovani Sefasebebi. Tu 𝑎  sididis yvela 𝑛  gazomva 

Catarebulia erTnairi sizustiT (Tanabari sizustis gazomvebi), maSin 

namdvili mniSvnelobis Sesafaseblad gamoiyeneba gazomvis Sedegebis 

saSualo ariTmetikuli: 

𝑎 ≈ 𝑥 = 𝑥 =
𝑥1+𝑥2+⋯+𝑥𝑛

𝑛
=

1

𝑛
 𝑥𝑖

𝑛
𝑖=1  (2.16) 

Ees Sedegi obieqturi da Semdgaria. Tu damatebiT davuSvebT, rom 

gazomvis cdomilebebi emorCileba albaTobebis ganawilebis normalur 

kanons, es Sefseba efeqturicaa. 

Tu gazomvebi araa Tanabari sizustis, 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
 (2.17) 

Aam  ASefasebas igive Tviseba aqvs rac (2.16). sasrgebloa yuradReba 

mieqces imas, rom Sewonili ariTmetikuli mniSvneloba (2.17) 

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

Tanafardobaze.  
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SevexoT Tanabari sizustis gazomvebis ndobis Sefasebas. qvemoT 

moyvanili gasazomi 𝑎  sididis namdvili mniSvlobis ndobis Sefaseba 

mocemulia im daSvebiT, rom gazomvis SemTxveviTi mniSvnelobebi 

emorCileba albaTobebis  ganawilebis normalur kanons. Aaq ganxilulia 

mxolod simetriuli ndobis Sefasebebi, romlesac gaaCnia Semdegi 

utolobis saxe 

𝑥 − 𝜀 < 𝑎 < 𝑥 + 𝜀 

Aan  

 𝑎 − 𝑥  < 𝜀 

sadac 𝑥  saSualo ariTmetikuli mniSvnelobaa. 

𝜀  sidide ganisazRvreba mocemuli ndobis albaTobiT (Sefasebis 

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

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

Nndobis Sefaseba gazomvis cnobili mniSvnelobis SemTxvevaSi. Tu 

winaswar cnobilia saSualo kvadratuli cdomileba 𝜍 (an sxva romelime 

masTan  dakavSirebuli sizustis maxasiaTebeli) maSin ndobis Sefasebas 

(2.17)  aqvs Semdegi saxe 

 𝑎 − 𝑥  < 𝑡 𝑃 𝜍/ 𝑛   (2.18) 

sadac 𝑛  gazomvebis ricxvia, xolo 𝑡 𝑃  ganisaZRvreba dasaxuli 

sandoobis 𝑃 albaTobiT pirobidan  

2𝜑 𝑡 = 𝑃 (2.19) 

anu moiZebneba danarTis II cxrilidan  amrigad aq  

𝜀 = 𝑡 𝑃 
𝜍

 𝑛
 

ganvixiloT magaliTi 1. vTqvaT raRac sidide gazomilia 10 – jer 

Sedegebi mocemulia cxrilSi 2.1, amasTan 𝜍 = 0,28  da gvinda SevafasoT 

gasazomi 𝑎 sididis namdvili mniSneloba saimedoobiT 𝜍 = 0,99. 

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

e.i. 1 − 𝑃 = 0,01 - Tvis vpoulobT 𝑡 = 2,576. cxrilis monacemebis mixedviT 
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               cxrili 2.1. gazomvis Sedegebi 

𝑥 𝑚 

 

35,6 

35,9 

36,1 

36,2 

36,6 

 

 

1 

3 

3 

2 

1 

jami 10 

Gv.28. 

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  

ganvixiloT SemTxveva, rodesac ucnobia saSualo kvadratuli 

cdomileba 𝜍. am SemTxvevaSi iyeneben empiriul standarts romelic  

𝑠 = 𝑠∗ 
𝑛

𝑛−1
=  

1

𝑛−1
  𝑥𝑖 − 𝑥  2𝑛

𝑖=1   (2.2-6) (2.20) 

Ggamoiyeneba 𝜍  parametris Sesafaseblad. amasTan sandoobis Sefaseba 

iRebs saxes 

 𝑎 − 𝑥  < 𝑡(𝑃; 𝑘)
𝑠

 𝑛
   (2.2-7) (2.21) 

Aan 

 𝑎 − 𝑥  <  𝑡(𝑃; 𝑘)
𝑠∗

 𝑘
   𝑘 = 𝑛 − 1  

sadac Tanamamravli  𝑡(𝑃; 𝑘)  damokidebulia aramarto ndobis 

albaTobaze aramed gazomvebis raodenobasTanac. Ees parametri 

moyvanilia danarTis  IV cxrilSi, romelic Sedgenilia e.w.stiudentis 

ganawilebis mixedviT.  
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stiudentis ganawileba damokidebulia mxolod erT parametrze 𝑘 

(Tavisuflebis xarisxi), romelic ganxilul amocanaSi gazomvebis 𝑛 

raodenobasTan dakavSirebulia TanafardobiT 𝑘 = 𝑛 − 1. 

magaliTi 2. vTqvaT magaliT 1-Si ucnobia 𝜍  da gvinda gasazomi 𝑎 

sididis mniSvneloba SevafasoT saimedoobiT 𝑃 = 0,99. 

amoxsna. Mmoyvanili monacemebis saSualo ariTmetikuli 𝑥 = 36,06. 

viangariSoT 𝑠∗ formuliT  

𝑠∗ =  
1

𝑛
 𝑚𝑖 𝑥𝑖 − 𝑥  2

𝑘

𝑖=1

 

miviRebT 𝑠∗ = 0,2.  aRebuli saimedoobiT 𝑃 = 0,99,  gazomvebis 

raodenobiT 𝑛 = 10,  danarTis IV cxrilidan vpoulobT Tanamamravls 

𝑡 0,99;   9  da vRebulobT namdvili mniSvnelobis 𝑎  ndobis Sefasebas 

Semdegi saxiT 

 𝑎 − 𝑥  =  𝑎 − 36,06 < 3,250 
0,25

 9
= 0,27 

Aamrigad saimedoobiT 0,99 SeiZleba CavTvaloT, rom 𝑎  sidide 

moqceulia intervalSi 36,06 − 0,27; 36,06 + 0,27 =  35,79; 36,33 . 

 ganvixiloT ndobis Sefaseba araTanabari sizustis gazomvebisaTvis. 

rogorc zemoT moyvanil SemTxvevaSi aqac davuSvaT, rom gazomvis 

TiToeuli Sedegi Seicavs mxolod sistematur cdomilebebs, romelic 

emorCileba ganawilebis raRac normalur kanons. 

 vTqvaT araTanabari sizustis gazomvis Sedegebi 𝑥1, 𝑥2 , ⋯ , 𝑥𝑛 SeiZleba 

ganvixiloT rogorc raRac Tanabari sizustis gazomvebis saSualo 

mniSvnelobebi, ise rom gazomvebis TiToeul seriaSi gazomvis 

cdomilebebi erTnairia da cnobilia gazomvebis raodenoba TiToeul 

seriaSi (𝑚1, 𝑚2, ⋯ , 𝑚 ) maSin 𝑎 sididis gazomvis sandoobis Sefasebas aqvs 

Semdegi saxe 

 𝑎 − 𝑥  < 𝑡(𝑃; 𝑘)
𝑠

 𝑁
 (2.2-10) (2.22) 

sadac  
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𝑥 =
1

𝑁
 𝑚𝑖𝑥𝑖

𝑛

𝑖=1

, 𝑁 =  𝑚𝑖

𝑛

𝑖=1

 

𝑠 =  
1

𝑛 − 1
 𝑚𝑖 𝑥𝑖 − 𝑥  2

𝑘

𝑖=1

 

𝑘 = 𝑛 − 1 (Tavisuflebis xarisxis raodenoba), 𝑃 - ndobis albaToba; 𝑡(𝑃; 𝑘) 

Tanamaravli mniSvneloba aiReba danarTis IV cxrilidan. 

 SevexoT gazomvaTa aucilebeli raodenobis dadgenis sakiTxs. 

rogorc zemoT mivuTiTeT SemTxveviTi cdomilebis Sesamcireblad 

SesaZlebelia ori xerxis gamoyeneba: gazomvis sizustis amaRleba, anu  𝜍 

Semcireba da gazomvebis ricxvis gazrda, anu  

𝜍𝑥 =
𝜍

 𝑛
 

Tanafardobis gamoyeneba. CavTavaloT, rom gazomvis teqnikis 

gaumjobesebis yvela gza  gamoyenebulia. davuSvaT, rom xelsawyos 

sizustis klasiT da sxva analogiuri garemoebebiT ganpirobebuli 

cdomilebaa 𝛿. 

cnobilia, rom SemTxveviTi cdomilebis Semcireba mizanSewonilia 

manamade sanam gazomvis sruli cdomileba mTlianad ar ganisazRvreba 

sistematuri cdomilebiT. amisaTvis saWiroa, rom ndobis intervali, 

romelic SerCeulia ndobis arCeuli intervaliT, arsebiTad naklebi iyos 

sistematur cdomilebaze, Aanu 

∆𝑥 ≪ 𝛿  (2.23) 

cxadia unda SevTanxmdeT, Tu ndobis ra xarisxi  da SemTxveviTi 

cdomilebis ra sidide gvWirdeba, sxvanairad ∆𝑥  da 𝛿  ra 

Tanafardobobebs vTvliT dasaSvebad (2.23) pirobis Sesabamisad. Aam 

garemoebis mkacri Sefaseba Znelia, magram SeiZleba gamovideT im 

mosazrebidan, rom rogorc wesi 10%-ze meti sizustiT gazomvis 

aucilebloba araa saWiro xolme. Ees imas niSnavs, rom roca ∆𝑥 ≤ 𝛿 10 , 

(2.23) piroba SeiZleba Sesrulebulad CavTvaloT. Ppraqtikulad  
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naklebad mkacri pirobiTac SeiZleba davkmayofildeT ∆𝑥 ≤ 𝛿 3   an 

Tundac ∆𝑥 ≤ 𝛿 2 . 

saimedooba 𝛼,  romliTac gvinda davadginoT ndobis intervali, 

umravles SemTxvevaSi ar unda aRematebodes 0.95, Tumca zogjer saWiroa 

𝛼  ufro maRali mniSvnelobebic.  gazomvebis saWiro raodenobis 

gamosaTvlelad danarTSi ganTavsebulia IV cxrili. moviyvanoT misi 

gamoyenebis magaliTebi. 

1)vTqvaT vzomavT birTvis diametrs mikrometriT romlis 

cdomilebaa 1 mkm. erTi gazomvis saSualo kvadratuli cdomilebaaa 2.3 

mkm. ramdeni gazomva unda CavataroT, rom miviRoT ara umetes 1.5-ze meti 

cdomileba saimedoobiT 0.95? 

vTqvaT ∆𝑥 = 𝛿 2 = 0.5  mkm; 𝑆𝑛 = 2.3 mkm, ∆𝑥 = 0.5 2.3 , 𝛿 = 0.22. danarTis 

4 cxrilis svetSi vpoulobT 𝛼 = 0.95;  roca 𝜀 = 0.3; 𝑛 = 46 da 𝜀 = 0.2-Tvis 

𝑛 = 100 . SevadginoT Sesabamisi  proporcia, advilad gamovTvliT, rom 

𝜀 = ∆𝑥 𝑠 = 0.22  - Tvis 𝑛 ≈ 57. 

sxvanairad, rom vTqvaT saWiroa CavataroT  60 – mde gazomva, 

imisTvis, rom SemTxveviTma cdomilebam saerTo cdomileba Secvalos 

araumetes 1.5 – jer. 

sainteresoa  ramdeni gazomva unda CavataroT, rom gazomvis 

pirobebi ufro mkacri iyos. kerZod SemTxveviTi da sistematuri 

cdomilebebi daaxloebiT toli iyos.  am SemTxvevisTvis vuSvebT 

𝛿 = ∆𝑥 = 0.45𝑆 da imave danarTis IV cxrilidan vpoulobT (roca 𝛼 = 0.95) 

𝑛 ≈ 23 

  vxedavT, rom orive magaliTSi gazomvebis saWiro raodenoba 

sakmaod didia magram Sesrulebadi. 

1) raRac gazomvebisTvis variaciis koeficienti 𝑤  Seadgens 1%. 

sistematuri cdomileba ki – 𝛿 = 0.1% , ramdeni gazomva unda CavataroT, 

rom SemTxveviTma cdomilebam gavlena ar moaxdinos? 

    vinaidan SemTxveviTi cdomilebebi fardobiT erTeulebSia 

mocemuli, samarTliania Tanafardoba 
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∆𝑥ფარდ

𝜔
=

∆𝑥

𝑆
=

0.05

1
. 

cxrilidan vpoulobT, rom imave ndobis intervalisTvis 𝛼 = 0.95  da 

∆𝑥 𝑆 = 0.05  – Tvis 𝑛 = 1500 (!) 

praqtikulad am raodenobis gazomvebis Catareba Zalian Znelia. 

moyvanili magaliTebidan SeiZleba davaskvnaT, rom gazomvebis 

raodenobis gazrdiT SesaZlebelia aviciloT SemTxveviTi cdomilebis 

gavlena gazomvis saboloo Sedegze, mxolod maSin, rodesac saSualo 

kvadratuli cdomileba mxolod ramodenimejer aRemateba sistematur 

cdomilebas. realurad es SesaZlebelia mxolod maSin, rodesac 𝜍 ≤ 5 𝛿 . 

𝜍 didi mniSvnelobebis dros ki rogorc es  4 cxrilidan Cans, saWiroa  

asi, aTasi zogjer ki ramdenime aTasi gazomvis Catareba. Aam SemTxvevaSi 

saWiroa radikalurad Seicvalos gazomvis meTodika, raTa Semcirdes 

SemTxveviTi cdomileba. 

 

 

2.3. gazomvis sizustis Sefaseba 

 

 vTqvaT gazomvis cdomilebebi SemTxveviTia da ganawilebulia 

normaluri kanoniT. Ggazomvis sixustis (xelsawuos sizuste) 

Sesafaseblad AaviRoT Dam kanonis dispersia 𝜍2 an saSualo kvadratuli 

cdomileba 𝜍 =  𝜍2 . CavTvaloT, rom gazomvebi damoukidebelia da 

Tanarwertilovani (dispersia erTnairia). 

 Ddispersiis wertilovani Sefaseba. 

 a) vTqvaT vzomavT cnobili sididis (etalonis) 𝑎  paramters 

(mag.sigrZes), maSin dispersiis efeqtur Sefasebad aiReba gazomvis 

𝑥1, 𝑥2 , ⋯ , 𝑥𝑛 Sedegebis 𝑎-dan gadaxris saSualo kvadrati; 

𝜍2 ≈ 𝑠∗
2 =

1

𝑛
  𝑥𝑖 − 𝑎 2𝑛

𝑖=1  (2.24) 

 b)roca vzomavT ucnobi sididis parametrs, maSin dispersiis 

Sesafaseblad iyeneben empiriul dispersias 
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𝜍2 ≈ 𝑠∗
2 =

1

𝑛−1
  𝑥𝑖 − 𝑥  2𝑛

𝑖=1   (2.25) 

sadac 𝑥  warmoadgens gazomvis Sedegebis saSualo ariTmetikuls 

𝑥 =
1

𝑛
 𝑥𝑖

𝑛
𝑖=1 . 

(2.25) Sefaseba aris obieqturi  da Semdgari, magram ar aris efeqturi (is 

mxolod asimptoturad efeqturia, anu misi gabneva miiswrafvis 

minimalurisaken, gazomvaTa 𝑛 raodenobis usasrulod gazrdisas). 

  

2.4.Ddispersiebis Sedareba  

 xSirad, rodesac gazomvebi tardeba sxvadasxva pirobebSi (mag. 

Zveli xelsawyoTi da axali xelsawyoTi) saWiro xdeba gazomvis 

sizusteebis Sedareba. Aam amocanis aqtualobas ganapirobebs is, rom 

saSualo kvadratuli cdomilebebis  (2.25) ndobis intervalebi sakmaod 

farToa. 

vTqvaT Catarebulia gazovaTa ori rigi da miRebulia empiriuli 

dispersiebi: 

𝑠1
2 Tavisuflebis xarisxisaTvis 𝑘1 

𝑠2
2 Tavisuflebis xarisxisaTvis 𝑘2 

Aaq vuSvebT, rom 𝑠1
2 > 𝑠2

2 . 

imis dasadgenad gansxvaveba dispersiebs Soris SemTxveviTia Tu 

araSemTxveviTi qanixilaven didi dispersiis Sefardebas mciresTan 

𝑠1
2 𝑠2

2 = 𝐹 > 1   (2.26) 

Semdeg SearCeven daskvnis saimedoobas 𝑃 = 0,95  an 𝑃 = 0,99  da 

danarTis VII crilidan  pouloben 𝐹 kritikul mniSvnelobas, romlebic 

Seesabameba 𝑘1 da 𝑘2 Tavisuflebis xarisxebs. 

Tu  (2.26)  Tanafardoba gadaaWarbebs kritikuls, Tvlian, rom 

dispersiebis sxvaoba araa SemTxveviTi (mniSvnelovania) 𝑃  albaTobiT. 

sxva sityvebiT, rom vTqvaT gazomvis cdomilebebi sxvadasxvaa gazomvebis 

sxvadasxva seriisaTvis. 
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magaliTi. vTqvaT Zvel xelsawyos, romliTac CavatareT 200 gazomva 

gaaCnia sizuste, romelic ganisazRvreba  empiriuli dispersiiT 𝑠1
2 = 3,82. 

axalma xelsawyom pirveli 15 gazomvisas mogvca empiriuli dispersia 

𝑠2
2 = 2,00. SegviZlia Tu ara, rom axali xelsawyo miviCnioT ufro zustad 

vidre Zveli? 

Aamoxsna: dispersiebis Sedareba  (2.26) formuliT gvaZlevs: 

𝐹 = 𝑠1
2 𝑠2

2 = 1,91,  amasTan Tavisuflebis xarisxebi Sesabamisad tolia 

𝑘1 = 200 − 1 = 199 da 𝑘2 = 15 − 1 = 14. 

vinaidan miRebuli fardoba 𝑃 = 0,95  saimedoobisas, danarTis VII 

cxrilidan iZleva 𝐹 = 2,13  mniSvnelobas, es ar gvaZlevs saSualebas  

davaskvnaT, rom axali xelsawyo ufro zustia Zvelze. 

 

2.5.Gganawilebis normalurobis Semowmeba  

zogjer Cndeba eWvi imis Taobaze aris Tu ara SemTxveviTi 

cdomilebebis ganawileba normaluri, am SemTxvevaSi saWiro xdeba 

gazomvaTa didi raodenobis Catareba da zogierTi  kriteriumis 

gamoyeneba.  

vTqvaT mocemulia raRac raodenobis sistematuri cdomilebebisagan 

Tavisufali gazomvebis Sedegebi. A monacemebs daalageben intervalebad 

ise, rom maT mTlianad dafaron RerZi  −∞;  +∞  ise, rom monacemTa 

raodenoba TiToeul maTganSi sakmaod bevri iyos (yovel SemTxvevaSi 

aranakleb xuTisa, umjobesia aTi). TiToeuli intervalisaTvis   𝑥𝑖−1 − 𝑥𝑖  

daTvlian am intervalSi moxvedrili gazomvaTa Sedegebis raodenobas. 

Semdeg gamoTvlian am intervalSi albaTobis  normaluri ganawilebis 

kanoniT gazomvis Sedegis moxvedris albaTobas: 

𝑃𝑖 = 𝜑  
𝑥𝑖−𝑥 

𝑠
 − 𝜑  

𝑥𝑖−1−𝑥 

𝑠
   (2.27) 

sadac 𝑥  gazomvis Sedegebis saSualo ariTmetikulia, 𝑠 empiriuli 

standartia (saSualo kvadratuli cdomileba), 𝜑 albaTobis integralia, 
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romelic warmodgenilia danarTis cxrilebiT I da II.Bbolos gamoTvlian 

jams  

𝜒2 =  
 𝑚 𝑖−𝑛𝑝𝑖 

2

𝑛𝑝𝑖

𝑙
𝑖=1    (2.28) 

sadac 𝑙  intervalebis raodenobaa  −∞, 𝑥1 ,  𝑥1 − 𝑥2 , ⋯ ,  𝑥𝑖−1, ∞ , 𝑛 - yvela 

gazomvaTa raodenoba  𝑛 = 𝑚1 + 𝑚2 + ⋯ + 𝑚𝑖 . 

       Tu jami  (2.28) 𝜒2kritikulze meti aRmoCnda danarTis IX cxrilis  

raRac ndobis  𝑃  intervalisa da Tavisuflebis xarisxisaTvis 𝑘 = 𝑙 − 3 , 

maSin 𝑃  toli saimedoobiT SeiZleba CavTvaloT, rom ESemTxveviTi 

cdomilebebis albaTobis ganawileba  gansxvavdeba normalurisagan. 

winaaRmdeg SemTxvevaSi aseTi daskvnis gakeTebis ufleba ara gvaqvs. 

 SevniSnoT 𝜒2  kriteriumis kidev erTi mniSvnelovani Tviseba: Tu 

ganawileba normalurisagan gansxvavebulia, maSin  gazomvaTa sakmaod 

didi ricxvisaTvis   (2.28) jami gadaaWarbebs Sesabamis kritikul 

mniSvnelobas. amitom Tu  gazomvaTa mocemuli Catarebuli  

raodenobisaTvis 𝜒2  mogvca mcire saimedooba, magram eWvi normaluri 

ganawilebis Sesaxeb darCa, saWiroa gazomvaTa raodenoba gaizardos 

ramodenimejer. 

 zemoT naxsenebi Tavisuflebis xarisxebi 𝑘 = 𝑙 − 3 exeba mxolod im 

SemTxvevebs, rodesac roca normaluri ganawilebis orive parametric 

dadgenilia gazomvebis Sedegebis mixedviT, anu 𝑎  da 𝜍  zusti 

mniSnelobebis nacvlad gamoiyeneba maTi empiriuli mniSvnelobebi 𝑥  da 𝑠. 

Tu 𝑎 mniSvneloba zustadaa cnobili (magaliTad eqtalonis gazomvisas), 

maSin Tavisuflebis xarisxi 𝑘 = 𝑙 − 2, Tu cnobilia orive parametri 𝑎 da 

𝜍, maSun Tavisuflebis xarisxi 𝑘 = 𝑙 − 1. praqtikaSi es SemTxveva iSviaTad 

gvxvdeba da amitom Tavisuflebis aranakleb 5  xarisxis 

misaRebadintervaTa raodenoba unda iyos aranakleb 8. 

      Bbolos SevniSnoT, rom 𝜒2  kriteriumis efeqturoba gaizrdeba, Tu 

TiToeul gamoyofil intervalSi moxvdeba monacemTa toli raodenoba. Es 

gaTvaliswinebuli unda iyos sawyisi masalis dalagebisas. 
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 magaliTi. ganvixiloT  𝜒2  kriteriumis gamoyenebisaTvis saWiro 

albaTobebis gaamoTvla. vTqvaT mocemuli gvaqvs raRac sididis 

gazomvebi, romlis saSualo mniSvnelobaa 𝑥 = 8,63  da 𝑠 = 0,127 

(gavixsenoT, rom 𝑠  aris empiriuli standarti da is gamoiTvleba 

formuliT 𝑠 =  
1

𝑛−1
  𝑥𝑖 − 𝑥  2𝑛

𝑖=1 ). miRebuli Sedegebi moyvanilia 2.2 

cxrilis pirvel or svetSi. kidura intervalebad aRebulia usasrulo 

sidideebi. 

 

  cxrili 2.2. gazomvis Sedgebi 

 

 
interval- 
   lebi 

 𝑥𝑖−1; 𝑥𝑖  
 
 

 
 
 

𝑚𝑖 

 
 

𝑡𝑖 

 
 

𝜑 𝑡𝑖  

 
 

𝑝𝑖 

 
 
𝑚𝑖 − 𝑛𝑝𝑖 

 
 𝑚𝑖 − 𝑛𝑝𝑖 

2

𝑛𝑝𝑖
 

 −∞;   8,425  
 8,425; 8,475  
 8,475; 8,525  
 8,525; 8,575  
 8,575; 8,625  
 8,625; 8,675  
 8,675; 8,725  
 8,725; 8,775  
 8,775; 8,825  
 8,825; +∞  

 

7 
5 
8 

10 
18 
17 
12 
9 
7 
7 

 

−1,614 
−1,220 
−0,827 
−0,433 
−0,039 
0,354 
0,748 
1,142 
1,536 
+∞ 

−0,4467 
−0,3888 
−0,2959 
−0,1675 
−0,0165 
0,1383 
0,2728 
0,3733 
0,4377 
0,5000 

 

0,0533 
0,0579 
0,0929 
0,1283 
0,1520 
0,1539 
0,1345 
0,1005 
0,0644 
0,0623 

 

1,67 
−0,79 
−1,29 
−2,83 
2,80 
1,61 

−1,45 
−1.05 
0,56 
0,77 

0,523 
0,108 
0,179 
0,624 
0,516 
0,168 
0,157 
0,110 
0,046 
0,095 

jami 𝑛 = 100 - - 1,0000 - 𝜒2 = 2,528 
K 

mesame svetSi naangariSebia Tanafardoba 

𝑡𝑖 =
𝑥𝑖 − 𝑥 

𝑠
=

𝑥𝑖 − 0,83

0,127
 

marjvena boloebisaTvis, magaliTad   

𝑡1 =
8,425−8,63

0,127
= −1,614. 

meoTxe svetSi moyvanilia albaTobis integralis Sesabamisi 

mniSvnelobebi 𝜑(𝑡𝑖)  (danarTis cxrili I). 𝜑(𝑡𝑖)  mniSvnelobebis mixedviT 
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mexuTe svetSi gamoTvlilia 𝑝𝑖  albaTobebi rogorc 𝜑(𝑡)  Sesabamisi 

sxvaobebi: 

𝑝𝑖 =  𝜑 𝑡𝑖 − 𝜑(𝑡𝑖−1); 

magaliTad  

𝑝2 = −0,3888—  −0,4467 = 0,0579 

amasTan 𝑝1  gaTvlisas gaTvaliswinebulia, rom 𝜑 −∞ = −0,5.  𝑚𝑖  aris 

TiToeul intervalSi monacemTa raodenoba. bolo svetis jami iZleva 

saZiebel sidides 𝜒2 = 2,528.  am mniSvnelobis Sedareba kritikul 

mniSvnelobebTan Tavisuflebis xarisxisaTvis 𝑘 = 10 − 3 = 7  gviCvenebs, 

rom mocemuli monacemebis  normalur ganawilebaSi eWvis Setanis 

safuZveli ar arsebobs (eWvis Setanis safuZveli iarsebebda Tu 𝑋2 

gaTvlili mniSvneloba 5-6 –jer mainc gadaaWarbebda kritikuls). 

 gazomvaTa SemTxveviTi cdomilebis gamosavlenad saWiroa gazomvebi 

CavataroT ramodenimejer. Tu TiToeuli gazomva mogvcems  calkeuli 

gazomvebisgan gansxvavebul mniSvnelobebs, saqme gvaqvs situaciasTan, 

rodesac SemTxveviTi cdomileba TamaSobs arsebiT rols. 

    gasazomi sididis yvelaze albaTur sidided miiReba yvela 

gazomili sididis saSualo ariTmetikuli 𝑥  (gavixsenoT, rom saSualo 

ariTmetikulis misaRebad unda SevkriboT yvela gazomili sidide da 

gavyoT maT raodenobaze). 

    sanam vupasuxebdeT kiTxvas Tu ramdeni gazomvis Catarebaa 

aucilebeli,   davuSvaT, rom CavatareT 𝑛  raodenobis gazomva, 

romelTagan TiToeuli Catarebulia erTi da imave meTodiT. aseT 

gazomvebs Tanabar sizustis ewodeba. 

    fizikuri sididideebis gazomvis monacemebis analizisTvis iyeneben 

grafikul masalas, romelsac hostograma ewodeba. Mmisi agebis 

proceduris  ilustraciisTvis ganvixiloT magaliTi. vTqvaT raRac 

detalis  diametri gavzomeT 125 – jer, gazomvisas udidesi mniSvneloba 

iyo 10.7 mm, xolo umciresi – 9.0 mm. Hhistogramis asagebad unda CavataroT 

Semdegi operaciebi: 
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   1)ganvsazRvroT Catarebuli operaciebis raodenoba 𝑁,  Cvens 

SemTxvevaSi 𝑁 = 125; 

   2)ganvsazRvroT intervali gazomili diametris minimalur da 

maqsimalur sidideebs Soris. Cvens SemTxvevaSi 𝑅 = 10,7 − 9.0 mm = 1.7 mm; 

   3)monacemebis raodenobis mixedviT mTeli intervali davyoT Tanabar 

klasebad 𝐶.  Kklasebis saWiro raodenoba 𝐶  SeiZleba SevarCioT 2.3 

cxrilidan. Cvens SemTxvevaSi 𝑁 = 125  - Tvis klasebis raodenoba icvleba 

7 – dan 12 –mde. simartivisaTvis aviRoT  𝐶 = 10 

        

        cxrili 2.3. histogramebis klasebis raodenoba 

monacemTa 

raodenoba 

(wertilebi) 

Kklasebis 

raodenoba 

50 –ze naklebi 

50 – 100 

100 – 250 

50-ze meti 

5 - 7 

6 – 10 

7 – 12 

10 - 20 

 

vTqvaT gazomvebis Sedegad miviReT Semdegi monacemebi, romlebic 

2.4 cxrilSia mocemuli. 

4)ganvsazRvroT TiToeuli klasis sigane, risTvisac visargebloT 

formuliT 𝐻 = 𝑅 𝐶 = 1.7 10 = 0,17  = 0.2  mm. formulidan Cans, rom 

mocemuli klasisTvis sigane damrgvalebulia 0.2 – mde. Kklasis sigane 

yovelTvis unda damrgvaldes aTobiTi niSnis met sididemde vidre es 

gvaqvs gazomvebSi. Cvens SemTxvevaSi, rogorc es cxrilidan Cans klasis 

sigane damrgvalebulia mZimis Semdeg pirvel aTobiT niSnamde; 

   5) davadginoT TiToeuli klasis zeda da qveda sazRvrebi.  

amisaTvis jer unda CavTvaloT, rom yvela monacemis qveda sazRvari – 

esaa pirveli klasis qveda sazRvari, maSin am klasis zeda sazRvari 

miiReba misTvis klasis siganisicvleba 9.0 – dan 9.2 – mde. Semdegi klasi 
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iwyeba 9.2 – dan da mTavrdeba 9.4 – iT da a.S.   unda gvaxsovdes, rom  

klasis   qveda    sazRvari   ekuTvnis  mocemul  klss, anu klasis qveda  

 

cxrili2.4. detalis diametris gazomvis Sedegebi 

# d,მმ # d,მმ # d,მმ # d,მმ # d,მმ 

1 9,5 26 9,5 51 10,2 76 9,9 101 9,7 

2 9,6 27 9,6 52 9,6 77 9,3 102 9,9 

3 9,7 28 9,1 53 10,2 78 9,7 103 9,8 

4 9,4 29 9,9 54 10,1 79 10,0 104 10,0 

5 9,5 30 10,0 55 9,3 80 9,4 105 9,9 

6 9,0 31 9,1 56 9,7 81 9,8 106 9,9 

7 9,5 32 9,5 57 10,5 82 10,0 107 9,7 

8 9,6 33 9,2 58 9,5 83 9,5 108 9,9 

9 9,3 34 9,5 59 10,2 84 9,9 109 10,0 

10 9,5 35 9,2 60 9,8 85 9,6 110 9,8 

11 9,5 36 9,6 61 9,3 86 9,9 111 10,6 

12 9,5 37 9,7 62 9,6 87 9,3 112 10,0 

13 9,6 38 9,5 63 9,4 88 9,9 113 9,8 

14 9,6 39 9,7 64 10,1 89 9,9 114 10,0 

15 9,1 40 9,8 65 10,2 90 9,7 115 9,7 

16 9,5 41 9,4 66 9,6 91 10,3 116 10,5 

17 9,8 42 9,7 67 9,7 92 9,4 117 9,8 

18 9,8 43 9,5 68 9,8 93 9,9 118 10,1 

19 9,1 44 9,7 69 9,4 94 10,0 119 9,7 

20 9,1 45 9,8 70 10,2 95 10,6 120 10,4 

21 9,1 46 9,4 71 9,4 96 9,3 121 9,8 

22 9,5 47 9,3 72 9,3 97 9,3 122 9,7 

23 9,6 48 9,7 73 10,1 98 10,6 123 9,9 

24 9,7 49 10,1 74 10,6 99 10,0 124 9,9 

25 9,2 50 9,8 75 9,3 100 9,4 125 9,7 
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sazRvars miekuTvneba mniSvnelobebi, romlebic metia an toli (≥) qveda 

sazRvris mniSvnelobis. Kklasis zeda sazRvari ki mas ar miekuTvneba, anu 

mas miekuTvneba zeda sazRvrisgan mkacrad naklebi (<) mniSvneloba. Cvens 

SemTxvevaSi 9.2 mm – is toli sasazRvro mniSvneloba miekuTvneba meore 

klass da ara pirvels.    

6)histogramis agebis gasamartiveblad yvela monacemi unda 

SeviyvanoT cxrilSi, rogorc es qvemoTaa moyvanili 

 

cxrili 2.5. Hhistogramis gamartivebulad asagebi cxrili 

klasi qveda 

mniSvneloba 

zeda 

mniSvneloba 

sixSire s

sul 

1 9.0  / 1 

2 9.2  ///// //// 9 

3 9.4  ///// ///// ///// / 16 

4 9.6  ///// ///// ///// ///// // 27 

5 9.8  ///// ///// ///// ///// ///// ///// 

///// / 

31 

6 10.0  ///// ///// ///// ///// /// 23 

7 10.2  ///// ///// // 12 

8 10.4  // 2 

9 10.6  /// 4 

10 10.8   0 

 

7) horizontalur RerZze gadavzomoT klasebi, xolo vertikalurze 

-sixSireebi. sixSireebis ganawileba naCvenebia svetebiT 
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Nnax.2.1. histograma 

 

histogramebis  forma gviCvenebs Tu ramdenad Tanabradaa 

ganawilebuli monacemebi Sua nawilis mimarT. Hhistogramas simetriuli 

ewodeba, Tu Sua nawili mas or miaxloebiT Tanabar nawilad  hyofs, 

rogorc es naxazzea moyvnili. Aasimetriuli histogramis SemTxvevaSi 

cxadia Sua nawilis mimarT simetria darRveulia. 

   monacemebis am rigs SerCeva Eewodeba da is saSualebas gvaZlevs  

SevafasoT gazomvis Sedegebi. aseTi Sefasebis sididea 𝑥 ,  magram  is ar 

warmoadgens gasazomi sididis namdvil mniSvnelobas, saWiroa Sefasdes 

misi cdomileba. davuSvaT SevafaseT cdomilebis sidide ∆𝑥 . maSin 

gazomvis Sedegi SeiZleba ase CavweroT 

𝑥 = 𝑥 ±Δ𝑥        (2.29) 

vinaidan  gazomvis 𝑥  da cdomilebis ∆𝑥  SefasebiTi  sidideebi 

zusti araa, (2.29) gazomvis sididis Canawers unda mieTiTos misi 

saimedooba 𝑃 . saimedoobis an sandoobis albaTobis qveS igulisxmeba 

albaToba imisa, rom gasazomi sididis  namdvili mniSvneloba 

moTavsebulia (2) formulaSi miTiTebul intervalSi, romelsac ndobis 
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intervali ewodeba.  magaliTad, vTqvaT gavzomeT raRac Reros sigrZe da 

saboloo Sedegi ase CavwereT 

𝑙 = 8.34 ± 0.02 mm, (𝑃 = 0.95) 

es imas niSnavs, rom 100 Sansidan 95 –Si gazomili Reros sigrZis 

namdvili mniSvneloba moqceulia SualedSi 8.32 – dan  8.36 – mde. amrigad 

amocana imaSi  mdgomareobs, rom (2) SerCevis meSveobiT  movZebnoT 

gazomvebis Sedegebis  Sefaseba 𝑥 , misi cdomileba ∆𝑥 da saimedoba. 

 es amocana SeiZleba gadawydes albaTobis Teoriisa da  

maTematikuri statistikis meTodebiT.  

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 𝑎  SemTxveviTi sididis maTematikuri molodinia, xolo 𝜍  -

saSualo kvadratuli gadaxra. 

albaTobis simkvrivis normaluri ganawilebis grafiki simetriulia 

𝑥 = 𝑎 wrfis mimarT, e.i. maTematikuri molodinis 𝑥 -is. Aamrigad Tu 𝑥 = 𝑎 , 

mruds gaaCnia maqsimumi, romelic tolia  

𝛷 𝑥 =
1

𝜍 2𝜋
≈

0,3989

𝜍
. 

 maTematikuri molodinis gazrdisas wiri wainacvlebs 𝑥  RerZis 

gaswvriv. qvemoT moyvanili nax.2.2 _ 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, rom rac metia saSualo 

kvadratuli gadaxra miT ufro naklebia albaTobis simkvrivis 

maqsimaluri mniSvneloba. 
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      Nnax.2.2. albaTobis simkvrivis normaluri ganawileba 

 

zogjer hipoTeza normaluri ganawilebis Sesaxeb ewinaaRmdegeba 

eqsperimentalur monacemebs. Mmagram 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 

logariTmebi. Ees    xdeba    maSin    rodesac   is faqtorebi, romlebic 

amaxinjeben gazomvis Sedegebs, iwveven efeqtebs, romlebic proporciulia 

TviT gazomvis Sedegebis (anu rodesac saSualod ucvlelia ara gazomvis 

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 
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logariTmuli ganawilebiT. logariTmulad normalurad ganawilebis 

funqcias gaaCnia Semdegi saxe: 

𝑃 𝐿𝑛𝑥 =
1

𝜍 2𝜋
  𝑒

−
 𝐿𝑛𝑥 −𝐿𝑛𝑎  2

2𝜍2
𝐿𝑛𝑥

−∞
𝑑 𝐿𝑛𝑥  

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. 2.3) 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. 

 

Nnax.2.3. albaTobis simkvrivis normaluri logariTmuli ganawileba 
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Tavi III 

Eempiriuli formulebis parametrebis dadgena 

3.1.Uumciresi kvadratebis meTodi 

 y  sididis sxva x sididisagan eqsperimentuli funqcionaluri 

damokidebulebis Sesaswavlad awarmoeben y sididis gazomvas x sididis 

sxvadasxva mniSvnelobisaTvis. Sedegi SeiZleba mocemuli iyos cxrilis 

(cxrili 3.1) an grafikis saxiT.  

cxrili 3.1 

x 𝑥1 𝑥2 …⋯ 𝑥𝑘 ⋯ 𝑥𝑁 

y 𝑦1 𝑦2 …⋯ 𝑦𝑘 ⋯ 𝑦𝑁 

Aamocana  mdgomareobs saZebni funqcionaluri damokidebulebis 

analizur warmodgenaSi, anu im formulis moZebnaSi, romelic aRwers 

eqsperimentis Sedegebs. Aamocanis Tavisebureba imaSia, rom SemTxveviTi 

cdomilebebis arsebobis gamo SeuZlebelia iseTi formulis moZebna, 

romelic zustad aRwers eqsperimentis Sedegebs. sxva sityvebiT, rom 

vTqvaT saZebni funqciis grafiki zustad ver gaivlis yvela 

eqsperimentul wertilze. 

Eempiriul formulebs Cveulebriv irCeven garkveuli tipis 

formulebidan, magaliTad 

𝑦 = 𝑎𝑥 + 𝑏,   𝑦 = 𝑎𝑒𝑏𝑥 + 𝑐,   𝑦 = 𝑎 + 𝑠𝑖𝑛 𝜔𝑥 + 𝜑 , … 

            sxva sityvebiT, amocana mdgomareobs 𝑎, 𝑏, 𝑐, ⋯  parametrebis 

moZebnaSi im formulebSi, romlelTa saxec garkveuli mosazrebiT 

winaswar cnobilia. 

      aRvniSnoT arCeuli funqcionaluri damokidebuleba Semdegnairad 

𝑦 = 𝑓(𝑥;  𝑎0, 𝑎1, ⋯ , 𝑎𝑛) 

      am 𝑎0, 𝑎1, ⋯ , 𝑎𝑛  parametrebis dadgena funqciis empiriuli 

mniSvnelobebiT 𝑦1, 𝑦2, ⋯ , 𝑦𝑁  SeuZlebelia, vinaidan isini Seicaven 

SemTxveviT cdomilebebs. laparakia mxolod saZebni parametrebis mxolod 

“sakmaod kargi” mniSvnelobebis SerCevaze. Uumciresi kvadratebis meTodi 

swored aseTi 𝑎0, 𝑎1, ⋯ , 𝑎𝑛  parametrebis SerCevis SesaZleblobas iZleva. am 
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dros igulisxmeba, rom  funqciis  𝑦1, 𝑦2 , ⋯ , 𝑦𝑁  mniSvnelobebi gazomilia 

erTmaneTisagan damoukideblad da gazomvis cdomilebebi emorCileba 

albaTobebis ganawilebis normalur kanons. Tu funqciis yvela 

mniSvneloba 𝑦1, 𝑦2, ⋯ , 𝑦𝑁  gazomilia erTnairi sizustiT, maSin 𝑎0, 𝑎1, ⋯ , 𝑎𝑛 

parametrebis Sefaseba xdeba im pirobiT, rom y-is gazomili 

mniSvnelobebis gaangariSebuli 𝑓(𝑥;  𝑎0, 𝑎1, ⋯ , 𝑎𝑛 )  mniSvnelobebidan 

gadaxris kvadratebis jami minimaluri unda iyos, anu sididem  

𝑠 =   𝑦𝑘 − 𝑓(𝑥;  𝑎0, 𝑎1, ⋯ , 𝑎𝑛) 2
𝑁

𝑘=1
 

Uunda miiRos minimaluri mniSvneloba. 

 ganvixiloT umciresi kvadratebis meTodi konkretul magaliTebze. 

3.2 cxrilSi moyvanilia raime winaaRmdegobaSi tyviis SeRwevis siRrmis 

mniSvnelobebi, rogorc misi energies funqcia (ndobis intervalebi mocemuli 

araa. 𝐸 da 𝑙 mocemulia pirobiT erTeulebSi) es wertilebi datanilia grafikze  

nax. 19 – ze. 

cxrili 3.2. tyviis winaRobaSi SeRwevis siRrme 

Ggazomvis nomeri E 𝑙 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

41 

50 

81 

104 

120 

139 

154 

180 

208 

241 

250 

269 

301 

 

4 

8 

10 

14 

15 

20 

19 

23 

26 

30 

31 

36 

37 
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Teoriuli mosazrebis safuZvelze SeiZleba CavTvaloT, rom 

winaaRmdegobaSi tyviis SeRwevis siRrme pirdapirproporciulia misi 

energiis. Aamitom unda veZeboT ara raRac funqcia, romelic 

akmayofilebs mocemul wertilebs aramed wrfe, romelic yvelaze 

naklebadaa gadaxrili am monacemebidan. saZebn  wrfes aqvs saxe 

𝑦 = 𝑘𝑥 + 𝑏 

𝑘  da 𝑏  koeficientebi  saukeTeso miaxloebiT unda iyos SerCeuli. 

umciresi kvadratebis meTodiT wrfis  sapovnelad unda moviqceT ase: 

gavataroT wertilebis 𝑦𝑖  ordinatebi saZebni wrfis gadakveTamde (nax.3.1). 

am ordinatebis mniSvnelobebi iqneba (𝑎𝑥𝑖 + 𝑏), manZili ordinatis mixedviT  

𝑥𝑖𝑦𝑖  wertilidan wrfemde iqneba ( 𝑎𝑥𝑖 + 𝑏 − 𝑦𝑖).  davuSvaT es wrfe 

saukeTesoa, Tu yvela aseTi daSorebis kvadratebis jami iqneba 

minimaluri. aseTi jamis minimumis povna xdeba diferencialuri aRricxvis 

wesebiT. 

     𝑘  da 𝑏  koeficientebis sapovnelad unda movZebnoT Semdegi 

jamis minimumi  (𝑎𝑥𝑖 + 𝑏 − 𝑦𝑖)
2𝑛

𝑖 , amisTvis gavutoloT nuls am jamis 

warmoebulebi 𝑘 da 𝑏 parametrebiT. miviRebT: 

𝑑

𝑑𝑘
=  (𝑎𝑥𝑖 + 𝑏 − 𝑦𝑖)

2

𝑛

𝑖

= 0 

 

 

nax.3.1. umciresi kvadratebis meTodisTvis 
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𝑑

𝑑𝑏
=  (𝑎𝑥𝑖 + 𝑏 − 𝑦𝑖)

2

𝑛

𝑖

= 0 

aqedan martivad miviRebT 

𝑛𝑘 + 𝑏  𝑥𝑖 −  𝑦𝑖 = 0 

𝑘  𝑥𝑖 + 𝑏  𝑥𝑖
2 −  𝑥𝑖𝑦𝑖 = 0 

gantolebaTa aseT sistemas normaluri ewodeba da advilad amoixsneba 𝑘 

da 𝑏 mimarT. Aamonaxsns aqvs saxe 

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

 

aq yvelgan 𝑛  dakvirvebaTa raodenobaa. Aajamva xdeba yvela wertilis 

mixedviT. 11 cxriliT ricxobrivi monacemebis Casma Cvens SemTxvevaSi 

gvaZlevs 𝑘 = 0.124, 𝑏 − 0.7 da saZebni wrfis gantoleba iqneba  

𝑦 = 0.124𝑥 + 0.7 

SevniSnoT, rom Tu tyviis energia nulis tolia, maSin is saerTod ver 

Sedis winaaRmdegobaSi. Sesabamisad ufro swori iqneboda Tu wrfis 

gantolebas movZebnidiT Semdegi saxiT 

𝑦 = 𝑘𝑥 

magram gazomili intervalis SigniT  moZebnili wrfe ukeTesad 

akmayofilebs eqsperimenul wertilebs, vidre wrfe, romelic gadis 

koordinatTa saTaveze. Teoria saSualebas iZleva aseve gamovTvaloT 

wrfidan wertilebis gadaxris dispersia da 𝑘  da 𝑏  koeficietebis 

dispersia. Tu 𝑆0
2  - wertilebis dispersiaa, xolo 𝑆𝑘

2   da 𝑆𝑏
2  ki 𝑘  da 𝑏  

koeficientebis dispersia, maSin  

 

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
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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

 

Cvens SemTxvevaSi es iZleva 𝑆𝑘 = 4 ∙ 10−3 da 𝑆𝑘 = 0,7. 

xazi unda gavusvaT im garemoebas, rom umciresi kvadratebis 

meTodi ar iZleva saSualebas, vupasuxoT kiTxvas ra saxis funqciebi 

iZlevian eqsperimentuli monacemebis ukeTes aproqsimacias. 

maiterpolirebeli funqciebis saxeebi mocemuli unda iyos raRac 

fizikuri mosazrebebis safuZvelze. Uumciresi kvadratebis meTodi 

mxolod imis saSualeba iZleva SevarCioT Tu romeli  wrfe, eqsponenta  

an parabola warmoadgens ukeTes wrfes, eqsponentas Tu parabolas. 

zogadad, rom vTqvaT SeiZleba vamtkicoT, rom rac met  asarCev 

parametrebs Seicaven maiterpolirebeli funqciebi miT ufro zustad 

xdeba mocemuli wertilebis aproqsimacia.  Aamitom normaluri 

interpolaciis amocana, rogorc Cans ase Camoyalibdeba: arCeul iqnas 

maiterpolirebeli funqcia ise, rom  parametrebis  raodenoba iyos rac 

SeiZleba mcire. cxadia, rom umravles SemTxvevebSi zogadad es amocana 

ar ixsneba da Cveulebriv misi dadawyveta xdeba an fizikuri 

mosazrebebis safuZvelaze anda empiriuli cdebis safuZvelze. 

 SevniSnoT, rom umciresi kvadratebis meTodiT gaTvlebi sakmaod 

Sromatevadia. Aarsebobs kargad damuSavebuli sqemebi, romlebic 

mniSvnelovnad amartiveben gamoTvlebsa da kontrols. isini moyvanilia 

specialur literaturaSi. 

zogjer  𝑦 = 𝑎𝑥 + 𝑏 (3.1)  formulis parametrebis dadgenisas 

aucilebeli araa maRali sizuste (magaliTad rodesac es parametrebi 

saWiroa mxolod pirveli miaxloebisaTvis, an rodesac mocemuli 

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 
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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 (3.2) da gvinda vipovoT 

misi  parametrebi. amisaTvis saWiroa (3.2) gamosaxuleba gavalogariTmoT. 

miviRebT:  𝑙𝑔𝑦 = 𝑙𝑔𝑎 + 𝑏𝑙𝑔𝑥 (3.3), SemovitanoT aRniSvnebi aRniSvnebi 𝑋 = 𝑙𝑔𝑥,

𝑌 = 𝑙𝑔𝑦 (3.4) rac iZleva gamosaxulebas 𝑌 = 𝑎1𝑋 + 𝑏1 (3.5) , sadac 𝑎1 = 𝑏  da 

𝑏1 = 𝑙𝑔𝑎.  

maCvenebliani funqciis 𝑦 = 𝑎𝑒𝑏𝑥 (3.6) parametrebis mosaZebnad aseve 

iyeneben logariTmul gardaqmnas: 𝑙𝑔𝑦 = 𝑙𝑔𝑎 + 𝑥𝑏𝑙𝑔𝑒  (3.7) da aRniSvnebs 

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

𝑎1 = 𝑏𝑙𝑔𝑒  3.8 ,   𝑏1 = 𝑙𝑔𝑎(3.9).  

Sesabamisi grafikebis agebiTa da martivi gaangariSebebiT advilad 

miiReba (3.6) da (3.7) formulebSi Semavali parametrebi da funqcionaluri 

damokidebulebebis Sesatyvisi formulebi.N 

 

3.2.parametrebis Sefasebis zogadi wesebi 

 

SevexoT parametrebis moZebnis zogad wesebs. ganvixiloT SemTxveva, 

rodesac saZebni 𝑦  funqcia wrfivadaa damokidebuli SesarCev 

parametrebze  𝑎0, 𝑎1, ⋯ 𝑎𝑛 , e.i. rodesac is SeiZleba warmodgenili iyos 

Semdegi saxiT 

𝑦 = 𝑎0𝜑0 𝑥 + 𝑎1𝜑1 𝑥 + ⋯ + 𝑎𝑛𝜑𝑛 𝑥  (3.8) 
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sadac  𝜑0 𝑥 , 𝜑1 𝑥 , ⋯ , 𝜑𝑛 𝑥  mocemuli funqciebia. Aam SemTxvevaSi 

𝑎0, 𝑎1, ⋯ 𝑎𝑛  parametrebis SerCeva umciresi kvadratebis meTodiT xdeba  

normaluri wrfivi gantolebebis sistemebis meSveobiT. 

 

𝑎0  𝜑0
2 𝑥 + 𝑎𝐼  𝜑1 𝑥 𝜑0 𝑥 + ⋯ + 𝑎𝑛  𝜑𝑛 𝑥 𝜑0 𝑥 =  𝑦𝜑0 𝑥  

𝑎0  𝜑0  𝑥 𝜑1 𝑥 + 𝑎𝐼  𝜑1
2 𝑥 + ⋯ + 𝑎𝑛  𝜑𝑛 𝑥 𝜑1 𝑥 =  𝑦𝜑1 𝑥  

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

𝑎𝑛  𝜑1 𝑥 𝜑𝑛 𝑥 + 𝑎𝐼  𝜑𝑛 𝑥 𝜑1 𝑥 + ⋯ + 𝑎𝑛  𝜑𝑛
2 𝑥 =  𝑦𝜑𝑛 𝑥  

im  pirobiT, rom 𝑦𝑘  yvela mniSvneloba gazomilia erTnairi 

sizustiT, gantolebaTa normaluri sistemis ageba xdeba Semdegnairad. 

G(3.8) gantoleba morigeobiT mravldeba TiToeul  

𝜑0 𝑥 , 𝜑1 𝑥 , ⋯ , 𝜑𝑛 𝑥  funqciaze da Semdeg xdeba miRebuli Tanafardobis 

ajamva yvela 𝑥1, 𝑥2, ⋯ , 𝑥𝑁  wertilebiT. Ees ajamva aRiniSneba  𝑁  niSniT, 

anu  𝜑𝑛
2 𝑥 =  𝜑𝑛

2 𝑥 ;  ⋯ ;  𝑁
𝑘=1    𝑦𝜑𝑛 𝑥 =  𝑦𝑘  𝜑𝑛 𝑥𝑛  𝑁

𝑘=1   𝑛 < 𝑁 . 

Tu gazomvis Sedegebs 𝑦1, 𝑦2, ⋯ , 𝑦𝑁  
 miewerebaT Sesabamisad wonebi 

𝑤0, 𝑤1, ⋯ , 𝑤𝑁 maSin yvela zemoT dawerili jami unda gamravldes Sesabamis 

wonaze. magaliTad  𝜑0
2 𝑥 =  𝜑0

2 𝑥𝑘 , 𝑤𝑁 ,    𝑦𝜑𝑛 𝑥 =  𝑦𝑘  𝜑𝑛 𝑥𝑘 𝑤𝑘  𝑁
𝑘=1  𝑁

𝑘=1  

 

3.3.empiriuli formulebis SerCeva 

zogjer saqme gvaqvs amocanebTan, romelTa winaswari analizi 

saSualebas ar iZleva dadgenil iqnas empiriuli formulis zusti saxe, 

am dros saWiro xdeba formulebis SerCeva maTi sakmaod farTo wridan. 

xSirad Semdgomi angariSis simartivis TvasazrisiT irCeven mravalwevrs, 

amasTan mravalwevris xarisxi winaswar ucnobia.  

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 (3.9) 
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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 (3.9) sididis daSlis 

terminebiT CebiSevis orTogonaluri mravawevriT; 

𝑦 =  𝑏𝑖
𝑛0
𝑖=0 𝑝𝑖 𝑥  (3.10) 

sadac   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    (3.11) formulebiT.  

       TanmimdevrobiT      gamovTvaloT     𝑏0, 𝑏1, 𝑏3, ⋯   parametrebi (3.11)   

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  (3.12) 

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 − 1ricxvze da miRebuli mniSvneloba unda 

SevadaroT wina mniSvnelobas. SesarCevi mravalwevris xarisxi unda 

gavzardoT manam, sanam (2.13)  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   (3.13) 

 𝑛 = 𝑛0  is mniSvneloba, romlis Semdgomac (3.13)  fardoba praqtikulad 

Sewyvets zrdas, iZleva mravalwevris optimalur xarisxs. 
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 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 

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. 

Tavi IV 

Kkorelaciuri damokidebulebebi 

4.1. korelaciis cneba 

mravali fizikuri  sidide  erTmaneTTan dakavSirebulia 

funqcionaluri damokidebulebebiT. magaliTad omis kanonis Tanaxmad 
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wredis ubanze  densa da Zabvas Soris wrfivi damokidebuleba arsebobs. 

msoflio mizidulobis kanonis ZaliT yoveli ori sxeuli erTmaneTs 

izidavs ZaliT, romelic pirdapirproporciulia am sxeulebis masebis 

namravlis da ukuproporciulia maT Soris manZilis kvadratis. EaseTi 

damokidebulebebi miRebulia eqsperimentuli Sedegebis ganzogadebiT an 

Teoriuli fizikis meTodebiT. fizikosebi yovelTvis cdiloben 

movlenebi da procesebi aRweron funqcionaluri damokidebulebiT. 

xSirad raime fizikuri problemis gadawyvetis sawyis etapze 

garkveul fizikur sidideebs Soris funqcionaluri kavSiris xasiaTi 

ucnobia. ufro metic arsebobs garkveuli gaurkvevloba aseTi kavSiris 

arsebobis Sesaxeb. SesaZlebelia fizikur sidideebs Soris arc ki 

arsebobdes raime kavSiri da isini damoukidebelni iyvnen. 

or X  da 𝑌  sidides Soris mizez-Sedegobrivi kavSiris dadgenas 

axdenen 𝑌  sididis gazomviT X  sididis sxvadasxva mniSvnelobisaTvis. 

miRebuli Sedegebis safuZvelze akeTeben daskvnas arsebobs Tu ara 

kavSiri am sidideebs Soris. unda gvaxsovdes, rom gazomvis nebismier 

meTods garkveuli SemTxveviTi cdomileba Seaqvs gazomil sidideSi, rac 

Tavis mxriv arTulebs  gasazom sidideebs Soris calsaxa kavSiris 

arsebobis Sesaxeb daskvnis gakeTebas. 

realuri procesebis Seswavlisas irkveva, rom arseboben iseTi 

fizikuri sidideebi, romlebic erTis mxriv erTmaneTTan ar arian 

dakavSirebulni garkveuli aSkara calsaxa funqcionaluri 

damokidebulebiT, meores mxriv ki isini absoluturad damoukideblebi 

ar arian. es imas niSnavs, rom eqserimentis Catarebisas X  cvladis 

erTsadaimave mniSvnelobas Seesabameba 𝑌 cvladis sxvadasxva mniSvneloba, 

amasTan 𝑌  sididis gafantva SeiZleba mniSvnelovnad aRematebodes 

gazomvis ∆ 𝑌  cdomilebas. amasTan 𝑌  saSualo mniSvnelobebi SeiZleba 

regularulad izrdebodnen an mcirdebodnen X -is zrdiT. Aamis msgavs 

sidideebs ewodebaT korelirebuli sidideebi, an amboben rom 

gansaxilveli X  da 𝑌  sidideebis wyvili erTmaneTTan dakavSirebuli 
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arian stoqastikuri damokidebulebiT (berZnulidan στοχαστικός — 

“gamocnobis SemZle”)   

stoqastikuri damokidebulebiT dakavSirebuli arian SemTxveviTi 

sidideebi, romlebic gvxvedian fizikis TiTqmis yvela dargSi: 

Termodinamika, qvanturi fizika, arawrfivi rxevebis Teoria. 

stoqastikuri kavSirebiT aiwereba mravali biofizikuri procesi, rac  

dakavSirebulia sakvlevi obieqtebis sirTuliT. 

nax.4.1-4.3-ze mocemulia  X da 𝑌  sidideebs Soris urTierTkavSiris 

sxvadasxva saxeebi grafikebis saxis 

 

nax.4.1. funqcionalurad dakavSirebuli X da 𝑌 sidideebi 

 

 

Nnax.4.2. stoqastikurad dakavSirebuli X da 𝑌 sidideebi 
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Nnax.4.3. damoukidebeli X da 𝑌 sidideebi 

 

praqtikaSi zogjer Znelia, SemTxveviTi cdomilebis didi 

mniSvnelobis gamo gazomvis Sedegebis mixedviT, “TvaliT” garCeul iqnas 

mkacri funqcionaluri damokidebuleba stoqastikurisagan. ai ratom aris 

analizis maTematikuri meTodi  aucilebeli X  da 𝑌  sidideebs Soris 

kavSiris dasadgenad. 

albaTobis Teoriis TvaTaxedviT korelirebuli sidideebi 

SemTxveviTia. erTi sididis gafantva meore sididis mudmivi 

mniSvnelobisas SeiZleba aiweros albaTobebis ganawilebiT. 

 

4.2 wrfivi  korelacia 

𝑥 da 𝑦 sidides Soris korelacias ewodeba wrfivi,  Tu regresiis 

orive funqcia wrfivia. Aam SemTxvevaSi regresiis mrudebi gadaiqcevian 

regresiis wrfeebad. Aam wrfeebis sakuTxo koeficientebi  gamoisaxebian  

korelaciis koeficientiT, romelic am sidideebs Soris wrfivobis zomas 

warmoadgens. 

Kkorelaciis koeficienti albaTobis TeoriaSi ganisazRvreba sxva 

albaTobebis daxmarebiT. 
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moviyvanoT korelaciis koeficientis   𝜌𝑋𝑌  sami mniSvnelovani 

Tviseba, romlebic mticdeba albaTobis TeoriaSi 

1) yovelTvis  𝜌𝑋𝑌  ≤ 1, anu korelaciis koeficientis absoluturi sidide 

ar aRemateba 1. 

2) damoukidebeli sidideebisaTvis 𝜌𝑋𝑌 = 0. 

3) Tu X  da 𝑌  sidideebi erTmaneTTan dakavSirebulia wrfivi 

funqcionaruli damokidebulebiT, maSin  𝜌𝑋𝑌  = 1 .sxvanairad rom vTqvaT, 

Tu  𝜌𝑋𝑌  = 1 maSin  𝑌 = 𝐾𝑋 + 𝐵 da 𝐾 Kda 𝐵 koeficientebia. 

 Kkorelaciis  koeficienti mosaxerxebeli maxasiaTebeli sididea  X 

da 𝑌  sidideebis kavSiris Sesaxeb. 𝜌𝑋𝑌  rac ufro axlosaa nulTan, miT 

ufro metia 𝑌  sididis araregulari gafantva X  sididis nebismieri 

fiqsirebuli mniSvnelobisaTvis. piriqiT Tu 𝜌𝑋𝑌  sididis  mniSvneloba 

axlosaa erTTan, maSin SeiZleba CavTvaloT, rom Y  𝑌 (X) damokidebuleba 

wrfivia. 

 Mamas garda, korelaciis koeficientis niSani calsaxad 

gansazRvravs  Y 𝑌(X)  damokidebulebis xasiaTs. Tu 𝜌𝑋𝑌 > 0 maSin  X da 𝑌 

sidideebi erTdroulad izrdebian an erTdroulad mcirdebian 

(SemTxveviTi  cdomilebebis sizustiT). Tu 𝜌𝑋𝑌 < 0  maSin X  gazrdiT 𝑌 

mcirdeba an piriqiT X mcirdeba 𝑌 izrdeba.  

 Aamrigad korelaciis koeficientis  ricxviTi mniSvneloba 

axasiaTebs, Tu ramdenad axlosaa kavSiri X  da 𝑌  sidideebs Soris 

wrfivTan.  𝜌𝑋𝑌   absoluturi mniSvneloba miT ufro mcirdeba rac ufro 

gadaxrilia 𝑌(X)  damokidebuleba wrfivisgan, maSinac ki rodesac X da 𝑌 

sidideebi dakavSirebulni arian ara stoqastikurad, aramed 

funqionalurad. Sesabamisad, korelaciis koeficientis gamoyeneba 

efeqturia  iseTi damokidebulebis gamosakvlevadac, rodesac wrfiv  

damokidebulebasTan siaxlove dasabuTebulia Teoreuladac. 

 Kkorelaciis  koeficientis gamoyenebis  mizanSewoniloba 

gamarTlebulia imiTac, rom pirveli miaxloebiT mravali rTuli 

damokidebuleba SeiZleba wrfivad CaiTvalos.  
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 Kkorelaciis koeficientis  Teoriul_albaTuri gansazRvra 

gamousadegaria praqtikuli gaTvlebisaTvis. Eeqperimentators Tavis 

gankargulebaSi ar gaaCnia Teoriuli informacia  sakvlevi sidideebis 

albaTuri ganawilebisa da SemTxveviTi cdomilebebis Sesaxeb. amitom  

korelaciis 𝜌𝑋𝑌  koeficientis zusti mniSvnelobis nacvlad saWiro xdeba 

misi miaxloebiTi mniSvnelobis (Sefasebis) gamoyeneba X da 𝑌 sidideebis 

gazomili mniSvnelobebis gamoyenebiT. 

 vTqvaT X  da 𝑌  sidideebi gazomil iqna N  N _jer da miRebul iqna 

ricxviTi mniSvnelobebis N wyvili: 

𝑥𝑖 , 𝑦𝑖 ;  𝑖 = 𝑁. 

korelaciis  koeficientis saukeTeso miaxloebiTi mniSvnelobas, 

romelic SeiZleba gamoTvlil iqnas gazomili  sidideebis gamoyenebiT, 

warmoadgens 𝑅 sidide, romelic  gamoiTvleba  formuliT: 

𝑅 =
   𝑥𝑖−𝑥   𝑦 𝑖−𝑦   𝑁

𝑖=1

   𝑥𝑖−𝑥  2𝑁
𝑖=1     𝑦 𝑖−𝑦  2𝑁

𝑖=1

 (4.1) 

sadac 𝑥  da 𝑦  _ Sesabamisad 𝑥𝑖   da 𝑦𝑖  sidideebis saSualo statistikuri 

mniSvnelobebia: 

𝑥 =
1

𝑁
 𝑥𝑖

𝑁
𝑖=1 , 𝑦 =

1

𝑁
 𝑦𝑖

𝑁
𝑖=1 . (4.2) 

  

4.3. arawrfivi korelacia 

 

arawrfivi korelaciis SemTxvevaSi damokidebulebis, anu 

eqsperimentuli wertilebis koncentraciis zomas, regresiis 

gasaSualebuli wirebis maxloblad  warmoadgens korelaciuri 

Tanafardoba ƞ𝑦∣𝑥  𝑦 -is 𝑥  -ze damokidebulebisas, an ƞ𝑥∣𝑦  𝑥 -is 𝑦  -ze 

damokidebulebisas. 

Kkorelaciuri damokidebulebebi gamoiTvlebian formulebiT 

ƞ𝑦∣𝑥
2 =

 𝑚𝑗  𝑦 ∣𝑥 − 𝑦  2𝑙
𝑗 =1

 𝑛 − 1 𝑠𝑦
2

= 1 −
  𝑚𝑗 − 1 𝑠𝑦∣𝑥𝑗

2𝑙
𝑗=1

 𝑛 − 1 𝑠𝑦
2
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ƞ𝑥∣𝑦
2 =

 𝑚𝑗  𝑥 ∣𝑦 − 𝑥  
2𝑙𝐼

𝑗 =1

 𝑛 − 1 𝑥
= 1 −

  𝑚𝑗
𝐼 − 1 𝑠𝑥∣𝑦𝑗

2𝐼
𝑗 =1

 𝑛 − 1 𝑠𝑥
2

 

Aaq 𝑚𝑗  im (𝑥𝑖𝑗 ;  𝑦𝑖𝑗 ) wertilebis raodenobaa, romlebic moxvdnen  𝑗-ur 

intervalSi, 𝑦 ∣𝑥  pirobiTi saSualo mniSvnelobaa, xolo 𝑠𝑥∣𝑦𝑗

2  - pirobiTi 

empiriuli dispersia. 𝑙  im intervalebis raodenobaa, romlebadac 

dayofilia 𝑥 .  𝑚𝑗
′  da 𝑙′  igive Sinaarsi aqvT 𝑥-Tvis rogoric 𝑚𝑗  da 𝑙 aqvT 

𝑦-Tvis. 

korelaciuri Tanafardobebi akmayofileben utolobebs 

0 ≤  𝑟 ≤ ƞ𝑦∣𝑥 ≤ 1 da 0 ≤  𝑟 ≤ ƞ𝑥∣𝑦 ≤ 1 

Kkorelaciuri damokidebulebis erTTan toloba ƞ𝑦 ,𝑥 = 1  miuTiTebs 

funqcionalur damokidebulebaze 𝑥  da 𝑦  Soris, xolo nulTan toloba 

ƞ𝑦 ,𝑥 = 0  - 𝑥  da 𝑦  Soris kavSiris ararsebobaze. amasTan unda 

gaviTvaliswinoT, rom tolobidan ƞ𝑦 ,𝑥 = 0 sulac ar gamomdinareobs, rom 

ƞ𝑥 ,𝑦 = 0. 

regresiuli mrudebis ageba xdeba umciresi kvadratebis meTodiT. 

Cveulebriv SemoisazRvrebian dabali xarisxis paraboluri 

damokidebulebebiT, anu 2 an 3 xarisxis mravalwevrebiT.  

regresiuli mrudis gantoleba mosaxerxebelia Caiweros CebiSevis 

orTogonaluri mravawevriT (punqti 3.2-3): 

𝑦 = 𝑏0𝑃0 𝑥 + 𝑏1𝑃1 𝑥 + ⋯ + 𝑏𝑛𝑛 𝑥  

 

4.4. mravlobiTi wrfivi korelacia 

4.2 paragrafSi ganxiluli wrfivi korelaciis cnebebi or sidides 

Soris SesaZlebelia gadatanil iqnas sidideebis ufro met 

mniSvnelobebze. qvemoT moyvanilia formulebi, romlebic aucilebelia 

sami cvladisaTvis 𝑥, 𝑦, 𝑧 , amasTan Caweris Sesamokleblad amowerilia 

mxolod is formulebi, romlebic exeba 𝑧  sididis regresia empiriul 

regresias 𝑥 da 𝑦-ze. 

 𝑧 regresias  𝑥, 𝑦 -ze aqvs Semdegi gantolebis saxe 
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𝑧 − 𝑧 = 𝑏𝑧∣𝑥 𝑥 − 𝑥  + 𝑏𝑧∣𝑦 𝑦 − 𝑦   

sadac regresiis koeficientebi 𝑏𝑧∣𝑥  da 𝑏𝑧∣𝑦  ganiasazRvreba korelaciis 

koeficientebiT wyvilebs Soris 𝑥  da 𝑦,  𝑥  da 𝑧 , 𝑦  da 𝑧  Semdegi 

TanafardobebiT 

𝑏𝑧∣𝑥 =
𝑟𝑥𝑧 − 𝑟𝑥𝑦 𝑟𝑦𝑧

1 − 𝑟𝑥𝑦
2

 
𝑠𝑧

𝑠𝑥
 

𝑏𝑧∣𝑦 =
𝑟𝑦𝑧 − 𝑟𝑥𝑦 𝑟𝑥𝑧

1 − 𝑟𝑥𝑦
2

 
𝑠𝑧

𝑠𝑦
 

Aaq  𝑟𝑥𝑦 , 𝑟𝑥𝑧  da 𝑟𝑦𝑧 gamoiTvlebian formulebiT 

𝑟𝑥𝑦 =
  𝑥𝑘 − 𝑥   𝑦𝑘 − 𝑦  

 𝑁 − 1 𝑠𝑥𝑠𝑦
 

𝑟𝑥𝑧 =
  𝑥𝑘 − 𝑥   𝑧𝑘 − 𝑧  

 𝑁 − 1 𝑠𝑥𝑠𝑧
 

𝑟𝑦𝑧 =
  𝑦𝑘 − 𝑦   𝑧𝑘 − 𝑧  

 𝑁 − 1 𝑠𝑦𝑠𝑧
 

 =  

𝑵

𝒌=𝟏

 

sadac 𝑁 - eqsperimentis Sedegebis saerTo raodenobaa, anu  𝑥𝑘 , 𝑦𝑘 , 𝑧𝑘  

wertilebis raodenoba, 𝑠𝑘 , 𝑠𝑘 , 𝑠𝑘 - empiriuli standartebia. 

𝑠𝑥
2 =

  𝑥𝑘 − 𝑥  2

𝑁 − 1
 

𝑠𝑦
2 =

  𝑦𝑘 − 𝑦  2

𝑁 − 1
 

𝑠𝑧
2 =

  𝑧𝑘 − 𝑧  2

𝑁 − 1
 

Kkorelaciis krebsiTi  da kerZo koeficientebi. 𝑧 da 𝑥, 𝑦  wertilebs 

Soris damokidebulebis zomaa korelaciis krebsiTi koeficienti 

𝑅 =  
𝑟𝑥𝑧

2 + 𝑟𝑦𝑧
2 − 2𝑟𝑥𝑦 𝑟𝑥𝑧𝑟𝑦𝑧

1 − 𝑟𝑥𝑦
2

= 

=  1 −
1

(𝑁 − 1)𝑠𝑧
2
  𝑧𝑘 − 𝑧 −𝑏𝑧 ,𝑥 𝑥𝑘 − 𝑥  − 𝑏𝑧 ,𝑦 𝑦𝑘 − 𝑦  2 

𝑁

𝑘=1
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Kkorelaciis krebsiTi koeficienti yovelTvis  moqceulia 0 da 1 

Soris. Tu 𝑧 sidide araa damokidebuli 𝑥 da  𝑦 - ze, maSin 𝑅  Teoriuli 

mniSvneloba nulis tolia, D maSin (krebsiTi koeficienti praqtikulad 

Zalian mcirea) maSin 𝑧  da 𝑥 , 𝑦  sidideebs Soris ar arsebobs wrfivi 

korelaciuri damokidebuleba magram SeiZleba arsebobdes arawrfivi 

kavSiri. 

Kkorelaciis krebsiTi koeficienti maSin da mxolod maSin udris 

erTs, rodesac yvela eqsperimentaluri wertili regresiis sibrtyeSi 

devs ( 𝑅  Teoriuli mniSvneloba erTis tolia mxolod im SemTxvevaSi, 

rodesac 𝑧 wrfivad aris damokidebuli 𝑥 da  𝑦 – ze). 

Mmxolod erTi faqtoris, magaliTad 𝑥 - is gavlenis Sesaswavlad 𝑧-

ze, anu korelaciis Sesaswavlad 𝑥  da  𝑧  Soris, mas Semdeg rac 

moSorebulia cvlilebebi, romlebic gamowveulia 𝑦  sididis gavleniT, 

SemohyavT korelaciis parcialuri (kerZo) koeficienti 𝑥  da  𝑧 

sidideebis 𝑦 sididis mimarT 𝑟𝑥𝑦 ,𝑧 da 𝑟𝑦𝑧 ,𝑥 .   

𝑟𝑥𝑧∣𝑦 =
𝑟𝑥𝑧 − 𝑟𝑥𝑦 𝑟𝑦𝑧

 1 − 𝑟𝑥𝑦
2  1 − 𝑟𝑦𝑧

2
 

Aanalogiurad  ganisazRvreba korelaciis parcialuri 

koeficientebi 𝑟𝑥𝑦 ∣𝑧 da 𝑟𝑦𝑧 ∣𝑥 . 

 

E5. eqsperimentuli monacemebis analizis 
 zogierTi amocanebi 

 
5.1. 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 =

𝑒𝑥𝑝 −𝑥2 . Aam or SemTxvevaSi SeuZlebelia integralis gamoTvla niuton-

laibnicis formuliT. aseve SesaZlebelia Seiqmnas iseTi situacia, rom 
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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 5.1): 

                cxrili 5.1 

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
  (5.1)   

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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5.2. 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. 

5.1 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
  = 

= 0  
𝑓 𝑎 +𝑓 𝑏 

2
+  𝑓 𝑎 + 𝑗0 𝑚−1

𝑖=1    

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 + 31, ⋯ , 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)   
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Dda Semdeg pouloben  

𝑇1 =
1

2
 𝑇0 + 𝑉0  (4.4)     

Ointegralis ori moZebnili miaxloebiTi  mniSvnelobiT (𝑇1  bijiT 

1 da 𝑇0 ormagi bijiT 0 = 21) 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 + 21 + ⋯ + 4𝑓 𝑎 +  2𝑚 − 1 1 + 𝑓 𝑏  6.1-11 

5.3. 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 

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
′ 𝑥𝑘 =

𝑓 𝑥𝑘+1 −𝑓 𝑥𝑘−1 

2
  (5.1)   
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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     sadac      𝑎 ≤ 𝑥 ≤ 𝑏 . Aanalogiurad 

gamoiTvleba ufro maRali rigis warmoebulebi. Tu cnobilia 

mainterpolirebeli 𝑦 = 𝑃 𝑥  funqciis  cdomileba  

𝑅 𝑥 = 𝑓 𝑥 − 𝑃 𝑥  (5.2)    

maSin 𝑃′ 𝑥  warmoebulis cdomileba  

𝑟 𝑥 = 𝑅′ 𝑥 = 𝑓 ′ 𝑥 − 𝑃′ 𝑥   (5.3)   

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 

⋯ 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 + ⋯ (5.4)    

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. 
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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 + ⋯ )  (5.5)   

 

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 + ⋯) 

 

5.4. 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 

SeiZleba Caiweros 5.2 cxrilis saxiT, romelic Seicavs ricxvTa 𝑛 + 1 

dalagebul wyvils. 

 

cxrili 5.2. gamosakvlevi funqciis sawyisi monacemebi    

𝑥0 𝑥1 ⋯ 𝑥𝑛 

𝑦0 = 𝑓 𝑥0  𝑦1 = 𝑓 𝑥1  ⋯ 𝑦𝑛 = 𝑓 𝑥𝑛  

 

5.2   cxrilis sawyisi monacemebi grafikulad moyvanilia nax.5.1-ze.  

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     
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nax.5.1. interpolaciisaTvis gankuTvnili sawyisi monacemebis  

grafikis magaliTi. Savi wertilebiT moniSnulia 𝑓 𝑥   
funqciis 𝑦𝑖 mniSvnelobebis interpolaciis  

kvanZebSi 𝑥𝑖 0,1,2, ⋯ , 𝑛  
 

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 

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 amocana. Aanu interpolaciisagan 
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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    (5.6)   

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

ewodebaT. 

SevniSnoT, rom TavisTavad 5.2 cxrilis monacemebi ver 

gansazRvraven mainterpolirebeli funqciis konkretul saxes. magaliTad, 

nax. 5.1   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 5.2  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 

meores mxriv unda SevniSnoT, rom  interpolantma (5.6) kvanZebSi 

unda miiRos sainterpolacio funqciis zusti mniSvnelobebi. Tu 

cxrilSi moyvanili 𝑦𝑖  monacemebi Seicaven arsebiT cdomilebebs, maSin 

(5.12)  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 
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funqciebs, romelTa gaTvlebic martivia. isini kargad emorCilebian 

Sekrebas, gadamravlebas, diferencirebas da integrebas. maT xSirad 

iyneben interpolantebad. 

vTqvaT sawyis informacias warmoadgens 5.2  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. (5.6)   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  (5.7). 

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). 

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 , (5.8)   

sadac  𝑙𝑖 𝑥  - lagranJis koeficientebia da isini warmoadgenen 

funqciis argumentis 𝑥 funqcias  𝑖 = 0,1,2, ⋯ , 𝑛  (5.9)     
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(5.9)   pirobis Sesasruleblad lagranJis koeficientebi unda 

akmayofilebdnen pirobas: 

𝑙𝑖  𝑥𝑗  = 𝛿𝑖𝑗   𝑖, 𝑗 = 0,1,2, ⋯ , 𝑛   (5.10)   

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

(5.10) pirobis Sesasruleblad lagranJis koeficientebi 

warmovadginoT namravlis saxiT: 

𝑙𝑖 𝑥 = 𝑐𝑖 𝑥 − 𝑥0  𝑥 − 𝑥1 ⋯  𝑥 − 𝑥𝑖−1  𝑥 − 𝑥𝑖+1 ⋯  𝑥 − 𝑥𝑛   (5.11)   

sadac 𝑐𝑖 jer-jerobiT ucnobi  mudmivi sidideebia. 

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

yoveli (5.11)   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 

(5.11)   – 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  (5.12). 

AuSualo CasmebiT advilad SeiZleba davrwmundeT, rom (5.12)   

koeficientisTvis sruldeba (5.10)  piroba.  

interpolaciuri polinomi lagranJis formaSi miiReba moZiebuli 

koeficientebis (5.12)    CasmiT  (5.8)    gamosaxulebaSi:  

𝐿𝑛 𝑥 =   𝑦𝑖 ∙  
 𝑥−𝑥𝑗  

 𝑥𝑖−𝑥𝑗  

𝑛
𝑗 =0,𝑗≠𝑖  𝑛

𝑖=0   (5.13)  

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 
. 
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rogorc dasawyisSi iyo miTiTebuli, lagranJis polinomis ageba 

xdeba kvanZebis nebismieri raodenobisaTvis. Mmagram mocemuli 𝑥  

argumentisaTvis (5.13)   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    (5.14)  

mudmiv  parametrs ewodeba inerpolaciuri nabiji. 

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 (5.7)    Tviseba 

𝑃𝑛 𝑥𝑖 = 𝑦𝑖  𝑖 = 0,1,2, ⋯ , 𝑛   (5.15)  

sadac 𝑥𝑖 mniSvnelobebi mocemulia (5.14)  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  (5.16)   

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  
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P  polinomis koeficientebi unda gamoisaxos cnobili sidideebiT 

𝑥0, , 𝑛, 𝑦𝑖 𝑖 = 0,1,2, ⋯ , 𝑛  (5.15) moTxovnis gamoyenebiT anu polinomis grafikma 

unda gaiaros mocemuli sistemis yvela wertilSi. Aaqve SevniSnoT, rom 

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

𝑎0 = 𝑦0 (5.17)     

polinomis danarCeni koeficientebi SeiZleba gamosaxos  saboloo 

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

Mmtkicdeba, rom  

∆𝑘𝑃𝑛 𝑥0 = ∆𝑘𝑦0      𝑘 = 0,1,2, ⋯ , 𝑛  (5.18)     

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 (5.16): 

∆1𝑃𝑛 𝑥 = 𝑃𝑛 𝑥 + 𝑥 − 𝑃𝑛 𝑥  (5.19). 

visargebloT im garemoebiT, rom saboloo sxvaobebi wrfivia da 

gamovTvaloT isini calkeuli (5.16) 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  (5.20)      

Aaxla Tu (5.20) –Si davuSvebT, rom 𝑥 = 𝑥0,  miviRebT:  

∆1𝑃𝑛 𝑥0 = 𝑎1.  
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Mmeores mxriv, (5.18)  – dan da (5.15) –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      (5.21) 

Mmeore koeficientis 𝑎2  saangariSod  ganixileba (5.16)    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    (5.20)  Tanaxmad. Tu SevasrulebT gardaqmnebs, romlebic 

analogiuria gardaqmnebisa,  romlebic Catarda sawyisi polinomis 

pirveli saboloo sxvaobis saangariSod meore polinomis ∆2𝑃𝑛 𝑥  

Tavisufali wevri iqneba 2𝑎22 , xolo danarCeni wevrebi seicaven 

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

∆2𝑃𝑛 𝑥0 = 2𝑎22. 

Mmeores mxriv  Teoriidan cnobilia, rom nebismieri funqciisaTvis 

adgili aqvs tolobas: 

∆2𝑃𝑛 𝑥0 = 𝑃𝑛 𝑥2 − 2𝑃𝑛 𝑥1 + 𝑃𝑛 𝑥0 , 

(5.15)  pirobis ZaliT:  

∆2𝑃𝑛 𝑥0 = 𝑦2 − 2𝑦1 − 𝑦0. 

Sedareba saZebni polinomis meore koeficientisaTvis iZleva Semdeg 

gamosaxulebas: 

𝑎2 =  𝑦2 − 2𝑦1 − 𝑦0  22   (5.22). 

 Aanalogiurad, saZebni (5.16)  polinomis sxva koeficientebis 

misaRebad saWiroa  gavimeoroT aRwerili procedura umaRlesi saboloo 

sxvaobebisaTvis. Sedegad Cven miviRebT niutonis interpolaciuri 

polinomis koeficientebis  zogadi saxis Semdeg gamosaxulebas: 
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𝑎𝑖 =
∆𝑖 𝑦0 

𝑖! 𝑖    (5.23)     

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   (5.24). 

mtkicdeba, rom agebuli polinomi akmayofilebs pirobas (5.15). 

praqtikuli miznebisaTvis niutonis polinomis (5.14) angariSi 

umjobesia CavataroT  axal cvladis SemotaniT: 

𝑞 =  𝑥 − 𝑥0           

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  (5.25) 

 (5.25) 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 (5.25) aigeba 𝑥  argumentis marjvniv ganlagebul  

𝑥0  da 𝑛  kvanZebSi funqciis 𝑦𝑖  mniSvnelobebis daxmarebiT. funqciis 

mniSvnelobebi 𝑥0 kvanZis marcxniv ar gamoiyeneba. 

moviyvanoT formulebi ori mniSvnelovani interpolaciisaTvis. 
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1)wrfivi interpolacia. interpolaciuri polinomis  (5.25)  ageba 

xdeba ori kvanZiT da warmoadgens wrfiv funqcias: 

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


 𝑦1 − 𝑦0    (5.26) 

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. (5.25)  polinomisaTvis am SemTxvevaSi 

SeirCeva sami kvanZi. Ppolinomi warmoadgens Semdegi saxis kvadratul 

funqcias: 

𝑃2 𝑥 = 𝑦0 + 𝑞 ∙ ∆1𝑦0 +
𝑞 𝑞−1 

2
∙ ∆2𝑦0 an 

𝑃2 𝑥 = 𝑦0 + 𝑞 ∙  𝑦1 − 𝑦0 +
𝑞 𝑞−1 

2
∙  𝑦2 − 2𝑦1 + 𝑦0    (5.27) 

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   (5.28) 

Aamrigad kvanZis nomrebi SeiZleba iyos rogorc dadebiTi ise 

uaryofiTi ricxvebic. centralur kvanZs gaaCnia nulovani indeqsi. 
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SemdgomSi 𝑞  sidided gamoviyenebT (5.15)  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    (5.29). 

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 (5.29)   umciresi mniSvneloba gaaCnia maSin rodesac 

 𝑞 ≤ 1 4 . 

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 . 
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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 =  
  𝑑−𝑥  26

1

𝑛(𝑛−1)
=  

0.0046

30
= 0.01238 mm 

 aviRebT, ra saimedoobas P = 0.95, stiudentis koeficientebis 

cxrilidan eqvsi gazomvisaTvis vpoulobT t = 2.57 absolutur cdomilebas 

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

 

    cxrili  

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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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 

𝛿𝑁 = ±   
𝜕𝑓

𝜕𝑥
𝛿𝑥 +  

𝜕𝑓

𝜕𝑦
𝛿𝑦 +  

𝜕𝑓

𝜕𝑧
𝛿𝑧 + ⋯   (3) an 
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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 

  ganisazRvreba rogorc kvadratuli jami, SemTxveviTi ∆  da 
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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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