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    winamdebare  saxelmZRvanelos  mizania eqsperimentators  misces is 
aucilebeli  codna rac saWiroa fizikuri eqsperimentis monacemebis 
dasamuSaveblad da gasaanalizeblad. Mmocemulia rekomendaciebi 
gasazomi sidideebis WeSmariti  mniSvnelobis wertilovani da 
integraluri mniSvnelobebis  Sesasafaseblad, aseve empiriuli 
formulebis parametrebis dasadgenad,  romelTa SerCevac xdeba 
umciresi kvadratebis meTodiT.  Mmocemulia  rekomendaciebi empiriuli 
formulebis SesarCevad, kerZod mravawevris optimaluri xarisxis da 
trigonometriuli polinomis optimaluri rigis SesarCevad. Mmoyvanilia 
hipoTezesebis  Semowmebis umartivesi meTodebi da korelaciuri 
damokidebulebebis  ZiriTadi monacemebebi. Gganxilulia eqsperimentis 
Sedegad miRebuli  funqciebis ricxviTi diferencirebisa integrebis 
efeqturi meTodebi. Yyvela rekomendacias Tan axlavs praqtikuli  
magaliTebi. 
   wigni gankuTvnilia  studentebis, magistrantebis, doqtorantebisa da 
mkvlevarebisaTvis visac saqme aqvs fizikur  eqsperimentTan da misi 
Sedegebis damuSavebasTan. 
       fizikuri  eqsperimentis  monacemebis maTematikuri damuSavebis 
Tanamedrove meTodebi saSualebas iZleva Rrmad da safuZvlianad 
gaanalizebul iqnas miRebuli  monacemebi da maT safuZvelze gakeTebul 
iqnas swori daskvnebi.  Aam meTodebis  ucodinroba an arasruli  codna 
seriozul siZneleebs qmnis da Sesabamisad iwvevs arasakmarisad 
dasabuTebuli da gamartivebuli xerxebis gamoyenebas. amasTan erTad 
unda aRiniSnos, rom am tipis amocanebSi gamoyenebuli sakiTxebi arcTu 
mravalricxovania da maTi praqtikuli gamoyenebis mizniT aTviseba did 
siZneles ar warmoadgens. mkiTxvels unda gaaCndes umaRlesi maTematikis 
codna im moculobiT rasac iTvaliswinebs umaRlesi teqnikuri 
universitetis maTematikis sawavlo kursi,  albaTobis Teoriis 
CaTvliT. mniSvnelovania imis Segneba, rom eqsperimentuli monacemebis 
maTematikuri damuSavebisas miRebuli Sedegebi saimedoa  garkveuli 
albaTobiT 
       
 
 
 
recenzentebi:  
 
saqarTvelos teqnikuri universitetis, asocirebuli profesori, 
akademiuri doqtori beJan kotia 
 
soxumis saxelwifo universitetis asocirebuli profesori, 
fizika-maTematikis mecnierebaTa kandidati vaxtang cxadaia 
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Tavi I.Ggazomvis cdomilebebi 
 

1.1. gazomvis cneba 
 

    fizikuri eqsperimentis mizania ama Tu im sididis gazomva, rac 
saSualebas gvaZlevs kavSiri davamyaroT sxvadasxva  sidideebs Soris 
da amiT CavwvdeT fizikuri movlenis arss. magaliTad, erTi SexedviT 
Znelad dasajerebelia, rom sinaTlis or sxivis zeddebisas SeiZleba 
warmoiqmnas bneli ubani, anu sxva sityvebiT rom vTqvaT adgili hqondes  
interferencias. Sesabamisi eqsperimentis Catareba da fizikuri 
sidideebis gazomva ki gvarwmunebs, rom inerferencias marTlac aqvs 
adgili da is emorCileba garkveul obiqtur kanonebs. fizikosi 
eqsperimentatori bunebis kanonebis Seswavlisas, cdilobs gamoyos is 
Taviseburebebi, romlebic mas arsebiTad eCveneba (winaaRmdeg SemTxvevaSi 
SeuZlebelia mocemuli movlenis Seswavla, vinaidan am movlenas sxva 
movlebTan usasrulod didi raodenobis kavSiri gaaCnia) da Aamis Semdeg 
axdens gamoyofili movlenis ganzogadoebas, agebs Teorias da akeTebs 
Sesabamis daskvnebs, romelTa   Semowmebac xdeba eqsperimentis 
meSveobiT.  
   gazomva ewodeba gasazomi sididis Sedarebas amave saxis erTeulad 
aRebul sididesTan. Aam dros Cven vigebT Tu ramdenjer metia an 
naklebi gasazomi sidide erTeulad aRebul sididesTan (etalonTan) 
SedarebiT. magaliTad, Tu vzomavT Tokis sigrZes metrobiT, Cven 
vadgenT Tu ramdeni metrianisgan Sedgeba es Toki. Aam gazomvas 
safuZvlad udevs metris etaloni. sxeulis masis gazomvisas mas 
vadarebT masis etalons – kilograms. 
   gazomvis Sedegad viRebT garkveul ricxvebs, romelTa damuSavebasac 
vaxdenT  momdevno etapze garkveuli  daskvnebis gasakeTeblad.  
   qvemoT moyvanilia  miTiTebebi da rCevebi, romlebic  dagexmarebaT 
eqsperimentuli monacebis regiastraciasa da damuSavebaSi.  
 

1.2. gazomvis Sedegebis Cawera, grafikebi 
 
   ecadeT eqsperimentis monacemebi yovelTvis CaweroT cxrilis saxiT. 
aseTi Canaweri kompaqturia da advili wasakiTxi. erTi da imave 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, romelic warmoadgens raRac didi cxrilis 
nawils sxvadasxva masalis iungis modulisTvis. 
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            cxrili 1 

 

masala  iungis moduli E, 10
11

 n∙m-2 

rkina 2.11 

         
       rekomdebulia isargebloT CanaweriT, rodesac fizikuri sididis 
Semdeg dasmulia mZime da naCvenebia erTeuli, mocemul SemTxvevaSi - 
1011 n∙m2. 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.  

   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 Setanil iqnaნ  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 (nax.1). 
   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.  Qqanqarebs Soris manZilebis 
cvlas vaxdenT 𝑥 manZilis cvlilebiT, risTvisac  𝑃1 da 𝑃2 kvanZebs 
gadavaaadgilebT AP1P2B Zafis gaswvriv, ise rom sistemis simetria ar 
dairRves,  anu SenarCundes toloba y1 =  y2. 
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nax.1. 

   varianti II. Mmowyobilobis sqema moyvanilia nax.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 

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 2. 
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              cxrili 2 

 

 wnevaTa 

sxvaoba,  

n∙m-2 

saSualo 

siCqare, 

mm/wm 

wnevaTa 

sxvaoba,  

n∙m-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        

 

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. 2), am SemTxvevaSi maSinaTve Cans 

wertili, romelSic proporciuloba irRveva.   

nax.2 
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 grafikebi  saSualeba iZlevian ufro TvasaCinod SevadaroT erTmaneTs 

eqsperimentuli da Teoriuli monacemebi 

 mesamec, eqsperimentul naSromSi grafikebs iyeneben or sidides Soris 

empiriuli Tanafardobis dasadgenad. magaliTad vagraduirebT ra sakuTar  

Termometrs raime etalonuri TermometriT,  vadgenT Sesworebas rogorც 

Termometris Sesworebis funqcias (nax.3). grafikze miRებul wertilebze 

vavlebT mdovre mruds (nax.4), romelsac SemdgomSi viyenebT Termometris 

Cvenebis koreqciisTvis. 

 

Nnax.3 

 

 

   

                       nax.4 nax. 4 
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   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 

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 𝒌𝒙 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.5), vinaidan am SemTxvevaSi Znelia sasargeblo iformaciis 

aReba. eqsperimentuli wertilebi erTmaneTisgan azriani intervaliT 

unda davaSoroT, rogorc es magaliTad nax. 6 – zea naCvenebi. Tu 𝑥  da 

𝑦 sidideebis sawyisi mniSvnelobebi  sakmaodaa daSorebuli 

koordinatTa saTavidan maSin mizanSewonilia danayofebis aTvla 

RerZebidan daviwyoT iseTi mniSvnelobebidan, romlebic mxolod cotaTi 

gansxvavdebian cdiT miRebuli im mniSvnelobisgan, romelic Sesabamis 

RerZze unda davitanoT, winaaRmdeg SemTxvevaSi grafikze miviRebT 

usafuZvlod did cariel 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 winaaRmdeg SemTxvevaSi mogviwevs ariTmetikuli  

moqmedebebis Catareba zepirad; 

   3) zogjer masStabis SerCeva xdeba Teoriuli mosazrebebis 

safuZvelze. ase magaliTad, Tu Cven gvainteresebs, Tu ramdenad 

akmayofileben gazomili sidideebi  𝑦 = 𝑘𝑥 Tanafardobas, maSin Cvens 

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.   
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N 
nax.5. masStabi arasworadaa SerCeuli 

     
 

 
 

N 
nax.6. masStabi ukeTesadaa SerCeuli 

 
   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 
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da a.S., an 0.0001, 0.0002 da a.S. koordinatTa RerZebze unda moviyvanoT 

saxelwodeba an simboloebi.  nax.7-ze   Tu rogor unda gavakeToT 

warwerebi koordinatTa RerZebze da mivuTiToT sazomi erTeulebi 

       rogor avagoT grafiki. grafikis agebis mizania eqsperimentis 

Sedegebis TvalsaCinod warmoCena, amitom is maqsimalurad cxadi unda 

iyos. qvemoT moyvanilia grafikebis agebisTvis sasargeblo ramdenime 

rCeva, romlebic gamoyenebuli unda iyos TiToeuli konkretuli 

SemTxvevis gaTvaliswinebiT. 

 

 

nax.7. iungis modulis damokidebuleba temperaturaze 

  

     

   roca grafikze Teoriuli mrudi mohyavT eqsperimentul  monacemebTan 

Sedarebis mizniT, maSin wertilebi, romlebzedac es wiri tardeba 

SeirCeva sakuTari Sexedulebis mixedviT da   umjobesia isini 

davitanoT fanqriT zedmeti gamuqebis gareSe, raTa saWiroebis 

SemTxvevaSi SesaZlo iyos maTi waSla. Eqsperimentuli wertilebi ki 

unda davitanoT muqad. magaliTebi moyvanilia qvemoT nax.8 da 9-ze 



 

11 
 

 

 

                                                                           nax. 8 
 

 

 

 

 

         
 

                                 nax.9. 
 

 

       nax. 8 – warmoadgens warumatebel magaliTs vinaidan masze  

eqsperimetuli wertilebi datanilia Zalian wvrilad da maTi garCeva 

Znelia Teoriuli gaTvlebiT miRebuli wertilebisgan romlebzedac 

gatarebulia Teoriuli wiri.  

    nax.9 –ze Teoriuli gaTvlebiT miRebuli  wertilebi ar Cans, xolo 

eqsperimentuli wertilebi kargadaa gamokveTili.   
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    zogjer sasargebloa eqsperimentul wertilebze gavataroT 

“saukeTeso” mdore wiri. yuradReba miaqcieT termins – mdore wiri. 

damwyebi eqsprimentatorebi xSrad eqsperimentul wertilebs aerTeben 

ubralod texili wiriT, rogorc es nax 10.zea es naCvenebi. amiT 

naCvenebia, rom or sidides Soris Tanafardoba aiwereba texiliT, rac 

naklebad albaTuria. Uufro mosalodnelia, rom es damokidebuleba 

aiwereba mrudi wiriT da wertilebis gadaxra gamowveulia, gazomvis 

SemTxveviTi cdomilebebiT. 

 

 

 

 

 

  
 
 

 

 

 

 

 

 

nax.10 

 

 

 

 

 

      nax. 11 

E    
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   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 

   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 specialuri grafiki aagoT. 

   koordinatTa RerZebze danayofebi da grafiki ukeTesia dasawyisSi 

avagoT fanqriT, vinaidan SesaZlebelia mogvindes masStabis Secvla an 

arasworad dasmuli wertilebis gasworeba.  

  Mmas Semdeg rac masStabi SerCeulia sworad  da eqsperimentuli 

wertilebi dasmulia saWiro sizustiT SegviZlia eqsperimentuli 

wertilebi 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.12 – ze aris naCvenebi. 
 
 

                an                

Nnax.12 

  aseTi aRniSvnebis datana did dros moiTxovs, arTulebs grafiks da 

amdenad is unda gamoviyenoT mxolod maSin, rodesac es aucilebelia, 
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anu rodesac cdomilebebis sidideze damokidebulia Teoriuli 

mrudidan eqsperimentuli wertilebis gadaxra (nax.13 da nax. 14). 

 

   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
   G  
 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Nnax.14 
 
 

 

        

 

 

 

 

 

 

N                                                                              
nax.13        
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rogorc vxedavT eqsperimentuli wertilebis gadaxra wrfidan orive 
grafikze erTnairia, magram 13 grafikze gadxra albaT araarsebiTia, 
xolo 14 – ze ki arsebiTi. cdomilebebs Cveulebriv miuTiTeben maSinac, 
rodesac is sxvadasxvaa sxvadasxva eqsperimentuli wertilisTvis. 

1.3.Ggazomvis saxeebiU 

    gazomvebi ori saxisaa:  
    pirdapiri da arapirdapiri.  
 Ppirdapiri gazomva ewodeba iseT gazomvas, rodesac CvenTvis 

saintereso sidide izomeba uSualod (masa, sigrZe, drois intervali, 

temperaturis cvlileba da a.S.) 

      Aarapirdapiri gazomvebi iseTi gazomvebia, rodesac fizikuri sidide 

ganisazRvreba (gamoiTvleba) sxva, masTan funqcionalurad 

dakavSirebuli, fizikuri sidideebis uSualo gazomvis Sedegebis 

gamoyenebiT.  magaliTad Tanabari wrfivi moZraobis siCqare gamoiTvleba 

gavlili manZilisa da Sesabamisi drois gazomvis safuZvelze, sxeulis 

simkvrive gamoiTvleba masisa da moculobis gazomvis safuZvelze da a.S. 

 
G1.4. gazomvis cdomileba. cdomilebis saxebi 

 
   arcerTi gazomva ar SeiZleba Catardes absoluturad zustad. misi 

Sedegi yovelTvis Seicavs garkveul Secdomas, an rogorc xSirad 

amboben, damZimebulia cdomilebiT.  gazomvebis Catarebisas Cven 

vsargeblobT ara uSualod etaloniT aramed misi asliT da TviTon es 

aslebic zustad ar arian etalonis toli, vinaidan maTi damzadebis 

drosac adgili aqvs garkveul cdomilebebs.  

   imis saCveneblad Tu ramdenad axlosaa gazomvis Sedegi namdvil 

mniSvnelobasTan, miRebul SedegTan erTad miuTiTeben gazomvis 

cdomilebas. magaliTad, vTqvaT gavzomeT linzis fokusuri manZili 𝑓  

da davwereT, rom  

𝑓 = 256 ± 2 mm  (1) 
es imas niSnavs, rom fokusuri manZili moTavsebulia 254 da 258 mm 

Soris. Aam tolobas albaTuri xasiaTi aqvs, vinaidan Cven ar SegviZlia 

darwmunebiT  vTqvaT, rom sidide Zevs mocemul sazRvrebSi, arsebobs 

mxolod amis  raRac  garkveuli albaToba da amdenad (1) toloba unda 

SevasoT im albaTobis miTiTebiT ra albaTobiTac mas azri aqvs (amis 

Sesaxeb qvemoT iqneba laparaki). 
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   unda gavacnobieroT, rom raRac sididis gazomvisas Cvens mier 

daSvebuli cdomileba ar iqneba naklebi im cdomilebaze, romelsac 

uSvebs gamzomi xelsawyo. Uufro gasagebad, rom vTqvaT Tu  gvaqvs 

saxazavi romlis sigrZec dadgenilia 0,1 % cdomilebiT (anu 1 mm 

sizustiT 1 metriani saxazavisTvis), Cven ver gavzomavT sigrZes, 

magaliTad 0,01% sizustiT. 

   gazomvis amocanas warmoadgens ara marto TviTon gasazomi sididis 

povna, aramed gazomvis cdomilebis  dadgenac.    maSasadameEqsperimentis 

warmatebuli CatarebisaTvis saWiroa: 

   1) eqsperimentis ise dagegmva, rom gazomvis cdomileba   

Seesabamebodes dasmul amocanas; 

   2)  unda Sefasdes miRebuli Sedegis sizuste; 

   3) Catardes miRebuli Sedegebis analizi da gakeTdes swori 

daskvnebi. 

   aris Tu ara yovelTvis saWiro gazomvebis Catareba maqsimaluri 

sizustiT? 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  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. 

   cdomilebebi sami saxisaa: uxeSi, sistematuri da SemTxveviTi 

   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 gamoricvxis 

zogierT maTematikur meTodi, romlebsac  qvemoT  SevexebiT. 

   sistematuri cdomilebebi ewodebaT cdomilebebs, romlebic 

gamowveulia iseTi faqtorebiT, romlebic erTnairad moqmedeben 

erTidaimave gazomvebis mravaljeradi Catarebis dros. 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 
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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.   Aamisgan 

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 sxva ram ar aris cnobili, garda imisa, rom misi 

cdomileba ar aRemateba 0,1 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 erTidaigive sididis gazomva sxvadasxva 

meTodebiT an cnobili sidideebis etalonebis gazomvebis Catareba 

erTidaigive 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.  
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SemTxveviTi cdomileba am faqtorebis jamuri zemoqmedebis Sedegia. 

SemTxveviTi cdomilebis Tavidan acileba SeuZlebelia. maTi  moSoreba 

gazomvis TiToeuli Sedegidan aseve SeuZlebelia, Tumca albaTobis 

Teoriis gamoyenebiT xerxdeba maTi gavlenis Sefaseba gasazom sidideze, 

rac sabolood saSualebas iZleva gasazomi sidide dadgindes rac 

SeiZleba mcire cdomilebiT, im cdomilebebTan SedarebiT, romlebsac 

calke aRebuli gazomvebi iZlevian. 

 
1.5.Aabsoluturi da fardobiTi cdomilebebi 

   ama Tu im gazomvis sizustes axasiaTeben  absoluturi da fardobiTi 

cdomilebebiT. 

 G gazomvis absoluturi cdomileba ∆𝒙 ewodeba  gazomil 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, 

iyeneben mis moqmed mniScnelobas  𝒙მ . Mmoqmedi mniSvnelobis povna xdeba 

cdebis meSveobiT maRali sizustis meTodebisa da xelsawyoebis 

gamoyenebiT. is umniSvnelod gansxvavdeba namdvili mniSvnelobisgan da 

praqtikuli amocanebis gadawyvetisas SeiZleba  namdvili mniSvnelobis 

nacvlad aviRoT moqmedi mniSvneloba. maSasadame SegviZlia davweroT 

∆𝒙 =  𝒙მ − 𝒙  

   absoluturi cdomileba srulyofilad   ver axasiaTebs gazomvis 

xarisxs. magaliTad Tu avtokalmis sigrZes gavzomavT 1 sm sizustiT, es 

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. am TvalsazrisiT 

gacilebiT met da rac mTavaria zust informacias Seicavs fardobiTi 

cdomileba. gazomvis fardobiTi cdomileba 𝜹, ewodeba absoluturi 

cdomilebis fardobas gasazomi sididis namdvil (moqmed) 

mniSvnelobasTan da xSirad gamoisaxeba procentebiT, Ee.i. gvaqvs 

 

𝜹 =
∆𝒙

𝒙მ
∙ 𝟏𝟎𝟎% 

 

 Ggarda amisa absoluturi cdomileba, rogorc zemoT aRvniSneT, 

izomeba imave erTelebSi ra erTeulebSi izomeba gasazomi sidide, da Tu 
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zomis erTeuli SevcvaleT misi mniSvnelobac Seicvleba, rac garkveul 

uxerxulobebs qmnis. 

   absoluturi cdomileba axasiaTebs meTods, romelic gazomvisTvis 

iqna arCeuli, xolo fardobiTi cdomileba ki - gazomvis xarisxs.  

   gazomvis sizuste ewodeba fardobiTi cdomilebis Sebrunebul 

sidides 𝟏 𝜹 .  

 

1.6. sistematuri cdomilebebi 

   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. M 

   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 gamoricxva 

SesaZlebelia awonvis specialuri meTodebis gamoyenebiT (gausis 

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

gvqondes 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.   

   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 
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laboratoriuli sasworis SemTxveviTi cdomileba metia sistematur 

cdomilebaze da amdenad gazomvebi unda Catardes ramdenimejer. 

1.7.kavSiri sistematur cdomilebasa da SemTxveviT cdomilebas 
Soris 

   cnobilia     meTodebi,    romlebic  saSualebas iZlevian 

sistematuri cdomilebebi  gadayvanil iqnan SemTxveviTSi, maT 

randomizacia ewodeba. Aam meTodebiT  praqtikulad gamoiricxeba 

mravali ucnobis sitematuri cdomileba.

    moviyvanoT amis ori magaliTi. vTqvaT gvinda ganvsazRvroT 

sasoflo sameurneo nakveTis mosavlianoba. amisaTvis aviRoT mosavali 

am nakveTis raRac mcire farTobze da miRebuli Sedegi gavamravloT 

mTliani nakveTis  sakontrolo farTis fardobasTan. Aamrigad miRebuli 

sidide damZimebuli iqneba sistematuri cdomilebiT, romelic 

dakavSirebulia imasTan, rom mosavlianoba nakveTis erTi nawilidan 

meoreze gadasvlisas icvleba.  imisaTvis, rom es Tavidan aviciloT 

saWiroa mTliani nakveTi davyoT patara erTnairi farTobis 

kvadratebad, davnomroT isini, davitanoT nomrebi qaRaldebze da 

latariis wesiT amoviRoT. Aamrigad nakveTis sxvadasxva ubanSi 

sxvadasxva mosavlianobiT gamowveul sistematur cdomilebas Cven 

gadaviyvanT SemTxveviT cdomilebaSi. 

   ganvixiloT sxva magaliTi: vTqvaT  vzomavT Reros dagrZelebas 

gaWimviT. Tu  gvecodineba sigrZis cvlileba da Reros drekadobis 

maxasiaTebeli sidideebis temperaturaze damokidebuleba, SegviZlia 

SevitanoT Sesabamisi Sesworebebi. im SemTxvevaSi Tu ar viciT 

aRniSnuli sidideebis temperaturisgan damokidebuleba saWiroa 

gazomvebi CavataroT SemTxveviT aRebul temperaturebze SegviZlia. Aam 

SemTxvevaSi cdomileba, romelic gamowveulia  temperaturis 

cvlilebiT iqneba SemTxveviTi cdomileba, xolo sabolooo Sedegi – 

Seesabameba saSualo temperaturas. 

   cxadia sistematuri cdomilebis gamoricxvis aseTi xerxis gamoyeneba 

yovelTvis araa SesaZlebeli. Aamdenad mizanSewonilia sistematuri da 

SemTxveviTi cdomilebebis erTmaneTisagan gamoyofa. 

Tavi 2 

albaTobisa da SemTxveviTi cdomilebebis Teoriis elementebi 

2.1. SemTxveviTi xdomilobis albaToba 

   xdomiloba ewodeba raime movlenas, romelic SeiZleba moxdes an ara. 

xdomiloba sami saxisaa aucilebeli, SeuZlebeli da SemTxveviTi. 
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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 

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 gameorebadi 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 

erTi maTganis ganxorcielebis SemTxvevaSi sxva xdomilobebi 
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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 

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 
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“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. 

    Mmocemul cdaSi romelime SemTxveviTi xdomilobis fardobiTi 

sixSire ewodeba, ganxorcielebuli  xdomilobebis raodenobis 

Sefardebas cdebis mTlian raodenobasTan.  

   Mmocemul 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 

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. 

MAGmagaliTadAD 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. 
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   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) 

   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 arsebobdes. 
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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 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 



 

29 
 

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 

gaTvlil iqnas TiToeuli am xdomilobis albaToba. Ees monacemebi 

moyvanilia cxril 3-Si. 

   cxadia cxrilSi moyvanili yvela albaTobis jami erTis tolia, 

vinaidan araviTari sxva xdomiloba, garda cxrilSi mocemulisa,  ar 

xdeba 

cxrili 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 

 

 

   xdomilobaTa aseT sistemas sruli ewodeba. 

   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: 
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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 

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. 

   Yyovelive 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 ≈ 10−30wm-s. Tu gaviTvaliswinebT samyaros zomebs, elementaruli 

moculobebis raodenoba 𝑛Eiqneba 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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2.2. cdomilebis albaTobis Sefaseba 

 

   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 

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 
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SemoviyvanoT saSualo kvadratuli da saSualo ariTmetikuli 

cdomilebis albaTobis cneba. 

 

2.3.SemTxveviTi cdomilebis klasifikacia. cdomilebis ganawilebis 

kanonebi 

 

   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 wertilovani 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: 

   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 

cxrilidan 2. Cvens SemTxvevaSi 𝑁 = 125  - Tvis klasebis raodenoba 

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

 

cxrili 4. 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 
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vTqvaT gazomvebis Sedegad miviReT Semdegi monacemebi: 

 

cxrili.5. detalis diametris gazomvis Sedegebi 

 Ggazomvis nomeri Ddetalis diametri, mm 

1 2 

1 9.5 
2 9.6 
3 9.7 
4 9.4 
5 9.5 
6 9.0 
7 9.5 
8 9.6 
9 9.3 
10 9.5 
11 9.5 
12 9.5 
13 9.6 
14 9.6 
15 9.1 
16 9.5 
17 9.8 
18 9.8 
19 9.1 
20 9.1 
21 9.1 
22 9.5 
23 9.6 
24 9.7 
25 9.2 
26 9.5 
27 9,6 
28 9.1 
29 9.9 
30 10.0 
31 9.1 
32 9.5 
33 9.2 
34 9.5 
35 9.2 
36 9.6 
37 9.6 
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38 9.5 
39 9.7 
40 9.8 
41 9.4 
42 9.7 
43 9.5 
44 9.7 
45 9.8 
46 9.4 
48 9.7 
49 10.1 
50 9.8 
51 10.2 
52 9.6 
53 10.2 
54 10.1 
55 9.3 
56 9.7 
57 10.5 
58 9.5 
59 10.2 
60 9.8 
61 9.3 
62 9.6 
63 9.4 
64 10.1 
65 10.2 
66 9.6 
67 9.7 
68 9.8 
69 9.4 
70 10.2 
71 9.4 
72 9.3 
73 10.1 
74 10.6 
75 9.3 
76 9.9 
77 9.3 
78 9.7 
79 10.0 
80 9.4 
81 9.8 
82 10.0 
83 9.5 
84 9.9 
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85 9.6 
86 9.9 
87 9.3 
88 9.9 
89 9.9 
90 9.7 
91 10.3 
92 9.4 
93 9.9 
94 10.0 
95 10.6 
96 9.3 
97 9.3 
98 10.6 
99 10.0 
100 9.4 
101 9.7 
102 9.9 
103 9.8 
104 10.0 
105 9.9 
106 9.9 
107 9.7 
108 9.9 
109 10.0 
110 9.8 
111 10.6 
112 10.0 
113 9.8 
114 10.0 
115 9.7 
116 10.5 
117 9.8 
117 10.1 
118 10.2 
119 9.7 
120 10.4 
121 9.8 
122 9.7 
123 9.9 
124 9.9 
125 9.7 
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    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 siganis mimatebiT. Cvens SemTxvevaSi naxvretis diametris 

mniSvneloba pirvel klasSi icvleba 9.0 – dan 9.2 – mde. Semdegi klasi 

iwyeba 9.2 – dan da mTavrdeba 9.4 – iT da a.S.   unda gvaxsovdes, rom  

klasis qveda sazRvari ekuTvnis mocemul klss, anu klasis qveda 

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 6. Hhistogramis gamartivebulad asagebi cxrili 

klasi Qqveda 
mniSvneloba 

Qzeda 
mniSvneloba 

sixSire 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) Hhorizontalur RerZze gadavzomoT klasebi, xolo vertikalurze -
sixSireebi. sixSireebis ganawileba naCvenebia svetebiT 
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Nnax.15. 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) 

vinaidan  gazomvis 𝑥  da cdomilebis ∆𝑥 SefasebiTi  sidideebi zusti 

araa, (2) 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 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. Aamrigad 
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amocana imaSi  mdgomareobs, rom (2) SerCevis meSveobiT  movZebnoT 

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

  Ees amocana SeiZleba gadawydes albaTobis Teoriisa da  maTematikuri 

statistikis meTodebiT.  

U  umravles   SemTxvevaSi    SemTxveviTi    cdomilebebi    emorCileba 

ganawilebis  normalur  kanons, romelic dadgenil iqna gausis mier da 

ase Caiwereba: 

𝑦 =  
1

𝜍 2𝜋
∙ 𝑒

− 
(∆𝑥)2

2𝜍2   (3) 

sadac ∆𝑥   warmoadgens gadaxras  namdvili mniSvnelobisgan, 𝜍 - 

saSualo kvadratuli gadxraa, 𝜍2   - dispersiaa, romlis sididec 

axasiaTebs SemTxveviTi sidideebis gafantvas. Aam funqciis Sesabamisi 

grafiki naCvenebia nax 16-ze. 

 
 

Nnax.16. gausis ganawilebis saxe 

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; 

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, romlebic miRebuli iyo gausis formulis gamoyvanisas,  
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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. 

   Mmiuxedavad 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 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. 

 

cxrili 7. 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 
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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 

 
 
    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 7 – 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 davamtkicoT, 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
   (4) 

sadac 𝑛 gazomvaTa raodenobaa.  
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   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 

𝑆 =  
 (𝑥 −𝑥і)2

𝑛−1
  (5) 

is axasiaTebs yoveli calkeuli gazomvis cdomilebas. roca 𝑛 → ∞  
maSin 𝑆 miiswrafis 𝜍-ken 

𝜍 = lim𝑛→∞ 𝑆 (6) 

𝜍  gazrdasTan erTad izrdeba anaTvlebis fantva da mcirdeba gazomvis  

sizuste. 

   saSualo ariTmetikulis saSualo kvadratuli cdomileba ewodeba 
sidides  

𝑆𝑟 =  
 (𝑥 −𝑥і)2𝑛

1

𝑛(𝑛−1)
=  

𝑆

 𝑛
  (7) 

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  (8) 

   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  (9) 

   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,  
gausis formuliT, SesaZlebelia gaTvlil iqnas  ndobis albaToba. Ees 
gaTvlebi mocemulia specialur cxrilebSi (ix. danarTi cxrili 1) 
   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 < 1.34. 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. 
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   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 – (2𝜍) - ndobis albaToba 
0.95, gasammagebulis (3𝜍) - 0.997 
   cdomilebis sxva mniSvnelobebisTvis ndobis albaToba ganisazRvreba 
danarTis 1 cxriliT. 
   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 (10) 
formuliT gamoTvlili saSualo ariTmetikuli cdomilebiT. 
 

𝑟𝑛 =
  𝑥 −𝑥𝑖 

𝑛
1

𝑛
 (10) 

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

Soris arsebobs martivi Tanafardoba 
 

𝑠 = 1.25 𝑟 an 𝑟 = 0.8 𝑠 
 

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 sididiT 𝑠 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 
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siZneleebs. cxadia 𝑛-is didi mniSvnelobebis SemTxvevaSi sulerTia Tu 

romeli cdomilebiT visargeblebT, vinaidan maT Soris arsebobs (20) 

Tanafardoba. 𝑛 - is mcire mniSvnelobebis dros, zemoT moyvanili 

mizezebis gamo yovelTvis unda visargebloT standartuli cdomilebiT 

an variaciis koeficientiT 

𝑤 =
𝜍

𝑥 
∙ 100% (11) 

   Tu gazomvebis 𝑛 mcire raodenobebisaTvis  visargeblebT 

ariTmetikuli cdomilebiT, ufro swori iqneba Tu gamoviyenebT ara (11) 

formulas aramed visargeblebT TanafardobiT  

𝑟 =
  𝑥 −𝑥𝑖 

𝑛
1

 𝑛 𝑛−1 
 (12) 

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     (13) 

   sainteresoa ndobis intervalisa da maTi Sesabamisi albaTobebis 
gamoTvlebis Sedegebis Sedareba normaluri ganawilebisa da CebiSevis 
utolobiT Sefasebul mniSvnelobebs Soris Tavisufali 
ganawilebisTvis. Ees Sedareba moyvnilia 8 cxrilSi. 

 

                   cxrili 8 

𝛼𝜍 𝑃ნორმ 𝑃𝑅 

1 
1.5 
2 
3 

0.32 
0.13 
0.05 
0.003 

- 
0.8 
0.25 
0.11 

P  
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   cxrilidan Cans, rom didi gadaxrebis albaTobebi Tavisufali 

ganawilebisTvis arsebiTad metia  normalurTan SedarebiT: es 

bunebrivad Sedegia  imisa, rom CebiSevis utolobis gamoyvana eyrdoba 

ganawilebis ufro zogad kanonebs.  

   aqedan SeiZleba gavakeToT zogadi daskvna: analizis dawyebis win, 

ramdenadac es SesaZlebelia, unda davrwmundeT  ganawilebis kanonis 

normalurTan siaxloveSi da visargebloT ndobis intervalebis 

Sesabamisi SefasebebiT. 

2.4.SemTxveviTi cdomilebebis Sekrebis kanoni. statistikuri wonebi 

   davuSvaT  Cveni gasazomi 𝑍 sidide warmoadgens ori 𝑋 da Y𝑌 sididis 
jams an sxvaobas, romelTa gazomvis Sedegebi damoukidebelia. maSin, Tu  
𝑆𝑥

2, 𝑆𝑦
2, 𝑆𝑧

2 warmoadgens Sesabamisad 𝑋, 𝑌, 𝑍 sidideebis dispersias 
SeiZleba damtkicdes, rom  

𝑆𝑧
2 = 𝑆𝑥

2 + 𝑆𝑦
2 (14) 

Aan 𝑆𝑧
2 =   𝑆𝑥

2 + 𝑆𝑦
2   

   Tu 𝑍 warmoadgens ara ori, aramed met SesakrebTa jams, cdomilebaTa 
Sekrebis kanoni igive iqneba, anu jamis an sxvaobis saSualo kvadratuli 
cdomileba tolia dispersiaTa jamidan an sxvaobidan  kvadratuli 
fesvis absoluturi mniSvnelobis. 
   Ees metad mniSvnelovani garemoebaa da aucilebelia gvaxsovdes, rom 
jamuri cdomilebis mosaZebnad saWiroa SevkriboT ara sakuTriv 
cdomilebebi, aramed maTi kvadratebi. 
   cxadia, Tu Cven gamovTvaleT ara TviT saSualo kvadratuli 𝑆 an 𝜍 
cdomilebebi aramed, saSualo ariTmetikuli cdomilebebi 𝑟 an 𝜌, maSin 
aseTi cdomilebebis Sekrebis kanons aqvs, magaliTad, Semdegi saxe  

𝜌𝑧 =  𝜌𝑋
2 + 𝜌𝑌

2 

   cdomilebaTa Sekrebis kanonidan gamomdinareobs ori Zalian 

mniSvnelovani kanoni. Ppirveli maTgani miekuTvneba TiToeuli 

cdomilebis rols jamur cdomilebaSi. is mdgomareobs imaSi, rom 

TiToeuli cdomilebis mniSvneloba Zalian swrafad ecema  maT 

SemcirebasTan erTad. vaCvenoT es magaliTze. vTqvaT 𝑋 da 𝑌 ori 

Sesakrebidan TiToeuli gazomilia saSualo kvadratuli cdomilebiT 𝑆𝑋 

da 𝑆𝑦 da amasTan cnobilia, rom 𝑆𝑌 orjer naklebia 𝑆𝑋 .  maSin jamis 

𝑍 = 𝑋 + 𝑌 cdomileba iqneba  

𝑆𝑍
2 = 𝑆𝑋

2 + 𝑆𝑌
2 = 𝑆𝑋

2 +  
𝑆𝑥

2
 

2

=
5

4
𝑆𝑋

2 
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saidanac   𝑆𝑋 ≈ 1.1𝑆𝑋 . 

   sxvanairad, rom vTqvaT Tu erT erTi cdomilebaTagani orjer 

naklebia meoreze, mTliani cdomileba gaizarda mcire cdomilebis 

xarjze mxolod 10%, rac Cveulebriv TamaSobs Zalian mcire rols. Ees 

imas niSnavs, rom Tu Cven gvsurs gavzardoT  𝑍 sididis gazomvis 

sizuste saWiroa upirveles yovlisa SevamciroT im sididis gazomvis 

cdomileba, romelic metia, anu 𝑋 sididis cdomileba. Tu Cven 

ucvlelad davtovebT 𝑋 sididis gazomvis cdomilebas, maSin rac ar 

unda gavzardoT 𝑌 sididis gazomvis sizuste, Cven veranairad ver 

SevamcirebT saboloo 𝑍 sididis cdomilebas 10%-ze metad. 

   es daskvna  yovelTvis unda gvaxsovdes da gazomvis sizustis 

gazrdisas pirvel rigSi unda unda SevamciroT is cdomileba, romelic 

yvelaze didia. cxadia Tu Sesakrebebis raodenoba didia – ori da meti, 

mcire cdomilebebs mniSvnelovani  wvlili SeaqvT  jamur cdomilebaSi. 

   im  SemTxvevaSi, rodesac  CvenTvis saWiro 𝑍 sidide ori 

damoukideblad gazomili sidideebis sxvaobas warmoadgens (14) 

formulidan gamodis, rom misi  fardobiTi cdomileba  

∆𝑍

𝑍
=  

 ∆2𝑋 + ∆2𝑌

𝑋 − 𝑌
 

miT meti iqneba, rac naklebia  𝑋 − 𝑌  xolo fardobiTi cdomileba 
izrdeba usasrulobamde, Tu 𝑋 → 𝑌. 
   es ki imas niSnavs, rom  SeuZlebelia mivaRwioT gazomvis maRal 

sizustes, Tu  gazomvebs avagebT ise, rom mas veZebT rogorc 

damoukidebeli gazomvebis mcire sxvaobas, romlebic mniSvnelovnad 

aRemateba saZebn mniSvnelobas. Aamis sawinaaRmdegod jamis fardobiTi 

cdomileba  

∆𝑍

𝑍
=  

 ∆2𝑋+∆2𝑌

𝑋+𝑌
  

damokidebuli araa 𝑋 da 𝑌 sidideebis Tanafardobaze. 

   Semdegi daskvna, romelic gamodinareobs cdomilebaTa jamis 

kanonidan, exeba saSualo ariTmetikulis cdomilebis gamoTvlas. Cven 

ukve aRvniSneT, rom saSualo ariTmetikuli damZimebulia  naklebi 

cdomilebiT, vidre calkeuli gazomvebis cdomileba. Ees daskvna 

SegviZlia CavweroT raodenobrivi formiT. vTqvaT 𝑥1;  𝑥2;  𝑥3; ∙∙∙, 𝑥𝑛 

calkeuli gazomvebis Sedegebia, amasTan TiToeuli maTgani xasiaTdeba 

erTnairi dispersiiT 𝑆2. CavweroT 𝑌  sidide Semdegnairad: 

𝑦 =  
1

𝑛
 𝑥𝑖

𝑛
1 =

𝑥1

𝑛
+

𝑥2

𝑛
+

𝑥3

𝑛
+∙∙∙ +

𝑥𝑛

𝑛
 (15) 
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Aam sididis dispersia 𝑆𝑦
2 (14) formulis ZaliT ase ganisazRvreba 

𝑆𝑦
2 =

𝑆2

𝑛2 +
𝑆2

𝑛2 +
𝑆2

𝑛2 +∙∙∙ +
𝑆2

𝑛2   (16) 

magram ganmartebis ZaliT 𝑦 warmoadgens 𝑥𝑖 yvela sididis saSualo 

ariTmetikuls da SegviZlia davweroT 

𝑆𝑦 = 𝑆𝑥 =
𝑆

 𝑛
   (17) 

maSasadame saSualo ariTmetikulis saSualo kvadratuli cdomileba  

tolia calkeuli gazomvebis saSualo kvadratuli cdomilebis  

ganayofisa kvadratul fesvze gazomvaTa raodenobidan. 

  Eesaa fundamenturi kanoni, romlis ZaliTac gazomvaTa raodenobis 

gazrda iwvevs sizustis gazrdas. Aam kanonidan gamomdinareobs, rom Tu 

gvsurs gazomvis sizustis gazrda orjer, saWiroa erTis nacvlad oTxi 

gazomvis Catareba; sizustis samjer gasazrdelad gazomvaTa raodenoba 

unda gavzardoT cxrajer; da bolos gazomvaTa raodenobis gazrda 100-

jer gamoiwvevs sizustis gazrdas 10-jer. 

  Ees mtkiceba cxadia samarTliania mxolod im SemTxvevisTvis roca 

gazomvis cdomilebas SemTxveviTi  xasiaTi aqvs. Aam pirobebSi Tu  

gazomvaTa 𝑛 raodenobas aviRebT sakmaod dids, Cven SegviZlia 

mniSvnelovnad SevamciroT gazomvis cdomileba. Ees meTodi sakmaod 

xSirad gamoiyeneba, gansakuTrebiT susti eleqtruli signalebis 

gazomvis dros. 

   vTqvaT vwoniT 100 nimuSs da erTi  awonvis saSualo kvadratuli 

cdomilebaa 0.05 g da TiToeul nimuSs vwoniT calcalke. 

  zemoT moyvanilis ZaliT jamuri wonis gansazRvris cdomileba iqneba  

𝑆𝑝 =   𝑆𝑖
2

100

1

 

vinaidan yvela gazomvis cdomileba erTnairia da sul gazomvaTa 

raodenoba 100-is tolia, jamuri wonis cdomileba iqneba 

𝑆𝑝 = 𝑆 100 = 10𝑆 = 10 ∙ 0.05 = 0.5 g. 

sxvanairad, rom vTqvaT Cven SeiZleba vamtkicoT, rom jamuri wonis 1000 

gazomvidan, romlebic Catarebulia zemoT moyvanili wesiT, daaxloebiT 

320 mogvcems gazomili sidididan  0.5 g-ze met gadaxras, mxolod 50 – 1 

g –ze met gadaxras da daaxloebiT sami  1.5 g da met gadaxras. 
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   Ppraqtikuli muSaobisas Zalian mniSvnelovania erTmaneTisgan 

mkacrad gavmijnoT  calkeuli gazomvis 𝑆 saSualo kvadratuli 

cdomilebis gamoyeneba  da  saSualo ariTmetikulis saSualo 

kvadratuli cdomileba 𝑆𝑥 . 

    Ees ukanaskneli  gamoiyeneba yovelTvis, rodesac  gvinda SevafasoT 

im ricxis cdomileba, romelsac  viRebT yvela Catarebuli gazomvebis 

Sedegad. 

   im SemTxvevaSi, rodesac   gvinda davaxasiaToT gazomvis mocemuli 

meTodis sizuste, is unda davaxasiaToT 𝑆 cdomilebiT. 

   ganvixiloT es Semdeg magaliTze. 

   vTqvaT gamtaris winaRobis (𝑅) dasadgenad CavatareT aTi gazomva, 

romelTa Sedegebi mocemulia cxril 9-Si. 

   winaRobis gazomvis saSualo kvadratuli cdomileba 𝑆𝑅 tolia 0.6 

omi-is, an Tu gadavalT fardobiT cdomilebaze, mocemuli gazomvisTvis 

variaciis koeficienti Seadgens daaxloebiT 0.2%. magram gamoyenebuli 

meTodis kvadratuli cdmileba 𝑆 Seadgens 1.8 oms, xolo variaciis 

koeficienti – daaxloebiT 0.7% 

 
 
cxrili 9. winaRobis gazomvis Sedegebi 
 

Ggazomvis   
nomeri 

R, omi Ggazomvis 
nomeri 

R,omi 

1 275 6 274 
2 273 7 276 
3 275 8 275 
4 275 9 272 
5 278 10 274 

 
    

𝑅 =
 𝑅𝑖

10
= 274.7, 𝑆 = 1.8 

𝑆𝑅 =
1.8

 10
≈ 0.6 

   Tu Cveni mizania im meTodis aRwera, romliTac gazomvebisas 

vsargeblobT, unda mivuTiToT swored es sidide da viciT ra is 

SegviZlia SevarCioT gazomvaTa saWiro raodenoba raTa mivaRwioT 

gazomvis  saboloo Sedegis sasurvel  SemTxveviT cdomilebas. 

   vTqvaT, erTi da imave meTodiT da erTi da imave sizustiT CavatareT 

𝑘 raodenobis gazomvebis seria. Ppirvel seriaSi gazomvaTa raodenoba 

iyos 𝑛1, meoreSi - 𝑛2 da a.S. me - 𝑘 -Si - 𝑛𝑘 . Tu TiToeuli gazomva 
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xasiaTdeba 𝜍 cdomilebiT, maSin saSualo ariTmetikulis  cdomileba 

seriisTvis romlis nomeria 𝑖 (17) formulis Tanaxmad gamoiTvleba 

formuliT  

𝜍𝑖 =
𝜍

 𝑛𝑖
 (18) 

    cxadia, rom Tu erT seriaSi Catarebulia oTxjer meti gazomva, 

vidre meoreSi, maSin am seriaSi gazomvebis cdomileba Sesabamisad 

orjer naklebi iqneba. 

   Tu  gvinda gazomvis sizustis gazrdis mizniT orive seriis 

Sedegebis gasaSualeba,  unda gaviTvaliswinoT is garemoeba, rom erTi 

Sedegi miRebulia orjer naklebi cdomilebiT. Aam mizniT SemoaqvT 

statistikuri wonis cneba an ubralod dakvirvebis wonis cneba. 

mocemul SemTxvevaSi 𝑃𝑖 wonad unda miviRoT ricxvi, romelic 

proporciulia seriaSi dakvirvebaTa raodenobis da davuSvaT, rom  

𝑃𝑖 = 𝐾𝑛𝑖   (19) 

CavsvamT, ra aq (17) gansazRvrul 𝑛𝑖 mniSvnelobas, miviRebT: 

𝑃𝑖 =
𝑘𝜍2

𝜍𝑖
2   (20) 

Dda Tu SemoviRebT proporciulobis koeficients 𝐾 = 𝑘𝜍2, miviRebT 

𝑃𝑖 =
𝐾

𝜍𝑖
2 (21) 

   Tu miRebuli Sedegebi Catarebulia sxvadasxva pirobebSi da amasTan 

TiToeuli SedegisTvis cnobilia saSualo kvadratuli cdomileba  𝜍𝑖 , 

maSin am SemTxvevaSic Sedegebis damuSavebisTvis SegviZlia maT 

mivaniWoT garkveuli wonebi 𝑃𝑖 , da aseve davuSvaT  

𝑃𝑖 =
𝐵

𝜍𝑖
2 

aq 𝐵 - nebismieri ricxvia. is Cveulebriv ise SeirCeva, rom 𝑃𝑖 sidideebi 

iyos rac SeiZleba mcire ricxvebi. xSirad ise xdeba, rom 𝜍𝑖 sidideebi 

winaswar araa cnobili da calkeul gazomvebs miewereba wonebis 

xvadasxva mniSvnelobebi garkveuli mosazrebebis gamo, magaliTad 

eqsperimentatoris kvalifikacia; gamzomi xelsawyoebis sizustes da a.S. 

   cxadia im wonis SemoReba, romelic Sefasebulia “TvaliT” ar 

SeiZleba CaiTvalos mkacr xerxad, miuxedavad amisa is saSualebas 

iZleva gamoyenebul iqnas mTeli gazomvebis erToblioba. Uanda 
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SevniSnoT, rom  Tu calkeuli gazomvebis wonebi erTmaneTisgan 

gansxvavdeba 10-jer da metad, umjobesia ganxilvis aridan moviSoroT 

mcire wonis mqone monacemebi, vinaidan maTma mxedvelobaSi miRebam 

SeiZleba gaafuWos saimedo Sedegebi. 

2.5. ndobis intervalisa da ndobis albaTobis dadgena 

   adre Cven danarTis 1 cxrilis daxmarebiT vipoveT ndobis 

albaTobebi calkeuli gazomvebisTvis 𝑥𝑖 , e.i. davTvaleT albaTobebi 

imisa, rom 𝑥𝑖 ar gadaixreba namdvili mniSvnelobisgan ∆𝑥-ze metad. 

cxadia, ufro mniSvnelovania vicodeT Tu ramdenad gadaixreba namdvili 

𝑥 mniSvnelobisgan Cveni gazomvebis saSualo ariTmetikuli 𝑥 . amisTvis 

aseve SeiZleba gamoviyenoT danarTis 1 cxrili, oRond 𝜍𝑥𝑖
 nacvlad unda 

aviRoT 𝜍𝑥  sidide, anu  𝜍𝑥𝑖
/ 𝑛. maSin 𝜀 argumentisTvis, romliTac  

SevdivarT danarTis 1 cxrilSi, gveqneba Semdegi mniSvneloba 

𝜀 =
∆𝑥

𝜍𝑥 
=

∆𝑥 𝑛

𝜍𝑥𝑖

  (22) 

   Cven axla viciT, Tu rogor unda ganvsazRvroT ndobis albaToba 

nebismieri ndobis intervalisTvis, Tu cnobilia saSualo kvadratuli 

cdomileba 𝜍. Mmagram am ukanasknelis dasadgenad, saWiroa didi 

raodenobis gazomvebis Catareba, rac yovelTvis araa SesaZlebeli da 

mosaxerxebeli. maSin rodesac gazomvebs vatarebT kargad cnobili 

kvlevis meTodebiT, romelTa cdomilobebi aseve  kargadaa cnobili, 

Cven yovelTvis winaswar viciT 𝜍 mniSvneloba. rogorc cnobilia 

meTodis cdomileba ganisazRvreba gazomvebis Catarebisas da Cveulebriv 

SegviZlia davadginoT mxolod 𝑆𝑛 , romelic Seesabameba ama Tu im, magram 

mxolod mcire raodenobis  gazomvebs 𝑛 (𝑆2, 𝑆3, ∙∙∙, 𝑆𝑛 aq calkeuli 

gazomvebis saSualo kvadratuli cdomilebebia, romlebic 

gansazRvrulia (23) formuliT ori, sami da meti gazomvebisTvis). 

 

log 𝑥      =
 log 𝑥𝑖

𝑛
1

𝑛
 (23) 

 
   Tu ndobis albaTobis  Sesafaseblad CavTliT, rom Cvens mier 

miRebuli 𝑆𝑛 mniSvnelobebi emTxvevian 𝜍, maSin ndobis intervalis 

dasadgenad gamoviyenebT danarTis 1 cxrils da amiT vipoviT 𝛼 araswor 

(gazrdil) mniSvnelobebs. 

   Ees imis Sedegia, rom saSualo kvadratuli cdomilebis povnisas 

gazomvebis mcire raodenobis dros,  vpoulobT am ukanasknels dabali 

sizustiT. Aam faqtiT gamowveuli cdomilebis gansazRvrisas daSvebuli 
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cdimileba iwvevs imas, rom roca 𝑆𝑛 vcliT 𝜍, Cven vamcirebT Cveni 

Sefasebis saimedoobas, Tanac miT metad, rac naklebia 𝑛. 

   vTqvaT ganvsazRvreT  SerCeviTi dispersia 𝑆𝑛
2 dakvirvebaTa raRac 

ricxvisTvis 𝑛 da gvinda davadginoT Cvens mier SerCeuli ∓∆𝑥 ndobis 

intervalisTvis  ganvsazRvroT misi Sesabamisi ndobis albaToba.  

   cxadia, Tu (22) formulaSi 𝜍 SevcliT .𝑆𝑛 -iT, aseT ndobis intervals 

Seesabameba naklebi ndobis albaToba. imisTvis, rom es gaviTvaliswinoT  

SesaZlebelia ∆𝑥 warmovadginoT Sedegi saxiT 

∆𝑥 =
𝑡𝛼𝑛 𝑆𝑛

 𝑛
 

saidanac 

𝑡𝛼𝑛 =
∆𝑥 𝑛

𝑆𝑛
 (24) 

rogorc vxedavT aq 𝑡𝛼𝑛 warmoadgens 𝜀 analogs: is imave rols TamaSobs, 

oRond is mainc da mainc didi araa im SemTxvevaSi rodesac gazomvaTa 

raodenoba romlis mixedviTac dadgenilia cdomileba  𝜀𝑛 didia. 𝑡𝛼𝑛 

mniSvnelobebi, romlebsac stiudentis koeficienti ewodeba 

gamoTvlilia albaTobis Teoriis gamoyenebiT 𝑛 da 𝛼 sxvadasxva 

mniSvnelobebisTvis da moyvanilia danarTis 2 cxrilSi. masSi moyvanili 

sidideebis Sedareba danarTis 1 cxrilSi moyvanil sidideebTan 

gviCvenebs, rom gazomvebis 𝑛 didi raodenobis SemTxvevaSi 𝑡𝛼𝑛 

miiswrafvis 𝜀 Sesabamisi mniSvnelobebisken. Ees bunebrivia, vinaidan 𝑛 

gazrdiT 𝑆𝑛 miiswarfis 𝜍 - ken. 

   stiudentis koeficientis gamoyenebiT  SegviZlia (9) toloba ase 

gadavweroT  

𝑃  𝑥 − 𝑡𝛼𝑛
𝑆𝑛

 𝑛
< 𝑥 < 𝑥 + 𝑡𝛼𝑛

𝑆𝑛

 𝑛
 = 𝛼 (25) 

am Tanafardobisa da 2 cxrilis gamoyenebiT, advilad ganisazRvreba 

ndobis intervalebi da ndobis albaTobebi nebismieri mcire raodenobis 

gazomvebisTvis.  

   moviyvanoT Sesabamisi magaliTebi.  vTqvaT raRac sididis 5 gazomvis 

saSualo ariTmetikulia 31.2, amave 5 gazomvis saSualo kvadratuli 

cdomilebaa 0.24. Cven gvinda  vipovoT ndobis intervali imisa, rom 

saSualo ariTmetikuli namdvili mniSvnelobisgan gansxvavdeba ara 

umetes 0.2-iT, e.i. Sesruldeba utoloba 31.0 < 𝑥 < 31.4. 𝑡𝛼𝑛 mniSvneloba 

vipovoT miRebuli Sedegis CasmiT  (24) formulaSi, maSin 

𝑡𝛼,5 =
0.2 5

0.24
= 1.86 



 

52 
 

danarTis 2 cxrilidan vpoulobT 𝑛 = 5 - Tvis roca 𝛼 = 0.8,  𝑡𝛼𝑛 = 1.5  da 

roca 𝛼 = 0.9, 𝑡𝛼0.9;5 = 2.1. 

    zogadad, rom vTqvaT Cveulebriv SeiZleba davkmayofildeT pasuxiT, 

rom  ndobis intervali am SemTxvevisTvis moTavsebulia SualedSi 0.8 da 

0.9. Tu ufro zusti mniSvnelobis dadgena gvsurs maSin, unda 

gamovTvaloT proporciuli nawili imis msgavsad rogorc es xdeba 

logariTmuli cxrilebis gamoyenebisas. 

   CvenTvis saWiro sidides gamovTvliT proporciidan 

∆𝑥

𝛼2 − 𝛼1
=

𝑡𝛼𝑛 − 𝑡0.8;𝑛

𝑡0.8;𝑛 − 𝑡0.9;𝑛
 

saidanac  

∆𝑥 = 0.1
0.36

0.6
=0.06,  𝛼 = 𝛼1 + ∆𝑥 = 0.8 + 0.06 = 0.86 

amrigad ndobis albaToba am SemTxvevisTvis 0.86 – is tolia. 

   vipovoT axla ndobis albaToba 10 gazomvisa da imave saSualo 

kvadratuli cdomilebis 0.24 da ndobis intervalisTvis 31.0 – 31.4. (24) 

formuliT ganvsazRvravT  

𝑡𝛼,10 =
0.2 10

0.24
≈ 2.6 

danarTis 2 cxrilidan vpoulobT, rom uaxloesi naklebi mniSvnelobaa  

𝑡𝛼,10 = 2.3   roca 𝛼 = 0.95 

Dda uaxloesi meti mniSvneloba  ki  

𝑡𝛼,10 = 2.8   roca 𝛼 = 0.98 

Pproporciul nawils vipoviT Tanafardobidan 

∆𝛼 =
0.3 ∙ 0.03

0.5
≈ 0.02 

sabolood 𝛼 = 0.97  

2.6. gazomvaTa aucilebeli raodenoba 

rogorc zemoT mivuTiTeT SemTxveviTi cdomilebis Sesamcireblad 

SesaZlebelia ori xerxis gamoyeneba: gazomvis sizustis amaRleba, anu  

𝜍 Semcireba da gazomvebis ricxvis gazrda, anu 

𝜍𝑥 =
𝜍

 𝑛
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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  (26) 
cxadia unda SevTanxmdeT, Tu ndobis ra xarisxi  da SemTxveviTi 

cdomilebis ra sidide gvWirdeba, sxvanairad ∆𝑥 da 𝛿 ra Tanafardobebs 

vTvliT dasaSvebad (26) 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 , (26) piroba SeiZleba 

Sesrulebulad CavTvaloT. Ppraqtikulad  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 4 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 4 cxrilidan vpoulobT (roca 𝛼 = 0.95) 𝑛 ≈ 23 

   vxedavT, rom orive magaliTSi gazomvebis saWiro raodenoba sakmaod 

didia magram Sesrulebadi. 
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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 

∆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 Tavidan aviciloT SemTxveviTi 

cdomilebis gavlena gazomvis saboloo Sedegze, mxolod maSin, rodesac 

saSualo kvadratuli cdomileba mxolod da mxolod ramodenimejer 

aRemateba sistematur cdomilebas. realurad es SesaZlebelia  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. 

2.7. uxeSi cdomilebis aRmoCena 

   iseTi gazomvebis Catarebisas, rodesac adgili aqvs SemTxveviT 

cdomilebebs, SeiZleba iseTi monacemi miviRoT, romelic mniSvnelovnad 

gansxvadeba sxva monacemebisgan.  Cven zemoT aRvniSneT, rom maRal 

cdomilebebs dabali albaToba gaaCniaT da  Tu gazomvis SdegebSi 

Segvxvda erTi iseTi Sedegi, romelic mkveTrad gansxvavdeba sxvebisgan 

mas cxadia ver vendobiT da unda ukuvagdoT. moviyvanoT Sesabamisi 

magaliTi. 5 cxrilSi moyvanilia raRac sxeulis sigrZis gazomvis 

Sdegebi 

                

cxrili 10. sigrZis gazomvis Sedegebi 

 
Ggazomvis nomeri 𝑙 

1 
2 
3 
4 

258.5 
255.4 
256.6 
256.7 



 

55 
 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

257.0 
256.5 
256.7 
255.3 
256.0 
256.0 
256.3 
256.5 
256.0 
256.3 
256.9 

 
  cxrilis monacemebiT vpoulobT saSualo ariTmetikul mniSvnelobas 

𝑙 = 257.11 yvelaze monacemis, maT Soris pirveli da meaTe mniSvnelobis, 

gaTvaliswinebiT. Mmagram meaTe monacemi  266,0 aSkarad uxeSi Secdomaa. 5 

–is nacvlad weria 6. Tu am monacems ukuvagdebT miviRebT 𝑙 = 256,48. 

magram am rigSi saeWvoa aseve Sedegi 258.5 (SesaZlebelia weria 8 naclad 

6 – isa). Tu ukuvagdebT am monacemsac maSin saSualo ariTmetikuli 

gaxdeba 𝑙 = 256.32. Zneli misaxvedri araa, rom aseTi ukugdebis meTodi 

saimedo araa. Aase Tu gavagrZelebT miviRebT savsebiT dausabuTebel da 

fiqtiur sizustes. marTlac, 𝑆 sidided, zemoT naTqvamis da me-10 

cxrilSi moyvnili monacemebis saSualebiT, miiReba  2.6. Tu ukuvagdebT 

#1 da #10 monacemebs, 𝑆 toli aRmoCndeba 0.5. Aam gziT Tu ukuvagdebT 

#5,  #8 da #15 monacemebs, maSin 𝑙 = 256.40 da 𝑆 toli aRmoCndeba 0.1. 

cxadia aseTi dabali cdomileba miRebul iqna rogorc ukanono 

ukugdebebis Sedegi. Aamitom saWiroa, obieqturad SevafasoT saeWvo 

monacemebi da davaskvnaT isini  uxeSi Secdomebia, Tu  SemTxveviTi 

cdomilebebi? Ees sakiTxi SeiZleba gadawydes Semdegi mosazrebebis 

safuZvelze: Cven SegviZlia raRac gazomva CavTvaloT uxeS cdomilebad 

(𝑥𝑘), Tu aseTi monacemis SemTxveviT gamoCenis albaToba mocemul 

monacemebSi Zalian dabalia. 

  Tu CvenTvis cnobilia 𝜍 zusti mniSvneloba, maSin rogorc viciT im 

monacemis gamovlenis albaToba, romelic saSualo ariTmetikulisgan 𝑥  

gansxvavdeba 3𝜍-iT, tolia 0.003;  da yvela gazomva, romelic iZleva  𝑥  -

gan  am  an meti sididiT gansxvavebul Sedegs SeiZleba ukuvagdoT, 

rogorc naklebad albaTuri. sxva sityvebiT rom vTqvaT Cven vTvliT, 

rom yvela Sedegi, romlis gamovlenis albaToba 0.003 – ze naklebia  

uxeSi Secdomaa.. ugulebelvyofT ra aseT  monacemebs  vuSvebT, rom 

mainc arsebobs mcire, magram  nulisgan gansxvavebuli albaToba imisa, 

rom ugulebelyofili monacemebi ar aris uxeSi cdomileba, aramed 

bunebriv statistikur gadaxras warmoadgens. Mmagram Tu aseTi nakleb 
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albaTuri SemTxveva moxdeba, e.i. arasworad iqneba ukugdebuli, 

Cveulebriv es ar gamoiwvevs  gazomvis Sedegis arsebiT gauaresebas. 

   mxedvelobaSi unda miviRoT, rom gazomvaTa rigSi im Sedegis 

gamoCenis albaToba, romelic  3𝜍-ze metjer gansxvavdeba saSualo 

mniSvnelobisgan yovelTvis, metia 0.003. marTlac albaToba imisa, rom 

pirveli gazomvis Sedegi ar gansxvavdeba namdvili mniSvnelobisgan 3𝜍 - 

ze metjer, Seadgens 1 – 0.003 = 0.097. xolo albaToba imisa, rom 

gazomvis pirveli da meore Sedegi ar gamova naCvenebi sazRvridan, 

albaTobaTa gamravlebis wesis Tanaxmad Seadgens (1 − 0.003)2. 

   Sesabamisad 𝛽 albaToba imisa, rom 𝑛 raodenobis gazomvebidan 

arcerTi maTgani saSualo mniSvnelobidan ar gansxvavdeba 3𝜍-iT, tolia 

𝛽 =  1 − 0.003 𝑛 

   arcTu didi 𝑛 − Tvis miaxloebiT SeiZleba davweroT  1 − 0.003 𝑛 = 1 −

0.003𝑛. 
   es imas niSnavs, rom albaToba imisa, rom 10 gazomvidan Tundac erTi 
SemTxveviT gansxvavdeba saSualo mniSvnelobisgan 3𝜍-ze metiT, iqneba 
ara 0.003, aramed. 0.03 anu 3%, xolo 100 gazomvisas  aseTi movlenis 
albaToba ukve Seadgens daaxloebiT 30%. 
   Cveulebriv Catarebuli gazomvebis raodenoba Zalian didi araa, 

iSviaTad aRemateba 10 – 20. Aam dros 𝜍 zusti mniSvneloba ucnobia.  

Sesabamisad im Sedegebis ugulebelyofa, romlebic saSualosgan 

gansxvavdeba 3𝜍 - ze metiT, ar SeiZleba. 

   gazomvebis saerTo rigidan amovardnili SemTxveviTi Sedegebis 
𝛽  albaTobebis  gasaTvlelad (roca 𝑛 < 25), albaTobaTa Teoriis 
Tanaxmad gaTvlili Sedegebi moyvanilia danarTis 5 cxrilSi. roca 𝑛 
metia 25-ze, gaangariSebebis sawarmoeblad SeiZleba davuSvaT 𝑆𝑛 = 𝜍 da  
𝛽 Sefaseba movaxdinoT formuliT 

𝛽 ≈ 𝛼𝑛 
aq  𝛼 warmoadgens ndobis albaTobas, romelic gansazRvrulia 
normaluri ganawilebisTvis (𝛼 aiReba danarTis 1 cxrilidan) 
   5 cxrilis gamosayeneblad  viTvliT saSualo ariTmetikuls 𝑥  da 
saSualo kvadratul cdomilebas, saeWvo 𝑆𝑘 CaTvliT, romelic Cveni 
azriT dauSveblad didia an mcire. 
   viTvliT am gazomvis fardobiT gadaxras saSualo ariTmetikulisgan, 

romelic gamosaxulia saSualo kvadratuli cdomilebis wilebSi 

𝑣მაქს =  
𝑥 −𝑥𝑘

𝑆𝑛
      (27) 

   5 cxrilidan vpoulobT, Tu rogor 𝛽 albaTobas Seesabameba 

miRebuli 𝑣მაქს. cxadia unda SevTanxdeT imaSi Tu 𝛽 ra mniSvnelobisTvis 

ukuvagdebT Sedegs. 
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   5 cxrili Sedgenilia ise, rom 𝛽 yvelaze patara mniSvneloba masSi 

tolia 0.01. ufro dabali albaTobis mqone Sedegebis datoveba 

aramizanSewonilia. 

    mxedvelobaSi unda gvqondes, rom Tu zogjer  calkeul gadaxrebs 

CavTliT uxeS cdomilebad da ukuvagdebT, aseTi “SemTxveviTi” ukugdeba 

ar migviyvans  gazomili sididis mniSvnelovan cvlilebamde. 

mniSvnelovania ukugdeba movaxdinoT ara intuiciurad aramed srulebiT 

gansazRvruli kriteriumebiT. 

   Cvens SemTxvevaSi 𝑙10 = 266  da miiReba 𝑣მაქს =  266.0 − 257.1 2.6 = 3.42. 

𝑣მაქს udidesi mniSvneloba roca 𝑛 = 15, danarTis 5 cxrilis mixedviT, 

tolia 2.80, rasac Seesabameba 𝛽 = 0.01. vinaidan 𝑣მაქს gazrdiT 𝛽 

mcirdeba, roca 𝑣მაქს = 3.42 𝛽 gacilebiT naklebi unda iyos 0.01 – ze. 𝛽 

aseTi monacemebi cxrilSi ar aris. pirobidan 𝛽 ≪ 0.01, gamomdinareobs, 

rom Sedegi 266.0 uxeSi Secdomaa da is ugulebelyofil unda iqnas. 

darCenil monacemebSi saeWvoa Sedegi 257.5. misTvis 𝑣მაქს Rebulobs 

sidides (258.5 – 126.5)/2=1.0. danarTis 5 cxrilidan  Cans, rom am 

mniSvnelobas Seesabameba 𝛽 > 0.1, da Sedegi 258.5 cxadia unda darCes. 

   ganvixiloT kidev erTi magaliTi. 15 gazomvis Sedegis mixedviT 

vercxliswylis simkvrive 𝜌 tolia 13.59504 g/sm3, saSualo kvadratuli 

cdomileba ki  𝑆15 = 5 ∙ 10−5 g/sm3. Ggazomvis SedegebSi urevia erTi 

monacemi 𝜌 =13.59504 g/sm3. amisTvis  

𝑣მაქს =
1359518 − 1359504

5 ∙ 10−5
= 2.6 

 

𝑛 = 15 mniSvnelobisTvis 𝑣მაქს Seesabameba 𝛽 ≈ 0.025. 

   amrigad ukuvagdebT ra am mniSvnelobas,   0.975 – is toli albaTobiT 

SegviZlia vamtkicoT, rom sworad moviqeciT, e.i. es monacemi uxeSi 

Secdomaa. 

   Tu am monacems davtovebdiT, advilad SeiZleba vaCvenoT, rom is 𝜌 

saSualo mniSvnelobas Secvlida mxolod 0.00001 -iT, e.i. sididiT, 

romelic naklebia 𝑆-ze da amitom ar TamaSobs araviTar praqtikul 

rols. Sesabamisad raime monacemis ukugdebisas unda davakvirdeT Tu 

ramdenad cvlis is saboloo Sedegs. 

   Tu mocemuli Sedegis gamoCenis albaToba Zevs 0.1 < 𝛽 < 0.01 

SualedSi, erTnairad dasaSvebia misi datoveba da uaryofac. im 

SemTxvevebSi rodesac 𝛽 gadis am farglebidan maSin es sakiTxi 

calsaxad wydeba. 
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2.8. arapirdapiri gazomvebis cdomilebebi 

 

   xSirad Cven pirdapir  vzomavT  ara CvenTvis uSualod saintereso 

sidides, aramed sxva sidides, romelic masTan dakavSirebulia ama Tu im 

wesiT. magaliTad marTkuTxedis farTobis gamosaTvlelad   vzomavT 

sigrZes (𝑎), siganes (𝑏) da Semdeg maTi meSveobiT viTvliT farTobs 

𝑆 = 𝑎 ∙ 𝑏. 

    temperaturis gazomvisas vercxliswylis TermometriT  vzomavT 

vercxliswylis svetis dagrZelebas, romelic temperaturis 

cvlilebasTan da moculobiTi gafarToebis kanonTan dakavSirebulia 

formuliT 

𝑡2 − 𝑡1 =
 𝑕2 − 𝑕1 𝜋𝑟2

𝑣0 𝛾2 − 𝛾1 
 

sadac 𝑡1 da 𝑡2 - sawyisi da saboloo temperaturebia. 𝑣0 - 

vercxliswylis burTulis moculoba, 𝛾2- vercxliswylis siTburi 

gafarToebis koeficienti, 𝛾1- minis siTburi gafarToebis koeficienti, 

𝑕1 da 𝑕2 - vercxliswylis svetis sawyisi da saboloo simaRleebia, 𝑟 – 

Termometris kapilaris radiusia. 

   aseTi gazomvebis dros, romelsac arapirdapiri gazomvebi ewodebaT, 

aseve aucilebelia vicodeT cdomilebebis gamoTvla. 

  SeiZleba gvqondes Semdegi ori SemTxveva: 

1)CvenTvis saintereso sidide damokidebulia mxolod erT gazomvad 

sidideze; 

2)CvenTvis saintereso sidide damokidebulia ramdenime sidideze. 

   jer ganvixiloT martivi SemTxvevebi. 
1)vTqvaT CvenTvis saintereso sidide 𝑌 uSualod gazomvad 𝑋 sididesTan 
dakavSirebulia wrfivi kanoniT 

𝑌 = 𝑘𝑋 + 𝑏 (28) 

sadac 𝑘 da 𝑏 mudmivi sidideebia. Aadvili saCvenebelia, rom Tu 𝑋 
gaizrdeba an Semcirdeba ∆𝑋-iT,  maSin Sesabamisad 𝑌  Semcirdeba an 
gaizrdeba 𝑘∆𝑋 sididiT.  marTlac vTqvaT 𝑋 gaizarda ∆𝑋 – iT, maSin (28) 
formulis Tanaxmad gveqneba 

𝑌 + ∆𝑌 = 𝑘 𝑋 + ∆𝑋 + 𝑏    (29) 

(29) gamovakloT  (28), miviRebT 

∆𝑌 = 𝑘∆𝑋     
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cxadia aq ∆𝑌 warmoadgens 𝑌 gazomvis cdomilebas. 
   zogadad roca 𝑌 = 𝑓(𝑋), maSin cdomilebebisTis, romlebic gacilebiT 
naklebia gasazom sididesTan SedarebiT, sakmarisi sizustiT SeiZleba 
davweroT 

∆𝑌 = 𝑓𝐼(𝑋)∆𝑋   (30) 
SevniSnoT, rom  (30) formula SeiZleba samarTliani ar iyos 𝑓(𝑋) 
funqciis eqstremumis siaxloves, sadac 𝑓𝐼(𝑋) nulis toli xdeba. 
   Tu  gvsurs fardobiTi cdomilebis gamoTvla, (30) – dan advilad 
miviRebT  

∆𝑌

𝑌
=

𝑓𝐼(𝑋)

𝑓(𝑋)
∆𝑋   (31) 

    cdomilebis gamoTvlis es xerxi erTnairad gamosadegia SemTxveviTi 
da sistematuri cdomilebebisTvis. 

2) rodesac   CvenTvis saintereso sidide warmoadgens sxvadasxva 
𝑋1, 𝑋2, 𝑋3,∙∙∙, 𝑋𝑛 sidideebis jams maSin SemTxveviTi cdomilebis 
gamosaTvlel formulas, rogor es zemoT vaCveneT, gaaCnia (14) 
formulis saxe. 

𝑌 = 𝑋1 ∙ 𝑋2 ∙ 𝑋3    maSin 

𝜍𝑌
2 =  𝑋1𝑋2𝜍𝑋3

 
2

+  𝑋1𝑋3𝜍𝑋1
 

2
+  𝑋3𝑋2𝜍𝑋1

 
2
 (32) 

analogiuri formula samarTliania TanamamravlTa didi raodenobis 
SemTxvevaSic 

   Tu 𝑌 = 𝑋1 𝑋2 ,  maSin 

𝜍𝛾
2 =

𝜍𝑋1
2

𝑋2
2 +  

𝑋1

𝑋2
 

2

𝜍𝑋2

2  (33) 

(32) da (33) SemTxvevisTvis  fardobiT cdomilebas aqvs erTnairi saxe 

  
𝜍𝑌

𝑌
 

2

=  
𝜍𝑋1

𝑋1
 

2

+  
𝜍𝑋2

𝑋2
 

2

+  
𝜍𝑋3

𝑋3
 

2

  (34) 

 analogiurad 

        
𝜍𝑌

𝑌
 

2

=  
𝜍𝑋1

𝑋1
 

2

+  
𝜍𝑋2

𝑋2
 

2

 (35) 

   diferencialuri aRricxvis aRniSvnebis gamoyenebiT, 𝑋1, 𝑋2, 𝑋3, … , 𝑋𝑛 
cvladebis Y funqciisaTvis misi cdomilebis funqcia  SeiZleba ase 
CavweroT 

𝜍𝑌 =   
𝜕𝑓

𝜕𝑋1
𝜍𝑋1

 
2

+  
𝜕𝑓

𝜕𝑋2
𝜍2 

2

+  
𝜕𝑓

𝜕𝑋3
𝜍𝑋3

 
2

+∙∙∙ +  
𝜕𝑓

𝜕𝑋𝑛
𝜍𝑋𝑛

 
2

 (36) 
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(32) da (36)  formulebi inarCuneben TavianT saxes maSinac, rodesac 𝜍 
cdomilebis naclad aviRebT saSualo kvdratul cdomilebas 𝑆𝑛 an 
saSualo ariTmetikul cdomilebas 𝘳. zogadad  

∆𝑌 =    
𝜕𝑓

𝜕𝑋𝑖
∆𝑋𝑖 

2
𝑛
1    (37) 

𝑌 sididis  fardobiTi cdomileba advilad  gamoiTvleba, Tu davwerT 

 
∆𝑌

𝑌
 

2

=   
1

𝑓
∙
𝜕𝑓

𝜕𝑋𝑖
∆𝑋𝑖 

2𝑛

1

 

vinaidan    

                             
1

𝑓
∙

𝜕𝑓

𝜕𝑋𝑖
∆𝑋𝑖 =

𝜕𝑙𝑛𝑓

𝜕𝑋𝑖
   

fardobiTi cdomilebisTvis miviRebT 

∆𝑌

𝑌
=    

𝜕𝑙𝑛𝑓

𝜕𝑋𝑖
∆𝑋𝑖 

2
𝑛
1   (38) 

 

   SeiZleba daibados kiTxva, rogor SeiZleba sworad gamoTvlil iqnas 
  saSualo ariTmetikuli da gazomvis cdomileba arapirdapiri 
gazomvebisas? Tu 𝑦 = 𝑓(𝑥) da gazomvebi gvaZlevs monacemTa 𝑥𝑖 rigs, maSin 
SesaZlebelia ornairad moviqceT: 
1)gamovTvaloT 𝑥 =  𝑥𝑖 𝑛  da miRebuli mniSvneloba CavsvaT 𝑦 = 𝑓(𝑥) 
gantolebaSi, miviRebT 𝑦 = 𝑓 𝑥  ; 
2)TiToeuli 𝑥𝑖 - Tvis gamoTvaloT 𝑦𝑖 = 𝑓(𝑥𝑖) da Semdeg 𝑦  gamovTvaloT 
TanafardobiT 

𝑦 =
 𝑦𝑖

𝑛
1

𝑛
 

   Sesabamisad SeiZleba ori gziT ganvsazRvroT 𝑦  sididis cdomileba, 
ganvsazRvravT ra 𝑥 , Semdegi formuliT 

∆𝑦 = 𝑓𝐼(𝑥)∆𝑥 
A an 𝑦𝑖 mniSvnelobebis gamoTvliT da 𝑦 -is gamoTvliT Cveulebrivi 
formuliT 

𝜍𝑦 =  
  𝑦 − 𝑦𝑖 

2

𝑛 − 1
 

SeiZleba vaCvenoT, rom Tu cdomilebis sidideebi mcirea gasazom 

sididesTan SedarebiT  (swored es udevs safuZvlad yvela Cvens 
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formulas), maSi orive xerxi iZleva erTnair Sedegs, amitom mniSvneloba 

ara aqvs Tu romel xerxs gamoviyenebT. 

   Aam dros unda vixelmZRvaneloT angariSis Catarebis simartiviT. Aam 

mxriv umjobesia pirveli xerxi. garda amisa, Tu gazomvis Sedegebi 

ganawilebulia normaluri kanoniT, maSin 𝜍 sidide ganawilebulia, 

zogadad rom vTqvaT normalusgan gansxvavebuli kanoniT. Aamitom 

ndobis intervalis dadgenisTvis danarTis 2 cxriliT umjobesia 

visargebloT pirveli xerxiT. 

2.9. sxvadasxva warmoSobis SemTxveviTi cdomilebebi 

  Aarapirdapiri gazomvebisas  CvenTvis saWiro Sedegi damZimebulia 

SemTxveviTi cdomilebebiT, romlebic sxvadasxvaa 𝑋𝑖  sididisTvis, 

romlebzedac damokidebulia CvenTvis saWiro 𝑌 sidide. jamuri 

cdomileba am SemTxvevaSic ganisazRvreba CvenTvis cnobili SemTxveviTi 

cdomilebebis Sekrebis kanoniT. gaangariSebebi umjobesia CavataroT 

fardobiTi cdomilebebiT. 

   vaCvenoT es simkvrivis dadgenis magaliTze. vTqvaT gvaqvs   

marTkuTxa paralelepipedi, romelic damzadebulia nivTierebisgan 

romlis simkvrivis dadgenac gvsurs. Mmisi wibos sigrZeebi iyos 𝑋1, 𝑋2, 𝑋3. 

simkvrivis dasadgenad visargebloT formuliT 𝜌 = 𝑚 𝑉 . sadac 𝑚 - 

paralelepipedis masaa, 𝑉- moculoba, Cven vzomavT wiboebis sigrZeebs da 

nimuSis masas. vTqvaT 𝜍𝑥1
,  𝜍𝑥2

, 𝜍𝑥3
 wiboebisis sigrZeebis saSualo 

kvadratuli cdomilebebia, 𝜍𝑚 - masis gazomvis cdomilebaa. Cven 

SegviZlia (34) formulis ZaliT davweroT  

 
𝜍𝑑

𝑑
 

2

=  
𝜍𝑚

𝑚
 

2

+  
𝜍𝑋1

𝑋1
 

2

+  
𝜍𝑋2

𝑋2
 

2

+  
𝜍𝑋3

𝑋3
 

2

 

vTqvaT gazomvas vawarmoebT sasworiT, romelic uzrunvelyofs gazomvas 

1 mg sizustiT, roca nimuSis masaa 10 g. maSin 𝜍𝑚 𝑚 ≈ 10−4 ≈ 10−2%. 

    vTqvaT Cveni sxeulis moculoba Seadgens 1 sm3.. Tu  gvsurs, rom 

gazomvis cdomileba ganpirobebuli iyos ZiriTadad awonvis sizustiT, 

aucilebelia, rom wiboebis sigrZeebis gazomvis cdomileba  naklebi 

iyos awonvis sizusteze, e.i. 𝜍𝑥/𝑋 < 10−4; es waxnagebis 1 sm zomis 

SemTxvevaSi niSnavs, rom 𝜍𝑥   naklebi unda iyos 10−4 sm-ze.  Tu Cvens  

gankargulebaSia magaliTad Stangerfarglis msgavsi insrumentebi, 

romlebic saSualebas iZlevian gazomvebi Catardes 0.01 sm-de sizustiT, 

cxadia, rom sasurvel sizustes ver mivaRwevT, vinaidan sigrZis 

gazomvis sizuste Seadgens mxolod 1%.  Aam SemTxvevaSi SegviZlia ufro 

naklebi sizustis sasworiT visargebloT, romelic ramdenime aTeuljer 

nakleb sizustes uzrunvelyofs, aseTia e.w. teqnikuri sasworebi. EaseTi 

midgoma  ufro mizanSewonilia radgan moiTxovs nakleb danaxarjebs da 
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dros. magram Tu CvenTvis mainc ufro mniSvnelovania 10−2 % sizustis 

miRweva, aucilebelia marTkuTxa paralelepipedis wiboebis sigrZeebis 

gazomva mikrometriT, romelic saSualebas iZleva sigrZeebi gaizomos 

10−3 mm sizustiT da awonva ki moxdes analizuri sasworiT. 

    Mmoyvanil magaliTze SeiZleba Tvali mivadevnoT  kidev sxva 

Tvisebebs romlebic uzrunvelyofen jamur cdomilebebs da romlebic 

cdomilebaTa Sekrebis kanonis Sedegia. DdavuSvaT, rom  Cvens 

paralelepipeds gaaCnia nax.17-ze gamosaxuli forma  𝑋1 ≪ 𝑋2 ≈ 𝑋3.  

 

 
Nnax.17. marTkuTxa  paralelepipedi 

 
 

   sigrZis gamzomi xelsawyoebis umravlesoba iZleva ∆𝑋 cdomilebas, 

romelic TiTqmis araa damokidebuli gasazom sigrZeze (mocemuli 

xelsawyoebis gazomvis farglebSi). Aabsoluturi cdomileba mudmivia. 

amitom davuSvaT 𝜍𝑥1
=  𝜍𝑥2

= 𝜍𝑥2
= 𝜍𝑥  magram am SemTxvevaSi 

𝜍𝑥1

𝑋1
≫

𝜍𝑥2

𝑋2
≈

𝜍𝑥3

𝑋3
,  

da ganmsazRvreli iqneba yvelaze mcire wibos gazomvis cdomileba. 

praqtikulad Tu erTi wibo 3 – 4 – jer naklebia danarCen orze, maSin 

am ukanaskneli oris gazomvis cdomileba SeiZleba ugulebelvyoT. 

   Aamrigad (36) formula yovelTvis iZleva imis saSualebas, rom 

Sefasdes calkeuli rgolis cdomilebis roli gazomvis procesis 

sxvadasxva rgolebSi. amasTan gazomvis pirobebi ise unda SevarCioT, 

rom TiToeuli rgolis fardobiTi cdomileba miaxloebiT erTnairi 

iyos. winaaRmdeg SemTxvevaSi Sedegis sizuste Cveulebriv 

ganpirobebulia erT-erTi sididiT, saxeldobr imiT, romlis gazomvis 

sizustec  yvelaze dabalia. 
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2.10. sistematuri da SemTxveviTi cdomilebebis gaTvaliswineba 

   zemoT  Cven aRvniSneT, rom gazomvebi ise unda iyos organizebuli, 

rom saboloo Sedegis sizuste ganpirobebuli iyos mxolod gazomvebis 

sistematuri cdomilebebiT, romelic rogorc wesi damokidebulia 

gamzomi xelsawyos sizusteze. amasTan rekomendebuli iyo gazomvebis 

Catareba im raodenobiT, rom gazomvis SemTxveviTi cdomileba 

umniSvnelod yofiliyo gansxvavebuli sistematuri cdomilebisgan. 

  Mmagram yovelTvis ver xerxdeba saWiro raodenobis gazomvebis 

Catareba. Amas SeiZleba xeli SeuSalos gazomvebis siZvirem,  gazomvebis 

didma an mcire xangrZlovobam. Aamdenad xSirad iZulebuli varT 

SeveguoT situacias, rodesac gazomvis sistematuri da SemTxveviTi 

cdomilebebi TiTqmis erTnairia da amdenad erTnairad ganapirobeben 

saboloo Sedegis sizustes. samwuxarod am SemTxvevaSi Zalian Znelia 

mieces mkacri ganmarteba gazomvis jamur cdomilebas. 

   roca saqme gvaqvs mxolod gamzomi xelsawyos cdomilebasTan 

magaliTad, magaliTad ampermetrTan, romlis cdomilebaaa ±0.75 ma, Cven 

cxadia ar viciT ra mocemuli xelsawyos Tvisebebi, araferi ar 

SegviZlia vTqvaT imis Sesaxeb Tu rogoria albaToba imisa, rom 

daSvebuli iqneba cdomileba + 0.2  an - 0.3. Cven viciT, mxolod SesaZlo 

cdomilebis zeda zRvari. Tu aseT sistematur cdomilebas daemateba 

SemTxveviTi cdomileba, maSin Cven cxadia aseve verafers vityviT 

sxvadasxva sididis cdomilebis gaCenis albaTobis Sesaxeb, Tumca 

SegviZlia SevafasoT jamuri cdomileba. 

    marTlac Tu sistematur cdomilebas aRvniSnavT 𝛿, dispersias - 𝜍2, 

maSin jamuri cdomilebis zeda zRvarad SeiZleba miviRoT 

 = 𝛿 + 2𝜍 (39) 

marTlac 0.95 – ze maRali albaTobiT SeiZleba vamtkicoT, rom gazomvis 
Sedegebi ar iqneba gansxvavebuli namdvili mniSvnelobisgan ufro metad 
vidre 𝛿 + 2𝜍. 
   Sekrebis aseTi kanoni SeiZleba gavavrceloT nebismieri 
warmomavlobis sistematur cdomilebaze. 
   kidev erTxel gavusvaT xazi imas, rom sistematuri da SemTxveviTi 
cdomilebis ajamva aqtualuria mxolod maSin rodesac erTi maTgani 
araumetes ramodenimejer aRemateba  meores. winaaRmdeg SemTxvevaSi 
cdomilebis sidided unda miviRoT is, romelic ufro didia. 
   sinamdvileSi Tu sistematur cdomilebas aRvniSnavT 𝛿,   xolo 
gazomvis cdomilebis sidided unda aviRoT mxolod didi cdomileba. 
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2.11. mainterpolirebeli mrudebis moZebna 
 
   Zalian xSirad Sesaswavli sidide icvleba cdis Catarebis pirobebis 

Sesabamisad, xolo gazomvis amocanaa rac SeiZleba zustadD movZebnoT 

funqcionaluri damokidebuleba, romelic aRwers CvenTvis saintereso 

sididis cvlilebas. 

   amis magaliTia gamtaris winaRobis damokidebuleba mis 

temperaturaze, airis simkvrivis damokidebuleba wnevaze, siTxis 

siblantis damokidebuleba  teperaturaze da a.S.  gazomvis Sedegad 

viRebT gasazomi sididis sxvadasxva mniSvnelobas, romlebic SeiZleba 

CavTvaloT sibrtyeze koordinatebad. 

   vTqvaT vzomavT raRac 𝑦 sidides, romelic damokidebulia 𝑥 - ze. 

TiToeuli 𝑥𝑖 - Tvis vatarebT mTel rig gazomvebs da viRebT 𝑦 𝑖 , 

romlisTvisac vadgenT ndobis intervals ∆𝑦 𝑖 . im SemTxvevaSic, rodesac 

𝑥𝑖 sidideebi SeuZlebelia zustad davadginoT, maTTvisac cnobilia  

mniSvnelobebi 𝑥 𝑖 , romlebic Seesabamebian ndobis ∆𝑥𝑖 intervals. 𝑥 𝑖 da 𝑦 𝑖 

SeiZleba ganixiloT, rogorc sibrtyeze koordinatebi, rac saSualebas 

iZleva Cveni monacemebi warmovadginoT grafikis saxiT. (18a). 

 

nax.18. mainterpolirebeli mrudebi 

 

  TiToeul wertilTan moniSnuli monakveTebi gviCveneben ndobis 

intervals, romlebic Seesabamebian 𝑥 𝑖 da 𝑦 𝑖 saSualo mniSvnelobebs. 

Cveulebriv moniSnaven ndobis intervalebs, romelTa ndobis albaToba 

Seesabameba 0.7 an 0.95. mocemuli grafikis yoveli wertilisTvis arCeuli 

ndobis albaTobis intervali naCvenebi unda iyos.  Tu erT erTi 

koordinati, magaliTad 𝑥  praqtikulad zustadaa dadgenili, maSin 

grafikze aCveneben mxolod meore koordinatis 𝑦 ndobis intervals, da 

mas eqneba nax.18b-ze naCvenebi saxe. cxadia, rom ndobis intervalebi 

sxadasxva wertilebSi SeiZleba sxvadasxva iyos. nax.18-ze  moyvanili 

grafikebi saSualebas iZleva ama Tu im sizustiT davadginoT 
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funqionaluri damokidebuleba 𝑥 da 𝑦 Soris.. amdenad rogorc es xdeba 

msgavsi amocanebis SemTxvevaSi, ama Tu im funqciis SerCeva SesaZlebelia 

mxolod ama Tu im xarisxis saimedoobiT. Uufro metic arsebobs mravali 

funqcia, romlebic ragind kargad Seesabameba  nax.13 diagramas. 

maTematikuri Sesabamisobis  TvalsazrisiT ukeTesia aseT funqciad  

SevarCioT texili wiri  𝑥1𝑦1 ,  𝑥2𝑦2 ,  𝑥3𝑦3 ,∙∙∙,  𝑥𝑛𝑦𝑛 , rogorc es naCvenebia 

nax.18b-ze punqtiriT. Mmagram cxadia aseTi wiri ar iZleva arafers 

axals mocemul diagramasTan SedarebiT da Cveulebriv, amocana 

mdgomareobs imaSi, rom raRac fizikur kanonebze dayrdnobiT avagoT 

mdovre mrudi, romelic kargad aRwers miRebul eqsperimentul 

monacemebs. am saxiT amocana sakmaod ganusazRvrelia, magram yovel 

calkeul SemTxvevaSi arsebobs analizuri amoxsnis gzebi. Aam amoxsnis 

ZiriTadi gzaa umciresi kvadratebis meTodi. 

   ganvixiloT es meTodi konkretul magaliTze. 11 cxrilSi moyvanilia 

raime winaaRmdegobaSi tyviis SeRwevis siRrmis mniSvnelobebi, rogorc 

misi energiis funqcia (ndobis intervalebi mocemuli araa. 𝐸 da 𝑙 

mocemulia pirobiT erTeulebSi) es wertilebi datanilia grafikze  nax. 

19. 

               cxrili 11. 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 

 

   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 
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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.19). 

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.19. umciresi kvadratebis meTodisTvis  

     

𝑑

𝑑𝑏
=  (𝑎𝑥𝑖 + 𝑏 − 𝑦𝑖)

2

𝑛

𝑖

= 0 

Aaqedan martivad miviRebT 

 

𝑛𝑘 + 𝑏  𝑥𝑖 −  𝑦𝑖 = 0 
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𝑘  𝑥𝑖 + 𝑏  𝑥𝑖
2 −  𝑥𝑖𝑦𝑖 = 0 

gantolebaTa aseT sistemas normaluri ewodeba da advilad amoixsneba 𝑘 

da 𝑏 mimarT. Amonaxsns 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 movZebniT Semdegi saxiT 

𝑦 = 𝑘𝑥 

   Mmagram 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 dispersa, 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
 

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. 
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   cxadia, nebismieri damokidebuleba ar aiwereba wrfis gantolebiT. 

magram MmTel rig SemTxvevebSi  SesaZlebelia saTanado gardaqmnebiT 

rTuli damokidebuleba mivuaxlovoT wrfivs. magaliTad 

damokidebuleba 𝑦 =
𝑘

𝑥
+ 𝑙, SemovitanT ra cvlads 𝑧 = 1/𝑥, miviRebT wrfiv 

damokidebulebas 𝑦 da 𝑧 Soris. zustad aseve Tu 𝑦 = 𝑎𝑏𝑥 , misi 

galogariTmebiT miviRebT wrfiv damokidebulebas 𝑥 da 𝑙𝑔𝑦 Soris. 

visargeblebT ra wrfivi gantolebebiT SeiZleba mTel rig SemTxvevebSi 

movZebnoT optimaluri funqciebi. Teoria saSualebas iZleva moZebnil 

iqnas gantolebis koeficientebi im SemTxvevaSic rodesac kavSiri 

gasazom sidideebs Soris aiwereba ufro rTuli damokidebulebebiT. 

   xazi unda gavusvaT im garemoebas, rom umciresi kvadratebis meTodi 

ar iZleva saSualebas, vupasuxoT kiTxvas ra saxis funqciebi iZlevian 

eqsperimentuli monacemebis ukeTes aproqsimacias. 

   Mmainterpolirebeli funqciebis saxeebi mocemuli unda iyos raRac 

fizikuri mosazrebebis safuZvelze. Uumciresi kvadratebis meTodi 

mxolod imis saSualebas iZleva, rom 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. 

   Uumciresi kvadratebis meTodiT gantolebis Sedgenisas Cven davuSviT, 

rom cdomilebebs emorCileba mxolod 𝑦𝑖 , xolo 𝑥𝑖 gazomilia zustad. 

Tu es ase araa maSin unda moiZebnos mainterpolirebeli funqcia ise, 

rom manZili 𝑦𝑖𝑥𝑖 wertilidan saZebn wrfemde minimaluri iyos (anu unda 

davuSvaT marTobi Cveni  wertilebidan saZebn wirze, rogorc es 

naCvenebia nax.19 – ze punqtiriT). Tu 𝑦𝑖 , da 𝑥𝑖 gazomvis cdomilebebi 

sxvadasxvaa maSin, mainterpolirebeli wiris moZebnisas es aucilebad 

unda gaviTvaliswinoT, wertilebisTvis Sesabamisi wonebis miniWebiT. 

cxadia es arTulebs gamoTvlebs, magram is unda Catardes yovelTvis, 
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rodesac  gazomvis cdomileba arsebiTad damokidebulia gasazomi 

sididis mniSvnelobaze. 

  Mmainterpolirebeli wiris moZebnisas umciresi kvadratebis meTodiT 

da mainterpolirebeli funqciis SerCevisas unda davicvaT mTeli rigi 

wesebi, raTa ar davuSvaT Secdomebi. Ees exeba interpolaciis sxva 

meTodebsac. 

   imisTvis rom interpolaciam mogvces damakmyofilebeli Sedegi, 

darwmunebuli unda viyoT, rom gamosakvlevi damokidebuleba aiwereba 

“kargi” funqciiT, anu iseTi funqciiT, romelsac sakvlev ubanSi ar 

gaaCna Taviseburebani, wyveta da meore da mesame rigis warmoebulebis 

didi mniSvnelobebi. Aanu wiri sakmaod gluvi unda iyos. amasTan 

gazomili wertilebi ganTavsebuli unda iyvnen sakmarisad Tanabrad 

erTmaneTisgan (20a), magram amasTan erTad es wertilebi unda 

Sejgufdnen sakmaod mWidrodD im adgilebSi sadac funqcia  swrafad 

icvlis Tavis sidides (20b). 

 

 
nax.20. damoukidebeli cvladebis intervalebis  SerCeva 

 
 
 
  maSin rodesac 𝑦 = 𝑓(𝑥) funqciis Sesaxeb araferi araa cnobili, unda 

davkmayofildeT wertilebis Tanabari ganawilebiT, da CavataroT 

damatebiTi gazomvebi im ubnebSi, romlebic saeWvod amovardnili 

wertilebiT xasiaTdeba. unda gvaxsovdes, rom wiris interpolacia 

kidura  wertilebis gareT dauSvebelia. 

   moviyvanoT magaliTi, romelic gviCvenebs Tu rogori uxeSi 

cdomilebebi SeiZleba gamoiwvios umciresi kvadratebis meTodis 

arakritikulma gamoyenebam swrafad cvladi funqciebis SemTxvevaSi.  
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davuSvaT  cnobilia, rom saZebni damokidebuleba warmoadgens wirs, 

romelsac gaaCnia erTi maxvili maqsimumi da ori nela klebadi “frTa” 

rogorc es nax. 20 – zea naCvenebi. miviRebT mTel rig erTnari sizustiT 

gazomil eqsperimentalur wertilebs. cxadia maqsimumTan ganlagebuli  

wertilebis mcire raodenoba umniSvnelo wils Seitans sidideSi 

  𝑦 − 𝑦𝑖 
2. Aamis gamo moyvanili jamis minimumi, uzrunvelyofs 

maiterpolirebeli wiris karg Tanxvedras eqsperimentalur wertilebTan 

wiris “frTebze”, magram srulebiT ar asaxavs wiris qcevas maqsimumis 

siaxloves, da Sesabamisad umciresi kvadratebis meTodiT moZebnilma 

wirma SeiZleba gaiaros ise, rogorc es nax. 21 – zea moyvanili 

punqtiriT. 

 

nax.21. mainterpolirebeli mrudebi funqciebisTvis, romlebsac gaaCniaT  
mkveTri  maqsimumi    

 

   amrigad im adgilebSi sadac mrudi mdovred icvleba didi 

raodenobis wertilebis dasmas mniSvneloba ara aqvs dawvrilebiT 

Seswavlili unda iyos gadaRunvis adgilebi, maqsimumis da mkveTri 

naxtomebis adgilebi. cvladebis cvlilebis are rac SeiZleba farTo 

unda iyos, vinaidan farTo intervalis sazRvrebze xSirad aRmoCdeba 

aparaturis nakli da iseTi movlenebi, romelTa gavlenac vlindeba  

arsebiTad ufro  adre magram zustad SeuZlebelia misi damajereblad 

aRmoCena.  

  Ggazomvebis dawyebis win sasargebloa Catardes ramdenime sasinji 

gazomva cvladi sididis cvlilebis mTels intervalSi, raTa swrafad 

gavecnoT movlenis ZiriTad maxasiaTeblebs da sworad davgegmoT 

eqsperimentis  msvleloba. 

   samuSaos bolos aucileblad unda davubrundeT eqsperimentuli 

wiris dasawyiss da gavimeoroT pirveli gazomvebi, ukeTesi iqneba Tu 

amas gavakeTebT  Sebrunebuli mimdevrobiT. Aam dros SeiZleba 
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aRmovaCinoT axali saintereso  Taviseburebebi TviT movlenaSi, 

magaliTad histerezisi. 

    es magaliTi naTlad gviCvenebs, Tu rogor gansakuTrebul yuradRebas 

moiTxovs mainterpolirebeli funqciis moZebna 

 

Tavi 3. gamoTvlis meTodebi 

3.1. saSualo ariTmetikulis gamoTvla 

   rogorc viciT saSualo ariTmetikulis mosaZebnad saWiroa yvela 

ricxvis Sekreba da Semdeg jamis gayofa maT raodenobaze 

𝑥 =
𝑥2 + 𝑥2 + 𝑥3 +∙∙∙ +𝑥𝑛

𝑛
 

E  es  gamoTvlebi Sromatevadia, magram SesaZlebelia maTi gamartiveba. 

aviRoT raime ricxvi 𝑥0, romelic axlosaa 𝑥 , maSin es ukanaskneli ase 

Caiwereba 

𝑥 =
 𝑥0 +  𝑥1 − 𝑥0  +  𝑥0 +  𝑥2 − 𝑥0  +  𝑥0 +  𝑥3 − 𝑥0  ∙∙∙ + 𝑥0 +  𝑥𝑛 − 𝑥0  

𝑛
= 

= 𝑥0 +
 𝑥1−𝑥0 + 𝑥2−𝑥0 + 𝑥3−𝑥0 +∙∙∙+ 𝑥𝑛 −𝑥0 

𝑛
  (40) 

 𝑥𝑖 − 𝑥0  mcire ricxvebia, vinaidan  𝑥0 SevarCieT  axlos 𝑥 -Tan, amdenad 

saSualos jamisa da sxvaobis povna Zalian gaadvilebulia. 

magaliTisTvis moviyvanoT geodeziuri suraTis bazisis sigrZis 

gazomvebis rigi (cxrili 7).   

cxrili 12. geodeziuri bazisis gazomvis Sedegebis damuSaveba 

𝑛 𝑥, მ 𝑥 𝑥0 − 60 
𝑥𝑖 − 𝑥0 

𝑥0
′ − 60 

𝑥𝑖 − 𝑥0
′  

 𝑥𝑖 − 𝑥0 2  𝑥𝑖 − 𝑥0
′  2 

1 2 3 4 5 6 7 
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1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

146.30876 
146.30864 
146.30856 
146.30853 
146.30850 
146.30862 
14630887 
146.30862 
146.30876 
136.30873 

76 
64 
56 
53 
50 
62 
87 
62 
79 
73 

 

+16 
+4 
-4 
-7 
-10 
+2 
+27 
+2 
+19 
+13 

 

+6 
-6 
-14 
-17 
-20 
-8 
+17 
-8 
+9 
+3 

 

256 
16 
16 
49 
100 
4 
729 
4 
361 
169 

36 
36 
186 
289 
400 
64 
289 
64 
81 
9 

 ჯამი - +62 -38 1704 1464 

 

   gaTvlebs amartivebs is, rom gazomvis monacemebSi  pirveli eqvsi 

cifri erTnairia (146.308). 

   gazomvidan gazomvamde icvleba  mxolod ori cifri.  naTelia, rom  

saSualo ariTmetikulis da cdomilebis gamoTvlisas pirvel eqvs 

cifrs SeiZleba yuradReba ar mivaqcioT da gaviTvaliswinoT  mxolod 

saboloo SedegSi. 

   Bbolo ori cifri moyvanilia mesame svetSi. isini Cven jer SegviZlia 

ganvixiloT, rogorc  𝑥𝑖 gazomvis Sedegebi da maTTvis CavataroT  

gamoTvlebi. 𝑥0-ad miviRoT damrgvalebuli ricxvi, romelic  gveCveneba 

yvelaze axlos saSualo ariTmetikulTan. aseTi ricxvia 146.30660 ( 𝑥𝑜 =

60) 

𝑥 = 60 +
60

12

                
= 66.2;   𝑥 𝐼 = 70 − 

38

11
= 66.2; 𝑥 = 140.308662 

   maSasadame vTvliT 𝑥0 = 146.30860. 7 cxrilis meoTxe svetSi 

amowerilia sxvaobebi  𝑥𝑖 − 𝑥0 , romelTa jamis gamoTvlac zepiradac 

iolia. saSualo ariTmetikulic aseve  martivad miiReba am svetis 

cifrebis ajamviT. is tolia 146.308662m (yuradReba miaqcieT, rom 

saSualo ariTmetikulisTvis naCvenebia erTi aTobiTi niSniT meti, vidre 

es mogvca gazomvebma). gamoTvlebis aseTma  meTodma saSualeba mogvca 

rvaniSna ricxvebze opeaciebi Segvecvala orniSna ricxvebze 

operaciebiT. Ees mniSvnelovnad amcirebs gamoTvlebis dros. 

   gamoTvlebis sisworis gasakontroleblad  moxerxebulia aviRoT 𝑥0 - 

gan ramdenadme gansxvavebuli 𝑥0
𝐼 ricxvi,  magaliTad 146.30870. mexuTe 

svetSi moyvanilia   𝑥𝑖 − 𝑥𝑖
𝐼  sxvaobebi, xolo boloSi maTi jami.. Tu 

gamoTvlebi sworia, maSin 𝑥  mniSvnelobebi toli iqneba, rogorc meoTxe 

svetis aseve mexuTe svetis mixedviT. 
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3.2. cdomilebebis gamoTvla 

 

   cdomilebis gamoTvla CavataroT imave 12 cxrilis meSveobiT.  

   saSualo kvadratuli cdomilebis gamoTvla Catardeba martivad Tu 

CavatarebT (13) formulis ramdenime martiv gardaqmnas. CavweroT 

dispersiisTvis gamosaxuleba, romelSic Catarebulia kvadratSi ayvanis 

operacia. 

𝑆𝑛
2 =

  𝑥 − 𝑥𝑖 
2𝑛

1

𝑛 − 1
=

 𝑥 2 − 2𝑥 𝑥1 + 𝑥𝑖
2 +∙∙∙ + 𝑥 2 − 2𝑥 𝑥𝑛 + 𝑥𝑛

2 

𝑛 − 1
= 

=
𝑛𝑥 2

𝑛 − 1
=  

𝑥1
2 + 𝑥2

2 + 𝑥3
2 +∙∙∙ +𝑥𝑛

2

𝑛 − 1
−

2𝑥 (𝑥1 + 𝑥2 + 𝑥3 +∙∙∙ +𝑥𝑛 )

𝑛 − 1
 

Mmagram  

𝑥 =
𝑥2 + 𝑥2 + 𝑥3 +∙∙∙ +𝑥𝑛

𝑛
 

warmoadgens saSualo ariTmetikuls. Dda misi Casmisa da martivi 

gardaqmnebis Semdeg miviRebT 

𝑆𝑛
2 =

 𝑥1
2+𝑥2

2+𝑥3
2+∙∙∙+𝑥𝑛

2 −
 𝑥2+𝑥2+𝑥3+∙∙∙+𝑥𝑛  2

𝑛

𝑛−1
  (41) 

Tu aq SevitanT 𝑥0 anu 𝑥𝑖 SevcvliT 𝑥0 + (𝑥𝑖 − 𝑥0), sabolood miviRebT  

𝑆𝑛
2 =

 𝑥0 − 𝑥1 2 +∙∙∙ + 𝑥0 − 𝑥𝑛 2 −
  𝑥0 − 𝑥1 +∙∙∙ +(𝑥0 − 𝑥𝑛 ) 2

𝑛
𝑛 − 1

 

Tu 𝑥0 avarCevT ise, rom 𝑥0 − 𝑥1 Seicavdes ara umetes erTi ori niSnadi 

cifrisa, gamoTvlebi martivad Catardeba. isini SeiZleba zepirad 

CavataroT, Tumca umjobesia visargebloT kvadratebis da kvadratuli 

fesvis cxrilebiT (danarTi). 

   Kkontroli aseve umjobesia CavataroT 𝑥0 ori gansxvavebuli 

mniSvnelobis gamoyenebiT, viangariSebT ra TiToeuli maTganisTvis 

gamoTvlebs. cxadia orive gaTvlis Sedegebi  erTmaneTs unda daemTxves.. 

    6 da 7 svetSi cdomilebis gamosaTvlelad 12 cxrilSi moyvanilia 

 𝑥𝑖 − 𝑥0 2 da  𝑥𝑖 − 𝑥0
𝐼 2 mniSvnelobebi, xolo maT qvemoT am kvadratebis 

jamebi. 

   𝑆𝑛 gamosaTvlelad gamoviyenoT miRebuli jamebi 

𝑆𝑛
2 =  

1704 −
 62 2

10
9

= 147 
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𝑆𝑛
𝐼  2 =  

1464 −  
38
10

 
2

9
= 147 

Aamrigad 𝑆𝑛
2 orive sidide erTmaneTs daemTxva. 

𝑆𝑛 = 12.3 ≈ 12;  𝑆𝑛𝑥 =
12

 10
≈ 3.6 

gazomvebis didi raodenobisTvis gamoTvlebi mniSvnelovnad gaadvildeba 

Tu monacemebs garkveuli wesiT davajgufebT. 

cxrili 13. didi raodenobis monacemebis damuSaveba monacemebis 
dajgufebiT 

𝑥𝑖 𝑘 𝑥0 = 128 𝑥0
.  

𝑥𝑖 − 𝑥0 𝑘(𝑥𝑖 − 𝑥0) 𝑘 𝑥𝑖 − 𝑥0 2 𝑥𝑖 − 𝑥0
′  𝑘(𝑥𝑖 − 𝑥0

′ ) 𝑘 𝑥𝑖 − 𝑥0
′  2 

125 

126 

127 

128 

129 

130 

131 

132 

2 

3 

9 

15 

11 

7 

2 

1 

 

-3 

-2 

-1 

0 

+1 

+2 

+3 

+4 

-6 

-6 

-9 

0 

+11 

+14 

+6 

+4 

18 

12 

9 

0 

11 

28 

18 

16 

 

-4 

-3 

-2 

-1 

0 

1 

2 

3 

-8 

-9 

-18 

-15 

0 

7 

4 

3 

32 

17 

36 

15 

0 

7 

8 

0 

ჯამი 50 - +14 +112 - -36 +134 

 

   yvelaze mosaxerexebelia 𝑥𝑖   monacemebis dajgufeba zrdis mixedviT. 

magaliTvisTvis aviRoT 50 monacemi, romelTa saSualebiT miRebulia 

monacemebi: 125, 126,  127,  128,  129,  130,  131, 132, amasTan 125 daimzireboda 

orjer, 126 -  samjer, 127 – cxrajer da a.S. 

   davalagoT Cveni  Sedegebi da damzeris raodenoba (𝑘) TiToeuli 

maTganisTvis, rogorc es 13 cxrilis pirvel da meore svetSia 

mocemuli. 
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   CavatareT ra gamoTvlebi 𝑥0 ori 128 da 129 mniSvnelobebisTvis 

vxedavT, rom isini daemTxvnen erTmaneTs. Ees rogorc wesi imis 

garantiaa, rom gamoTvlebi Catarebulia sworad  

.𝑥 = 128 +
14

50
= 128.28 ≈ 128.3 

𝑥 𝐼 = 129 −
36

50
= 128.28 ≈ 128.3 

𝑆2 =
12 −

142

50
49

= 2.21 

𝑥 𝐼 2 =
134 −

362

50
49

= 2.21 

𝑆 = 1.49 ≈ 1.5 da 𝑆𝑥 =
1.5

 50
≈ 0.2 

  umciresi kvadratis meTodiT interpolirebisas gamoTvlebi sakmaod 

Sromatevadia, magram arsebobs mTeli rigi xerxebi, romlebic am 

gamoTvlebs amartivebs. Cven aq SevexebiT ZiriTad  cnebebs. 

   Tu Sesaswavli damokidebuleba wrfivia, rogorc es zemoT iyo 

naTqvami, martivi gardaqmnebiT  xSirad isini daiyvaneba wrfeze. 

D didi raodenobis wrfivi gantolebebisTvis gamoTvlebi sakmaod 

Sromatevadia. maTi gamartiveba SeiZleba Semdegi xerxiT. miaxloebiTi 

mniSvnelobisTvis aiReba  nebismier funqcia, romelic “TvaliT” kargad 

aRwers eqsperimentis monacemebs. Aamis Semdeg unda gamovTvaloT 

eqsperimentuli monacemebis ordinatebisa da aproqsimaciiT miRebuli 

monacemebis sxvaoba.  maT Tan erTviT umciresi kvadratebis meTodi. 

amasTan ricxvebi romelTanac urTierToba gvaqvs mniSvnelovnad 

mcirdeba da gamoTvlebic mniSvnelovnad martivdeba. Tu im wertilebs 

Soris arsebuli ∆𝑥 intervali, romlebzedac xdeba gazomva erTmaneTis 

tolia, es iwvevs gamoTvlebis moculobis Semcirebas da SesaZleblobas 

iZleva visargebloT mza cxrilebiT. cxadia kompiuteruli programebis 

gamoyeneba mniSvnelovnad aCqarebs gamoTvlebis waermoebas.  

 

3.3. gamoTvlebis sizustis Sesaxeb 

 

   ricxobrivi monacemebis damuSavebis sizuste SesabamisobaSi unda 

iyos gazomvebis sizustesTan. aTwiladebis,  saWiroze meti raodenobis  

niSniT, gamoTvlebis Catareba  moiTxovs did dros da energias da qmnis  

gazomvis  maRali sizustis iluzias. Mmeores mxriv cxadia gazomvis 

sizuste ar unda gauresdes gamoTvlebis uxeSad CatarebiT.  

   yvela SemTxvevaSi unda davicvaT Semdegi martivi wesebi: 
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   cdomileba, romelic miiReba gamoTvlebis Sedegad, daaxloebiT erTi 

rigiT (e.i. 10 — jer) naklebi unda iyos gazomvis cdomilebasTan 

SedarebiT. Aam SemTxvevaSi  darwmunebuli viqnebiT, rom ariTmetikuli 

moqmedebebis Sedegad ar gavauaresebT gazomvis Sedegebs. 

  vaCvenoT es magaliTebze 

1) gamtaris eleqtrowinaRobis gamosaTvlelad vTqvaT gavzomeT masSi 

gamavali denis Zala da is toli aRmoCnda 27.3 ma, xolo Zabvis vardna – 

6.45 v. gamzomi xelsawyoebis garantirebuli cdomilebaa 1%. 

   omis kanonis ZaliT, gamtaris winaRoba gamoiTvleba formuliT 

𝑅 =
𝑈

𝐼
=

6.45 ვ

27.3 მა
=

6.45 ვ

0.0273  ა
= 236.2637  omi 

sadac 𝑈 da 𝐼 Sesabamisad Zabva da denis Zalaa. vinaidan isini gazomilia 

1% sizustiT, 𝑅 gazomvis cdomileba 1%-ze ramdenadme maRalia. amitom 

gamoTvlebi  mizanSewonilia CavataroT ara uzustes oTxi cifrisa da 

Sedegi  aseTi saxiT CavweroT  236.3 omi. 

   saboloo Sedegis sizuste SeiZleba SevafasoT imis safuZvelze, rom 

TiToeuli Tanamamravli 𝑈 da 1/𝐼 gansazRvrulia 1% sizustiT. maTi 

namravli gamoiTvleba ramdenadme naklebi, magram ara umcires 2% 

sizustiT. amitom Sedegi SegviZlia CavweroT Semdegi saxiT 𝑅 = 235 ± 4 

omi. am SemTxvevaSi Nndobis albaTobis gamoTvla SeuZlebelia, vinaidan 

xelsawyos miTiTebuli sizuste iZleva cdomilebis mxolod zeda 

zRvars da ara mocemuli xelsawyos cdomilebis ganawilebis kanons. 

2)Ggamtaris winaRoba ganisazRvreba misi sigrZis da diametris gazomviT. 

kuTri winaRoba cnobilia fardobiTi cdomilebiT, romelic 

mniSvnelonad aRemateba gasazomi sidideebis cdomilebebs.  

  GvTqvaT gamtaris 𝑙 sigrZis da 𝑑   diametris 10-jer  gazomvis Sedegad 

miviReT Semdegi monacemebi: 𝑙 = 25.323 mm, 𝑆𝑖 = 0.12 mm, 𝑑 = 1.54 mm, 𝑆𝑑 = 0.21 

mm. 𝑙  sididis saSualo kvadratuli mniSvneloba iqneba 

𝑆𝑅
2

𝑅2
=

𝑆𝑑2
2

 𝑑2 2
+

𝑆𝑙
2

𝑙2
 

miviRebT ra mxedvelobaSi, rom 𝑆𝑑2 = 𝑆𝑑∗𝑑 = 2𝑠𝑑 gvaqvs 

𝑆𝑅

𝑅
=   

2𝑠𝑑

𝑑2
 

2

+
𝑆𝑙

2

𝑙2
 

cxadia, cdomilebis saboloo mniSvnelobis gamoTvlisas sigrZis 

gamoTvlis cdomileba SeiZleba ar miviRoT mxedvelobaSi. ganivkveTis 

farTobis (diametris kvadrati) gazomvis  variaciis koeficienti  iqneba 
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𝑆𝑑2 𝑑2 = 2𝑆𝑑 𝑑2 = 1,8%  . Tu  SemovifarglebiT ndobis albaTobiT 0.95, 

danarTis cxrili 2 am SemTxvevisTvis iZleva  𝑡𝛼𝑛 = 2.3 da saSualo 

ariTmetikulis fardobiTi cdomileba Cveni aTi gazomvisTvis iqneba  

∆𝑥

𝑥
=

1,8% ∙ 2.3

 10
≈ 1.3% 

Ees cdomileba Seesabameba ndobis intervals 0.95.  

  amrigad 𝑅 unda gamovTvaloT 1% -ze odnav meti sizustiT, e.i. unda 

SemovisazRvroT mesame niSnadi cifriT. 

  spilenZis gamtaris SemTxvevaSi oTaxis temperaturaze miviRebT 

𝑅 = 1.78 ∙ 10−6 ∆𝑙

𝜋𝑑2 = 2.42 ∙ 10−4 omi 

cdomileba Seadgens 1.3%, an 3 ∙ 10−6 omi (ndobis albaTobiT 0.95) 

 

 

         3.4  niSnebis raodenoba cdomilebis gansazRvrisas 

 

   Cven viciT, rom SemTxveviTi cdomilebis sidide 𝑆𝑛 , rogorc gazomvis 

sidideebi, eqvemdebareba SemTxveviT rxevebs. 

  Aadre moyvanilma magaliTebma  gviCvenes, rom gazomvaTa didi 
raodenobis SemTxvevaSic ki ndobis intervalebi 𝜍 - Tvis  sakmaod didi 
ricxvebia, rac  imas niSnavs, rom ecdomileba yovelTvis sakmaod 
uxeSadaa ganvsazRvruli.  
   aTi gazomvisas 𝜍 ganisazRvreba 30% sizustiT. amitom, rogorc wesi, 
𝜍 - Tvis unda moviyvanoT erTi niSnadi cifri, Tu is 3-ze metia, da ori 
niSnadi cifri Tu pirveli maTgani naklebia 4-ze. 
   Tu 𝑆10 gamovida 0.523 toli, maSin mogvyavs erTi cifri 𝑆 = 0.5; Tu 
𝑆10 = 0.124, maSin unda moviyvanoT ori niSnadi cifri 𝑆 = 0.12. 
   roca 𝑛 = 25, 𝑆10 = 1 7 . cxadia, rom am SemTxvevaSi azri ara aqvs 𝜍 - 
Tvis gaTvlebi CavataroT da Sedegebi moviyvanoT or niSnad cifrze 
meti sizustiT, e.i. unda davweroT 𝑆 = 2.3, da ara 2.34 an 𝑆 = 0.52 da ara 
𝑆 = 0.523 
   damrgvalebis Catareba yovelTvis aucilebelia, vinaidan zedmetad 

bevri cifri qmnis cru warmodgenas 𝜍 gazomvis cdomilebis Sesaxeb. 

 

Ddaskvnebi 

 
   zogierT meTodur naSromSi, romlebic praqtikaSi gamoiyeneba, 

gazomvis cdomilebebi gadmocemulia sakmaod erTferovni sqemiT da 

Seicavs Semdeg ZiriTad momentebs: 
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   1) TiToeuli gazomva tardeba ramdenjerme da yvelaze albaTur 

mniSvnelobad aiReba calkeuli gazomvebis Sedegebis saSualo 

ariTmetikuli 𝑥 ; 

  2) gamoiTvleba Sedegis saSualo ariTmetikuli cdomileba; 

  3) gasazomi 𝑥 sididis  cdomilebad miiReba  an   𝑥 − 𝑥𝑖  𝑅 , an  𝑥𝑖 − 𝑥   

seriidan maqsimaluri mniSvneloba. Aam ukanasknels xSirad uwodeben 

cdomilebis zRvrul an maqsimalur mniSvnelobas; 

   4) 𝑓(𝑥1, 𝑥2 , 𝑥3, … , 𝑥𝑛 ) ramdenime cvladis funqciis cdomileba 

ganisazRvreba TanafardobiT 

∆𝑓 =   
𝜕𝑓

𝜕𝑥𝑖
∆𝑥𝑖 

1
𝑛    (42) 

   Aam formuliT gamoTvlil cdomilebas aseve ewodeba zRvruli, an 

maqsimaluri cdomileba da amasTan ∆𝑥𝑖 qveS zogjer igulisxmeba   𝑥 − 𝑥𝑖  

cdomilebis saSualo ariTmetikuli mniSvneloba, zogjer ki am   

cdomilebebis maqsimaluri mniSvneloba. 

   Acdomilebis sizustis am gziT Catarebuli  Sefaseba naklebad 

sasargebloa da rac gansakuTrebiT aRniSvis Rirsia, studenti (zogjer 

ufro gamocdili eqsperimentatoric) askvnis, rom mravaljeradi gazomva 

saWiroa mxolod  cdomilebis gamosaTvlelad.  

   im rolis Sesaxeb, romelsac mravaljeradi gazomvebi TamaSoben  

saboloo Sedegis sizustis gasazrdelad xSirad saTanadod 

ganmartebuli da xazgasmuli ar aris. 

   zogjer naTqvamia, rom erjerad Catarebul gazomvebs araviTari 

Rerebuleba ara aqvs. masTan praqtika aCvenebs, rom mravali gazomva, 

romlis Sedegebsac Cven warmatebiT viyenebT, Catarebulia mxolod 

erTxel. Aase iqcevian xSirad ara marto teqnikaSi aramed samecniero 

kvlevebSic. cxadia erjeradi gazomviT SeiZleba SemovifargloT maSin, 

rodesac gazomvis cdomileba ganpirobebulia ara SemTxveviTi 

cdomilebiT, aramed gamzomi xelsawyos uzustobiT. 

    SevniSnoT, rom gazomvebis raodenobis gazrda iwvevs cdomilebis 

ramdenad ginda mcire zomamde Semcirebas, Tumca es pirdapir gamodis 

Tanafardobidan 

𝑆𝑖 =
𝑆𝑛

 𝑛
 

romelic arcTu kritikulad ganixileba. 

    (42) formulis gamoyeneba, nacvlad (37), romelic samarTliania 

damoukidebeli gazomvebisTvis, iwvevs, zogadad, rom vTqvaT cdomilebis 

gazrdas. 

   amaSi araferia cudi, is garemoeba rom ara, rom cdomilebis gadideba 

TiToeul  konkretul SemTxvevaSi unda iyos Sefasebuli, vinaidan is 

damokidebulia cvladebis sididesa da raodenobaze. 
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   SevniSnoT, rom funqciis nazrdisgan gansxvavebiT, romelTanac 

identificirdeba  gazomvis cdomileba, SemTxveviTi cdomilebis 

miTiTebisTvis moyvanili unda iyos ara erTi, aramed ori monacemi – 

cdomilebis sidide da ndobis albaToba, romelsa es cdomileba 

Seesabameba. 

   SevexoT sakiTxs, romeli cdomileba – saSualo ariTmetikuli Tu 

saSualo kvadratuli cdomileba unda gamovTvaloT? 

   zogjer laboratoriul cnobarebSi moyvanilia wesi, rom Tu 

gazomvebis raodenoba didia unda visargebloT saSualo kvadratuli 

cdomilebiT (𝑆), xolo Tu mcire – saSualo   ariTmetikuli 

cdomilebiT (𝑟). Aadvili sanaxavia, rom  am wesis gamoyeneba 

aramizanSewonilia. marTlac Tu 𝑛 sakmaod didia, maSin 𝑟 da 𝑆 Soris 

arsebobs martivi kavSiri 𝑟 = 0.8 𝑆. 

   Sesabamisad, principSi didi mniSvneloba ara aqvs Tu romel  

cdomilebas gamovTvliT da SevCerdeT imaze, romelic ufro martivi 

gamosaTvlelia, anu 𝑟-ze, Tumca gazomvebis mcire raodenobisas unda 

visargebloT saSualo kvadratuli cdomilebiT, romlisTvisac ndobis 

albaTobis gamoTvla martivia stiudentis ganawilebis cxrilis 

gamoyenebiT. amasTan erTad SevniSnoT, rom saSualo ariTmetikuli 

cdomilebis  ndobis albaToba sakmaod rTulad aris dakavSirebuli  

gazomvebis  𝑛 ricxvisgan da Sesabamisi cxrilebic ar arsebobs. 
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danarTi 
 

I. 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. Aabsoluturi 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 saSualo ariTmetikul da saSualo kvadratul 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 

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

; 
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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

 

FII. formulebi, romlebic amartiveben gamoTvlebs 
 

1.saSualo ariTmetikuli 
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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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III. ZiriTadi cxrilebi 
 

cxrili 1 
ndobis  albaTobebi 𝛼  intervalisTvis gamosaxuli saSualo 

kvadratuli cdomilebis wilebSi  ɛ =
∆𝑥

𝛼
 

laplasis funqcia: 2𝛩 =
2

 2𝜋
 𝘦−

ɛ2

2 𝑑ɛ =
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 2 
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 
 0.14 
 0.14 
 0.13 

 
 0.13 
 0.13 
 0.13 
 0.13 
 0.13 

 
 0.13 
 0.13 
 0.13 
 0.13 
 0.13 

 
 0.13 
 0.13 
 0.13 
 0.13 
 0.13 

 
 0.13 
 0.13 
 0.13 
 0.13 
 0.13 

 
 0.13 
 0.13 
 0.13 
 0.13 
 0.13 

 
 0.13 
 0.13 
 0.13 
 0.13 

  
 

0.33 
 0.45 
 0.42 
 0.41 

 
 0.27 
 0.27 
 0.26 
 0.26 
 0.26 

 
 0.26 
 0.26 
 0.26 
 0.26 
 0.26 

 
 0.26 
 0.26 
 0.26 
 0.26 
 0.26 

 
 0.26 
 0.26 
 0.26 
 0.26 
 0.26 

 
 0.26 
 0.26 
 0.26 
 0.26 
 0.26 

 
 0.26 
 0.25 
 0.25 
 0.25 

 

0.51 
 0.45 
 0.42 
 0.41 

 
 0.41 
 0.40 
 0.40 
 0.40 
 0.40 

 
 0.40 
 0.40 
 0.40 
 0.39 
 0.39 

 
 0.39 
 0.39 
 0.39 
 0.39 
 0.39 

 
 0.39 
 0.39 
 0.39 
 0.39 
 0.39 

 
 0.39 
 0.39 
 0.39 
 0.39 
 0.39 

 
 .39 
 .39 
 .39 
 .39 

0.73 
 0.62 
 0.58 
 0.57 

 
 0.56 
 0.55 
 0.55 
 0.54 
 0.54 

 
 0.54 
 0.54 
 0.54 
 0.54 
 0.54 

 
 0.54 
 0.54 
 0.53 
 0.53 
 0.53 

 
 0.53 
 0.53 
 0.53 
 0.53 
 0.53 

 
 0.53 
 0.53 
 0.53 
 0.53 
 0.53 

 
 0.53 
 0.53 
 0.53 
 0.53 

1.00 
 1.82 
 1.77 
 1.74 

 
 1.73 
 1.72 
 1.71 
 1.71 
 1.70 

 
 1.70 
 1.70 
 1.70 
 1.69 

    1.69 
 

 1.69 
 1.69 
 1.69 

    1.69 
    1.69 
 

 1.69 
 1.69 
 1.69 

    1.69 
 1.69 

 
 1.68 
 1.68 
 1.68 

    1.68 
 1.69 

 
 1.68 
 1.68 
 1.68 

    1.67 
 

1.38 
1.06 
0.98 
 0.94 

 
 0.92 
 0.90 
 0.90 
 0.90 
 0.88 

 
0.88 
0.87 
0.87 
0.87 
0.87 
 

0.88 
0.86 
0.86 
0.86 
0.86 
 

0.86 
0.86 
0.86 
0.86 
0.86 
 

0.86 
0.86 
0.86 
0.86 
0.85 
 

0.85 
0.85 
0.85 
0.86 
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cxrili 2 (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 3 
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 
0.43 
0.48 
0.52 
0.55 
0.57 
0.59 
0.60 
0.62 
0.63 
0.64 
0.65 
0.66 
0.67 
0.68 
0.68 
0.69 
0.70 
0.70 
0.73 
0.74 
0.77 
0.79 
0.82 
0.85 
0.89 
 

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 
0.47 
0.51 
0.55 
0.58 
0.60 
0.62 
0.63 
0.64 
0.66 
0.67 
0.68 
0.69 
0.69 
0.70 
0.71 
0.72 
0.73 
0.75 
0.77 
0.79 
0.79 
0.81 
0.84 
0.86 
0.90 

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 
0.52 
0.57 
0.60 
0.62 
0.64 
0.66 
0.68 
0.69 
0.70 
0.71 
0.72 
0.73 
0.73 
0.74 
0.75 
0.75 
0.76 
0.76 
0.76 
0.80 
0.82 
0.84 
0.86 
0.88 
0.91 

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 
0.58 
0.62 
0.65 
0.67 
0.68 
0.70 
0.72 
0.73 
0.74 
0.75 
0.76 
0.76 
0.77 
0.77 
0.79 
0.79 
0.79 
0.81 
0.83 
0.85 
0.86 
0.88 
0.89 
0.90 
0.93 

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 4 
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 5 
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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IV. pirdapiri da arapirdapiri gazomvebis eqsperimentuli  monacemebis 
damuSavebis zogierTi magaliTi 

a) .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 
 

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% 
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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 
 

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 

 
 

𝑥 =
 𝑥𝑖

𝑛
1

𝑛
=

 𝑑𝑖
6
1

6
=

24.06

6
= 4.01 mm 

 
 

𝑆𝑟 =  
  ∆𝑥 2𝑛

1

𝑛 𝑛−1 
=  

   𝑑−𝑥  2 26
1

6∙5
=  

0.0046

30
= 0.01238 mm 

 
rogorc zemoT mivuTiTeT saimedoobis sidided aviRoT 𝑝 = 0.95 da  6  

gazomisTvis stiudentis  cxrilidan movZebnoT 𝑡 = 2.57. absoluturi 
cdomileba viangariSoT formuliT ∆𝑥 = 𝑆𝑟 ∙ 𝑡 = 0.01238∙ 2.57 = 0.04 mm 
SevadaroT SemTxveviTi  da sistematuri  cdomilebebi  

∆

𝛿
=

0.04

0.005
= 8 

vinaidan  𝛿 < ∆ amitom 𝛿 = 0.005 SeiZleba ukuvagdoT. 

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

 

𝜀 =
∆𝑥

𝑥
∙ 100% =

0.04

4.01
∙ 100% ≈ 1% 

 
 

 

b).arapirdapiri  gazomvebi 
 
   rogorc zemoT iyo miTiTebuli arapirdapiri gazomvebis dros 
CvenTvis saintereso sidide warmoadgens uSualod gazomvadi  erTi an 
ramdenime sididis funqcias 
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𝑁 = 𝑓 𝑥, 𝑦, 𝑧, …   (43) 
 

rogorc albaTobis Teoriidan gamomdinareobs sididis saSualo 
mniSvneloba miiReba am ukanasknelSi gazomili sidideebis saSualo 
mniSvnelobis CasmiT  

𝑁 = 𝑓 𝑥 , 𝑦 , 𝑧 , …   (44) 
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 + ⋯   (45) an 

 

𝛿𝑁 = ±𝑁   
𝜕𝑙𝑛𝑓

𝜕𝑥
𝛿𝑥 +  

𝜕𝑙𝑛𝑓

𝜕𝑦
𝛿𝑦 +  

𝜕𝑙𝑛𝑓

𝜕𝑧
𝛿𝑧 + ⋯   (46) 

sadac  
 

𝜕𝑓

𝜕𝑥
,
𝜕𝑓

𝜕𝑦
,
𝜕𝑓

𝜕𝑧
, … 

Aaris   

𝑁 = 𝑓 𝑥, 𝑦, 𝑧, …   
Ffunqciis kerZo warmoebulebi 𝑥, 𝑦, 𝑧, … gamoTvlili im pirobiT, rom 
yvela argumenti garda imaTi, romlebiTac Catarebulia gazomva mudmivi 
sidideebia. 𝛿𝑥, 𝛿𝑦, 𝛿𝑧 argumentebis sistematuri cdomilebebia. (45) 
formuliT sargeboba mosaxerxebelia maSin, rodesac funqcias  
𝑁 = 𝑓 𝑥, 𝑦, 𝑧, …   aqvs argumentebis  jamis  an  sxvaobis  saxe, xolo (46) 
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

+ ⋯   (47) an 

 

∆𝑁 = ±𝑁   
𝜕𝑙𝑛𝑓

𝜕𝑥
∆𝑥 

2

+  
𝜕𝑙𝑛𝑓

𝜕𝑦
∆𝑦 

2

+  
𝜕𝑙𝑛𝑓

𝜕𝑧
∆𝑧 

2

+ ⋯   (48) 

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 
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ganapirobeben gazomvis sizustes.  Aam  SemTxvevaSi  sruli  cdomileba 

  ganisazRvreba rogorc kvadratuli jami SemTxveviTi ∆ da 

sistematuri 𝛿 cdomilebebisa, ara nakleb 𝑃 albaTobiT.sadac 𝑃 

SemTxveviTi cdomilebis ndobis albaTobaa: 

 = ∆2 + 𝛿2 

A arapirdapiri gazomvebisas, aRwarmoebad pirobebSi fuqcias  pouloben 

calkeuli gazomvebisTvis, xolo ndobid 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  (45) da (46) 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 

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% 
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   moviyvanoT arapirdapiri gazomvebis damuSavebis magaliTi 

magaliTi 1. vipovoT cilindris moculoba formuliT 

𝑣 = 𝜋𝑑2𝑕  (49) 

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 (49)  

 

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 cdomilea 𝛿𝑑 = 𝛿𝑕 = 0.01 mm. sistematuri cdomileba 

𝛿𝑉 iqneba  

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 

 

Aamrigad  gazomvis  Sedegia  

𝑉 =  109 ± 2  mm3  𝑝 = 0.95-Tvis 
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𝜀 =
2

109
∙ 100% ≈ 2% 

 

 

   magaliTi 2. moZebneT absoluturi  da fardobiTi  cdomilebis  

mniSvnelobebi  Semdegi  funqcionaluri damokidebulebisTvis 

𝜏 =
𝑚1 + 𝑚2 − 𝑚3

2𝑚1𝑚2
 

Aam 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 

(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  

(46) formulis  gamoyenebiT miviRebT  
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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  

 

 

 

 
 
L 
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