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Sesavali 

 

albaTobis Teoria warmoadgens maTematikis erT-erT 

umniSvnelovanes dargs, romelic specialistebs izidavs 

rogorc Semdgomi kvleviTi perspeqtivis mravalferovne-

biT, aseve praqtikuli gamoyenebebis simravliTac. arc Tu 

ise advilia davasaxeloT Teoriuli Tu gamoyenebiTi 

mecnierebebis, ekonomikisa da biznesis, socialuri mecni-

erebebis iseTi dargi, romelic ama Tu im formiT ar iye-

nebs albaTobis Teorias. is, rom albaTobis Teoria xasi-

aTdeba gamoyenebebis simravliT, ZiriTadad ganpirobebu-

lia albaTobis Teoriis zRvariTi TeoremebiT. winamdeba-

re naSromi exeba erT-erT maTgans, saxeldobr did ricx-

vTa kanons. garda Sesavali nawilisa, naSromi Sedgeba 

ori nawilisagan, romelTagan pirvelSi mocemulia did 

ricxvTa kanonis ganviTarebis ZiriTadi etapebi damtkice-

bebiTurT, xolo bolo nawilSi Camoyalibebulia da dam-

tkicebulia am naSromis mTavari mizani _ did ricxvTa ka-

noni separabeluri hilbertis sivrceSi mniSvnelobebis 

mqone sustad damokidebuli SemTxveviTi elementebisaTvis. 

istoriulad did ricxvTa kanoni pirvelad aRmoaCina 

da daamtkica gamoCenilma Sveicarielma mecnierma iakob 

bernulim. es Sedegi, romelic SemdgomSi cnobili gaxda 

bernulis Teoremis saxelwodebiT, gamoqveynda 1713 wels, 

i. bernulis gardacvalebidan 8 wlis Semdeg. 
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cxadia, formalurma maTematikurma Teoriam SeiZleba 

arc arasdros mimarTos realur cxovrebas, magram igi 

aucileblad unda Seicavdes im movlenis Teoriul mo-

dels, romlis axsnasac cdilobs. ase magaliTad, albaTo-

baze Cveni intuiciuri warmodgena damyarebulia Semdeg 

mosazrebaze. Tu n  erTnair cdaTa mimdevrobaSi A xdomi-

leba moxda An -jer da Tu n  Zalian didi ricxvia, maSin 

Sefardeba nnA /  axlos unda iyos A xdomilebis p  alba-

TobasTan. ra Tqma unda sasurvelia, rom albaTobis Teo-

riis CarCoebSi es, garkveulwilad aramkafio mosazreba, 

vaqcioT zust maTematikur Teoremad. swored am rols as-

rulebs bernulis Teorema _ albaTobis Teoriis istori-

ulad pirveli zRvariTi Teorema. 

erTi saukunis Semdeg, 1837 wels, simeon puasonma da-

amtkica analogiuri Teorema ufro zogad pirobebSi. aR-

saniSnavia, rom termini “did ricxvTa kanoni” samecniero 

literaturaSi pirvelad Semoitana da daamkvidra puason-

ma. 

1867 wels naSromSi “saSualo mniSvnelobebis Sesa-

xeb” gamoCenili rusi maTematikosis p.l. CebiSevis mier Se-

moTavazebuli da ganviTarebuli iqna kvlevis martivi me-

Todi, romelic Zalian efeqturi gamodga stoqastur ana-

lizSi. bernuli da puasoni ganixilavdnen mxolod xdomi-

lebebs da maT albaTobebs, CebiSevma ki pirvelma miaqcia 

yuradReba SemTxveviT sidideebs. Sedegi, romelic man mii-
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Ro, cnobilia rogorc did ricxvTa kanoni CebiSevis for-

miT. 

Tu CebiSevis meTodi arsebiTad iyenebs dispersiis 

arsebobas, XX saukunis 20-iani wlebis miwuruls cnobil-

ma rusma maTematikosma a.i. xinCinma daamtkica did ricx-

vTa kanoni damoukidebeli erTnairad ganawilebuli Sem-

TxveviTi sidideebisaTvis, romelTaTvisac moiTxova mxo-

lod pirveli momentis (maTematikuri molodinis) arsebo-

ba. 

yvela zemoT CamoTvlili Sedegi warmoadgens did 

ricxvTa egreT wodebuli susti kanonis sxvadasxva for-

mebs. did ricxvTa susti kanonidan gamomdinareobs, rom 

yoveli sakmarisad didi n -saTvis SemTxveviT sidideTa 

jamsa da mis maTematikur molodins Soris sxvaoba 
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  mosalodnelia iyos n -Tan SedarebiT mcire. 

magram es, sazogadod, ar niSnavs, rom Sefardeba 

n
n

i

i

n

i

i /
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  aris mcire yvela n -saTvis. did ricxvTa 

susti kanoni amtkicebs mxolod imas, rom Sefardeba 

n
n

i

i

n

i

i /
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  did mniSvnelobebs Zalian iSviaTad Rebu-

lobs. susti kanonisgan gansxvavebiT am garemoebas azus-

tebs did ricxvTa gaZlierebuli kanoni, romelic pirve-

lad, bernulis sqemis kerZo SemTxvevaSi roca 21 /p , Ca-

moayaliba da daamtkica gamoCenilma frangma maTematikos-
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ma e. borelma 1909 wels. xolo 1917 wels es faqti nebismi-

eri p -saTvis daamtkica italielma maTematikosma kante-

lim da igi mokled SeiZleba ase Caiweros 

1lim 








p

n

nA

n
. 

sxva sityvebiT rom vTqvaT, Tu did ricxvTa susti kanoni 

amtkicebs, rom n -is zrdasTan erTad Sefardeba 

n
n

i

i

n

i

i /
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  albaTurad miiswrafvis 0-saken, did ri-

cxvTa gaZlierebuli kanoni amtkicebs, rom n -is zrdasTan 

erTad Sefardeba n
n

i

i

n

i

i /
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  miiswrafvis nulisaken 

yovel A\  wertilSi, sadac   aris elementarul 

xdomilebaTa sivrce, romelzedac gansazRvrulia yvela 

mocemuli SemTxveviTi sidide i , xolo A aris simravle, 

romlis albaToba nulis tolia. 

SevniSnoT, rom did ricxvTa kanonis mimarTulebiT 

miRebuli Sedegebi ZiriTadad exeba damoukidebel (an ara-

korelirebul) SemTxveviT sidideebs. SedarebiT mcirea am 

mimarTulebiT miRebuli Sedegebi im SemTxvevaSi, roca 

SemTxveviT sidideebs gaaCniaT aranulovani kovariaciebi. 

gasuli saukunis meore naxevridan daiwyo zRvariTi 

Teoremebis Seswavla usasruloganzomilebian sivrceebSi, 

romlebmac Tavisi specifika Seitana aRniSnul problema-

tikaSi. ukanasknel wlebSi sxvadasxva qveynis maTematikos-

Ta naSromebSi intensiurad ganixileba egreT wodebuli 
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gadanacvlebadi did ricxvTa kanoni (amboben, rom SemTxve-

viT sidideTa mimdevroba  ,,, , n 21  akmayofilebs gada-

nacvlebad did ricxvTa kanons, Tu arsebobs   natura-

lur ricxvTa simravlis iseTi gadanacvleba : , 

rom gadanacvlebul SemTxveviT sidideTa mimdevroba 

       ,,, , n  21  akmayofilebs did ricxvTa kanons). 

naSromis bolo nawili exeba did ricxvTa kanons se-

parabelur hilbertis sivrceSi. kerZod, Camoyalibebulia 

da damtkicebulia xinCinisa da bernSteinis Teoremebis 

analogebi hilbertis sivrcis SemTxvevaSi. 

did ricxvTa kanonTan dakavSirebuli sakiTxebi daw-

vrilebiT aris gaSuqebuli, magaliTad, naSromebSi [1-7]. 
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1. did ricxvTa kanoni 

 

vTqvaT, SemTxveviT sidideTa mimdevroba 

 ,,, , n 21  gansazRvrulia albaTur sivrceze   ,, F  

da davuSvaT, rom mocemul SemTxveviT sidideebs gaaCniaT 

maTematikuri molodini. aRvniSnoT ,,, 21

1

 


nS
n

i

in  . 

Cven vityviT, rom SemTxveviT sidideTa mimdevroba 

 ,,,, n 21  akmayofilebs did ricxvTa sust kanons, Tu 

mimdevroba 
n

SS nn 
 albaTurad miiswrafvis nulisaken, 

anu 

0lim 















n

SS nn

n
 

yoveli 0 -saTvis, sadac   aris maTematikuri molodi-

nis simbolo. 

Cven vityviT, rom SemTxveviT sidideTa mimdevroba 

 ,,,, n 21  akmayofilebs did ricxvTa gaZlierebul ka-

nons, Tu mimdevroba 
n

SS nn 
 TiTqmis yvelgan miiswrafvis 

nulisaken, anu 

10lim 












 n

SS nn

n
. 

rogorc viciT, Tu mimdevroba TiTqmis yvelgan ikri-

beba nulisken, maSin igi ikribeba nulisken albaTuradac. 

Sebrunebuli debuleba sazogadod swori ar aris. aqedan 

gamomdinare, Tu mimdevroba  ,,,, n 21  akmayofilebs 
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did ricxvTa gaZlierebul kanons, maSin igi agreTve akma-

yofilebs did ricxvTa sust kanons. piriqiT ki, sazoga-

dod, swori ar aris. 

rogorc ukve aRvniSneT, pirvel did ricxvTa kanons 

warmoadgens bernulis Teorema, romelic avtorma bernu-

lis sqemisaTvis Camoayaliba. SevniSnoT, rom damoukide-

bel or Sedegian cdaTa mimdevrobas, sadac TiToeul cda-

Si CvenTvis saintereso xdomilebis moxdenis albaToba 

aris erTi da igive ricxvi, bernulis sqema ewodeba. 

vTqvaT, erTsa da imave cdas vatarebT n -jer da vTqvaT, 

TiToeul cdaSi vafiqsirebT raime A xdomilebis moxde-

nas. TiToeul cdaSi A xdomilebis moxdenis albaToba 

aRvniSnoT p -Ti, 10  p , da vTqvaT, k  aris am n  Catare-

bul cdaSi A xdomilebis moxdenis raodenoba. cxadia, 

nk 0 . albaToba imisa, rom n  Catarebul cdaSi A xdomi-

leba moxdeba zustad k -jer, aRvniSnoT )(kn -Ti. )(kn -s 

bernulis albaTobas uwodeben da igi gamoiTvleba for-

muliT 

nkpp
knk

n
k knk

n ,,1,0,)1(
)!(!

!
)( 


  . 

i -Ti aRvniSnoT SemTxveviTi sidide, romelic Rebulobs 

mniSvneloba 1-s, Tu i -ur cdaSi moxda xdomileba A da 

Rebulobs mniSvneloba 0-s, Tu i -ur cdaSi ar moxda xdo-

mileba A , ni ,,2,1  . cxadia, yvela i -s gaaCnia erTi da igi-

ve ganawilebis kanoni 
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 pp
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01
: , 

pi   da radgan cdebi tardeba erTmaneTisagan damouki-

deblad, amitom SemTxveviTi sidideebi nii ,,2,1,   arian 

damoukidebeli SemTxveviTi sidideebi. garda amisa, cxa-

dia, rom i -s gansazRvrebis gamo jami 



n

i

inS
1

  aRniSnavs n  

Catarebul cdaSi A xdomilebis moxdenis An  raodenobas. 

amitom  

  nkpp
knk

n
kkS knk

nn ,,1,0,)1(
)!(!
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  . 

CamovayaliboT da davamtkicoT bernulis Teorema. 

SevniSnoT, rom es damtkiceba maqsimalurad aris miaxloe-

buli TviT bernulis originalur damtkicebasTan da igi 

iyenebs mxolod bernulis sqemis da bernulis albaTobe-

bis Tvisebebs. 

 

bernulis Teorema. vTqvaT,  ,,,, n 21  damoukidebe-

li SemTxveviTi sidideebia, romlebic iReben mniSvnelo-

bebs 1 an 0 Sesabamisad p  da pq  1  albaTobebiT, 

10  p . maSin nebismieri 0 -saTvis sruldeba toloba 

0limlim 21 
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     damtkiceba. jer davamtkicoT Semdegi tolobebis sa-

marTlianoba: 
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SevniSnoT, rom 
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n1  ur-

TierTsawinaaRmdego xdomilebebia da amitom 
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nn  11 1 . 

garda amisa, martivi gardaqmnebiT da )(a , )(b , )(c  tolobe-

bis gaTvaliswinebiT vRebulobT: 
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riTac sruldeba bernulis Teoremis damtkiceba. 

 

 CamovayaliboT bernulis Teorema bernulis sqemis 

tradiciul terminebSi. 

 

Teorema. vTqvaT, An  aris A xdomilebis moxdenis 

raodenoba n  damoukidebel cdaSi da p  aris TiToeul 

cdaSi A xdomilebis moxdenis albaToba. maSin, rogoric 

ar unda iyos 0 , sruldeba toloba 

0lim 










p

n

nA

n
. 

 

 bernulis es Teorema ganazogada puasonma, romelmac 

ganixila n  damoukidebel cdaTa mimdevroba, sadac TiTo-

eul cdaSi A xdomilebis moxdenis ip  albaToba damoki-

debulia cdis nomerze. 

 

puasonis Teorema. vTqvaT, An  aris A xdomilebis 

moxdenis raodenoba n  damoukidebel cdaSi da ip  aris i -
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ur cdaSi A xdomilebis moxdenis albaToba. maSin, rogo-

ric ar unda iyos 0 , sruldeba toloba 

0lim 21 















n

ppp

n

n nA

n
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 did ricxvTa kanonis ganviTarebas mZlavri biZgi mis-

ca 1867 wels gamoqveynebulma CebiSevis naSromma “saSua-

lo mniSvnelobebis Sesaxeb”. am naSromSi pirvelad iqna 

Camoyalibebuli da damtkicebuli did ricxvTa kanoni 

SemTxveviTi sidideebis terminebSi (did ricxvTa kanoni 

CebiSevis formiT), romelic dRes albaTobis Teoriis yve-

la saxelmZRvaneloSia.  

misi damtkiceba eyrdnoba utolobas, romelic CebiSe-

vis utolobis saxeliTaa cnobili. 

 

CebiSevis utoloba. vTqvaT,   SemTxveviTi sididis 

maTematikuri molodinia   da dispersia D . maSin yove-

li 0 -saTvis 

 
2




D
E  . 

 

damtkiceba. nebismieri B  simravlis indikatori BI  

ganisazRvreba tolobiT: 
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Tu 














1




 simravlis indikators aRvniSnavT 
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I -Ti, maSin dispersiis gansazRvrebis Tanaxmad 

gveqneba 
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   2 , 

saidanac vRebulobT dasamtkicebel utolobas. 

 

did ricxvTa kanoni CebiSevis formiT. vTqvaT, 

 ,,,, n 21  aris wyvil-wyvilad damoukidebel SemTxveviT 

sidideTa mimdevroba, romelTa dispersiebi SemosazRvru-

li erTidaigive sasruli mudmiviT 

, CD k  ,,, 21k  

maSin yoveli 0 -saTvis 
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damtkiceba.  ,,,, n 21  SemTxveviTi sidideebis 

wyvilwyvilad damoukideblobis gamo adgili aqvs tolo-

bas 
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dispersiebis erTobliobaSi SemosazRvrulobis gamo  
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CebiSevis utolobis Tanaxmad 
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Tu gadavalT zRvarze rodesac n , miviRebT: 
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rac amTavrebs Teoremis damtkicebas. 

 

 cxadia, rom am Teoremis Sedegs warmoadgenen bernu-

lis da puasonis Teoremebi, radgan 








 ii
i pp 1

01
:  SemTx-

veviTi sidideebi damoukideblebia da maTi dispersia 

  411 / iii ppD   yoveli i -saTvis. 

aRvniSnoT CebiSevis Teoremis sxva Sedegic. 

 

Sedegi. vTqvaT  ,,,, n 21  aris damoukidebeli erT-

nairad ganawilebuli SemTxveviTi sidideebis mimdevroba, 

romelTac gaaCniaT sasruli dispersia. maSin yoveli 0 -

saTvis  

0lim 1
1 
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n
P n

n
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Tu yuradRebiT davakvirdebiT CebiSevis Teoremis 

damtkicebas, SevamCnevT, rom  ,,,, n 21  SemTxveviTi si-

dideebis damoukidebloba moTxovnilia dispersiis aditi-

urobis Tvisebis uzrunvelsayofad. magram, rogorc viciT, 

dispersiis aditiurobisaTvis sakmarisia SemTxveviTi sidi-

deebi iyos arakorelirebulebi, anu adgili hqondes to-

lobas 

                      0 jjii     roca   ji  . 

kerZod, Tu gavimeorebT CebiSevis Teoremis damtkice-

bis gzas, advilad miviRebT Semdeg debulebas 

 

Teorema. vTqvaT,  ,,,, n 21  arakorelirebuli Sem-

TxveviTi sidideebia da sruldeba piroba 

0lim
2

1 



 n

D
n

i

i

n



 

maSin nebismieri 0 -saTvis samarTliania toloba 

0lim 2121 




















nn

nn

n

 . 

 

  CebiSevis utolobis gamoyenebiT advilad SegviZlia 

davamtkicoT did ricxvTa kanoni damoukideblobis an 

arakorelirebulobis moTxovnis gareSe. saxeldobr, sa-

marTliania 

 

markovis Teorema. Tu SemTxveviTi sidideebis mim-

devroba  ,,,, n 21  iseTia, rom 
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0lim
2

1


















 n

D
n

i

i

n



, 

maSin nebismieri 0 -saTvis samarTliania toloba 

0lim 2121 




















nn

nn
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Tu SemTxveviTi sidideebi  ,,,, n 21  wyvil-wyvilad da-

moukidebelia, maSin markovis piroba miiRebs saxes: 

0lim
2

1 



 n

D
n

i

i

n



. 

aqedan Cans, rom CebiSevis Teorema warmoadgens markovis 

Teoremis kerZo SemTxvevas. 

 pirveli Sedegi, sadac dafiqsirda aucilebeli da 

sakmarisi piroba did ricxvTa kanonis SesrulebisaTvis, 

miRebuli iqna 1923 wels xinCinis mier. 

 

 xinCinis Teorema. damoukidebeli erTnairad ganawi-

lebuli SemTxveviTi sidideebis mimdevroba  ,,,, n 21  

akmayofilebs did ricxvTa kanons maSin da mxolod maSin, 

roca  i . 

 

 SevniSnoT, rom arsebobs Teorema, romelic SemTxve-

viT sidideTa nebismieri mimdevrobisaTvis iZleva aucile-

bel da sakmaris pirobas did ricxvTa kanonis Sesrulebi-
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saTvis, magram am pirobis faqtobrivi gamoyeneba realur 

situaciebSi sakmarisad problemuria. 

SevexoT bernulis Teoremis erT gamoyenebas, rome-

lic gasuli saukunis ormocian wlebSi bernSteinma aRmo-

aCina da exeba uwyveti funqciebis polinomebiT aproqsima-

cias. sxva sityvebiT rom vTqvaT, laparakia vaierStrasis 

cnobili Teoremis albaTuri damtkicebis Sesaxeb. 

vTqvaT, mocemulia  1,0  Caketil segmentze gansazR-

vruli uwyveti funqcia )(xf , xolo  ,,,, n 21  damouki-

debeli SemTxveviTi sidideebia, romlebic iReben mniSvne-

lobebs 1 an 0 albaTobebiT p  da pq 1 . rogorc ukve 

aRvniSneT 
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0

, romelic p -s mimarT 

n -uri rigis polinoms warmoadgens, bernSteinis polinoms 

uwodeben. 

samarTliania Semdegi 

 

vaierStrasis Teorema. vTqvaT, mocemulia  1,0  Cake-

til segmentze gansazRvruli uwyveti funqcia )(xf . maSin 
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0)()(maxlim
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damtkiceba. radgan Caketili segmenti  1,0  kompaqtu-

ria, amitom masze gansazRvruli uwyveti f  funqcia Tanab-

rad uwyveti da SemosazRvrulia raime sasruli dadebiTi 

M  mudmiviT. nebismieri 0 -saTvis SevarCioT iseTi 

0 , rom 

     yfxf  roca  yx  da 10  yx, . 

maSin yoveli p -saTvis,  10,p , gveqneba: 
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ukanasknel gamosaxulebaSi pirveli Sesakrebi, f  funqci-

is Tanabrad uwyvetobis gamo, ar aRemateba  -s, xolo meo-

re Sesakrebi naklebia Semdeg gamosaxulebaze 
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maSasadame, sakmarisad didi n -saTvis maqsimaluri gadaxra 

iqneba 2 -ze naklebi, riTac Teoremis damtkiceba dasru-

lebulia. 
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2. did ricxvTa kanoni sustad damokidebuli  

SemTxveviTi elementebisaTvis  

hilbertis sivrceSi 

 

naSromis am nawilSi vixilavT SemTxveviT elementebs 

mniSvnelobebiT separabelur hilbertis sivrceSi. aq Camo-

yalibebuli da damtkicebulia naSromis mTavari mizani _ 

did ricxvTa kanoni separabeluri hilbertis sivrceSi 

mniSvnelobebis mqone sustad damokidebuli SemTxveviTi 

elementebisaTvis. gadmocemisaTvis saWiro cnebebi da faq-

tebi ufro dawvrilebiT mocemulia monografiaSi [8]. 

 vTqvaT, H  separabeluri hilbertis sivrcea skalaru-

li namravliT   Hyxyx ,,, . rogorc viciT, norma H  siv-

rceSi moicema skalaruli namravliT   Hxxxx  ,, .  

 i -Ti aRvniSnoT H -is orTonormirebuli bazisi (e.i. 

nebismieri Hx  -saTvis  

i

ii xx  ,  da   ijji  , , 

,,, 21ji , sadac mwkrivi ikribeba H -is normis topologi-

aSi, xolo ij  aris kronekeris simbolo).  H -iT aRvniS-

noT borelis  -algebra H -Si (anu is minimaluri  -al-

gebra, romelic Seicavs H -is Ria simravleebs). gadasaxvas 

H:  ewodeba SemTxveviTi elementi mniSvnelobebiT 

H -Si, Tu    FH 1 , sadac   aris elementarul xdo-

milebaTa sivrce da F  aris  -ze gansazRvruli  -algeb-

ra. amrigad,  -s vuwodebT SemTxveviT elements, Tu igi 

aris zomadi gadasaxva H: . 
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 Cven vityviT, rom   SemTxveviT elements gaaCnia sus-

ti meore rigi, Tu    2,h  yoveli Hh  -saTvis, sadac 

 aris maTematikuri molodinis aRmniSvneli simbolo. 

mtkicdeba, rom Tu SemTxveviT elements gaaCnia susti meo-

re rigi, maSin mas gaaCnia agreTve maTematikuri molodini, 

romelic ganisazRvreba rogorc petisis integrali   Sem-

TxveviTi elementidan, anu,  -s gaaCnia maTematikuri molo-

dini, Tu arsebobs iseTi elementi Ha  , rom    ,, hah   

yoveli Hh  -saTvis. swored am a  elements ewodeba   Sem-

TxveviTi elementis maTematikuri molodini. zogadobis 

SeuzRudavad da gadmocemis simartivisTvis CavTvaloT, 

rom 0   (winaaRmdeg SemTxvevaSi  -s nacvlad ganvixi-

lavT a  SemTxveviT elements). yoveli susti meore ri-

gis SemTxveviTi elementisaTvis ganisazRvreba kovariaciu-

li operatori Semdegi tolobiT 

    .,,, HhhhhR  2  

mtkicdeba, rom R  warmoadgens dadebiT (   0hhR ,  yoveli 

Hh  -saTvis), simetriul (    hgRghR ,,    yoveli Hgh , -

saTvis) da wrfiv uwyvet operators, romelic H  hilber-

tis sivrces asaxavs Tavis TavSi. SevniSnoT, rom SemTxve-

viTi elementisaTvis kovariaciuli operatori warmoad-

gens SemTxveviTi sididis dispersiis analogs mravalgan-

zomilebian SemTxvevaSi. kovariaciuli operatorisaTvis 

samarTliania Semdegi faqtorizacia: Tu R  kovariaciuli 

operatoria, maSin igi SegviZlia warmovadginoT Semdegi 
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saxiT AAR  , sadac HHA :  aris wrfivi uwyveti ope-

ratori da es warmodgena erTaderTia unitaruli opera-

toris sizustiT, anu, Tu R -sTvis SesaZlebelia sxva war-

modgenac 11 AAR  , sadac HHA :1  wrfivi uwyveti opera-

toria, maSin arsebobs iseTi unitaruli operatori 

HHU : , rom UAA 1  (operatori HHU :  unitarulia, 

Tu misi SeuRlebuli operatori emTxveva mis Sebrunebul 

operators 1  UU ). A operators uwodeben kvadratul 

fesvs R  kovariaciuli operatoridan da mas zogjer 21 /R  

simboloTi aRniSnaven. 

 wrfiv uwyvet operators HHT :  ewodeba birTvu-

li operatori, Tu  






1k
kkT  , . sidides  



1k
kkT  , , ro-

melic ar aris damokidebuli  k  orTonormirebuli 

bazisis arCevaze, T  birTvuli operatoris kvals uwode-

ben da  Ttr  simboloTi aRniSnaven. Tu   aris Zlieri meo-

re rigis mqone SemTxveviTi elementi ( 
2 ) da R  

aris misi kovariaciuli operatori, maSin mtkicdeba, rom 

  Rtr
2 . 

 vTqvaT,   da   susti meore rigis SemTxveviTi ele-

mentebia mniSvnelobebiT separabelur H  hilbertis siv-

rceSi. zogadobis SeuzRudavad Cven isev vgulisxmobT, 

rom isini centrirebuli SemTxveviTi elementebia (e.i. 

0  ). maTi urTierTkorelaciis operatori R  ga-

nisazRvreba tolobiT 
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     HghghghR  ,,,,,  . 

urTierTkorelaciis operatori R  warmoadgens wrfiv 

uwyvet operators, romelic H  hilbertis sivrces asaxavs 

Tavis TavSi. SemTxveviTi elementebisaTvis urTierTkore-

laciis operatori warmoadgens SemTxveviT sidideTa kova-

riaciis analogs mravalganzomilebian SemTxvevaSi. mtkic-

deba, rom urTierTkorelaciis operatori faqtorizdeba 

Semdegnairad 

                         AVAR  ,                     (2.1) 

sadac A  da A  arian Sesabamisad   da   SemTxveviTi 

elementebis R  da R  kovariaciuli operatorebis kvadra-

tuli fesvebi da HHV :  aris wrfivi uwyveti opera-

tori, romlisTvisac 1V . 

 (2.1) tolobiT gansazRvrul V  operators ewodeba 

korelaciis koeficienti. mtkicdeba, rom iseve, rogorc 

erTganzomilebian SemTxvevaSi, zogad SemTxvevaSic kore-

laciis koeficienti warmoadgens SemTxveviT elementTa 

wrfivi damokidebulebis zomas [9]. 

 Cven mier damtkicebuli Semdegi Teorema warmoadgens 

sustad damokidebuli SemTxveviTi elementebisaTvis xinCi-

nis Teoremis analogs hilbertis sivrcis SemTxvevaSi. 

  

Teorema. vTqvaT mocemulia Zlieri meore rigis mqo-

ne SemTxveviT elementTa  ,,,, n 21  mimdevroba mniSvne-

lobebiT H  hilbertis sivrceSi. garda amisa, vTqvaT, n -
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is maTematikuri molodinia 0 , xolo misi kovariaciuli 

operatori aRvniSnoT nR -iT ,,21n . agreTve vTqvaT arse-

bobs arauaryofiT mTel ricxvTa simravleze gansazRvru-

li arauaryofiT mniSvnelobebiani funqcia c  iseTi, rom 

n  da m  SemTxveviTi elementebis korelaciis nmV  koefi-

cientisaTvis sruldeba piroba  mncVnm  , ,,, 21mn . 

maSin mimdevroba  ,,,, n 21  akmayofilebs did ricxvTa 

kanons, Tu 

   

0lim
2

1 1 

 
 

 n

Rtric
n

i

n

i

i

n
.                (2.2) 

 

damtkiceba. aRvniSnoT  k -Ti H  hilbertis sivrcis 

orTonormirebuli bazisi, iR  da jR -Ti _ Sesabamisad i  da 

j  SemTxveviTi elementebis kovariaciuli operatorebi da 

iA  da jA -Ti _ kvadratuli fesvebi Sesabamisad iR  da jR  

kovariaciuli operatorebidan. Tu yoveli i  da j –saTvis 

gaviTvaliswinebT Tanafardobebs 

jijiij AVAR  , 

    kjkiijkikjijkkij AAVAAVR   ,, , 

   






1k
kkii RRtr  , , sadac  iRtr  aRniSnavs iR  birTvuli ope-

ratoris kvals, advili Sesamowmebelia, rom 
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 , cxadia, yoveli 0 -
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Teorema damtkicebulia. 

 

 Sedegi. Tu sruldeba piroba 

 

0lim 1 




 n

Rtr
n

i

i

n
,                   (2.3)      

maSin mimdevroba  ,,,, n 21  akmayofilebs did ricxvTa 

kanons. 

 

damtkiceba. marTlac, radganac korelaciis koefici-

enti akmayofilebs pirobas 1nmV , amitom c  funqciad Se-
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saZlebelia aviRoT mudmivi funqcia   1kc  yoveli 

,,10k -saTvis. amis gaTvaliswinebiT (2.2)-dan uSualod 

gamomdinareobs piroba (2.3). 
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