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reziume 
 
 ganxilulia telekomunikaciis boWkovan-optikur sistemebSi 
saxazo kodirebis principebi: saxazo kodebisadmi wayenebuli 
moTxovnebi, kodebSi siWarbis Setana, rogorc am moTxovnebis 
dakmayofilebis erT-erTi SesaZlebloba. moyvanilia mBnB klasis 
rigi saxazo kodebis _ 1B2B, 2B4B, 3B4B _ formirebis 
algoriTmebi, am kodebSi mimdinare cifruli jamisa da koduri 
kombinaciebis disparitetobis cvlilebis kanonzomierebani, 
moyvanilia 3B4B klasis kodis agebis sxvadasxva variantebi, 
SerCeulia maTgan optimaluri, gamoTvlilia misTvis kodis 
alfabetebis raodenoba.  

ganxilulia mBnB klasis kodebSi erTeuli Secdomebis 
aRmoCenis arsebuli _ kodebSi “+” da “-” disparitetobis mqone 
kombinaciebis monacvleobis kanonzomierebis darRvevis aRmoCenis, 
mcj-s analizisa da akrZaluli kombinaciebis aRmoCenis 
kriteriumebze damyarebuli _ meTodebi. naCvenebia, rom 1B2B 

klasis ZiriTad _ BI-L, DBI, BI-M, BI-S, CMI, EP-1, EP-2 da Miller _ 
kodebSi “+” da “-” disparitetobis mqone kombinaciebis 
monacvleobis kanonzomierebis darRvevis aRmoCenis 
kriteriumebze damyarebuli meTodi yvela kodSi, Miller kodis 
garda, uzrunvelyofs yvela erTeuli Secdomis aRmoCenas, oRond 
_ lokalizebis gareSe. naCvenebia, rom mcj-s analizis meTodi 
uzrunvelyofs yvela maTganSi, Miller kodis garda, Secdomebis 
aRmoCenas 1-is toli albaTobiT, magram aRmoCenili Secdomebis 
lokalizeba xdeba mxolod biimpulsuri kodebSi. 

naCvenebia, rom akrZaluli kombinaciebis aRmoCenis meTodi 
biimpulsur kodebSi agreTve uzrunvelyofs erTeuli Secdomebis 
lokalizebul aRmoCenas 1-is toli albaTobiT, rac Seexeba 
yvela danarCen kods, aq Secdomebis aRmoCena xdeba 1-sgan 
gansxvavebuli albaTobiT.  

Secdomebis koreqtireba SesaZlebelia mxolod maTi 
lokalizebuli aRmoCenis pirobebSi, amitom biimpulsur kodebSi 
koreqtirebas adgili aqvs rogorc mcj-s analizis, ise 
akrZaluli kombinaciebis aRmoCenis meTodebis, danarCen kodebSi 
ki _ mxolod akrZaluli kombinaciebis aRmoCenis meTodebis 
gamoyenebisas. akrZaluli kombinaciebis aRmoCenis meTodisTvis 
SemoTavazebulia erTeuli Secdomebis koreqtirebis albaTobis 
gamosaTvleli zogadi formula, romlis gamoyenebiT 
gamokvleulia 1B2B klasis  kodebSi Secdomebis koreqtirebis 
procesebi. moyvanilia yvela kodisTvis SecdomiT dazianebuli 
kombinaciebis swori da araswori aRdgenis albaTobebis 
gamosaTvleli formulebi, romelTa saSualebiT Catarebuli 
gamoTvlebis safuZvelze agebulia am albaTobebis sawyis 
signalSi simbolo “1”-is gamoCenis albaTobisgan damokidebu-
lebis mrudebi. Catarebulia 1B2B klasis kodebis SedarebiTi 
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analizi Secdomebis aRmoCenisa da koreqtirebis TvalsazrisiT, 
gamovlenilia maTgan saukeTesoebi am niSnebiT sawyis signalSi 
simbolo “1”-is gamoCenis albaTobis yoveli konkretuli 
mniSvnelobisTvis. 

gamokvleulia me-2 saxeobis biimpulsur (2B4B) kodSi 
erTeuli Secdomebis aRmoCenis SesaZleblobebi mcj-s analizis 
meTodiT, naCvenebia, rom igi uzrunvelyofs Secdomebis aRmoCenas 
1-is toli albaTobiT lokalizebis gareSe, Sesabamisad, 
aRniSnuli meTodiT Secdomebis koreqtireba ver xerxdeba. 
naCvenebia, rom akrZaluli kombinaciebis aRmoCenaze damyarebuli 
meTodi uzrunvelyofs Secdomebis lokalizebul aRmoCenas 1-is 
toli albaTobiT, rac Secdomebis koreqtirebis winapirobas 
warmoadgens. naCvenebia, rom me-2 saxeobis biimpulsur kods 
Secdomebis koreqtirebis TvalsazrisiT BI-L da DBI kodebis 
analogiuri SesaZleblobebi gaaCnia da, Sesabamisad, Secdomebis 
koreqtirebisas kombinaciebis swori da araswori aRdgenis 
albaTobebis sawyis signalSi simbolo “1”-is gamoCenis 
albaTobisgan damokidebulebis grafikebi am kodebisTvis agebuli 
analogiuri grafikebis identuria.   

gamokvleulia 3B4B klasis kodSi erTeuli Secdomebis 
aRmoCenis SesaZleblobebi “+” da “-” disparitetobis mqone 
kombinaciebis monacvleobis kanonzomierebis darRvevis 
aRmoCenisa da mcj-s analizis kriteriumebze damyarebuli 
meTodebiT, naCvenebia, rom isini uzrunvelyofs Secdomebis 
aRmoCenas 1-is toli albaTobiT lokalizebis gareSe da, 
Sesabamisad, maTi gamoyenebiT Secdomebis koreqtireba ver 
xerxdeba. gamokvleulia kodSi erTeuli Secdomebis aRmoCenis 
procedura akrZaluli kombinaciebis aRmoCenaze damyarebuli 
meTodiT, napovnia erTeuli Secdomebis aRmoCenisa da 
koreqtirebis albaTobebis mniSvnelobebi. naCvenebia, rom 3B4B 

klasis kodis formirebisas sawyis samTanriga kombinaciebisa da 
saxazo kodis kombinaciebis Sesabamisobebis garkveuli 
variantebisTvis mimRebSi sawyisi signalis aRdgenisas adgili 
aqvs Secdomebis gamravlebis movlenas. SemoTavazebulia am 
Sesabamisobebis SerCevis kriteriumi, romelic uzrunvelyofs 
Secdomebis zrdis minimalur sidides. 

mBnB klasis kodebSiDerTeuli Secdomebis koreqtirebis 
albaTobis gasazrdelad SemoTavazebulia koreqtirebis axali 
meTodi, romelic damyarebulia kodebSi umniSvnelo siWarbis 
Setanaze. ganxilulia  meTodis gamoyenebis SesaZleblobebi 
1B2B, 2B4B da 3B4B klasebis kodebisTvis. naCvenebia, rom 1B2B 
klasis kodebis mTeli nairsaxeobidan meTodi gamodgeba mxolod 
biimpulsuri kodebisTvis, romlebisTvisac igi uzrunvelyofs 
erTeuli Secdomebis koreqtirebas 1-is toli albaTobiT. 
naCvenebia, rom am meTodis gamoyenebiT SesaZlebelia Secdomebis 
koreqtireba 1-is toli albaTobiT 2B4B klasis kodis 
kombinaciaSi erTi, ori da sami Tanrigis dazianebis SemTxvevaSi, 
xolo 3B4B klasis kodSi igi uzrunvelyofs erTeuli Secdomis 
koreqtirebas 0,69 albaTobiT.  
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Abstract 

 

There are considered the principles of linear encoding in a fiber optic 

telecommunication systems: requirements towards linear codes, entering the 

redundancy into the codes as a way to meet those requirements. There are shown 

algorithms of formation of certain codes of mBnB class – 1B2B, 2B4B, 3B4B, 

regularities of digital sum and code combination disparity variations, given several 

variants of formation of 3B4B code, the most optimal of them selected and the 

quantity of code alphabets evaluated. 

There are considered existing methods of detection of single errors in a mBnB 

class codes, based on detection of violation of regularity of alternation of “+” and “-“ 

disparity code combinations, digital sum analysis and detection of forbidden 

combinations criteria. It is shown, that for the major 1B2B class codes, BI-L, DBI, BI-

M, BI-S, CMI, EP-1, EP-2 and Miller, the method based on detection of violation of 

regularity of alternation of “+” and “-“ disparity code combinations, with exception of 

Miller code, provides detection of all single errors, without localization. The method 

of digital sum analysis provides detection of errors with a probability of 1, for all 

codes except of Miller, though localization of detected errors is possible for double 

pulse codes only. 

It is shown, that the method of detection of forbidden combinations also 

provides localized detection of single errors with a probability of 1 for double pulse 

codes, while for other codes probability of detection of errors differs from 1.  

Correction of errors is possible only upon their localized detection, that’s why 

correction for double pulse codes is possible through both, digital sum analysis and 

detection of forbidden combinations methods, while for other codes correction is 

possible only through detection of forbidden combinations method. There is provided 

the formula for calculation of the probability of correction of single errors through 

detection of forbidden combinations method, which was used to investigate error 

correction processes in 1B2B codes. There are provided formulas for estimation of 

probabilities of correct and incorrect recovery of damaged combinations for all codes, 

estimations made and probabilities-to-symbol “1” appearance dependence diagrams 

are drawn up. Comparative analysis of 1B2B class codes was performed; those with 

the best detection and correction capabilities were selected for each particular value of 

probability of appearance of symbol “1” in initial signal. 

There are investigated capabilities of single error detection for 2nd type double 

pulse (2B4B) codes through digital sum analysis method. It is shown that errors are 

detected with a probability of 1, but without localization, so far, this method does not 

provide correction of errors. It is shown that detection of forbidden combinations 

method provides localized detection of errors with a probability of 1, which is a 

precondition for correction of errors. The 2nd type double pulse codes have correction 

capabilities similar to those of BI-L and DBI codes and consequently dependence 

diagrams of probabilities of correct and incorrect recovery of damaged combinations 

to appearance of symbol “1” in initial signal are also similar to diagrams of those. 

There are investigated capabilities of single error detection in 3B4B class 

codes through detection of violation of regularity of alternation of “+” and “-“ 

disparity code combinations and  digital sum analysis methods. It is shown that both 

provide detection of errors without localization with a probability of 1 and do not 

provide correction of them. There is investigated an error detection procedure through 



vii 

 

detection of forbidden combinations method, the probabilities of detection and 

correction of single errors are evaluated. It is shown that for a certain correspondences 

of initial ternary combinations and linear code combinations of 3B4B class codes, the 

errors are multiplied upon recovery of initial signal at the receiver. The criterion of 

selection of proper correspondences providing the least value of error multiplication is 

offered. 

There is offered the new correction method, based on entering a slight 

redundancy into the codes, which provides improved probability of single error 

correction in mBnB class codes. Possibilities of applying the method to 1B2B, 2B4B 

and 3B4B class codes are considered. It is shown that the method is applicable to 

double pulse codes only among the series of 1B2B class codes, providing so far 

correction of errors with a probability of 1. The method provides correction of errors 

with a probability of 1 in a case of 1, 2 and 3 false digits in a 2B4B class code 

combinations and correction of single errors with a probability of 0,69 in a 3B4B class 

code combinations. 
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Sesavali 

 

 telekomunikaciis cifruli sistemebis saxazo traqtebSi 

informaciis gadasacemad gamoiyeneba saxazo signalebi (kodebi), 

romelTa formireba xdeba garkveuli wesebiT sawyisi ikm signa-

lidan [1-17]. metalis kabelebze agebul sistemebSi saxazo signa-

lebis saxiT ZiriTadad gamoiyeneba samdoniani kodebi (kvazisamo-

biTi, HDB-N da sxv.), rac Seexeba gadacemis boWkovan-optikur sis-

temebs, imis gamo, rom optikuri gamosxiveba Tavisi fizikuri ar-

siT ar SeiZleba iyos `uaryofiTi~, saxazo signalebad aq iyeneben 

ordonian kodebs. cnobilia aseTi kodebis mravali nairsaxeoba – 

skremblirebuli, mBnB, kodebi CanarTebiT, polibipolaruli da 

sxv.,_ romelTa Soris erT-erT ZiriTads warmoadgens mBnB kla-

sis kodebi. aRniSnul klass miekuTvneba 1B2B, 2B4B, 3B4B, 5B6B, 

7B8B, 9B10B da sxva kodebi, romelTagan TiToeuli Seicavs 

kodebis (1B2B klasi) an maTi alfabetebis (danarCeni klasebi) 

sxvadasxva nairsaxeobebs [3-8,10-13,17-19].  

zogadad mBnB klasis kodebis formirebis principi mdgoma-

reobs sawyisi orobiTi signalis m simbolosgan Semdgari jgufe-

bis n simbolosgan Semdgar kodur jgufebad gardaqmnaSi, amasTan 

m<n, ris gamoc es kodebi siWarbis Semcvel  kodebs warmoadgens.  

kodSi  siWarbis  arseboba saSualebas iZleva sawyisi signalis  

m-Tanriga blokebis kodirebisaTvis gamoyenebul iqnas n-Tanriga 

kombinaciebis nawili, romelTac dasaSvebi kombinaciebi ewodeba, 

kodis danarCeni kombinaciebi ki akrZaluls warmoadgens. mBnB 

klasis kodebi SeiZleba agebul iqnas dasaSvebi kombinaciebis 

sxvadasxva variantebis SerCeviT, romlebsac ewodeba alfabetebi, 

maTi gamoyenebis principze agebul kodebs ki – alfabeturi. 

 alfabeturi kodebisadmi wayenebuli moTxovnebis 

dakmayofi-lebis erT-erT SesaZleblobas warmoadgens 

alfabetebis iseTi SerCeva, romelic uzrunvelyofs saxazo 

signalSi erTianebisa da nulebis ricxvis dabalansebas 
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[3,10,14,17,18]. mBnB klasis kodebi swored aseTi principiT aigeba, 

amitom maT alfabetur-balansuri kodebi ewodeba. 

 cifruli gadacemis dros zogadad saxazo signalebis erT-

erT ZiriTad maxasiaTebels warmoadgens maTi Secdomebis 

aRmoCenisa da gasworebis (koreqtirebis) unarianoba [20]. magram 

aqve unda aRiniSnos, rom boWkovan-optikur sistemebSi 

gamoyenebul alfabetur-balansur kodebSi tradiciulad 

awarmoeben mxolod Secdomebis aRmoCenas xazis normaluri 

funqcionirebis kontrolis mizniT.Ggamonakliss warmoadgens 

bolo Taobis SDH sistema, agreTve _ Ethernet teqnologiaze 

dafuZnebuli rigi sistemebi, romlebSic gamoiyeneba Secdomebis 

e.w. winmswrebi koreqtirebis meTodi [21,22]. aqve unda aRiniSnos, 

rom ITU-T-s standartebis mixedviT xsenebul sistemebSi 

gamoyenebul saxazo kodebs siWarbe ar gaaCnia, amitom 

koreqtirebisTvis siWarbis Setana am kodebSi gamarTlebulia.  

rac Seexeba siWarbis Semcvel alfabetur-balansur kodebs, maTi 

gamoyenebisas Secdomebis koreqtirebis procedura gaTvalis-

winebuli ar aris. aseT pirobebSi interess warmoadgens TviT am 

kodebis SesaZleblobebis gamokvleva Secdomebis koreqtirebis 

unarianobis TvalsazrisiT.  

mBnB klasis calkeuli kodebis analizi aCvenebs, rom 

maTSi SesaZlebelia ara marto Secdomebis aRmoCena, aramed maTi 

lokalizeba, anu dazianebuli n-Tanriga blokebis adgil-

mdebareobis zusti gansazRvra [23-27]. aseT SemTxvevaSi iqmneba 

Secdomebis garkveuli albaTobiT koreqtirebis winapiroba, 

oRond ukve aratradiciuli meTodebiT. mocemul naSromSi am 

mimarTulebiT warmoebuli kvlevebis mecnieruli siaxle 

mdgomareobs SemdegSi: SemoTavazebulia mBnB klasis kodebSi 

Secdomebis koreqtirebis albaTobebis gamosaTvleli analizuri 

gamosaxuleba, romlis saSualebiT napovnia 1B2B klasis ZiriTad 

kodebSi – BI-L, DBI, BI-S, BI-M, CMI, EP-1, EP-2, MILLER _ Secdomebis 

koreqtirebis albaTobebi da agebulia maTi sawyis signalSi 

simbolo 1-is gamoCenis albaTobisgan damokidebulebis grafikebi; 
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aRniSnuli gamosaxulebis saSualebiT gamokvleulia me-2 

saxeobis biimpulsuri (2B4B) da 3B4B kodebis makoreqtirebeli 

Tvisebebi _ napovnia am kodebSi Secdomebis aRmoCenisa da 

koreqtirebis albaTobebi; SemoTavazebulia mBnB klasis kodebSi 

Secdomebis koreqtirebis albaTobis gazrdis meTodi, romelic 

damyarebulia cifrul signalSi umniSvnelo damatebiTi siWarbis 

Setanaze; Sefasebulia meTodis efeqturoba 1B2B klasis biimpul-

suri, me-2 saxeobis biimpulsuri (2B4B) da 3B4B kodebisTvis,  

moyvanilia literaturuli wyaroebidan cnobili da avtoris 

mier SemoTavazebuli meTodebis SedarebiTi analizi Secdomebis 

aRmoCenisa da koreqtirebis TvalsazrisiT.  

satelekomunikacio sistemebis ganviTarebis yoveli 

etapisTvis damaxasiaTebelia swrafva maTi xarisxobrivi maCve-

neblebis zrdisken, radganac es ukanasknelebi gansazRvravs 

sistemis iseT maxasiaTeblebs, rogoricaa kavSiris siSore, arxis 

mdgradoba xelSeSlebis mimarT, informaciis miRebis siswore da 

sxv. dResdReobiT gadacemis xarisxis gaumjobesebis ZiriTadi 

mimarTulebebia saxazo traqtis Semadgeneli komponentebis 

teqnologiuri srulyofa, saregeneracio ubnis sigrZis Semcireba 

da sxva analogiuri RonisZiebebi, romlebic arxis parametrebis 

fizikur cvlilebasTan aris dakavSirebuli, es ki iwvevs 

aparaturis gaZvirebas da misi muSaobis saimedobis Semcirebas. 

aseT pirobebSi Secdomebis koreqtirebis SesaZleblobaTa 

gamovlena, rac iZleva signalis miRebis xarisxis gazrdis 

saSualebas damatebiTi danaxarjebis gareSe, aqtualur amocanas 

warmoadgens.   

praqtikuli TvalsazrisiT samuSaos Rirebulebas warmod-

gens is, rom masSi moyvanilia kvlevis Sedegebis praqtikuli ga-

moyenebisTvis saWiro yvela monacemi, saxeldobr, rekomendaciebi 

1B2B, 2B4B da 3B4B klasebis kodebis boWkovan-optikur 

sistemebSi saxazo signalis saxiT gamoyenebis mizanSewonilobis 

Taobaze.  
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1. literaturis mimoxilva 

 

jer kidev 10-15 wlis win telekomunikaciis cifruli 

sistemebi ZiriTadad gamoiyeneboda xmovani signalebis 

gadasacemad, romlebisTvisac Secdomebis albaTobis moTxovnili 

sidide – 10-6 – savsebiT sakmarisi iyo. dResdReobiT, rodesac am 

sistemebiT warmoebs informaciis didi moculobis gadatana 

mniSvnelovan manZilebze maqsimaluri siCqariTa da maRali 

saimedobiT, sagrZnoblad gamkacrda moTxovna xazSi Secdomebis 

gamoCenis albaTobis mimarT, saxeldobr, igi aRwevs 10-12÷10-13 

sidides [28-30]. albaTobis aseTi sididis miRwevis erT-erT 

efeqtur saSualebas warmoadgens saxazo Secdomebis aRmoCena da 

koreqtireba.  

cifruli sistemebis eqspluataciisas saxazo signalze 

Secdomebis zegavlena ganixileba or aspeqtSi [20,23,24]: 

 a) xazis kontrolis SesaZlebloba, rac ganisazRvreba 

gadacemuli kodis Secdomebis aRmoCenis unarianobiT. am dros 

sakmarisia mxolod Secdomebis arsebobis faqtis dafiqsireba da 

ar aris aucilebeli maTi zusti adgilmdebareobis dadgena. 

b) aRmoCenili Secdomebis Semdgomi koreqtirebis 

SesaZlebloba, rac gulisxmobs, sul mcire, SecdomiT 

dazianebuli konkretuli koduri kombinaciis gansazRvras da, Tu 

es SesaZlebelia, dazianebuli simbolos aRmoCenas. 

dResdReobiT arsebul literaturul wyaroebSi ZiriTadad 

ganixileba boWkovan-optikur sistemebSi gamoyenebul alfabetur-

balansur da, maT Soris, mBnB klasis calkeul kodebSi 

Secdomebis aRmoCenis sakiTxebi. am mimarTulebiT warmoebuli 

kvlevebi damyarebulia mimdinare cifruli jamis kontrolis 

[3,19,13], akrZaluli kombinaciebis aRmoCenisa[3,10,27] da simboloTa 

monacvleobis kanonzomierebis darRvevis dafiqsirebis [3,10] 

meTodebze. Aase magaliTad, 1B2B klasis kodebSi Secdomebis 
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aRmoCenis uzrunvelsayofad BI-L kodSi ikrZaleba sataqto 

intervalis farglebSi 11 da 00 kombinaciebis  gamoCena [13], AMI-II 

kodSi zedized gamoCenili erTnairi simboloebis raodenoba ar 

aRemateba ors [13], kodSi Radev-Stoianov or mezobel sataqto 

intervalze SeuZlebelia 1111 da 0000 kombinaciebis formireba 

[7,13] da sxv. Aanalogiurad, 3B4B, 5B6B, 7B8B da sxva kodebSi 

Secdomebis aRmosaCenad gamoiyeneba maTi iseTi Tvisebebi, 

rogoricaa erTianebisa da nulebis zedized gamoCenis dasaSvebi 

raodenoba, disparitetuli kombinaciebis gamoCenis kanonzo-

miereba, mimdinare cifruli jamis sazRvrebis dasaSvebi 

mniSvnelobebi da a.S. [3,10]. 

 boWkovan-optikur sistemebSi Secdomebis aRmoCenis erT-

erTi gavrcelebuli meTodia Secdomebis kontroli arxis 

gamorTvis gareSe, romelsac luwobis kontrolis meTods 

uwodeben (Bit Interleaved Parity - В1Р) [31].Eigi farTod gamoiyeneba 

Tanamedrove SDH sistemebSi. luwobis kontroli warmoebs 

ciklis monacemTa konkretuli blokisTvis monacemTa 2, 8 da 24 

bitiani kombinaciebis sazRvrebSi (Sesabamisad В1Р-2, В1Р-8 da В1Р-

24). garkveuli raodenobis aseTi kombinaciebi ikribeba 

Tanrigobrivad oris moduliT, ris Sedegad ganisazRvreba yovel 

TanrigSi erTianebis luwoba an kentoba. Sekrebis Sedegi 

gadaicema xazSi koduri sityvis saxiT. mimRebSi warmoebs 

analogiuri procedura, miRebuli koduri sityva edreba 

gadamcemidan mosuls da xdeba Secdomebis aRmoCena.  

 Secdomebis aRmoCenis meTodebis aseTi mravalferovnebis 

fonze TvalSi sacemia Secdomebis koreqtirebis meTodebis 

simwire.Ppraqtikulad boWkovan-optikur sistemebSi gamoiyeneba 

mxolod zemoT naxsenebi winmswrebi koreqtirebis meTodi da isic 

_ siWarbis armqone kodebisTvis.   

aRniSnuli meTodiT Secdomebis aRmoCenisa da 

koreqtirebisTvis, rogorc wesi, iyeneben ciklur blokur kodebs 

_ hemingis, bouz-Coudhuri-hokvengemis, rid-solomonis (Reed-
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Solomon  -  RS) da sxv.[20]. optikur sistemebSi yvelaze xSirad iyene-

ben am ukanasknels, romlis agebis struqtura Semdegnairia [21]. 

cifruli mimdevroba warmodgenilia m–bitiani 

fragmentebis saxiT, romelTac simboloebi ewodeba. simboloebi 

erTiandeba n=(2
m

-1) sigrZis blokebSi, romlebic Seicavs k 

simbolosgan Semdgar monacemTa bloks da (n-k) Warb sakontrolo 

simbolos. RS(n,k) kodirebis algoriTmi afarToebs k simbolosgan 

Sedgenil bloks n zomamde. simbolos sigrZe, rogorc wesi, 2-is 

xarisxs warmoadgens, amasTan farTod gamoiyeneba mniSvneloba 

m=8, e.i. simbolos sigrZe 1 baitis tolia. Secdomebis 

gasasworeblad gamoiyeneba 16-simboloiani bloki, romelic 

miekuTvneba wrfivi cikluri blokuri kodebis klass. gadacemis 

yoveli cikli, magaliTad, STM-N, iyofa monacemTa simboloebis 

239 baitian blokebad, romelTagan TiToeuls emateba 16 

simboloiani  sakontrolo bloki (240-255 baiti). amgvarad, n=255, 

k=239, e.i. gvaqvs kodi RS(255,239). gaerTianebuli k bloki da n-k 

qmnian ciklis qvestriqons. qvestriqonebis sinqronuli baituri 

multipleqsi-rebis Sedegad iqmneba ciklis erTi striqoni. 

n-k blokis formirebisas monacemTa k bloki iZvreba n-k 

poziciiT da iyofa mwarmoebel P=x
8
+x

4
+x

3
+x

2
+1 polinomze, ris 

Sedegad miiReba n-k sigrZis naSTi. mimRebSi warmoebs 

qvestriqonis gayofa mwarmoebel igive polinomze. Tu gayofis 

Semdeg naSTi nulia, es niSnavs, rom gadacema uSecdomod 

ganxorcielda, xolo Tu naSTi nulisgan gansxvavdeba _ xazSi 

adgili hqonda Secdomas. Secdomis adgilmdebareoba blokis 

SigniT ganisazRvreba naSTis mixedviT, magaliTad, cxriluri 

meTodiT. 

zemoTqmulidan Cans, rom koreqtirebis es meTodi iwvevs 

gadasacemi informaciis siWarbis mniSvnelovan zrdas, amitom 

misi gamoyeneba mizanSewonilia mcire siWarbis an siWarbis 

armqone kodebisTvis. marTlac, rogorc zemoT iTqva, aRniSnuli 

meTodiT Secdomebis koreqtireba xdeba mxolod Tanamedrove 
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optikur sistemebSi, romlebSic gamoiyeneba swored aseTi kodebi 

(magaliTad, SDH qselebSi ITU-T-s standartebiT saxazo signals 

warmoadgens siWarbis armqone NRZkodi [32], Ethernet qselebSi _ 

8B/6B samdoniani kodi, romelSic gadacemis siCqare Semcirebulia 

1,3-jer 1B2B kodebis gadacemis siCqaresTan SedarebiT[28,33]). rac 

Seexeba boWkovan-optikur sistemebSi gamoyenebul mBnB klasis 

siWarbis mqone kodebs, maTTvis Secdomebis koreqtireba 

klasikuri saxiT gaTvaliswinebuli ar aris. meore mxriv, 

kodebis Secdomebis koreqtirebis SesaZleblobebis gamovlena 

warmoadgens damatebiT (da, Tanac, mniSvnelovan) rezervs 

telekomunikaciis sistemis xarisxobrivi maCveneblebis zrdis 

saqmeSi. aRniSnulis gaTvaliswinebiT aqtualurad migvaCnia mBnB 

klasis kodebSi Secdomebis aRmoCenisa da koreqtirebisTvis 

maTSi arsebuli siWarbis gamoyenebis sakiTxebis gamokvleva.  

interesi mBnB klasis kodebis Secdomebis koreqtirebis 

sakiTxebisadmi gaCnda bolo ramdenime wlis ganmavlobaSi. am  

Tematikas eZRvneba rigi publikaciebisa [23,24,27,34], romlebSic 

ZiriTadad dasaxulia aRniSnuli klasis zogierTi kodis 

Secdomebis aRmoCenisa da koreqtirebis SesaZleblobebis kvlevis 

mimarTulebebi. magram, miuxedavad imisa, rom xsenebul 

naSromebSi miRebulia sakmaod saintereso Sedegebi, SeiZleba 

iTqvas,  rom problema srulyofilad ar aris gadaWrili. 

marTlac, maTSi ganxilulia mBnB klasis kodebis SezRuduli 

raodenoba da, garda amisa, ar aris dasaxuli Secdomebis 

koreqtirebis procesis daxvewis mimarTulebebi. 

winamdebare naSromSi ganxorcielebulia aRniSnuli 

xarvezebis nawilobriv aRmofxvris mcdeloba. pirvel rigSi es 

gamoixateba imaSi, rom, jer erTi, SemoTavazebulia mBnB klasis 

kodebSi erTeuli Secdomebis koreqtirebis albaTobis 

ganmsazRvreli zogadi analizuri gamosaxuleba, romlis 

gamoyenebiTac  gamokvleulia erT-erTi mniSvnelovani qveklasis 

(1B2B) ZiriTadi kodebis – BI-L, BI-M, BI-S, DBI, CMI, EP-1, EP-2, 
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MILLER, agreTve – me-2 saxeobis biimpulsuri kodisa da 3B4B 

klasis kodis alfabetebis SesaZleblobebi Secdomebis 

koreqtirebis TvalsazrisiT da, meore mxriv, SemoTavazebulia 

Secdomebis koreqtirebis axali meTodi, romelic kodebis 

siWarbis mcireodeni zrdis xarjze uzrunvelyofs Secdomebis 

gasworebis albaTobis zrdas, amasTan rigi kodebisTvis – 

mniSvnelovans. naSromSi naCvenebia am meTodis efeqturoba 

rogorc 1B2B, ise me-2 saxeobis biimpulsuri da 3B4B klasebis 

kodebisTvis.  
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2. Sedegebi da maTi gansja 

 

Tavi 1. saxazo kodebis Secdomebis aRmoCenisa da ko- 

        reqtirebis SesaZleblobaTa kvlevis meTodebi   

 

1.1. saxazo kodireba gadacemis boWkovan-optikur  

sistemebSi. ZiriTadi ganmartebebi da cnebebi 

 

multipleqsirebis Sedegad miRebuli cifruli mimdevrobis-

Tvis damaxasiaTeblia, rom gadasacemi Setyobinebis yovel `1~ sim-

bolos Seesabameba T xangrZlivobis impulsi, xolo `0~ - s igive 

xangrZlivobis pauza (nax.1). aseTi pricipiT agebul kods ewodeba 

`kodi nulisken dabrunebis gareSe~ (inglisurad `Non Return To 

Zero~[3,10,34,35]. am sityvebis sawyisi asoebis mixedviT mas mieca 

dasaxeleba NRZ). 

 

                                                T 
           1   0    0   1    1    1    0   0   0    1    1    0 
 
                                                                                                                                     t 
 

nax.1.  NRZ kodi 
 
 

aRniSnuli kodi martivia, energetikulad maRalefeqturi, 

magram misi uSualo gadacema xazSi mizanSewonili ar aris rigi 

mizezebis gamo, romelTagan ZiriTadia Semdegi[3,10,18]: 

_ kodSi adgili aqvs impulsebis da pauzebis grZel 

seriebs,  

romelTa arseboba auaresebs regeneratorSi formirebuli 

sataqto signalis parametrebs; 
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_ gamosaval cifrul nakads gaaCnia farTo speqtri, rac aZnelebs 

mis gadacemas gatarebis SezRuduli zolis mqone kavSiris 

arxiT; 

_ signalis speqtrs gaaCnia mniSvnelovani simZlavris 

dabalsixSi-ruli mdgenelebi, romelnic interferirebs 

gadasacemi dabalsix-Siruli signalis mdgenelebTan; 

_ speqtri Seicavs didi simZlavris mudmiv mdgenels, rac arTu-

lebs kvebis qselis Zabvis filtracias; 

_ cifruli sistemebis eqspluataciis dros saWiroa gadacemis 

xarisxis kontroli kavSiris Seuwyvetlad. aRniSnuli kodi ver 

uzrunvelyofs Secdomebis warmoqmnis niSnebis aRmoCenas, ris 

gamoc kontroli ver xorcieldeba.  

yovelive amis gamo, xazSi gadasacemi signalis speqtris fo-

rmis optimizebisTvis gamoiyeneba e.w. saxazo kodireba. man unda 

uzrunvelyos[3,10]:  

_ minimaluri speqtruli simkvrive nulovan sixSireze da misi Se-

zRudva qveda sixSireebze; 

_ informacia gadasacemi signalis sataqto sixSiris Sesaxeb dis-

kretuli mdgenelis saxiT, romelic advilad gamoiyofa speqtris 

uwyveti nawilis fonze; 

_ uwyveti speqtris viwrozolovnoba kavSiris arxSi daumaxinje-

beli gadacemisTvis; 

_ mcire siWarbe kavSiris arxSi gadacemis fardobiTi siCqaris 

Sesamcireblad; 

_ erTi da igive simboloebisgan (1 an 0) Sedgenili blokebis sig-

rZeebisa da disparitetobis (1-isa da 0-is sxvadasxva ricxvi 

kodur kombinaciebSi) SeZlebisdagvarad mcire sidideebi ; 

_ saxazo signalSi Secdomebis warmoqmnis niSnebis aRmoCena.  

 ITU-T-s G.701 rekomendaciis Tanaxmad [32] saxazo kodi 

(saxazo signali) aris arxis maxasiaTeblebTan Sesabamisobis 

pirobis gaT-valiswinebiT SerCeuli kodi, romelic gansazRvravs 

Sesabamiso-bas gadacemisaTvis gankuTvnili simboloebis 
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erTobliobasa da arxiT gadacemuli signalis elementebis 

mimdevrobas Soris. 

 saxazo signali warmoadgens erTi da igive formis impulse-

bis SemTxveviT mimdevrobas, romlebic erTmaneTisgan daSorebu-

lia drois raRac mudmivi T sataqto intervalis jeradi kT 

(k=1,2,...) monakveTebiT. 

rogorc wesi, impulsebis forma sworkuTxaa, maTi amplitu-

da A ki zogad SemTxvevaSi SeiZleba iRebdes ramdenime diskre-

tul mniSvnelobas _ A1, A2, A3 da a.S., romelTac signalis doneebi 

ewodeba. doneebis n ricxvi gansazRvravs Sesabamisi signalis 

saxelwodebas. magaliTad, Tu n=2, signals ewodeba ordoniani, 

n=3 dros _ samdoniani da a.S.  

 ordoniani kodireba SeiZleba iyos erTpolaruli (+1, 0) da 

orpolaruli, anu simetriuli (+1, -1), samdoniani _ erTpolaruli 

(+2, +1, 0) da orpolaruli (+1, 0, -1). 

 samdonianma saxazo signalebma kvazisamobiTi kodebis saxiT 

ZiriTadad gamoyeneba pova telekomunikaciis metalis gamtarian 

xazebSi [15,16]. aq informaciis gadasacemad gamoiyeneba +1, 0 da -1 

doneebi. rac Seexeba gadacemis boWkovan-optikur sistemebs, aq 

mravaldoniani saxazo kodebis gamoyeneba did sirTuleebTan 

aris dakavSirebuli. saqme imaSia, rom optikur xazebSi adgili 

aqvs optikuri gadamtanis intensiobis modulirebas, optikuri 

gamosxiveba ki Tavisi  bunebiT  dadebiTi  sididea,  amitom  

`uaryofiTi~ gamosxivebis miReba fizikurad SeuZlebelia. Tumca 

optikur sistemebSi Teoriulad SesaZlebelia samdoniani 

signalebis gamoyeneba, Tu saSualo dones nulisgan 

gansxvavebuls SevarCevT, magram aseT SemTxvevaSi mniSvnelovnad 

izrdeba signalis dakvantvis xmaurebi. 

 kodirebis sxvadasxva meTodebSi `1~ simbolo SeiZleba war-

modgenil iqnas dadebiTi sworkuTxa impulsiT sataqto interva-

lis mTel an naxevar sigrZeze, an gadasvliT `+1~ - dan `0~ - ze 

an `-1~ - ze (qveda safexurze) intervalis centrSi, xolo `0~ - 

Sesabamisi xangrZlivobis uaryofiTi impulsiT, an impulsis ar-
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arsebobiT, an ukugadasvliT `-1~- dan an `0~-dan `+1~-ze (zeda sa-

fexurze) intervalis centrSi [3,4]. 

 erTnairi simboloebis blokebis (`11...11~ an `00...00~ tipis) si-

grZeebis SesazRudavad gamoiyeneba impulsTa regularuli kodu-

ri mimdevrobis inversia (daugegmavi cvlileba). inversiasTan er-

Tad zogjer gamoiyeneba Canamatebi (gansazRvruli polarobis 

damatebiTi simboloebi), romlebic iZleva kodur kombinaciaSi 

gansxvavebuli simboloebis paritetis SenarCunebis saSualebas. 

 NRZ kodis gardaqmnas romelime saxazo kodad aucileblad 

Tan sdevs siWarbis warmoqmna cifrul mimdevrobaSi damatebiTi 

orobiTi Tanrigebis Seyvanis gamo. es procesi mdgomareobs imaSi, 

rom sawyisi uwyveti kodi gardaiqmneba blokur kodad, romlis 

misaRebad sawyis kods dayofen erTi an ramdenime Tanrigis Semc-

vel monakveTebad, Semdeg ki aformireben TiToeuli am monakveTis 

Sesabamis gansazRvrul kombinacias (bloks). rogorc wesi, am 

blokis TanrigTa ricxvi aRemateba sawyisi mimdevrobis misi Sesa-

bamisi monakveTis TanrigTa ricxvs, rac iwvevs saxazo kodSi ro-

gorc dasaSvebi, ise akrZaluli kombinaciebis arsebobas. es uka-

naskneli faqtori gamoiyeneba saxazo signalSi warmoqmnili Sec-

domebis aRmosaCenad. 

 ganvixiloT, Tu rogor akmayofilebs siWarbis Semcveli ko-

debi saxazo signalebisadmi wayenebul sxva moTxovnebs. 

 siWarbis Semcveli kodebis gamoyeneba iZleva saxazo signa-

lis energetikul speqtrSi dabalsixSiruli mdgenelebis simZla-

vris Semcirebisa da nulovan sixSireze speqtruli simkvrivis 

mdgenelis praqtikulad mospobis saSualebas. es xorcieldeba 

saxazo kodis dasaSvebi kombinaciebis saTanado SerCeviT, rac 

imaSi gamoixateba, rom aRniSnuli kombinaciebis disparitetoba 

da, Sesabamisad, impulsTa mimdevrobis mimdinare cifruli jami 

(mcj) 0-Tan axlos unda iyos. 

 koduri kombinaciebis disparitetoba D ganisazRvreba ko-

dur kombinaciaSi erTianebisa da nulebis ricxvTa sxvaobiT. Tu 

kodur kombinaciaSi aRniSnuli sxvaoba nulis tolia, mas nulo-
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vani disparitetobis kombinacia (ndk) ewodeba, winaaRmdeg SemTxve-

vaSi ki – disparitetuli kombinacia (dk).Ddk-Si nulebis siWarbis 

dros D<0, xolo erTianebis siWarbis dros D>0.  

 koduri kombinaciebis disparitetobasTan erTad gamoiyeneba 

cifruli signalis mimdinare disparitetobis cneba. igi 

gviCvenebs drois mocemuli momentisTvis gadacemuli erTianebisa 

da nule-bis raodenobaTa balansis darRvevis xarisxs. saxazo 

signalebi-sadmi wayenebuli iseTi ZiriTadi moTxovnis 

dasakmayofileblad, rogoricaa energetikuli speqtris 

dabalsixSiruli mdgenelebis simZlavris Semcireba,  mimdinare 

disparitetoba unda icvlebodes mcire farglebSi nulis 

siaxloves.  

impulsuri mimdevrobis mcj-s cneba farTod gamoiyeneba ci-

fruli signalebis xarisxobrivi maxasiaTeblebis SefasebisTvis. 

igi warmoadgens xazSi gadacemuli cifruli mimdevrobis simbo-

loebis algebrul jams misi dasawyisidan drois mocemul momen-

tamde 3,10:  





n

k
k

a  

 

aq m aris simboloTa raodenoba, ak – sombolos done k-ur 

sataqto intervalze. rogorc wesi, miRebulia, rom simbolo 1-

sTvis ak=+1, simbolo 0-sTvis ki - ak= -1. 

me-2 naxazze moyvanilia mcj-s mniSvnelobebi NRZ signalis 

fragmentisTvis: 

 = 0, +1, +2, +1, 0, +1, +2, +3, +4, +3, +4, +3, +2, +3, +4, +5, +4, +3, +2 

 

 

 

nax.2. mcj-s cvlileba NRZ signalis fragmentisTvis 

1  1 0  0 1 1 1 1 0 1 0 0 1 1 1 0 0  

t 

T 
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rogorc vxedavT, aq σ-s mniSvnelobebi SezRuduli ar aris. 

isini SeiZleba xangrZlivi drois ganmavlobaSi imyofebodes sru-

lebiT gansxvavebul areebSi, rac miuTiTebs uwyveti speqtris 

ara-nulovan simkvriveze. amave dros σ-s mniSvnelobaTa 

SeuzRudvelo-bis gamo SeuZlebelia regenerirebis Secdomebis 

kontroli. siWa-rbis Semcvel saxazo signalSi SesaZlebelia 

iseTi dasaSvebi ko-mbinaciebis SerCeva, rom mcj icvlebodes 

raRac SezRudul farg-lebSi, riTac Tavidan iqneba acilebuli 

zemoT naxsenebi naklova-nebebi. 

cxadia, rom σ-s cvalebadobis minimaluri sazRvrebis miRe-

bis da, rac mTavaria, Secdomebis kontrolis erT-erTi saSuale-

baa koduri kombinaciebis 0-vani disparitetoba, amitom dasaSvebi 

kombinaciebis SerCevisas es faqtori gaTvaliswinebul unda iq-

nas. im SemTxvevaSi, roca saxazo kodis struqtura ar iZleva nu-   

lovani disparitetobis mqone kombinaciebis Sedgenis saSualebas, 

saWiroa dasaSvebi kombinaciebi SerCeuli iqnas disparitetobis 

minimaluri sididis miRebis pirobidan gamomdinare. 

 miuxedavad imisa, rom boWkovan-optikuri sistemebis gatare-

bis zoli eleqtrul gamtarian xazebis zolTan SedarebiT gaci-

lebiT didia, es ar iZleva siWarbis, anu koduri kombinaciebis 

Tanrigebis raodenobis nebismierad gazrdis saSualebas, amitom 

am sistemebSi praqtikulad iyeneben saxazo kodebs, romelTa kom-

binaciebis Tanrigebis raodenobis fardoba sawyisi mimdevrobis 

Sesabamisi monakveTebis simboloTa raodenobasTan ar aRemateba  

2-s. 

optikuri kavSiris sistemebisTvis rekomendebuli sxvadasx-

va saxis saxazo kodebidan erT-erTi mniSvnelovania mBnB klasis 

alfabetur_balansuri kodebi 3,7,8,10,11. am kodebis formirebis 

algoriTmi zemoT iyo ganxiluli. Aq mxolod davamatebT, rom 

n>m utolobidan gamomdinare kods gaaCnia siWarbe: 

1
m

n
 . 
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aRniSnuli siWarbe iZleva saSualebas sawyisi signalis  m-

Tanriga blokebis kodirebisTvis gamoyenebul iqnas n–Tanriga 

kombinacie-bis nawili (2m), romelTac dasaSvebi ewodeba, 

danarCeni kombina-ciebi (2n_2m) ki akrZaluls warmoadgens.  

qvemoT moyvanilia mBnB klasis im kodebis formirebis 

principebi, romlebic ganixileba mocemul naSromSi.  

 

1.2. gamosakvlevi saxazo kodebi da maTi formirebis algoriTmebi 

    

   1.2.1. 1B2B klasis kodebi 

 

Sigasaqalaqo satelefono da lokalur qselebSi farTod 

gamoiyeneba 1B2B klasis kodebi. dReisaTvis cnobilia am kodebis  

sakmaod didi ricxvi. zogierTi maTgani naCvenebia…me-3 

naxazze [3,4,10].  
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nax.3. 1B2B klasis kodebi 

me-3 a naxazze naCvenebia sawyisi NRZ mimdevroba.  

me-3 b naxazze moyvanilia BI-L kodis formirebis algori-

Tmi. igi miiReba sawyisi mimdevrobis 1 da 0 simboloebis 

warmogeniT Sesabamisad 10 da 01 blokebiT= 

DBI kodis (nax. 3 g) formirebisas sawyisi mimdevrobis orive 

simbolo SeiZleba warmodgenil iqnas rogorc 01, ise 10 

blokebiT, amasTan sawyis signalSi 1-is gamoCenisas blokis 

SerCeva xdeba ise, rom igi emTxveva wina sataqto intervalze 

ganlagebul bloks, 0-is gamoCenisas ki _ formirdeba bloki, 

romelic winamdebare blokis sawinaaRmdegoa. 

 BI-M (nax.3 d) da BI-S (nax.3 e) kodebisTvis damaxasiaTebelia 

1   0 da 0   1 gadasvlis arseboba yoveli blokis dasawyisSi. 

garda amisa, BI-M kodSi adgili aqvs aRniSnul gadasvlebs 

blokis SuaSi sawyisi 1-s dros, BI-S kodSi ki sawyisi 0-is dros.  

 CMI kodis (nax.3 v) formirebisas sawyisi signalis 1 gada-

cema 00 da 11 blokebis monacvleobiT, 0 ki – 01 blokiT  (SesaZ- 

loa 01 magier 10 blokis gamoyeneba). 

 Ep-1 kodis (nax.3 z) formirebis algoriTmi mdgomareobs 

SemdegSi: sawyisi signalis 1 kodireba monacvleobiT 11 da 00 

blokebiT, xolo 0 – aseve monacvleobiT 01 da 10 blokebiT, mag-

ram ise, rom am blokebis pirveli simbolo emTxveva winamdebare 

blokis meore simbolos. Ep-2 kodSi (nax.3 T) gamoyenebulia fo-

rmirebis igive principebi, im gansxvavebiT, rom sawyisi signalis 

0-is kodireba xdeba monacvleobiT 01 da 10 blokebiT yovelgvari 

damatebiTi pirobebis gareSe. 
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 mileris kodi (nax.3 i) warmoadgens Ep-1-is `Sebrunebuls~, 

oRond masSi akrZalulia T/2 xangrZliobis impulsebis formire-

ba, amitom am kodSi araa aucilebeli 11 da 00 blokebis monacv-

leoba, romlebiTac kodirdeba sawyisi signalis 0 simboloebi. 

 

 

 

1.2.2.  2B4B da 3B4B klasebis kodebi 

 

biimpulsuri kodebis zemoT moyvanili nairsaxeobebis gar-

da praqtikaSi gamoiyeneba pova e.w. me-2 saxeobis biimpulsurma 

signalma [36], romelic miiReba sawyisi ikm signalidan me-4 

naxazze naCvenebi algoriTmiT.  

rogorc naxazidan Cans, am SemTxvevaSic, iseve, rogorc BI-L 

kodis formirebis dros, sawyisi signalis erTianebi kodirdeba 

10 blokebiT, nulebi ki – 01-iT. Ggansxvaveba imaSia, rom sataqto 

intervalebze morigeobiT formirdeba ori mezobeli blokis pi-

rveli da meore simboloebi, e.i. erTi da imave blokis simboloe-

bi droSi daZrulia erTmaneTisgan T/2  intervaliT. 

 

       1           0          0          1          1         0           0           0        1 
 
                                                                                                                                  t 
 

      1    0   0    1    0     1    1    0    1    0    0    1    0  0      1    1    1    0    0        t                                                                                                                             

 

nax.4. me-2 saxeobis biimpulsuri kodis formirebis algoriTmi 

 

Tu me-2 saxeobis biimpulsuri signalis formirebis proce-

duridan gamovricxavT sawyisi signalis jer BI-L kodad gardaqm-

nas, Semdeg ki kodis blokebis simboloebis zemoT xsenebul daZ-

vras droSi, SeiZleba vTqvaT, rom faqtobrivad misi formireba 

SesaZlebelia sawyisi signalis orTanriga monakveTebis gardaqm-

niT oTxTanriga blokebad Semdegi SesabamisobebiT:  



29 

 

00  0011;  01   0110;  11    1100;  10     1001. 

sxva sityvebiT rom vTqvaT, adgili aqvs mBnB klasis kodebis 

erT-erTi nairsaxeobis _ 2B4B klasis kodis formirebas. 

 me-2 saxeobis biimpulsuri signalis SemoTavazeba ZiriTa-

dad ganpirobebuli iyo imiT, rom mas gaaCnia ufro viwro sixSi-

ruli speqtri BI-L kodTan SedarebiT, ris gamoc rig SemTxveveb-

Si misi gamoyeneba ufro mizanSewonilia.Aaqve unda iTqvas, rom 

aseTi signalis danarCeni maxasiaTeblebi, rogoricaa Secdomebis 

aRmoCenisa da koreqtirebis SesaZlebloba, blokuri da sataqto 

sinqronizebis sizuste da a.S. Seswavlili ar aris, amitom dana-

rCen biimpulsur kodebTan SedarebiT misi upiratesobis Sesaxeb 

saubari naadrevia. am TvalsazrisiT sainteresod gvesaxeba 1B2B 

klasis kodebTan erTad biimpulsuri kodebis aRniSnuli saxeo-

bis Secdomebis aRmoCenisa da koreqtirebis unarianobis gamokv-

leva.  

zemoT ganxilul kodebs gaaCnia maRali siWarbe _ n/m=2. 

maT garda boWkovan-optikur sistemebSi gamoyenebisaTvis 

rekomendebu-lia SedarebiT mcire siWarbis kodebi. romelTa 

formirebis prin-cipebi eyrdnoba e.w. awonili kodirebis sakmaod 

efeqtur meTo-debs. 

 awonili kodirebis dros sawyisi orobiTi kodis m simbo-

losgan Sedgenili yvela kombinacia, romelTa ricxvi 2m tolia, 

iyofa 2 jgufad. pirveli jgufis kombinaciebis kodireba xdeba  

n>m simboloebisgan Sedgenili blokebiT, romlebic Seicavs er-

Tianebisa da nulebis Tanabar ricxvs (maT ewodeba kombinaciebi 

mudmivi woniT R=nE). mcire siWarbis dros aseTi kombinaciebis 

raodenoba arasakmarisia yvela sawyisi 2m kombinaciis kodirebis-

Tvis. 

 danarCeni kombinaciebis (meore jgufis kombinaciebi) kodi-

reba xdeba saxazo kodis blokebis saxiT, romelTa wonebia 

R=nE+1  (pirdapiri blokebi) da R=nE–1 (inversuli blokebi). amasTan 

erTeulovani gzavnilebis saSualo simkvrive mimdevrobaSi mudmi-
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via da nE toli. aRniSnul kodebs miekuTvneba 3B4B, 5B6B, 7B8B da 

analogiuri struqturis sxva kodebi. ganvixiloT 3B4B kodis 

alfabetebis op-timaluri SerCevis sakiTxebi.  

1-l cxrilSi magaliTis saxiT moyvanilia 3B4B klasis 

kodis agebis 2 SesaZlo varianti. aq disparitetuli 

kombinaciebis jgufSi koduri kombinaciebi SeirCeva da wyvildeba 

ise, rom Sem-cirdes mimdinare disparitetoba, erTnairi 

simboloebis seriebis sigrZe da signalis speqtruli simkvrive 

dabalsixSirul areSi.    

       cxrili 1 

3B4B klasis kodis agebis variantebi 

 

 

3B 

 

4B 

I varianti II varianti 

000 

001 

010 

011 

100 

101 

110 

111 

 

0101 

1001 

1110   0100 

1101   1000 

0111   0010 

1011   0001 

0110 

1010 

0011 

0100     1101 

0110 

0010     1011 

1010 

1100 

1001 

0101 

 

 

I variantSi kodirebisaTvis gamoyenebulia nulovani dispa-

ritetobis 4 da aranulovani disparitetobis 8  kombinacia, II 

variantSi ki – Sesabamisad 6 da 4. aqedan gamomdinare, I variantSi               

kodis akrZalul kombinaciaTa ricxvia 4, II variantSi ki – 6, 

ris gamoc am ukanasknel SemTxvevaSi pirvelTan SedarebiT 

umjobesde- 

ba saxazo kodSi Secdomebis aRmoCenisaQda koreqtirebis 

SesaZleblobebi. meore mxriv unda aRiniSnos, rom kodirebis I 

variants II variantTan SedarebiT raime saxis upiratesoba ar 

gaaCnia. 
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aRniSnulidan gamomdinare, 3B4B klasis kodebis formire-

bisTvis mizanSewonilia gamoyenebul iqnas kodirebis II 

varianti - 6 nulovani 4 da aranulovani disparitetobis mqone 

kom-binaciebisgan Sedgenili alfabeti. SeiZleba naCvenebi iqnas, 

rom kodis SesaZlo alfabetebis ricxvi am SemTxvevaSi 36-is 

toli iq-neba (cxrili 2).  

 

 

 

cxrili 2 

3B4B klasis kodis alfabetebi 

3-Tanri-
ga kodi 

4-Tanriga kodis alfabetebi 

1 2 3 4 5 6 7 8 9 
000 
001 
010 
011 
100 
101 
 

110 
 
 

111 

0011 
1100 
1010 
0101 
1001 
0110 
 
0001 
0111 
 
0010 
1011 

0011 
1100 
1010 
0101 
1001 
0110 
 

0001 
0111 
 

0010 
1101 

0011 
1100 
1010 
0101 
1001 
0110 
 

0001 
0111 
 

0010 
1110 

0011 
1100 
1010 
0101 
1001 
0110 
 

0001 
0111 
 

0100 
1011 

0011 
1100 
1010 
0101 
1001 
0110 
 

0001 
0111 
 
0100 
1101 

0011 
1100 
1010 
0101 
1001 
0110 
 

0001 
0111 
 

0100 
1110 

0011 
1100 
1010 
0101 
1001 
0110 
 

0001 
0111 
 

1000 
1011 

0011 
1100 
1010 
0101 
1001 
0110 
 

0001 
0111 
 

1000 
1101 

0011 
1100 
1010 
0101 
1001 
0110 
 

0001 
0111 
 

1000 
1110 

           cxrili 2 (gagrZeleba) 

3-Tanri-
ga kodi 

4-Tanriga kodis alfabetebi 

10 11  12 13 14 15 16 17 18 
000 
001 
010 
011 
100 
101 
 

110 
 
 

111 

0011 
1100 
1010 
0101 
1001 
0110 
 

0001 
1011 
 

0010 
0111 

0011 
1100 
1010 
0101 
1001 
0110 
 

0001 
1011 
 

0010 
1101 

0011 
1100 
1010 
0101 
1001 
0110 
 

0001 
1011 
 

0010 
1110 

0011 
1100 
1010 
0101 
1001 
0110 
 

0001 
1011 
 

0100 
0111 

0011 
1100 
1010 
0101 
1001 
0110 
 

0001 
1011 
 

0100 
1101 

0011 
1100 
1010 
0101 
1001 
0110 
 

0001 
1011 
 

0100 
1110 

0011 
1100 
1010 
0101 
1001 
0110 
 

0001 
1011 
 

1000 
0111 

0011 
1100 
1010 
0101 
1001 
0110 
 

0001 
1011 
 

1000 
1101 

0011 
1100 
1010 
0101 
1001 
0110 
 

0001 
1011 
 

1000 
1110 

                                         cxrili 2 (gagrZeleba) 

3-Tanri- 4-Tanriga kodis alfabetebi 
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ga kodi 19 20  21 22 23 24 25 26 27 
000 
001 
010 
011 
100 
101 
 

110 
 
 

111 

0011 
1100 
1010 
0101 
1001 
0110 
 

0001 
1101 
 

0010 
0111 

0011 
1100 
1010 
0101 
1001 
0110 
 

0001 
1101 
 

0010 
1011 

0011 
1100 
1010 
0101 
1001 
0110 
 

0001 
1101 
 

0010 
1110 

0011 
1100 
1010 
0101 
1001 
0110 
 

0001 
1101 
 

0100 
0111 

0011 
1100 
1010 
0101 
1001 
0110 
 

0001 
1101 
 

0100 
1011 

0011 
1100 
1010 
0101 
1001 
0110 
 

0001 
1101 
 

0100 
1110 

0011 
1100 
1010 
0101 
1001 
0110 
 

0001 
1101 
 

1000 
0111 

0011 
1100 
1010 
0101 
1001 
0110 
 

0001 
1101 
 

1000 
1011 

0011 
1100 
1010 
0101 
1001 
0110 
 

0001 
1101 
 

1000 
1110 

     

   cxrili 2 (gagrZeleba) 

3-Tanri-
ga kodi 

4-Tanriga kodis alfabetebi 

28 29 30 31 32 33 34 35 36 

000 
001 
010 
011 
100 
101 
 

110 
 
 

111 

0011 
1100 
1010 
0101 
1001 
0110 
 

0001 
1110 

 
0010 
0111 

0011 
1100 
1010 
0101 
1001 
0110 
 

0001 
1110 

 
0010 
1011 

0011 
1100 
1010 
0101 
1001 
0110 
 

0001 
1110 

 
0010 
1101 

0011 
1100 
1010 
0101 
1001 
0110 
 

0001 
1110 

 
0100 
0111 

0011 
1100 
1010 
0101 
1001 
0110 
 

0001 
1110 

 
0100 
1011 

0011 
1100 
1010 
0101 
1001 
0110 
 

0001 
1110 

 
0100 
1101 

0011 
1100 
1010 
0101 
1001 
0110 
 

0001 
1110 

 
1000 
0111 

0011 
1100 
1010 
0101 
1001 
0110 
 

0001 
1110 

 
1000 
1011 

0011 
1100 
1010 
0101 
1001 
0110 
 

0001 
 1110 

 
1000 
1101 

                                          

 

1.3. mBnB klasis kodebSi Secdomebis aRmoCenis arsebuli  

   meTodebi  

  

cifruli signalis xazSi gavrcelebisas masze gareSe xel- 

SeSlebis zemoqmedebis an saxazo traqtis aparaturis arasrul-

yofilobis gamo adgili aqvs saxazo Secdomebs, romlebic 

gamoixateba imaSi, rom regeneratorebsa da mimRebebSi simbolo 1 

aRiqmeba rogorc 0, an piriqiT.  

ganasxvaveben erTeul da wyvilur Secdomebs, agreTve _ 

Sec-domaTa dastebs, romelTa dros ziandeba saxazo signalis 
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Sesaba-misad erTi, mimdevrobiT ganlagebuli ori da mimdevrobiT 

ganla-gebuli ramdenime simbolo. gadacemis boWkovan-optikur 

sistemeb-Si, rogorc wesi, ZiriTadad gvxvdeba erTeuli 

Secdomebi [28]. 

TavisTavad Secdomis aRmoCenis faqti ar iZleva cifruli 

sistemis xarisxobrivi maCveneblebis gaumjobesebis saSualebas. 

igi ZiriTadad gamoiyeneba saxazo regeneratorebis muSaobis 

xarisxis Sesafaseblad, risTvisac yovel maTganSi 

gaTvaliswinebulia Secdomebis kontrolis mowyobiloba. Tu 

romelime regeneratorSi Secdomebis gameorebis sixSire 

aRemateba fiqsirebul zRvars, maSin xazis damaboloebel 

mowyobilobaSi igzavneba saavario signali, romelic miuTiTebs  

regeneratoris dazianebaze. 

mBnB klasis kodebSi saxazo Secdomebis aRmoCenis erT-erT 

yvelaze gavrcelebul meTods warmoadgens mcj-s analizis 

meTodi [3,10]. ganvixiloT misi arsi BI-L kodis magaliTze. 

rogorc aRniSnuli iyo, mBnB klasis kodebis formirebis 

principebidan gamomdinare maTi mcj-s dasaSvebi mniSvnelobebis 

cvalebadobis are SezRudulia. xazSi erTeuli Secdomis 

arsebobis pirobebSi mcj-s mniSvneloba gamodis dasaSvebi 

sazRvrebidan, rac fiqsirdeba regeneratoris Secdomebis 

kontrolis mowyobilobiT.  

…me-5 a naxazze naCvenebia BI-L kodis gadacemuli fragmenti, 

me-5 g da e naxazebze - igive erTeuli Secdomebis zemoqmedebis 

pirobebSi. Mme-5 b, d da e naxazebze moyvanilia Sesabamisad me-5 a, 

g da e naxazebze naCvenebi fragmentebis mcj–s cvlileba. 

rogorc me-5 b naxazidan Cans, Secdomis ararsebobis 

pirobebSi BI-L kodisTvis mcj–s dasaSvebi mniSvnelobebia +1, 0 

da -1, Secdomis arsebobisas ki mcj gamodis dasaSvebi 

sazRvrebidan (nax. 5, d, v wyvetiliT). es movlena fiqsirdeba 

regeneratoris Secdomebis mTvlel mowyobilobaSi.  

imisaTvis, rom Secdomis Semdeg mcj-s mniSvnelobebi ar 

darCes dasaSvebi sazRvrebis gareT, Secdomebis kontrolis 
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mowyobilobaSi gaTvaliswinebulia Semdegi algoriTmi:  

zRvruli mniSvnelobis gadalaxvis dafiqsirebasTan erTad mcj-s 

sidide SenarCundeba manam, sanam saxazo kodSi ar gaCndeba 

simbolo, romelic gadaiyvans mas mezobel dasaSveb doneze (nax. 

5 d, v). amasTan, Secdomis Sedegad dazianebuli simbolos 

danarCeni simboloebis mimarT ganlagebidan gamomdinare, mcj-s 

sidide zRvrul doneze imyofeba an erTxel (nax. 5, d), an orjer 

(nax.5, d). orive SemTxvevaSi zRvrul doneze yofnis xangrZlioba 

T-s tolia (Sesabamisad 1xT da 2xT/2).  

        T 

a) 

      t 

           +1 

b)  0               t 

    -1                

                                            Secdoma 

g)               

                        t 

d)    +1                         

0               t             

-1                     

              T      

                                  Secdoma             

                                 

e)                  t 

    +1 

v)   0               t 

     -1 

                                                                       T/2           T/2 

 

nax. 5. erTeuli Secdomis aRmoCena  mcj-s analizis  

        meTodiT BI-L kodSi 
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rogorc me-5 naxazidan Cans, BI-L kodSi aRniSnuli meTodiT 

Secdomebis aRmoCenas adgili aqvs maTi  zemoqmedebisTanve, rode- 

sac mcj pirvelad gadalaxavs zRvrul dones. es yovelTvis 

xdeba Secdomis zegavleniT dazianebul sataqto intervalze, 

rac mianiSnebs imaze, rom dazianebulia swored am intervalze 

ganlagebuli kombinacia. am process Secdomis lokalizeba 

ewodeba. aqve aRvniSnoT, rom Secdomis lokalizeba niSnavs 

dazianebuli kombinaciis, magram ara dazianebuli simbolos 

gansazRvras. marTlac, magaliTad, me-5, d naxazze naCvenebi mcj-s 

cvlilebis suraTi miiReba maSinac, rodesac sawyisi signalis 

dazianebul sataqto intervalze ganlagebulia ara 01, aramed 10 

kombinacia, xolo SecdomiT miiReba misi pirveli simbolo. 

 rogorc qvemoT iqneba naCvenebi, ufro rTuli struqturis 

mqone kodebSi Secdomebis lokalizeba yovelTvis ver xerxdeba.  

 mBnB klasis kodebSi Secdomebis kontrolis meore meTodi 

damyarebulia@,,+’’ da ,,–’’ disparitetobis mqone dk-s monacvleobis 

kanonzomierebis darRvevis aRmoCenaze [3,10]. ganvixiloT misi arsi 

3B4B kodis magaliTze. 

  rogorc aRvniSneT, mimdinare disparitetobis, erTnairi 

simboloebis seriebis sigrZis da dabalsixSirul areSi signalis 

speqtruli simkvrivis Sesamcireblad saxazo signalSi 

sawinaaRmdego disparitetobis mqone kombinaciebis gamoCena 

morigeobiT xdeba. xazSi Secdomis arsebobis pirobebSi es 

kanonzomiereba irRveva. marTlac, Tu erTeuli Secdoma moqmedebs 

xsenebuli kodis ndk-ze, es ukanaskneli gardaiqmneba +2 an –2 

disparitetobis mqone dk-d da saxazo signalSi erTmaneTis 

mimdevrobiT Cndeba erTnairi disparitetobis mqone ori dk. Tu 

Secdoma moqmedebs dk-ze, maSin es ukanaskneli gardaiqmneba an 

ndk-d, an ±4 disparitetobis dk-d da am SemTxvevaSic saxazo 

signalSi mimdevrobiT Cndeba +2 an -2 disparitetobis mqone ori 

dk. cxadia, rom am meTodiT Secdomebis aRmoCenisas Secdomis 

lokalizeba praqtikulad ar xdeba, radganac SeuZlebelia imis 

dadgena, Tu romeli kombinaciis dazianebas hqonda adgili 
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(erTaderTi gamonaklisia SemTxveva, rodesac formirdeba ±4 

disparitetobis dk). 

 Lliteraturul wyaroebSi ar gvxvdeba masalebi aRniSnuli 

meTodis 1B2B klasis kodebisTvis misadagebis Taobaze. vaCvenoT, 

rom igi SeiZleba gamoyenebul iqnas xsenebuli klasis im 

kodebisTvis, romlebSic kodis simboloebis an simboloTa 

kombinaciebis gamoCena monacvleobiT xdeba.  

rogorc wesi, 1B2B klasis kodebSi ndk-s da dk-s cnebebi 

tradiciulad ar arsebobs. magram advili dasanaxia, rom, me-3  na-

xazze moyvanili kodebis nawili (BI-S, BI-M, CMI, eleqtronul-

fotonuri) Seicavs rogorc ndk-s (01 da 10), ise - ±2 

dispariteto-bis mqone dk-s (11 da 00), amasTan es ukanasknelebi 

kodebis formi-rebis algoriTmebis Tanaxmad saxazo signalSi 

morigeobiT Cnde-ba. es garemoeba iZleva SesaZleblobas, rom dk-s 

monacvleobis kanonzomierebis darRvevis aRmoCenis kriteriumze 

damyarebuli meTodi xsenebuli kodebisTvisac iqnas 

gamoyenebuli. 

me-3 naxazze moyvanili danarCeni kodebidan BI-L da DBI 

Seicavs mxolod ndk-s, amitom, erTi SexedviT, maTTvis meTodis 

misadageba SeuZlebelia.Mmagram, rogorc am kodebis formirebis 

algoriTmis analizi aCvenebs, or mezobel sataqto intervalze 

sawinaaRmdego simboloebis gamoCenisas intervalebis sazRvris 

marjvniv da marcxniv formirdeba erTnairi simboloebi, ris 

gamoc warmoiqmneba T xangrZliobis 11 an 00 kombinaciebi. advili 

sanaxavia, rom isini saxazo signalSi morigeobiT Cndeba da 

Secdomis arsebobis pirobebSi es kanonzomiereba irRveva. es 

miuTiTebs imaze, rom zemoT ganxiluli meTodi modificirebuli 

saxiT SeiZleba gamoyenebul iqnas  BI-L da  DBI  kodebisTvisac.   

rac Seexeba me-3 naxazze moyvanil kod MILLER-s, misTvis 

aRniSnuli meTodis gamoyeneba SeuZlebelia imis gamo, rom am 

kodis formirebis algoriTmis Tanaxmad masSi dk-s monacvleoba 

aucilebeli ar aris. 



37 

 

bolo wlebSi literaturul wyaroebSi gaCnda masalebi 

xazSi Secdomebis kontrolis kidev erTi meTodis Sesaxeb, 

romelic damyarebulia akrZaluli kombinaciebis aRmoCenaze 

[23,34,37]. am meTodiT Secdomebis arsebobis faqtis dasadgenad 

warmoebs koduri kombinaciebis analizi imis gamovlenis mizniT, 

dasaSvebia isini Tu akrZaluli, amasTan am ukanasknel 

SemTxvevaSi Secdoma aRmoCenilad iTvleba. 

cxadia, rom akrZaluli kombinaciis gamoCena avtomaturad 

miuTiTebs dazianebuli blokis adgilmdebareobaze, e.i. es me-

Todi uzrunvelyofs yoveli aRmoCenili Secdomis lokalizebas. 

amgvarad, am TvalsazrisiT aRniSnul meTods zemoT ganxilul 

meTodebTan SedarebiT upiratesoba gaaCnia, radganac isini mxo-

lod mcire raodenobis kodebisTvis axdens Secdomebis lokali-

zebas da, aqedan gamomdinare, kodebis umravlesobisTvis ver 

qmnis Secdomebis koreqtirebis winapirobebs. 

meore mxriv, akrZaluli kombinaciebis aRmoCenis kriterium-

ze damyarebuli meTodi zogierTi kodisTvis uzrunvelyofs yve-

la Secdomis aRmoCenas, zogisTvis ki – mxolod maTi nawilis. 

ase magaliTad, BI-L kodSi nebismieri erTeuli Secdoma yovelT-

vis iwvevs sataqto intervalis farglebSi 11 an 00 akrZaluli 

kombinaciebis warmoqmnas, e.i. adgili aqvs Secdomis lokalize-

bul aRmoCenas, im dros, rodesac CMI kodSi dasaSvebi 11 kombina-

ciis pirveli Tanrigis dazianebis Sedegad warmoqmnili 01 kombi-

nacia agreTve dasaSvebs warmoadgens da, amgvarad, Secdomis aR-

moCena ver xerxdeba. 

 zemoT naTqvamidan Cans, rom pirveli ori meTodi 

uzrunvelyofs Secdomebis arsebobis faqtis dafiqsirebas 

gansaxilvel kodebSi 1-is toli albaTobiT (garda MILLER 

kodisa, romelSic meore meTodis gamoyeneba SeuZlebelia), xolo 

mesame meTodi kodebis umravlesobisTvis – 1-ze naklebi albaTo-

biT, samagierod misi gamoyeneba iZleva Secdomebis nawilobrivi 

koreqtirebis SesaZleblobas.  

 



38 

 

1.4. erTeuli Secdomebis koreqtirebis albaTobis gamosaTv- 

     leli zogadi formula mBnB klasis kodebisTvis  

 

 rogorc aRvniSneT, akrZaluli kombinaciebis aRmoCenis 

kriteriumze damyarebuli meTodi yovelTvis uzrunvelyofs 

gamovlenili Secdomebis lokalizebas, ris Semdeg iqmneba maTi 

koreqtirebis SesaZlebloba.  

rogorc wesi, umravles SemTxvevebSi mBnB klasis kodebSi 

erTi da igive akrZaluli kombinacia SeiZleba warmoiqmnas 

ramdenime dasaSvebi kombinaciidan erT-erTis dazianebis Sedegad, 

amitom konkretuli akrZaluli kombinaciis koreqtireba xdeba 

raRac albaTobiT, romelic ganisazRvreba am kombinaciis 

warmomqmneli SesaZlo dasaSvebi kombinaciebis ricxviT 

(simartivisTvis vuwodoT am kombinaciebs akrZaluli kombinaciis 

Sesabamisi dasaSvebi kombinaciebi). vipovoT am albaTobis 

ganmsazRvreli analizuri gamosaxuleba.  

xazSi Secdomis gamo warmoqmnili akrZaluli kombinaciis 

gamoCenis albaToba ganisazRvreba Semdegi pirobebiT: 

a) Secdoma moxda mocemuli akrZaluli kombinaciis 

Sesabamisi dasaSvebi kombinaciebidan erT-erTSi; 

b) Secdomam daaziana dasaSvebi kombinaciis konkretuli Ta- 

   nrigi.  

 zemoT naTqvamidan gamomdinare CavweroT i-uri akrZaluli 

kombinaciis gamoCenis Pi albaTobis zogadi formula mBnB 

klasis kodebisTvis: 

                                                 ,P
q

1
P

k

1j

ji 


                                                        

(1)  

sadac q aris kodis kombinaciebis Tanrigebis ricxvi, Pj – i-uri 

akrZaluli kombinaciis Sesabamisi j-uri dasaSvebi kombinaciis 

gamoCenis albaToba, k - akrZaluli kombinaciis Sesabamisi 

dasaSvebi kombinaciebis ricxvi.  



39 

 

       koduri kombinaciebis dekodirebisas mcdari kombinaciis 

miRebis SemTxvevaSi dekoderSi xdeba misi Sesabamisi erT-erTi 

dasaSvebi kombinaciis SerCeva (zogadad es aris kombinacia, 

romlis gamoCenis albaTobac danarCeni kombinaciebis gamoCenis 

albaTobas aRemateba [20]), romlis gamoCenis albaTobis xvedriTi 

wili k kombinaciebs Soris tolia:^   

                                                                 Pxv(j)





k

1j

j

j

P

P
 

  im Secdomis gasworebis albaToba PiW, romelmac gamoiwvia 

i-uri akrZaluli kombinacia, gamoiTvleba formuliT: 

                                   

PiW = Pi Pxv.maqs.                                  

(2) 

sadac Pxv.maqs. aris im dasaSvebi kombinaciis gamoCenis albaToba, 

romelic ufro xSirad Cndeba danarCenebTan SedarebiT, xolo 

nebismieri Secdomis koreqtirebis albaToba _ 

                                   





u

1i
.i.
,PP

zz
                                         

(3) 

sadac u aris akrZalul kombinaciaTa ricxvi. 

 

 1.5. mBnB klasis kodebSi Secdomebis koreqtirebis  

         albaTobis gazrdis meTodi 

  

 zemoT ganxiluli iyo Secdomebis aRmoCenisa da koreqtire- 

bis meTodebi im SemTxvevebisaTvis, rodesac saxazo signalis fo- 

rmirebisas raime damatebiTi RonisZiebebi ar tardeba. sxva  sity- 

vebiT  rom  vTqvaT, ganixileboda is SesaZleblobebi,  romlebic  

gaaCnia sakuTriv saxazo kodebs. 

 rogorc aRniSnuli iyo, ganxilul SemTxvevebSi yvela 

Secdomis koreqtireba ver xerxdeba, xolo romlebisTvisac es 
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SesaZlebelia, koreqtireba xdeba raRac albaTobiT, romelic 

ganisazRvreba akrZaluli kombinaciebis warmomqmneli dasaSvebi 

kombinaciebis raodenobiT. aqedan gamomdinareobs, rom 

gansaxilvel kodebs koreqtirebis sakmaod mcire albaTobebi 

gaaCnia.  

 mocemul naSromSi SemoTavazebulia mBnB klasis kodebis 

koreqtirebis albaTobis gazrdis meTodi, romelic damyarebu-

lia saxazo kodSi siWarbis Setanis principze. TavisTavad aseTi 

gziT kodebis koreqtirebis SesaZleblobebis gaumjobeseba 

siaxles ar warmoadgens, magram klasikuri meTodebisgan 

gansxvavebiT aq siWarbe warmoiqmneba ara koduri kombinaciebis 

Tanrigebis zrdis xarjze, aramed damatebiTi damxmare 

kombinaciebis SetaniT, romelTa ricxvi sasargeblo simboloebis 

raodenobasTan SedarebiT Zalze mcirea. 

 meTodis arsi zogadad SemdegSi mdgomareobs. 

 gadamcem mxareze SeirCeva saxazo signalis raRac k 

raodenobis simboloebis Semcveli fragmenti, romelSic didi 

albaTobiT ar unda moxdes erTze meti Secdoma. magaliTad, Tu 

xazSi Secdomebis albaToba 10-6 tolia, e.i. Secdomas adgili aqvs 

1000000 simbolodan erTSi, aRniSnuli fragmenti SeiZleba 

Seicavdes, magaliTad, 500000 simbolos. 

 gadacemis dawyebis momentidan gadamcemSi warmoebs k 

raodenobis simbolos daTvla, ris Semdegac xazSi gadaecema 

damxmare informacia fragmentSi TiToeuli dasaSvebi kombinaciis 

raodenobaTa luwobis an kentobis Sesaxeb. amisTvis gamoyofili 

aris dasaSveb kombinaciaTa ricxvis Sesabamisi n_Tanriga  

intervalebi, romelTagan TiToeuli gankuTvnilia aRniSnuli 

informaciis gadasacemad konkretuli dasaSvebi kombinaciisTvis. 

damxmare informacia SeiZleba gadacemul iqnas winaswar 

SerCeuli ori kombinaciiT, romelTagan erTi gadaecema 

kombinaciaTa kenti, meore ki _ luwi ricxvis dros. aRniSnuli 

operaciebis damTavrebis Semdeg isini meordeba gadacemis 

dasasrulamde. 
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 mimRebSi warmoebs sainformacio simboloebisgan Sedgenili 

yoveli fragmentis identificireba, masSi dasaSvebi kombinaciebis 

raodenobaTa kentobis an luwobis dadgena da am faqtebis 

amsaxveli damxmare kombinaciebis formireba, romlebic 

Sesabamisad edreba gadamcemidan mosul aseTive kombinaciebs. Tu 

Sedarebis Sedegad erTsaxela damxmare intervalebze ganla-

gebuli kombinaciebi erTmaneTisgan gansxvavdeba, es mianiSnebs 

xazSi erTeulovani Secdomis arsebobaze, e.i. xdeba Secdomis 

arsebobis faqtis dafiqsireba. amasTan, Tu paralelurad sxva 

kriteriumiT warmoebs Secdomis lokalizebuli aRmoCena (ix. 

zemoT), maSin SesaZlebeli xdeba misi koreqtirebac. 

 unda aRiniSnos, rom rigi signalebisTvis aRniSnuli 

meTodi uzrunvelyofs wyviluri Secdomebis da SecdomaTa 

dastebis aRmoCenis albaTobebis zrdasac. 

 

Tavi 2. 1B2B klasis kodebis Secdomebis aRmoCenisa  

D        da koreqtirebis SesaZleblobebis kvleva  

          kodebSi damatebiTi siWarbis Setanis gareSe 

 

 2.1. erTeuli Secdomebis aRmoCena da koreqtireba  

     biimpulsur kodebSi [38]  

 

biimpulsuri kodebis oTxi nairsaxeoba – BI-L,  DBI,  BI-S da 

BI-M – naCvenebia me-3 b, g, d da e naxazebze. ganvixiloT maTi 

SesaZleblobebiDSecdomebis aRmoCenisa da koreqtirebis Tval-

sazrisiT. 

 

2.1.1. Secdomebis aRmoCena  

  

Secdomebis aRmoCenis procesi BI-L kodSi mcj-s kontrolis 

kriteriumze damyarebuli meTodiT aRwerilia p.1.3-Si. rogorc aq 

iTqva, mcj-s sidide gamodis dasaSvebi sazRvrebidan Secdomis 
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Sedegad dazianebul sataqto intervalze, e.i. adgili aqvs 

Secdomis lokalizebul aRmoCenas. advili saCvenebelia, rom 

aseTive Sedegi miiReba DBI kodisTvisac, romelsac BI-L kodis 

struqtura aqvs da, Sesabamisad, mcj-s cvlilebis igive 

sazRvrebi gaaCnia. 

me-6 naxazze naCvenebia erTeuli Secdomis aRmoCenis 

procedura BI-M kodSi mcj-s kontrolis kriteriumze damyarebu-

li meTodiT.Bkodis formirebis algoriTmidan gamomdinare aq 

mcj-s SeuZlia miiRos mniSvnelobebi 0,  -1 da -2, Tu saxazo 

signalSi  T xangrZliobis pirveli impulsi uaryofiTia, an – 0,+1 

da +2, Tu aRniSnuli impulsi dadebiTia (naxazze moyvanilia 

pirveli SemTxveva). 

  Secdomis arsebobisas mcj gamodis dasaSvebi sazRvrebi-

dan, amasTan, iseve, rogorc BI-L kodSi, es xdeba erTxel an 

orjer (nax. 6 d, v). am SemTxvevaSic xdeba Secdomis 

lokalizebuli aR- 

                   T 

     

      1          0         0          0          1          1          1           0         0          0 

a)              t 

 

   0              t 

b)   -1            

   -2                              Secdoma 

    

g)                  t 

   

   0              t 

d) -1 

    -2 

            T 

    Secdoma 

e) 
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                t 

    0                        t 

v) -1 

   -2 

        T/2            T/2 

 

nax. 6. erTeuli Secdomis aRmoCena  mcj-s analizis  

       meTodiT BI-M kodSi 

 

moCena, magram, gansxvavebiT BI-L kodisgan, aq lokalizeba erTi 

sataqto intervalis FfarglebSi ver xerxdeba. marTlac, me-6 d 

naxazze moyvanil SemTxvevaSi mcj imyofeba zRvrul doneze erTi 

sataqto intervalis ganmavlobaSi igive intervalze moqmedi 

Secdomis gamo (nax. 6 g), romelmac gamoiwvia 10 kombinaciis 

gardaqmna 00 kombinaciad. magram mcj-s aseTive cvlilebas 

eqneboda adgili, sawyis signalSi naxazze naCveneb dazianebul 

intervalze ganlagebuli rom yofiliyo kombinacia 00, mis 

winamdebareze ki – 11, amasTan Secdomis zemoqmedebiT es 

ukanaskneli gardaqmniliyo 10 kombinaciad. amgvarad, BI-M 

kodisTvis Secdomis lokalizeba xdeba ori mezobeli sataqto 

intervalis farglebSi. igive SeiZleba iTqvas BI-S kodis Sesaxeb, 

romelsac BI-M kodis analogiuri struqtura gaaCnia. 

 zemoT iTqva, rom, rogorc wesi, simboloTa monacvleobis 

kanonzomierebis darRvevis aRmoCenis kriteriumze damyarebuli 

meTodi 1B2B klasis kodebisTvis ar gamoiyeneba, magram misi 

misadageba am kodebis umravlesobisTvis SesaZlebelia.  

 biimpulsur kodebSi, rogorc aRniSnuli iyo, xdeba T 

xangrZliobis impulsebis polarobis monacvleoba, romlis 

darRveva SeiZleba gamoyenebul iqnas Secdomis arsebobis faqtis 

dasafiqsireblad. advili saCvenebelia, rom am kodebisTvis es 

meTodi uzrunvelyofs Secdomebis aRmoCenas 1-is toli 

albaTobiT, magram ar awarmoebs maT lokalizebas. marTlac, 

erTi da igive polarobis T xangrZliobis ori simbolos 
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mimdevrobiT gamoCena SeiZleba moxdes rogorc sawyis signalSi 

am simboloebs Soris nebismier sataqto intervalze ganlagebuli 

aseTive xangrZliobis sawinaaRmdego polarobis simbolos 10 an 

01 simboloebad gardaqmnis Sedegad, an piriqiT – am ukanaskneli 

simboloebidan nebismieris, romelic agreTve SeiZleba 

ganlagebul iqnas nebismier sataqto intervalze, gardaqmnisas T 

xangrZliobis simbolod. amgvarad, simboloTa monacvleobis 

kanonzomierebis darRvevis aRmoCenis kriteriumze damyarebuli 

meTodi biimpulsuri kodebisTvis SeiZleba gamoyenebul iqnas 

Secdomebis aRmosaCenad maTi lokalizebis gareSe. 

rogorc aRniSnuli iyo, alfabetur-balansur kodebSi 

Secdomebis aRmosaCenad SeiZleba gamoyenebul iqnas is faqti, 

rom maTSi dasaSvebTan erTad arsebobs akrZaluli koduri 

kombinaciebic.  

me-3 b da g naxazebidan Cans, rom BI-L da DBI kodebSi 

akrZalul kombinaciebs warmoadgens 00 da 11, romelTa gamoCena 

sataqto T intervalze yovelTvis miuTiTebs xazSi erTeuli 

Secdomebis arsebobaze (nax. 7). cxadia, rom am SemTxvevaSi xdeba 

Secdomis lokalizebac sataqto intervalis farglebSi.  

 

   sataqto intervalebi 

 

      sawyisi signali    1 0  0 1  0 1 1 0  1 0 1 0 

                        Secdoma                Secdoma 

      miRebuli signali  1 0 0 0  0 1  1 0 1 1  1 0 

 

nax. 7. erTeuli Secdomebis zemoqmedeba BI-L da DBI kodebze 

 

BI-L da DBI kodebisgan gansxvavebiT BI-M da BI-S kodebSi 

sataqto intervalis farglebSi yvela kombinacia dasaSvebia (ix. 

nax. 3 d, e) amitom aq analizis dros gamoyenebul unda iqnas 

kodirebis kanonzomierebis darRvevis sxva niSnebi, kerZod – is 

faqti, rom aRniSnul kodebSi ori mezobeli sataqto intervalis 
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sazRvris mimdebare simboloebi aucileblad erTmaneTis 

sawinaaRmdego unda iyos. aseT pirobebSi sataqto intervalis 

marjvniv da marcxniv ori erTianis an ori nulis gamoCena (rasac 

yovelTvis aqvs adgili erTeuli Secdomis zemoqmedebisas) 

mianiSnebs Secdomis arsebobaze, e.i. Secdomis arsebobis faqtis 

dafiqsireba xdeba 1-is toli albaTobiT. rac Seexeba Secdomebis 

lokalizebas, aRniSnuli kodebisaTvis igi  xdeba ara erTi,  ara- 

med ori mezobeli sataqto intervalis farglebSi (nax.8). marT- 

             

   sataqto intervalebi 

         I       II     III     IV     V     VI 

      sawyisi signali    0 1  0 0 1 0  1 0 1 1  0 1 

                        Secdoma                

      miRebuli signali  0 1 0 1  1 0  1 0 1 1  0 1 

 

nax. 8. erTeuli Secdomebis zemoqmedeba BI-S da BI-M kodebze 

 

lac, rogorc naxazidan Cans, Secdomis zegavleniT sataqto 

intervalebis sazRvris orive mxareze warmoiqmneba erTnairi 

simboloebi - 11, romelTa gamoCena SeiZleba moxdes rogorc 

naxazze naCveneb situaciaSi, rodesac ziandeba II sataqto 

intervalze ganlagebuli kombinaciis meore simbolo, ise im 

SemTxvevaSic, rodesac sawyis signalSi II da III sataqto 

intervalebze ganlagebulia Sesabamisad 01 da 00 kombinaciebi da 

Secdomis Sedegad ziandeba III sataqto intervalze ganlagebuli 

kombinaciis pirveli simbolo. 

 

2.1.2. Secdomebis koreqtireba 

 

zemoT Catarebuli analizidan Cans, rom mcj-s kontrolisa 

da akrZaluli kombinaciebis aRmoCenis kriteriumebze damyarebu-

li meTodebis gamoyeneba biimpulsur kodebSi Secdomebis aRmo-

Cenisas erTnair Sedegebs iZleva. saxeldobr, BI-L da DBI kodebSi 
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erTeuli Secdomis aRmoCena da Secdomis erTi sataqto in-

tervalis farglebSi lokalizeba, agreTve,  BI-M da BI-S kodebSi 

Secdomis aRmoCena xdeba 1-is toli albaTobiT, xolo 

Secdomebis lokalizeba BI-M da BI-S kodebSi - 1-is albaTobiT, 

oRond ori mezobeli sataqto intervalis farglebSi. rac 

Seexeba simboloTa monacvleobis kanonzomierebis darRvevis 

aRmoCenis kriteriumze damyarebul meTods, igi Secdomebis  

lokalizebisTvis ar gamodgeba.  

radganac Secdomebis koreqtirebis albaTobas gansazRvravs 

maTi lokalizebuli aRmoCenis albaToba, amitom Secdomebis 

koreqtirebis TvalsazrisiTac mcj-s kontrolisa da akrZaluli 

kombinaciebis aRmoCenis kriteriumebze damyarebul meTodebs 

biimpulsuri kodebisTvis Tanabari SesaZleblobebi aqvs. vipovoT 

WeSmariti blokebis aRdgenis albaTobebi BI-L da DBI 

kodebisTvis sawyis signalSi erTianis da nulis gamoCenis 

albaTobebis (Sesabamisad – P1 da P0) sxvadasxva 

mniSvnelobebisTvis. 

rogorc aRniSnuli iyo, koreqtirebis dros prioriteti 

eniWeba sawyisi mimdevrobis im simbolos, romlis gamoCenis 

albaToba Pud udidesia P1 da P0 albaTobebs Soris. amitom, radgan 

BI-L da DBI kodebSi dazianebuli intervalis aRmoCena xdeba 1-is 

toli albaTobiT, WeSmariti blokis aRdgenis anu koreqtirebis 

PW albaToba uSualod Pud albaTobiT ganisazRvreba (P1= P0 kerZo 

SemTxvevaSi igi 0,5-is tolia): 

                                             PWBI-L=PWDBI=Pud                             (4) 

Sesabamisad, mcdari blokis aRdgenis Pmcd albaToba toli iqneba: 

                                           Pmcd. BI-L= Pmcd. DBI = 1- Pud                    (5) 

ganvixiloT BI-M da  BI-S kodebi.  

me-9 naxazze moyvanilia BI-S kodis dasaSvebi kombinaciebis 

or mezobel intervalze ganlagebis 4-ive varianti da am 

wyvilebis yvela SesaZlo gardaqmna erTeuli Secdomebis 

zemoqmedebis Sedegad. rogorc naxazidan Cans, sawyis signalSi 
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mezobel intervalebze erTnairi simboloebis arsebobisas 

dazianebisas Cndeba 1110, 1000, 0111 an 0001 akrZaluli kombinaciebi, 

sawinaaRmdego simboloebis arsebobisas ki - 1111, 0110, 1001 da 0000.  

amgvarad, erTi da igive akrZaluli kombinacia warmoiqmneba 

dasaSvebi kombinaciebis iseTi wyvilebis Semadgeneli erT-erTi 

kombinaciis dazianebiT, romelTa erTsaxela poziciebze 

ganlagebulia erTmaneTis sawinaaRmdego simboloebi (00 da 11 an 

10 da 01), amitom sawyisi orTanriga blokis araswori aRdgenisas 

SecdomiT iqneba aRdgenili misi orive simbolo, rasac ara aqvs 

adgili  BI-L da DBI kodebSi. 

im principidan gamomdinare, rom Secdomis koreqtirebisas 

upiratesoba unda mieniWos im simbolos, romlis gamoCenis 

albaTobac metia, BI-S kodis 11 da 00 blokebis aRdgenisas 

WeSmaritad SeiZleba CaiTvalos is, romlis  Semadgeneli 

simboloebis gamoCena xdeba Pud albaTobiT. aseT pirobebSi 

WeSmariti da mcdari blokebis aRdgenis albaTobebisTvis 

Sesabamisad gveqneba: 

PW BI-S.11(00) = P
2
ud 

Pmcd. BI-S11(00) = (1- Pud)2 

sawyisi  

signali   0  0             0  0            1   1            1  1 

 

 

 

 

    

 

Secdoma 

 

 

 

sawyisi  

signali   1  0             1  0            0   1            0  1 
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Secdoma 

 

 

nax. 9. erTeuli Secdomebis zemoqmedeba BI-S kodis 

    dasaSveb kombinaciebze 

                                                 

rac Seexeba 10 da 01 blokebs, maTi WeSmariti da mcdari aR-

dgenis albaTobebi erTmaneTis tolia: 

                          PW BI-S.10(01) = Pmcd. BI-S10(01) = Pud (1- Pud). 

 zemoTqmulidan gamomdinare, WeSmariti da mcdari blokebis 

aRdgenis jamuri albaTobebisTvis Sesabamisad CavwerT: 

        PW BI-S = PW BI-S.11(00) + PW BI-S10(01) = Pud; 

                           P mcd. BI-S = P mcd. BI-S11(00) + P mcd. BI-S10(01) = 1- Pud. 

 SeiZleba naCvenebi iqnas, rom analogiurad Caiwereba WeSma-

riti da mcdari blokebis aRdgenis albaTobebi BI-M kodisTvi-

sac. 

 amgvarad, oTxive biimpulsuri kodisTvis PW da Pmcd sidide-

ebi ganisazRvreba Sesabamisad (4) da (5) formulebiT. PW=f(P1) da 

Pmcd.=f(P1) damokidebulebis grafikebi (Sesabamisad 1 da 2) moyvani-

lia me-10 naxazze.  

 

    PW- Pmcd 

             1 

             0,9 

             0,8                                            PW 

             0,7 

             0,6 
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             0,5 

             0,4                                                

             0,3       Pmcd 

             0,2                                             

             0,1                                                                                                     P1 

                  0       0,1    0,2    0,3     0,4    0,5     0,6    0,7     0,8     0,9       1       

      

nax. 10. PW=f(P1) da Pmcd.=f(P1) damokidebulebebis grafikebi 
   biimpulsuri kodebisTvis 

 

rogorc 1 grafikidan Cans, WeSmariti blokis aRdgenis al-

baToba P1-is rogorc zrdasTan, ise – SemcirebasTan erTad izr-

deba P1=0,5-is Sesabamisi sididis (0,5) mimarT  wrfivad da  simet-

riulad da P1-is  minimaluri da maqsimaluri mniSvnelobebisTvis 

(0 da 1) aRwevs 1-is tol sidides. rac Seexeba 2 grafiks, rome-

lic 1 grafikis sarkul anarekls warmoadgens, igi asaxavs aras-

wori koreqtirebisas BI-L da DBI kodebSi erTeuli,  BI-S da  BI-M 

kodebSi ki – ormagi Secdomebis warmoqmnis albaTobis cva-

lebadobis kanons.  

miRebuli Sedegebidan Cans, rom araswori koreqtirebisas 

warmoqmnili Secdomebis raodenobis TvalsazrisiT BI-L da DBI 

kodebs gacilebiT ukeTesi SesaZleblobebi gaaCnia danarCen or 

kodTan SedarebiT. 

 

    2.2. erTeuli Secdomebis aRmoCena da koreqtireba CMI  

     kodSi  

 

me-11 naxazze naCvenebia erTeuli Secdomis aRmoCenis 

procedura CMI kodSi mcj-s kontrolis kriteriumze damyarebu-

li meTodiT.Bkodis formirebis algoriTmidan gamomdinare aq  

 

         T 

a) 
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       t 

   +2                       

b) +1       

        0                    t 

       -1                           Secdoma  

g)                   

                             t 

      +2 

d)+1     

        0                         t 

       -1                      

        

Nnax. 11. erTeuli Secdomis aRmoCena mcj-s analizis  
        meTodiT CMI kodSi   

 

mcj-s SeuZlia miiRos mniSvnelobebi -1, 0, +1 da +2, Tu saxazo 

signalSi  T xangrZliobis pirveli impulsi dadebiTia, an – +1, 0, 

-1 da -2, Tu aRniSnuli impulsi uaryofiTia. (naxazze moyvanilia 

pirveli SemTxveva). 

me-11 a naxazze naCvenebia CMI kodis fragmenti, me-11 b 

naxazze – am fragmentis mcj-s cvlilebis texili, me-11 g da d  

naxazebze – Sesabamisad SecdomiT dazianebuli igive fragmenti 

da misi mcj-s  cvlileba.  

zogadad CMI kodis mcj-s  cvlilebis sazRvrebis 

darRveva Secdomis zemoqmedebisTanve ar xdeba. ase magaliTad,  

naxazze ganxilul SemTxvevaSi am darRvevas adgili aqvs 

Secdomis warmoqmnidan mxolod 3 sataqto intervalis Semdeg. 

advili saCvenebelia, rom fragmentis struqturidan gamomdinare 

es dro SeiZleba gaizardos an Semcirdes. amgvarad, mcj-s 

kontrolis kriteriumze damyarebuli meTodi CMI kodisTvis 

Secdomis lokalizebas ver uzrunvelyofs, Tumca misi aRmoCena 

yovelTvis xdeba.  

CMI kodis formirebis Tavisebureba, romelic mdgomareobs 

imaSi, rom sawyisi mimdevrobis erTianebi kodirdeba monacvleo-
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biT 11 da 00 blokebiT, iZleva saSualebas aRmoCenil iqnas 

Secdoma aRniSnuli monacvleobis kanonzomierebis darRvevis 

dafiqsirebaze damyarebuli meTodiT. am SemTxvevaSic Secdomis 

aRmoCena xdeba 1-is toli albaTobiT, Mmagram, rogorc am 

meTodisTvis aris damaxasiaTebeli, igi ver uzrunvelyofs 

dazianebuli sataqto intervalis dadgenas.  

 Secdomis lokalizeba SesaZlebelia akrZaluli kombina-

ciebis aRmoCenaze damyarebuli meTodiT. CMI kodisTvis aseT 

kombinacias warmoadgens 10, romlis gamoCena erTeulovani 

Secdomis zemoqmedebis Sedegad xdeba mxolod maSin, rodesac es 

ukanaskneli azianebs 11 blokis meore an 00 blokis pirvel 

simbolos.Aadvili saCvenebelia, rom aseT pirobebSi akrZaluli 

kombinaciis warmoqmnis da, Sesabamisad, Secdomis lokalizebuli 

aRmoCenis, albaToba sawyis signalSi simbolo erTianis gamoCenis 

P1 albaTobis naxevris tolia.  

Secdomis lokalizeba qmnis misi gasworebis (koreqtirebis) 

winapirobas. radgan akrZaluli kombinacia warmoiqmneba sawyisi 

signalis simbolo 1-is Sesabamisi blokebis  dazianebis  dros, 

amitom Secdomis koreqtirebisas es simbolo calsaxad unda iq-

nas aRdgenili.Aamgvarad, WeSmariti simbolos aRdgenis PW CMI al-

baToba toli iqneba: 

PW CMI= P1/2.  

me-12 naxazze moyvanilia PWCMI=f(P1) damokidebulebis grafiki. 

misi analizi gviCvenebs, rom 0<P1<1 dros Secdomis koreqtirebis 

albaToba izrdeba P1-is proporciulad da P1=1 dros aRwevs 

zRvrul - PWCMI = 0,5 - mniSvnelobas.  

 

                           Pz=CMI 

           

                    

                    0,5 

                   

                     0,4 
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                     0,3 

                     

                     0,2 

                   

                     0,1 

                   

                          0               0,2               0,4              0,6               0,8              1      P1 

 

nax. 12. PW CMI=f(P1) damokidebulebis grafiki 

 

 

 

 

 

2.3. erTeuli Secdomebis aRmoCena da koreqtireba  

   eleqtronul-fotonur kodebSi [39] 

 

me-13 naxazze naCvenebia erTeuli Secdomis aRmoCenis 

procedura EP-1 kodSi mcj-s kontrolis kriteriumze 

damyarebuli meTodiT.B mcj-s SeuZlia miiRos mniSvnelobebi -1, 0,  

  

         T 

a) 

       t 

   +3 

      +2                       

b) +1       

        0                    t 

       -1                           Secdoma  

g)                   

                                t 

     +3 

      +2 
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d)+1     

        0                             t 

       -1                      

        

Nnax. 13. erTeuli Secdomis aRmoCena mcj-s analizis  

        meTodiT EP-1 kodSi   

 

+1, +2 da +3, Tu saxazo signalSi pirveli impulsi, romliTac 

kodirdeba simbolo 1, dadebiTia, an – +1, 0, -1, -2 da -3, Tu 

aRniSnuli impulsi uaryofiTia. (naxazze moyvanilia pirveli 

SemTxveva). 

2.8. a naxazze naCvenebia EP-1 kodis fragmenti, me-13 b 

naxazze – am fragmentis mcj-s cvlilebis texili, me-13 g da d  

naxazebze – Sesabamisad SecdomiT dazianebuli igive fragmenti 

da misi mcj-s cvlileba.  

Niseve rogorc CMI kodSi, zogadad EP-1 kodis mcj-s  

cvlilebis sazRvrebis darRveva Secdomis zemoqmedebisTanve 

ar xdeba.Mme-13 naxazze am darRvevas adgili aqvs Secdomis 

warmoqmnidan 3 sataqto intervalis Semdeg, amasTan sxva 

fragmentebisTvis es dro SeiZleba Seicvalos. Sesabamisad, mcj-s 

kontrolis kriteriumze damyarebuli meTodi EP-1 kodisTvis ver 

uzrunvelyofs Secdomis lokalizebas.  

SeiZleba naCvenebi iqnas, rom aRniSnuli meTodi igive 

Sedegs iZleva EP-2 kodisTvisac.  

iseve, rogorc CMI kodSi, eleqtronul-fotonur kodebSic 

adgili aqvs 11 da 00 kombinaciebis monacvleobas (garda amisa, 

EP-2 kodSi – 01 da 10 kombinaciebis monacvleobasac), amitom 

erTeuli Secdomis arsebobis faqtis dafiqsireba aqac 

SesaZlebelia aRniSnuli monacvleobis kanonzomierebis darRve-

vis dafiqsirebaze damyarebuli meTodiT. am SemTxvevaSic Secdo-

mis aRmoCena xdeba 1-is toli albaTobiT,Mmagram Secdomis loka-

lizeba ver uzrunveliyofa.  
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Ep-1 da Ep-2 kodebSi sataqto intervalis farglebSi yvela 

kombinacia dasaSvebia, amitom  maTTvis akrZaluli kombinaciebis 

aRmoCenaze damyarebuli kriteriumis gamoyeneba im saxiT, rogorc 

es xdeba biimpulsuri da CMI kodebisTvis, SeuZlebelia. magram am 

kodebis ori mezobeli sataqto intervalis analizi aCvenebs, rom 

maTze ganlagebul oTxTanriga kombinaciebidan nawili 

dasaSvebia, nawili ki – akrZaluli. swored maTi gamoCena 

miuTiTebs Secdomis arsebobaze. ganvixiloT es sakiTxi ufro 

dawvrilebiT. 

me-3 cxrilSi, romelic Sedgenilia eleqtronul-fotonuri       

kodebis formirebis algoriTmebis gaTvaliswinebiT, moyvanilia 

yvela SesaZlo oTxTanriga kombinacia, romlebic SeiZleba 

ganlagebuli iyos am kodebis or mezobel sataqto intervalze. 

me-4 cxrilSi moyvanilia akrZaluli kombinaciebi da maTi 

Sesabamisi dasaSvebi kombinaciebi. 

rogorc me-3 cxrilidan Cans, 16 kombinaciidan Ep-1 kodisT- 

cxrili 3 

eleqtronul-fotonuri kodebis or mezobel sataqto interva- 
lze ganlagebuli yvela SesaZlo oTxTanriga kombinacia 

Ep-1 Ep-2 

intervali 2T intervali 2T 

dasaSvebi 

kombinaciebi  

akrZaluli 

kombinaciebi 

dasaSvebi 

kombinaciebi 

akrZaluli 

kombinaciebi 

1100       1110 
0011  0001 
1000  1011 
0111  0100 
0110  1001 

1111 
0000 
1101 
0010 
1010 
0101 

 

1100  1101 
1110  0011 
0001  0010 
1000  1011 
1001  0111 
0100  0110 

1111 
0000 
1010 
0101 

 

 

cxrili 4 

eleqtronul-fotonuri kodebis akrZaluli da maTi Sesabamisi 
dasaSvebi kombinaciebi 

Ep-1 Ep-2 

intervali 2T intervali 2T 
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akrZaluli 

kombinaciebi 

dasaSvebi 

kombinaciebi 

akrZaluli 

kombinaciebi  

dasaSvebi 

kombinaciebi 

1111 
   1110        1011 

           0111 1111 
1101        1110 

1011  0111 

0000 
0001  1000 

0100 

0000 
    0001       0010 

1000  0100 
1101 

1100   
1001 

 

0010 
0011 
0110 1010 

1110  0010 
1000  1011 

1010 
1110  1000 

1011 

0101 
1101  0001 
0111  0100 

0101 
0001  0111 

0100 

 

vis akrZaluls warmoadgens 6,  Ep-2 kodisTvis ki – 4.  

ganvsazRvroT dasaSvebi kombinaciebis gamoCenis albaTobebi 

sawyis signalSi erTianis gamoCenis P1 albaTobis dros. 

Oorive kodisTvis sawyis signalSi 11 blokis arsebobisas 

warmoiqmneba 1100 an 0011 kombinacia, e.i. TiToeuli maTganis 

gamoCena xdeba P1
2
/2 albaTobiT, 00 blokis arsebobisas - 0110 an 

1001 kombinacia, TiToeuli – (1-P1)
2
/2 albaTobiT da 01 blokis 

arsebobisas - 1000, 0111, 0100 an 1011 kombinacia, Sesabamisad, 

TiToeulis gamoCenis albaToba – P1(1 - P1)/4 iqneba. 

Ep-1 kodisTvis sawyis signalSi 10 blokis arsebobisas 

warmoiqmneba 0001 an 1110 kombinacia, TiToeuli – P1(1-P1)/2 

albaTobiT, xolo Ep-2 kodisTvis – 1101, 1110, 0001 an 0010 

kombinacia, TiToeuli – P1(1-P1)/4 albaTobiT. 
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zemoT naTqvamidan gamomdinare, agreTve me-4 cxrilis 

monacemebis gaTvaliswinebiT EP-1 kodis akrZaluli kombinaci-

ebisTvis (1) Caiwereba: 

           PEP-1(1111) = PEP-1 (0000) = PEP-1 (1010) = PEP-1 (0101) =0,188P1(1-P1)      (6) 

           PEP-1 (1101) = PEP-1 (0010) =0,125[P1
2 

+ (1-P1)
2
]                 (7) 

analogiurad EP-2 kodisTvis gveqneba: 

          PEP-2(1111) = PEP-2 (0000) = PEP-2 (1010) = PEP-2 (0101) = 0,25P1(1-P1)        (8) 

ganvixiloT Secdomebis koreqtirebis sakiTxebi. 

 is faqti, rom eleqtronul-fotonuri kodebis or mezobel 

sataqto intervalze SeuZlebelia zogierTi oTxTanriga 

kombinaciis gamoCena, SeiZleba gamoyenebul iqnas ara marto 

erTeuli Secdomis aRmoCenis, aramed misi koreqtirebis drosac. 

vaCvenoT, Tu rogor xdeba es, magaliTad, EP-1 kodSi warmoqmnili 

1101 da 1111 akrZaluli kombinaciebis koreqtirebis SemTxvevaSi. 

 rogorc me-4 cxrilidan Cans, 1101 kombinacias Seesabameba 

ori dasaSvebi – 1100 da 1001. maTgan WeSmaritis dasadgenad 

ganvixiloT akrZaluli kombinaciis wina sataqto intervalze 

orTanriga blokebis ganlagebis yvela SesaZlo SemTxveva (nax.14). 

 1) akrZaluli kombinaciis win ganlagebulia 00 bloki 

(nax.14 a). es miuTiTebs imaze, rom WeSmariti dasaSvebi 

kombinaciaa 1100 (naxazze WeSmariti da mcdari kombinaciebi 

aRniSnulia Sesabamisad “+” da@“_” simboloebiT, WeSmariti 

kombinaciis aRmoCenis SeuZleblobis dros ki yvela kombinacia 

  00.1100 (+)     11.1100 (_) 

       a)   00.1101                      b)    11.1101                  

             00.1001 (_)     11.1001 (+) 

  10.1100 (+)     01.100 (x) 

g)    10.1101        d)   01.1101 

           10.1001 (_)     01.1001 (x)  

 

     01.1100.00 (_)      01.1100.01 (+)  01.1100.10 (_)      01.1100.11 (x) 

     01.1001.00 (+)      01.1001.01 (_)  01.1001.10 (+)      01.1001.11 (x) 

e) 
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nax. 14. WeSmariti dasaSvebi kombinaciis dadgenis algoriTmi EP-1    

             kodisTvis 
 

aRiniSneba “x” niSniT),  radgan,  kodis formirebis algoriTmidan 

gamomdinare, romelime sataqto intervalze 00 kombinaciis 

arsebobis SemTxvevaSi momdevno sataqto intervalze 10 

kombinaciis gamoCena SeuZlebelia.A  

2)  akrZaluli kombinaciis win ganlagebulia 11 bloki 

(nax.14 b). am SemTxvevaSi WeSmariti dasaSvebi kombinaciaa 1001, 

radgan 111100 kombinaciis gamoCena SeuZlebelia kodSi 11 da 00  

kombinaciebis monacvleobis principis darRvevis gamo.  

3) akrZaluli kombinaciis win ganlagebulia 10 bloki 

(nax.14 g). WeSmariti dasaSvebi kombinacia iqneba 1100, radgan 

kodis or mezobel sataqto intervalze 10 kombinaciis gamoCena 

SeuZlebelia.  

 4) akrZaluli kombinaciis win ganlagebulia 01 bloki 

(nax.14 d). aq mis Semdeg SesaZlebelia orive dasaSvebi 

kombinaciis gamoCena, amitom WeSmariti dasaSvebi kombinaciis 

gamoCenis albaTobis dasadgenad zemoT ganxiluli xerxis 

gamoyeneba sakmarisi ar aris. am SemTxvevaSi damatebiT tardeba 

orTanriga blokebis akrZaluli kombinaciis Semdeg ganlagebis 

yvela SesaZlo SemTxvevis analizi (nax.14 e).  

 akrZaluli kombinaciis Semdeg 00 blokis arsebobis 

SemTxvevaSi WeSmarit dasaSveb kombinacias warmoadgens 1001, 

radgan 1100 kombinaciis Semdeg 00 blokis gamoCena SeuZlebelia. 

 Tu akrZaluli kombinaciis Semdeg arsebobs 01 bloki, maSin 

WeSmariti dasaSvebi kombinaciaa 1100, radgan winaaRmdeg 

SemTxvevaSi or mezobel sataqto intervalze adgili eqneboda 

0101 kombinacias, rac dauSvebelia.  

akrZaluli kombinaciis Semdeg 10 blokis arsebobisas 

agreTve xdeba WeSmariti dasaSvebi kombinaciis dadgena. es aris 

1001, radgan 110010 kombinaciis gamoCena SeuZlebelia. 
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 ganvixiloT axla SemTxveva, rodesac akrZaluli 

kombinaciis Semdeg Cndeba 11 bloki. radgan saxazo kodSi 

SesaZlebelia rogorc 110011, ise 100111 kombinaciebis gamoCena, 

amitom aq WeSmariti dasaSvebi kombinaciis dadgena xdeba mxolod 

0,5-is toli albaTobiT. 

 amgvarad, 1101 akrZaluli kombinaciis gamoCenisas mis wina 

sataqto intervalze orTanriga blokebis arsebobis 4 SesaZlo  

SemTxvevidan 3-Si WeSmariti dasaSvebi kombinaciis dadgena xdeba 

1-is toli albaTobiT. rac Seexeba meoTxe SemTxvevas (1101 

kombinaciis win 01 blokis arseboba), aq es albaToba 

3·0,25+0,25/2=0,875-is tolia. maSin aRniSnuli akrZaluli kombinaci-

is arsebobis pirobebSi WeSmariti dasaSvebi kombinaciis aRdgenis 

sruli albaToba iqneba: 

                               PWEP-1(1101) = 3·0,25 + 0,875·0,25 ≈ 0,97             (9) 

 cxadia, rom mcdari dasaSvebi kombinaciis aRdgenis 

albaToba  

                                PmcdEP-1(1101) =1-0,97=0,03                         (10)

  analogiuri msjelobiT SeiZleba naCvenebi iqnas, rom 

WeSmariti da mcdari dasaSvebi kombinaciebis aRdgenis aseTive 

albaTobebi miiReba 0010, 1010 da 0101 akrZaluli kombinaciebis 

arsebobisas. 

 ganvixiloT axla 1111 akrZaluli kombinaciis gamoCenis 

SemTxveva. rogorc me-4 cxrilidan Cans, am kombinacias 

Seesabameba sami dasaSvebi – 1110, 0111 da 1011. 

 1111 kombinaciis wina sataqto intervalze orTanriga 

blokebis arsebobis SesaZleblobebis analizi gviCvenebs, rom,  

EP-1 kodis formirebis algoriTmidan gamomdinare, kombinaciis 

win SeuZlebelia 11 blokis gamoCena. ganvixiloT danarCeni 

SemTxvevebi. 

1) akrZaluli kombinaciis win ganlagebulia 00 bloki. am 

SemTxvevaSi 1011 dasaSvebi kombinaciis gamoCena SeuZlebelia, 

danarCeni oris ki – SesaZlebeli.  
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2) akrZaluli kombinaciis win ganlagebulia 01 bloki. 0111 

dasaSvebi kombinaciis gamoCena SeuZlebelia, danarCeni oris ki – 

SesaZlebeli. 

3) akrZaluli kombinaciis win ganlagebulia 10 bloki. aq 

SeuZlebelia 1011 dasaSvebi kombinaciis gamoCena, danarCeni oris 

ki – SesaZlebeli. 

 rogorc vxedavT, akrZaluli kombinaciis mxolod wina 

sataqto intervalze ganlagebuli blokebis SemTxvevis ganxilva 

ar iZleva WeSmariti dasaSvebi kombinaciis dadgenis saSualebas. 

gavaanalizoT akrZaluli kombinaciis momdevno sataqto 

intervalze sxvadasxva blokebis ganlagebis SesaZleblobebi am 

kombinaciis wina sataqto intervalze 00 kombinaciis arsebobis 

pirobebSi. 

rogorc aRniSnuli iyo, gansaxilvel SemTxvevaSi 

SesaZlebelia ori dasaSvebi kombinaciis – 1110 da 0111 arseboba. 

am kombinaciebis Semdeg SeuZlebelia 11 blokis gamoCena 11 da 00  

kombinaciebis monacvleobis principis darRvevis gamo. 

 akrZaluli kombinaciis momdevno sataqto intervalze 01 

blokis arsebobisas warmoebs WeSmariti dasaSvebi kombinaciis – 

1110 – dadgena, radgan 011101 kombinaciis gamoCena SeuZlebelia. 

akrZaluli kombinaciis momdevno sataqto intervalze 10 

blokis arsebobisas piriqiT – WeSmarit dasaSveb kombinacias 

warmoadgens 0111, 111010 kombinaciis formirebis SeuZleblobis 

gamo. 

darCenil erT SemTxvevaSi, rodesac akrZaluli kombinaciis 

momdevno sataqto intervalze arsebobs 00 bloki, WeSmariti 

dasaSvebi kombinaciis dadgena ver xerxdeba, radgan saxazo 

kodSi orive kombinacia – 111000 da 011100 – dasaSvebia. 

Aamgvarad, 1111 akrZaluli kombinaciis arsebobisas, Tu mas 

win uswrebs 00 bloki, kombinaciis momdevno orTanriga blokebis 

ganlagebis sami SesaZlo SemTxvevidan orSi WeSmariti dasaSvebi 

kombinaciis dadgena xdeba 1-is toli, erTSi ki – 0,5-is toli 

albaTobiT.  
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advili saCvenebelia, rom igive Sedegi miiReba, rodesac 

kombinacias win uswrebs sxva dasaSvebi blokebic. zemoTqmulidan 

gamomdinare, 1111 akrZaluli kombinaciis arsebobis pirobebSi 

WeSmariti dasaSvebi kombinaciis aRdgenis albaToba iqneba 

                    PW.EP-1(1111) ≈ 0,66 + 0,5·0,33 = 0,66 + 0,17 = 0,83,           (11) 

xolo mcdaris – 

                       PmcdEP-1(1111) =1-0,83=0,17               (12) 

 analogiuri msjelobiT SeiZleba naCvenebi iqnas, rom 

WeSmariti da mcdari dasaSvebi kombinaciebis aRdgenis aseTive 

albaTobebi miiReba 0000 akrZaluli kombinaciis arsebobisas. 

ganvsazRvroT axla Secdomebis koreqtirebis Pkor albaTo-

bebi sxvadasxva akrZaluli kombinaciebisTvis. (6), (7), (9) da (11) 

gaTvaliswinebiT gveqneba: 

      PkorEP-1(1111) = Pkor EP-1 (0000) = 0,188P1(1-P1)·0,83=0,16 P1(1-P1)                  

      Pkor EP-1 (1010) = Pkor EP-1 (0101) = 0,188P1(1-P1)·0,97=0,18 P1(1-P1)              

      Pkor EP-1 (1101) = Pkor EP-1 (0010) = 0,125[P1
2 

+ (1-P1)
2
] ·0,97= 0,12[P1

2 
+ (1-

P1)
2
]  

Sesabamisad, koreqtirebisas Secdomis daSvebis albaTobe-

bisTvis CavwerT: 

 PmcdEP-1(1111) = Pmcd EP-1 (0000) = 0,188P1(1-P1)·0,17=0,03 P1(1-P1)                  

  Pmcd EP-1 (1010) = PmcdEP-1 (0101) = 0,188P1(1-P1)·0,03=0,006 P1(1-P1)              

  Pkor EP-1 (1101) = Pkor EP-1 (0010) = 0,125[P1
2 

+ (1-P1)
2
] ·0,03= 0,004[P1

2 
+ (1-P1)

2
]  

maSin zogadad akrZaluli kombinaciis koreqtirebis 

albaToba toli iqneba 

                       Pkor. (EP-1) ≈ 2{0,34P1(1-P1) + 0,12[P1
2 
+ (1-P1)

2
]},                   (13) 

xolo araswori kombinaciis aRdgenis albaToba – 

                     Pmcd. (EP-1) ≈ 2{0,036P1(1-P1) + 0,004[P1
2 
+ (1-P1)

2
]},                 (14) 

ganvixiloT EP-2 kodis Secdomebis koreqtirebis sakiTxebi. 

rogorc 2.2 cxrilidan Cans, am kodis yvela akrZalul 

kombinacis Seesabameba 4-4 dasaSvebi. CavataroT zemoT moyvanilis 

analogiuri analizi 1111 akrZaluli kombinaciisTvis.  



61 

 

 1) akrZaluli kombinaciis win 11 blokis arseboba 

gamoricxulia 11 da 00 kombinaciebis gamoCenis kanonzomierebis 

darRvevis gamo.  

2) akrZaluli kombinaciis win ganlagebulia 00 bloki. am 

dros oTxive eqvsTanriga kombinacia dasaSvebia, amitom WeSmariti 

dasaSvebi kombinaciis albaTobis dasadgenad mivmarToT analizis 

Semdgom etaps, anu ganvixiloT akrZaluli kombinaciis Semdeg 

orTanriga kombinaciebis ganlagebis yvela SesaZlo SemTxveva. 

 1111 kombinaciis Semdeg 00 blokis arsebobisas miiReba  

agreTve mxolod dasaSvebi kombinaciebi, 01 an 10 blokebis 

ganlagebis SemTxvevebSi - or-ori dasaSvebi da akrZaluli 

kombinacia, xolo 11 blokis arseboba 1111 kombinaciis Semdeg 

gamoricxulia zemoT xsenebuli mizezis gamo. 

 amgvarad, 1111 kombinaciis win 00 blokis ganlagebisas am 

kombinaciis Semdeg SesaZlebelia mxolod 3 orTanriga blokis – 

00, 01 da 10 – arseboba, amasTan pirvelis SemTxvevaSi WeSmariti 

dasaSvebi kombinaciis dadgenis albaToba 0,25-s, xolo danarCen 

SemTxvevebSi – 0,5-s Seadgens. Sesabamisad, Tu 1111 kombinaciis win 

arsebobs 00 bloki, xsenebuli albaToba 0,66·0,5+0,33·0,25=0,42 toli 

iqneba. 

3)  1111 kombinaciis win ganlagebulia 01 bloki. am 

SemTxvevaSi miiReba 2 dasaSvebi (011110, 011011) da 2 akrZaluli 

(011101, 010111) kombinacia. dasaSvebi kombinaciebis Semdeg 00 an 01 

blokebis arsebobisas kvlav miiReba dasaSvebi kombinaciebi, 10 da 

11 blokebis arseboba ki SeuZlebelia kodis formirebis 

algoriTmidan gamomdinare.Mamgvarad, 1111 kombinaciis win 01 

blokis ganlagebisas am kombinaciis Semdeg SesaZlebelia 

mxolod 2 orTanriga blokis – 00 da 01 – arseboba, amasTan 

orive SemTxvevaSi WeSmariti dasaSvebi kombinaciis dadgenis 

albaToba 0,5-is tolia. Sesabamisad, igive iqneba WeSmariti 

dasaSvebi kombinaciis dadgenis albaToba 011111 kombinaciis 

gamoCenis SemTxvevaSi. 
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4) akrZaluli kombinaciis win ganlagebulia 10 bloki.  am 

SemTxvevaSi gvaqvs wina punqtSi ganxilulis analogiuri suraTi, 

e.i. WeSmariti dasaSvebi kombinaciis dadgenis albaToba aqac 0,5-

is tolia. 

 amgvarad, 1111 blokis win orTanriga blokebis arsebobis 

sami SesaZlo SemTxvevidan erTis dros WeSmariti dasaSvebi 

kombinaciis dadgenis albaToba 0,42-is, ori danarCenis dros ki – 

0,5-is tolia. Sesabamisad, 1111 kombinaciis gamoCenisas WeSmariti 

kombinaciis aRdgenis sruli albaToba tolia: 

                          PW.EP-2(1111) ≈ 0,66·0,5 + 0,33·0,42 = 0,47                (15) 

 gamovTvaloT mcdari dasaSvebi kombinaciis aRdgenis 

albaToba: 

  Pmcd.EP-2(1111) ≈ 1-0,47=0,53                             (16) 

 rogorc analizi aCvenebs, igive albaTobebiT xdeba 

WeSmariti da mcdari kombinaciebis aRdgena danarCeni akrZaluli 

kombinaciebis arsebobis pirobebSic.  

(8), (15) da (16) gaTvaliswinebiT CavweroT EP-2 kodSi 

nebismieri Secdomis swori da araswori koreqtirebis 

albaTobebi:  

                        Pkor. (EP-2) = 4·0,25·0,47P1(1-P1)= 0,47P1(1-P1)                      (17) 

                       Pmcd. (EP-2) = 4·0,25·0,53P1(1-P1)= 0,53P1(1-P1)                       (18) 

 me-5 cxrilSi moyvanilia PW.(EP-1), Pmcd.(EP-1), PW.(EP-2) da 

Pmcd.(EP-2) sidideebi, gamoTvlili (13), (14), (17) da (18) formulebiT 

P1-is sxvadasxva mniSvnelobebisTvis, xolo me-15 naxazze _ PW=f(P1) 

da Pmcd=f(P1) damokidebulebis mrudebi.  

                    cxrili 5 

eleqtronul-fotonuri kodebis swori da araswori koreqtirebis al-
baTobebi sawyis signalSi erTianis gamoCenis sxvadasxva albaTobis 

dros 
 

P1 PW(EP-1) Pmcd(EP-1) PW(EP-2) Pmcd(EP-2) 

0,1 0,26 0,013 0,04 0,05 

0,2 0,27 0,017 0,07 0,08 

0,3 0,28 0,019 0,1 0,11 
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0,4 0,29 0,02 0,11 0,13 

0,5 0,3 0,022 0,12 0,14 

0,6 0,29 0,02 0,11 0,13 

0,7 0,28 0,019 0,1 0,11 

0,8 0,27 0,017 0,07 0,08 

0,9 0,26 0,013 0,04 0,05 

 

mrudebis analizi gviCvenebs: 

 _ orive kodisTvis Secdomebis koreqtirebisa da mcdari kombi- 

   naciebis aRdgenis maqsimaluri albaTobebi miiReba P1=P0  dros; 

_  EP-1 kodis koreqtirebis albaToba mniSvnelovnad (3 - 4-jer)  

   aRemateba EP-2 kodis igive maxasiaTebels; 

_  EP-1 kodSi koreqtirebisas mcdari kombinaciis aRdgenis alba- 

   Toba gacilebiT (P1=P0  dros 11-jer) mcirea amave kodSi WeSma- 

   riti kombinaciis aRdgenis albaTobaze; 

_  EP-2 kodSi koreqtirebisas mcdari kombinaciis aRdgenis alba- 

   Toba aRemateba amave kodSi WeSmariti kombinaciis aRdgenis  

   albaTobas. 

 rogorc analizi aCvenebs, rogorc wesi, Secdomis P≠1 

albaTobiT koreqtirebis dros koduri manZili dasaSveb 

kombinaciebs Soris, romelTaganac SeirCeva aRsadgeni kombinacia, 

2-is tolia. es niSnavs, rom mcdari kombinaciis aRdgenis 

SemTxvevaSi arasworad aRdgeba misi orive simbolo, e.i. erTi 

Secdomis magier warmoiqmneba ori. aseT pirobebSi koreqtirebas 

azri aqvs mxolod maSin,  rodesac WeSmariti kombinaciis aRdge- 

  PW(EP), Pmcd(EP) 

   0,3 

                                     PW(EP-1) 

 

 

 0,25 
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 0,2 

 

 

 

 0,15 

 

        Pmcd(EP-2) 

 

               

   0,1 

                                                 PW(EP-2) 

 

 

 0,05 

                                                                                  

                                                           Pmcd(EP-1) 

 

 

        

        0        0,1        0,2       0,3       0,4       0,5      0,6       0,7       0,8       0,9       1      P1 

 

nax.15. PW(EP)=f(P1) da Pmcd(EP)=f(P1) damokidebulebis mrudebi 

 eleqtronul-fotonuri kodebisTvis 

 

nis albaToba bevrad aRemateba mcdari kombinaciis aRdgenis 

albaTobas. zemoT miRebuli Sedegebidan gamomdinare, am  pirobas 

eleqtronul-fotonuri kodebidan akmayofilebs EP-1, amitom 

aRwerili meTodiT erTeuli Secdomebis koreqtireba mxolod 

misTvis aris rekomendebuli. 

 



65 

 

2.4. erTeuli Secdomebis aRmoCena da koreqtireba MILLER 

kodSi [41] 

 

ganvixiloT MILLER kodis erTeulovani Secdomebis 

aRmoCenisa da koreqtirebis SesaZleblobebi. 

vaCvenoT, rom aRniSnuli kodisTvis SeuZlebelia mcj-s 

kontrolisa da 11 da 00 kombinaciebis monacvleobis kanonzomi-

erebis darRvevis kriteriumebze damyarebuli meTodebis gamoye-

neba. 

me-16 naxazze moyvanilia MILLER kodis fragmenti da misi 

mcj-s cvlilebis texili. rogorc naxazidan Cans, mcj-s ar gaaC- 

 

  0         1           0          1         1           0          1         1          0          1 

a)                 T 

       t 

  +3 

     +2                       

b)+1       

        0                    t 

      -1 

      -2                       

      -3 

      -4 

      -5 

      -6 

 

N 

  nax. 16. MILLER kodis fragmenti da misiMmcj-s cvlilebis texili  

nia fiqsirebuli mniSvnelobebi, radgan sawyisi signalis rig 

fragmentebSi (erT-erTi maTgani naCvenebia naxazze) kodis formi-

rebis algoriTmis Tanaxmad, romelic gamoricxavs 11 da 00 

simboloebis monacvleobis aucileblobas, SesaZlebelia 2T 

xangrZliobis impulsebis an pauzebis garkveuli raodenobis 

mimdevrobiT gamoCena, rac iwvevs mcj-s ganuwyvetel zrdas erTi 
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an meore mimarTulebiT. kodis algoriTmis aRniSnuli 

Tavisebureba gamoricxavs 11 da 00 kombinaciebis monacvleobis 

kanonzomierebis darRvevis kriteriumebze damyarebuli meTodis 

gamoyenebis SesaZleblobasac. 

 zemoTqmulidan gamomdinare, Secdomebis aRmoCena da koreq-

tireba  MILLER kodSi SesaZlebelia mxolod akrZaluli kombina-

ciebis aRmoCenis kriteriumze damyarebuli meTodis gamoyenebiT. 

ganvsazRvroT Secdomebis aRmoCenisa da koreqtirebis 

albaTobebi am SemTxvevaSi. 

iseve, rogorc eleqtronul-fotonur kodebSi, MILLER 

kodSic sataqto intervalis farglebSi yvela kombinacia 

dasaSvebia, magram ori mezobeli sataqto intervalis analizi 

gviCvenebs, rom maTze ganlagebuli 16 SesaZlo kombinaciidan da-

saSvebia mxolod 8 (cxrili 6).  

me-7 cxrilSi moyvanilia akrZaluli kombinaciebi da maTi 

Sesabamisi dasaSvebi kombinaciebi. rogorc  cxrilidan Cans,  Ti-  

Toeul akrZalul kombinacias Seesabameba ori dasaSvebi. 

ganvsazRvroT akrZaluli kombinaciebis gamoCenis albaTobebi.  

sawyis signalSi 11 blokis arsebobisas warmoiqmneba 1001 an 

0110 kombinacia, e.i. TiToeuli maTganis gamoCena xdeba P1
2
/2 

albaTobiT, 00 blokis arsebobisas - 1100 an 0011 kombinacia, 

TiToeuli – (1-P1)
2
/2 albaTobiT, 10 blokis arsebobisas – 1000 an 

0111 kombinacia, 01 blokis arsebobisas ki 0001 an 1110 kombinacia, 

TiToeuli – P1(1-P1)/2 albaTobiT. 

zemoT naTqvamidan gamomdinare, agreTve me-7 cxrilis 

monacemebis gaTvaliswinebiT, akrZaluli kombinaciebis gamoCenis 

albaTobebi iqneba: 

cxrili 6 

 

dasaSvebi da akrZaluli kombinaciebi MILLER  

   kodis or mezobel sataqto intervalze 
 

intervali 2T 
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dasaSvebi 

kombinaciebi 

akrZaluli 

kombinaciebi 

1100 

1110 

0011 

0001 

1000 

1001 

0111 

0110 

1101 

1111 

0000 

0010 

1011 

1010 

0100 

0101 

               

                                             cxrili 7 

 

MILLER kodis or mezobel sataqto intervalze   
ganlagebuli akrZaluli da maTiSesabamisi dasa- 
Svebi kombinaciebi 

 

intervali 2T 

akrZaluli 

kombinaciebi 

dasaSvebi 

kombinaciebi 

1101 1100        1001 

1111 1110        0111 

0000 0001        1000 

0010 0011        0110 

1011 0011        1001 

1010 1110        1000 

0100 1100         0110 

0101 0001        0111 

 

PMIL(1111) = PMIL (0000) = PMIL (1010) = PMIL(0101)=0,25P1(1-P1);                  

   PMIL (1101) = PMIL (0010) = PMIL (1011) = PMIL (0100) =0,125[P1
2 

+ (1-P1)
2
].    

maSin zogadad akrZaluli kombinaciis gamoCenis, e.i. Secdomis 

aRmoCenis albaToba tolia: 

PSecd(MILLER) =  4·0,25P1(1-P1)+4·0,125[P1
2 

+ (1-P1)
2
] =0,5.             (19) 
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ganvixiloT Secdomebis koreqtirebis sakiTxebi. 

 Secdomebis koreqtirebisTvis gamoviyenoT eleqtronul-

fotonuri kodebisTvis zemoT SemoTavazebuli meTodi, romelic 

emyareba orTanriga blokebis akrZaluli kombinaciis win da mis 

Semdeg ganlagebis SesaZleblobebis analizs. me-17 naxazze 

magaliTis saxiT naCvenebia 1101 akrZaluli kombinaciis 

koreqtireba am meTodiT. iseve, rogorc eleqtronul-fotonuri 

kodebisTvis, aqac WeSmariti da mcdari kombinaciebi aRniSnulia 

Sesabamisad “+” da@“_” simboloebiT, gaurkveveli situacia ki _ 

“x” niSniT.  

 

  00.1100 (+)     11.1100 (_) 

           00.1101                            11.1101                  

             00.1001 (_)     11.1001 (+) 

  

  10.1100 (_)     01.1100 (x) 

     10.1101             01.1101 

           10.1001 (_)     01.1001 (x)  

 

     01.1100.00 (_)      01.1100.01 (+)  01.1100.10 (_)      01.1100.11 (x) 

     01.1001.00 (_)      01.1001.01 (_)  01.1001.10 (+)      01.1001.11 (x) 

 

nax. 17. 1101 akrZaluli kombinaciis koreqtirebis  

procedura MILLER kodisTvis 

 

 rogorc naxazidan Cans, akrZaluli kombinaciis win 10 

blokis arseboba dauSvebelia, 00 an 11 blokis arsebobisas 

WeSmariti dasaSvebi kombinaciis aRdgena xdeba 1-is toli 

albaTobiT, xolo 01 blokis dros calsaxad ar SeiZleba imis 

Tqma, Tu romeli dasaSvebi kombinaciaa WeSmariti. am SemTxvevaSi 

analizi grZeldeba, oRond ukve akrZaluli kombinaciis Semdgom 

sataqto intervalze orTanriga blokebis ganlagebis 

SesaZleblobebis gamovlenis mizniT. rogorc vxedavT, am 
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intervalze 11 blokis ganlageba SeuZlebelia, 01 an 10 blokis 

arsebobisas WeSmariti dasaSvebi kombinaciis aRdgena xdeba 1-is 

toli albaTobiT, xolo 01 blokis arsebobisas _ SeuZlebelia 

WeSmariti dasaSvebi kombinaciis zusti dadgena, e.i. misi aRdgena 

xdeba 0,5 albaTobiT. 

 zemoTqmulidan SeiZleba gakeTdes daskvna, rom 1101 

akrZaluli kombinaciis win 01 blokis arsebobisas WeSmariti 

dasaSvebi kombinaciis aRdgenis albaToba SesaZlo sami 

SemTxvevidan orSi 1-is tolia, erTSi ki _ 0,5-is. Koreqtirebis 

sruli albaToba am SemTxvevaSi toli iqneba: 

Pkor(01.1101) = 0,66+0,33·0,5≈0,83. 

Amgvarad, 1101 akrZaluli kombinaciis win orTanriga blokebis 

ganlagebis SesaZlo sami SemTxvevidan orSi koreqtireba xdeba 1-

is toli, erTSi ki _ 0,83-is toli albaTobiT. akrZaluli 

kombinaciis koreqtirebis sruli albaToba Caiwereba: 

                                          Pkor(1101) = 0,66+0,33·0,83≈0,94.                                (20) 

Sesabamisad, mcdari dasaSvebi kombinaciis aRdgenis albaToba  

                                       Pmcd. (1101) = 1 – 0,94 ≈0,06                                          (21) 

rogorc analizi gviCvenebs, koreqtirebis aseTive albaToba 

gaaCnia yvela danarCen akrZalul kombinacias. maSin (19), (20) da 

(21) gaTvaliswinebiT nebismieri akrZaluli kombinaciis swori an 

araswori koreqtirebis albaTobebi, romlebic ganisazRvreba, 

rogorc am kombinaciis gamoCenisa da misgan WeSmariti an mcdari 

dasaSvebi kombinaciis aRdgenis albaTobaTa namravli, 

Sesabamisad toli iqneba: 

                     Pkor. (MILLER) ≈ 0,5·0,94= 0,47;                              (22) 

                                         Pmcd. (MILLER) ≈ 0,5·0,06= 0,03.                              (23) 

 rogorc vxedavT, es albaTobebi ar aris damokidebuli 

sawyis signalSi simboloebis gamoCenis albaTobebze. didi 

sxvaoba WeSmariti da mcdari kombinaciebis aRdgenis albaTobebs 

Soris iZleva imis Tqmis saSualebas, rom eleqtronul-fotonuri 

kodebisTvis SemoTavazebuli koreqtirebis meTodi SeiZleba 

warmatebiT iqnas gamoyenebuli MILLER kodisTvisac. 
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2.5. 1B2B klasis ZiriTadi kodebis Secdomebis aRmoCenisa da 

koreqtirebis SesaZleblobebis SedarebiTi analizi  

 

SevadaroT zemoT ganxiluli 1B2B  klasis kodebi Secdomebis 

aRmoCenisa da koreqtirebis unarianobis niSniT. TvalsaCinoe-

bisTvis yvela kodis (EP-2-is garda, romelsac, rogorc 

aRvniSneT, Secdomebis koreqtirebis dabali xarisxi gaaCnia) 

koreqtirebis SesaZleblobebis amsaxveli grafikebi, romlebic 

agebulia 2.1, 2.2 da 2.3 qveTavebSi, agreTve –aseTive grafikebi 

MILLER kodisTvis, moyvanilia erT naxazze (nax. 18).  

Secdomebis aRmoCenis TvalsazrisiT yvela ganxilul kods, 

MILLER-is garda, Tanabari SesaZleblobebi aqvs, saxeldobr, 

isini uzrunvelyofs Secdomebis aRmoCenas 1-is toli albaTobiT. 

amasTan biimpulsuri kodebisTvis es xdeba mcj-s kontrolisa da 

akrZaluli kombinaciebis aRmoCenis kriteriumebze, 

danarCenebisTvis ki - mcj-s kontrolisa da 11 da 00 blokebis 

monacvleobis principis darRvevis aRmoCenis kriteriumebze 

damyarebuli meTodebiT. rac Seexeba MILLER kods, masSi mcj-s 

fiqsirebuli sazRvrebi ar gaaCnia, xolo kodis formirebis 

algoriTmi ar gulisxmobs 11 da 00 blokebis aucilebel 

monacvleobas, ris gamoc Secdomebis aRmoCena SesaZlebelia 

mxolod akrZaluli kombinaciebis aRmoCenis kriteriumis 

gamoyenebiT. aseT pirobebSi, rogorc p.2.4-Sia naCvenebi, 

Secdomebis aRmoCena xdeba mxolod 0,5 albaTobiT.   

rogorc me-18 naxazidan Cans, Secdomebis koreqtirebis 

TvalsazrisiT yvelaze kargi SesaZleblobebi aqvs biimpulsur  

    PW, Pmcd 

 

 

   0,8 
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                                             PWr(BI-L, DBI, BI-M, BI-S) 

  0,7 

  

 

  0,6 

 

 

 

  0,5                       PW(MILLER) 

 

  

 0,4 

                                  PW(CMI) 

 

  0,3                                                   PW(EP-1) 

    

    

 

  0,2 

                                                        Pmcd(BI-L, DBI, BI-M, BI-S) 

                                                                                 

  0,1                                                       

                                          Pmcd(EP-1)                        Pmcd(MILLER) 

  

                                                                                                                                      P1 

       0         0,1       0,2       0,3        0,4       0,5      0,6        0,7      0,8        0,9       1 

nax.18. PW(1B2B)=f(P1) da Pmcd(1B2B)=f(P1) damokidebulebis mrudebi 

kodebs, Tumca maTTvis maRalia mcdari kombinaciebis aRdgenis 

albaTobac. am kodebisTvis koreqtirebis xarisxi umjobesdeba (PW 

izrdeba, Pmcd ki _ mcirdeba) sawyis signalSi erT-erTi simbolos 

gamoCenis albaTobis zrdasTan erTad. aRniSnuli kodebidan 

upiretesoba eniWeba BI-L da DBI kodebs, radgan or danarCens 



72 

 

axasiaTebs Secdomebis gaormageba araswori koreqtirebis 

SemTxvevaSi.k 

koreqtirebis xarisxis TvalsazrisiT arc Tu urigo 

SesaZleblobebi aqvs MILLER kods, romelsac, marTalia, 

biimpulsur kodebTan SedarebiT koreqtirebis ufro naklebi 

albaToba gaaCnia, magram maTgan gansxvavebiT aqvs mcdari 

kombinaciebis aRdgenis gacilebiT mcire albaToba da, garda 

amisa, koreqtirebis albaToba ar aris damokidebuli sawyis 

signalSi simboloebis gamoCenis albaTobebze. 

 koreqtirebis albaTobis SedarebiT mcire sidideebi 

axasiaTebs CMI  da EP-1 kodebs, Tumca am ukanasknels agreTve 

mcdari kombinaciebis aRdgenis mcire albaToba gaaCnia. 

zemoTqmulidan SeiZleba davaskvnaT, rom, Tu komplequrad 

ganvixilavT erTeuli Secdomebis aRmoCenisa da koreqtirebis 

SesaZleblobebs, maSin am TvalsazrisiT 1B2B kodebidan 

saukeTesoebs warmoadgens BI-L da DBI. 

 

 

 

 

 

 

 

 

 

 

 

 

Tavi 3. 2B4B da 3B4BB klasis kodebis Secdomebis aRmo-  

        Cenisa da koreqtirebis SesaZleblobebis kvleva  

       kodebSi damatebiTi siWarbis Setanis gareSe 

 

3.1. Secdomebis aRmoCena da koreqtireba 2B4B klasis kodSi  
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3.1.1. Secdomebis aRmoCena mcj-s kontrolis kriteriumze  

     damyarebuli meTodiT 

 

 rogorc naTqvami iyo, me-2 saxeobis biimpulsuri kodi 

faqtobrivad 2B4B klasis kods warmoadgens, amitom SemdgomSi 

mas aseTi dasaxelebiT movixseniebT.  

aRniSnuli kodis formirebisTvis gamoyenebuli oTxive 

kombinacia (0011, 0110, 1100 da 1001) ndk-s warmoadgens, ris gamoc 

yoveli kombinaciis Semdeg mcj-s mniSvneloba nuls utoldeba, 

xolo misi cvlilebis sazRvrebia +2 ÷ -2.  

me-19 a naxazze naCvenebia 2B4B klasis kodis fragmenti, 

romelic Sedgeba oTxive dasaxelebuli kombinaciisgan, me-19 b 

naxazze _ misi Sesabamisi mcj-s cvlilebis texili, me-19 g da d 

naxazebze Sesabamisad _ Secdomis Sedegad dazianebuli igive 

fragmenti da misi Sesabamisi mcj-s cvlilebis texili.  

rogorc me-19 d naxazidan Cans, Secdomis arsebobis 

pirobebSi mcj gamodis dasaSvebi sazRvrebidan, riTac es 

Secdoma aRmoCenil iqneba.Mmagram mcj-s kontrolis kriteriumze 

damyarebuli meTodi ver qmnis Secdomis koreqtirebis 

winapirobas. marTlac, me-19 g naxazidan Cans, rom Secdomis 

Sedegad dazianda moxda me-3 kombinacia, im dros, rodesac mcj 

gamodis dasaSvebi sazRvrebidan mxolod me-4 kombinaciis 

dasrulebis Semdeg. Sesabamisad, Secdomis lokalizeba da, aqedan 

gamomdinare, misi koreqtireba am meTodis gamoyenebisas 

SeuZlebelia. 

 mBnB kodebSi Secdomebis aRmoCenis zemoT aRniSnuli kidev 

erTi, saxazo kodSi simboloebis an simboloTa blokebis monac- 

 

         

a) 

     t 

            +2              
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b)   +1                

      0                                              t 

     -1              

      -2                   

            Secdoma   

               

g)                               t 

      +2                                                                 

d)  +1               

    0N            t 

      -1 

      -2          

            mcj gamodis dasaSvebi sazRvrebidan                                                              

 

nax. 19. erTeuli Secdomis aRmoCena  mcj-s analizis  

       meTodiT 2B4B kodSi 

 

vleobis kanonzomierebis darRvevis aRmoCenaze damyarebuli 

meTodi, 2B4B kodisTvis ar gamodgeba, radgan misi formirebis 

algoriTmSi xsenebuli monacvleobis principi Cadebuli ar aris. 

    

3.1.2. Secdomebis aRmoCena da koreqtireba akrZaluli kombinacie- 

     bis aRmoCenis kriteriumze damyarebuli meTodiT 

 

advili saCvenebelia, rom erTeulovani Secdomebis 

aRmoCenis unarianobis TvalsazrisiT 2B4B klasis kodi BI-L 

kodis tolfasia. marTlac, mis yvela dasaSveb oTxTanriga 

kombinacias Soris koduri manZili d≥2, amitom nebismieri 

erTeulovani Secdoma iwvevs akrZaluli kombinaciis gaCenas da, 

aqedan gamomdinare, Secdomis aRmoCenas dekodirebis dros 1-is 

toli albaTobiT. 

 ganvixiloT kodis SesaZleblobebi erTeulovani Secdome-

bis koreqtirebis TvalsazrisiT. me-8 cxrilSi moyvanilia kodis 

kombinaciebisagan erTeuli Secdomebis Sedegad miRebuli yvela 
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SesaZlo kombinacia, xolo me-9 cxrilSi _ akrZaluli kombinaci-

ebi da maTi Sesabamisi dasaSvebi kombinaciebi.  

                                                 cxrili 8 

  2B4B klasis kodis dasaSvebi kombinaciebi da maTgan erTeuli  
     Secdomebis zemoqmedebis Sedegad miRebuli  kombinaciebi 
 

 

  N 

  dasaSvebi 

kombinaciebi 

erTeuli Secdomebis 

Sedegad miRebuli  

kombinaciebi 

1 0011 1011    0111    0001    0010 

2 0110 1110    0100    0111    0010 

3 1100 0100    1000    1110    1101 

4 1001 0001    1101    1011    1000 

 

        cxrili 9 

            2B4B klasis kodis akrZaluli da maTi Sesabamisi 
dasaSvebi kombinaciebi 

 

 

   N 

akrZaluli 

kombinaciebi 

Sesabamisi dasaSvebi 

kombinaciebi 

1 1011 0011    1001 

2 0010 0011    0110 

3 1101 1100    1001 

4 0100 1100    0110 

5 0111 0011    0110 

6 0001 0011    1001 

7 1110 1100    0110 

8 1000 1100    1001 

2B4B kodis Fformirebisas orTanriga da oTxTanriga 

blokebis p.1.2.2-Si naCvenebi Sesabamisobebis gaTvaliswinebiT 

CavweroT kodis dasaSvebi kombinaciebis gamoCenis albaTobebi 

sawyis signalSi erTianis gamoCenis P1 albaTobis saSualebiT [40]. 

gveqneba: 

P(1100) = P1
2       

 

P(0011) =(1-P1)
2       
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P(0110) = P(1001) = P1(1- P1)                         

cxadia, rom P1=0,5 kerZo SemTxvevaSi yvela dasaSvebi 

kombinaciis gamoCenis albaToba 0,25-is tolia.  

me-9 cxrilis monacemebisa da (1) gamosaxulebis 

gaTvaliswinebiT akrZaluli kombinaciebis gamoCenis albaTobe-

bisTvis CavwerT: 

  P(1011)=P(0010)=P(0111)=P(0001)= 0,25[(1-P1)
2 

+P1(1- P1)] = 0,25(1-P1)         (24) 

  P(1101)=P(0100)=P(1110)=P(1000)=0,25[P1
2 

+P1(1- P1)] = 0,25P1                     (25)  

gamovTvaloT TiToeuli akrZaluli kombinaciis koreqtire-

bis albaToba (2) formuliT. kombinaciaTa erTi jgufisTvis 

(jgufi I), romelSic Sedis 1011, 0010, 0111 da 0001 kombinaciebi, es 

albaToba Pkor.(I) iqneba: 

                                              Pkor(I)=0,25P1(1-P1),                                   Tu P1≥0,5; 

          Pkor(I)=0,25(1-P1)
2
 ,                                     Tu P1≤0,5. 

analogiurad, kombinaciaTa meore jgufisTvis (jgufi II, 

kombinaciebi 1101, 0100, 1110 da 1000) koreqtirebis Pkor.(II) albaToba 

tolia: 

         Pkor(II)=0,25P1
2
,                                             Tu P1≥0,5; 

         Pkor(II)=0,25P1(1-P1) ,                                    Tu P1≤0,5. 

 gamovTvaloT (3) formuliT nebismieri akrZaluli kombina-

ciis koreqtirebis Pkor albaToba: 

         Pkor = 4·0,25[P1(1-P1)+P1
2
]= P1,                    Tu P1≥0,5; 

         Pkor = 4·0,25[(1-P1)
2
+P1(1-P1)]= 1-P1,          Tu P1≤0,5; 

rogorc vxedavT, es gamosaxulebebi emTxveva biimpulsuri 

kodebisTvis zemoT miRebul (4) da (5) formulebs. Sesabamisad, 

PW=f(P1) da Pmcd.=f(P1) damokidebulebebis grafikebi emTxveva me-10 

naxazze moyvanil grafikebs. aqve unda aRiniSnos, rom araswori 

koreqtirebis SemTxvevaSi 2B4B kodSi Secdomebis gamravleba ar  

xdeba, radgan, rogorc am kodis formirebis algoriTmisa (ix. 

p.1.2.2) da me-9 cxrilSi moyvanili monacemebis analizi gviCvenebs, 

nebismieri akrZaluli kombinaciis Sesabamisi dasaSvebi 

kombinaciebis Sesabamisi orTanriga blokebi sawyis signalSi 
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erTmaneTisgan gansxvavdeba mxolod erTi TanrigiT. amgvarad,  

2B4B kods Secdomebis koreqtirebis TvalsazrisiT iseTive 

SesaZleblobebi gaaCnia, rogorc BI-L da DBI kodebs. 

 

3.2. erTeuli Secdomebis aRmoCena da koreqtireba 3B4B  

   klasis kodSi  

 

3.2.1. erTeuli Secdomebis aRmoCena mcj-s kontrolisa da     

     dk-s monacvleobis kanonzomierebis darRvevis aRmo- 

           Cenis kriteriumebze damyarebuli meTodebiT 

 

rogorc aRniSnuli iyo, 3B4B klasis kodis alfabetebis 

formireba mizanSewonilia ganxorcielebul iqnas 6 ndk-sa 4   

dk-s gamoyenebiT, amasTan am ukanasknelebs unda gaaCndes ±2 

disparitetoba. ganvsazRvroT mcj-s cvlilebis sazRvrebi aseT 

pirobebSi. 

Tu ganvixilavT calke aRebul ndk-ebs, maTgan sazRvrebis 

SigniT mcj-s maqsimaluri mniSvneloba gaaCnia 1100 da 0011 

kombinaciebs (Sesabamisad +2 da _2), sazRvrebze ki mcj yvela 

ndk-sTvis 0-is tolia. igive pirobebSi +2 disparitetobis mqone 

dk-ebidan maqsimaluri mniSvneloba sazRvrebis SigniT (+3) gaaCnia 

1110 kombinacias, xolo -2 disparitetobis mqone dk-ebidan 

(Sesabamisad _ -3) _ 0001 kombinacias. zemoTqmulidan Cans, rom Tu 

nebismieri koduri kombinaciis mosvlis momentisTvis mcj 0-is 

tolia, maSin am kombinaciis SigniT mcj-s cvlileba 

ganisazRvreba TviT kombinaciis struqturiT, e.i. cvlilebis 

maqsimaluri sazRvrebia -3 ÷ +3. 

ganvixiloT axla SemTxveva, rodesac koduri kombinaciis 

mosvlis momentisTvis mcj +2-is tolia. es kombinacia SeiZleba 

iyos -2 dk an ndk. am dros mosuli kombinaciis SigniT 

SesaZlebelia mcj-s zrda, amasTan es xdeba mxolod im 

SemTxvevebSi, roca igi iwyeba erTianebiT (aseTi kombinaciebia 
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1001, 1010, 1100, 1000). cxadia, rom mcj maqsimums (+4-s) aRwevs 1100 

kombinaciis gamoCenis dros. 

analogiurad SeiZleba naCvenebi iqnas, rom, Tu koduri 

kombinaciis mosvlis momentisTvis mcj -2-is tolia, am 

kombinaciis SigniT misi maqsimaluri mniSvnelobaa -4. amgvarad, 

3B4B klasis kodSi mcj-s cvlilebis sazRvrebia -4 ÷ +4. 

me-20 a naxazze naCvenebia 3B4BB klasis kodis fragmenti, me- 

  

       Tkomb 

             0    1   1   1    0    1    0   0   1   1    0    1   1   1    0    0    0   1   0 

  a) 

   t 

         +4              

 b) +2                

     -1                                             t 

                  

                        

           Secdoma                  

 g)                                    

        mcj gamodis dasaSvebi sazRvrebidan           t 

    +4                                                                 

 d)+2               

   -1N                t           

 
 

nax. 20. erTeuli Secdomis aRmoCena mcj-s analizis meTodiT 
           3B4B klasis kodSi 

20 b naxazze ki _ am fragmentis mcj-s cvlilebis texili. Mme-20 

g da d naxazebze Sesabamisad moyvanilia SecdomiT dazianebuli 

igive fragmenti da misi mcj-s cvlileba.Nrogorc naxazidan Cans, 

Secdomas adgili aqvs meore kombinaciaSi, mcj ki gamodis dasaS-

vebi sazRvrebidan mxolod meoTxe kombinaciis dros, e.i. mcj-s 

kontrolis meTodiT SesaZlebelia Secdomis arsebobis faqtis 



79 

 

dafiqsireba, dazianebuli kombinaciis aRmoCena da, Sesabamisad, 

misi koreqtireba ki ver xerxdeba. 

mcj-s kontrolis meTodTan erTad dReisTvis 3B4B klasis 

kodSi Secdomebis aRmosaCenad farTod gamoiyeneba meTodi, 

romelic damyarebulia saxazo signalSi +2 da -2 disparitetobis 

mqone kombinaciebis monacvleobis kanonzomierebis darRvevis 

aRmoCenaze. am meTodiT agreTve warmoebs yvela erTeuli 

Secdomis aRmoCena, magram igi ver uzrunvelyofs maT 

koreqtirebas, radgan, jer erTi, SeuZlebelia imis dadgena, 

Secdomis Sedegad ndk gardaiqmna dk-d, Tu piriqiT da, garda 

amisa, _ mimdevrobiT gamoCenili erTnairi disparitetobis mqone 

kombinaciebidan romelia WeSmariti. 

amgvarad,  mcj-s kontrolisa da dk-s  monacvleobis kanon- 

zomierebis darRvevis aRmoCenis kriteriumebze damyarebuli 

meTodebiT SesaZlebelia 3B4B klasis kodSi Secdomebis aRmoCena 

1-is toli albaTobiT, magram isini ver uzrunvelyofs maT 

lokalizebas da, aqedan gamomdinare, ver qmnis koreqtirebis 

winapirobebs. 

 

       3.2.2. erTeuli Secdomebis aRmoCena da koreqtireba  

      akrZaluli kombinaciebis aRmoCenis kriteriumze  

      damyarebuli meTodiT 

 

ganvixiloT 3B4B kodSi erTeuli Secdomebis aRmoCenis 

sakiTxebi. 

 me-10 da me-11 cxrilebSi Sesabamisad moyvanilia ndk-ebisa da 

dk-ebis erTeuli SecdomebiT dazianebis Sedegad miRebuli SesaZ- 

cxrili 10 

3B4B klasis kodis ndk-ebis SesaZlo gardaqmnebi  

erTeuli Secdomebis zemoqmedebis Sedegad 

 

   № 
ndk SesaZlo gardaqmna 
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1 0011 1011, 0111, 0001, 0010 

2 0101 1101, 0001,0111, 0100 

3 0110 1110, 0010, 0100, 0111 

4 1010 0010, 1110, 1000, 1011 

5 1100 0100, 1000, 1110,1101 

6 1001 0001, 1101, 1011, 1000 

                                                                                                     

         cxrili 11 

3B4B klasis kodis ±2dk-ebis SesaZlo gardaqmnebi  

erTeuli Secdomebis zemoqmedebis Sedegad 

 

    +2 dk 

SesaZlo 

gardaqmna 

 

-2 dk 

SesaZlo 

gardaqmna 

     0001 
1001      0101 

0011      0000 
0111 

1111    0011 

0101    0110 

     0010 
1010      0110 

0000      0011 
1011 

0011     1111 

1001     1010 

     0100 
1100      0000 

0110      0101 
1101 

0101      1001 

1111      1100 

     1000 
0000      1100 

1010      1001 
1110 

0110      1010 

1100     1111 

 

lo kombinaciebi. rogorc am cxrilebidan Cans, erTeuli 

Secdomebis zemoqmedebis Sedegad ndk gardaiqmneba +2 an -2 dk-d, 

xolo dk – ndk-d an +4 an _4 disparitetobis dk-d.  radgan 

gardaqmnis Sedegad miRebuli kombinaciebis garkveuli raodenoba  

dasaSvebia, amitom SesaZlebelia Secdomebis mxolod nawilis 

aRmoCena. 

me-12 cxrilSi magaliTis saxiT moyvanilia me-2 cxrilSi 

naCvenebi 1-li alfabetis SesaZlo akrZaluli da maTi 

warmomqmneli dasaSvebi kombinaciebi. cxrilidan Cans, rom yvela             

    

cxrili 12 
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3B4B klasis kodis 1-li alfabetis akrZaluli  
             da maTi warmomqmneli dasaSvebi kombinaciebi 
 

 

№ 
akrZaluli 

kombinaciebi 

Sesabamisi dasaSvebi 

kombinaciebi 

1 0100 0101 0110 1100 

2 1000 1010 1100 1001 

3 1110 1100 1010 0110 

4 1101 0101 1100 1001 

5 1111 0111 1011 

6 0000 0001 0010 

 

 

SemTxvevaSi akrZaluli kombinacia SeiZleba warmoiqmnas an 3  

ndk-s, an 2 dk-s dazianebis Sedegad. rogorc analizi aCvenebs, 

analogiur suraTs aqvs adgili danarCeni alfabetebisTvisac, 

amitom Secdomebis aRmoCenis albaToba, romelic akrZaluli 

kombinaciebis gamoCenis jamuri albaTobis tolia, yvela 

alfabetisTvis erTnairi iqneba. ganvsazRvroT is sawyis signalSi 

erTianisa da nulis gamoCenis Tanabari albaTobebis dros.  

ndk-ebisgan i-uri akrZaluli kombinaciis warmoqmnis 

albaTobisTvis (1)-dan miviRebT (q=4, k=3): 

Pi.(ndk)=3x0,125x0,25=0,094 

maSin ndk-ebisgan warmoqmnili nebismieri akrZaluli kombinaciis 

gamoCenis albaToba tolia: 

                                             PakrZ(ndk)=4x0,094=0,375 

Adk-ebisgan warmoqmnili i-uri akrZaluli kombinaciisa da 

nebismieri akrZaluli kombinaciis gamoCenis albaTobebisTvis 

Sesabamisad gveqneba: 

  Pi.(dk)=2x0,0625x0,25=0,031; 

                                              PakrZ(dk)=2x0,031=0,062.  
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akrZaluli kombinaciebis gamoCenis jamuri albaToba, anu 

Secdomis aRmoCenis albaToba toli iqneba: 

        PakrZ.j.= PaRm.=0,375+0,062=0,44. 

 ganvsazRvroT Secdomis koreqtirebis albaToba. 

sawyis signalSi erTianisa da nulis gamoCenis Tanabari 

albaTobebis dros (2)-dan gveqneba:  

 PiW.(ndk)≈0,094x0,33=0,031;                                       

                              PiW.(dk)≈0,031x0,5=0,016.                          

 Sesabamisad, ndk-ebisa da dk-ebis swori aRdgenis jamuri 

albaTobebisTvis (1.3)-dan gvaqvs: 

PW.(ndk)=4x0,031=0,125; 

PW.(dk)=2x0,016=0,032. 

maSin nebismieri Secdomis gasworebis albaToba toli iqneba: 

     PW= PW.(ndk)+ PW.(dk)≈0,16    (26) 

miRebuli Sedegebis gaTvaliswinebiT 3B4B klasis kodSi 

erTeuli Secdomebis koreqtirebisTvis akrZaluli kombinaciebis 

aRmoCenaze damyarebuli meTodis gamoyeneba im saxiT, rogorc es 

zemoT iyo naCvenebi, mizanSewonili ar aris.MnaSromis momdevno 

TavSi SemoTavazebulia meTodis modernizebis SesaZleblobebi, 

rac gacilebiT zrdis aRniSnul kodSi Secdomebis koreqtirebis 

albaTobas. 

  

 

 

 

 

 

Tavi 4. mBnB klasis zogierTi kodis Secdomebis kore- 

       qtirebis albaTobis gazrdis SesaZleblobaTa  

       kvleva 

 

  4.1. Secdomebis koreqtirebis albaTobis gazrda 1B2B  
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      klasis kodebSi [43] 

  

 ganvixiloT biimpulsur kodebSi erTeuli Secdomebis 

koreqtirebis albaTobis gazrdis SesaZleblobebi p.1.4-Si SemoTa-

vazebuli meTodiT manCesteris (BI-L) kodis magaliTze, romlis-

Tvisac dasaSveb kombinaciebs warmoadgens 10 da 01 (nax.3 b). 

 BI-L kodTan mimarTebaSi meTodis arsi SemdegSi mdgoma-

reobs. 

 gadamcem mxareze warmoebs kodis dasaSvebi kombinaciebis 

raodenobaTa luwobis an kentobis dadgena da am informaciis 

sasargeblo signalTan erTad periodulad gadacema. informacia 

ganTavsdeba specialurad gamoyofil or damxmare sataqto 

intervalze, romlebic ganlagebulia sasargeblo signalis 

fiqsirebuli sigrZis fragmentebis Semdeg. fragmentebis sigrZe 

SeirCeva p.1.4-Si moyvanili mosazrebebidan gamomdinare. 

aRniSnuli 2 droiTi intervali gansazRvravs gadacemuli 

informaciis siWarbis nazrds, romelic imdenad mcirea, rom igi 

tradiciuli makoreqtirebeli kodebis siWarbesTan SedarebiT 

SeiZleba mxedvelobaSi ar miviRoT (magaliTad, 500000 

simbolosgan Semdgari intervalisTvis 4 damatebiTi simbolos 

SetaniT miRebuli siWarbe iqneba 500004/500000=1,000008, e.i. 

0,000008%,^rac Zalze mcire sididea. SedarebisTvis, tradiciul 

makoreqtirebel kodebSi damatebiTi Semmowmebeli Tanrigebis 

Setana iwvevs ukeTes SemTxvevaSi siWarbis zrdas ramdenime 

procentiT). 

 PimisaTvis, rom mimRebma gaarCios erTmaneTisgan 

sasargeblo da damxmare informaciebi, am ukanasknelis gadacema 

warmoebs BI-L kodisTvis akrZaluli 11 da 00 kombinaciebiT. 

pirvel damxmare sataqto intervalze gadaecema informacia 

winamdebare fragmentSi 10 kombinaciis, meoreze ki _ 01 

kombinaciis raodenobaTa luwobis an kentobis Sesaxeb. amasTan, 

Tu am kombinaciebis ricxvi kentia, gadaecema kombinacia 11, xolo 

Tu luwia _ 00.  
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 rogorc p.1.1-Si iyo aRniSnuli, saxazo kodebisadmi 

wayenebul moTxovnaTa Soris erT-erT mniSvnelovans warmoadgens 

energetikuli speqtris nulovan sixSireze speqtruli simkvrivis 

ararseboba. swored am moTxovnis dasakmayofileblad aris 

SerCeuli BI-L kodSi iseTi dasaSvebi kombinaciebi, romlebic 

uzrunvelyofs nulovan mudmiv mdgenels. aRniSnuli meTodis 

gamoyenebisas, Tu ar iqna miRebuli specialuri zomebi, saxazo 

signalSi mudmivi mdgeneli SeiZleba gaCndes, radganac, Tu 

fragmentSi orive simbolos raodenobebi kenti an luwia,  maSin 

damxmare intervalebze formirdeba 1111 an 0000 kombinaciebi. amis 

Tavidan asacileblad fragmenti unda Seicavdes kenti 

raodenobis simboloebs, rac yovelTvis uzrunvelyofs damxmare 

intervalebze erTmaneTis sawinaaRmdego kombinaciebis arsebobas.  

 garda zemoT aRniSnulisa, sainformacio da damxmare 

kombinaciebis erTmaneTisgan gansxvaveba saSualebas iZleva 

dafiqsirdes mimRebSi yoveli fragmentis dasawyisi da bolo, e.i. 

damxmare intervalebze ganlagebuli simboloebi damatebiT 

sinqronizebis signalebsac warmoadgens.   

 10 da 01 kombinaciebis raodenobebis kentobis an luwobis 

dadgena warmoebs fragmentebis sataqto intervalebis pirvel da 

meore naxevrebze ganlagebuli simboloebis calk-calke SekrebiT 

“oris moduliT”, romlis Sedegebi, rogorc cnobilia, ase 

gamoisaxeba: 

0 0=0;       0 1=1;       1 0=1;       1 1=0. 

amgvarad, im kombinaciis Sesabamis damxmare sataqto intervalze, 

romlisTvisac jami 1-is tolia, formirdeba kombinacia 11, 

meoreze ki _ 00. 

 analogiuri operacia tardeba mimRebSic, ris Semdeg 

warmoebs gadamcemidan mosuli da mimRebSi formirebuli 

informaciebis Sedareba. Tu romelime sataqto intervalze 

kombinaciaTa damTxveva ar xdeba, es miuTiTebs imaze, rom am 

intervalis Sesabamisi kombinacia SecdomiT aris miRebuli da, 
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radgan BI-L kodi uzrunvelyofs Secdomis lokalizebas, 

warmoebs misi koreqtireba. 

 21-e naxazze moyvanilia gadacemis sistemis struqturuli 

sqema SemoTavazebuli meTodis ganxorcielebisTvis saWiro 

mowyobilobebis gaTvaliswinebiT,  22-e naxazze ki – misi 

muSaobis amsaxveli droiTi diagramebi. 

 sawyisi ikm signali (nax.22 a), romelic  formirdeba 1 

blokSi, miewodeba BI-L kodis 2 maformirebels, misi 

gamosasvleli signali (nax.22 b) ki – damxmare kombinaciebis 3 

maformirebels. masSi warmoebs k simbolos Semcvel fragmentSi 

10 da 01 kombinaciebis raodenobaTa luwobis an kentobis dadgena 

da Sesabamisi damxmare kombinaciebis (nax.22 g) formireba. 2 da 3 

blokebis gamosasvleli signalebi miewodeba 4 mowyobilobas, 

romelic aerTianebs sainformacio da damxmare kombinaciebs da 

miRebul saxazo signals (nax.22 d) agzavnis  kavSiris 5 xazSi. 

  mimRebis regenerirebis blokSi (bloki 6) xdeba xazSi 

damaxinjebuli signalis (nax.22 e), amplitudis, formis da 

simboloTa Soris droiTi intervalebis aRdgena. nax.22 v-ze 

magaliTis saxiT naCvenebia regenerirebuli signali, romelSic 

adgili aqvs erTeul Secdomas. es signali miewodeba 

sainformacio da damxmare kombinaciebis gancalkevebis 7 

mowyobilobas, romlis pirveli gamosasvlelidan damxmare 

kombinaciebi (nax.22 z) miewodeba Sedarebis 8 blokis pirvel 

Sesasvlels, meore gamosasvlelidan ki sainformacio signali 

(nax.22 T) - damxmare kombinaciebis maformirebel 3 bloksa da bu-  

feruli 9 mowyobilobis pirvel Sesasvlels, romelSic xdeba 

signalis damaxsovreba k+4 simbolos Sesabamisi drois interva-  

 

 

 

 

 

 



86 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



87 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

lis ganmavlobaSi. 3 mowyobilobaSi formirdeba damxmare 

kombinaciebi (nax.22 i) gadamcemis analogiurad, oRond ukve 

miRebuli signalidan, romlebic miewodeba 8 blokis meore 

Sesasvlels. am blokSi mimRebSi formirebuli damxmare 

kombinaciebis gadamcemidan mosul Sesabamis kombinaciebTan 

Sedarebis Sedegad fiqsirdeba gansxvaveba damxmare kombinaciebs 



88 

 

Soris, ris Semdeg formirdeba makoreqtirebeli signali (nax.22 

k), romelic miewodeba buferuli 9 mowyobilobis meore 

Sesasvlels. 

 buferul mowyobilobaSi damaxsovrebul signalSi (nax.22 

l) warmoebs dazianebuli sataqto intervalis adgil-mdebareobis 

dadgena akrZaluli kombinaciebis aRmoCenaze damyarebuli 

meTodiT (Secdomis lokalizeba), xolo Semdeg -  makoreqtirebe-

li signalis Casma dazianebul sataqto intervalze akrZaluli 

kombinaciis magier (nax.22 m). amgvarad, xdeba erTeulovani 

Secdomis koreqtireba, ris Semdeg BI-L signali gardaiqmneba ikm 

signalad 10 gardamqmnelSi. 

 rogorc vxedavT, akrZaluli kombinaciebis aRmoCenaze 

damyarebuli meTodisa da naSromSi SemoTavazebuli meTodis 

erToblivi gamoyeneba saSualebas iZleva miRweul iqnas BI-L 

kodSi Secdomis koreqtirebis praqtikulad 1-is toli albaToba. 

advili saCvenebelia, rom analogiuri Sedegebi miiReba danarCeni 

biimpulsuri kodebisTvisac, romlebSic agreTve arsebobs 

Secdomebis lokalizebuli aRmoCenis SesaZlebloba. 

 1B2BKklasis danarCeni kodebisTvis ganxiluli meTodi ar 

gamodgeba. marTlac, CMI kodSi Secdomebis koreqtirebis 

albaToba isedac maTi aRmoCenis albaTobis tolia, danarCen 

kodebSi ki es albaTobebi imdenad mcired gansxvavdeba 

erTmaneTisgan, rom koreqtirebis procesis garTulebas, rac 

meTodis gamoyenebas Tan sdevs, azri ar aqvs.  

 aqve unda aRiniSnos, rom naSromSi SemoTavazebuli 

meTodiT SesaZlebelia BI-L signalSi wyviluri Secdomebis 

aRmoCena, rac sxva arsebuli meTodebiT ver xerxdeba. marTlac, 

radgan wyviluri Secdoma iwvevs kodis erTi kombinaciis  

meoreTi Secvlas, amitom  gadamcemidan mosuli da mimRebSi 

formirebuli damxmare kombinaciebis orive simbolo 

erTmaneTisgan gansxvavebuli iqneba. cxadia, rom am SemTxvevaSi 

Secdomis lokalizeba SeuZlebelia da, Sesabamisad, koreqtireba 

ar xdeba. 



89 

 

 

 4.2. Secdomebis koreqtirebis albaTobis gazrda  

          2B4B klasis kodSi [44] 

  

 zemoT naCvenebi iyo, 2B4B klasis kods warmoadgens, 

romelic Seicavs oTx dasaSveb kombinacias _ 0011, 0110, 1100 da 

1001. rogorc vxedavT, es kombinaciebi warmoadgens ndk-ebs, 

amasTan nebismier or maTgans Soris koduri manZili d≥2. 

erTeuli Secdoma yovelTvis iwvevs dk_s warmoqmnas da, 

maSasadame, igi aRmoCenil iqneba dazianebuli kombinaciis zusti 

miTiTebiT 1-is toli albaTobiT. rac Seexeba koreqtirebas, misi 

albaToba, rogorc vaCveneT, 0,5-is tolia. 

 ganvixiloT kods naSromSi SemoTavazebuli meTodis 2B4B 

klasis kodisTvis gamoyenebis SesaZlebloba, amasTan analizi 

CavataroT dasaSveb kombinaciaSi ara marto erTi, aramed ori, 

sami da oTxi Tanrigis dazianebis yvela SesaZlo SemTxve-

visaTvis.  

rogorc aRniSnuli iyo, 2B4B klasis kods gaaCnia dasaSve-

bi kombinaciebis 4 nairsaxeoba.Aaqedan gamomdinare, k raodenobis 

sainformacio blokis Semcveli yoveli fragmentis Semdeg 

saWiroa oTxi damatebiTi damxmare intervalis gamoyofa, 

romelTagan TiToeulSi gadaecema informacia konkretuli 

dasaSvebi kombinaciis raodenobis luwobis an kentobis Sesaxeb 

(cxadia, rom winaswar cnobilia, Tu rigiT romel intervalSia 

ganTavsebuli informacia ama Tu im kombinaciis Taobaze).  

4 droiTi intervalis, anu 16 simbolos damateba iwvevs 

gadacemuli informaciis siWarbis nazrds, romelic 500000 

simbolosgan Semdgari intervalisTvis toli iqneba 

500016/500000=1,000032, e.i. 0,000032%.^amgvarad, siWarbis nazrdi  

2B4B klasis kodisTvisac Zalze mcirea. 

iseve, rogorc biimpulsuri kodebis SemTxvevaSi, damxmare 

koduri kombinaciebis SerCeva warmoebs imis gaTvaliswinebiT, 

rom saxazo kodis energetikul speqtrSi mudmivi mdgeneli ar 
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arsebobdes da SesaZlebeli iyos kodis fragmentebis 

sinqronizeba. am moTxovnebis dakmayofileba SesaZlebelia, Tu 

aseTi kombinaciebis saxiT gamoyenebul iqneba ndk-ebi, romlebic  

2B4B klasis kodisTvis akrZaluls warmoadgens. rogorc 

analizi aCvenebs, 16 SesaZlo oTxTanriga kombinaciidan  6 aris 

ndk, romelTac zemoT xsenebuli dasaSvebi kombinaciebis garda 

miekuTvneba 1010 da 0101. am kombinaciebidan erTi gadaecema 

blokebis kenti raodenobis, meore ki _ luwi raodenobis dros. 

radganac damxmare informacia ndk-ebiT gadaecema, amitom 

fragmentis simboloTa k ricxvis kentobis aucilebloba am 

SemTxvevaSi ar arsebobs. 

 ganvixiloT magaliTi. 

 vTqvaT, informacia 0011, 1100, 0110 da 1001 kombinaciebis 

raodenobaTa kentobis an luwobis Sesaxeb Caiwereba Sesabamisad 

1-l, me-2, me-3 da me-4 damxmare intervalebze. maSin, Tu informacia 

kentobis Sesaxeb gamoisaxeba 1010 kombinaciiT, xolo luwobis 

Sesaxeb _ 0101-iT, damxmare intervalebze ganlagebuli 

1010.0101.1010.1010 mimdevroba gviCvenebs, rom winamdebare k 

kombinaciisgan Semdgar sainformacio monakveTze 0011, 0110 da 1001 

kombinaciebis raodenobebi kentia, xolo 1100 kombinaciis _ luwi. 

 mimReb mxares warmoebs dasaSvebi kombinaciebis 

raodenobaTa kentobisa da luwobis dadgena imave k raodenobis 

blokis Semcvel fragmentze gadamcemis sinqronulad, e.i. 

mowmdeba igive simboloebi.Aaseve sinqronulad oTx damatebiT 

droiT intervalze igive wesiT formirdeba 1010 an 0101 blokebi, 

romlebic iZleva informacias miRebuli dasaSvebi kombinaciebis 

raodenobaTa kentobis an luwobis Sesaxeb.Pparalelurad 

Semosuli informacia iwereba mexsierebis registrSi, ris Semdeg 

xdeba gadamcemSi da mimRebSi formirebul damatebiT erTsaxela 

sataqto intervalebze ganlagebuli kombinaciebis urTierT 

Sedareba.  

xazSi Secdomis (Secdomebis) arsebobisas mimRebSi 

fiqsirdeba akrZaluli kombinacia, romelic Semdgom, rogorc 
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aRniSnuli iyo, Canacvldeba dazianebuli dasaSvebi kombinaciiT, 

anu xdeba koreqtireba. ganvixiloT akrZaluli kombinaciis 

warmoqmnis SesaZlo SemTxvevebi. 

1) erTeuli Secdomis zemoqmedeba.  

      erTeuli Secdomis arsebobis SemTxvevaSi akrZaluli kombi- 

kombinacia warmoiqmneba yovelTvis, e.i. xdeba Secdomis koreq-

tireba 1-is toli albaTobiT. 

2) wyviluri Secdomis zemoqmedeba.  

wyviluri Secdomis dros arasworad miiReba koduri 

kombinaciis ori mezobeli Tanrigi. cxadia, rom am dros 

SesaZlebelia daziandes kombinaciis TanrigTa Semdegi 

wyvilebidan erT-erTi:  I-II, II-III, III-IV. aqedan gamomdinare, 

sxvadasxva dasaSveb kombinaciebze wyviluri Secdomebic 

zemoqmedebisas SesaZlebelia Semdegi kombinaciebis gaCena:  

_ 1100 kombinaciis dazianebisas – 0000, 1010 da 1111; 

_ 0011 kombinaciis dazianebisas – 1111, 0101 da 0000; 

_ 1001 kombinaciis dazianebisas – 0101, 1111 da 1010; 

_ 0110 kombinaciis dazianebisas – 1010, 0000 da 0101. 

rogorc  vxedavT, yvela miRebuli kombinacia akrZalulia, 

amitom am SemTxvevaSic Secdomis koreqtireba xdeba 1-is toli 

albaTobiT. 

3) sami simbolosgan Semdgari dastis zemoqmedeba.A 

aq igulisxmeba, rom  ziandeba  erTmaneTis mimdevrobiT gan- 

lagebuli sami Tanrigi. SesaZlo SemTxvevebia I-II-III da II-III-IV 

Tanrigebis dazianeba. Secdomebis zemoqmedebisas SesaZlebelia 

Semdegi kombinaciebis gaCena:  

_ 1100 kombinaciis dazianebisas – 0010 da 1011; 

_ 0011 kombinaciis dazianebisas – 1101 da 0100; 

_ 1001 kombinaciis dazianebisas – 0111 da 1110; 

_ 0110 kombinaciis dazianebisas – 1000 da 0001. 

yvela miRebuli kombinacia akrZalulia, amitom xdeba Sec-

domis koreqtireba 1-is toli albaTobiT. 
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4) koduri kombinaciis oTxive simbolos dazianebis 

SemTxveva. E 

am dros xdeba kombinaciebis Semdegnairi gardaqmna:  

  a) 1100   0011;    b) 0011   1100;    g) 1001   0110;   d) 0110    1001.  

yvela miRebuli kombinacia dasaSvebia, amitom Secdomis 

koreqtireba SeuZlebelia. xdeba mxolod Secdomebis aRmoCena 1-

is toli albaTobiT. 

me-13 cxrilSi moyvanilia zemoT Catarebuli analizis Sede- 

 

cxrili 13 

Secdomebis aRmoCenisa da koreqtirebis albaTobebis mniSvnelobebi 
2B4B klasis kodisTvis arsebuli da SemoTavazebuli meTodebis ga- 
moyenebis SemTxvevebSi 
 

 

Secdomis 

saxe 

Aarsebuli meTodebi SemoTavazebuli 

meTodi 

aRmoCenis 

albaToba 

koreqtire-

bis alba- 

Toba 

aRmoCenis 

albaToba 

koreqtire-

bis alba-

Toba 

 

  erTeuli 

 

1 

 

0 

 

1 

 

1 

   

  wyviluri 

 

1 

 

0 

 

1 

 

1 

3 simbolo-

sgan Sedge-

nili dasta 

 

1 

 

0 

 

1 

 

1 

4 simbolo-

sgan Sedge-

nili dasta 

 

0 

 

0 

 

1 

 

0 

  

gebi da maTi Sedareba sxva arsebuli meTodebis gamoyenebisas 

miRebul SedegebTan. rogorc aRniSnuli iyo, es ukanasknelebi 

ver uzrunvelyofs Secdomebis koreqtirebas, Secdomebis 

aRmoCena ki xdeba mxolod akrZaluli kombinaciebis gamoCenis 
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SemTxvevaSi. cxrilidan aSkarad Cans SemoTavazebuli meTodis 

upiratesoba. 

  

 4.3. Secdomebis koreqtirebis albaTobis gazrda 3B4B  

               klasis kodSi [45,46] 

 

 naSromSi SemoTavazebuli meTodis 3B4B klasis kodebisTvis 

gamoyenebisas SesaZlebelia Secdomebis rogorc koreqtirebis, 

ise aRmoCenis albaTobebis gazrda.  

rogorc zemoT iyo naCvenebi, aRniSnuli kodis 36-ive alfa- 

beti, romlebic moyvanilia me-2 cxrilSi, rogorc Secdomebis 

aRmoCenis, ise koreqtirebis TvalsazrisiT tolfasia: akrZaluli 

kombinaciebis aRmoCenaze damyarebuli meTodis gamoyenebisas 

yovel maTganSi xdeba erTeuli Secdomis lokalizebuli 

aRmoCena erTi kombinaciis farglebSi 0,44-is, koreqtireba ki _ 

0,16-is toli albaTobiT da, garda amisa, 1-is toli albaTobiT 

warmoebs Secdomis arsebobis faqtis zogadad dafiqsireba mcj-s 

kontrolisa da dk-s monacvleobis kanonzomierebis darRvevis 

aRmoCenis kriteriumebze damyarebuli meTodebiT. 

 akrZaluli kombinaciebis aRmoCenaze damyarebuli meTodisa 

da naSromSi SemoTavazebuli meTodis erToblivi gamoyeneba 

saSualebas iZleva  mniSvnelovnad iqnas gazrdili erTeuli Sec-

domis koreqtirebis albaToba. amasTan erTad SemoTavazebuli 

meTodi uzrunvelyofs Secdomis arsebobis faqtis dadgenas  1-is 

toli albaTobiT mcj-s analizis an disparitetuli kombina-

ciebis monacvleobis kanonzomierebis darRvevis dafiqsirebis 

gareSe. 

2B4B kodis analogiurad  3B4B kodisTvisac warmoebs k 

kombinaciisgan Sedgenil intervalebze kombinaciebis raodenobis 

luwobis an kentobis dadgena da am informaciis Cawera, oRond 

ukve aT damxmare 4-Tanriga intervalze.  

damxmare koduri kombinaciebis SerCevis dros 3B4B klasis 

kodisTvisac gasaTvaliswinebelia energetikul speqtrSi mudmivi 
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mdgenelis ararsebobisa da kodis fragmentebis sinqronizebis 

SesaZleblobebi. biimpulsur kodebSi, romlebSic damxmare 

informacia gadaecema or damatebiT intervalze, maTze ori 

akrZaluli, erTmaneTis sawinaaRmdego disparitetobis mqone 

kombinaciis ganlageba uzrunvelyofs orive zemoT xsenebuli 

moTxovnis dakmayofilebas. analogiurad SeiZleba ganxorciel-

des fragmentebis sinqronizeba 3B4B klasis kodSi, Tu damxmare 

kombinaciebis saxiT gamoviyenebT +2 da -2 dasparitetobis mqone 

akrZalul kombinaciaTa wyvils. magram, biimpulsuri kodebisgan 

gansxvavebiT, am kombinaciebis gamoyeneba dasaSveb kombinaciaTa 

kentobis da luwobis Sesaxeb informaciis gadasacemad 

gamoiwvevs saxazo kodis energetikul speqtrSi mudmivi 

mdgenelis warmoqmnas, radgan 10 damxmare sataqto intervalze 

SesaZlebelia kombinaciaTa ganlagebis nebismieri varianti da, 

Sesabamisad, mosalodnelia erT-erTi maTganis ricxobrivi 

siWarbe (rig SemTxvevebSi _  mniSvnelovani) meoresTan SedarebiT. 

aseT pirobebSi yvelaze misaRebs warmoadgens varianti, rodesac 

sinqronizebisTvis gamoiyeneba sawinaaRmdego disparitetobis 

mqone dk-ebis wyvili, xolo dasaSveb kombinaciaTa kentobis da 

luwobis Sesaxeb informaciis gadasacemad _ ori dasaSvebi 

kombinacia, romelTa nebismieri ganlageba momdevno 10 sataqto 

intervalze ar gamoiwvevs mudmivi mdgenelis gaCenas. 

Aamgvarad, 3B4B klasis kodisTvis gadacemuli informaciis 

siWarbis nazrds ganapirobebs 12 droiTi intervali, anu 48 

simbolos damateba. 500000 simbolos Semcveli intervalisTvis es 

siWarbe tolia 500048/500000=1,0001, e.i. 0,0001%.^rogorc vxedavT,  

am SemTxvevaSic siWarbis nazrdi Zalze mcirea. 

 mimRebSi warmoebs damxmare intervalebze ganlagebuli 

gadacemuli da mimRebSi formirebuli kombinaciebis Sedareba da 

paralelurad _ kombinaciebis analizi Secdomebis lokali-

zebuli aRmoCenis mizniT akrZaluli kombinaciebis aRmoCenaze 

damyarebuli meTodis gamoyenebiT, rac saboloo jamSi 

uzrunvelyofs Secdomis koreqtirebas misi aRmoCenis albaTobiT:  
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     Pkor.akrZ. ≈ 0,44     (27) 

  im SemTxvevaSi, rodesac Secdomis zegavleniT ndk 

gardaiqmneba dasaSveb dk-d, an dasaSvebi dk ndk-d, akrZaluli 

kombinaciebis aRmoCenaze damyarebuli meTodi ver uzrunveyofs 

ara Tu Secdomis lokalizebas, aramed misi arsebobis faqtis 

dafiqsirebasac ki. SemoTavazebuli meTodis gamoyeneba asworebs 

am xarvezs, Secdomebis aRmoCenis TvalsazrisiT _ mTlianad, 

koreqtirebis TvalsazrisiT ki _ nawilobriv. ganvixiloT es 

sakiTxi.  

 Secdomis zegavleniT erTi dasaSvebi kombinaciis gardaqmna 

meore dasaSveb kombinaciad iwvevs mimRebSi kombinaciaTa 

Sedarebisas maT araTanxvedras aTi damxmare intervalidan orze, 

radgan aseT SemTxvevaSi winamdebare k kombinaciisgan Sedgenil 

intervalze ganlagebuli dasaSvebi kombinaciebidan mimRebSi 

erT-erTis raodenoba gaizarda erTiT meoris erTiT Semcirebis 

xarjze. amgvarad, xdeba erTeulovani Secdomis aRmoCena 1-is 

toli albaTobiT. 

 Secdomis koreqtirebis albaTobis gansazRvramde ganvixi-

loT ndk-ebis dasaSveb dk-ebad gardaqmnis SesaZlo variantebi.  

 me-14 cxrilSi moyvanilia ndk-ebi da gardaqmnebis Sedegad 

miRebuli maTi Sesabamisi dk-ebi me-2 cxrilSi naCvenebi I 

alfabetisTvis. rogorc cxrilidan Cans, aq 1010, 0101, 1001 da 0110 

ndk-ebi SeiZleba gardaiqmnas 2-2 dasaSveb dk-d, 0011 _ 4 dasaSveb 

dk-d, xolo 1100 ndk-s gardaqmnisas dasaSvebi dk-ebis warmoqmna 

ar xdeba. rogorc analizi aCvenebs, gardaqmnebis aseTive 

struqtura axasiaTebs me-8, me-16, 21-e da 27-e alfabetebsac. 

 me-15 cxrilSi moyvanilia analogiuri gardaqmnebi me-2 

alfabetisTvis. am SemTxvevaSi or ndk-s _ 1010 da 1100 _ Seesabame- 

ba TiTo dasaSvebi dk, ors _ 1001 da 0110 _ or-ori da kidev ors 

cxrili 14 

ndk-ebi da maTi Sesabamisi dasaSvebi dk-ebi 3B4B klasis 
                         kodis 1-li alfabetisTvis  
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№ ndk Sesabamisi dasaSvebi dk 

1 1010 1011     0010 

2 0101 0111     0001 

3 1001 1011     0001 

4 0110 0111     0010 

5 0011 0010    0001     0111     1011 

6 1100 _ 

 

cxrili 15 

ndk-ebi da maTi Sesabamisi dasaSvebi dk-ebi 3B4B klasis 

                        kodis me-2 alfabetisTvis  

 

№ ndk Sesabamisi dasaSvebi dk 

1 1010 0010 

2 0101 0111     0001    1101 

3 1001 1101     0001 

4 0110 0111     0010 

5 0011 0010    0001     0111      

6 1100 1101 

 

 

_ 0101 da 0011 _ sam-sami. SeiZleba naCvenebi iqnas, romGgardaqmne-

bis aseTive struqtura gaaCnia Semdeg alfabetebs: 3-5, 7, 9, 12-14, 

17-20, 23-26, 29-31, 33-35. 

 me-16 cxrilSi moyvanilia ndk-ebis  dasaSveb dk-ebad gardaq-

mnebi VI alfabetisTvis. rogorc vxedavT, aq TiToeuli ndk SeiZ- 

leba gardaiqmnas or dasaSveb dk-d. gardaqmnebis analogiuri 

struqtura aqvs me-11, me-15, 22-e, 28-e, 32-e da 36-e alfabetebs. 

 amgvarad, yoveli konkretuli ndk, imis mixedviT, Tu 

romeli 

 

cxrili 16  

ndk-ebi da maTi Sesabamisi dasaSvebi dk-ebi 3B4B klasis 
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                       kodis me-6 alfabetisTvis  

 

№ ndk Sesabamisi dasaSvebi dk 

1 1010 0010     1110 

2 0101 0001     1101 

3 1001 1101     0001 

4 0110 1110     0010 

5 0011 0010     0001 

6 1100          1101     1110 

 

 

alfabetis SemadgenlobaSi Sedis igi, SeiZleba gardaiqmnas 

sxvadasxva raodenobis dk–d. magram mTlianobaSi ndk-ebis mier 

warmoqmnili akrZaluli da dasaSvebi kombinaciebis ricxvi 

erTmaneTis tolia da 12-s Seadgens. Sesabamisad, ndk-ebis SesaZlo 

gardaqmnebisas rogorc akrZaluli, ise dasaSvebi kombinacia 

Cndeba 0,5 albaTobiT. rac Seexeba dk–ebis gardaqmnebs, zemoT 

aRniSnuli iyo, rom erTeuli SecdomiT dk-s dazianebisas sam 

SemTxvevaSi warmoiqmneba ndk, erTSi ki _ akrZaluli kombinacia. 

cxadia, rom es marTebulia yvela alfabetisTvis, amitom 

dasaSvebi dk-s ndk-d gardaqmnis albaToba 0,75-is tolia.  

rogorc aRvniSneT, dasaSvebi kombinaciis isev dasaSveb 

kombinaciad gardaqmnisas mimRebSi fiqsirdeba orive maTganis 

luwobis an kentobis cvlileba, magram marto am movleniT 

SeuZlebelia imis dadgena, Tu romeli kombinacia aris WeSmariti. 

marTlac, magaliTad, I alfabetis gamoyenebisas 1010 da 0010 

kombinaciebis raodenobaTa cvlileba SeiZleba gamoiwvios 

rogorc 1010  0010, ise 0010  1010 gardaqmnebma. amasTan erTad, 

rogorc analizi aCvenebs, kodis formirebis principebis, 

saxeldobr, dadebiTi da uaryofiTi disparitetobis mqone dk-

ebis monacvleobis, gaTvaliswinebiT rig SemTxvevebSi SesaZlebe-

li xdeba WeSmariti kombinaciis gamovlena. vaCvenoT es.  



98 

 

zogadad saxazo signalSi ori erTnairi disparitetobis 

mqone dk-s mimdevrobiT gamoCena SeiZleba gamowveuli iyos ori 

mizeziT: 

a) aRniSnuli dk-ebidan erT-erTi warmoqmnilia ndk–s 

Secdomis Sedegad dazianebis Sedegad; 

b) gadamcem mowyobilobaSi formirebul saxazo signalSi 

aRniSnul dk-ebs Soris ganlagebuli sawinaaRmdego dispari-

tetobis mqone dk Secdomis zemoqmedebiT gardaiqmna ndk–d. 

ganvixiloT am gardaqmnebis SesaZleblobebi, rodesac sa-

xazo signalSi mimdevrobiT orjer Cndeba -2 disparitetobis 

mqone dk, I alfabetisTvis 1010 da 0010 kombinaciebis raodenobaTa 

cvlilebis pirobebSi. 

kodis formirebis principebidan gamomdinare, 0010  1010 

gardaqmna SeuZlebelia, radgan sawyis signalSi -2 dispari-

tetobis mqone 2 dk-s Soris igive disparitetobis mqone 

kombinaciis arseboba gamoricxulia. maSasadame, am SemTxvevaSi 

adgili aqvs 1010    0010 gardaqmnas. 

ganvixiloT Secdomis koreqtirebis SesaZleblobebi aseTi 

gardaqmnisas. 

-2 disparitetobis mqone dk-s mimdevrobiT gamoCenis dros 

SesaZlebelia ori SemTxveva: 

a) kombinaciebi gansxvavebulia (meore kombinaciaa 0001). 

b) orive kombinacia erTnairia (e.i. orive aris 0010); 

pirvel SemTxvevaSi Secdomis koreqtireba xdeba 1-is toli 

albaTobiT, meore SemTxvevaSi ki _ mxolod 0,5 albaTobiT, 

radgan WeSmariti SeiZleba iyos ori erTnairi kombinaciidan 

nebismieri. aqve unda aRiniSnos, rom, Tu erTnairi kombinaciebis 

arsebobisas koreqtirebis dros daSvebuli iqna Secdoma 

(aRdgenil iqna mcdari kombinacia), maSin dekodirebul signalSi 

adgili eqneba Secdomebis gamravlebas, radgan aRniSnul mcdar 

kombinaciasTan erTad arasworad iqneba aRdgenili sinamdvileSi 

dazianebuli kombinaciac. amgvarad, Tu swori koreqtirebisas 

dekodirebul signalSi Secdoma swordeba, araswori koreqtire-
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bisas erT Secdomas emateba meore da jamSi Secdomebis gamoCenis 

albaToba ar icvleba. aqedan gamomdinare, SeiZleba iTqvas, rom 

ori erTnairi dk-s gamoCenis SemTxvevaSi koreqtirebis operaciis 

Catarebas azri ar aqvs.  

sawyis signalSi erTianebisa da nulebis gamoCenis Tanabari 

albaTobebis dros nebismieri ndk-sa da dk-s gamoCenis 

albaTobebi Sesabamisad tolia 0,125 da 0,0625. aseT pirobebSi 

0010-0010 da 0010-0001 wyvilebis gamoCenis albaTobebi erTmaneTis 

toli (0,5) iqneba. maSin, zemoTqmulis safuZvelze, 1010  0010 

gardaqmnisas warmoqmnili Secdomis koreqtirebis albaToba 

Caiwereba: 

                            Pkor(1010    0010) = 0,5                     (28) 

ganvixiloT axla SemTxveva, rodesac saxazo signalSi 

mimdevrobiT Cndeba +2 disparitetobis mqone ori kombinacia. es 

miuTiTebs imaze, rom adgili aqvs 0010  1010 gardaqmnas. aq 

SesaZloa ori SemTxveva: 

a) sawyis signalSi +2 disparitetobis mqone aRniSnul 

kombinaciebs Soris 1010 kombinacia (kombinaciebi) arsebobs; 

b) sawyis signalSi +2 disparitetobis mqone aRniSnul 

kombinaciebs Soris 1010 kombinacia ar arsebobs. 

pirvel SemTxvevaSi gardaqmnis Semdeg mocemul intervalze 

ganlagebuli iqneba ori an meti 1010 kombinacia, amitom WeSmariti 

kombinaciis zusti gansazRvra SeuZlebelia.Mmeore SemTxvevaSi +2 

dasparitetobis mqone or kombinacias Soris iarsebebs mxolod 

erTi 1010 kombinacia, romlis koreqtireba SesaZlebelia. 

amgvarad, bolo SemTxvevaSi Secdomis gasworebis 

SesaZlebloba ganisazRvreba imis albaTobiT, rom sawyis 

signalSi gansaxilvel intervalze 1010 kombinacia ar gamoCndeba. 

ganvsazRvroT es albaToba.  

kodis formirebis principis Tanaxmad +2 disparitetobis 

mqone or kombinacias Soris arsebul N sataqto intervalis 

Semcvel monakveTze SesaZlebelia nebismieri ndk-sa da erTi -2 

disparitetobis mqone dk-s gamoCena. amgvarad, aq movlenaTa srul 
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jgufs Seadgens 6 ndk-sa da 1 dk-s arseboba. radgan movlenaTa 

sruli jgufis albaToba 1-is tolia [ ], xolo aRniSnuli 

kombinaciebis gamoCenis jamuri albaToba Seadgens 0,81, amitom 

gansaxilveli intervalis SigniT yoveli ndk-s gamoCena xdeba 

0,125/0,81≈0,154 albaTobiT. aseT pirobebSi +2 disparitetobis mqone 

or kombinacias Soris erT sataqto intervalze 1010 kombinaciis 

ar gamoCenis albaToba tolia 1-0,154≈0,85, xolo imis albaToba, 

rom es kombinacia ar gamoCndeba N sataqto intervalze _ 0,85N
. 

saxazo signalSi dk-s gamoCenis albaTobidan (0,062) 

gamomdinare, igi saSualod Cndeba yoveli 16 sataqto intervalis 

Semdeg (0,062/1000≈16). Sesabamisad, erTnairi disparitetobis mqone 

ori dk saSualod daSorebulia erTmaneTisgan 32 sataqto 

intervaliT. N=32 mniSvnelobisTvis 1010 kombinaciis ar gamoCenis 

albaToba imdenad mcirea, rom igi SeiZleba ugulvebelvyoT da 

CavTvaloT, rom saxazo signalSi +2 dasparitetobis mqone or 

kombinacias Soris 1010 kombinacia praqtikulad yovelTvis 

arsebobs.Aamgvarad, SeiZleba iTqvas, rom ganxilul SemTxvevaSi 

0010   1010 gardaqmnis dros Secdomis koreqtirebaASeuZlebelia. 

yovelive zemoT naTqvami marTebulia im SemTxvevisTvisac, 

rodesac mimRebSi adgili aqvs ndk-sa da +2 disparitetobis mqone 

dk-s raodenobaTa luwobis an kentobis cvlilebas. advili 

saCvenebelia, rom aqac koreqtireba SesaZlebelia mxolod maSin, 

rodesac xdeba ndk-s gardaqmna dk-d +2 disparitetobis mqone ori 

dk-s mimdevrobiT gamoCenis SemTxvevaSi.  

amgvarad, Secdomis koreqtireba xdeba mxolod ndk-s dk-d 

gardaqmnisas garda im SemTxvevisa, rodesac ±2dk gardaiqmneba 

±4dk-d.NganvsazRvroT nebismieri dasaSvebi dk-s koreqtirebis 

albaToba.  

 rogorc zemoT iyo aRniSnuli, naSromSi ganixileba 3B4B 

klasis kodis agebis is varianti, romlis drosac gamoiyeneba 6 

ndk da 4 ±2dk. aseT pirobebSi Secdomis gamo ndk-s ±2dk-d 

gardaqmnis SesaZlo SemTxvevebis ricxvi 24-s Seadgens.Aradgan 
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±2dk saerTo ricxvi aris 8, romelTagan dasaSvebia 4, amitom 

saSualod 12 SemTxvevaSi warmoiqmneba akrZaluli dk, danarCen 12-

Si ki _ dasaSvebi.AdasaSvebi dk-ebis gamoCenisas Tanabari (0,5) 

albaTobebiT gvaqvs mimdevrobiT ori erTnairi dk-s da 

sxvadasxva dk-s gamoCenis SemTxvevebi (saSualod 6-6).  

ndk-s dazianebisas konkretuli dasaSvebi dk-s warmoqmnis 

albaToba ganisazRvreba saxazo signalSi ndk-s gamoCenis 

albaTobisa (0,125) da misi erTi konkretuli Tanrigis dazianebis 

albaTobis (0,25) namravliT. maSin, zemoT moyvanili msjelobidan 

gamomdinare, nebismieri dasaSvebi dk-s gamoCenis albaToba 

tolia:  

                        Pdas(dk) = 0,125 x 0,25 x 12 ≈ 0,375, 

xolo mimdevrobiT sxvadasxva dk-s gamoCenis da, maSasadame, 

Secdomis koreqtirebis albaToba orjer naklebi iqneba: 

                              Pkor(dkdas) ≈ 0,19                                                                 (29) 

ganxiluli SemTxvevebis garda Secdomebis koreqtirebas 

adgili aqvs Secdomis Sedegad dasaSveb ±2dk-s ±4dk-d gardaqmnis 

SemTxvevaSi. nebismieri aseTi gardaqmna xdeba ±2dk-s gamoCenis 

albaTobis (0,0625) namravliT misi im erTaderTi Tanrigis 

dazianebis albaTobaze (0,25), romlis drosac warmoiqmneba ±4dk. 

radgan aseTi gardaqmnebis SesaZlo ricxvi 4-ia, amitom ±2dk-s 

±4dk-d gardaqmnis da, maSasadame, Secdomis koreqtirebis 

albaToba tolia: 

                    Pkor(±2dk   ±4dk) = 0,0625 x 0,25 x 4 ≈ 0,0625                 (30) 

(27), (29) da (30) sidideebis jami gviCvenebs erTeuli 

Secdomis koreqtirebis srul albaTobas 3B4B klasis kodSi: 

                      Pkor. (3B4B) ≈ 0,44 + 0,19 = 0,69    

 amgvarad, naSromSi SemoTavazebuli meTodis gamoyeneba 

uzrunvelyofs 3B4B klasis kodSi Secdomebis 69%-is gasworebas, 

rac, udavod, mniSvnelovan Sedegad unda CaiTvalos. 
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daskvna 

 

1. moyvanilia naSromSi gamosakvlev saxazo kodebSi Secdo- 

mebis aRmoCenis arsebuli meTodebis daxasiaTeba. 

2. SemoTavazebulia mBnB klasebSi Secdomebis koreqtire- 

bis albaTobis gamosaTvleli zogadi formula. 

3. SemoTavazebulia mBnB klasebSi Secdomebis koreqtirebis  

albaTobis gazrdis meTodi. 

      4. naCvenebia, rom rogorc mcj–s analizis, ise akrZaluli 

kombinaciebis aRmoCenis kriteriumze damyarebuli meTodis 

gamoyenebisas yvela biimpulsuri kodi uzrunvelyofs Secdomebis 

lokalizebul aRmoCenas 1-is toli albaTobiT, amasTan  BI-L da 

DBI kodebSi lokalizeba xdeba erTi sataqto intervalis, BI-M 

da BI-S kodebi ki _ ori sataqto intervalis farglebSi.  

5. naCvenebia, rom yvela biimpulsuri kodi uzrunvelyofs 

Secdomebis koreqtirebas, amasTan koreqtirebis albaToba sawyis 

signalSi 1-is gamoCenis P1=0,5 albaTobis dros 0,5-is tolia, P1 -

is zrdasTan an klebasTan erTad ki _ wrfivad izrdeba da P1-is 

minimaluri da maqsimaluri mniSvnelobebisTvis aRwevs 1-is tol 

sidides.  

6. naCvenebia, rom biimpulsuri kodebidan Secdomebis koreq- 

tirebis ukeTesi SesaZleblobebi gaaCnia BI-L da DBI kodebs, 

radgan koreqtirebis dros mcdari simbolos aRdgenisas maTSi 

arasworad aRdgeba erTi kombinacia, BI-M da BI-S kodebSi ki _ 

2,Ee.i. am ukanasknelebSi adgili aqvs Secdomebis gamravlebas. 

7. naCvenebia, rom CMI, EP-1 da EP-2 kodebSi mcj–s analizis  

kriteriumze damyarebuli meTodi uzrunvelyofs Secdomebis 

aRmoCenas 1-is toli albaTobiT lokalizebis gareSe, rac 

gamoricxavs Secdomis koreqtirebis SesaZleblobas.  

8. naCvenebia, rom Secdomebis lokalizebuli aRmoCena da,  

Sesabamisad, koreqtireba am kodebSi SesaZlebelia akrZaluli 

kombinaciebis aRmoCenis kriteriumze damyarebuli meTodis 
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gamoyenenebisas. napovnia Secdomebis koreqtirebisas WeSmariti da 

mcdari kombinaciebis aRdgenis albaTobebis mniSvnelobebi sawyis 

signalSi erTianis gamoCenis sxvadasxva albaTobebisTvis da 

agebulia Sesabamisi damokidebulebebis grafikebi. aRniSnulia, 

rom EP-2 kodi xasiaTdeba WeSmariti kombinaciebis aRdgenis 

Zalze mcire da mcdari kombinaciebis aRdgenis maRali 

albaTobebiT, ris gamoc misi gamoyeneba Secdomebis koreqtirebis 

TvalsazrisiT mizanSewonili ar aris. 

9. naCvenebia, rom MILLER kodSi Secdomebis aRmoCenisa da  

koreqtirebisTvis gamodgeba mxolod akrZaluli kombinaciebis 

aRmoCenis kriteriumze damyarebuli meTodi. naCvenebia, rom am 

meTodisTvis Secdomebis aRmoCenis, WeSmariti kombinaciebis 

aRdgenis da mcdari kombinaciebis aRdgenis albaTobebi sawyis 

signalSi erTianis gamoCenis nabismieri albaTobisTvis 

Sesabamisad 0.5, 0.47 da 0.03 tolia. 

10.  1B2B  klasis  kodebis SedarebiTi analizis safuZvelze 

naCvenebia, rom Secdomebis koreqtirebis TvalsazrisiT 

saukeTeso  

maCveneblebi gaaCnia BI-L da DBI kodebs. 

11.  naCvenebia, rom me-2 saxeobis biimpulsur kodSi 

Secdomebis lokalizebas uzrunvelyofs mxolod akrZaluli 

kombinaciebis aRmoCenis kriteriumze damyarebuli meTodi, 

napovnia Secdomebis aRmoCenisa da koreqtirebis albaTobebis 

mniSvnelobebi, romlebic BI-L da DBI kodebisTvis miRebul 

Sesabamis mniSvnelobebs emTxveva 

12.   naCvenebia, rom  3B4B  klasis kodSi Secdomebis loka- 

lokalizebas uzrunvelyofs mxolod akrZaluli kombinaciebis 

aRmoCenis kriteriumze damyarebuli meTodi, napovnia Secdomebis 

aRmoCenisa da koreqtirebis albaTobebis mniSvnelobebi, Sesabami-

sad _ PaRm=0,44 da Pkor=0,16. 

13.  gamokvleulia Secdomebis koreqtirebis albaTobis ga- 

zrdis naSromSi SemoTavazebuli meTodis 1B2B klasis 

kodebisTvis gamoyenebis SesaZleblobebi. naCvenebia, rom 
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biimpulsuri kodebisTvis meTodi uzrunvelyofs Secdomebis 

koreqtirebas 1-is toli albaTobiT, danarCeni kodebisTvis ki igi 

efeqturi ar aris 

14. gamokvleulia Secdomebis koreqtirebis albaTobis gaz- 

rdis naSromSi SemoTavazebuli meTodis 2B4B klasis kodisTvis 

gamoyenebis SesaZleblobebi. naCvenebia, rom am kodSi meTodi 

uzrunvelyofs ara marto erTeuli, aramed wyviluri Secdomebis 

da sami simbolosgan Semdgari SecdomaTa dastebis aRmoCenasa da 

koreqtirebas 1-is toli albaTobiT, agreTve _ Secdomebis 

aRmoCenas koduri kombinaciis oTxive Tanrigis dazianebis 

SemTxvevaSi. naCvenebia SemoTavazebuli meTodiT miRebuli 

Sedegebis upiratesoba sxva arsebuli meTodebis gamoyenebisas 

miRebul saukeTeso SedegebTan SedarebiT 

15. gamokvleulia Secdomebis koreqtirebis albaTobis gaz- 

rdis naSromSi SemoTavazebuli meTodis 3B4B klasis kodisTvis 

gamoyenebis SesaZleblobebi. naCvenebia, rom am kodSi meTodi 

uzrunvelyofs koreqtirebis 0,69-s tol albaTobas, rac 4,3-jer 

aRemateba koreqtirebis albaTobis sidides, romelic miiRweva 

mxolod akrZaluli kombinaciebis kriteriumze damyarebuli 

meTodis gamoyenebisas. 
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