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 naSromSi ganxilulia gamoyenebiTi geodeziis zogierTi amocanis grafikuli 

amoxsnebi. mokledaa mocemuli TiToeuli amocanis arsi da warmodgenilia maTi ama Tu 

im nomografiuli xerxiT amoxsna. xazgasmulia nomogramebis rogorc saangariSo, ise 

samecniero-kvleviTi mizniT gamoyeneba. mokledaa gadmocemuli nomogramebis agebisa da 

gamoyenebis meTodika. igi SeiZleba sasargeblo iyos rogorc geodeziuri warmoebis 

muSakebis, ise magistrantebisa da doqtorantebisaTvis. 
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winaTqma 

                                   TvalsaCinoeba – yovelgvari  

                                   Semecnebis absoluturi fundamentia. 

i. pestaloci 

  

 maTematikur mecnierebaTa calkeuli mimarTulebebisa Tu specializaciebis sul 

ufro mzardma mravalsaxeobam farTo gamoyeneba hpova mecnierebaTa sxvadasxva dargSi. 

erT-erT aseT mimarTulebas warmoadgens nomografia – maTematikis nawili, romelic 

Seiswavlis gansakuTrebuli saxis naxazebis agebis Teoriasa da praqtikas nomogramebis 

saxiT da romelic saSualebas gvaZlevs amovxsnaT rTuli saxis gantolebani da 

gantolebaTa sistemebi grafikulad. garda amisa, nomografia SegviZlia gamoviyenoT 

kvleviTi mizniTac. 

 sityva `nomografia~ berZnuli warmoSobisaa da `kanonis grafikul gamosaxulebas~ 

niSnavs. igi calke mimarTulebad gamoyves maTematikosTa saerTaSoriso kongresze 

parizSi 1890w. 

 wminda maTematikuri disciplinidan nomografia gadaiqca gamoyenebiTi mecnierebis 

dargad, romelic amartivebs da TvalsaCinos xdis sainJinro amocanebis gadawyvetas. 

 zogadad, grafikuli meTodebis da kerZod nomogramebis upiratesoba analizur 

meTodebTan SedarebiT maT simartiveSi, pasuxis miRebis siswrafesa da, rac mTavaria 

TvalsaCinoebaSi mdgomareobs. 

 grafikuli meTodebi, gamoTvliTi miznis garda gamoiyeneba funqcionalur 

damokidebulebaTa analizisaTvis. magaliTad, maTi daxmarebiT SesaZlebelia 

gamovikvlioT calkeuli parametris gavlena funqciaze, funqciis eqstremaluri 

Tvisebebi da zogjer am damokidebulebaTa CvenTvis jer kidev ucnobi Taviseburebani. 

aRniSnuli Tviseba mniSvnelovans xdis mas samecniero-kvleviTi muSaobisas.  

 nomograma saSualebas gvaZlevs kompaqturad warmovadginoT mravalcvladiani 

funqcia da mravalkomponentiani cxrili. maTi daxmarebiT iolad ixsneba rTuli saxis 

transcendentuli gantolebebi. am dros amoxsnis sizuste srulad akmayofilebs 

praqtikul miznebs, xolo im SemTxvevaSi, roca sizuste ar gvakmayofilebs, maTi 

gamoyeneba SeiZleba miaxloebiTi gamoTvlebisTvis, kerZod, geodeziaSi nulovan 

miaxloebaTa gansasazRvravad.  

 rogorc aRvniSneT, nomograma warmoadgens gamoTvliTi samuSaoebis meqanizaciis 

erT-erT yvelaze martiv da iaf saSualebas. misi ageba romelime rTuli saxis 

funqcionaluri damokidebulebisaTvis gansakuTrebiT xelsayrelia maSin, roca 

mravaljeradi gamoTvlebi gvixdeba [1]. 

 calke aRniSvnis Rirsia nomografiis gamoyeneba samecniero-kvleviTi muSaobisas, 

kerZod, funqciaSi Semavali parametrebis eqstremaluri Tvisebebis analizisaTvis, 

agreTve empiriuli formulis parametrebis dadgenis mizniT. es ukanaskneli analizurad 

sakmaod rTuli da Sromatevadi amocanaa da xSirad umcires kvadratTa meTodis 

gamoyenebiT wydeba, maSin, roca misi mniSvnelovnad gamartivebaa SesaZlebeli 

nomografiuli meTodis gamoyenebiT. 
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 zogadad nebismieri nomograma saangariSo instrumentia, romliTac martivad da 

swrafad, sainJinro miznebisaTvis sakmarisi sizustiT, SegviZlia ganvsazRvroT mocemul 

funqcionalur damokidebulebaSi Semavali parametrebis gansazRvrul diapazonSi 

cvlilebis Sedegi. saangariSo formulis dayvana nomografirebad saxeze, misi 

elementebis koordinatebis gamoTvla da grafikulad warmodgena gansazRvrul Sromasa 

da dros moiTxovs, magram igi misi SemdgomSi mravaljeradi gamoyenebiT anazRaurdeba 

[2]. 

 arsebobs azri, rom nomografiam Tavisi SesaZleblobebi amowura sayovelTao 

kompiuterizaciis epoqaSi, rac marTebulad ar migvaCnia. Cveni azriT, piriqiT 

kompiuterizaciam gazarda nomografiis 

SesaZleblobebi misi agebis gaiolebis 

TvalsazrisiT, xolo TvalsaCinoebis mxriv 

upiratesoba amiT ar Semcirebula. 

 dabolos, Tu Cvens winaSe mdgomi 

sainJinro amocana eqvemdebareba 

grafikulad gamosaxvas, am gziT misi 

amoxsna da gaanalizeba gacilebiT 

sasargeblo iqneba, vidre analizuri 

amoxsna. amis klasikur ilustraciad 

migvaCnia trapeciuli formis sarwyav 

arxSi wylis xarjis ganmsazRvreli 

veeberTela da analizuri amoxsnisaTvis 

mouxerxebeli empiriuli formulis 

kompiuteris daxmarebiT agebuli 

nomograma, romelsac aqve gTavazobT [1]. 

nomogramis sizusteze pasuxs ar vagebT, 

radgan igi wignidanaa aRebuli. 

 nomograma agebulia empiriuli damokidebulebisaTvis 

50
2√1

, ,
√

, 

sadac  aris wylis xarjis moduli 0,02 xorklianobis koeficientis dros  

Sezis koeficientisaTvis pavlovskis srul formulaSi;  trapeciis formis arxis 

siganea fskerze; 	– ferdobis qvedebulis koeficientia; 	–arxSi wylis siRrme. 

nomogramaze wyvetili xaziT naCvenebia amocanis amoxsnis ricxviTi magaliTi: 0,7	m, 

0,8	m,  1,5. pasuxi 34	m /sek. 
 rogorc vxedavT, nomogramis upiratesoba analizur amoxsnasTan SedarebiT aSkaraa 

pasuxis miRebis simartiviT, siswrafiT, TvalsaCinoebiT da formulaSi Semavali 

cvladebis Sedegze gavlenis analizis SesaZleblobiT.	
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Sesavali 

 naSromSi warmodgenili nomografiuli meTodebiT gadawyvetili sainJinro 

geodeziuri amocanebi grovdeboda wlebis ganmavlobaSi. maTgan nawili warmodgenili 

iyo studentebis mier samecniero konferenciebze, nawili Sedioda studentTa 

sadiplomo gegmarebsa Tu samagistro naSromebSi, zogierTi ki warmodgenili iyo Cems 

sadisertacio naSromsa [3] da samecniero statiebSi [4,5]. 

 calke wignad gamocemis idea didxans (30 welze meti) mwifdeboda da ZiriTadi 

mizezi, romelmac mas biZgi misca, iyo sainJinro-geodeziuri amocanebis grafikulad 

amoxsnis TvalsaCinoeba, romelic Zalze mniSvnelovania sakiTxis Semecnebisa da 

gaanalizebisaTvis. aseTi analizis ZiriTadi mizania monacemTa warmodgena kompaqturi da 

martivi formiT, romelic saSualebas mogvcems gamovavlinoT procesis an movlenis 

siRrmeSi arsebuli kavSirebi da kanonzomierebani. 

 imis miuxedavad, rom kompiuterizacia Rrmad iWreba cxovrebis yvela sferoSi, 

elementaruli grafikuli analizi ar kargavs Tavis mniSvnelobas. kompiuteri 

saSualebas gvaZlevs swrafad SevasruloT rTuli gamoTvlebi da davamuSavoT 

informaciis didi masivebi, magram igi ver gvexmareba CavwvdeT amocanis amoxsnis arsSi, 

imaSi Tu `ras amboben~ monacemebi da rogor moqmedeben isini saboloo Sedegze anu 

moklebulia TvalsaCinoebas. 

 sainJinro-geodeziuri amocanebis amoxsnisas grafikul meTodebs analizurTan 

SedarebiT gaaCniaT rigi upiratesobani – SegviZlia sakmaod martivad amovxsnaT rTuli 

mravalcvladiani gantolebebi an gantolebaTa sistemebi; CavataroT funqcionaluri 

analizi formulaSi Semavali argumentebis optimalur mniSvnelobaTa dadgenis mizniT; 

davadginoT empiriuli formulis parametrebis sidideebi da sxva. CamoTvlil amocanaTa 

gadawyvetisas pasuxebis miRebis siswrafe, moxerxebuloba, simartive da TvalsaCinoeba 

saSualebas gvaZlevs warmatebiT gamoviyenoT isini funqcionalur damokidebulebaTa 

analizisaTvis geodeziur samuSaoTa optimaluri daproeqtebis dros. rac Seexeba 

grafikuli gamoTvlebis sizustes, igi sakmarisia praqtikuli miznebisaTvis.  

 pirvel nomogramebs, gaformebulebs xelsawyos saxiT, jer kidev SuasaukuneebSi 

iyenebdnen. 1884w. okanma miiRo gasworebuli wertilebis pirveli nomograma da Semdgom 

Tavis SromebSi, faqtiurad safuZveli Cauyara nomografias. 

 1906w. n. gersevanovma pirvelma gamoiyena Tanabrad daSorebuli wertilebis 

nomograma [6]. 

 1912w. gronvalma ipova samcvladiani gantolebis sworxazovani baduri nomogramiT 

warmodgenis pirobebi. 

 1921w. gamoqveynda soros fundamenturi naSromi nomografiaze. 

 1922-1931ww. daibeWda margulisis Sromebi transparantuli nomogramebis Sesaxeb. 

 1951w. espanelma nomografebma nietom da urselaim SemogvTavazes baricentruli 

da romboiduli nomogramebi. 

 nomografiis Semdgom ganviTarebaSi didi wvlili miuZRviT rus nomografebs p.v. 

melentievs, i.n. denisiuks, n.a. da a.a. glagolevebs, m.v. pentkovskis, g.s. xovanskis, l.s. 

bloxs da sxv. 
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 tardeba konferenciebi nomografiis axali ideebisa da mimarTulebebis 

urTierTgaziarebis mizniT. 

 bolo wlebSi farTo asparezi gaexsna kompiuterul nomografias. 

 nomografiaSi cnobili mravalricxovani tipis nomogramebidan Cven mier 

winamdebare wignSi gamoyenebulia ZiriTadad baduri, gasworebuli wertilebisa da 

transparantuli nomogramebi, agreTve maTi qvetipebi. magaliTad, baduri tipis 

SemTxvevaSi – dekartis abaki, gasworebuli wertilebis tipis dros – skalebiani da 

binarulvelebiani da transparantuli tipisas – gamWvirvale da gaumWvirvale 

transparantebis mqone nomogramebi. TiToeuli am tipisa Tu qvetipis nomograma 

wamodgenilia wignSi saTanado geodeziuri amocaniT. 

 ama Tu im geodeziuri amocanis maTematikuri modelebis SerCevam 

nomografirebisaTvis ganapiroba wignis struqtura. 

 pirveli Tavi damxmarea. igi Seicavs im aucilebel cnobebs zogadad nomografiisa 

da kerZod gamoyenebuli tipis nomogramebis agebis meTodikis Sesaxeb, romlebic 

saWiroa wignis gamoyenebisas. 

 meore TavSi warmodgenilia is geodeziuri amocanebi, romelTa grafikuli 

amoxsnisTvis gamoyenebulia baduri tipis nomogramebi. 

 mesame Tavi aerTianebs im sainJinro-geodeziur amocanebs, romelTa amoxsnisaTvis 

gamoyenebulia gasworebuli wertilebis nomogramebi. 

 meoTxe Tavi yvelaze didi moculobisaa da masSi warmodgenilia yvela is 

geodeziuri Tu samarkSeidero xasiaTis amocanebi, romelTa amoxsna da analizi 

mocemulia transparantuli nomogramebis gamoyenebiT. aq warmodgenilia 

transparantuli tipis nomogramebis mravalferovneba dawyebuli martivi saxazavis 

tipis gaumWvirvale transparantis Semcveli nomogramebidan damTavrebuli 

binarulvelebiani gamWvirvale transparantis Semcveli nomogramiT. 

 meore, mesame da meoTxe Tavebi agebulia erTi da igive sqemiT. TiToeuli Tavi 

Sedgeba im amocanebis Semcveli paragrafebisgan, romelTa ama Tu im nomogramiT 

warmodgena gvaqvs gaTvaliswinebuli. 

 TiToeuli paragrafi Sedgeba nomografirebadi amocanis mokle arsisgan, 

funqcionaluri damokidebulebis nomogramifirebisaTvis saWiro kanonikur saxeze 

dayvanisgan, grafikulad warmodgenili amoxsnisgan, naxaziT sargeblobis gasaRebisgan da 

nomogramis analizisgan. 

 monografia gankuTvnilia magistrantebis, doqtorantebis, geodeziiT 

dainteresebul mecnier-muSakebisa da praqtikosi inJiner-geodezistebisaTvis. igi 

SeiZleba sasargeblo aRmoCndes umaRlesi skolebisa da profesiul-teqnikuri 

ganaTlebis maswavleblebisa da studentebisaTvis. 

 im mkiTxvelebisTvis, romlebic mxolod wignSi warmodgenili nomogramebiT 

isargebleben, sakmarisia gaecnon meore, mesame da meoTxe Tavebs da gamotovon pirveli 

Tavi. es ukanaskneli ki dasWirdeba im mkiTxvelebs, romlebic aRwerili meTodikisa da 

damatebiT wignis bolos miTiTebuli literaturis daxmarebiT moindomeben aagon igive 

an sxva formulis Sesabamisi nomogramebi formulaSi Semavali parametrebis cvlilebaTa 

sxva diapazonSi an aagon sxva, msgavsi tipis damokidebulebaTa nomogramebi.  
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wignis  me-2 Tavis nomogramebis kompiuteruli uzrunvelyofa ekuTvnis g. 

nemsiwveriZes, risTvisac madlobas vuxdi. 

 winamdebare wigni geodeziaSi grafikuli meTodebis gamoyenebis Sesaxeb pirveli 

cdaa qarTul enaze da amdenad dazRveuli ver iqneba Secdomebisagan. 

 avtori madlobiT miiRebs mkiTxvelis SeniSvnebsa da rCevebs.  
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Tavi 1. ZiriTadi cnobebi nomografiaze 

 

 TavSi mocemulia is aucilebeli cnobebi nomografiis Sesaxeb, romlebic saWiroa 

winamdebare wignis gacnobisas. es mkiTxvels specialuri literaturis moZiebisa da 

gacnobis aucileblobas nawilobriv aaridebs. 

 aq ganxilulia ZiriTadi cnobebi da cnebebi nomografiis Sesaxeb zogadad da 

imavdroulad, konkretulad im klasis nomogramebis Sesaxeb, romlebic gamoyenebulia 

wignSi geodeziisa da markSeideriis ama Tu im konkretuli sainJinro amocanis 

nomografiuli meTodebiT gadawyvetisaTvis. es meTodebia baduri, gasworebuli 

wertilebisa da transparantuli tipis nomogramebi. 

 TiToeuli am tipis nomogramisaTvis gamoyvanilia damokidebulebani, romlebic 

SeiZleba warmodgenili iqnen am klasis nomogramebiT. am damokidebulebebs kanonikuri 

formebi ewodebaT. maTTvis cnobilia nomogramis elementebis gantolebani, romlebic 

cvladebis garda Seicaven gardamqmnel parametrebs, zogjer romelime cvladis 

nebismier funqciasac. am ukanasknelTa daniSnulebaa nomogramas misces praqtikuli 

gamoyenebisaTvis moxerxebuli forma. 

 mocemuli funqcionaluri damokidebulebisaTvis nomogramis konstruireba sami 

etapisagan Sedgeba: pirveli etapia damokidebulebis miyvana erT-erT kanonikur saxeze; 

meore etapia nomogramis asagebi parametrebisa da nebismieri damxmare funqciis saxis 

SerCeva nomogramis elementebis gantolebebSi; mesame etapia asagebi nomogramis angariSi 

misi elementebis gantolebebis mixedviT da gamoxazva. bolos nomograma maragdeba 

sargeblobis gasaRebis sqemiT. 

 dabolos, TavSi gaanalizebulia nomogramebis daxmarebiT sainJinro-teqnikuri 

gamoTvlebis sizustis sakiTxi.    

 

1.1. nomografia da misi SesaZleblobebi 

 

 nomografia berZnuli warmoSobis sityvaa da  - kanons, xolo  - 

aRweras, naxazs niSnavs. igi iTvleba maTematikis ganyofilebad, romelic Seiswavlis 

gansakuTrebuli saxis naxazebis,  e.w. nomogramebis agebis Teoriasa da praqtikul 

xerxebs [7]. maTi saSualebiT SesaZlebelia analizuri gaangariSebis gareSe miviRoT 

gantolebis miaxloebiTi amoxsna an funqciis miaxloebiTi mniSvneloba. es ki sruldeba 

umartivesi geometriuli operaciiT – gansazRvrul wertilebze saxazavis dadebiT da 

saTanado skalebze pasuxis amokiTxviT. 

 sufTa maTematikuri disciplinidan nomografia gadaiqca gamoyenebiT dargad, 

romlis dauflebac mniSvnelovnad amartivebs nebismier sainJinro gaangariSebas. misi 

codna gamosadegia ara marto saangariSo inJinruli nomogramebis agebisaTvis, aramed 

sxvadasxva kvlevebis Catarebisas cvalebad faqtorebs Soris damokidebulebaTa 

gansazRvrisaTvis da zogadad, funqcionalur damokidebulebaTa mecnieruli 

analizisaTvis. 

 TiToeuli nomograma aigeba konkretuli funqcionaluri damokidebulebisaTvis. is 

gamoTvliTi samuSaoebis meqanizaciis martiv da iaf saSualebas warmoadgens. misi ageba 
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romelime konkretuli formulisaTvis gansakuTrebiT xelsayrelia maSin, roca misi 

mravalgzis gamoyeneba gvixdeba. gamoTvliTi miznebisaTvis nomogramis gamoyenebis are 

ganisazRvreba pasuxis miRebis im sizustiT, romelsac is iZleva. es sizuste ki 

damokidebulia nomografirebadi formulis saxeze, formulaSi Semavali cvladebis 

cvlilebaTa diapazonze, nomogramis tipze, nomogramis asagebi parametrebis SerCeul 

sidideebze, e. i. nomogramis zomebze, RerZebis mimarT ganlagebaze, konfiguraciaze da 

a.S. 

 miRebulia, rom praqtikuli gamoTvlebisaTvis nomograma iZleva sakmaris 

sizustes, radganac mas saSualod SeuZlia uzrunvelyos pasuxis miReba 2-3 zusti 

niSnadi cifriT. xelsayrel viTarebaSi nomograma zogjer 4 niSnad cifrsac ki iZleva. 

 amasTan, mxedvelobaSia misaRebi is garemoeba, rom nomogramebisaTvis 

damaxasiaTebelia pasuxebis miRebis sxvadasxva sizuste mocemul sidideTa sxvadasxva 

kombinaciebisaTvis. 

 nomogramis agebisas gansakuTrebuli yuradReba unda mieqces cvladebis cvlilebis 

diapazonis SerCevas. arasasurvelia cvlilebaTa zRvrebis  rogorc gafarToeba, ise 

Semcireba. zogjer mizanSewonilia funqciis cvalebadobis zRvari aviRoT arasruli, 

radgan am SemTxvevaSi vRebulobT iseTi konstruqciis nomogramas, romelic 

uzrunvelyofs gamoTvlebis winaswar mocemul sizustes [8]. 

 gamoTvliTi miznebisaTvis nomogramebis gamoyenebisas yvelaze xelsayrelad 

miCneulia gasworebuli wertilebisa da transparantuli tipis nomogramebi [9]. 

 cnobilia, rom sainJinro-teqnikuri gamoTvlebisTvis Sedgenilia uamravi sacnobaro 

cxrilebi. maTi Sedgenisa da gamoyenebisas vawydebiT mTel rig sirTuleebs, romelTagan 

bevri moixsneba, Tu maT magivrad nomogramebs gamoviyenebT. 

 sacnobaro cxrilebis warmodgenas nomogramebis saxiT gaaCnia rigi upiratesobani 

[2]: 

1) nomogramis ageba da gamoyeneba nakleb Sromatevadia, vidre sacnobaro cxrilebis 

Sedgena; 

2) cxrilSi Semavali parametrebis raodenoba SezRudulia (2-3), maSin, roca 

nomograma SeiZleba aigos gacilebiT meti cvladis dros; 

3) sacnobaro cxrilebi gvaZleven funqciis mniSvnelobas cvladebis fiqsirebuli 

mniSvnelobebisaTvis. Sualedi sidideebi miiReba interpolobiT, risTvisac cvladebis 

cvlilebaTa kanonebi unda vicodeT, maSin, roca nomogramis gamoyenebisas araviTar 

problemas ar warmoadgens funqciis mniSvnelobis gageba cvladis nebismieri 

mniSvnelobisas misi cvalebadobis mTel diapazonSi. 

4) sacnobaro cxriliT `Sebrunebuli amocanis~ (funqciis mniSvnelobiT cvladebis 

mniSvnelobaTa gageba) gadawyveta 2-3 Semavali argumentisaTvis sakmaod Sromatevadi 

amocanaa. nomogramiT sargeblobisas cvladebis nebismieri raodenobis dros igive 

amocanis gadawyveta araviTar sirTules ar warmoadgens. 

 gamoTvliTi miznis garda, nomogramebis gamoyeneba SeiZleba samecniero-kvleviTi 

mizniTac, kerZod maTi daxmarebiT SegviZlia miviRoT axali Sedegebi codnis im dargSi, 

romelSic is gamoiyeneba. aseTi Sedegebis misaRebad nomografiaSi sami gza arsebobs. 

pirveli gza mdgomareobs yvela im daSvebebis reviziaSi, romlebsac eyrdnobodnen 
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rogorc amocanis dasmisas, ise formulis miRebisas. ama Tu im gamamartivebeli daSvebis 

miReba xSirad gamowveulia surviliT – miviRoT gamoTvlisaTvis xelsayreli formula, 

magram aseTi formula SeiZleba ar aRmoCndes nomografirebadi da, piriqiT, rTul da 

gamoTvlebisaTvis mouxerxebel formulas SeiZleba martivi nomograma hqondes. amitom, 

roca vapirebT romelime amocanis nomografirebas, unda gadavxedoT formulis 

gamoyvanisas miRebul daSvebebs da movaxdinoT koreqtireba (axali daSvebis miReba an 

uaryofa). am dros SesaZloa ufro rTuli saxis magram koreqtuli formula miviRoT, 

romlis sirTule anazRaurdeba nomogramis simartiviT. Tu am dros aRmoCnda rom 

miRebuli damokidebulebis nomografirebad saxeze dasayvanad naklebi gamamartivebeli 

daSvebebi miviReT, vidre analizuri gamoTvlebisaTvis xelsayrel saxeze dasayvanad iyo 

daSvebuli, maSin es ukve axali mecnieruli Sedegia. meore gza – im formulebis 

nomografirebaa, romlebic Tavisi sirTulis da mouxerxeblobis gamo praqtikul 

gamoyenebas ver hpouloben. nomografireba maT ubrunebs praqtikuli gamoyenebis sferos. 

mesame gzaa nomogramebis ageba ama Tu im funqcionalur damokidebulebaTa analizis 

mizniT.   

 funqcionaluri damokidebulebis analizisas nomogramebis daxmarebiT, Cveulebriv, 

asruleben erT-erTs qvemoT CamoTvlili amocanebidan: 

1) formulaSi Semavali zogierTi parametris gavlenis dadgena sxva parametrebze; 

2) nomografirebuli formulis adre cnobili TvisebebisaTvis TvalsaCino 

geometriuli interpretaciis micema; 

3) mocemuli formulis adre ucnobi Taviseburebebis dadgena nomogramis daxmarebiT. 

 funqcionalur damokidebulebaTa analizisaTvis gaTvaliswinebulma nomogramebma 

unda mogvces am damokidebulebaTa TvalsaCino geometriuli gamosaxuleba. sizustis 

sakiTxi am dros gadadis ukana planze. cvladebis cvalebadobaTa zRvrebi nomogramaSi 

sasurvelia gvqondes sruli rom movicvaT angariSisas yvela SesaZlo SemTxveva. 

 funqcionalur damokidebulebaTa analizisaTvis yvelaze xelsayrelia 

gasworebuli wertilebisa da transparantuli tipis nomogramebi. aseTi analizisaTvis 

farTo asparezi empiriuli formulebis parametrebis raodenobrivi maxasiaTeblebis 

SerCevis amocanebSi ixsneba. 

 winamdebare wignSi am sakiTxs exeba me-4 Tavis amocanebi. kerZod, empiriuli 

formulis parametrebis dadgenis sakiTxs exeba 4.3; 4.4; 4.5 da 4.6 naxazebze 

warmodgenili amocanebi, xolo parametrebis optimalur mniSvnelobaTa dadgenis 

sakiTxs anu, rac igivea, funqcionalur damokidebulebaTa eqstremaluri Tvisebebis 

kvlevis sakiTxs exeba 4.7 naxazze warmodgenili amocana. 

 saerTod, nomogramebis gamoyenebas samecniero-kvleviTi mizniT gaaCnia sakmaod 

farTo asparezi da igi zemoCamoTvliliT ar amoiwureba. dainteresebul mkiTxvels am 

mizniT SeuZlia gamoiyenos specialuri literatura [10, 11]. 
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1.2. nomografiis ZiriTadi cnebebi 
 

 nomografia formulis saxiT Camoyalibebuli kanonis grafikulad gadmocemas 

niSnavs. sxvanairad, igi cvladebs Soris funqcionaluri damokidebulebis geometriuli 

gamosaxulebaa, romlis daxmarebiT funqciis mniSvneloba miiReba nomogramaze 

warmodgenili cvladebis gamomsaxveli wirebisa da wertilebis gansazRvruli 

urTierTTanafardobiT. 

 wirebsa da wertilebs nomogramaze miewerebaT ricxviTi mniSvnelobebi, romlebic 

SeiZleba cvladebma miiRon. 

 nomografiaSi gamoiyeneba CananiSnis da CaniSnulis cnebebi. CananiSni ewodeba 

cvladis im mniSvnelobas, romelic miewereba wertils an wirs, xolo TviT wertils 

an wirs CaniSnuli ewodeba. 

 nebismieri nomograma Sedgeba martivi elementebisagan: skala, binaruli veli, 

wirTa ojaxi, calkeuli wiri da wertili. skalis magaliTebia saxazavi, Termometri, 

geodeziuri xelsawyoebis limbi  da sxv. binaruli velis tipiuri magaliTia 

paralelebisa da meridianebis bade geografiul an topografiul rukaze. 

 nomogramiT sargeblobis xerxi SemdegSi mdgomareobs: skalebze, binarul velebSi 

an wirTa ojaxebSi pouloben mocemul wertilebs an wirebs; Semdeg asruleben 

umartives geometriul operaciebs nomogramis gasaRebiT gansazRvruls da pouloben 

erT an ramdenime sapasuxo wertils skalebze, binarul velebSi an wirTa ojaxebSi, 

sadac kiTxuloben erT an ramdenime pasuxs. 

 nomogramas, romelSic pasuxi an pasuxebi erTi geometriuli operaciis Sedegad 

miiReba, elementaruli nomograma ewodeba, xolo erTidaigive an sxvadasxva tipis 

ramdenime elementaruli nomogramisagan kombinirebuls – Sedgenili. 

 praqtikaSi elementaruli nomogramebis ramdenime tipia cnobili: funqciis 

grafiki, ormagi skala, badis tipis, gasworebuli wertilebis, TanabraddaSorebuli 

wertilebis, sacirkule, baricentruli, romboidaluri, orientirebuli da saerTo 

saxis transparantuli tipis nomogramebi. 

 TiToeuli tipis elementarul nomogramas aqvs Tavisi geometriuli dasabuTeba da 

isini sakmaod martiv principzea damyarebuli: ase, magaliTad, funqciis grafikidan 

iolad miiReba misi saxecvlileba – ormagi skala; funqciis grafikis ganzogadebas 

mivyevarT baduri tipis nomogramasTan; sami wertilis erT sworze ganlagebis, 

analizuri geometriidan cnobil princips mivyevarT gasworebuli wertilebis 

nomogramasTan; or wertils Soris manZilis formulas – sacirkule da 

TanabraddaSorebul wertilebian nomogramebTan; ori wrfis paralelurobisa da 

perpendikularobis pirobas – paralelur da jvrismsgavs indeqsebian nomogramebTan; 

mocemuli TanafardobiT monakveTis gamkveTi wertilis koordinatebis  formulas – 

baricentrul nomogramasTan; paralelogramis meoTxe wveros koordinatebis danarCeni 

sami wveros koordinatebiT ganmsazRvrel formulas – romboidalur nomogramasTan, 

xolo dekartis koordinatebis, RerZebis mobrunebis gareSe da RerZebis mobrunebiT 

gardamqmnel formulebs – Sesabamisad, orientirebul da saerTo saxis transparantul 

nomogramebTan. 
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 gavecnoT, nomogramis martiv elementebs. skala ewodeba swor an mrud wirs, masze 

gansazRvruli maTematikuri kanonzomierebiT datanili StrixebiT. sxvanairad, skala 

warmoadgens erT parametrze damokidebul CaniSnul wertilTa simravles. wirs, 

romelzec skalaa dagraduirebuli, skalis Semcveli an skalis matarebeli ewodeba. 

 manZils or mezobel Strixs Soris skalis danayofi ewodeba, xolo ori 

mezobeli Strixis Sesabamis ricxviT mniSvnelobaTa Soris sxvaobas – danayofis 

safasuri hqvia. ricxviTi warweris gareSe skalaze datanil Strixs – munji Strixi 

ewodeba. aseve skalas, romelic dagraduirebis gareSea – munji skala ewodeba da 

aRiniSneba romauli erTianiT .  

 or uaxloes ricxviT warweras (or CananiSns) Soris arsebuli munji Strixebis 

danayofebis safasuri erTnairi unda iyos, magram ar aris aucilebeli aseTive iyos igi 

sxva nebismier or CananiSns Soris arsebuli munji StrixebisaTvis. 

 skalas, romlis Strixebs Soris manZilebi tolia, Tanabarzomieri skala ewodeba. 

Tanabarzomieri skalis mTel sigrZeze danayofis safasuri mudmivia da amdenad, mudmivia 

skalis mTel sigrZeze anaTvlis aRebis absoluturi cdomilebac. 

 rodesac skalis danayofebi, romelTac erTidaigive safasuri aqvT skalis mTel 

sigrZeze, icvleba gansazRvruli maTematikuri damokidebulebiT, aseT skalas 

araTanabarzomieri skala ewodeba da mis mTel sigrZeze anaTvlis aRebis absoluturi 

cdomilebebi sxvadasxvaa. aseTi skalis magaliTia logariTmuli skala.  

 rogorc Tanabarzomieri, ise araTanabarzomieri skalebi gamoxataven im sididis 

cvlilebis kanons, romlisTvisacaa igi agebuli. cvalebadobis es kanoni gamoisaxeba 

formuliT, romelsac skalis gantoleba ewodeba.  

 skalis sigrZe damokidebulia im sididis zRvrul mniSvnelobebze, romlisTvisac 

igi aigeba, agreTve misi agebisaTvis SerCeul masStabze. am masStabs skalis moduli 

ewodeba da im monakveTis sigrZis tolia, romelic sididis erTeuls Seesabameba. 

skalis modulis ganzomilebaa mm. skalebze miRebulia 1, 2 da 5-is jeradi danayofis 

safasuri. danayofis optimaluri sigrZea – 1-5 mm-is zRvrebSi. saukeTesod miCneulia 2-

3 mm, radgan am dros Tvali iolad axdens interpolobas.  

 skalebis gamoyenebisas ori amocanis gadawyveta gvixdeba – pirdapiri da 

Sebrunebuli amocanebis. 

 pirdapiri amocana mdgomareobs skalaze wertilis povnaSi misi ricxviTi 

mniSvnelobiT. am dros SesaZlebelia sami SemTxveva: 1) skalaze imyofeba Strixi 

mocemuli ricxviTi mniSvnelobis Sesabamisi warweriT; 2) skalaze imyofeba Strixi 

warweris gareSe (munji Strixi); 3) skalaze Strixi ar aris. pirvel da meore 

SemTxvevaSi amocana martivad wydeba, rac Seexeba mesame SemTxvevas – vipoviT saZiebo 

sidideze met da nakleb Strixebs skalaze da movaxdenT TvaliT interpolobas. 

 Sebrunebuli amocana mdgomareobs skalaze CaniSnuli wertilis ricxviTi 

mniSvnelobis dadgenaSi. am drosac sami SemTxvevaa SesaZlebeli: 1) wertili emTxveva 

warweril Strixs; 2) wertili emTxveva munj Strixs; 3) wertili imyofeba Strixebs 

Soris. pirveli ori SemTxveva martivia, mesame SemTxvevis dros wertilis Sesabamis 

ricxviT mniSvnelobas vpoulobT mezobel Strixebs Soris interpolobiT. 
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∝ ∝
∝
∝
		. 

rodesac saqme gvaqvs funqcionalur badesTan anu binarul velTan, gantolebaTa sistema 

ase Caiwereba: 

	 ∝ , ∝ ; 
	 ∝ , ∝ , 

sadac  da  modulebia, Sesabamisad  da  RerZebis gaswvriv. 

 aseT funqcionalur badeebs amzadeben winaswar modulebis sxvadasxva 

sidideebisaTvis da maT funqcionaluri qaRaldi ewodebaT. arsebobs Tanabarzomieri, 

logariTmuli da naxevradlogariTmuli funqcionaluri furclebi. 

 rodesac ∝ parametri  da  koordinatebTan erTi TanafardobiTaa dakavSirebuli 

																																																																																	 , , ∝ 0																																																															 1.3  

miviRebT ∝ parametris wirTa ojaxs. ∝ yoveli 

fiqsirebuli sididisas gveqneba (1.2) gantolebiT 

gansazRvruli erTi wiri (nax. 1.1), xolo parametrebis 

cvalebadobaTa erToblioba mogvcems wirTa ojaxs (nax. 

1.2). Tu wertilis koordinatebi or ∝  da ∝  

parametrzea damokidebuli 

																																										
∝ , ∝ 	,
∝ , ∝ ,

																															 1.4  

(sadac funqciebi  da  ikiTxeba `ef erTi-ori~, `ji erTi-ori~), maSin gveqneba 

∝ ,∝  binaruli veli, romelic CaniSnul wirTa ori ojaxisgan Sedgeba. maT 

gantolebebs miviRebT, Tu (1.4) sistemidan rigrigobiT gamovricxavT ∝  da ∝  

parametrebs: 

																																																																																			
∝ , , 0	
∝ , , 0	

																																																			 1.5  

binarul velSi wertili ganisazRvreba ori mocemuli CaniSnuli wiris gadakveTiT  

(nax. 1.3). 

 binaruli velis arsebobisas igulisxmeba, rom  da 

 funqciebi (1.4) sistemaSi damoukidebelni arian, e.i. ar 

arsebobs raime saxis damokidebuleba maT Soris 

. Tu ∝  da ∝  wirTa ojaxebi urTierT marTobi 

paraleluri wirebisagan Semdgari ojaxebia, maSin am 

wirTa ojaxebiT Seqmnili binaruli veli orTogonalur 

bades warmoadgens. 

  da  funqciebis Tvisebebidan gamomdinare miiReba, 

rom: 1) ∝  wirTa ojaxi ar Seicavs TviTgadamkveT 

wirebs; 2) igive vrceldeba ∝  wirTa ojaxze; 3) ∝  TiToeuli wiri ∝  TiToeul 

wirs gadakveTs mxolod erT wertilSi. 

 binaruli velis gaformeba skalis gaformebis analogiuria. manZilebs or mezobel 

wirs Soris iReben cotaTi mets, vidre skalaze or mezobel wertils Soris, 

saxeldobr 2-10 mm farglebSi. CaniSnul wirebs gamoxazaven ufro sqeli xaziT, vidre 

CauniSnavebs. 
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 rogorc SesavalSi aRvniSneT, wignSi ZiriTadad gamoyenebulia sami tipis 

elementaruli nomograma: baduri, gasworebuli wertilebis da transparantuli. 

warmodgenilia agreTve amocanebi gasworebuli wertilebis Sedgenili nomogramis 

gamoyenebaze. 

 TiToeuli tipis elementarul nomogramas Seesabameba mxolod misTvis 

damaxasiaTebeli damokidebuleba nomogramis elementebs Soris. ase, magaliTad, baduri 

tipis nomogramaSi wirebi, romelTa gaswvriv warwerili ricxviTi sidideebi 

(CananiSnebi) akmayofileben mocemul gantolebas, gadian erT wirze (nax. 1.4). 

 
nax. 1.4. baduri nomogramiT sargeblobis sqema. 

 

gasworebuli wertilebis nomogramebi eqvemdebarebian erT sworze gamarTvis 

princips – mocemuli tolobis damakmayofilebeli CaniSnuli wertilebi skalebsa da 

binarul velebSi erT sworze unda mdebareobdnen (nax. 1.5). 

  

 
nax. 1.5. gamarTuli wertilebis nomogramiT sargeblobis sqema. 

 

rac Seexeba transparantul nomogramas, igi Sedgeba ori nawilisgan, romelTagan 

erTs uwodeben uZrav nawils, meores ki – moZravs an transparants (nax. 1.6).  
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nax. 1.6. transparantuli nomogramis sqema: 

a) uZravi nawili; 

b) moZravi nawili (transparanti). 

 

 aq aRvniSnavT transparantuli nomogramiT sargeblobis zogad princips. 

konkretulad, TiToeuli tipis transparantuli nomogramiT sargeblobis wesebi 

ganxiluli iqneba wignis saTanado nawilSi (nomogramis agebis meTodikis ganxilvisas). 

 imis mixedviT, Tu rogori tipis transparantul nomogramasTan gvaqvs saqme, 

nomogramis moZravi nawili SeiZleba gamovxazoT gamWvirvale qaRaldze (transparantze 

binaruli velebis arsebobisas) an gaumWvirvale qaRaldze (transparantze mxolod 

skalebis arsebobisas). garda amisa, nomogramis orive nawilze, saWiroebis SemTxvevaSi, 

SeiZleba gatarebul iqnes paraleluri xazebi, romlebic erTnairad unda iyvnen 

orientirebuli nomogramis orive nawilze. 

 nomogramiT sargeblobis wesi SemdegSi mdgomareobs: nomogramis b) nawils 

gamovWriT calke da davadebT uZrav a) nawilze. vaorientirebT maT paralelur xazebze 

da vaxdenT SeTavsebebs: uZravi nawilis ∝ ,∝  binarul velSi mocemuli ∝  da ∝  

parametrebis gadakveTis wertils vuTavsebT transparantze ∝  mocemul mniSvnelobas. 

am dros agebis principis gamo uZravi nawilis ∝ ,∝  binarul velSi mocemul 

wertils (∝  da ∝  gadakveTa) SeuTavsdeba mocemuli ∝  wertili transparantze, 

xolo ∝ ,∝  binarul velSi mocemuli wertilis gaswvriv transparantze 

wavikiTxavT pasuxs ∝  skalaze. sapasuxo parametrebi am dros SeiZleba iyos nebismieri 

erTi an ramdenime. 
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1.3. nomografiuli gamoTvlebis sizuste 

 

 sainJinro gamoTvlebisaTvis saWiro gamosaval monacemebs Soris Tundac erTi 

miaxloebiTi ricxvis arsebobisas, miRebuli Sedegi, gamoTvlebis Catarebis miRebuli 

meTodis sizustisagan damoukideblad, miaxloebiTi iqneba. amasTan, rogorc wesi, 

Sedegis cdomileba meti iqneba, vidre angariSSi Semavali yvelaze mcire sizustis mqone 

miaxloebiTi ricxvis cdomilebaa. 

 zemoTqmuli miaxloebiTi gamoTvlebis Teoriis ZiriTadi kanonia. isicaa 

mxedvelobaSi misaRebi, rom zust ricxvebze sxvadasxva moqmedebaTa Sedegad yovelTvis 

zust ricxvs ver vRebulobT. magaliTad, zusti ricxvebis Sekrebis, gamoklebis, 

gamravlebis da mTel ricxvSi axarisxebis Semdeg zust ricxvebs ki vRebulobT, magram 

igive ricxvebis gayofisa da amofesvis operaciebis Sedegad xSirad miaxloebiT 

ricxvTan gvaqvs saqme, xolo maTi galogariTmebisas yovelTvis – miaxloebiT 

ricxvebTan (gamonaklisia logariTmis fuZis zusti xarisxebis Semcveli ricxvebi). 

zogjer, mTeli ricxvebis gayofisas zust ricxvs vRebulobT, magram yvela cifris 

SenarCuneba ar aris mizanSewonili, ris gamoc darCenili ricxvi miaxloebiTi iqneba. 

garda amisa, formulaSi xSirad iracionaluri ricxvebi – 	 , ,  figurireben, 

romlebic mudmivi sidideebia, magram miaxloebiTi. 

 xSirad Tvlian, rom mocemuli gamosavali monacemebi unda ganvixiloT, rogorc 

zusti sidideebi. sinamdvileSi yovelTvis ase ar aris. 

 aucilebelia gamomTvleli flobdes angariSSi Semavali nebismieri miaxloebiTi 

ricxvis sizustis gansazRvris unars, rac mas saSualebas miscems daadginos rogorc 

Sualeduri, ise saboloo Sedegis SesaZlo sizuste. es mas zedmet unayofo gamoTvlebs 

aacilebs. 

 yovel miaxloebiT ricxvs gaaCnia absoluturi da fardobiTi cdomileba. 

damrgvaleba gvixdeba TiTqmis yvela teqnikuri gaangariSebisas. arsebobs wesi: rac metia 

miaxloebiT ricxvSi zusti niSnadi cifri, miT mcirea misi fardobiTi cdomileba. 

magram erTi da igive zusti niSnadi cifrebis drosac, fardobiTi cdomileba 

damokidebulia pirveli niSnadi cifris sidideze (rac metia pirveli niSnadi cifris 

sidide, miT naklebia fardobiTi cdomileba da piriqiT). aqedan gamomdinare 

miaxloebiTi ricxvis niSnadi cifrebis raodenobiTa da pirveli niSnadi cifris 

sididiT SeiZleba ganvsazRvroT, praqtikuli miznebisaTvis sakmarisi sizustiT, 

nebismieri miaxloebiTi ricxvis fardobiTi cdomileba. 

 analizi aCvenebs, rom miaxloebiTi ricxvisaTvis damatebuli TiToeuli niSnadi 

cifri amcirebs mis fardobiT cdomilebas, magram zrdis da arTulebs gamoTvliT 

samuSaoebs. umetesi teqnikuri angariSisas gamosavali monacemebis 3 niSnadi cifriT 

ifarglebian. 

 imis saCveneblad, rom miaxloebiT ricxvebze moqmedebisas yvela niSnadi cifris 

gaTvaliswineba ar aris saWiro saboloo Sedegis Sefasebisas, ganvixiloT konkretuli 

magaliTi [2]: 

 gadasamravlebelia 3 niSnadiani miaxloebiTi ricxvebi – 3.27, 2.43 da 0.735. maTi 

zusti namravli yvela cifris SenarCunebiT tolia 
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3,27 ∙ 2,43 ∙ 0,735 5,8403835. 
radgan ricxvebi miaxloebiTia, maTi WeSmariti sidideebi moqceulia Semdeg zRvrebSi: 

3,265 3,27 3,275	; 
2,425 2,43 2,435	; 

0,7345 0,735 0,7355	. 
 gamovTvaloT Sedegis SesaZlo minimaluri da maqsimaluri mniSvnelobebi: 

3,265 ∙ 2,425 ∙ 0,7345 5,8154955625	; 
3,275 ∙ 2,435 ∙ 0,7355 5,8653366875	. 

SevadaroT Sedegis yvela mniSvneloba erTmaneTs 

5,8154955625 5,8403835 5,8653366875	. 
aSkaraa, rom yvela niSnadi cifris namravlSi gaTvaliswinebas  araviTari sargebloba 

ar moaqvs. zustia mxolod meore niSnadi cifri 3,3 ∙ 2,4 ∙ 0,74 5,8 , risi 

uzrunvelyofa Tavisuflad SeuZlia nomogramas (maT Soris logariTmul saxazavsac). 

 sainJinro gamoTvlebisaTvis nomogramebis gamoyenebis are ganisazRvreba pasuxis 

miRebis im sizustiT, romelsac isini iZlevian. sizuste ki damokidebulia 

sanomografirebo formulis saxeze, cvladebis cvlilebaTa diapazonze, nomogramis 

tipze da naxazis zomebze, romelic nomogramis asagebad saWiro parametrebis sidideTa 

SerCevazea damokidebuli. 

 saSualod nomogramas SeuZlia uzrunvelyos pasuxis 2-3 niSnadi zusti cifriT 

miReba. aseTi sizuste xSirad praqtikul sainJinro-teqnikur amocanaTa farTo 

klasisaTvis srulebiT sakmarisia. mxedvelobaSia misaRebi, rom nomogramebs axasiaTebT 

pasuxebis miRebis sxvadasxva sizuste, skalebzea is asaRebi Tu binarul velebSi. 

zogjer pasuxis miRebis sizustis gazrda nomogramaSi cvladebis jamis, fardobis an 

namravlis SetaniT miiRweva. am operaciebs SeuZlia binaruli veli skalebiT Secvalos. 

sizustis gazrdis erT-erTi xerxia ara mTeli formulis, aramed misi calkeuli 

nawilebis nomografireba. bolos, sizustis gazrdisaTvis cvladebis cvalebadobaTa 

diapazons hyofen nawilebad da nomogramebis serias ageben. 

 rodesac saqme gvaqvs miaxloebiT nomografirebasTan (igi emyareba raRac dasaSvebi 

cdomilebiT mocemuli aranomografirebadi damokidebulebis Secvlas nomografirebadi 

damokidebulebiT), pasuxis miRebis sizustis Sefasebisas mxedvelobaSi unda miviRoT 

ara marto nomogramiT pasuxis miRebis cdomileba, aramed aproqsimaciis cdomilebac. 

 mxedvelobaSia misaRebi isic, rom nomograma aslis gadaRebisa da naxazis masStabis 

Secvlisas (skanirebisas) ramdenadme kargavs sizustes, Tumca cdomileba rCeba 

teqnikurad misaReb farglebSi. 

 rodesac nomograma ver uzrunvelyofs gamoTvlebis saWiro sizustes, is SeiZleba 

gamoviyenoT, rogorc damatebiTi gamomTvleli saSualeba miaxloebiTi angariSis, 

nulovani miaxloebis povnisa da gamoTvlebis kontrolisaTvis – uxeSi Secdomis 

gamovlenis mizniT. 

 nomogramebiT sargeblobisas saqme gvaqvs Tanabarzomier da araTanabarzomier 

skalebTan. maTze anaTvlebis aRebis fardobiTi da absoluturi cdomilebebi sxvadasxvaa 

da aseve sxvadasxvaa maTi cvlilebis xasiaTic. 
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 Tanabarzomier skalaze, romlis mTel sigrZeze danayofis safasuri mudmivia, 

anaTvlis absoluturi Secdomebic mudmivia. rac Seexeba fardobiT cdomilebebs, aseT 

skalaze maTi sidide cvalebadia da Semdeg kanonzomierebebs emorCileba: 

1) CananiSnebis ricxviT mniSvnelobaTa ramdenjerme gazrda skalis igive sigrZis 

datovebiT, anaTvlis fardobiT cdomilebas ar zrdis; 

2) erTi da igive skalaze anaTvlis fardobiTi cdomileba CananiSnebis mniSvnelobaTa 

gazrdisas mcirdeba. am dros SeiZleba aRmoCndes, rom skalebis qveda anu mcire 

CananiSnebisaTvis fardobiTi cdomileba didi da praqtikuli TvalsazrisiT 

gamousadegari iqneba. aqedan gamomdinare, cvladebis cvalebadobaTa diapazonis 

dadgena, gansakuTrebiT ki qveda zRvrisa – mniSvnelovani sakiTxia. 

 praqtikulad, nomogramebiT sargeblobisas miRebulia, rom 5% da meti fardobiTi 

cdomileba – didi cdomilebaa da amitom skalebis im nawilis gamoyeneba, sadac aseT 

cdomilebas vRebulobT, ar aris mizanSewonili. 

 imisaTvis, rom nomograma sakmaris fardobiT cdomilebas gvaZlevdes, mimarTaven 

skalis modulis gazrdas. Tu aseTi RonisZieba sasurvel Sedegs ar iZleva, maSin 

cvladebis cvlilebaTa zRvrebis danawilebas da maTTvis cal-calke nomogramebis agebas 

mimarTaven. 

 araTanabarzomier skalaze anaTvlis aRebis absoluturi cdomilebebi cvalebadia, 

fardobiTi ki – mudmivi. zogadad, fardobiTi cdomileba damokidebulia skalis 

modulze (masStabze). modulis gazrdiT an SemcirebiT izrdeba an mcirdeba anaTvlis 

aRebis sizuste. 

 araTanabarzomieri skalis yvelaze gavrcelebuli magaliTia logariTmuli skala. 

misi ganmasxvavebeli Tviseba Tanabarzomier skalasTan SedarebiT, anaTvlis aRebis 

mudmivi fardobiTi cdomilebaa. rac Seexeba absolutur cdomilebas, misi sidide 

cvalebadia, radgan cvalebadia danayofTa sigrZeebi maTi ucvleli safasuris dros. 

marTlac, vTqvaT mocemulia logariTmuli ∝ skala (nax. 1.7), romlis gantolebaa 

lg ∝  

 
nax.1.7 

 

 davuSvaT, ∝ skaliT sargeblobisas mudmiv geometriul ∆  Secdomas vuSvebT, 

maSin ∝ zusti mniSvnelobis nacvlad ∝ ∆∝ sidides wavikiTxavT. skalis 

gantolebidan gamomdinare, gveqneba 

∆ ∝ ∝	.									∆ 10
∙
∆∝
∝
		, 

saidanac 

∆∝
10

∆ ∙∝
2,30

	∆ ∙∝	. 

fardobiTi cdomileba procentebSi toli iqneba 

∝
∆∝
∝
∙ 100%

230
∆ %	. 
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 miRebuli Sedegidan gamodis, rom logariTmul skalaze anaTvlis aRebis 

fardobiTi cdomileba, cnobili  modulis dros, mxolod ∆  geometriuli 

cdomilebiT ganisazRvreba da wertilis skalaze mdebareobaze ar aris damokidebuli. 

 ganvixiloT magaliTi. ganvsazRvroT ∝ fardobiTi cdomileba logariTmul 

skalaze, romelic 250	mm moduliTaa agebuli ∆ 1	mm geometriuli Secdomis 

dros (es Secdoma TvalisaTvis miRebul 0,2-0,3 mm Secdomaze gacilebiT metia). 

gveqneba 

∝
230
250

∙ 1% 0,92%		, 

e.i. 1mm geometriuli Secdoma 250mm modulis mqone logariTmul skalaze ~1% 

fardobiT cdomilebas gvaZlevs, rac sainJinro-teqnikuri gamoTvlebisaTvis srulebiT 

misaRebi cdomilebaa. 

 yovelive zemoTqmulidan SeiZleba davaskvnaT, rom ori-sami niSnadi cifris 

nomogramaze miReba umravles SemTxvevaSi SesaZlebelia, rac sainJinro gamoTvlebis 

sizustes akmayofilebs. aseve misaRebia nomogramebiT gamoTvlebisas pasuxis miRebis 

absoluturi da fardobiTi sizusteebi. 

 

 

1.4. baduri nomograma da misi  
agebis meTodika 

 

 baduri tipis nomograma praqtikulad nebismieri samcvladiani damokidebulebis 

																																																																																						 , , 0																																																									 1.5   

grafikulad gamosaxvis saSualebas iZleva. (1.5) gamosaxuleba warmovadginoT -s 

mimarT amosaxsnelad 

																																																																																							 , 	.																																																										 1.6   

CavTvaloT  pirvel, - meore da - mesame cvladad. 

 (1.5) gamosaxulebis baduri nomogramis zogadi saxis asagebad aviRebT ,  

cvladebis nebismier binarul vels.  cvlads vaZlevT , , … ,  fiqsirebul 

mniSvnelobebs da ( , ) binarul velSi vagebT (1.6) damokidebulebis grafiks  

SerCeuli fiqsirebuli mniSvnelobebisaTvis. Sedegad 1.8 naxazze mocemul badur 

nomogramas miviRebT, romelic , ,  wirTa sami ojaxisgan Sedgeba. 

 nomogramis agebis xerxidan gamomdinareobs sargeblobis wesi. Tu ,			  da  

cvladebi akmayofileben (1.5) gantolebas, maSin am cvladebis CananiSnebiani wirebi erT 

wertilSi gaivlian da mas amonaxsni ewodeba. 

 
nax. 1.8 (1.5) gantolebis nomogramis sqema. 
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 badur nomogramaSi ,  da  cvladebidan saZiebo SeiZleba nebismieri iyos anu 

nebismieri ori cvladis gadakveTis wertilSi gamavali mesamis mniSvneloba iqneba 

pasuxi. 

 Tu ,  binaruli veli mocemulia dekartis marTkuTxa koordinatTa  

sistemaSi gantolebebiT: 

																																																																																				
, ;
, ,

																																																													 1.7  

maSin  wirTa ojaxs avagebT misi parametruli gantolebiT, romelsac miviRebT (1.7) 

gantolebebSi -s nacvlad (1.6)-is CasmiT: 

																																																																																
, , ,
, , .

	 																																																				 1.8  

am gantolebebSi  cvladi ganixileba, rogorc parametri. misi gamoricxviT, 

miviRebT  wirTa ojaxis gantolebas 

, , 0	. 
  da  wirTa ojaxebis gantolebebis misaRebad  da  cvladebi 

TanamimdevrobiT unda gamovricxoT (1.7) gantolebebidan. miviRebT 

, , , 
, , . 

,  da  funqciebis indeqsebi miuTiTeben Sesabamis cvladebze , , . 

baduri nomogramis konstruirebisas (1.5) damokidebulebaSi sami cvladidan 

nebismieri ori SeirCeva sworxazovnad, mesame, zogadad iqneba mrudxazovani.	
 baduri nomograma SeiZleba ori xerxiT aigos. 

 pirveli xerxi sinTezuria da misi gamoyenebisas ,  binaruli veli aigeba 

nebismierad  da  cvladebis cvlilebaTa mocemul zRvrebSi (SeiZleba 

funqcionaluri badis gamoyenebac). ,  binarul velSi (1.6) gantolebis daxmarebiT 

vagebT  wirTa ojaxs. am dros marTkuTxa koordinatTa sistemiT ar vsargeblobT. 

 meore xerxi analizuria da gamoiyeneba marTkuTxa koordinatTa  sistema. am 

sistemaSi nebismierad aviRebT or wirTa ojaxis gantolebas, vpoulobT mesame cvladis 

wirTa ojaxis gantolebas gamosaval da wirTa ojaxebis ori gantolebidan. Semdeg 

vagebT erTmaneTisgan damoukideblad wirTa sam ojaxs, rac iZleva badur nomogramas. 

 
nax. 1.9 dekartis abakis sqema. 
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Tu ,  binarul velSi wirTa ojaxebis gantolebebs SevarCevT ise, rom 

orTogonaluri bade miviRoT da avagebT  wirTa ojaxs (1.6) gantolebis daxmarebiT, 

miviRebT baduri tipis nomogramas (nax. 1.9), romelsac dekartis abaka ewodeba. 

dekartis abakis misaRebad ,  binaruli velis gantolebebs Semdegi saxe unda 

hqondes 

																																																																										
	,
	.
	 																																																										 1.9  

sadac , , ,  gardaqmnis parametrebia. 

Tu (1.9) sistemaSi miviRebT  da , miviRebT martiv dekartis 

abakas ,  Tanabarzomieri badiT. Tu 	da , gveqneba dekartis 

abaka ,  logariTmuli badiT.  

 , ,  da  parametrebis geometriuli azri aseTia:  da  – gansazRvraven 

koordinatTa saTaves, xolo  da  – badis zomebs abscisisa da ordinatis RerZebis 

mimarTulebiT. 

 davuSvaT,  da  – monotonuri da zrdadi funqciebia da icvlebian 

zRvrebSi 

	, 
	. 

 moviTxovoT, rom koordinatTa saTaveSi iyos wertili  da  CananiSnebiT. 

maSin SegviZlia davweroT 

0 	, 
0 		. 

aqedan gveqneba 

	, 
	. 

 da  parametrebis gansazRvrisaTvis davuSvaT  aris badis sigrZe abscisTa 

RerZis gaswvriv, xolo  – ordinatTa RerZis gaswvriv (nax. 1.10) 

 
nax. 1.10. ,  badis konstruqcia  badis asagebad (1.6) tolobiT. 

 

 da  parametrebis sidideebi, romlis dros bades eqneba ∙ 	  zomebi, 

ganisazRvreba gantolebebidan: 

	, 
	, 
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saidanac gveqneba 

	, 

		 .	

 da  aiReba nebismierad nomogramis xelsayrelad ganlagebis TvalsazrisiT. 

 baduri tipis nomogramebi wignSi warmodgenilia, ZiriTadad, dekartis abakis saxiT 

da mas eZRvneba meore Tavi. 

 

 

1.5. gasworebuli wertilebis nomograma 

da misi agebis meTodika 

 

 gasworebuli wertilebis principi, rogorc 1.2 paragrafSi aRvniSneT, emyareba 

wertilebis erT wrfeze gasworebas. 

 davuSvaT, marTkuTxa koordinatebis 0  sistemaSi (nax. 1.11) mocemulia ∝ ,∝ , 

∝ ,∝ , da ∝ ,∝  binaruli velebi gantolebebiT: 

 																																																			
veli		 ∝ , ∝ :						 	, 	;
	veli		 ∝ , ∝ :						 	, 	;
	veli		 ∝ , ∝ :						 	, 	.

																																		 1.10  

 

 
nax. 1.11. sam binarulveliani gasworebuli wertilebis  

nomogramis sqema. 

 

nax. 1.11-ze mocemuli nomogramiT sargeblobis sqema aseTia: vpoulobT ∝ ,∝  binarul 

velSi ∝  da ∝  mocemuli sidideebiT maTi gadakveTis  wertils, xolo ∝ ,∝  

binarul velSi igive principiT  wertils. davadebT  da  wertilebze saxazavs, 

romlis gadakveTa mocemul ∝  wrfesTan mogvcems  wertils. ∝  wirTa ojaxis 

sidide, aTvlili  wertilze, mogvcems pasuxs. sapasuxo wertili SeiZleba iyos 

nebismieri 	 ∝ , ∝ , ∝ , ∝ , ∝ , ∝ . 

 ,  da  wertilebi erT wrfeze mdebareoben da maTi koordinatebia:  da ; 

 da ;  da . gavataroT  RerZis paraleluri  wrfe da  RerZis 
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paraleluri  da  wrfeebi. miRebuli  da  samkuTxedebis msgavsebidan 

gvaqvs 

 

Tu am fardobaSi , ,  da  monakveTebs gamovsaxavT koordinatebiT, miviRebT 

	. 

Tu  da  koordinatebis nacvlad (1.10) tolobebidan Sesabamis funqciebs CavsvamT, 

gveqneba 

																																																																								 																																																					 1.11  

Tu binaruli velebis magivrad gvaqvs skalebi, davwerT 

																																																																									 																																																												 1.12  

(1.11) da (1.12) tolobebs gasworebuli wertilebis nomogramis kanonikuri formebi 

ewodebaT. rodesac gvinda romelime formulis Sesabamisi gasworebuli wertilebis 

nomograma avagoT, es formula unda daviyvanoT romelime kanonikur formaze. zogadad 

gasworebuli wertilebis nomograma SeiZleba agebul iqnes 6 cvladiani 

gantolebisaTvis. 

 (1.12) forma SeiZleba CavweroT determinantis saxiT 

																																																																															
1
1
1

0																																																								 1.13  

Caweris analogiuri forma SeiZleba gamoviyenoT (1.11) formisTvisac 

																																																																												
1
1
1

0																																																					 1.14  

saerTod, am saxis nomogramebisaTvis ZiriTad kanonikur formad iTvleba (1.11), xolo 

(1.12) forma misi kerZo SemTxvevaa. 

 gasworebuli wertilebis nomogramebi ramdenime saxisaa, kerZod elementaruli da 

Sedgenili; skalebiani da binarulveliani; erTi gantolebis da gantolebaTa sistemebis. 

skalebiani da binarulvelebiani nomogramebi SeiZleba warmoadgendnen erT gantolebas, 

an gantolebaTa sistemas, elementarul (saxazavis erTi dadebiT) an Sedgenil 

(saxazavis ramdenjerme dadebiT) nomogramas. aseve erTi gantolebis an gantolebaTa 

sistemis nomogramebi SeiZleba iyos rogorc skalebiani, ise binarulvelebiani, 

elementaruli an Sedgenili. xolo elementaruli da Sedgenili nomogramebi SeiZleba 

iyos rogorc skalebiani, ise binarulvelebiani, erTi gantolebis an gantolebaTa 

sistemis. 

 winamdebare wignSi Cven ganvixilavT iseTi gasworebuli wertilebis nomogramebis 

agebis meTodikas, romlis Sesabamisi konkretuli geodeziuri amocanac aris 

warmodgenili wignSi. 

 qvemoT mocemulia aseTi nomogramebis agebis meTodika da sargeblobis principebi. 
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1) gasworebuli wertilebis elementaruli nomograma ori paraleluri skaliTa da 

binaruli veliT. 

 (1.11) an, rac igivea, (1.14) eqvscvladiani kanonikuri formis mniSvnelovani kerZo 

SemTxvevaa oTxcvladiani, e.w. koSis formis kanonikuri saxe 

																																																																							 0	,																																																			 1.15  

sadac ,  da  aris funqciebi, xolo 1,2,3,4	– indeqsebi.  
 imisaTvis, rom (1.15) forma daviyvanoT (1.11) nomografirebad saxeze, gardavqmnaT 

igi. gavamravloT (1.15) toloba -ze, sadac  nomogramis asagebad saWiro erT-

erTi parametria da warmoadgens geometriulad or swor paralelur skalas Soris 

manZils. 

																																																																		 0	.																																									 1.16  

(1.16) tolobis orive mxares davumatoT , 

																																													 	.																																 1.17  

gardavqmnaT (1.17) toloba 

	. 
gavyoT tolobis orive mxare -ze da davweroT Semdegi saxiT 

	. 

davweroT ukanaskneli toloba Semdegi saxiT 

		. 

dabolos, daviyvanoT ukanaskneli toloba (1.11) nomografirebad kanonikur saxeze 

																																																																				
0 0

		.																																																			 1.18  

nomogramis elementebis umartivesi gantolebebi ase Caiwereba: 

																																						

skala	 ∝ :															 0	,																 	;
skala		 ∝ :													 	,																 	;

	veli		 ∝ , ∝ :			 	 , 	 .
																												 1.19  

nomogramis sqema mocemulia nax.1.12-ze. 

 
nax.1.12. gamarTuli wertilebis nomogramis sqema ori paraleluri skaliTa  

da binaruli veliT (1.15) koSis formisaTvis. 
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 SevitanoT nomogramis elementebis gantolebebSi geometriuli parametrebi – , 

,  da , sadac  da  nebismieri, xolo  da  dadebiTi ricxvebia. amisaTvis (1.15) 

gantoleba CavweroT misive tolfasi saxiT 

 

																																																																 0																																																							 1.20  

(1.20) gantolebas isev (1.15) kanonikuri forma aqvs. amitom nomogramis elementebis 

axali gantolebebi, romlebic gardaqmnis parametrebs Seicaven, Caiwereba ase: 

																																																	

skala	 ∝ :								 0	,											 	;		
skala		 ∝ :									 	,										 	;

veli ∝ ,∝ :			 		,																			

																										 	 .

																														 1.21  

 (1.21) skalebisa da binaruli velis gantolebebSi  parametri gansazRvravs or 

paralelur ∝  da ∝  skalas Soris manZils,  da  parametrebi – am skalebis zomebs 

(moduli, masStabi), xolo  da  parametrebi – skalebis vertikalze mdebareobas. 

nomogramis konstruireba mdgomareobs CamoTvlili parametrebis sidideTa SerCevaSi. am 

dros cdiloben nomogramis yvela elementi ganalagon naxazis sazRvrebSi. Cveulebriv 

 da	  modulTa sidideebs SearCeven ise, rom ∝  da ∝  skalebi daaxloebiT toli 

sigrZis iyos.  da  parametrebi saSualebas gvaZleven ganvalagoT ∝  da ∝  skalebis 

nebismieri wertili  RerZze. xSirad,  RerZze ganalageben skalebis sawyis sidideebs. 

 zogjer SesaZlebelia (1.15) koSis formaSi niSnebi Seicvalos  da  an  da 

 funqciebma. amitom saWiroa vicodeT, rom nomografireba SesaZlebelia, Tu (1.15) 

gantolebas eqneba saxe: 

0 
an 

				 0		. 
zemoT ganxiluli meTodikis gamoyenebiT aris agebuli mesame Tavis 3.1. paragrafSi 

warmodgenili amocanis nomograma (nax. 3.2) 

2) gasworebuli wertilebis elementaruli nomograma sami paraleluri skaliT 

gantolebaTa sistemisaTvis. 

 gantolebaTa sistemisaTvis nomogramis agebis meTodikis gacnobamde ganvixiloT 

erTi samucnobiani damokidebulebisaTvis nomogramis agebis meTodika. 

 (1.15) koSis formis kanonikur gantolebaSi Tu davuSvebT, rom 1, 1 da 
, miviRebT formas  

																																																																																					 																																																														 1.22  

(1.22) formis nomograma gamoisaxeba sami swori paraleluri skaliT da misi sqema 

mocemulia nax.1.13-ze. 
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nax.1.13 gasworebuli wertilebis nomogramis 

sqema (1.22) formisaTvis. 

 

(1.22) formisaTvis nomogramis skalebis gantolebebi iqneba: 

																																										

skala	 ∝ :								 0	,											 	;
skala		 ∝ :									 	,									 	;

skala	 ∝ :					 ,			 .
	

																									 1.23  

 advili SesamCnevia msgavseba (1.23) da (1.21) skalebis gantolebebSi. orive 

SemTxvevaSi ∝  da ∝  skalebis gantolebebi identuria. rac Seexeba (1.21)-is ∝ ,∝  

binarul vels, igi gadaiqca (1.23)-is ∝  skalad, romlis gantolebebi miiReba zemoT 

mocemuli daSvebebis 1, 1,  gaTvaliswinebiT. 

nax. 1.13-ze mocemuli sqemis mixedviT da (1.23) skalebis gantolebebidan, radgan 

∝  skalis , amitom ∝  da ∝  skalebs Soris manZili toli iqneba – 

, xolo . 

 Tu (1.22) gantolebas CavwerT  saxiT an  

saxiT, miviRebT nomogramebs, romlebSic Sesabamisad, Sualedi skala iqneba ∝  an ∝  

(mxedvelobaSi unda miviRoT, rom skalis niSnis Secvlisas icvleba misi dagraduirebis 

mimarTuleba). 

 sami paralelurskaliani nomogramis ((1.22) formisaTvis) agebis meTodikis 

gacnobis Semdeg araviTar siZneles ar warmoadgens aseTive saxis gantolebaTa 

sistemisaTvis nomogramebis ageba: 

																																																																	
∝ ∝ ∝ 	,
∝ ∝ ∝ 	,

																																										 1.24  

sadac , ,  da arian ricxviTi koeficientebi; , , ,  – funqciebia, xolo 

∝ , ∝ , ∝ , ∝  – skalebi. es sistema SeiZleba warmovadginoT paralelurskalebiani 

nomogramiT ∝ , ∝ , ∝  da ∝  skalebiT, romlebic dakavSirebulni arian erTmaneTTan 

da amoixsneba saxazavis erTi dadebiT. Tumca aris SemTxvevebi (Cveulebrivi an 

logariTmuli skalebis dros), roca ∝  an ∝  skalebi moiTxoven sxvadasxva 

diapazonebSi graduirebas, ris gamoc (1.24) sistemis calkeul gantolebas aqvs Tavisi 

amoxsnis gasaRebi (amaTgan erT-erTi skala ucvlelia). (1.24) sistemis nomograma 

mocemulia 1.14 naxazze. 
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nax. 1.14 gasworebuli wertilebis nomogramis sqema  

(1.24) sistemisaTvis. 

 

 skalebis gantolebebi (1.24) sistemis calkeuli tolobebisaTvis ∝ , ∝ , ∝  da 

∝ , ∝ , ∝  daiwereba (1.23)-is analogiurad, mxolod unda gaviTvaliswinoT, rom 

geometriuli parametrebi – , , , ,  da  unda SerCeul iqnes nomogramis 

skalebis kompaqturad ganlagebis gaTvaliswinebiT. gantolebaTa sistemis ganxiluli 

nomograma wignSi warmodgenilia 3.4 da 3.5 naxazebiT. 

3) gasworebuli wertilebis nomograma ori paraleluri da erTi daxrili skaliT. 

 Tu koSis kanonikur (1.15) formaSi davuSvebT  1,  da 0, 
miviRebT 

																																																																																 																																																																						 1.25  

formas, romlis sqema mocemulia 1.15 naxazze 

 
nax. 1.15 gasworebuli wertilebis 

nomograma (1.25) formisaTvis. 

 

 zemoT mocemuli daSvebebisa da (1.21)-is gaTvaliswinebiT (1.25) formis skalebis 

gantolebebi iqneba: 

																																																			

skala	 ∝ :								 0	,											 	;
skala		 ∝ :									 	,									 	;

skala	 ∝ :					 ,			 .
	

																									 1.26  

 wina SemTxvevebis msgavsad, nomogramis variantis SerCevisas unda mxedvelobaSi 

gvqondes, rom (1.25) SeiZleba warmovadginoT 
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an 

 

saxiT. aqedan gamodis, rom nomogramis elementebis gantolebebSi SeiZleba erTdroulad 

SevcvaloT  da  an  da  funqciebis niSnebi. es SemTxveva calke nomogramis 

saxiT wignSi warmodgenili ar gvaqvs, magram igi Sedis Sedgenil nomogramaSi, romelic 

ganxilulia qvemoT. 

4) gasworebuli wertilebis Sedgenili nomograma. 

 gasworebuli wertilebis Sedgenili nomogramebi, romlebic (1.15) zogadi formis 

da misi kerZo SemTxvevebis (1.22), (1.25) an sxva formebisgan warmoiqmneba, praqtikaSi 

sakmaod xSirad gvxvdeba. aseTi nomogramebis asagebad mocemul gantolebas hyofen 

elementaruli nomogramebis Semcvel (1.22), (1.25) da sxv. saxis gantolebebad damxmare 

cvladebis I, II da a.S. – e.w. `munji~ skalebis SemoRebis gziT. elementaruli 

nomogramebis gaerTianebiT ise, rom erTnairi skalebi maTSi emTxveodnen erTmaneTs, 

vRebulobT Sedgenil nomogramas. damatebiTi cvladebis  munj skalebs ar agraduireben, 

magram es aucilebelia Tu maT raime fizikuri arsi gaaCniaT. 

 ganvixiloT mravalTagan erT-erTi formis Sedgenili nomogramis agebis meTodika 

																																																																															 	.																																																												 1.27  

SemoviRoT damxmare I cvladi 

		. 
miRebuli ori gantolebidan pirveli dagvyavs (1.25) saxeze 

∙
1
		, 

xolo meore (1.22) saxeze 

	. 
pirveli gantoleba SeiZleba warmovidginoT ∝  da  paraleluri skalebiT da ∝  

sworxazovani daxrili skaliT, meore gantoleba ki – , ∝  da ∝  sami paraleluri 

skaliT.  munji skala aseTi saxis nomogramebSi unda iyos saerTo orive 

gantolebisaTvis. Sedegad miviRebT Sedgenil nomogramas, romlis sqema mocemulia 1.16 

naxazze. 

 analogiurad nomografirdeba (1.27)-isgan gansxvavebuli sxva formebic, magaliTad 

.	  

 
nax. 1.16 gasworebuli wertilebis Sedgenili nomogramis  

sqema (1.27) formisaTvis. 
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Sedgenili nomogramiT sargeblobis gasaRebi SemdegSi mdgomareobs: mocemuli ∝  

da ∝  sidideebiT saxazavis erTi dadebiT vpoulobT munj I skalaze wertils, xolo 

saxazavis meore dadebiT miRebul wertilsa da mocemul ∝  an ∝  skalaze, vipoviT 

pasuxs ∝  an ∝  skalaze. rogorc vxedavT, Tu elementarul nomogramaze pasuxs 

saxazavis erTi dadebiT vpoulobdiT, Sedgenil nomogramaze orjer an metjer (rodesac 

ramdenime munji skala gvaqvs) gvixdeba am operaciis Sesruleba.  

 Sedgenili nomogramis magaliTi wignSi warmodgenilia 3.6 naxaziT.  

 

 

1.6. transparantuli nomograma da misi  

agebis meTodika 

 

 rogorc (1.2 paragrafSi) aRvniSneT, orientirebuli transparantuli nomogramebis 

agebis principi emyareba dekartis koordinatTa sistemis  da  RerZebis gaswvriv 

gadaadgilebas RerZebis mobrunebis gareSe. Tu RerZebis mobrunebasac eqneba adgili, 

maSin zogadi saxis transparantul nomogramasTan gvaqvs saqme. 

 winamdebare wignSi saTanado amocanebSi, gamoyenebulia orientirebuli 

transparantuli nomogramebi, rogorc gamWvirvale, ise gaumWvirvale transparantebiT, 

romelTa moZrav nawilze anu transparantze ganlagebulia rogorc binaruli velebi, 

ise skalebi. amitom qvemoT ZiriTadad, aseTi saxis nomogramebis agebis meTodikas 

ganvixilavT. 

 mravali sainJinro-geodeziuri amocana SeiZleba dayvanil iqnes transparantuli 

nomogramis Semdeg saxeze: 

																																																													
	;
	, 																																											 1.28  

sadac  aris ∝ ,∝  orcvladiani funqciis Semoklebuli aRniSvna ;   aris 

(∝ ) erTcvladiani funqciis aRniSvna da a.S. kerZo SemTxvevebSi , , , , 

,  funqciebidan romelime erTi an ramdenime SeiZleba iyos erTcvladiani an 

zogjer mudmivi sididec. aseve  , , , , , 	  erTcvladiani funqciebidan 

zogierTi SeiZleba iyos mudmivi sidide. 

 davuSvaT, gvaqvs ori sibrtye – erTi  koordinatTa sistemiT da meore ′ ′ 
koordinatTa sistemiT (nax. 1.17) 

 
nax.1.17 wertilebi TavianTi koordinatebiT nomogramaze: 

a)uZravi nawili; b) moZravi nawili – transparanti. 
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 nax.1.17- ze  da   aris  wertilis koordinatebi, aseve 	 da  - 

-is ,  da - - is, xolo moZrav nawilze , ,  ,  da ,  arian , 

 da  wertilebis koordinatebi. 

 miviRoT  da  funqciebi  wertilis mimdinare koordinatebad, aseve  

da - -is, xolo ,  da - -is. msgavsad,  da ,  da ,  da  

funqciebi miviRoT ,  da  wertilebis mimdinare koordinatebad, maSin (1.28)-is 

nacvlad gveqneba  

																																																												
	,
	, 																																													 1.29  

(1.29) damokidebulebebi kavSirs amyareben uZrav nawilze ganlagebuli , ,  

wertilebis koordinatebsa da moZrav nawilze ganlagebuli ,  da 	 wertilebis 

koordinatebs Soris. aRniSnulis geometriuli interpretacia aseTia: Tu nomogramis b) 

moZrav nawils ise davdebT a) uZrav nawilze, rom ′  RerZi paraleluri iqneba  

RerZis, 	 wertili daemTxveva  wertils, maSin  da , agreTve 	 da  

wertilebic daemTxvevian erTmaneTs.  ukanaskneli, uSualod gamomdinareobs (1.29)-is 

wertilTa koordinatebis sxvaobebis tolobis pirobidan. 

 zogadad, ,  da a.S. tolobebs Seesabameba uZrav nawilze ∝ ,∝ , 

∝ ,∝ , ∝ ,∝  binaruli velebi (nax. 1.18 a), xolo ,  da a.S. 

tolobebs Seesabameba nomogramis moZrav nawilze anu transparantze - ∝ , ∝ , ∝  

skalebi Sesabamisad (nax. 1.18 b). 

 
nax. 1.18. orientirebul transparantiani nomogramis sqema: 

a) uZravi nawili; b) transparanti. 

 

amgvarad, ,  da  wertilebis geometriuli adgili uZrav nawilze ∝ ,∝ , 

∝ ,∝  da ∝ ,∝  binaruli velebia. aseve ,  da  wertilebis geometriuli 

adgili moZrav nawilze – ∝ , ∝  da ∝  skalebia. (1.29) tolobebi ki (1.28) 

tolobebis geometriuli interpretaciaa. 1.18 naxazze warmodgenil nomografiul 

konstruqcias ewodeba nomograma orientirebuli transparantiT, sadac transparants 

zogjer SeiZleba hqondes saxazavis saxe, romlis zeda (an qveda) nawilSi  RerZis 

paralelurad iqneba ganlagebuli skalebi an fiqsirebuli wertilebi. 

 transparantis uZrav nawilze dadebisas orientireba xdeba  da ′ ′ RerZebis 
paralelurobiT. amisaTvis uZrav nawilze atareben  RerZis paralelur e.w. 

saorientiro xazebs. rodesac transparants aqvs saxazavis saxe, igi SeiZleba 



32 
 

Sesruldes Cveulebriv gaumWvirvale qaRaldze, winaaRmdeg SemTxvevaSi sruldeba 

gamWvirvale qaRaldze. 

 (1.28) gantolebaTa sistema Seicavs 9 cvlads. SeiZleba sistema Seicavdes rogorc 

9-ze met, ise nakleb cvlads (minimumia sami, maqsimumi ki ar aris gansazRvruli). 

 (1.28) sistemis nomogramis elementebis koordinatebi gamovsaxoT cxrili 1.1-is 

saxiT 

cxrili 1.1 

         

         

nomogramiT sargeblobis gasaRebis misaRebad (1.28) sistemaSi  niSans ori indeqsiT 

SevcvliT -iT, xolo igive  niSans erTi indeqsiT – -iT, ris Sedegad SegviZlia 

nomogramis uZravi da moZravi nawilebis kontaqti ase gamovsaxoT 

| | 	, | | 	, | | 	. 
cvladebiT gamosaxvisas gveqneba 

∝ ,∝ | | ∝ 	, ∝ , ∝ | | ∝ 	, ∝ , ∝ | | ∝ 	,		 
sadac | | niSani ormagi kontaqtis anu uZrav da moZrav nawilebze wertilebis 

kontaqtia. aris wertilis xazTan kontaqtis aRmniSvneli niSanic | |, romelsac 

ubralo kontaqti hqvia.  

 xmarebisaTvis moxerxebuli transparantuli nomogramis asagebad saWiroa misi ama 

Tu im saxiT gardaqmna. 

 SevitanoT (1.28) sistemis gantolebebSi Semdegi nebismieri parametrebi  

, 	 , 	 , 	 , , , , , 	 , 	 , 	 		da		 	 
(1.28)-is pirveli toloba gavamravloT 	 -ze, xolo meore – -ze: 

																																									
	 	 	 	 	 	 	,
	 	 	 	 	 	 		.

																													 1.30  

SevkriboT (1.28)-is pirveli tolobis wevrebi da (1.30)-is meore tolobis wevrebi, 

aseve (1.28)-is meore tolobis da (1.30)-is pirveli tolobis wevrebi: 

																											

	 	 	 	
	 	 ;

	 	 	 	

	 	 .

																			 1.31  

gavamravloT (1.31)-is pirveli toloba 	 -ze, xolo meore – 	 -ze: 

	 	 	 	 		 	 		 	 		
																																																	 	 		 	 	 ,

	 	 	 	 	 	 	 	 	 	

																																																 	 	 	 	 .

		 1.32  

, , , 	, , 	 , 	 		da		   parametrebis Sesatanad davweroT igiveoba 

																																											
,
.
																				 1.33  

SevajamoT (1.32) da (1.33) sistemebis pirveli da meore tolobebis wevrebi: 
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,

	 	 	

.

															 1.34  

 (1.34) gantolebaTa sistema igivurad gardaqmnili (1.28) sistemaa da misi 

nomograma igive damokidebulebis geometriuli gamomsaxveli iqneba. gardaqmnili 

nomogramis elementebis gantolebebi mocemulia 1.2 cxrilSi.  

  

cxrili 1.2 

nomogramis uZravi nawili 

 veli ∝ ,∝  veli ∝ ,∝  veli ∝ ,∝  

    

    

nomogramis moZravi nawili (transparanti) 

 skala ∝  skala ∝  skala ∝  

    

    

       

 nomogramis gardamqmneli parametrebis geometriuli arsi Semdegia:  da  

parametrebi abscisTa da ordinatTa RerZebis gaswvriv masStabs (moduls) 

gansazRvraven,  parametri warmoadgens  RerZis gaswvriv Zvras ( 0 dros), 

xolo  parametri –  RerZis gaswvriv ( 0 dros).  da   parametrebis 

nomogramis elementebze zegavlenis ilustraciaa mocemuli 1.19 naxazze. 

 
nax. 1.19 kvadratis gardaqmna RerZebis gaswvriv Zvrisas: 

a) ,  veli gardaqmnamde;  

b) igive veli  RerZis gaswvriv Zvrisas ( ).  

g) veli 	 RerZis gaswvriv Zvrisas ( ). 

 

 1.19 a) naxazze gamosaxulia ,  binaruli veli  da  parametrebis 

Setanamde – , ; 

 1.19 b) da 1.19 g) naxazebze igive velia gamosaxuli  da  parametrebis 

Setanis Semdeg: , ; , . 

 , , , 	, , 	 , 	  da  parametrebis geometriuli arsi mocemulia 1.20 

naxazze. 
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nax. 1.20. , 	 , 	 , , , , ,  parametrebis geometriuli arsi:  

a) nomogramis uZravi nawili; b) transparanti. 

 

naxazze mocemuli parametrebiT aigeba binaruli velebisa da skalebis gantolebebi 

uZrav da moZrav nawilebze. 

 cxrili 1.2-dan da nax. 1.20-dan Cans, rom  da 	  gansazRvraven uZrav nawilze 

koordinatTa saTaves, xolo 	  da  parametrebi – transparantze. , ,  da  

parametrebi saSualebas gvaZleven moxerxebulad ganvalagoT ∝ ,∝ , ∝ ,∝  da 

∝ ,∝  binaruli velebi nomogramis uZrav nawilze da Sesabamisad ∝ , ∝  da ∝  

skalebi transparantze. 

 (1.28) kanonikur formazea dayvanili da agebulia Sesabamisi nomogramebi wignis 

meoTxe Tavis Semdegi amocanebisaTvis: 

1. samSeneblo badis elementebis sizusteTa angariSi; 

2. empiriuli formulis parametrebis angariSi vertikaluri dawevebiTa da siCqariT 

eqsponencialuri damokidebulebisaTvis; 

3. empiriuli formulis parametrebis angariSi hiperboluri damokidebulebisaTvis.  

 (1.28) kanonikuri formis kerZo SemTxvevaa gamoyenebuli deformaciuli 

parametrebis angariSisas dawevis, dawevis siCqarisa da dawevis aCqarebis gamoyenebiT, 

romelic oTxi veliTa da oTxi skaliTaa warmodgenili uZrav da moZrav nawilebze. 

 transparantuli nomogramis zogadis saxis forma, romlisganac kerZo SemTxvevebis 

saxiT miiReba rogorc binarulvelebiani, ise skalebiani (ramdenime binaruli veliTa da 

skaliT) nomogramebi, mocemulia qvemoT (kanonikuri forma (1.35)) 

																																													
, , , 	,
, , , 	,

2,3, … , .
																																 1.35  

rodesac (1.35) sistemaSi 2, miviRebT Semdeg formas 

																																																																							 																																																					 1.36  

(1.36) formis transparantuli nomogramis uZrav da moZrav nawilebze gveqneba or-ori 

binaruli veli (SesaZlebelia romelime binaruli veli Secvalos skalam), romlis 

sqema mocemulia 1.21 naxazze. 
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nax. 1.21. (1.36) kanonikuri formis transparantuli nomogramis sqema: 

 a) uZravi nawili; b) transparanti. 

 

1.21. naxazze mocemuli nomogramiT sargeblobis gasaRebia: 

‖ ′ ′	; 		 ∝ , ∝ 	| | ∝ , ∝ ;		 ∝ , ∝ 	| | ∝ , ∝ . 
(1.36) formis nomogramis agebis meTodika igivea, rac (1.28)-Tvis im gansxvavebiT, rom 

(1.28) sistema moicavda uZrav nawilze 3 binarul vels, xolo moZravze – sam skalas. 

(1.36) sistema ki rogorc uZrav, ise moZrav nawilze Seicavs or-ori binarul vels. 

nomogramis Semadgeneli binaruli velebis elementebis gantolebebi koordinatebSi da 

gardaqmnis parametrebi mocemulia 1.3 cxrilSi. 

, , , , , 	 , 	 , , , , gardaqmnis parametrebis arsi igivea, rac 

zemoT iyo ganmartebuli. am parametrebis SerCevazea damokidebuli, Tu ramdenad 

moxerxebuli iqneba nomograma xmarebisas. 

 

                                                         cxrili 1.3 

nomogramis uZravi nawili 
koordinatebi binaruli veli ∝ ,∝  binaruli veli ∝ ,∝  

   

   

transparanti 
koordinatebi binaruli veli ∝ ,∝  binaruli veli ∝ ,∝  

   

   

  

(1.36) tipis nomogramaa gamoyenebuli wignSi gadmocemuli vertikaluri dawevebis 

eqsponencialuri formulis parametrebis sidideTa dasadgenad. 

 Tu (1.35) zogadi saxis transparantuli nomogramis formaSi miviRebT, rom 3 
gveqneba sam-sami binaruli velebis Semcveli nomograma, romlis sqema gamosaxulia 1.22 

naxazze da romlis kanonikuri formaa: 

																																																									 , , 	,
, ,

																																			 1.37  
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nax. 1.22. (1.37) kanonikuri formis transparantuli nomogramis sqema:  

a) uZravi nawili; b) transparanti. 

 

nomogramiT sargeblobis gasaRebia: 

‖ 	; 		 ∝ , ∝ 	| | ∝ , ∝ ;		 ∝ , ∝ 	| | ∝ , ∝ ; 
∝ ,∝ 	| | ∝ , ∝ .	 

(1.37) formis nomogramis elementebis gantolebebi mocemulia 1.4 cxrilSi. 

 

                                                               cxrili 1.4. 

nomogramis uZravi nawili 
koordi 

natebi 
veli ∝ ,∝  veli ∝ ,∝  veli ∝ ,∝  

    

    

transparanti 
koordi 

natebi 
veli ∝ ,∝  veli ∝ ,∝  veli ∝ ,∝  

  , , , ,

  , , , ,

  

 parametrebis saTanadoT SerCeviT miviRebT 1.22 naxazze gamosaxul 

transparantuli nomogramis msgavss.  

 am tipis nomogramiTaa warmodgenili wignis meoTxe TavSi mocemuli sawmendi 

sangrevis parametrebis saoptimizacio amocana (nax. 4.7). 

 yovelive zemonaTqvamidan SeiZleba davaskvnaT, rom orientirebuli 

transparantuli nomogramebiT SegviZlia warmovadginoT mravalcvladiani gantolebebi 

da gantolebaTa sistemebi, rogorc binaruli velebiTa da skalebiT, ise gamWvirvale da 

gaumWvirvale (saxazavis saxis) tarnsparantebiT. (1.35) zogadi kanonikuri formis 

transparantuli nomogramebis kerZo SemTxvevebidan Cven, saWiroebidan gamomdinare, 

ganvixileT mxolod (1.36) 8 ucnobis Semcveli formisa da (1.37) 12 ucnobis Semcveli 

formis nomogramebis agebis meTodika uZrav da moZrav nawilebze binaruli velebiT, 
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agreTve (1.28) kanonikuri formisa 9 ucnobiT uZrav nawilze velebiTa da moZravze – 

skalebiT. 

 dabolos, gvinda aRvniSnoT, rom uamravi saxis nomogramebidan Cven ganvixileT 

mxolod im tipis nomogramebis agebis meTodika, romlebic warmodgenilia wignSi 

saTanado sainJinro-geodeziuri amocanebiT. ganxiluli nomogramebis gamoyeneba 

SesaZlebelia rogorc gamoTvliTi mizniT, ise funqcionalur damokidebulebaTa 

analizisaTvis. 

 gamoTvliTi mizniT nomogramebis gamoyenebis are ganisazRvreba pasuxis miRebis im 

sizustiT, romelsac nomograma iZleva. es sizuste ki damokidebulia nomografirebadi 

formulis saxeze, ucnobebis cvalebadobaTa zRvrebze, nomogramis SerCeul tipze (erTi 

da igive formulisaTvis zogjer ramdenime saxis nomogramis ageba SeiZleba), naxazis 

zomebze da sxva. gamoTvlebis mizniT SerCeuli nomogramebidan yvelaze moxerxebul da 

misadagebul nomogramebad iTvleba gasworebuli wertilebis elementaruli da 

orientirebuli transparantuli nomogramebi. 

 nomograma, romlis daniSnuleba funqcionaluri damokidebulebis gaanalizebaa, am 

damokidebulebis TvalsaCino geometriul gamosaxulebas unda iZleodes. ucnobebis 

cvalebadobaTa zRvrebi sasurvelia sruli iyos, rom movicvaT yvela SesaZlo 

SemTxveva. aseT SemTxvevebSic yvelaze moxerxebuli saxis nomogramebia – gasworebuli 

wertilebisa da orientirebuli transparantis. 

 farTo gamoyenebas poulobs nomografiuli meTodebi empiriuli formulis 

parametrebis SerCevis amocanebSi, romlebic sakmaodaa warmodgenili wignSi (nax. 4.3; 

4.4; 4.5; 4.6). 

 unda aRiniSnos, rom 3 cvladiani damokidebulebebi yovelTvis SegviZlia 

gamovsaxoT baduri nomogramiT an, zogjer gasworebuli wertilebisa da 

transparantuli nomogramebiT. Tu gvaqvs 4 da met cvladiani damokidebulebebi maTi 

warmodgena nomogramebiT yovelTvis ar xerxdeba. 

 gansakuTrebuli yuradReba nomogramis agebisas unda mieqces cvladebis clilebaTa 

diapazonisa da gardaqmnis parametrebis SerCevas. 

 miaxloebiTi nomografirebis SemTxvevaSi pasuxis miRebis sizustis Sefasebisas, 

aucilebelia ara marto aproqsimaciis cdomilebis, aramed nomogramiT sargeblobis 

cdomilebis gaTvaliswinebac. 

 nomogramebis saboloo saxiT gaformeba ise unda moxdes, rom maqsimalurad 

gamartivdes maTi gamoyeneba. naxazs Tan unda erTvodes sargeblobis TvalsaCino 

gasaRebi da konkretuli magaliTi. 
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Tavi 2. sainJinro geodeziis amocanebi, 

warmodgenili baduri nomogramebiT 

 

 baduri tipis nomogramebis erT-erTi kerZo SemTxvevis – dekartis marTkuTxa 

abakebis saxiT aris warmodgenili qvemoT mocemuli geodeziuri amocanebis grafikuli 

amoxsnebi. es amocanebia: mravalsafexurian geodeziur gegmur qselSi calkeuli 

safexuris sizustis angariSi; trilateraciis qselSi kuTxeebis gansazRvris sizusteTa 

angariSi; pirdapiri kuTxuri gadakveTis fardobiTi cdomilebis angariSi; gaWimul 

poligonometriul qselSi direqciuli kuTxis Secdomis angariSi. 

 

2.1. mravalsafexurian qselSi calkeuli  

safexuris sizustis angariSi 

 msxvilmasStabiani agegmvebis im teritoriaze, romelzec geodeziuri gegmuri 

safuZvlis sayrdeni punqtebi ar gvaqvs, calkeul safexurSi moTxovnili sizustis 

saangariSod viyenebT Semdeg pirobas _ mrvalsafexuriani qselis bolo safexurze 1	km-
iT daSorebuli ori punqtis urTierTmdebareobis cdomileba yvela wina safexurebSi 

ganazomTa Secdomebis gaTvaliswinebiT, ar aRemateba  sidides. TiToeul safexurSi 

ganazomTa Secdomebis gavlena  jamur sidideze aRvniSnoT , , … , -iT, sadac   

-is indeqsebi safexuris rigiT nomers aRniSnavs. radganac isini erTmaneTisgan 

damoukidebeli sidideebia, amitom SegviZlia davweroT [12, 14, 15]  

																																																																		 ⋯ 		.																																																	 2.1 	          
	 1,2, … ,  sidide safuZvlis ganviTarebis nebismier safexurze SeiZleba 

gamovTvaloT formuliT [12, 13, 15] 

																																																										
∙

1 ⋯
,																																												 2.2  

sadac  aris safuZvlis ganviTarebis bolo safexurze 1km-iT daSorebuli ori 

punqtis urTierTmdebareobis saerTo jamuri Secdoma; 	_ sizustis uzrunvelyofis 

koeficienti wina safexuridan momdevnoze gadasvlisas;  safexuris rigiTi nomeria; 

 safexurebis raodenoba erTian qselSi. 

  sidide gegmaze 0,2	mm miiReba, rac 1: 500 masStabisTvis 10sm-ia. rogorc (2.2) 
formulidan Cans, -is sidide mciredaa damokidebuli -ze anu safexurebis 

raodenobaze da didad aris damokidebuli sizustis uzrunvelyofis  koeficientze. 

 rogorc baduri tipis nomogramebis agebis meTodikaSia miTiTebuli (1.4), misi 

daxmarebiT SesaZlebelia nebismieri sami cvladis Semcveli gantolebis warmodgena 

grafikulad. radgan (2.2) gantoleba Seicavs oTx cvlads – , ,  da , amitom 

meoTxe cvladis – 	 safexurebis raodenobis varirebiT avagebT Sesabamisi raodenobis 
grafikuli amonaxsnebis serias. agebas vaxdenT orTogonaluri koordinatTa badis 

gamoyenebiT, romlis  RerZs vamTxvevT -s, YRerZs – -s. 1,2,… ,  

mrudxazovani wirebi aigeba ,  binarul velSi, igive dekartis marTkuTxa 

koordinatTa sistemaSi abakebis saxiT. 
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 qvemoT warmodgenili yvela SemTxvevisaTvis nomogramis gardaqmnis parametrebis – 

, 	 , ,  sidideebi agebis meTodikis mixedviT tolia: 0;	 1. koordinatTa 
RerZebis gaswvriv badis sigrZeebi tolia 100	mm. aqedan gamomdinare, agebuli 

naxazebisTvis  RerZis gaswvriv masStabi 2, xolo  RerZis gaswvriv _ 40. 
 am parametrebis mixedviTaa agebuli (2.2) gamosaxulebis baduri tipis nomogramebi 

da warmodgenilia qvemoT naxazebze. cvladebis cvlilebaTa diapazoni yvela SemTxvevaSi 

aRebulia 0 50	sm,	 1 3,5. 
 2.1 da 2.2 naxazebze mocemulia nomogramebi orsafexuriani qselis TiToeuli 

safexuris _  da  sizusteebis gansazRvrisaTvis 2 : 

																																																																													 		 1⁄ 	; 																																																			 2.3  

																																																																													 ∙ √1⁄ .																																																			 2.4
 2.3, 2.4 da 2.5 naxazebze mocemulia nomogramebi samsafexuriani qselis TiToeuli 

safexuris _ ,  da  sizusteebis gansazRvrisaTvis 3 : 

																																																																									 1⁄ ;																																																 2.5  

																																																																								 ∙ 1⁄ 	; 																																									 2.6  

																																																																							 ∙ 1⁄ .																																										 2.7  

 2.6, 2.7, 2.8 da 2.9 naxazebze ki mocemulia baduri tipis nomogramebi 

oTxsafexuriani qselis TiToeuli safexuris _ , ,  da _ sizusteebis 

gansazRvrisaTvis 4 : 

																																																																							
√1

	; 																																																 2.8  

																																																																				 ∙
√1

;																																											 2.9  

																																																																		 ∙
√1

;																																										 2.10  

																																																																		 ∙
√1

	.																																										 2.11  

                  

 

 

 

       



40 
 



 

41 
 

 

 



42 
 

 

 

 

 

 

 

 

 



 

43 

 



 

44 

 

 



 

45 

zemoT mocemuli baduri tipis nomogramebiT sargeblobis principi martivia: 

mocemuli  da  parametrebis nebismieri sidideebiT vadgenT safexurebSi 

sizusteebs; Tu winaswar aris cnobili safexurebSi sizusteebi da erT-erTi parametri 

 an , SegviZlia davadginoT meore parametris _	  an -is sidide. rac Seexeba 

nomogramis sizustes, masze warmodgenas gvaZlevs cxrili 2.1, romelSic mocemulia  

sizusteebis formulebiT gamoTvlili sidideebi – mniSvnelSi da Sesabamisad 

grafikulad gamoTvlili – mricxvelSi. iqve, wiladis marjvniv mocemulia Secdomis 

sidideebi procentebSi, romelic 1 2%-s iSviaTad aRemateba. aseve mcire gansxvavebaa 

(2.1) formuliTa da grafikulad gansazRvrul  jamuri Secdomebis sidideebs Soris. 

                                                                    cxrili 2.1  

, 
sm 

 

2 3 4 

            

10 1,5 
5,6
5,5

1,8 
8,1
8,3

2,4 
9,8
10,0

2,0 
3,4
3,5

2,9
5,1
5,2

1,9
7,9
7,8

1,3
10,0
10,0

0 
2,2
2,25

2,2
3,3
3,4

2,9 
5,0
5,1

2,0 
7,5
7,6

1,3
9,8
10,0

2,0 

 

30 
2,0 

13,0
13,4

3,0 
27,0
26,8

0,7 
30,0
30,0

0 
6,3
6,5

3,1
13,0
13,0

0
26,0
26,0

0
29,7
29,8

0,3 
3,2
3,25

1,5
6,5
6,5

0 
13,0
13,0

0 
26,0
26,0

0
30
30,2

0,7 

50 2,5 
18,0
18,6

3,2 
46,0
46,4

0,9 
49,4
50,0

1,2 
7,5
7,3

2,7
18,0
18,4

2,2
46,0
45,9

0,2
50,0
50,0

0 
3,2
3,0

6,7
7,0
7,3

4,1 
17,5
18,3

4,4 
46,0
45,8

0,4
49,8
49,9

0,2 
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2.2  direqciuli kuTxis Secdoma gaWimul  

poligonometriul svlaSi 

 

 poligonometrias gegmuri geodeziuri safuZvlis agebisas farTo gamoyeneba aqvs. 

samrewvelo da qalaqis teritoriaze kuTxeebisa da gverdebis gazomvebisas warmoiqmneba 

Taviseburebebi, romelTac didi mniSvneloba aqvs punqtebis koordinatebis moTxovnili 

sizustiT gansazRvris uzrunvelsayofad. poligonometriuli qselebis daproeqtebisas 

unda gaTvaliswinebul iqnes, rom tolgverdebian gaWimul poligonometriul svlaSi 

gverdis direqciuli kuTxis gansazRvris cdomileba SeiZleba CaiTvalos yvela 

gverdisaTvis erTnairi, Tu qseli gawonaswordeba gamosavali direqciuli kuTxeebisa da 

koordinatebis pirobebiT da igi gamoisaxeba formuliT [15] 

																																																																						 ∙
4

16 1
		,																																																	 2.6  

sadac 	 aris poligonomertiuli svlis gverdebis direqciuli kuTxis gansazRvris 

skS; 	_ poligonometriul svlaSi kuTxeebis gazomvis skS; 	_ svlaSi gverdebis 

raodenoba. 

 (2.6) formula Seicavs sam cvlads da igi SeiZleba warmovadginoT baduri tipis 

nomogramiT dekartis abakas saxiT. nomogramis asagebi parametrebia: 10; 	
0. 

 2.10 naxazze mocemulia (2.6) gamosaxulebis nomograma, romliTac mocemuli  

da  sidideebiT SegviZlia ganvsazRvroT . cvladebi mocemulia Semdegi zRvrebSi: 
" 0 10"; " 0 10"; 5 25. nomogramaze naCvenebia direqciuli kuTxisa da 

kuTxis gazomvis skS grafikebi Semdegi pirobebisaTvis: 0,5 5 ; 

15 ; ∝ 2 65 . 

 nomogramiT SegviZlia ganvsazRvroT agreTve ra sizustiT unda gaizomos  

kuTxeebi mocemuli  da  sidideebis dros an is, Tu ramdengverdiani qseli 

dagvWirdeba mocemuli   da  sidideebisas. 

 qvemoT 2.10 naxazze warmodgenilia ganxiluli nomograma. 

 nomogramaze Catarebuli gamoTvlebis analizma aCvena, rom gamoTvlebis cdomileba 

(2.6) formuliT gamoTvlilTan SedarebiT ar aRemateba 1 2%-s. 
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nax. 2.10 nomograma (2.6) gamosaxulebisaTvis.
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2.3. trilateraciis qselSi kuTxis 

 gansazRvris sizuste 

 

 specialuri sainJinro-geodeziuri dakvalvebisTvis geodeziuri safuZvlis 

qselebis agebisas did mniSvnelobas iZens ganazomTa gawonasworebaSi CarTuli gverdebis 

sigrZeebisa da kuTxeebis gansazRvris sizusteTa Tanabarzomierebis sakiTxi. maTi 

sizusteebis uTanadoba arTulebs dakvalviTi samuSaoebis organizaciasa da warmoebas. 

 magaliTisaTvis, Tu gvaqvs tolgverda samkuTxedebisagan Semdgari qseli, romelic 

boloebiT gazomil bazisebs eyrdnoba, aseT qselSi samkuTxedebis geometriuli 

kavSiris Secdomebi ar gvaZlevs samkuTxedebis gverdebis erTnairi sizustiT 

gansazRvris saSualebas, maSin roca kuTxeebi qselis yvela samkuTxedSi SegviZlia erTi 

da igive sizustiT gavzomoT. amitom gverdebis da kuTxeebis sizusteTa Tanafardoba 

qselis sxvadasxva ubanze sxvadasxvaa. 

 SuqmanZilmzomebis warmoebaSi farTod danergvam triangulaciis qselebi Secvala 

trilateraciiT an xazovan-kuTxuri agebebiT, Tumca amiT zemoT dasmuli problema ar 

gadaWrila da gverdebisa da kuTxeebis sizusteebis Tanafardobis sakiTxi isev 

aqtualuria. 

 samkuTxedSi, sadac samive gverdia gazomili, kuTxis gansazRvris cdomilebas 

angariSoben formuliT [12,13] 

																																																			 √2 ∙ 	,																															 2.7  

sadac  aris trilateraciis samkuTxedSi  kuTxis gansazRvris Secdoma, rodesac 

samive gverdi gazomilia erTi da igive fardobiTi SecdomiT; /  _ gverdis gazomvis 

fardobiTi Secdomaa; , ,  _ samkuTxedis kuTxeebi;  _ radiani. (2.7)-is msgavsi 

formulebiT ganisazRvrebian  da . tolgverda samkuTxedisaTvis (2.7) formula  

Semdeg saxes iRebs 60  _ √2 ∙ / . am SemTxvevaSi kuTxis 

gazomvis Secdoma mxolod gverdis gazomvis fardobiT Secdomazea damokidebuli. 

3", rodesac / 1: 100000, 1,5", rodesac ⁄ 1: 200000 da 1", 

rodesac ⁄ 1: 300000. 
 rodesac samkuTxedis gverdebi sxvadasxva sigrZisaa da gazomilia erTi da igive 

fardobiTi SecdomiT, maSin kuTxeebisa da gverdebis sizusteTa Tanafardobis 

SesanarCuneblad, samkuTxedSi kuTxeebi unda gaizomos sxvadasxva sizustiT. 

 ganvixiloT samkuTxedi, romlis kuTxeebia 90°, 60° da 30°. (2.7) 

formuliT miviRebT: 2,9 ⁄ ;	 2,4 ⁄ ; 0,8 ⁄ 	. 
 Tu miviRebT, rom gverdebi gazomilia erTi da igive fardobiTi SecdomiT – 

1: 100000, gveqneba: 6";	 5"; 	 1,6". kuTxeebis gazomvis aseTi 

aratolzustoba, miuxedavad gverdebisa da kuTxeebis sizusteTa Tanabarzomierebis 

dacvis moTxovnili principisa, praqtikulad gaumarTlebelia. 

 Tu miviRebT, rom samkuTxedSi kuTxeebi gazomilia tolzustad, magaliTad, 

2"-iT, maSin igive principis dacviT xazovani gazomvebis fardobiTi Secdomebi 

sxvadasxva iqneba: 1: 300000;⁄  ⁄ 1: 250000;	 1: 80000.⁄  gverdebis 
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gazomvebis fardobiTi sizusteebis aseTi sxvadasxvaoba aqac ver iqneba rekomendebuli.  

amis  daregulireba SesaZlebeli iqneboda ganazomebSi wonebis gaTvaliswinebiT, magram 

trilateraciis samkuTxedSi samive gverdis gazomva ar iZleva Tavisufal wevrs anu ar 

aris warmomadgenlobiTi wonis saimedo sididis gansazRvrisaTvis. am pirobebSi, 

xazovani da kuTxuri gazomvebis erTdroul gawonasworebas, wonebis mxedvelobaSi 

miRebiTac ki, SeuZlia gamoiwvios gawonasworebaSi damaxinjeba, rasac unda veridoT 

specialur gegmur geodeziur safuZvlis qselebSi.  yovelive zemoTqmulidan SeiZleba 

aseTi daskvna gamovitanoT:  

_ xazovan-kuTxuri agebebis aratolgverda samkuTxedSi ar aris mizanSewonili 

gaizomos samkuTxedis samive gverdi. ekonomiurad safuZvliania gaizomos erTi _ 

yvelaze blagvi kuTxis pirdapir mdebare gverdi, amasTan misi sizuste unda 

Sevusabamod kuTxeebis gazomvis sizustes;  

_ tolgverda samkuTxedis arsebobisas, punqtebis koordinatebis gansazRvris sizustis 

asamaRleblad da gverdiTi refraqciis gavlenis Sesasusteblad mizanSewonilia 

gaizomos samive kuTxe da samive gverdi samkuTxedSi, amasTan kuTxuri da xazovani 

gazomvebis sizusteebi unda Tanabarzomierni iyos. 

 vinaidan kuTxis gansazRvris sizuste, rogorc trilateraciis, aseve xazovan-

kuTxuri qselebis dros damokidebulia xazovani gazomvebis fardobiTi cdomilebis 

garda kuTxeebis sidideebze, amitom (2.7) formuliT saangariSod igi warmodgenilia 

grafikuli amonaxsnis saxiT baduri saxis nomogramiT, romelic mniSvnelovnad 

amartivebs gamoTvlebs. radgan (2.7) formula Seicavs oTx cvlads ( , , ,

,	 amitom igi warmodgenilia ⁄  gverdis gazomvis fardobiTi cdomilebis 

mixedviT seriuli nomogramebis saxiT da mocemulia qvemoT 2.11, 2.12 da 2.13 naxazebze. 
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2.11, 2.12 da 2.13 naxazebis gamoyeneba axsna-ganmartebas ar saWiroebs. rac Seexeba 

grafikuli amoxsnebis sizustes, maTze warmodgenas gvaZlevs qvemoT mocemuli cxr.2.2. 

                                                                    cxrili 2.2 
kuTxeebi 1:200000 1:300000 1:400000 

  
"  

nomogr. 

"  
form. 

Secdoma 

% 

"  
nomogr. 

"  
form. 

Secdoma 

% 

"  
nomogr. 

"  
form. 

Secdoma 

% 

20 40 5,0 5,1 2 3,4 3,4 0 2,5 2,6 4 

30 50 3,3 3,3 0 2,2 2,2 0 1,7 1,6 6 

40 60 2,3 2,3 0 1,5 1,5 0 1,2 1,1 8 

50 70 1,6 1,6 0 1,1 1,1 10 0,8 0,8 0 

60 80 1,0 1,0 0 0,7 0,7 0 0,5 0,5 0 

 

 rogorc cxrilidan Cans, gverdebis gazomvis fardobiTi cdomilebis Semcirebisas 

izrdeba gamoTvlis grafikuli Secdoma, rac dakavSirebulia masTan, rom gamoTvlili 

kuTxeebis cdomilebaTa absoluturi sidideebi xazovani gazomvis fardobiTi 

cdomilebebis mniSvnelis gazrdasTan erTad mniSvnelovnad mcirdeba, rac zrdis 

Secdomis procentul sidides. magaliTad 1:200000 fardobiTi cdomilebisas 

gamoTvlili 5"-is Secdoma 0,1"-iT Tu 2% Seadgens, 1:400000 fardobiTi 

cdomilebisas 1,2" gamoTvla 0,1" sizustiT iZleva 8% cdomilebas.zogadad, 

teqnikuri gamoTvlebis sizusteebi kmayofildeba grafikuli gamoTvlebiT. amasTan 

grafikulad warmodgena amocanis analizis met SesaZleblobas iZleva. 

 

2.4 pirdapiri kuTxuri gadakveTis 

fardobiTi Secdoma 

 

pirdapiri kuTxuri gadakveTa erT-erTi farTod gamoyenebuli sainJinro-

geodeziuri meTodia gegmuri safuZvlis Seqmnis (qselSi punqtebis Casma, samSeneblo 

badis ageba), dakvalvebisa (xidebi, hidroteqnikuri nagebobebi) da eqspluataciaSi myofi 

nagebobis deformaciebze dakvirvebisas. sqematurad igi warmodgenilia 2.14 naxazze. 

cnobilia, rom pirdapiri kuTxuri gadakveTis skS tolia 

 

																																													 																															 2.8  

an kuTxur ganzomilebaSi gamosaxuli (gverdebi 

gamosaxulia bazisiTa da kuTxeebiT) 

																																 		,																		 2.9  

sadac  aris  da  kuTxeebis  bazisidan 

gadazomvis skS; - gadakveTis kuTxea, xolo -gadakveTis 

bazisi [14]. 
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(2.8) da (2.9) formulebis analizi aCvenebs, rom gadakveTis yvelaze optimalur 

figuras warmoadgens tolferda samkuTxedi, sadac  , 180 2  da 	. 
am SemTxvevaSi (2.8) formula miiRebs saxes 

																																																																																		 ∙
√2
2

		,																																																	 2.10  

xolo (2.9) formula saxes 

																																																																														
√2

∙
2

	.																																											 2.11  

     am formulebSi  gamosaxavs pirdapiri gadakveTis cdomilebas gverdebis 

gamoyenebisas, xolo -kuTxeebis gamoyenebisas. 

gamovsaxoT (2.10) da (2.11) formulebi fardobiTi cdomilebebiT, sadac √2	 
( 45 ) 

																																																																																
√2
2

																																																											 2.12  

 da 

																																																																													
2

2
		.																																																								 2.13  

(2.12) tolobaSi fardobiTi cdomilebis minimaluri mniSvneloba gvaqvs, rodesac 

1 anu rodesac 45  da 90 . am dros fardobiTi Secdomis minimaluri 

sidide tolia 

																																																																										 ∙ √2 1,4 .																																																	 2.14  

(2.13) formulis analiziT fardobiTi cdomilebis minimalur mniSvnelobas vRebulobT 

maSin, rodesac -s aqvs minimumi anu, rodesac 35,25 , xolo 109,5 . am 

dros Secdomis absoluturi sidide (2.11) formuliT tolia 

																																																																										 ∙
3√3

4√2
		,																																																								 2.15  

xolo manZili gadakveTis wertilamde toli iqneba  

																																																																			
2 35,25

√3

2√2
			.																																																				 2.16  

fardobiTi cdomilebis sidide, Tu visargeblebT (2.15) da (2.16) formulebiT toli 

iqneba 

																																																																								
3
2

1,5 .																																																					 2.17  

es sidide ki 1,07-jer metia, vidre fardobiTi cdomileba, rodesac 90 . 

aqedan gamomdinareobs daskvna, rom pirdapiri kuTxuri gadakveTis fardobiTi 

cdomileba minimaluria, rodesac gadakveTis kuTxe 109,5  da misi sidide 

damokidebulia  kuTxuri gazomvebis skS-ze. 

(2.12) da (2.13) fardobiTi cdomilebebis damokidebulebebi qvemoT warmodgenilia 

baduri saxis nomogramebiT (nax.2.15 da 2.16), romelTa gardasaxvis parametrebia 

0,5,			 0,001,				 0. 
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nax.2.15. nomograma (2.12) damokidebulebisaTvis 

 

 

 
 

nax.2.16. nomograma (2.13) damokidebulebisaTvis 
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rogorc naxazebidan Cans, pirdapiri kuTxuri gadakveTis fardobiT cdomilebas 

xazovani ganazomebis mixedviT minimumi aqvs 90° dros, (nax.2.15), xolo kuTxuri 

ganazomebis mixedviT, roca 110° (nax.2.16) 
orive nomogramiT sargeblobisas fardobiTi cdomilebis gansazRvris sizusteze  

da  cvalebadobis mixedviT, warmodgenas mogvcems qvemoT 2.3 cxrilSi mocemuli 

sidideebi, sadac nomogramiT gansazRvruli fardobiTi cdomilebis gverdiT 

warmodgenilia formulebiT gansazRvruli maTi sidideebi.  

                                                      cxrili 2.3 

  	nomog. form. nomog. 	form. 

1 30 1:126000 1:125000 1:155000 1:154700 

5 50 1:29000 1:29000 1:26000 1:26100 

10 70 1:9000 1:9300 1:4500 1:4530 
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Tavi 3. geodeziuri amocanebi, warmodgenili gasworebuli 

wertilebis nomogramebiT 

 

 am TavSi warmodgenili sainJinro-geodeziuri amocanebi mocemulia gasworebuli 

wertilebis martivi da Sedgenili nomogramebis TanamimdevrobiT, kerZod moxvevis 

kuTxis angariSi serpantinis dakvalvisas mocemulia koSis tipis martivi nomogramiT _ 

ori paraleluri skaliTa da binaruli veliT; trasis moxvevisas mrudis elementebis 

angariSi warmodgenilia martivi tipis nomogramiT _ sam-sami paraleluri skaliT; 

taqeometriuli agegmvisas manZilebisa da aRmatebis saangariSo formulebis nomogramac 

aseve sam-sami paraleluri skalis martivi tipiTaa warmodgenili da bolos gegmuri 

sayrdeni qselis safexurebis raodenobisa da sizustis uzrunvelyofis koeficientis 

saangariSod warmodgenili nomograma ganekuTvneba gasworebuli wertilebis Sedgenili 

nomogramis tips. 

 

3.1. mrudis moxvevis kuTxis angariSi serpantinis  

elementebis dadgenisas 

 

 serpantini mTiani reliefis pirobebSi sagzao trasis Semadgeneli nawilia. igi 

Sedgeba ZiriTadi da damxmare mrudebisagan, romelTa elementebia;  radiusiani 

ZiriTadi wriuli mrudi;  radiusiani ori damxmare mrudi (simetriuli serpantinis 

dros);  swori monakveTi ZiriTad da damxmare mrudebs Soris;  damxmare mrudebis 

moxvevis kuTxe (nax.3.1).  

 
 simetriuli serpantinis angariSisas mocemulia , ,  da  moxvevis kuTxe. 

	damxmare mrudis moxvevis kuTxe iangariSeba formuliT [16,17] 

																																																																				
2⁄
.																																															 3.1  

 gamovsaxoT naxevarkuTxis tangensiT 
⁄

⁄
 da SevitanoT (3.1) tolobaSi. 

Sedegad miviRebT  kuTxis saangariSo kvadratul gantolebas 

																																																											 2 2 2 	2⁄⁄ 0	,																																						 3.2         
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romlis amoxsna gvaZlevs serpantinis dakvalvisaTvis saWiro  kuTxis sidides. 

 (3.2) formulidan  kuTxis gamosaTvlelad igi warmovadginoT gasworebuli 

wertilebis nomogramiT, risTvisac formula unda daviyvanoT koSis tipis (1.15) 

nomografirebad saxeze  

0	. 
am mizniT (3.2) formula warmovadginoT Semdegi saxiT 

																																																			 ∙ 2 ∙ 2 2 1 0⁄ .																														 3.3   

(3.3) formulaSi:  funqcias Seesabameba ; 		funqcias – ;  funqcias – 2⁄ , 

 funqcias – 2⁄ , xolo  funqcias – 2 2 1 .⁄⁄  

 zemoTqmulisa da pirvel TavSi mocemuli nomogramis agebis meTodikis safuZvelze 

(1.19) formulebis mixedviT SegviZlia davweroT nomogramis skalebisa da binaruli 

velis gantolebebi: 

skala :		 0; 	 . 
skala		 :		 ; 	 . 
veli , :	  

2⁄

2 2⁄⁄
			 ; 

								
2⁄ 2⁄ 2⁄ 2⁄ 1
∙ 2⁄ ∙ 2⁄

			.				 

skalebisa da velis koordinatTa formulebSi mocemuli nomogramis gardamqmneli 

parametrebi SerCeulia nomogramis kompaqturad ganlagebis mizniT da tolia: 0,1;	 
0,5;	 10;	 5;	 150mm. 

 (3.3) formulaSi mocemuli , , ,  cvladebis cvlilebaTa diapazoni aRebulia 

Semdeg farglebSi:  

10 1000m; 
5 200m; 
5 200m; 
5 30°. 

,  skalebisa da ,  binaruli velis zemoT mocemuli gantolebebis mixedviT 

gaangariSebuli koordinatebiT agebulia gasworebuli wertilebis nomograma (nax.3.2). 
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nax. 3.2 nomograma (3.2) damokidebulebisaTvis. 
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  kuTxis grafikulad gansazRvris amocana ixsneba saxazavis erTi dadebiT. 

naxazze naCvenebia sami magaliTi:  

1) mocemulia 700m, 80m, 100m. 	 da  skalebis mocemul sidideebs 

vadebT saxazavs, romelic binarul velSi 80	m aRmniSvneli mrudis 

gadakveTaze gvaZlevs 20°. (3.2) formulis analizuri amonaxsniT 19,8°, 
romlisganac grafikuli amoxsna mxolod 1%-iT gansxvavdeba; 

2) mocemulia 500m, 60m, 40m. nomogramis sargeblobisas zemoT 

aRwerili xerxiT vRebulobT 23° rogorc grafikulad, ise analizurad. 

3) mocemulia 	 300m, 50m, 50m. am monacemebiT grafikuli amoxsniT 

23,5°, xolo analizuriT _ 23,8°, rac mxolod 1,3% Secdomas gvaZlevs. 

 3.2 nomogramis Rirseba mxolod  kuTxis martivad da sakmaod zustad 

gansazRvraSi ar mdgomareobs. misi gamoyeneba SegviZlia 4 cvladidan  nebismieri 3 

sididiT meoTxis gansasazRvravad. Tu, magaliTad Seviwroebuli adgilmdebareobis gamo 

damxmare mrudebis moxvevis  kuTxe da swori monakveTis  sigrZe winaswar SegviZlia 

aviRoT, maSin mTavari mrudis  radiusiT ganvsazRvravT damxmare mrudis  radiuss an 

piriqiT. 

3.2 wriuli mrudis elementebis angariSi 

 

 saavtomobilo da sarkinigzo gzebze, agreTve zogierTi wrfivi nagebobis 

(magistraluri milsadenebi, sarwyavi arxebi da sxva) trasaze mrudebis adgilze 

dakvalvisaTvis saWiroa vicodeT mrudis mTavari  wertilebi da trasis elementebi 

[16], romlebic mocemulia 3.3 naxazze da (3.4) formulebiT. 

 

nax.3.3 trasis moxvevis elementebi 

mrudis tangensi	 	Т
2
	;

mrudis sigrZe	 	К
180

;

mrudis biseqtrisa	 	Б
1

2⁄
1 ;

mrudis minazomi	– 	 	 2 2
2 180

.

			 3.4  
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rogorc (3.4) formulebidan Cans, mrudis elementebi erTi da igive  da  

parametrebzea damokidebuli da aiReba maTTvis Sedgenili sacnobaro cxrilebidan. 

xSirad cxrilidan saWiro sidideebi interpolobiT miiReba. (3.4) formulebis 

grafikulad warmodgena gasworebuli wertilebis nomogramebis daxmarebiT amartivebs 

mrudis elementebis miRebas, ar saWiroebs interpolobas, xolo sizuste teqnikuri 

TvalsazrisiT misaRebia. 

 imisaTvis, rom (3.4) formulebi miviyvanoT nomogramis agebis meTodikis (1.22) 

nomografirebad saxeze, warmovadginoT isini Semdegi saxiT: 

																																																		

1
2⁄
;

180
;

Б
2⁄

1 2⁄
;

1
2 2⁄ /180

.

																																								 3.5  

am formulebiT agebuli nomograma Sedgeba Т, К, Б,  paraleluri skalebisagan – 

nax.3.4. radgan (3.5) gantolebaTa sistemas erTi saerTo  parametri aqvT, amitom 

nomogramaze igi saerTo skalaa, xolo  kuTxis skalebi gansxvavebuli iqneba mrudis 

TiToeuli elementisaTvis. 

  da  gamosavali sidideebis cvalebadobaTa diapazoni aRebulia Semdeg 

zRvrebSi: 100	m	 1000m, 	10 50 . 
 (3.5)-is TiToeuli formulisaTvis -isa da Т, К, Б, D skalebis sigrZeebi erTi da 

igivea, gansxvavdebian , 	 , ,	da -is skalebis sigrZeebi (nax.3.4). es gamowveulia 

moxerxebulad ganlagebis moTxovniT. 

 nomogramiT sargeblobis wesi Semdegia –  da  Sesabamis sidideebze saxazavis 

dadebiT wavikiTxavT pasuxebs saZiebo sidideebis _ Т, К, Б	 da  skalebze. 

 nomograma warmodgenilia 3.4 naxazze. aqvea naCvenebi nomogramiT sargeblobis wesi 

magaliTebis amoxsniT. kerZod, 

500m	, 	 20 . 87m, formuliT gamoTvlili 88,2, Secdoma ∆ 1,4	%;  
500m, 20 	. 175m, formuliT gamoTvlili 174,5, Secdoma ∆ 0,5	%	;	 
500	m, Б 20 	. Б 7,7	m, formuliT gamoTvlili Б 7,7	m, Secdoma ∆ 0;  
500	m, 20 	. 	1,9	m, formuliT gamoTvlili 1,9	m, Secdoma ∆ 0. 
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nax. 3.4. nomograma mrudis elementebis (3.4) damokidebulebebisaTvis.
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3.3. taqeometriuli agegmvisas manZilebisa  

da aRmatebebis angariSi 

 

 topografiuli gegmebis Sesadgenad gamoyenebuli agegmvis meTodebidan erT-erTi 

taqometriuli meTodia. amJamad gamoyenebuli eleqtronuli taqeometrebiT 

avtomaturad vRebulobT manZilebsa da aRmatebebs. magram jer kidev xmarebaSi 

arsebuli optikuri taqeometrebiT sargeblobisas manZilebisa da aRmatebebis 

saangariSod (magaliTad, studentebis savele praqtikis gavlisas) sargebloben Semdegi 

formulebiT [12,16]: 

																																																																																			
;

2
2 .

																																																												 3.6  

am formulebiT  da  saangariSod iyeneben sacnobaro cxrilebs, romelSic 	 
(lartyaze danayofebis raodenoba) da  (daxris kuTxe) parametrebiT pouloben 

manZilebsa  da aRematebebs .  

 (3.6) formulebi Cven mier qvemoT warmodgenilia gasworebuli wertilebis sami 

paralelurskaliani nomogramiT (nax.3.5). 

 wina amocanis msgavsad, aqac (3.6) formulebi dayvanilia (1.22) nomografirebad 

saxeze: 

																																																																				
;

2 2⁄ .
																																																					 3.7   

(3.7) gantolebaTa sistemis nomograma warmodgenilia 3.5 naxazze saerTo  skaliT,  

da  daxris kuTxeebis skalebiT da  da  saZiebo sidideebis skalebiT. nomograma 

agebulia pirvel TavSi mocemuli meTodikis safuZvelze. nomogramis gardamqmneli 

parametrebi aRebulia im moTxovnebis mixedviT, rom misi gamoyeneba iyos moxerxebuli. 

nomogramiT sargeblobis magaliTebi mocemulia naxazze. 

kerZod 50, 20 , 45	m, (3.6) formuliT 44,2, Secdoma ∆ 1,8%. 

50, 20 , 16,5	m, (3.6) formuliT gamoTvlili 16,1	m, Secdoma			∆
2,5%. rogorc magaliTebidan Cans fardobiTi Secdoma 2 3%-is farglebSia. 
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nax.3.5. nomograma taqeometriis (3.6) formulebisaTvis. 
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3.4. saagegmvo qselebSi safexurebis raodenobisa da sizustis 

uzrunvelyofis koeficientis angariSi 

 

 gegmuri sainJinro-geodeziuri qselebis daproeqtebisas mniSvnelovania imis 

garkveva, Tu rogori saxe eqneba qsels _ saxelmwifo qselis punqtebze iqneba 

dayrdnobili, Tu unda Seiqmnas rogorc lokaluri qseli. saorientaciod amas adgenen 

sayrdeni da dasaproeqtebeli qselebis sizusteebis SedarebiT [12,14]. 

 Tu qselis ganviTarebis procesSi sizustisadmi moTxovnebi izrdeba, maSin yoveli 

Semdgomi safexuris Seqmna dakavSirebuli iqneba lokaluri qselebis agebasTan, xolo 

Tu qselebis ganviTareba ufro zustidan naklebi sizustisken gadasvlis principiT 

xdeba, maSin safexurebis raodenobisa da sizustis uzrunvelyofis koeficientis 

sidide damokidebuli iqneba sawyisi da saboloo qselebis sizusteebze da gamoisaxeba 

formuliT 

																																																																																				 s

b

		,																																																																		 3.8  

sadac  aris sizustis uzrunvelyofis koeficienti; 		- qselSi safexurebis 

raodenoba; s- sawyisi qselis fardobiTi cdomilebis mniSvneli, xolo b- bolo 

dasaproeqtebeli qselis fardobiTi cdomilebis mniSvneli. 

 (3.8) formula oTx cvlads Seicavs da misi ageba SesaZlebelia gasworebuli 

wertilebis Sedgenili nomogramiT 1.5 paragrafSi mocemuli meTodikis safuZvelze. 

(3.8) formulis galogariTmebiT, miviRebT gamosaxulebas. 

1
s b 	, 

romlis dayvana (1.27) nomografirebad saxeze martivia 

																																																																							 ∙ s b		.																																																									 3.9 	
damxmare  cvladis SemoRebiT davwerT 

s b ∙ 	. 
 ori saxis nomogramis s b  da ∙  agebiT miviRebT  munji 

skaliT gaerTianebul Sedgenil nomogramas. 

 am nomogramebis gantolebebia: 

1) s lg b . 
munji  skala ar graduirdeba 

skala s: 0; 		 s . 

skala b: ; b . 
nomogramis parametrebi tolia: skalebis sigrZe 	100	mm; skalebs Soris manZili 

100	mm; 50; 50; 3,7; 5.  
2) ∙ . 

skala :	 ; . 

skala : ; . 

am SemTxvevaSi parametrebis sidideebi tolia: 100	mm; 100mm; 25; =33,3; 

1,3; 	 1. 
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(3.8) formulaSi Semavali cvladebi aRebulia Semdegi diapazoniT: 

5000 s 500000	; 
1000 b 100000	; 

1 4	; 
1 4	. 

 am monacemTa safuZvelze agebuli gasworebuli wertilebis Sedgenili nomograma 

warmodgenilia 3.6 naxazze. sargeblobis gasaRebi mocemulia naxazze da aseTia: wreSi 

Casmuli erTianiT _  sruldeba pirveli operacia _ mocemul s da b-ze saxazavis 

dadebiT davniSnavT gadakveTis wertils  munj skalaze; wreSi Casmuli oriani _  

aRniSnavs meore operacias _  munj skalaze daniSnuli da  skalaze moniSnul 

wertilebze saxazavis dadebiT  skalis gadakveTaze miviRebT saZiebel  sidides. 

 

 

nax. 3.6 Sedgenili nomograma (3.8) damokidebulebisaTvis. 

Tu meore operaciis Sesrulebisas  sidide iqneba cnobili, maSin  munj skalaze da 

 skalis cnobil sidideze saxazavis dadebiT, pasuxs wavikiTxavT  skalaze. saerTod 

am nomogramiT nebismieri sami cvladiT ganisazRvreba meoTxe. 

 3.6 naxazze mocemulia s 200000, b 5000, 4. grafikuli amoxsniT 

2,50, (3.8) formuliT igive monacemebiT 2,51, rac gvaZlevs ~ 1% cdomilebas. 
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Tavi 4. geodeziur-markSeideruli amocanebi, warmodgenili 

transparantuli nomogramebiT 

 rogorc cnobilia, nebismieri nomograma pirvel yovlisa saangariSo instrumentia, 

romlis daxmarebiT martivad, swrafad da sakmarisi sizustiT ganisazRvreba saZiebeli 

sidide. magram, rogorc aRvniSneT gamoTvlebis garda, nomogramebis gamoyeneba 

SesaZlebelia funqcionalur damokidebulebaTa analizisaTvis da, zogadad, samecniero-

kvleviTi miznebisaTvis. kerZod, am TavSi warmodgenili amocanebiT gvinda vaCvenoT 

nomogramebis SesaZlebloba funqciaSi Semavali parametrebis eqstremaluri Tvisebebis 

analizisas, empiriuli parametrebis SerCevisas da optimizaciis amocanaSi Semavali 

parametrebis optimaluri sidideebis dadgenisas.  

 am TavSi ganxiluli yvela amocana warmodgenilia transparantuli nomogramebiT. 

maTgan pirveli ori amocanis nomogramebi ZiriTadad saangariSoa. kerZod, es amocanebia: 

1) samSeneblo badis elementebis sizusteebis gamoTvla; 

2) aRmatebaTa angariSi barometruli nivelobisas; 

 rac Seexeba danarCen amocanebs, maTTvis agebuli transparantuli nomogramebis 

gamoyeneba SesaZlebelia rogorc pirdapir saangariSod, ise samecniero-kvleviTi mizniT. 

es amocanebia:              

1) sainJinro nagebobaTa dawevebis eqponencialuri funqciiT prognozirebisas 

empiriuli  parametrebis dadgena; 

2) igive amocana dawevebisa da dawevis siCqareebis gamoyenebiT; 
3) igive amocana dawevebis, siCqareebisa da aCqarebebis gamoyenebiT; 
4) dawevebis hiperboluri funqciiT prognozirebisas empiriuli parametrebis 

dadgena dawevebisa da dawevis siCqareebis gamoyenebiT. 

5) sawmendi sangrevis parametrebis optimaluri mniSvnelobebis dadgena. 

 

 

4.1. samSeneblo badis elementebis  

ganazomTa sizustis angariSi 

 

 am amocanis ganxilvisas igulisxmeba, rom samSeneblo bade agebulia udiagonalebo 

oTxkuTxedebis xerxiT im gansxvavebiT, rom badis perimetrze gayvanilia 

poligometriuli svla, romelSic kuTxeebi izomeba meti sizustiT, vidre badis SuaSi. 

ganazomTa Sedegebis damuSaveba xdeba or etapad. jer, gamosavali punqtis 

koordinatebiTa da gamosavali gverdis direqciuli kuTxiT gaawonasworeben perimetrze 

karkasul poligometriul svlas, xolo Semdeg maTze dayrdnobiT gamoTvlian 

Semavsebeli qselis punqtebis koordinatebs.  

 samSeneblo badis elementebis ganazomTa sizustes afaseben formulebiT, romlebic 

miRebulia udiagonalebo oTxkuTxedebis xerxiT agebuli badisaTvis [18]: 
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2 1

;

2 1
	,
	 																																																								 4.1  

sadac  da  karkasis gverdebisa da kuTxeebis ganazomTa Secdomebia; 	_ 

samSeneblo badis gverdis sigrZe, m;  _ gverdis fardobiTi cdomilebis mniSvneli;  

_ gazomili kuTxeebis raodenoba;  _ kuTxuri da xazovani ganazomebis sizusteTa 

fardobis koeficienti. 

 (4.1) gantolebaTa sistemis transparantuli nomogramis asagebad igi unda 

daviyvanoT nomografirebad saxeze. amisaTvis saWiroa davweroT igi Semdegi saxiT 

2 1
√
	. 

imisaTvis, rom miRebuli gamosaxuleba daviyvanoT nomogramis agebis meTodikaSi 

mocemul (1.28) saxeze, davweroT is zRvrulad tolobis saxiT 

	
2 1
1 √

		. 

mivuweroT miRebul tolobas igivuri toloba da gavalogariTmoT 

1 1 1
		, 

Sedegad miviRebT 

																																														
lg 2 1 0

√
	,

0 0 0	.
																		 4.2         

(4.2) sistema identuria (1.28) sistemisa _  

, 
. 

(4.2) da (1.28) sistemebis SedarebiT SegviZlia davweroT: 

																																																	
2 1 ;	 ; 	

√
.

; 								 ; 							 .
																						 4.3          

																																																																	
0;				 ; 				 	.
0;									 0;												 0	.

																																								 4.4         

(4.3) warmodgenili iqneba nomogramis uZrav nawilze , , ,  da ,  binaruli 

velebis saxiT, xolo nomogramis moZrav nawilze _ e.w. transparantze ganlagdeba 0,0  

wertili,  da  skalebi horizontalurad, radganac maTi ordinatebi nulis 

tolia. transparantis ∙  wertili Seesabameba ,  binarul vels,  skala 

Seesabameba ,  binarul vels, xolo  skala _ ,  binarul vels. 

 binaruli velebisa da skalebis gantolebebi Sedgeba nomogramis agebis meTodikaSi 

mocemuli 1.2 cxrilis Tanaxmad. 
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(4.1) gantolebaTa sistemaSi Semavali cvladebis cvalebadobaTa diapazoni 

mocemulia qvemoT: 

0,2 50 mm; 
20 400 m; 

5000 20000; 
1 3; 

1 30	sek; 

2 20. 
nomograma agebulia gardamqmneli parametrebis Semdegi mniSvnelobebiT: 

150	mm,											 0, 
0,																							 0, 
50,																						 30,  

										 90,																							 0,												 
					 50,																			 200, 

			 1,																									 0. 
am monacemebiT agebuli transparantuli nomograma (4.1) sistemisaTvis mocemulia 4.1 

naxazze. nomogramis uZrav nawilze gvaqvs sami binaruli veli _ , , ,  da , , 
xolo moZrav nawilze _ fiqsirebuli wertili,  da  skalebi. nomogramiT 

sargeblobis sqema mocemulia uSualod naxazze: transparantze mocemul fiqsirebul 

wertilsa da skalebs gamovxazavT gamWirvale (SeiZleba Cveulebrivzec) qaRaldze, 

Semdeg mocemuli  da  gadakveTis wertils ,  binarul velSi davamTxvevT 

transparantze fiqsirebul wertils, transparantis skalebs vaorientirebT  xazebis 

paralelurad, am dros mocemuli -is pirdapir transparantze zemoT wavikiTxoT -

is pasuxs, xolo qvemoT erTdroulad, mocemuli -is gadakveTaze wavikiTxavT pasuxs 

 skalaze. 

 4.1 naxazze mocemuli transparantuli nomogramis gamoTvlebis sizusteze 

warmodgenas mogvcems 4.1 cxrilSi motanili monacemebi. 

                                                               cxrili 4.1 

, 
m 

   
, mm ,		sek 

nomog. 

gamoTv. 

form. 

gamoTv.

Secdoma 

%

nomog. 

gamoTv

form. 

gamoTv 
Secdoma 

%

20 5000 1,5 5 1,5 1,57 4,4 11,0 10,85 1,4 

50 7000 1,8 8 2,4 2,45 2,1 6,3 6,44 2,2 

100 8000 2,0 10 3,9 3,95 1,3 5,1 5,16 1,2 

200 10000 2,3 15 5,2 5,64 2,8 3,4 3,45 1,4 

300 15000 2,5 20 5,1 5,25 2,8 2,0 2,02 1,0 
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4.2. barometruli nivelobiT aRmatebis angariSi 

 mTian adgilebSi wertilTa aRmatebebi isazRvreba barometruli nivelobiT. am 

dros wertilebze izomeba wneva da temperatura da e.w. babines formuliT gamoiTvleba 

aRmateba [16].  

																																																																			 1 ,																																																											 4.5  

sadac  da  aris pirvel da meore wertilze gazomili wnevebi;  - am wertilebze 

saSualo temperatura; koeficienti  tolia  

2
∆

		, 

sadac 13,596 vercxliswylis simkvrivea; 760mm wnevaa ZiriTad donebriv 

zedapirze, xolo ∆ 0,001293 simkvrivea igive zedapirze. am monacemebis CasmiT, 

vRebulobT 16025. (4.5) formulaSi  aris gazebis gafarToebis koeficienti da 

tolia 0,003665. 
 vinaidan Cveni amocanaa (4.5) aRmatebis saangariSo formula warmovadginoT 

grafikulad, amitom daviyvanoT igi transparantuli nomogramebis erT-erT kanonikur 

formaze, kerZod nomogramis agebis meTodikis (1.28)-is Semoklebul formaze 4  

ucnobiT  

	, 
	.      

(4.5) formula davweroT aseTi saxiT  

1
		, 

gavalogariTmoT es toloba da qveS mivuweroT igiveoba  

0 1 ,

0 0	.
																																			 4.6  

(4.6) sistemidan transparantuli nomogramis uZrav nawilze ganlagdeba ,  da 

, 	  binaruli velebi, xolo moZrav nawilze fiqsirebuli wertili da  skala. 

, ,  da		 -is cvlilebaTa diapazons viRebT Semdeg farglebSi: 

500 760	mm vercx.	sveti 
480 740			  

10 30° 
1 3000		m 

nomogramis asagebi parametrebia: 0; 1619,4; 0; 0; 0; 0; 
50; 600;  1; 0.   

 am parametrebiT agebuli transparantuli nomograma (4.5) formulisaTvis 

mocemulia 4.2 naxazze. nomogramiT sargeblobis gasaRebi naCvenebia naxazze da SemdegSi 

mdgomareobs: saxazav-transparantze fiqsirebul wertils vuTavsebT ,  binarul 

velSi am sidideTa gadakveTis wertils, maSin saxazav-transparantis gaswvriv  

temperaturis maCveneblis gadakveTaze  xazTan wavikiTxavT aRmatebis sidides. 



71 
 

 

na
x
. 
4
.2
 
no
mo
gr

am
a 
(4
.5
) 
d
am
o
ki
d
eb
u
l
eb
eb
is
aT
vi
s:
 

a)
 
u
Zr
av
i 
na
w
il

i,
 
b)
t
r
an
sp
ar
an
t
i 

 



72 
 

qvemoT mocemulia (4.5) formuliTa da grafikulad aRmatebis gansazRvris 

sizusteebi, romelic 1 8%-is farglebSia (cxrili 4.2).  

                                      

                                                 cxrili 4.2 

 

 

 
  

 

 

 

 

 

 

 

 

4.3. sainJinro nagebobaTa deformaciebis prognozirebis eqsponencialuri 

modelis empiriuli parametrebis dadgena grafikulad 

 

 nagebobaTa deformaciebis prognozirebis amocana ganixileba sainJinro obieqtis 

funqcionirebis kanonzomierebebis kvlevisa da dakvirvebaTa sixSiris dadgenisas. misi 

mizania agreTve nagebobis saimedoobis xarisxis dadgena da obieqtis gamagrebiTi 

samuSaoebis racionaluri dagegmva [4, 5, 14]. 

 deformaciebze dakvirvebis ciklebs Soris intervali (dakvirvebebi mniSvnelovan 

xarjebTanaa dakavSirebuli) xSirad damokidebulia dawevebisa da maTi intensiobis 

prognozirebis xarisxze. mosalodneli deformaciebis maRali xarisxiT Sesrulebul 

prognozs SeuZlia optimaluri gaxados dakvirvebaTa sixSire da maTze gaweuli 

xarjebi. 

    amgvarad, dawevebis prognozireba mniSvnelovani sainJinro amocanaa, romlis xarisxi 

damokidebulia SerCeuli modelis saxeze (eqsponencialuri, paraboluri, hiperboluri), 

dakvirvebebis droiTi rigis wevrTa raodenobaze da empiriuli parametrebis dadgenis 

sizusteze. 

 maTematikuri modelis SerCevisas ZiriTadi kriteriumi saboloo Sedegis kargi 

Sexamebaa naturul dakvirvebebTan. am mizniT, dakvirvebebis droiTi rigis mixedviT, 

SeirCeva saprognozo modelis is analizuri saxe, romelic yvelaze kargad aRwers 

dakvirvebis Sedegebs. 

 ama Tu im modelis vargisianoba damokidebulia dawevebisa da siCqareebis 

ganviTarebis xasiaTze, rac sxva faqtorebTan erTad, ganpirobebulia gruntebis 

TvisebebiT, kerZod misi fardobiTi kumSvis koeficientiT. 

 roca SerCeulia empiriuli formulis zogadi saxe _ eqsponencialuria Tu 

hiperboluri _ Cven winaSe dgeba formulaSi Semavali parametrebis dadgenis sakiTxi. 

№       

      aRmateba, gamoTvlili 

nomogrami

T 
formuliT 

Secdoma, 

∆% 

1  600  580  ‐10  240  262  8,4 

2  750  700  0  540  553  2,4 

3  700  620  10  1000  1007  0,7 

4  750  650  15  1250  1208  3,5 

5  720  700  20  240  242  1,0 

6  730  680  25  630  620  1,6 

7  740  710  30  400  368  8,0 
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am sakiTxis dadebiTad gadawyveta umcires kvadratTa meTodiT xdeba, rac yvelaze 

zusti, magram Sromatevadi procesia. naklebi, magram sainJinro gamoTvlebisaTvis 

sakmarisi sizustiT igive sakiTxis gadaWra SesaZlebelia grafikuli meTodiTac, raSic 

daxmarebas transparantuli saxis nomograma gagviwevs. 

 am mizniT SevarCieT eqsponencialuri da hiperboluri saxis maTematikuri 

modelebi da SevecdebiT davadginoT empiriuli parametrebis sidideebi, rogorc 

nagebobis dawevebis sidideebis,  ise dawevebis ganviTarebis siCqarisa da aCqarebebis 

gamoyenebiT, rac qvemoT aris ganxiluli. 

 

 

4.3.1. empiriuli parametrebis  

dadgena dawevebiT 

 

 praqtikaSi dawevebis prognozirebis ramdenime maTematikur models iyeneben, 

romelTa saboloo Sedegebi kargad emTxveva naturuli dakvirvebis masalebs, Tumca 

zogjer mniSvnelovan gadaxrebsac aqvs adgili. 

 prognozirebis dros didi mniSvneloba aqvs iseTi faqtorebis gaTvaliswinebas, 

rogoricaa qvabulis fskeris ukudeformacia, hidrologiuri pirobebi, nagebobis tipi, 

misi agebis meTodi, gruntebis fardobiTi kumSvadoba da a.S. 

 yvelaze xSirad dawevebis  droSi aproqsimaciisaTvis iyeneben mrudis 

eqsponencialur saxes [14] 

																																																																							 1 ∝ ,																																																																	 4.7  

sadac  aris droSi mimdinare dawevebi, mm;  _ msgavs pirobebSi agebuli msgavsi 

tipis nagebobis saboloo dawevis sididea, mm, romelic Teoriulad SeiZleba 

viangariSoT ekvivalenturi Sris an Sreobrivi dajamebis meTodebiT; ∝ _ gruntis 

fardobiTi kumSvadobis koeficientia;  - droa (Tve an weli). 

 da ∝ arian is parametrebi, romelTa dadgenac gvinda grafikuli meTodiT. 

amisaTvis (4.7) unda daviyvanoT nomogramis agebis meTodikaSi mocemul  (1.36) saxeze: 

, 
. 

(1.36) saxeze dasayvanad (4.7) davweroT igivurad, galogariTmebis Semdeg da mivuweroT 

∝ 0 ∝ 0 igivuri toloba 

																																																													0 lg 1 ∝ 	,
∝ 0 ∝ 0	.

																																																 4.8  

(1.36) kanonikuri formisa da (4.8)-is SedarebiT gvaqvs: 

0;	 		 lg 1 ∝ ;
∝;			 ∝	.																					

						
transparantis

uZravi nawili 
 

; 			 	;
0;									 0.			 						

transparantis

moZravi nawili
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nomogramis asagebad saWiro maregulirebeli parametrebis mniSvnelobebi mocemulia 

qvemoT: 

0;			 
150;							 200;							 1; 						 0. 

(4.7) formulaSi Semavali , , ∝,  sidideebisaTvis  cvalebadobaTa diapazoni 

aRebulia Semdeg zRvrebSi: 

0,05 ∝ 0,5; 
1 10,	w; 

1 , 100,	mm. 
zemoT ganxilulis gaTvaliswinebiT agebuli (4.7) damokidebulebis transparantuli 

nomograma mocemulia qvemoT 4.3 naxazze.  

aqve mocemulia nomogramiT sargeblobis gasaRebi, romelic SemdegSi mdgomareobs: 

roca nomogramiT gvinda gamovTvaloT  dawevis sidide mocemuli , ∝,  sidideebiT, 

S  mocemul sidides davadebT ∝ mocemul mniSvnelobas (S  skalas davadebT ∝-s 
aRmniSvnel xazs) da davafiqsirebT S -s I-I munji skalis gadakveTaze. am momentSi  

drois aRmniSvneli mrudis gadakveTa St skalasTan mogvcems St mniSvnelobas. 

es aris nomogramis gamoyeneba pirdapiri daniSnulebiT _ gamoTvlis mizniT. sizusteebi 

warmodgenilia 4.3 cxrilSi. 

 

                                                   cxrili 4.3 

N№  ∝  nomogramiT

gamoTvlili 

formuliT 

gamoTvlili 

Sedcdoma 

∆% 

1 100 0,5 5 92 91,8 0,02 

2 80 0,4 4 63 63,8 1,2 

3 50 0,3 2 22 22,6 2,6 

4 20 0,2 1 3,5 3,6 2,8 

5 70 0,35 3 45 45,5 1,1 
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 axla ganvixiloT nomogramis gamoyeneba (4.7) formulaSi Semavali parametrebis 

, ∝	 	 dasadgenad. amisaTvis nomogramis uZrav nawilze vamoZravebT horizontalurad 

orientirebul saxazav-transparants zemoT da qvemoT manam, sanam ar vipoviT im 

mdebareobas, romlis drosac erTmaneTs daemTxveva mocemuli , , … 	  drois 

aRmniSvneli mrudebi 	∝	, 	 	 binarul velSi transparantis  skalaze _ , ,

… 	 	  dawevebis mocemul sidideebs. am dros nomogramis uZrav nawilze 

horizontaluri xazis gaswvriv wavikiTxavT ∝ mniSvnelobas, xolo I-I munji skalis  

skalasTan gadakveTis wertilSi _  mniSvnelobas. unda aRvniSnoT, rom 	  da  

SeTavsebebi wyvilebisaTvis ar iqneba idealurad zusti, magram, rogorc Catarebuli 

analizi aCvenebs, am gziT dadgenili parametrebis sizuste ~10%-is farglebSia 

(cxrili 4.4), rac srulebiT akmayofilebs prognozirebuli sidideebis moTxovnil 

sizustes. 

 qvemoT, 4.4 cxrilSi mocemuli  da  sidideebiT grafikulad 4.3 naxazze 

mocemuli transparantuli nomogramiT dadgenilia ∝ da  parametrebi. Semdeg am 

parametrebiT (4.7) formuliT gamoTvlili  sidideebi Sedarebulia mocemul  

sidideebTan da gamoyvanilia cdomilebebi %-Si, rac 10%-s ar aRemateba. 

 

                                                             cxrili 4.4 

№ 

 
grafikulad 

napovni 

parametrebi 

(4.7) fomruliT gamoTvlili 

 sidideebi 
Secdomebi %-Si 

⁄   ⁄   ⁄   ⁄   ⁄   ∝              ∆   ∆   ∆   ∆   ∆  

1  3 35⁄   4 38⁄   5 40⁄   6 41⁄   7 43⁄   0,50 45 35,0 38,9 41,3 42,8 43,6  0  2  3 4 1
2  3 32⁄   4 35⁄   5 37⁄   6 38⁄   7 38⁄   0,44 43 31,5 35,6 38,2 39,9 41,0  2  2  3 5 8
3  4 33⁄   5 35⁄   6 36⁄   7 36⁄   8 37⁄   0,50 38 32,9 34,9 36,1 36,9 37,3  0  0  0 2 1
4  5 36⁄   6 37⁄   7 38⁄   8 39⁄   9 40⁄   0,40 42 36,3 38,2 39,4 40,3 40,9  1  3  4 3 2
5  6 41⁄   7 42⁄   8 43⁄   9 44⁄   10 45⁄   0,34 47 40,9 42,7 43,9 44,8 45,4  0  2  2 2 1
6  4 37⁄   5 40⁄   6 42⁄   7 44⁄   8 44⁄   0,43 47 38,6 41,5 43,4 44,7 45,5  4  4  3 2 3
7  1 12⁄   2 23⁄   3 29⁄   4 35⁄   5 35⁄   0,40 40 13,2 22,0 28,0 31,9 34,6  10  4  4 9 1
8  2 29⁄   3 36⁄   4 45⁄   5 46⁄   6 46⁄   0,44 50 29,3 36,6 41,4 44,5 46,4  1  2  8 3 1
9  2 29⁄   3 36⁄   4 47⁄   5 52⁄   6 54⁄   0,50 51 32,2 39,6 44,1 46,8 48,5  11  10  6 10 10 

10  1 21⁄   2 40⁄   3 55⁄   4 65⁄   5 69⁄   0,33 80 22,5 38,7 50,3 58,6 64,6  7  3  9 10 6
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4.3.2. empiriuli parametrebis dadgena  

dawevebiTa da siCqareebiT 

 

 igive empiriuli parametrebis grafikuli meTodiT dadgena SesaZlebelia ara 

marto dawevebiT, aramed siCqareebiTac [5]. 

 dawevebis siCqareebis misaRebad (4.7) maTematikuri modeli gavawarmooT drois 

faqtoriT _ 

																																																																										 ∝ ∝ .																																																									 4.9  

tranaparantuli nomogramis asagebad (4.7) da (4.9) tolobebi ganvixiloT, rogorc 

gantolebaTa sistema: 

																																																																								
1 ∝ ;
∝ ∝ .

																																																											 4.10  

(4.10) sistemis tolobebis dasayvanad (1.28) kanonikur formaze, davweroT igi Semdegi 

saxiT 

1 1 ∝ ∝ ∝

	. 

 am ukanasknelis galogariTmebiT da mis qveS 	∝ ∝ ∝ igiveobis miweriT miviRebT 
(1.28)-is msgavs formas: 

																																												0 lg lg 1 ∝ lg lg ∝ ∝ lg ;
∝ 0 ∝ 0 ∝ 0.

																										 4.11  

(4.11) da (1.28) formebi Sesatyvisia da gvaqvs: 

0;			 lg 1 ∝ ;			 ∝ ∝ 	. 
∝;				 ∝;	 				 ∝	. 

es binaruli velebi erTi saerTo ∝ parametriT ganlagdeba nomogramis uZrav nawilze. 

 

	; 			 ; 			 . 
0;					 0; 	 				 0. 

es horizontaluri skalebi ki ganlagdebian nomogramis moZrav nawilze – 

transparantze. nomogramis uZrav nawilze ganlagebuli binaruli velebisa da 

transparantze ganlagebuli skalebis koordinatebis gantolebani mocemulia 1.2 

cxrilSi. nomogramis asagebad SerCeuli gardaqmnis parametrebia: 	
0; 300	mm; 30	mm; 75; 	 200; 	 1; 0. 

 maTematikur modelebSi mocemuli cvladebis cvladebadobaTa diapazoni aRebulia 

zRvrebSi: 

0,05 ∝ 0,50; 
1 10		weli; 

1 , 100	mm; 
0,001 30 mm w⁄ . 

 am monacemebiT agebuli transparantuli nomograma mocemulia 4.4 naxazze. 4.3 

nomogramisagan gansxvavebiT aq nomogramis uZrav nawilze damatebiT gvaqvs ,	∝  

binaruli veli da Sesabamisad transparantze damatebiTi  skala. 
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 nomogramis gamoyeneba  da  sidideebis saangariSod xdeba iseve, rogorc wina 

SemTxvevaSi. kerZod, ,		∝ da  mocemuli mniSvnelobebisaTvis transparants (romelic 

unda gamoWrili iqnes Tavisi zomebiT) vadebT nomogramis uZrav nawilze ise, rom  da 

 skalebis xazi SeuTavsdes mocemuli ∝-s aRmniSvnel horizontalur xazs ∝,	  

velSi, Semdeg ∝-s gaswvriv vamoZravebT manam, sanam cnobili  sidide ar SeuTavsdeba 

I-I e.w. munj skalas. davafiqsirebT ra am mdgomareobas, saZiebel  da  sidideebs 

wavikiTxavT mocemuli  mrudebis gadakveTaze Sesabamisad, ∝,	  da ∝,	  binarul 

velebSi. gamoTvlis cdomileba, rogorc es 4.3 cxrilSia, aqac 2 3%-is farglebSia. 

 rogorc aRvniSneT transparantuli saxis nomogramebis gamoyeneba SesaZlebelia 

empiriul formulaSi Semavali parametrebis dasadgenadac. amisaTvis vaorientirebT 

nomogramis moZrav nawils anu transparants uZrav nawilze horizontalurad ise, rom 

mocemul , , … 	  drois aRmniSvneli mrudis xazebi ∝,		  velSi saukeTesod 

SeuTavsdes transparantze gamosaxuli dawevebis siCqareebis aRmniSvneli  skalis 

, , …  sidideebs.  

 am mdgomareobis dafiqsirebis Semdeg  skalis gaswvriv wavikiTxavT ∝ parametris 
mniSvnelobas, xolo I-I da  skalebis gadakveTis wertilSi _  parametris 

mniSvnelobas. zust SeTavsebebs yoveli  da  wyvilebisaTvis adgili ar eqneba, magram 

unda vecadoT SevarCioT iseTi mdebareoba, roca es SeTavsebebi optimaluri iqneba. 

sizustis analizi warmodgenilia 4.5 cxrilSi, saidanac Cans, rom parametris dadgenis 

cdomileba 10-12%-is farglebSia, saSualod ki Seadgens 3-5%-s.  

                                                              cxrili. 4.5 

 

 

ma
ga
l
iT

eb
i 

 
grafikul 

napovni 

parametri 

formuliT gamoTvlili 

mniSvnelobebi 

 
∆ ∙ 100 

Secdomebi %-Si 

       ∝          ∆   ∆  ∆  ∆  ∆  

1 
1 

5 

2 

3 

3 

2 

4 

1,5 

5 

1 
0,41 19 5,0 3,0 2,0 1,5 1,0 0 0 0 0 0 

2 
2 

8 

3 

5 

4 

3,5 

5 

2,5 

6 

1,5 
0,38 43 8,0 5,0 3,5 2,5 1,6 0 0 0 0 7 

3 
3 

10 

4 

7 

5 

5 

6 

3 

7 

2 
0,4 82 9,8 6,65 4,4 3,0 2,0 2 6 12 0 0 

4 
5 

5,3 

6 

3,6 

7 

2,5 

8 

1,7 

9 

1,1 
0,38 68 5,7 3,9 2,6 1,8 1,2 8 8 4 6 9 

5 
6 

3 

7 

2,3 

8 

1,8 

9 

1,4 

10 

1 
0,27 41 2,9 2,2 1,7 1,3 1,0 3 4 6 7 0 

6 
4 

4 

5 

3 

6 

2 

7 

1,6 

8 

1 
0,35 100 4,3 3,0 2,1 1,5 1,0 8 0 5 6 0 

7 
1 

4 

2 

3 

3 

2 

4 

1,5 

5 

1 
0,34 17 4,1 2,9 2,1 1,5 1,1 2 3 5 0 10 

8 
2 

3 

3 

2,1 

4 

1,4 

5 

0,9 

6 

0,6 
0,4 16 2,9 1,9 1,3 0,9 0,6 3 10 7 0 0 

9 
2 

4 

3 

2,8 

4 

1,9 

5 

1,2 

6 

0,7 
0,43 33 3,7 2,6 1,7 1,1 0,7 8 7 11 8 0 

10 
1 

2 

2 

1,5 

3 

1 

4 

0,7 

5 

0,5 
0,35 24 2,1 1,4 1,0 0,7 0,5 5 7 0 0 0 
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4.3.3. empiriuli parametrebis dadgena dawevebiT,  

siCqareebiTa da aCqarebebiT 

 

rogorc zemoT vnaxeT, dawevebis prognozirebis eqsponencialuri funqciis 

empiriuli parametrebis   (∝ da ) sidideTa dadgena SesaZlebelia rogorc dawevebis 

sidideebis, aseve dawevaTa siCqaris gamoyenebiT. sabolood albaT logikuri iqneba maTi 

saSualo sidideebis gamoyeneba praqtikuli mizniT. 

roca erTi da igive procesis gamomxatveli funqciis parametrebis (∝ da ) 

dadgena SegviZlia ramdenime maCveneblis (dawevebis, siCqareebis) gamoyenebiT, Cveni 

azriT es zrdis am parametrebis optimalur sidideebTan miaxloebis albaTobas. am 

azriTaa nakarnaxevi am qveparagrafSi warmodgenili sakiTxi, romlis azri mdgomareobs 

visargebloT aRniSnuli ∝ da  parametrebis sidideTa dadgenisaTvis kidev erTi 

damatebiTi maCvenebliT – dawevebis aCqarebebiT, romelic axasiaTebs nagebobis 

wertilTa dawevebis siCqareebis cvlilebis siswrafes. unda vivaraudoT, rom 

dawevebisas wertilebi daaxloebiT sworxazovnad moZraoben. aseTi moZraobisas 

saSualo aCqareba tolia ∆  siCqaris nazrdis fardobisa ∆  drois im SualedTan, 

romlis ganmavlobaSic es nazrdi warmoiSva _ 
∆

∆
. 

amrigad, Cveni mizania davadginoT ∝ da  empiriuli parametrebis sidideebi 

dawevebiT, dawevaTa siCqareebiTa da aCqarebebiT: 

																																																																				

1 ∝ ;

∝ ;

.

																																																								 4.12  

wina SemTxvevebis msgavsad da nomogramis agebis meTodikis ($1.6) mixedviT (4.12) 

gantolebaTa sistemisaTvis agebuli transparantuli nomograma warmodgenilia 4.5 

naxazze. nomograma agebulia gardaqmnis parametrebis Semdegi mniSvnelobebisaTvis: 

0; 0; 200; 30; 370; 0; 75; 200; 

1; 0. 

(4.12) sistemaSi Semavali cvladebis cvlilebaTa diapazonia: 

0,05 ∝ 0,5	; 
1 10; 

1 , 100; 
0,001 30; 
0,002 15. 

rogorc wina SemTxvevebSi, 4.5 naxazze warmodgenili nomograma SegviZlia gamoviyenoT 

(4.12) sistemis ZiriTadi maCveneblebis _  dawevebis,  siCqareebis da  aCqarebebis 

saangariSod. amisaTvis viqceviT ase: 4.5 naxazis b) moZrav nawils, e.w. transparants 

gamovWriT Tavisi zomebiT; transparantis , 	  skalebs vaorientirebT uZravi 

nawilis ∝ horizontaluri xazebis mixedviT, gadavaadgilebT orientirebul 

transparants mocemuli ∝	-s gaswvriv da SevuTavsebT  mocemul sidides I-I munj 

skalasTan. amiT vafiqsirebT transparants uZrav nawilze. amis Semdeg, wavikiTxavT 
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pasuxebs _  dawevis sidides  mrudis gadakveTaze;  _ dawevis siCqares mocemuli 

 mrudis gadakveTaze ( -s sididea igivea);  – dawevis aCqarebis sidides mocemul  

mrudis gadakveTaze ( ,  da  erTi da igive magaliTisaTvis erTi da igivea). 

nomogramiT gamoTvlebis sizusteTa analizisaTvis qvemoT 4.6 cxrilSi amoxsnilia 

ramdenime magaliTi nomogramiTa da (4.12) formulebiT. rogorc Secdomebis analizi 

aCvenebs, nomogramiT gamoTvlebis sizuste, praqtikuli gamoTvlebisaTvis misaRebia _ 

3 5%. 

                                                             cxrili 4.6 

 

rogorc zemoT aRvniSneT transparantuli nomogramebis upiratesoba gamoixateba 

maTi gamoyenebis SesaZleblobiT kvleviTi miznebisaTvis, konkretulad raime procesis 

maTematikuri modelis empiriuli parametrebis mniSvnelobaTa dadgenisaTvis. am mizniT 

Cven gamoviyeneT dawevebisa da dawevebis siCqareTa modelebis nomogramebi. exla imave 

miznisTvis gamoviyenoT dawevebis aCqarebaTa modelis nomograma (nax.4.5). ∝ da 	  

parametrebis dadgenisTvis erTdroulad gamoyenebuli iqna 	, ; ,  da ,		  

binaruli velebi. Sedegebi warmodgenilia 4.7 cxrilSi. 

rogorc cxrilidan Cans, erTi da igive nomogramis sxvadasxva binaruli velebis 

gamoyenebiT dadgenili empiriuli parametrebi umniSvnelod gansxvavdebian. grafikulad 

dadgenili ∝ da 	  parametrebiT (4.12) formuliT gamoTvlili ,  da  sidideebi 

axlosaa imave sidideebis im mniSvnelobebTan, romelic SerCeuli iqna ∝ da 	  

parametrebis dasadgenad. gansxvaveba zogierTi gamonaklisis garda ar aRemateba 2 3% 

cdomilebas. 

                                                            cxrili 4.7 

 

 

 

№ 

mocemuli sidideebi saZiebo sidideebi

 ∝  
    

nomo form ∆%  nomo form ∆%  nomo form ∆% 

1 2 0,2 30 10 9,9 1,0 3,9 4,04 3,5 0,8 0,82 2,5 

2 3 0,3 40 26 23,7 9,7 4,9 4,91 0,2 1,5 1,46 2,7 

3 5 0,4 50 44 43,2 1,8 2,7 2,72 0,7 1,1 1,08 1,8 

4 7 0,45 70 64 67,0 4,5 1,35 1,35 0 0,6 0,61 1,7 

5 9 0,5 85 83 84,0 1,2 0,47 0,47 0 0,23 0,24 4,2 

maCveneblebi , ,⁄  
grafikul.  

miRebuli 

paramet. 
, ,  

formuliT gamoTvlili Secdomebi 

∆ , % 

magaliTebi 1 2 3 4 5 6 ∝ 1 2 3 4 5 6 1 2 3 4 5 6 

bi
na
r
u
l
i 

ve
l
eb
i 

, 1
9
 

2
16

 
3
22

 
5
28

 
7
32

 
10
34

 0,30 36 9,3 16,2 21,4 28,0 31,6 34,2 3,2 1,2 2,8 0 1,3 0,6

,  
1
8
 

2
6
 

3
4,5

 
5
2,3

 
7
1,3

 
10
0,5

 0,31 35 8,0 5,8 4,3 2,3 1,2 0,5 0 3,4 4,6 0 8,3 0 

,  
1
2,5

 
2
1,7

 
3
1,1

 
5
0,7

 
7
0,4

 
10
0,15

 0,29 36 2,3 1,7 1,3 0,7 0,4 0,17 8,7 0 15,4 0 0 11,8
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4.4. Ddeformaciebis prognozirebis hiperboluri modelis empiriuli 

parametrebis dadgena grafikulad 

 

 sainJinro nagebobaTa dawevebis xasiaTi, rogorc cnobilia, ganisazRvreba maTi 

sididiTa da siCqariT anu procesis cvlilebiT SerCeul drois erTeulSi. amasTan 

dawevebis intensiurobis sidideebi ufro arsebiT rols TamaSobs, vidre misi 

absoluturi sidideebi. Aaqedan gamomdinare, 	∝ da  empiriuli parametrebis 

grafikuli dadgena ufro zustad moxdeba dawevebiTa da maTi siCqareebiT. es sakiTxi 

gvqonda ganxiluli wina paragrafSi, sadac dawevebi da maTi siCqareebi warmodgenili 

iyo eqsponencialuri funqciiT. aqac igive sakiTxs ganvixilavT im gansxvavebiT, rom 

dawevebi da maTi siCqareebi warmodgenili iqnebian hiperboluri funqciiT [19] 

																																																																																			
∝

			,																																																									 4.13  

sadac 	  aris  droSi mimdinare daweva, mm; -msgavs pirobebSi msgavsi tipis 

nagebobisaTvis dawevis saboloo sidide, mm;  – dro, Tve an weli; ∝ – empiriuli 

koeficienti, romlis sidide damokidebulia nagebobis tipze, gruntis Tvisebebze da 

sxva faqtorebze da icvleba 0-dan 0.5-mde.  

 (4.13) formulis mixedviT dawevebis  siCqare toli iqneba 

																																																																					
∝

∝
	.																																																								 4.14  

 imisaTvis, rom (4.13) da (4.14) damokidebulebebi warmovadginoT transparantuli 

nomogramiT, isini unda daviyvanoT 1.6 paragrafSi mocemuli meTodikiT (1.28) kanonikur 

saxeze. amisaTvis, (4.13) da (4.14) warmovadginoT aseTi saxiT 

1
∝

∝
∝

	. 

 galogariTmebul bolo tolobas qveS mivuweroT ∝ ∝ ∝ igiveoba, Sedegad 

gveqneba 

																																			0 	
∝

	 	
∝

∝
	,

∝ 0 ∝ 0 ∝ 0.
																									 4.15  

(4.15) analogiuria (1.28) formisa 

	, 

	. 
(4.15) da (1.28) formebis SedarebiT gvaqvs: 

																																														 0;		
∝

;		
∝

∝
;

∝;					 	∝;							 	∝.																	
																																	 4.16  

(4.16) ganlagdeba nomogramis uZrav nawilze I-I munji skalis; ∝,  binaruli velisa 

da ∝, 	  binaruli velis saxiT, xolo 

																																																														
; 		 ; 		 ;

0;					 	0;						 	0	, 																																							 4.17  

(4.17) ganlagdeba nomogramis moZrav nawilze – transparantze horizontaluri 

skalebis saxiT. 
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 nomogramis asagebi koordinatebi rogorc uZrav, ise moZrav nawilze mocemulia 

1.2 cxrilSi (§1.6). cxrilSi warmodgenili parametrebis mniSvnelobebia: 

0; 520mm; 30	mm; 	 150; 200; 1; 0. 

 (4.13) da (4.14) formulebSi Semavali cvladebisa da empiriuli parametrebis 

cvalebadobaTa diapazoni aRebuli gvaqvs Semdeg farglebSi: 

0,05 ∝ 0,5	; 
1 10		weli; 
1 , 100		mm; 
0,001 1	 mm w⁄ . 

cvladebisa da parametrebis aseTi mniSvnelobebisaTvis agebuli transparantuli 

nomograma warmodgenilia 4.6 naxazze. 

4.6 naxazze wamodgenili nomograma SegviZlia gamoviyenoT rogorc  dawevebisa 

da  dawevis siCqareebis saangariSod (4.13) da (4.14) formulebis nacvlad, ise am 

formulebSi Semavali empiriuli ∝ da 			parametrebis sidideTa dasadgenad umcires 
kvadratTa meTodis nacvlad. 

pirvel SemTxvevaSi transparantis  skalas vaorientirebT uZrav nawilze ∝ 
horizontaluri xazebis gaswvriv, Semdeg mocemul  sidides davamTxvevT mocemuli ∝ 

da I-I munji skalis gadakveTis wertils, ris Semdeg mocemuli  gadakveTaze ∝,  

velSi  skalasTan wavikiTxavT  pasuxs, xolo igive  sididis gadakveTaze ∝,  

velSi  skalasTan wavikiTxavT  siCqaris pasuxs. formuliT gamoTvlilTan SedarebiT 

(erTi gamonaklisis garda) vRebulobT umniSvnelo gansxvavebas 1 2% farglebSi. 

gamonaklisis saxiT erT SemTxvevaSi miviReT 15% cdomileba, risi mizezic -s mcire 

mniSvnelobaa – 0,1	mm/w. (cxr. 4.8). 
 

                                                            cxrili 4.8 

ma
ga
l
iT

eb
i mocemuli 

sidideebi 
gamoTvlili sidideebi 

 ∝  
 

nomogr. formuliT ∆% nomogr. formuliT ∆% 

1 60 0,5 7 57 56 1,8 0,52 0,53 1,9 

2 50 0,35 5 46,5 46,7 0,4 0,60 0,61 1,7 

3 68 0,45 5 62 62,4 0,6 1,0 1,03 3,0 

4 90 0,4 6 84 84,4 0,5 0,90 0,88 2,3 

5 30 0,3 8 28,3 28,9 2,1 0,15 0,13 15,4 
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 meore SemTxvevaSi anu roca nomogramas viyenebT empiriuli parametrebis sidideTa 

dasadgenad, SegviZlia gamoviyenoT rogorc 	 , ∝  veli da  skala, ise 	 , ∝  

veli da  skala. orive SemTxvevaSi viqceviT ase: 

vaorientirebT nomogramis moZrav nawils uZravze ise, rom mocemuli  

1,2, …  mrudebi pirvel binarul velSi saukeTesod SeuTavsdes  mocemul  sidideebs. 

am mdgomareobis dafiqsirebiT, munji skalis gaswvriv wavikiTxavT  parametris 

mniSvnelobas, xolo ∝-s gaswvriv gveqneba misi sidide. roca viyenebT meore 	 , ∝  

vels, mocemuli  sidideebi unda saukeTesod SevuTavsoT aseve mocemul  sidideebs, 

romlis dafiqsirebiT miviRebT igive ∝ da  parametrebis mniSvnelobebs. aRniSnuli 

warmodgenilia cxr.4.9-Si, sadac naCvenebia grafikulad dadgenili parametrebiT 

gamoTvlil sidideTa (  da ) gansxvaveba igive sidideebis mocemul mniSvnelobebTan 

%-Si. rogorc cxrilidan Cans es gansxvavebebi meryeobs 5 10% farglebSi.       

 

                                                                 cxrili 4.9 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

maCveneblebi 
						 , 	 

grafikulad 

gansazRvruli 
parametrebi ,  

formuliT 
gamoTvlili 

				∆ ,	 % 

 

cdomileba 

magaliTebi 1 2 3 4 ∝  1 2 3 4 1 2 3 4 

bi
na
r
u
l
i 
ve
l
eb
i ,

 

3
12

 
5
13

 
7
13

 
10
13

 0,36 14 12,5 13,0 13,3 13,5 4.0 0 2,3 3,7 

, 

 

3
0,4

 
5

0,15
 

7
0,085

 
10

0,045
 0,35 14 0,44 0,17 0,09 0,046 9,1 11,8 5,5 2,23
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4.5. grafikuli meTodis gamoyeneba optimaluri  

parametrebis dasadgenad 

 

 dasmuli amocana miekuTvneba samTo dargs, kerZod miwisqveSa sabadoTa damuSavebis 

optimizaciis sakiTxs. ganxilul amocanebTan mas akavSirebs grafikuli meTodebis 

gamoyenebis SesaZlebloba samecniero kvleviTi mizniT. konkretulad, maTi daxmarebiT 

SesaZlebelia davadginoT sawmendi sangrevis parametrebis is optimaluri sidideebi, 

romlebic minimums aniWebs xarjebs [3]. 

 amocanis arsi SemdegSi mdgomareobs – sasargeblo wiaRiseulis amosaRebi velis 

farglebSi Sromisa da masalebis yvela danaxarjis gaTvaliswinebas mivyevarT 

optimalobis kriteriumis (magaliTad, xarjebis minimumi), mocemuli pirobebisaTvis 

fiqsirebuli fenis (an Sris) sisqisa, sarTulis daxrili simaRlisa da amosaRebi velis 

sigrZisas, sawmendi sangrevis sigrZesa da mis dReRamur winsvlasTan Semdeg 

damokidebulebasTan: 

																																																																								 ,																																																												 4.18  

sadac  aris sasargeblo wiaRiseulis TviTRirebuleba, l/t;  _ sawmendi sangrevis 

sigrZe, m;  _ sangrevis dReRamuri gadaadgileba, m/dR; , 	 , 	  _ mocemuli 

pirobebisaTvis fiqsirebuli koeficientebia, romlebSic ganivTebulia SromiTi da 

materialuri xarjebi ama Tu im samTo-geologiur da samTo-teqnikur pirobebSi. 

 amocana mdgomareobs (4.18) damokidebulebis minimizaciaSi sangrevis datvirTvaze 

Semdegi SezRudvis pirobebSi: 

																																																							 								 anu										 1,																																																	 4.19  

sadac ;	  _ aris sasargeblo wiaRiseulis moculobiTi wona, t m3⁄ ;  _ fenis 

simZlavre, m;  _ maqsimaluri datvirTva sangrevze, romelic SeiZleba iyos 

damokidebuli gazSemcvelobis faqtorze, madnis Wraunarianobaze; ubnis 

tvirTgamtarunarianobaze da sxva faqtorebze, t/dR. 

 erTobliobaSi amocana formulirdeba Semdegi saxiT: 

																																																				
→ min,

SezRudviT																																																																							
1	.

																			 4.20  

dasmuli amocana ganekuTvneba optimizaciis amocanebs da igi amoixsneba geometriuli 

programirebis meTodiT. Sedegad vRebulobT ∗ pirobiT minimums ∗ da ∗ optimaluri 

mniSvnelobebisas. 

 amJamad, Cveni amocanaa (4.20) damokidebulebebis warmodgena transparantuli 

nomogramis saxiT, romliTac amocanas amovxsniT ara klasikuri optimizaciis 

meTodebiT, aramed grafikulad. rac mTavaria, grafikuli gadawyveta saSualebas 

gvaZlevs Tvali vadevnoT grafikulad (4.20) funqcionaluri damokidebulebis 

eqstremalur Tvisebebze parametrebis gavlenas, riTac gamovavlenT eqstremumis axlos 

funqciis cvlilebis xasiaTs. 
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 adre ganxiluli amocanebisaTvis transparantuli nomogramebis agebisas 

transparanti yovelTvis saxazavis saxis iyo da ar iyo aucilebeli misi gamWirvaloba. 

amJamindeli nomogramis rogorc uZravi, ise moZravi nawilebi Seicaven rogorc binarul 

velebs, aseve skalebsac da amdenad misi moZravi nawili, igive transparanti unda 

Sesruldes gamWirvale qaRaldze. 

 nomogramis asagebad warmovadginoT (4.20) Semdegi saxiT  

																																																																							
,

1
.

																																																			 4.21  

sadac , xolo (4.20)-is SezRudva aviReT zRvruli mniSvnelobiT 1 . 

 (4.21) sistema transparantuli nomogramis asagebad, unda daviyvanoT (1.37) saxeze: 

. . 	, 

. . 	, 
sadac  da  arian nomogramis elementebis wertilTa abscisebi da ordinatebi da 

warmodgenilia 1.4 cxrilSi. 

 miviyvanoT (4.21) sistema (1.37) kanonikur saxeze: 

																																										 0 0 ,

0.
																																							 4.22  

(4.22)-is Sedareba (1.37)-Tan, gvaZlevs: 

; 						 0;							 0;					 

; 		 ; 		 . 

amrigad, ,  binaruli veli,  da  skalebi ganlagdeba nomogramis uZrav 

nawilze, xolo 

; 		 . ; 		 . ; 

; 	 . ; 		 . 0. 
,  binaruli veli,  wrfeTa ojaxi da e.w. “munji skala” I ganlagdebian 

nomogramis moZrav nawilze – gamWirvale transparantze.  

 nomograma agebulia (4.22) sistemis Semadgeneli elementebis Semdegi 

gantolebebiT: 

a) nomogramis uZravi nawili: 

1) ,  binaruli veli: 

	 20 ,	mm; 					 200 ,	mm;	 

2)  skala: 

250	mm; 		 200 100	mm; 
3)  skala: 

200 mm; 		 200 100 ,	mm. 
b) nomogramis gamWirvale transparanti: 

							1 		 ,  binaruli veli: 
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20  mm; 		 200 ,	mm. 

   2 	  wirTa ojaxi: 

250 20 ,		mm; 		 200 100,		mm. 
							3 	  munji skala: 

200 20 ,	mm; 				 100	mm. 
I-I munji skala ar graduirdeba. gardaqmnis parametrebi aRebulia im gaTvliT, rom 

nomogramis elementebi ganlagdes naxazze moxerxebulad. 

 nomogramis elementebis cvalebadobaTa diapazoni aRebulia Semdeg zRvrebSi: 

0 150; 0 5; 50 250; 
0,001 0,01; 

0,15 5; 		20 250; 		0,5 10;	 
0,40 5,60. 

am monacemebiT agebuli nomograma mocemulia 4.7 naxazze. 

 amocanis pirobisgan damokidebiT, nomogramiT sargeblobis xerxi SemdegSi 

mdgomareobs: 

 1) mocemulia , , , , 	 da . unda vipovoT  minimaluri xarjebi. vadebT 

gamWirvale transparants uZrav nawilze ise, rom ,  binarul velSi  da  

gadakveTis wertils SeuTavsdes transparantis ,  binarul velSi  da 	  
gadakveTis wertili, xolo  skalaze mocemul wertils _ I munji skala, amasTan 

orive nawilze arsebuli horizontaluri mimmarTveli wrfeebi unda iyvnen 

paraleluri. am momentSi  wirTa ojaxis wiri, romelic gadakveTs mocemul  

skalas, mogvcems -is minimalur sidides _ l/t. 

2) mocemulia , , , da  mniSvnelobebi. saWiroa vipovoT  sidide,  da  

optimaluri mniSvnelobebisas. swored es aris nomogramis agebis mTavari mizani. 

 aRvniSnoT 	 da 	  parametrebis optimaluri sidideebi ∗ da ∗, romlebic 

gvaZleven ∗ minimalur sidides. ∗, ∗ da 	 ∗ iqnebian , ,  da  fiqsirebuli 

koeficientebis funqciebi. am SemTxvevaSi nomograma gvaZlevs SesaZleblobas ara marto 

vipovoT ∗, ∗ da 	 ∗ mocemuli  sidideebisas, aramed gamovavlinoT Tu rogorc 

moqmedeben  da  gadaxrebi maTive optimaluri sidideebidan  sidideze. 

 konkretulobisaTvis aviRoT kerZo magaliTi. 50, 2, 150, 
0,005. unda vipovoT ∗, ∗	 da 	 ∗. 

 gadavaadgiloT orientirebuli gamWirvale transparanti nomogramis uZrav 

nawilze ise, rom I munji skala SeuTavsdes mocemul 0,005-s  skalaze. gadavwevT 

transparants marjvniv an marcxniv (Tvali unda vadevnoT, rom 0,005 darCes I skalaze 

da mimmarTveli wrfeebi darCnen paralelurni) manamde, sanam ar miviRebT -is 

minimalur sidides 150 CananiSnis  wrfeebTan gadakveTaze. amasTan unda 

gadaikveTos 50 aRmniSvneli mrudi ,  binarul velSi 2 aRmniSvnel 

mrudTan ,  binarul velSi.  da  Sexebis wertilSi wavikiTxavT ∗ 70,7	m, 
∗ 2,83		m⁄dR da 	 ∗ 2,18		l t.⁄  imavdroulad vadgenT, rom 60 80		da		2,5
3,1 zRvrebSi 	  da  cvlileba cvlis ∗ 2,18l t⁄  3 _ 5%-is farglebSi. 
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 amrigad, minimaluri xarjebisa da imavdroulad, optimaluri parametrebis dadgena 

analizuri amocanidan daviyvaneT grafikulad amoxsnad amocanaze transparantuli 

nomogramis agebiT da masze martivi geometriuli operaciebis SesrulebiT. amis garda, 

saSualeba gveZleva gavaanalizoT miznobrivi funqcia, kerZod rogor moqmedebs 

fiqsirebuli  koeficientebis cvlileba saoptimizacio parametrebis cvlilebebze, 

agreTve rogor icvleba minimaluri 	 ∗ xarjebi optimaluri ∗	 da ∗ parametrebis 

cvlilebisas. 

 

 
nax. 4.6 nomograma (4.20) damokidebulebebisaTvis: 

a) uZravi nawili, b)transparanti 
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b o l o T q m a 

 

 wignSi warmodgenili sainJinro-geodeziuri amocanebis grafikuli gadawyvetis gza 

aCvenebs maT efeqturobas simartivisa da TvalsaCinoebis TvalsazrisiT. mraval 

SemTxvevaSi grafikuli meTodebi saSualebas gvaZlevs gamovikvlioT mocemuli 

maTematikuri modelebis eqstremaluri Tvisebebi, gavaanalizoT modelSi Semavali 

parametrebis urTierTdamokidebulebebi da maTi gavlena funqciaze. 

 wignSi mocemuli mravali magaliTidan naTlad Cans, Tu ra saintereso informacia 

SeiZleba warmovaCinoT grafikulad, TavisTavad arcTu saintereso cifruli 

monacemebisgan, romelTa analizuri damuSaveba xsnis amocanas, magram amave dros bevr 

saintereso detals faravs. grafikul amonaxsns maSin aqvs umaRlesi Rirebuleba, 

rodesac gvaiZulebs SevamCnioT is, rasac naklebad velodiT dagvenaxa. 

 aseve mniSvnelovania grafikuli meTodebi funqcionalur damokidebulebaTa iseTi 

kvlevebisaTvis, rogoricaa: funqciaSi Semavali parametrebis eqstremalur TvisebaTa 

kvleva; empiriuli formulis parametrebis dadgena; parametrebis cvlilebaTa saZiebel 

sidideze gavlenis dadgena a.S.  

 amitomac sayovelTao kompiuterizaciis pirobebSic ki Semecnebis TvalsazrisiT 

aqtualur amocanad gvesaxeba grafikuli meTodebis gamoyenebis Semdgomi ganviTareba da 

maTi praqtikuli gamoyenebis gafarToeba. am SemTxvevaSi kompiuteri iZens 

mastimulirebel mniSvnelobas, radganac misi daxmarebiT gacilebiT iolia nomogramebis 

ageba. nomogramebi aseT dros kompiuteris iseTive produqcia iqneba, rogorc 

ricxobrivi amonaxsnebi da maT safuZvelze Sedgenili cxrilebi. 

 nomogramebis avtomaturi agebisaTvis procedurebis damuSaveba maTi kompiuteruli 

konstruirebis realur SesaZleblobas mogvcems, riTac nomogramebi gaxdeba manqanuri 

nomografiis ufro martivad xelmisawvdomi produqcia. 
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