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biznes-inJineringi da modelireba
saeqstraqcio   spiraluri zedapirebis optimizacia  geometriuli 

modelirebis gamoyenebiT

zurab kiknaZe, profesori                                  
 mamuka xoStaria, doqtoranti                                            

reziume   

ganxilulia saeqstraqcio spiraluri zedapi­
rebis optimizacia geometriuli modelirebis 
safuZvelze. kompiuteruli programa AutoCAD 
–is gamoyenebiT agebuli, gaanalizebuli da 
optimizebulia spiraluri brunvis zedapi­
ri-turbosoma, romlis namzads fiqsirebuli 
parametrebi gaaCnia da miRebulia siTxeebTan 
sakontaqto efeqturi, teqnologiuri SezRud­
vebis gaTvaliswinebiT. statiaSi Sedarebulia 
amerikuli infuziuri spiralis zedapiris siTx­
eebTan Sexebis farTobi Cvens mier damzadebul 
saeqstraqcio spiralebTan, miRebuli Sedegebi 
gvaZlevs imis daskvnis saSualebas, rom Cvens 
mier SemoTavazebuli saeqstraqcio spiralis 
efeqturi zedapiris farTobi aRmoCnda 146%-iT 
meti amerikul nimuSTan SedarebiT. Tanamedrove 
mecnierul kvlevebSi gamoyenebuli meTodebi da 
modelebi, rogoricaa: kvantifikacia (raodeno­
brivi aRwera), parametrizacia,  monacemTa sta­
tistikuri damuSaveba, optimizaciis amocanis 
maTematikuri  modelireba  warmodgenil stati­
aSi ramdenadme moniSnulia. es etapebi (doneebi) 
da „efeqturi zedapiris“ dadgenis meTodikac 
eqspertuli midgomis gamoyenebis mcdelobaa, 
rac Cveni azriT, kvlevebis Tanamedrove para­
digmis Sesatyvisia.  es sakiTxi (fraqtaluri 
modelirebis perspeqtiuloba) am statiaSi mx­
olod dasmulia namzadis geometriuli formis 
- figuris  msaxvelebis (traeqtoriebis)  araw­
rfivobis principze dayrdnobiT.  msgavsi al­
goriTmiT  Seqmnili „ornamentebiT“ zedapiris 
”tiraJireba” (Tundac e.w. meandras motivebiT), 
Tanamedrove, momavlis (mowinave) lazeruli te­
qnologiebis gamoyenebis winapirobiT, srulebi­
Tac ar aris utopiuri.

                                                                                                                         
sakvanZo sityvebi: saeqstraqcio spirali, in­

fuziuri spirali, muxis kasri, muxis kasrebis 
alternativa, eqstraqcia.
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Summary

   The  article discusses optimization of extractive spiral 
surfaces based on geometric modeling. Using the  com-
puter program AutoCAD  has been optimized spiral flow 
patterns (which blanks have fixed parameters), and was ob-
tained effective surface area of contact with the beverages, 
taking into account technological restrictions. The article 
compares the results of a survey of American infusion spi-
ral and extractive spiral. Results obtained, the ratio of the 
area of contact with the American infusion fluids spiraling 
surface to lead to the conclusion that our proposed extrac-
tive spiraling effective surface area of the sample turned 
out to be 146% more than in the USA made infusion spi-
ral. Modern scientific research methods and models, such 
as: quontification (quantitative description), parameteriza-
tion, data statistical processing, mathematical modeling of 
optimization problem presented in the article is somewhat 
true. These stages (levels) and the effective surface “of de-
termining the methods of the peer approach is an attempt, 
in our opinion, studies of modern paradigms appropriate. 
This issue (fractal modeling perspective) of this article 
only raises billet geometric shape - a figure view (trajecto-
ries) nonlinear basis. A similar algorithm by “ornaments” 
Surface “circulate” (even the so-called meander motifs) in 
the future (advanced) laser technology premise, does not 
utopian.

Keywords: Extractive spirals, infusion spirals, oak bar-
rel, oak barrel alternatives, extraction.

                                             

* * * * * *

muxis xisgan damzadebuli kasrebis roli 
udidesia alkoholuri sasmelebis warmoebis 
procesSi. koniakis miReba muxis  kasris gareSe 
SeuZlebelia, rac Seexeba Rvinoebs igi damatebiT 
aromats aZlevs mas, xarisxis da gemos Tvalsaz­
risiT ahyavs ufro maRal safexurze. samecni­
ero kvleviTi dawesebulebebis mier Catarebuli 
kvlevebis angariSebSi mocemulia muxis kasrebSi 
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koniakis spirtis dayenebis SemTxvevaSi am kas­
rebis gamofitvis dinamika. Tumca kvlevebi jer 
isev mimdinareobs da miRebuli Sedegebis, aseve, 
samarko Rvinoebis da koniakis mwarmoebeli sx­
vadasxva qveynebis praqtikuli gamocdilebis 
safuZvelze dadgenilia kasrebis gamoyenebis 
vada. Rvinis dayovnebisaTvis muxis kasrebis 
maqsimaluri vada (merqnis gamofitvis momen­
tamde) Seadgens 6-12 wels, koniakis spirtebis 
dayovnebis dro ki ganisazRvreba 16-18 wlamde. 
bolo aTwleulebis krizisma da muxis kasrebze 
gazrdilma moTxovnilebebma mkveTrad gamoav­
lina axali kasrebis mwvave deficiti. alkohol­
uri sasmelebis mwarmoeblebi iZulebulebi ar­
ian gamoiyenon Zveli kasrebi, romelTa asaki 20-
25 weli an ufro metia. swored amitom, mTels 
msoflioSi, xarisxiani alkoholuri sasmelebis 
warmoebis SesanarCuneblad daiwyes muxis kasre­
bis alternativebis Zebna muxis merqnis gamoy­
enebis xarjze. realurad sityva “alternativa” 
SeiZleba arasworadaa gamoyenebuli, vinaidan 
sinamdvileSi xdeba muxis kasrebis sicocxlis 
gaxangrZliveba, muxis merqnis axali ulufis Sey­
vaniT kasris Sida sivrceSi, riTac vinarCunebT 
kasris yvela Tvisebas – eqstraqciis, Jangva-
aRdgeniTi da sxva rTul procesebs, romlebic 
muxis kasrebSi mimdinareobs. es alternativebia: 
muxis xis fqvili; sxvadasxva zomis burbuSela 
(egreTwodebuli “Cifsebi”) da naxerxi; sxva­
dasxva zomis tkeCebi; mcire zomis xis kubikebi; 
muxis xis lartyebi; muxis xisagan damzadebuli 
spiralebi; specialurad profilirebuli xis 
lartyebi; merqnis eqstraqtebi; infuziuri spi­
rali da sxv. 

suraTi 1 kompania “The Barrel Mill”-is infu-
ziuri spirali (Infusion spiral)

zemoT CamTvlili alternativebis ZiriTa­
di daniSnulebaa muxis kasrebis Sida sivrceSi 
muxis merqnis moculobis (masis) da zedapiris 
farTobis Sefardebis gazrda am ukanasknelis 
sasargeblod.

rogorc mwarmoeblebi amtkiceben sakmarisia 
spiralebma eqvsi kviris ganmavlobaSi imoqme­
dos Rvinoze an spirtze, romlebic neitralur 
WurWelSi inaxeboda es procesi axal kasrebSi 
sasmelis samwliani dayovnebis srul analogiur 
efeqts iZleva (rvajer ufro swrafad vidre 
tradiciuli meTodebi). eqvsi kviris ganmavloba­

Si muxis xis spiralebis yvela aromatic (flavours)  
gadadis RvinoSi an spirtSi da es spiralebi 
Semdgomi gamoyenebisaTvis uvargisi xdeba.                                                                                        
spiraluri konfiguracia warmoadgens funda­
mentur morfologiur maxasiaTebels bunebis 
sistemis organizaciisa maT sxvadasxva struq­
turul doneze. spiralur formebs SeiZleba 
davakvirdeT rogorc biomakromolekulur ise 
kosmiur doneebze. [2] 

intuicuri xedviT SesaZleblad migvaCnia 
warmovidginoT infuziuri spiralebis (Infusion 
spiral) principuli konfiguraciis optimizacia 
geometriuli modelirebis gamoyenebiT aucile­
beli SezRudvebis gaTvaliswinebiT. 

1. konceptualurad (sityvierad/verbalu­
rad): 

sakontaqto “efeqturi” zedapiris maqsimumi, 
namzadis fiqsirebuli geometriuli  parame­
trebis sazRvrebSi, damuSavebis da gamoyenebis 
sferoSi arsebuli teqnologiuri SezRudvebis 
gaTvaliswinebiT. 

2. principuli (ganzogadebuli) maTemati­
kuri modeli optimizaciis amocanis kanonikuri 
formiT: 

S=CvSv+CнSн  →   max                                                     (1)
roca:
 Sv ≤Fv(L,D,N);
Sн≤ Fн(L,D,N);                                                                  (2)
N= Fp(L , φ );
sadac:  (1) miznis funqciaa (kriteriumi, fun­

qcionali); 
(2)- SezRudvebis  sistema (utolobebi, tolo­

ba);
 S –jamuri “efeqti” (dayvanili) zedapiria;
Sv da Sн – Sesabamisad sakontaqto zedapirebi 

boWkoebis gaswvriv da marTobulad; 
Cv da Cн    - Sesabamisad mimarTulebis zeda-

pirebis faseuloba; 
Fv da  Fн  - zedapirebis funqcionaluri damok­

idebuleba namzadis geometriul gabaritebTan 
da spiraluri brunvis ricxvTan; 

N  -   spiralis bijis Sefardeba namzadis saan­
gariSo sigrZesTan; 

φ -  spiraluri xazis asvlis kuTxe;
L, D   - namzadis geometriuli parametrebi; 
klasikuri maTematikuri modeli daiyvaneba 

helikoidis zedapiris gamoangariSebaze. [5]   
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   suraTi 2 helikoidi

radgan, ϕcos' =rx , ϕϕ sin' rx = , ϕsin' =ry

, ϕϕ cos' ry = , 0' =rz , bz ='
ϕ ,

vRebulobT (2) formuliT;    

1sincos 22 =+= ϕϕE ,
2222222 cossin brbrrG +=++= ϕϕ ,

0.0cossinsincos =++−= brrF ϕϕϕϕ ,

Aaqedan gvaqvs helikoidis zedapiris far­
Tobi
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geometriuli  modelireba xorcieldeba  Au-
todesk-is programuli paketis   AutoCAD-is (Tan-
amedrove versiebis) gamoyenebiT. (WeSmariti 3D 
modelis formaT-warmoqmnis instrumentariis 
meSveobiT: Helix, Sweep, Extrude, e.w. bulis logi­
kuri operaciebi da sxv.). 

suraTi 3 infuziuri spiralis modeli (Au-
toCAD 2014)

saZiebeli maCveneblebi iTvleba e.w. cifro­
brivi prototipebis (spiraluri brunvis zeda­
pirebis  - turbosomebis [3]) ganxilvis Sedegad.  

infuziuri spiralebis (Infusion spirals) zome-
bia: sigrZe - 9“ (228.6 mm) da diametri 11/2“ (38.1 
mm). masze moWrilia erTSesvladi xraxni (biji 
7,7mm) romlis gazomvebis Sedegad  irkveva, 
rom siTxeebTan Sexebis zedapiris farTobi 
warmoadgens 656,9sm2-s  anu 0.065m2–s. 

xraxnuli zedapiri – winsvliTi moZrao­
bis xazis kvali, romelic ganlagebulia brun­
vis zedapirTan kuTxiT, imavdroulad am xazis 
brunviT, brunviT zedapiris sakuTari RerZis 
garSemo. 

xraxnuli sxeuli – xraxni – brtyeli fig­
urisa (kvadrati, marTkuTxedi, trapecia) wins­
vliTi moZraobis kvali brunvis zedapiris gas­
wvriv, imavdroulad am brtyeli figuris moZ­
raobiT zedapiris moZraobiT, zedapiris moZ­
raobis RerZis garSemo. [5]   saeqstracio spi­
ralebis eqsperimentalur nimuSad aRebuli iqna 
muxis merqnis Zelaki imave zomebiT, ra zomebic 
aqvs amerikul infuziur spiralebs. (Ф=38,1mm 
L=228.6mm)   unda aRiniSnos, rom infuziuri da 
saeqstracio spiralebis diametric gamomdi­
nareobs 225-228 litriani, yvelaze farTod 
gavrcelebuli muxis kasrebis siTxis Casasxmeli 
naxvretebis (Bunghole) zomebidan.

 

                          
suraTi4 eqsperimentaluri saeqstraqcio 

spirali, romelic 75 vatis simZlavris lazer­
iTaa damuSavebuli. 

 
literaturuli wyaroebis mimoxilva muxis 

merqnis anatomiuri agebulebis Sesaxeb gviCven­
ebs, rom merqani warmoadgens metad wvrili Wur­
Wlebis kapilarul konebs. es konebi urTierT­
Soris dakavSirebulia rogorc mTel sigrZeze, 
ise horizontaluri mimarTulebiTac. maT aqvT 
unari gaataros siTxe da plastikuri nivTier­
ebani boWkoebis grZivi mimarTulebiT inten­
siurad, xolo radialuri da tangencialuri 
mimarTulebiT ki – ramdenjerme naklebi inten­
sivobiT. 

haerze gamomSrali muxis tkeCis 1 sm3-Si 
pirveli Tvis ganmavlobaSi 0,4-0,6 ml spirti 
Tavsdeba; Tu viangariSebT, rom muxis merqani 
Seicavs metad bevr WurWels, sacrian milebs, 
traqeidebs da sxvebs, romlebSiac Sedis spirti 
da gadaviangariSebT am milebis Sexebis xvedriT 
zedapirs, davinaxavT, rom 1 sm3 muxis  merqanze 

modis 200-300 sm
2
 farTobi. am farTobze ga­

nawilebulia 0,4-0,6 ml spirti. es ukanaskneli 
exeba aseTi farTo zedapirian muxis merqans, 
xarbad iTvisebs misgan merqnis elementebs da 
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axorcielebs mis Semdgom gardaqmnas. rac ufro 
xSiria kapilarebi, miT ufro didi iqneba xve-
driTi zedapiri da amiT maRali iqneba mer-
qnis moqmedebis efeqtic. [1] 

                             

                                                                                                                                                
     

suraTi 5 muxis xis merqani eleqtronuli 
mikroskopis qveS    

merqani SeiZleba ganvixiloT rogorc 
mikroskopiuli fenovani armirebuli mileb-
is konstruqcia, romlebic orientirebu-
lia xis tanis mimarTulebiT. Mmerqnis niv-
Tierebas warmoaCenen rogorc celulozis 
armaturas, Canergils amorful matrica-
Si, romelic ligninis da hemiceluloz-
isagan Sedgeba. merqanSi bunebriv lignins 
aqvs samganzomilebiani badis struqtura.                                              
Kkompania “dazga” aris pirveli kompania 
samxreT kavkasiaSi, romelmac 2005 wlis 19 
seqtembridan pirvelma Semoitana saqarTve-
los bazarze kompiuteruli marTvis  (Epi-
log,  AXYZ,  InfoTEC,  GRAPHTEC    da sxva cnobili 
amerikuli, kanaduri da evropuli kompaniebi) 
maRali xarisxis dazga-danadgarebi, lazer-
uli WrisaTvis, gravirebisa da 3D frezire-
bisaTvis.  

                         

suraTi 6 lazeruli Wris sistema Helix-24 
(Epilog laser)

swored am sistemis 75 vatian danadgaris 
(suraTi 6 ) da  specialuri mowyobilobis 
saSualebiT (suraTi 7) cilindruli muxis 
detalze  miRebuli iqna mWreli lazeris 
daxmarebiT  spiraluri xraxnuli Wrili 
(biji 3 mm). lazeris sxivis diametri 0,25 
mm-ia, Wrilis savaraudo sisqe  0,3-0,5 mm-ia 
(300-500 µm), xolo siRrme 15-18 mm. realurad 
xis WrilSi iqmneba maRali temperatura, 
romelic ufro maRalia vidre xis subli-
maciis temperatura, SeiZleba iTqvas merqani 
„momentalurad orTqldeba“, sxva sityvebiT 
rom vTqvaT sublimirebul merqans vxedavT 
bolis saxiT.  Sesabamisad  Wris RreCos siax-
loves arsebobs xis merqnis Termuli stre-
sis mxolod SedarebiT dabali fardobiTi 
koeficienti. [9] geometriuli modelirebis 
saSualebiT miRebuli iqna Cvens mier Ser-
Ceuli cilindrul zedapirze savaraudo 
spiraluri xraxnis parametrebi. swored es  
parametrebi Seyvanil iqna  lazeruli dan-
adgaris marTvis operatiul sistemaSi da mi-
viReT sasurveli Sedegi.  miRebuli spiralis 
zedapiris siTxeebTan Sexebis efeqturi  far-
Tobi aRmoCnda 1616,97 sm2    anu 0,16 m2 -ს.            

                     

suraTi7  lazeruli danadgaris  special-
uri mowyobiloba cilindruli detalebi-
saTvis.   

erT-erTi Tanmdevi procesi romelic ax-
lavs merqnis lazeriT damuSavebas, is aris 
rom lazeris zemoqmedebis adgilas war-
moiSoba namwvi, romlis sisqe Seadgens sul 
ramodenime mikrometrs. namwvis Sesamcire-
blad SesaZlebelia Wris zonaSi Seyvanil 
iqnas  naxSirorJangi  (naxSirorJangis gazi 
CO2). am SemTxvevaSi namwvi iqneba gacilebiT 
naklebi da wvis simZlavre ar Semcirdeba. 
Tumca  albaT meRvine teqnologebis pre-
rogativaa Seafason muxis merqnis zedapiris 
Semowva, radgan cecxlis zemoqmedebis Sede-
gad merqani icvlis struqturas, masSi Sema-
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vali Saqari karamelizdeba, xdeba zogierTi 
aromatuli komponentebis gamoTavisufleba, 
romlebic Semdgom alkoholur sasmelebSi 
gamomJRavndeba vanilis, yavis, sxvadasxva spe-
ciebis gemoebiT.                               

                              
daskvna

miRebuli Sedegis Sefardeba amerikuli in­
fuziuri spiralis zedapiris siTxeebTan Sexebis 
farTTan gvaZlevs imis daskvnis saSualebas, rom 
Cvens mier SemoTavazebuli saeqstracio  spi­
ralis efeqturi zedapiris farTobi aRmoCnda 
146%-iT meti amerikul nimuSTan SedarebiT.	
Tanamedrove mecnierul kvlevebSi gamoyenebu­
li meTodebi da modelebi, rogoricaa: kvanti­
fikacia (raodenobrivi aRwera), parametriza­
cia,  monacemTa statistikuri damuSaveba, op­
timizaciis amocanis maTematikuri  modelireba  
warmodgenil statiaSi ramdenadme moniSnulia. 
es etapebi (doneebi) da „efeqturi zedapiris“ 
dadgenis meTodikac eqspertuli midgomis 
gamoyenebis mcdelobaa, rac Cveni azriT, kv­
levebis Tanamedrove paradigmis Sesatyvisia.                                                                                                                           
aRsaniSavia, rom „efeqturi zedapiris“ gamoan­
gariSebis algoriTmi aseve gulisxmobs  qvali­
metriuli  midgomis gamoyenebasac. sadac efeq­
turi zedapiris jamuri mniSvneloba eqspertu­
lad dadgenili „wonebis“  (faseulobis) cnebis 
gamoyenebiT  iangariSeba.

siTxeebTan Sexebis saeqstraqcio zedapiris 
gazrdisaken miswrafebas bunebrivad mivyavarT 
e.w. fraqtaluri modelirebis principebTan. spi­
raluri xazis, zedapiris, (romlebic raRac daS­
vebiT  bionikuri formebis - fraqtalebis triv­
ialur SemTxvevad SeiZleba ganvixiloT, rameTu 
maTi  Seqmnis algoriTmi rogorc wesi rekuren­
tuli da iteraciulia)  Sedareba monakveTTan, 
brtyel zedapirTan am pirvelis sasargeblod me­
tyvelebs. imisken migviTiTebs aseve fraqtalur 
e.w. zomasTan (ganuzomelobasTan) asocireba. am 
gagebiT  mocemuli gabaritebis  namzadis zeda­
piri farTi mniSvnelovnad CamorCeba specialur 
damuSavebul nakeTobis  infuziur zedapirebis 
zomas.  es sakiTxi (fraqtaluri modelirebis 
perspeqtiuloba) am statiaSi mxolod dasmulia 
namzadis geometriuli formis - figuris  msax­
velebis (traeqtoriebis)  arawrfivobis princip­
ze dayrdnobiT.  msgavsi algoriTmiT  Seqmnili 
„ornamentebiT“ zedapiris ”tiraJireba” (Tundac 
e.w. meandras motivebiT), Tanamedrove, momavlis 
(mowinave) lazeruli teqnologiebis gamoyenebis 
winapirobiT, srulebiTac ar aris utopiuri.
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