
 

navTobisa da bunebrivi 

airebis qimia 





ivane javaxiSvilis saxelobis 
Tbilisis saxelmwifo universiteti 

SoTa samsonia, Tina doqsopulo, 

ioseb CikvaiZe, Teo xuWua 

navTobisa da  

bunebrivi airebis qimia 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
saxelmZRvaneloSi ganxilulia navTobis, navTobproduqtebis da bu-

nebrivi airebis Tvisebebi, maTi dayofisa da kvlevis meTodebi, navTo-
buri sawvavebisa da zeTebis Sedgeniloba da maTi saeqspluatacio Tvise-
bebi. 

saxelmZRvanelo gankuTvnilia universitetebis qimiis fakultetis 
bakalavriatis, magistraturis da navTobis qimiis specialobis mqone 
sxva umaRlesi saswavleblebis studentebisaTvis. 

 
 
 
 
 
redaqtori qimiis mecnierebaTa doqtori,  

profesori avTandil doliZe 
 
 
recenzentebi: qimiis mecnierebaTa doqtori,  

profesori benediqte wereTeli 

qimiis mecnierebaTa doqtori,  
profesori erna lekveiSvili 

 
 
 
 
 
 
 
 
 
 
 
 

© Tbilisis universitetis gamomcemloba, 2009 

ISBN 978-9941-13-148-6 



 5

Sinaarsi 

Sesavali ................................................................................................................................ 7 
1. navTobis fraqciuli da qimiuri Sedgeniloba  ...................................... 9 
1.1 navTobis fraqciuli Sedgeniloba ........................................................................ 9 
1.2. navTobis qimiuri Sedgeniloba ............................................................................ 11 

1.2.1 alkanebi ................................................................................................................. 11 
1.2.2. cikloalkanebi .................................................................................................... 13 
1.2.3. aromatuli naxSirwyalbadebi ........................................................................ 16 
1.2.4. hibriduli struqturis naxSirwyalbadebi ............................................... 18 
1.2.5. JangbadSemcveli naerTebi .............................................................................. 19 
1.2.6. gogirdSemcveli naerTebi .............................................................................. 22 
1.2.7. azotSemcveli naerTebi ................................................................................... 26 
1.2.8. fisebi da asfaltenebi ..................................................................................... 28 
1.2.9. navTobis mineraluri komponentebi ............................................................. 31 

2. navTobis klasifikacia ...................................................................................... 34 
2.1. navTobis qimiuri klasifikaciebi ....................................................................... 34 
2.2. navTobis teqnologiuri klasifikacia ............................................................. 37 
3. navTobis warmoSoba .............................................................................................. 40 
3.1. navTobis warmoSobis araorganuli Teoria ..................................................... 40 
3.2. navTobis warmoSobis kosmosuri Teoria .......................................................... 42 
3.3. navTobis warmoSobis organuli Teoria ........................................................... 42 
4. navTobis mniSvnelovani sabadoebi ............................................................. 51 
5. saqarTvelos navTobebi ...................................................................................... 54 
6. bunebrivi sawvavi airi ........................................................................................ 59 
6.1. meTani bunebaSi........................................................................................................... 62 
6.2. qvanaxSirebSi gaxsnili airebi (meTani)............................................................... 64 
6.3. meTani tbebis, zRvebisa da okeaneebis xavsSi ................................................... 64 
7. navTobisa da navTobproduqtebis Tvisebebi ......................................... 68 
7.1. simkvrive ..................................................................................................................... 68 
7.2. molekuluri masa ...................................................................................................... 71 
7.3. siblante ...................................................................................................................... 72 
7.4. gamyarebis, SemRvrevisa da kristalizaciis temperaturebi ..................... 76 
7.5. feTqebis, aalebisa da TviTaalebis temperaturebi ..................................... 77 
7.6. wvis siTbo ................................................................................................................... 78 
7.7. qimiuri stabiluroba ............................................................................................. 79 
7.8. koroziuli aqtiuroba ........................................................................................... 79 
7.9. sawvavis najeri orTqlis wneva da fraqciuli Sedgeniloba ...................... 80 
7.10.navTobis optikuri Tvisebebi .............................................................................. 82 

7.10.1. gardatexis maCvenebeli ................................................................................. 83 



 6 

8. navTobisa da navTobproduqtebis dayofis meTodebi ...................... 87 
8.1. gamoxda-reqtifikacia ............................................................................................ 87 
8.2. azeotropuli da eqstraqciuli reqtifikacia .............................................. 89 
8.3. eqstraqcia .................................................................................................................. 90 
8.4. Termuli difuzia .................................................................................................... 91 
8.5. kristalizacia .......................................................................................................... 92 
8.6. qromatografia ......................................................................................................... 93 
9. navTobisa da navTobproduqtebis Sedgenilobis Seswavla .......... 98 
9.1. elementuri analizi ................................................................................................ 98 
9.2. naxSirwyalbadTa jgufuri da struqturul-jgufuri            

Sedgenilobis  gansazRvra .................................................................................  101 
9.3. navTobproduqtebSi individualur nivTierebaTa gansazRvra 

qromatografiuli meTodiT .............................................................................  108 
9.4. mas-speqtrometria ................................................................................................. 113 
9.5. pmr speqtruli analizi ........................................................................................ 114 
10. navTobis da navTobproduqtebis gadamuSaveba ................................ 116 
10.1. navTobis pirveladi gadamuSaveba — gamoxda ............................................... 116 
10.2. navTobis meoradi gadamuSaveba ......................................................................  120 

10.2.1. krekingi ............................................................................................................  120 
10.2.2. visbrekingi ......................................................................................................  126 
10.2.3. katalizuri krekingi ...................................................................................  127 
10.2.4. hidrokrekingi ................................................................................................ 133 
10.2.5. pirolizi .......................................................................................................... 141 
10.2.6. riformingi ...................................................................................................... 145 

11. navTobproduqtebis gawmenda ..................................................................... 148 
11.1. gogirdmJavaTi gawmenda ..................................................................................... 149 
11.2. tutiT gawmenda ..................................................................................................... 151 
11.3. seleqciuri gamxsnelebiT gawmenda ...............................................................  152 
11.4. gawmendis adsorbciuli da katalizuri meTodebi ................................... 153 
12. ZiriTadi navTobproduqtebi da maTi saeqspluatacio 

maxasiaTeblebi .......................................................................................................... 156 
12.1. benzini, misi maxasiaTebeli parametrebi ...................................................... 156 
12.2. sawvavebi sahaero-reaqtiuli ZravebisaTvis ..............................................  162 
12.3. dizelis sawvavi, misi maxasiaTebeli parametrebi ..................................... 165 
12.4. navTobis zeTebi, misi maxasiaTebeli parametrebi .................................... 169 

12.4.1. transformatoris zeTi ..............................................................................  172 
12.4.2. zeTebisadmi danamatebi ............................................................................... 174 

12.5. plastikuri sacxebi masalebi ........................................................................... 176 
12.6. saqvabe sawvavi ........................................................................................................ 177 
12.7. bitumebi .................................................................................................................. 179 
12.8. navTobis koqsi ....................................................................................................... 181 
13. navTobi da ekologia ........................................................................................ 183 
gamoyenebuli literatura ........................................................................................ 191 

 
 



 7

Sesavali 

qveynis ekonomikur siZlieres mis teritoriaze arsebuli margi wia-
Riseuli gansazRvravs, romelTa Soris erT-erTi ZiriTadi roli ener-
goresursebs, kerZod, navTobs eniWeba. 

navTobi da dedamiwis zedapirze amosuli misi myari produqtebi (as-
faltenebi, bitumebi da sxva) kacobriobisaTvis uZvelesi droidanaa 
cnobili. misi saxelwodeba `navTobi~ momdinareobs sparsuli sityvidan 
`nafTa~, rac gamoJonvas, gamosvlas niSnavs. jer kidev V saukuneSi Cv. 
welTaRricxvamde herodote miuTiTebda sxvadasxva qveynebSi: indoeTSi, 
sparseTSi, siriaSi, xmelTaSua zRvis kunZulebze navTobis wyaroebis ar-
sebobis Sesaxeb. xolo plutarqe aRwers ra aleqsandre makedonelis laS-
qrobebs, gvawvdis cnobebs amudariasa da kaspiis zRvis sanapiroze nav-
Tobis sabadoebis arsebobis Sesaxeb. 

rogorc Zveli werilobiTi wyaroebidan Cans, adreul periodSi nav-
Tobs iyenebdnen sawvavad, gasanaTebel saSualebad da gzebisa da sxvadas-
xva nagebobaTa mSeneblobaSi Semkvrel saSualebad, aseve, navTobi gamoi-
yeneboda samxedro saqmeSi saomar saSualebad. kerZod, cnobilia e.w. 
`berZnuli cecxli~ — wvadi narevi, romelsac amzadebdnen navTobis, go-
girdisa da gvarjilasagan. XIII saukuneSi Cingis xanis jarebi buxaras ci-
xesimagris aRebis dros mowinaaRmdegis teritoriaze yridnen navTobiT 
avsebul qoTnebs, romlebsac Semdeg esrodnen anTebul isrebs, rac iw-
vevda navTobis aalebasa da xanZris gaCenas. navTobs iyenebdnen agreTve 
samkurnalwamlo saSualebad. cnobilia Zveli berZeni mecnieris hipokra-
tes (IV-V sauk. Cv. w.) samkurnalo receptebi, romelTa SedgenilobaSi nav-
Tobi Sedioda. 

gansakuTrebiT swrafad gaizarda moTxovnileba navTobis moxmareba-
ze bolo ori saukunis ganmavlobaSi. iseT saxelmwifoebSi, rogoricaa 
germania da inglisi, moxmarebuli energoresursebidan 55-60% navTobsa 
da bunebriv airze modis, xolo aSS-sa da iaponiaSi 75-80%. aseve ruseT-
Sic energiis ZiriTadi wyaroa navTobi da bunebrivi airi. es faqti ganpi-
robebulia imiT, rom sxva sawvav wiaRiseulTan (qvanaxSiri, torfi, fiq-
lebi) SedarebiT, navTobis rogorc mopoveba, ise transportireba marti-
vad xdeba, aseve martivia misi gadamuSaveba sxvadaxva saxis navTobpro-
duqtebad — sxvadasxva saxis sawvavad (avtomobilebisaTvis, TviTmfrina-
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vebisaTvis, traqtorebisaTvis, dizelebisa da reaqtiuli ZravebisaTvis, 
saqvabe danadgarebisaTvis da a.S.). 

navTobs didi roli eniWeba qimiur mrwvelobaSic. cnobili rusi mec-
nieri d. mendeleevi jer kidev XIX saukunis meore naxevarSi gulistkivi-
liT aRniSnavda, rom navTobi sawvavi ar aris, igi Zvirfasi qimiuri ned-
leulia. navTobis gadamuSavebis Sedegad miRebul produqtTa bazaze 
xorcieldeba sinTezuri kauCukebis, plastmasebis, qimiuri boWkoebis, 
gamrecxi saSualebebis, mcenareTa zrdis stimulatorebis, herbicide-
bis, macivaragentebis, antifrizebis, antidetonatorebis, samkurnalwam-
lo nivTierebebis, sawvavebisa da sacxisi zeTebis danamatebis sinTezi. 
TiTqmis ar arsebobs meurneobis iseTi dargi, romelSic navTobproduq-
tebs ar iyenebdnen. 

navTobqimiuri mrewvelobisaTvis erT-erT umniSvnelovanes sakiTxs 
warmoadgens navTobproduqtebis (sawvavebis, sacxebi nivTierebebis da 
sxv.) xarisxianobis gansazRvra, risTvisac mizanSewonilia rigi paramet-
rebis dadgena. 

saxelmZRvaneloSi ganxilulia navTobis da bunebrivi airebis Sedge-
niloba, maTi genezisis sakiTxebi, navTobis pirveladi da meoradi gada-
muSavebis procesebi; navTobproduqtebis ZiriTadi fizikur-qimiuri pa-
rametrebi da maTi saeqspluatacio maxasiaTeblebi. 
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1. navTobis fraqciuli da qimiuri Sedgeniloba 

navTobi cvladi Sedgnilobis uaRresad rTuli narevia. is ZiriTadad 
Sedgeba naxSirwyalbadebisagan — alkanebis, cikloalkanebisa da arenebi-
sagan (rogorc wesi navTobi ar Seicavs ujer naxSirwyalbadebs; magram 
aris iSviaTi gamonaklisebi — mag., pensilvaniis navTobi, romelic mcire 
raodenobiT Seicavs ujer naxSirwyalbadebs). 

naxSirwyalbadebis garda navTobSi aris Jangbad-, gogird- da azot-
Semcveli organuli naerTebi, mcire raodenobiT mravali liToni da zo-
gierTi araliToni. 

1.1 navTobis fraqciuli Sedgeniloba 

 navTobis xarisxis mniSvnelovan maxasiTebels warmoadgens misi 
fraqciuli Sedgeniloba. navTobis fraqciuli Sedeniloba ganisazRvre-
ba garkveul temperaturul intervalSi gadadenili distilatis raode-
nobiT. TiToeuli fraqcia xasiaTdeba duRilis dawyebisa da damTavrebis 
temperaturebiT. 

3500C-mde gamoxdil fraqciebs Ria feris fraqciebi ewodebaT. maT sa-
xelwodeba mieniWaT Sesabamisad gamoyenebis sferos mixedviT. 

ruseTSi miRebulia navTobis dayofa Semdeg fraqciebad: 

cxrili 1.1 

navTobis dayofa fraqciebad 

gamoxdis dawyebis da damTavrebis 
temperaturebi 

fraqciis saxelwodeba 

duR. t-is dasawyisi — 1400C benzinis fraqcia 

140-1800C ligroinis fraqcia 
(mZime nafTa) 

140-2200C (180-2400C) navTis fraqcia 

180-3500C (220-3500C, 240-3500C) dizelis fraqcia (msubuqi anu 
atmosferuli gazoili) 
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3500C-mde gamoxdis Semdeg darCenil narevs ewodeba mazuTi. mazuTis 
gamoxdas axdenen vakuumSi, ris Sedegadac SesaZlebelia rogorc sawva-
vis, ise mineraluri zeTebis miReba. 

sawvavis miRebis mizniT misi gamoxda xdeba Semdeg temperaturul in-
tervalSi: 

350-5000C – vakuumis gazoili; 

>5000C – vakuumuri narCeni (gudroni); 
xolo zeTebis miRebis mizniT: 

300-4000C (320-4200C) – msubuqi zeTis fraqcia (transformatoris dis-
tilati); 

400-4500C (420-4900C) – saSualo zeTis fraqcia (manqanis distilati); 

450-4900C – mZime zeTis fraqcia (cilindris distilati); 

>4900C — gudroni. 
mazuTsa da misgan miRebul fraqciebs muqi feris navTobproduqtebs 

uwodeben. 
aSS-Si navTobis gamoxdiT iReben Semdeg fraqciebs: 

cxrili 1.2 

navTobis dayofa fraqciebad 

gamoxdis dawyebis da damTavrebis 
temperaturebi 

fraqciis saxelwodeba 

320C-mde naxSirwyalbadovani airebi 

32-1050C benzini (gazolini) 

105-1600C nafTa (mZime benzini) 

160-2300C gazoili 

230-4300C mazuTi 

 
fraqciuli Sedgenilobis mixedviT sxvadasxva sabados navTobebi 

mniSvnelovnad gansxvavdebian. mag.: komis avtonomiuri respublikis —ia-
regskis navTobi Seicavs 18.8% Ria feris fraqciebs, dasavleT cimbiris 
samotlorskis — 58.8%. 

saqarTvelos navTobebSi Ria feris fraqciebis Semcveloba sakmaod 
maRalia. mag.: patara Siraqis #49 WaburRilis sabados navTobi Seicavs 
47.5% Ria feris fraqciebs, TeleTis sabados navTobi Seicavs 54.9%, xo-
lo sufsis sabados navTobi Seicavs 50%. 
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1.2. navTobis qimiuri Sedgeniloba 

1.2.1 alkanebi 

alkanebi yvela navTobis ZiriTadi Semadgeneli nawilia. alkanebis sa-
erTo Semcveloba ZiriTadad 40-50%-s, zogierT navTobSi 50-70%-s Sead-
gens. arsebobs navTobi alkanebis didi raodenobiT — 88%-is Semcvelo-
biT (mangiSlakis navTobi). 

navTobi Seicavs rogorc airad, ise Txevad da myar alkanebs. meTani, 
eTani, propani, normaluri da izobutanebi, dimeTilpropani warmoadge-
nen navTobis Tanmxleb airebs. alkanebi Sedian navTobis yvela fraqciaSi. 
yvelaze didi raodenobiT benzinisa da navTis fraqciebSi. fraqciebis 
duRilis temperaturis gazrdasTan erTad, maTSi alkanebis Semcveloba 
mcirdeba. 

benzinis fraqcia Seicavs C5-C9 Sedgenilobis naxSirwyalbadebs, Ziri-
Tadad normaluri an mcired gantotvili aRnagobis alkanebs. 

jer kidev 1862-63 wlebSi aSS-is mecnierebma peluzma, kagurma da 
Sorlemerma pensilvaniis navTobis kvlevisas daadgines masSi normaluri 

C5-C8 alkanebis arseboba.  
mTeli rigi sabadoebis navTobis Seswavlam aCvena, rom navTobi Sei-

cavs rogorc n-aRnagobis (upiratesad) naxSirwyalbadebs butanidan 

dawyebuli n. tritriakontanamde C33H68 (tdR-4750C), aseve mcired gantot-
vil alkanebs— mokle gverdiTi jaWvebiT (ZiriTadad meTilis da eTilis). 
dReisaTvis navTobidan gamoyofili da Seswavlilia 600-ze meti alkani. 
heqsanis 5 izomeridan —xuTive, heptanis 9-dan — 7, oqtanis 18-dan — 16, no-
nanis Teoriulad SesaZlo 35 izomeridan gamoyofilia 24 da a.S.   

izoagebulebis naxSirwyalbadebidan Warbobs meTil- da dimeTilal-
kanebi (simetriuli aRnagobis). dadgenili wesidan gamonakliss warmoad-
gens krasnodaris mxaris (anastasiis) da zRvis qvebis navTobebi. maTSi 
praqtikulad ar aris n-heqsani, heptani da oqtani. aRmoCenilia Zlier 
ganStoebuli naxSirwyalbadebi. zRvis sabados navTobis qvebis navTobSi 
dadgenilia 2,2,3,5- tetrameTilheptanisa da 2,2-dimeTil-4-eTilhepta-
nis arseboba.  

aRsaniSnavia, rom rogorc saerTod alkanebis, n-alkanebis Semcvelo-
bac mcirdeba molekuluri masis gazrdasTan erTad. 

1961-1962 wlebSi navTobSi aRmoCenili iyo alkanebi naxSirbadovan 
jaWvSi meTilis radikalebis regularuli ganlagebiT; kerZod, 2, 6, 10, 
14, 18 da a.S. mdgomareobaSi. aRnagobiT isini poliizoprenis Sesabamis 
najer naxSirwyalbadebs warmoadgenen, ris gamoc maT izoprenoidebi 
ewodaT. 

mag.: 2,6,10-trimeTilundekani      C14H30    tdR. 236-237.50C  
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 2,6,10-trimeTildodekani             C15H32     tdR. 2530C 

izoprenoidebis arseboba dadgenilia mravali navTobis saSualo 

fraqciebSi (250-4000C), bunebriv bitumebSi, dedamiwis qerqSi gabneul 
organul nivTierebebSi. 

navTobSi izoprenoidebis (C9-C25) Semcveloba 3-4%-s Seadgens. 
iranisa da aRmosavleT texasis navTobebSi identificirebulia pris-

tani da fitani: 

                                
pristani C19H40                                                                 fitani C20H42 

2.6.10.14-tetrameTilpentadekani       2.6.10.14-tetrameTilheqsadekani 

tdR 331-332.50C                                               tdR 352.5-3530C 

varaudoben, rom navTobSi isini warmoqmnili arian mwvane mcenareebSi 
arsebuli qlorofilis SedgenilobaSi Semavali ujeri spirtis fitoli-

sagan (C20H39OH) CH2OH . 

navTobSi myari parafinebis masuri wili ZiriTadad Seadgens 0.1-5%-s. 
parafinuli tipis navTobSi maTi Semcveloba 7-12%-mdea. aris SemTxveve-
bi, rodesac maTi Semcveloba 15-20%-mdea, mag., mangiSlakis naxevarkun-
Zulis navTobSi. 

myari alkanebi navTobSi gaxsnil an Setivnarebul mdgomareobaSia. 

mazuTidan gamoxdili zeTebis SemadgenlobaSi C18-C35 Sedgenilobis al-

kanebia, xolo gudronSi C35-C53. gamokvlvebiT dadgenilia, rom rogorc 
Txevadi alkanebis SemTxvevaSi, navTobSi arsebuli myari parafinebis 50% 
n-aRnagobisaa. danarCeni mcired gantotvili (ZiriTadad meTilis da 
eTilis radikalebiT). 

aRmoCenilia iSviaTi minerali — ozokeriti, romelic warmoqmnilia 
forovani qanebisagan da gaJRenTilia myari parafinebis da mcire raode-
nobiT maRalmduRare alkanebiT da fisebiT. 

navTobSi Semaval myar alkanebs yofen parafinebad da cerezinebad. 
Tavdapirvelad myari naxSirwyalbadebis dayofa cerezinebad da pa-

rafinebad moaxdines Sesabamis naerTTa kristaluri struqturebis, maT 
fizikur da qimiur Tvisebebs Soris gansxvavebiT. 

erTi da igive lRobis temperaturis mqone nivTierebebidan cerezi-
nebi gamoirCeodnen ufro maRali molekuluri masiT, siblantiTa da sim-
kvriviT. 

cerezinebi parafinebTan SedarebiT xasiaTdebian ufro maRali gar-
datexis maCvenebliT. isini Sedgebian ufro wvrili kristalebisagan, 
vidre parafinebi. 
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qimiuri TvalsazrisiT, cerezinebi parafinebTan SedarebiT xasiaT-

debian ufro gazrdili reaqciisunarianobiT. cerezinebi energiulad 

urTierTqmedeben mbolav gogirdmJavasTan da qlorsulfomJavasTan, ma-

Sin roca parafinebi am nivTierebebTan urTierTqmedeben sustad. 

parafinebi upiratesad maRalmolekuluri n-alkanebis narevia. cere-

zinebi ki — normaluri an ganStoebuli aRnagobis grZeli alkilis radi-

kalis Semcvel cikloalkanebsa da arenebs warmoadgenen. 

1.2.2. cikloalkanebi 

1880-ian wlebSi rusma mecnierebma markovnikovma da ogloblinma aR-

moaCines navTobSi CnH2n Sedgenilobis cikluri polimeTilenuri naxSir-

wyalbadebi — cikloalkanebi, kerZod, ciklopentani, cikloheqsani da ma-

Ti homologebi C15-is CaTvliT. markovnikovma maT nafTenebi uwoda. Sem-

dgomSi es saxelwodeba gavrcelda policiklur polimeTilenur naxSir-

wyalbadebzec. 

cikloalkanebis masuri wili navTobSi saSualod 25-75%-mdea. cik-

loalkanebi gvxvdeba yvela fraqciis SedgenilobaSi. Cveulebriv, maTi 

Semcveloba fraqciis duRilis temperaturis matebasTan erTad izrde-

ba, yvelaze maRalmduRare zeTis fraqciaSi ki mcirdeba, aromatuli nax-

Sirwyalbadebis raodenobis gazrdis xarjze. 

1250C-mde gamoxdil fraqciaSi Sedis molekulaSi 5-8 naxSirbadis 

atomis Semcveli monocikluri cikloalkanebi: ciklopentani, ciklo-

heqsani da maTi homologebi. 

ciklopentanis Semcveloba navTobSi mcirea. maqsimaluri raodenoba 

3%-ia (navTobSi arsebuli cikloalkanebis mimarT). aseve SedarebiT mci-

rea meTilciklopentanis Semcveloba. navTobSi ZiriTadad Sedis Termo-

dinamikurad mdgradi dimeTil- da trimeTilciklopentanebi; kerZod, 

1,2 da 1,3-dimeTilciklopentanebi, 1,2,3,- da 1,2,4-trimeTilciklopenta-

nebi. 1,1-dimeTilciklopentanisa da eTilciklopentanis Semcveloba ga-

cilebiT naklebia. navTobSi aRmoCenilia C9 Sedgenilobis ciklopenta-

nis rigis naxSirwyalbadebic, romelTa Soris Warbobs 1,2,3,4-tetrame-

Tilciklopentani, 1,4-dimeTil-2-eTilciklopentani da 1,2-dimeTil-3-

eTilciklopentani. 

cikloheqsanis Semcveloba sxvadasxva navTobSi 1-18%-is farglebSia. 

meTilcikloheqsani cikloheqsanze 2-6 jer meti raodenobiTaa. zogierT 

SemTxvevaSi meTilcikloheqsani navTobSi Semaval cikloalkanebis 36-

50%-s Seadgens. 
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1250C-mde gamoxdil fraqciaSi aRmoCenilia C8H16 Sedgenilobis 
alkilcikloheqsanebi. mag., groznos parafinul navTobSi maTi Semcve-

loba C8 Sedgenilobis naxSirwyalbadebis 35%-ia, xolo baqos navTobSi — 
93-94%. 

iseve, rogorc alkilciklopentanis SemTxvevaSi, alkilcikloheqsa-
nebidan navTobSi upiratesad gavrcelebulia Termodinamikurad ufro 
mdgradi izomerebi 1,2-, 1,3- da 1,4-dimeTilcikloheqsanebi. rig navTo-
bebSi (exabinskis, surgutskis, paromaiskis, groznos) didi raodenobiT 
(23-44%) aris eTilcikloheqsani. Tumca sxvadasxva navTobSi misi Semcve-
loba Zalian gansxvavebulia. 

C9 Sedgenilobis cikloalkanebidan navTobSi Sedis rogorc ori, ise 
samCanacvlebuli cikloheqsanebi; kerZod, 1-meTil-3-eTilcikloheqsani, 
1-meTil-4-eTilcikloheqsani. 

samCanacvlebuli cikloheqsanebidan yvelaze metad gavrcelebulia 
1,2,4-trimeTilcikloheqsani (61-80%), 1,2,3-trimeTilcikloheqsani (17-
30%), xolo 1,3,5-trimeTilcikloheqsanis maqsimaluri Semcveloba 9%-
ia, zog navTobSi ki kvalis saxiTaa. 

aRsaniSnavia, rom navTobSi mniSvnelovani raodenobiTaa 1,1,3-trime-
Tilcikloheqsani. miaCniaT, rom is karotinoidebis destruqciis pro-
duqtia. 

misi momdevno homologi 1,1,2,3-tetrameTilcikloheqsani aRmoCeni-

lia 150-1750C-is fraqciebSi. am fraqciaSi identificirebulia 87 naxSir-
wyalbadi, ZiriTadad cikloheqsanis nawarmebi. am fraqciaSi dadgenili 
iyo aseve zogierTi bicikluri cikloalkanis arseboba. 

navTobSi aRmoCenilia sami tipis bicikluri cikloalkanebi: 
1. kondensirebulbirTviani bicikloalkanebi, romelTac gaaCnia saerTo 

2 naxSirbadis atomi, mag.:  

 biciklo[4,3,0]nonani — hidrindani   

 

 biciklo[3,3,0]oqtani — pentalani   

 

 biciklo[4,4,0] dekani — dekalini   

2. erTi martivi bmiT dakavSirebuli arakondensirebuli bicikluri nax-
Sirwyalbadebi. mag.:  

dicikloheqsili   (navTobidan gamoyofilia markovniko-

vis mier).  

diciklopentili    
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ciklopentilcikloheqsili   

3. kondensirebulbirTviani bicikluri naxSirwyalbadebi Sida naxSirba-
dovani xidebiT. mag.: 

 biciklo [2,2,1] heptani (norbornani)  

 biciklo [3,2,1] oqtani  

 biciklo [3,3,1] nonani  

navTobi mniSvnelovani raodenobiT Seicavs triciklur cikloalka-

nebs, maTgan gansakuTrebiT mniSvnelovania C10H16 Sedgenilobis tri-

ciklo [3,3,1,1] dekani -adamantani , romelic 1933 wels s. landam da 

v. maxaCekma aRmoaCines CexoslovakiaSi — moraviis navTobSi. naxSirwyal-

badi xasiaTdeba almasis tipis kristaluri mesriT tdR2690C. 
navTobSi dafiqsirebulia agreTve (C11-C15 Sedgenilobis) adamantanis 

homologebi: 2-meTil-, 1,3-dimeTil- da 1,3,5-trimeTiladamantanebi. 
adamantanis Semcveloba navTobSi 0,004-0,01%-ia. baqos balaxanis mZi-

me navTobis (200-2250C) fraqciaSi 0,02%-is raodenobiT aRmoCenilia me-

Tilis da eTilis radikalebis Semcveli C11-C14 Sedgenilobis 24 alkila-
damantani. 

adamantanis nawarmebi gamoiyeneba samkurnalwamlo nivTierebebis, 
polimerebis warmoebaSi da sxva. 

tricikluri cikloalkanebi ZiriTadad gavrcelebulia kondensire-
bulbirTviani sistemebis saxiT.  

mag.: perhidroantraceni  , perhidroacenafteni . 
zogierTi navTobidan gamoyofilia cikloalkanebi srulad hidrire-

buli fenantrenisa da qrizenis stuqturebiT, aseve ciklopentaperhid-
rofenantrenis birTvis Semcveli, mag.: qolestani: 

                                        

navTobSi aRmoCenilia tetracikluri da pentacikluri cikloalka-
nebi, romlebic aRnagobiT cikluri politerpenebis analogebs warmoad-
genen. am naxSirwyalbadebis Seswavlis Sedegad dadginda, rom tetracik-

loalkanebi (C27-C30) miekuTvnebian steranebs, xolo pentacikloalkanebi 

(C27-C35) hopanis tipis triterpenebs. 
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miaCniaT, rom cikloalkanebis wyaros navTobSi warmoadgenen ZiriTa-
dad cocxal organizmSi arsebuli cikluri terpenebis; monoterpenebis 

(C10-H16), seskviterpenebis (C15H24), diterpenebis (C20H32), tetraterpenebis 

(C40H64) Jangbadovani nawarmebi (spirtebi, ketonebi, mJavebi). 
navTobSi aRmoCenili cikloalkanebidan sainteresoa cikloheqsanis 

birTvis Semcveli karotinoiduli struqturis naxSirwyalbadebi, rom-
lebic warmoadgenen 1,1,3-trimeTil-2-alkilcikloheqsanis homologebs, 
gverdiT jaWvSi 10-24 naxSirbadis atomiT: 

 

karajanbasis navTobSi identificirebulia C46-C80 Sedgenilobis cik-
lani (ciklopentanis birTviT) — gverdiT jaWvSi grZeli izoprenoiduli 
struqturiT: 

 

cikloalkanebi grZeli alkilis radikalebiT ganixilebian, rogorc 
hibriduli struqturebi — alkanurcikloalkanuri naxSirwyalbadebi. 

aRsaniSnavia Semdegi faqti: azerbaijanis nafTalanis navTobi, rom-
lis SedgenilobaSi 50%-ze meti cikloalkanebi da Sereuli policiklu-
ri naxSirwyalbadebia, xasiaTdeba mniSvnelovani fiziologiuri aqtiu-
robiT, kerZod, tkivilgamayuCebeli da simsivnis dacxromis unariT; ris 
gamoc gamoiyeneba kanis, saxsrebisa da kunTebis daavadebis samkurnalod. 

gamokvlevebma aCvenes, rom samkurnalo TvisebebiT xasiaTdeba nav-
Tobis cikloalkanuri nawili, xolo policikluri aromatuli naxSir-
wyalbadebi avlenen toqsikur Tvisebebs. 

1.2.3. aromatuli naxSirwyalbadebi 

aromatul naxSirwyalbadTa Semcveloba sxvadasxva sabados navTobSi 
farTo zRvrebSi icvleba (15-50%). 

benzinis fraqcia ZiriTadad Seicavs benzols, toluols da C8-C9 
Sedgenilobis yvela SesaZlo izomerul naxSirwyalbads. amasTanave 60-

950C viwro fraqcia Seicavs benzols, 95-1220C — toluols, 122-1500C — 

izomerul qsilolebsa da eTilbenzols. 150-1800C fraqcia – C9 Sedgeni-
lobis izomerul arenebs, meTil- eTil- da trimeTilbenzolebs, maT So-
ris yvelaze didi raodenobiTaa 1,2,4-trimeTilbenzoli. 
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erT-erTi sabados (ponka-siti, aSS) navTobis benzinis fraqciis ga-

mokvlevisas dadginda, rom C6 -C9 Sedgenilobis aromatul naxSirwyal-

badTa Tanafardoba Sesabamisad tolia C6 : C7 : C8 :C9=1:3:7:8. amasTanave 
sxvadasxva navTobis benzinis fraqciaSi izrdeba alkilbenzolebis Sem-
cveloba, romelTa benzolis birTvebSi meti radikalia da mcirdeba 
grZeljaWviani monoCanacvlebuli alkilbenzolebis raodenoba. mag.: 
ponka-sitis navTobSi toluolis, eTilbenzolis, propilbenzolisa da 
butilbenzolebis moculobiTi wili Sesabamisad Seadgens 0,51, 0,19, 0,09 
da 0,026%. dadgenilia, rom yvela navTobSi mesameuli butilbenzolis 
Semcveloba 50-jer naklebia, vidre 1,2,4- trimeTilbenzolis. 

180-2000C fraqcia ZiriTadad Seicavs C10 Sedgenilobis alkilbenzo-
lebs, maT Soris yvelaze didi raodenobiT aris tetrameTil- da dimeTi-
leTilbenzolebi (1,2-dimeTil-4-eTilbenzoli). 

230-2750C-is fraqcia alkilbenzolebidan Seicavs ZiriTadad or- da 
samCanacvlebul benzolebs, amasTanave orCanacvlebul benzolebSi er-
Ti meTilis radikalia, xolo meore radikali 6-8 atomisagan Semdgari 
mcired gantotvili alkilis radikali  

samCanacvlebul alkilbenzolebSi ori meTilis radikalia, xolo me-

same iseTive aRnagobis (C6-C8) alkilis radikalia, rac orCanacvlebulSi. 
am fraqciaSi aRmoCenilia aseve naxSirwyalbadebi, romelSic benzo-

lis birTvTan dakavSirebulia rogorc regularuli, ise araregularu-
li aRnagobis izoprenoiduli struqturis alkilis radikalebi: 

 

H3C  
;  

       H3C  
 
miaCniaT, rom es naxSirwyalbadebi genetikurad dakavSirebuli arian 

karotinebTan. 

navTis fraqcia Seicavs nafTalins  da mis homologebs. kerZod: 

meTil-, eTil-, dimeTil-, trimeTil da tetrameTilnafTalinebs. aRsa-
niSnavia, rom meTilnafTalinis koncentracia bevrad aRemateba Caunac-
vlebeli nafTalinis koncentracias. 

 navTis fraqciaSi aRmoCenilia aseve difenili da misi homologebi; 
maTi koncentracia mniSvnelovnad naklebia nafTalinisa da misi homo-
logebis koncentraciaze. 

navTobis maRalmduRare fraqciebSi dadgenilia sami, oTxi da xuTi 
benzolis birTvis Semcveli kondensirebuli arenebis arseboba, rogori-

caa fenantreni , antraceni  da maTi homologebi. amasTanave, 
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fenantrenis nawarmebi gacilebiT metia, vidre antracenis, rasac ukavSi-
reben maT SedarebiT maRal gavrcelebas mcenareul da cxovelur qsovi-
lebSi, agreTve maT maRal Termodinamikur mdgradobas.  

maRali fraqciebidan gamoyofilia kondensirebuli oTxbirTviani 

aromatuli naxSirwyalbadebi: pireni, qrizeni,  

benzantraceni, benzfenantreni; xuTbirTviani  perileni da 

sxva. 
aRsaniSnavia, rom kondensirebul birTvTa raodenobis gazrdasTan 

erTad arenebis Semcveloba navTobSi swrafad mcirdeba. 
marTalia, aromatul naxSirwyalbadTa Semcveloba cocxal organiz-

mebSi Zalian mcirea, magram miaCniaT, rom bunebaSi maTi warmoqmna SesaZ-
lebelia biologiuri nivTierebebis naxSirwyalbadovani ConCxis izome-
rizaciisa da aromatizaciis Sedegad bunebrivi katalizatorebis mona-
wileobiT. 

1.2.4. hibriduli struqturis naxSirwyalbadebi 

navTobis naxSirwyalbadTa umravlesobas gaaCnia Sereuli anu e.w. 
hibriduli aRnagoba. 

benzinis fraqciaSi mcire rodenobiT aRmoCenilia indani , 

navTis fraqciaSi tetralini  da misi meTilnawarmebi. 

aseve dadgenilia masSi arakondensirebuli naxSirwyalbadi benzoli-
sa da cikloheqsilis birTvebiT, gazoilis fraqciaSi dadgenilia ace-

naftenis , fluorenis  da maTi homologebis, aseve ciklo-

pentafenantrenis da meTilciklopentafenantrenis arseboba. 
zeTis fraqcia TiTqmis mTlianad hibriduli struqturis alkano-

cikloalkanebis, alkanoarenulisa da alkanociklo alkanoarenuli ti-
pis naxSirwyalbadebisagan Sedgeba. 

navTobis maRalmduRare fraqciebSi aRmoCenilia monoaromatuli 
birTvis Semcveli naxSirwyalbadebi, sami, oTxi da xuTi cikloalkanuri 
birTviT, mag.: 

   

R1

R2
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yvela es naxSirwyalbadi genetikurad dakavSirebulia hopanis rigis 
naxSirwyalbadebTan. 

navTobSi aseve aRmoCenilia steroiduli struqturis 27-29 naxSirba-
dis atomis Semcveli monoarenebi; yvela es naxSirwyalbadi ganekuTvneba 
reliqtur naerTebs, rac navTobis organuli warmoSobis Teoriis erT-
erT damadasturebel faqts warmoadgens. 

1.2.5. JangbadSemcveli naerTebi 

navTobSi Jangbadi ZiriTadad Sedis mJavebis, fenolebis, ketonebis, 
eTerebis da laqtonebis saxiT. naklebad mJavaTa anhidridebisa da fura-
nul naerTTa saxiT. saerTod JangbadSemcvel naerTTa wili navTobSi iS-
viaTad aWarbebs 10%-s. 

fraqciebSi Jangbadis Semcveloba fraqciis duRilis temperaturis 
zrdasTan erTad izrdeba, amasTanave navTobSi arsebuli Jangbadis udi-
desi nawili fisebsa da asfaltenebSia, misi raodenoba mcirdeba navTo-
bis sabados siRrmisa da asakis zrdasTan erTad. 

navTobSi Semavali JangbadSemcveli naerTebidan mniSvnelovania nav-
Toburi mJavebi, navToburi fenolebi da neitraluri nivTierebebi. 

navTobSi Semaval JangbadSemcvel yvela nivTierebas, romelsac aqvs 
mJava buneba da romelTa gamoyofa navTobidan SesaZlebelia tutis xsna-
riT, navTobis mJavebs uwodeben. 

navTobis mJavebi moicavs alifaturi, alicikluri, hibriduli struq-
turis, aromatuli rigis mJavebs da fenolebs. 

navTobidan ZiriTadad gamoyofilia normaluri aRnagobis alifatu-
ri rigis monokarbomJavebi, romlebic molekulaSi Seicaven 25 atomamde 
naxSirbads, maT Soris WianWvelas, Zmris, propionis, erbos, kapronis, 
enantis, palmitinis, stearinis, miristinis, araqinis mJavas da sxva. cim-
biris navTobSi aRmoCenilia ujeri- oleinis mJava da orfuZiani — seba-
cinis mJava. 

navTobis maRalmduRare fraqciebidan n-aRnagobis mJavebTan erTad 
gamoyofilia ori, sami da meti meTilis radikalis Semcveli ganStoebu-
li aRnagobis alifaturi mJavebi, maT Soris izoprenoiduli struqtu-
ris Semdegi mJavebi: 

 2,6,10- trimeTilundekanmJava        COOH  
 

 3,7,11- trimeTildodekanmJava        COOH  
 

 2,6,10,14- tetrameTilpentadekanmJava        COOH  
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 3,7,11,15- tetrameTilheqsadekanmJava        COOH  

alicikluri mJavebidan navTobi ZiriTadad Seicavs ciklopentanisa 
da cikloheqsanis rigis rogorc monociklur, ise bi-, tri-, tetracik-
lur kondensirebulbirTvian nafTenur mJavebs. karboqsilis jgufi Se-
iZleba imyofebodes rogorc ciklSi Semaval naxSirbadis atomTan, ise 
alkilis radikalis naxSirbadis atomTan: 

COOH

H3C
 3-meTilciklopentankarbomJava; 

CH2COOH  ciklopentanZmarmJava. 

nafTenuri mJavebiT gansakuTrebiT mdidaria nafTenuri navTobebi. 
sxvadaxva navTobebSi maTi Semcvloba 0.03-dan 3%-mdea; navTobSi nafTe-
nuri mJavebis Semcveloba mcirdeba mJavas molekulaSi ciklis raodeno-
bis gazrdasTan erTad. maTgan yvelaze didi raodenobiTaa mono da bi-
cikluri mJavebi. tricikluri nafTenuri mJavebis Semcveloba navTobSi 
0.05%-ia, xolo tetracikluris — 0.033%-ze naklebi. 

navTobSi dadgenilia steroiduli struqturis mJavebis arseboba, 
rogoricaa: 

COOH

   

COOH

 

aseve dadgenilia rigi aromatuli mJavasa da Sereuli (hibriduli 
struqturis) nafTenur-aromatuli mJavebis arseboba: 

R COOH ;            
R

COOH

;  

HO
OH

OH

;             

COOH

 

navTobis fraqciebis gamoxdis temperaturis matebasTan erTad Tav-
dapirvelad maTSi mJavaTa Semcveloba izrdeba. mJavaTa maqsimaluri ra-
odenoba modis saSualo fraqciebze, mZime fraqciebSi maTi Semcveloba 
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mcirdeba. varaudoben, rom maRalmduRare fraqciis gamoxdis tempera-
turaze adgili aqvs mJavaTa Termul daSlas. 

navTobidan gamoyofili da identificirebulia C6-C9 Sedgenilobis 
fenolebi. dasavleT cimbiris navTobSi fenolebis Semcveloba izrdeba 

Semdegi TanmimdevrobiT: C6 <C7 <C8 < C9. amasTanave krezolebis SemTxveva-
Si Warbobs orTo-krezolis, xolo qsilenolebis SemTxvevaSi 2.4- da 2.5-
dimeTilfenolebi. 

navTobSi dadgenilia agreTve cikloheqsilfenolebis, dicikloheq-
silfenolis, nafTolebis arseboba. maRalmduRare fraqciaSi aris feno-
lebi, romlebic Seicaven 6 kondensirebul birTvs. 

neitralur nivTierebebs akuTvneben ketonebs, martiv da rTul eTerebs. 
neitraluri nivTierebebidan yevlaze metad navTobSi gavrcelebu-

lia ketonebi. kaliforniis navTobis benzinis fraqciidan gamoyofilia 6 
individualuri ketoni: acetoni, meTileTil-, meTilpropil-, meTili-
zopropil-, meTilbutil- da eTilizopropilketonebi. 

navTobis saSualo da maRalmduRare fraqciebSi aRmoCenilia 2-ace-
til-3-izopropilmeTilciklopentanisa da fluorenonis tipis ketonebi: 

O

      2-acetil-3-izopropilmeTilciklopentani;  

 

O

    fluorenoni. 

navTobi Seicavs eTerebs furanis tipis struqturiT. mag.; kalifor-
niis navTobSi aRmoCenilia alkildihidrobenzofuranebi: 

R
O  

aRmosavleT cimbiris navTobSi aRmoCenilia di- da tribenzofu-
ranebi.  

rTuli eTerebis umravlesoba navTobis maRalmduRare fraqciebsa 
da narCenebSia. kaliforniis navTobSi aRmoCenilia Semdegi tipis rTuli 

eTerebi R1 C OR2

O

 da R1 C

O

R2 C

O

OR3 , bevri maTgani aromatul birTvs 

Seicavs. 
navTobSi arsebuli JangbadSemcveli naerTebidan praqtikuli gamo-

yeneba aqvs mxolod nafTenur mJavebsa da maT marilebs. 
natriumis da kaliumis nafTenatebi gamoiyenebian gamrecx saSuale-

bebad, emulagtorebad — emulsiuri zeTebis warmoebisas, deemulgato-
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rebad — navTobis gauwyloebis dros. kalciumisa da TuTiis nafTenatebi 
— Zravis zeTebis madispergirebel danamatebad. tyviis, kobaltisa da 
manganumis nafTenatebi iwveven olifis polimerizaciis daCqarebas, ris 
gamoc gamoiyenebian sikativebad laqsaRebavebis mrewvelobaSi. spilen-
Zis nafTenatebi gamoiyenebian merqnisa da bambis qsovilebis dasacavad 
baqteriuli daSlisagan. aluminis nafTenatebis xsnari skipidarSi gamoi-
yeneba rogorc laqi. 

1.2.6. gogirdSemcveli naerTebi 

navTobsa da navTobproduqtebSi gogirdi yvelaze metad gavrcele-
bul heteroatoms warmoadgens. misi Semcveloba navTobSi measedi pro-
centidan —14%-mdea. 

gogirds yvelaze didi raodenobiT Seicavs karbonatul qanebTan 
mdebare sabados navTobi. amasTanave gogirdis Semcvelobis maqsimumi Se-
iniSneba 1500-2000m. siRrmeze, romelic miCneulia navTobwarmoqmnis Zi-
riTad zonad. mas navTobis `fanjaras~ uwodeben. 

navTobSi Semavali gogirdSemcveli naerTebi metad mravalferova-
nia. navTobSi gogirdi aris, rogorc Tavisufali saxiT, aseve gogir-
dwyalbadis, merkaptanebis (Tiolebis), sulfidebis (TioeTerebis), po-
lisulfidebis, Tiofenis, gogirdSemcveli (ciklSi) bi- da policikluri 
naerTebis saxiT. amas garda, fisovan-asfaltenur nawilSi gogirdi Jan-
gbadTan da azotTan erTad Sedis rTuli naerTebis saxiT. 

elementuri gogirdi navTobSi gvxvdeba 0.0001-0.1%-mde gaxsnil an 
koloidur mdgomareobaSi. aRsaniSnavia, rom am saxiT gogirdi karbona-
tul qanebTan mdebare sabados navTobSi gvxvdeba. merkaptanebi ZiriTa-
dad navTobis msubuq (benzinisa da navTis) fraqciebSia. maTSi Semavali 
saerTo gogirdovani naerTebidan 40-75%-mde merkaptanebia. fraqciebSi 
gamoxdis temperaturis zrdasTan erTad, maTi Semcveloba mcirdeba da 

3000C-ze zeviT gamoxdili fraqciebi maT praqtikulad aRar Seicaven. 
dReisaTvis navTobidan gamoyofilia 50-ze meti merkaptani, romelTa mo-
lekulebi 1-dan 8 atomamde naxSirbads Seicaven. 

yvela SemTxvevaSi konkretuli klasis gogirdnaerTebis masuri wili 
gansazRvrulia fraqciaSi arsebuli saerTo gogirdSemcveli naerTebis 
mimarT. maT Soris aris rogorc pirveladi, ise meoreuli da mesameuli 
merkaptanebi: ZiriTadad meoreuli da mesameulebi: 

C2H5SH                eTilTioli (eTilmerkaptani); 

CH3CHC2H5

SH
     2-butanTioli (meor. butilmerkaptani); 



 23

 
C2H5-C- C2H5

SH

CH3

         3-meTil-3-pentanTioli (mesam. heqsilmerkaptani); 

 SH           cikloheqsanTioli. 

yvela merkaptani, gansakuTrebiT dabali homologebi, xasiaTdebian 
mkveTri usiamovno suniT. 

merkaptanebis Semcvelobis mixedviT navTobs yofen merkaptanul da 
umerkaptano navTobebad. 

benzinis fraqcia mcire raodenobiT Seicavs aseve RSR1 aRnagobis 
sulfidebs (TioeTerebs). isini ZiriTadad navTisa da dizelis fraqciaSi 
Sedian. mZime gazoilis fraqciaSi maTi Semcveloba ramdenadme mcirdeba, 
samagierod izrdeba aromatuli gogirdovani naerTebis Semcveloba. 

zogierTi navTobis msubuq da saSualo fraqciebSi (3000C-mde) dadge-

nilia mcire raodenobiT (7-15%) disulfidebis (R-S-S-R1) arseboba. nav-
TobSi gogirdi Sedis aseve cikluri naerTebis (Tiaciklopentanebisa da 
Tiacikloheqsanebis saxiT). maT Soris gogirdovani cikluri naerTebis 

60-70% Tiaciklopentanebia 
S  (mono-, di-, tri- da tetrameTilCanac-

vlebulebi), xolo 30-40% Tiacikloheqsanebi 
S

. 

saSualo fraqciebSi S Sedis alkilCanacvlebuli bicikluri naerTe-

bis saxiT: S

R

R2
(CH2)nCH3 , sadac R1 da R2=CH3, C2H5, n=2-6. 

navTobidan gamoyofilia gogirdSemcveli kondensirebulbirTviani 
naerTebi — ciklebis raodenoba 2-dan 7-is CaTvliT. aRsaniSnavia, rom 
rogorc bi-, ise policiklur naerTebSi ciklSi Semavali gogirdi mezo-

beli ciklis mimarT yovelTvis α-mdgomareobaSia. aseve navTobidan gamo-
yofilia xiduri aRnagobis policikluri naerTebi. mag.: Tiabiciklanebi: 

S

 
 

aseve Tiaadamantani:  

S
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navTobi mcire raodenobiT Seicavs aromatuli birTvis Semcvel go-

girdovan ciklur sistemebs. mag.: Tiaindans S  da Tiatetralins 

S . 
navTobis saSualo da maRali fraqciebi Seicavs Tiofens da mis nawar-

mebs. monoCanacvlebulebidan amJamad identificirebulia 2,3-meTil, 2-, 

3-eTil da 2-n- da 2-izopropilTiofenebi. diCanacvlebulebidan ZiriTa-

dad gamoyofilia 2,3-, 2,4-, 2,5- da 3,4-dimeTilTiofenebi. Tiofenebis 
Semcveloba am fraqciebSi gogirdSemcveli naerTebis 45-48%-s Seadgens. 

navTobSi iSviaTad gvxvdeba cikloalkilTiofenebi. navTobSi napovnia 

ZiriTadad TiofenTan kondensirebuli erTi an ori cikloalkanebis bir-

Tvis Semcveli naerTebi. mag: tetrahidrobenzoTiofeni S . 

navTobSi ufro metad gavrcelebulia arilTiofenebi: benzoTiofeni 

S , dibenzoTiofeni S , ufro iSviaTad nafToTiofeni 

S . 

ufro maRal fraqciebsa da navTobis narCenebSi Semavali gogirdSem-
cveli naerTebi identificirebuli ar aris. varaudoben, rom isini rTul 
kondensirebulbirTvian sistemebs warmoadgenen. 

merkaptanebi xasiaTdebian susti mJava bunebiT, isini Sedian reaqcia-
Si mZime liTonTa oqsidebTan da tuteebTan merkaptidebis anu alkil-
sulfidebis warmoqmniT: 

2RSH + HgO → (RS)2Hg + H2O 
RSH + NaOH → RSNa + H2O 

es reaqciebi udevs safuZvlad navTobisa da navTobproduqtebidan 
merkaptanebis gamoyofas. maTgan gansxvavebiT dialkilsulfidebi neit-
raluri nivTierebebia, amitom isini tuteebTan reaqciaSi ar Sedian. 
sulfidebisaTvis damaxasiaTebel Tvisebas warmoadgens kompleqsnaer-

Tebis warmoqmnis unari (HgCl, HF, BF3,SO2-Tan). 
merkaptanebi Termulad umdgradebi arian; maRalmolekuluri mer-

kaptanebi 1000C-mde, dabalmolekuluri merkaptanebi ki 3000C-mde gacxe-
lebisas iSlebian sulfidisa da gogirdwyalbadis warmoqmniT: 

2 C3H7SH → C3H7-S-C3H7+ H2S 
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minimalur temperaturas, romelzedac xdeba H2S-is gamoyofa, navTo-

bis Termostabilobis zRurbli ewodeba. 3000C-ze 1 sT-is ganmavlobaSi 

100g navTobis gacxelebis Sedegad gamoyofil H2S da Tioluri gogirdis 
raodenobas mg-Si navTobis gogirdwyalbaduri ricxvi ewodeba. 

ufro maRal temperaturaze 4000C-ze gacxelebisas iSleba rogorc 
dabalmolekuluri merkaptanebi, aseve alkildisulfidebic, alkenebisa 

da H2S warmoqmniT: 

C3H7SH→ C3H6 + H2S 
C3H7-S-C4H9 → C3H6+ C4H8 + H2S 

cikloalkanuri da aromatuli sulfidebi Termulad dialkilsul-

fidebze ufro mdgradebi arian. isini iSlebian 400-4500C-ze. amasTanave 
daSla mimdinareobs katalizatoris — alumosilikatebis Tanaobisas. 
daSlis Sedegad warmoiqmneba Sesabamisi naxSirwyalbadi, merkaptani da 
gogirdwyalbadi: 

2 S
kat. [H]

4500C
3 + SH +H2S

 

S

kat.[H]

4500C
C4H10+H2S

 
kidev ufro maRali TermomdgradobiT gamoirCeva Tiofeni, riTac 

aixsneba misi arseboba pirolizis Sedegad miRebul fisebsa da koqsSi. 
merkaptanebi da dialkilsulfidebi advilad iJangebian. 
merkaptanebis daJangvisas rbil pirobebSi warmoiqmneba disulfidebi:  

2R-SH 
+O2

 R-S-S-R + H2O 

Zlieri damJangavebis moqmedebiT warmoiqmneba sulfomJavebi: 

RSH 
HNO3

 RSO2OH 

dialkilsulfidebi daJangvisas warmoqmnian sulfoqsidebsa da sul-
fonebs: 

R

R1

S S=O S

R

R1

O

O

R

R1
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gogirdSemcveli naerTebi navTobsa da navTobproduqtebSi metad 
arasasurveli komponentebia, amitom navTobis gadamuSavebisas aucile-
belia maTi mocileba da sasaqonlo navTobproduqtebSi maTze kont-
roli. am mizniT ZiriTadad iyeneben hidrokrekings, romlis dros gogir-

di scildeba H2S-is saxiT. magram navTobSi mniSvnelovani raodenobiT Se-

mavali sxvadasxva gogirdSemcveli naerTi Zvirfas produqts warmoad-
gens qimiuri mrewvelobisaTvis. mag., merkaptanebi warmoadgenen kauCukis 
polimerizaciis procesis siCqaris regulatorebs, dialkilsulfidebi 
gamoiyeneba komponentebad saRebarebis sinTezis dros. maTi daJangvis 
produqtebi, sulfoqsidebi, sulfonebi da sulfomJavebi gamoiyeneba me-
talebis gasaxsnelad da arenebis eqstragentebad. sulfidebi da sul-
foqsidebi warmoadgenen metalTa koroziis efeqtur inhibitorebs, 
flotoreagentebs, zedapirulad aqtiur nivTierebebs, herbicidebs da 
fungicidebs, Tiofenis nawarmebi gamoiyeneba samkurnalwamlo nivTiere-
baTa sinTezisaTvis, mcenareTa zrdis regulatorebis, maRali dieleq-
trikuli Tvisebebis mqone polimeruli masalebis warmoebaSi da sxva. ami-
tom Zalian aqtualuria navTobidan maTi gamoyofa daSlis gareSe.  

1.2.7. azotSemcveli naerTebi 

navTobSi azotSemcvel organul naerTTa raodenoba saSualod 2-3%-s 
ar aRemateba. maRalfisovan navTobSi maTi Semcveloba 10%-s aRwevs. sa-
bados siRrmis matebasTan erTad maTi Semcveloba mcirdeba. 

azotSemcveli naerTebi ZiriTadad Tavmoyrilia maRalmduRare 
fraqciebSi da mZime narCenebSi. 

navTobSi Semaval azotSemcvel naerTebs yofen or jgufad: azotovan 
fuZeebad da neitralur azotovan naerTebad. azotovan fuZeebs miekuT-
vneba ZiriTadad piridinis birTvis Semcveli aromatuli naerTebi, xolo 
neitralurs — indolis birTvis Semcveli naerTebi da mJavaTa amidebi. 

navTobidan azotovani fuZeebi advilad gamoiyofian mineraluri 
mJavebis saSualebiT. amitom SesaZlebeli gaxda maTi Seswavla. amJamad 
navTobidan gamoyofilia 50-ze meti azotovani fuZe. maTi Semcveloba 
sxvadasxva navTobSi (navTobSi arsebuli saerTo azotovani naerTebis mi-
marT) 10-58%-mdea. azotovani fuZeebidan navTobSi ZiriTadad gavrce-

lebulia piridinis 
N

, qinolinis 
N

, izoqinolinis Ν  homo-

logebi. kerZod, mono-, di- da trimeTilpiridinebi da meTilqinolinebi. 
meTilis radikalTan erTad aRniSnul naerTebSi aris aseve eTil-, pro-
pil-, butil-, ciklopentilisa da sxva radikalebi. 
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aRsaniSnavia, rom yvela gamoyofil di-, tri- da tetraalkilqinoli-
nebSi Camnacvleblebi imyofebian 2-, 3-, 4- da 8- mdgomareobaSi, amasTanave 
2- da 3- mdgomareobaSi mxolod meTilis radikalebia. 

navTobSi iSviaTad gvxvdeba akridini da misi nawarmebi. 
kaliforniis navTobSi aRmoCenili iyo 1,2- da 3,4-benzakridinebi: 

N

    N  

navTobSi ufro iSviaTad gvxvdeba anilinis homologebi. mag., arlanis 
navTobis dizelis fraqciaSi aRmoCenilia mono- da dimeTilanilinebi. 

neitraluri naerTebi Seadgenen navTobSi Semaval azotSemcvel naerT-
Ta did nawils (80%-mde). isini ZiriTadad koncentrirebuli arian navTo-
bis maRalmolekulur nawilSi. navTobis fraqciebSi Sedis indolis 

N
, karbazolis N

H  da 2,3-benzkarbazolis N
H  

alkilnawarmebi. TviT piroli da misi alkilnawarmebis arseboba navTob-
Si damtkicebuli ar aris. 

navTobis fraqciebis duRilis temperaturis zrdasTan erTad iz-
rdeba azotovani neitraluri naerTebis Semcveloba, xolo fuZe bunebis 
nearTebis Semcveloba mcirdeba. 

gazoilis fraqciaSi aRmoCenili iyo ramdenime azotis atomis Sem-
cveli policikluri naerTebi sxvadasxva bunebis azotis 2 atomiT. mag.: 

piroloqinolini, hidro [2,3-b] karbazoli: 

N
H

N

R

   N N
H  

azoti navTobSi Sedis aseve liTonporfirinebis saxiT. isini moleku-

laSi Seicavn 4 pirolis birTvs, romelTanac VO2+ (vanadilis ioni) an Ni2+ 
orvalentovani ionebi warmoqmnian Semdegi tipis kompleqsnaerTebs: 

R4R3

R2

R1

R5

R6

R7R8

N

N

MeN N
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navTobi Seicavs iseTi tipis liTonporfirinebsac, romlebSic piro-
lis birTvTan kondensirebulia aromatuli an cikloalkanuri birTvebi. 
Tavisi aRnagobiT porfirinebi gvanan qlorofilis SedgenilobaSi Sema-
val porfirinul kompleqss — qlorofilins. miaCniaT, rom navTobSi ar-
sebuli liTonporfirinuli kompleqsebi qlorofilisa da hemoglobini-
sagan arian warmoqmnili. 

porfirinuli kompleqsebi katalizuri aqtiurobiT xasiaTdebian. va-
raudoben, rom isini gansazRvrul rols asruleben navTobis genezisis 
procesSi wyalbadis disproporcionirebis reaqciebSi. 

mraval navTobSi azoti aRmoCenilia mJavaTa amidebisa da aminomJave-
bis nawarmebis saxiT, magram maTi individualuri saxiT gamoyofa ver mo-
xerxda. miaCniaT, rom mJavaTa amidebs aqvT cikluri struqtura, rome-
lic Sedgeba aromatuli da laqtamuri rgolebisagan. mJavaTa amidebis 
Seswavla mniSvnelovania navTobis genezisisaTvis, radgan amiT naTeli 
moefineboda cxovelur da mcenareul organizmSi arsebul aminomJavaTa 
gardaqmnas. 

navTobSi Semavali rogorc fuZe bunebis, ise neitraluri naerTebi 
sakmaod Termomdgradi nivTierebebia (gansakuTrebiT uJangbado areSi) 
da gavlenas ar axdenen navTobproduqtebis saeqspluatacio Tvisebebze. 
Tumca SemCneulia, rom dizelis sawvavebisa da mazuTebis dayovnebisas 
zogierTi azotSemcveli naerTi iwvevs fisis warmoqmnas. 

1.2.8. fisebi da asfaltenebi 

fisebi da asfaltenebi maRalmolekulur heteroorganul nivTiere-
baTa narevs warmoadgens, romlebic navTobSi gaxsnil an koloidur 
mdgomareobaSia. navTobSi maTi Semcveloba farTo zRvrebSi icvleba. 

fisovan-asfaltenur nivTierebaTa Semcvelobis mixedviT ganasxvave-
ben Cveulebriv, maRali siblantis navTobebs da bunebriv bitumebs. 

Cveulebriv navTobebSi fisovan-asfaltenuri nivTierebaTa Semcve-
loba 25%-mdea, maRali siblantis navTobebSi 25-35%, xolo bitumebSi 
35%-ze meti. 

Tavis mxriv, Cveulebriv navTobebs yofen mcire fisovan — 5%-mde, 
fisovan — 5-15%-mde da maRalfisovan _ 15%-is zeviT navTobebad. 

fisovan-asfaltenur nivTierebaTa Semcvelobis mixedviT bitumebs 
yofen Semdeg klasebad: 35-60% — fisovan-asfaltenuri nivTierebaTa 
Semcveli bitumebi — maltebi, 60-75% — bunebrivi asfaltebi, 75-90% meti 
— asfaltitebi, xolo 90%-ze meti —keritebi. 

fisebsa da asfaltenebs didi raodenobiT Seicaven aromatuli da cik-
loalkanur-aromatuli navTobebi. gansakuTrebiT didi raodenobiTaa ma-
Ti Semcveloba gogirdovan da maRalgogirdovan navTobebSi. rogorc we-
si, fisebisa da asfaltenebis Semcveloba mcirea alkanur navTobSi. 
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fisovan-asfaltenur nivTierebebs miekuTvneba fisebi, asfaltenebi, 
karbenebi, karboidebi, asfaltogenuri mJavebi da maTi anhidridebi. as-
faltogenuri mJavebi da maTi anhidridebi fisismagvari nivTierebebia, 
ixsnebian spirtebSi, benzolsa da qloroformSi, Sedian reaqciaSi tute-
ebTan. maTi molekulebi karboqsilis jgufebTan erTad Seicaven gogir-
dsa da hidroqsilis jgufebs. 

navTobSi asfaltogenuri mJavebisa da maTi anhidridebis Semcveloba 
mcirea, SedarebiT didi raodenobiT Sedian isini bitumebSi, romlebSic 
mJavebis Semcveloba 7%-mdea, xolo anhidridebis — 4%. 

neitralur fisovan-asfaltenur nivTierebaTa klasifikacias safuZ-
vlad udevs maTi sxvadasxva gamxsnelebSi xsnadobis unari: 
1. neitraluri fisebi — ixsnebian pentanSi, heqsanSi, petroleinis eTer-

Si (600C-mde gamoxdil fraqciaSi);  
2. asfaltenebi ar ixsnebian petroleinis eTerSi, ixsnebian cxel ben-

zolSi; 
3. karbenebi — mxolod nawilobriv ixsnebian piridinsa da gogirdnax-

SirbadSi; 
4. karboidebi — praqtikulad uxsnadebia yvela gamxsnelSi. 

unda aRiniSnos, rom navTobSi neitraluri fisebi ufro didi raode-
nobiTaa, vidre asfaltenebi. karbenebi da karboidebi ki nedl navTobSi 
TiTqmis ar arian. maT Seicavs navTobis fraqciebis Termokatalizuri ga-
damuSavebis Sedegad miRebuli narCenebi. 

fisebi da asfaltenebi naklebad aqroladebia, amitom navTobis gada-
denis Semdeg isini koncentrirdebian narCen navTobproduqtebSi. amas-
Tanave, fisebi mcire raodenobiT gadadis distilatebSic, benzinis gar-
da; fraqciebis duRilis temperaturis gazrdiT maTi gadasvlis xarisxi 
izrdeba. 

navTobis distilatebidan gamoyofili neitraluri fisebi muqi yvi-
Teli, moyavisfro Txevadi an naxevrad Txevadi nivTierebebia, xolo gud-
ronidan gamoyofilebi — plastikuri Tvisebebis mqone TiTqmis myari niv-
Tierebebia. maTi simkvrive meryeobs 0.99-1.08-mde, xolo molekuluri ma-
sa 500-dan 1200-mde. maTSi heteroatomebis Semcveloba 3-12%-mdea. fi-
sebs axasiaTebs Zlieri mRebavi Tvisebebi. navTobisa da distilatebis Se-
feriloba ganpirobebulia maTSi fisebis SemcvelobiT. neitraluri fi-
sebi Termulad da qimiurad umdgradi nivTierebebia, advilad iJagebian. 

neitraluri fisebi gogirdmJavaTi damuSavebisa da gacxelebisas as-
faltenebad gardaiqmnebian. gansakuTrebiT advilad mimdinareobs es 
procesi fisebis gacxelebis dros haeris gatarebisas. haeris gareSe 
gacxelebisas fisebi warmoqmnian koqss. 

dadgenilia, rom yvela navToburi fisi Seicavs heteroatomebs —(O, 
S), azoti ki zogierTi fisis SedgenilobaSi ar Sedis. aseve dadginda, rom 
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heteroatomebis mniSvnelovani nawili Sedis ciklebis SedgenilobaSi. 
fisebis molekulebis ZiriTad struqturul elements Seadgens konden-
sirebuli cikluri sistemebi, upiratesad nafTalinis birTviT, romelic 
meTilenuri xidebiT SeerTebulia cikloalkanebisa da heterociklur 
rgolebTan. 

erT-erTi neitraluri fisis SeswavliT dadginda, rom misi moleku-

luri masa iyo 930, xolo empiruli formula C63H102SO: analizma aCvena 
masSi 6 birTvis arseboba, maTgan 3 aromatuli.  

asfaltenebi, Tanamedrove warmodgenebiT, kerogenis narCenebia, 
romlebic navTobad ar gardaiqmnebian (kerogeni— organuli molekule-
bis danaleq qanebad gardaqmnis produqtebia). 

asfaltenebi mbzinavi, myife, moSavo-moyavisfro myari fxvnilisebri 

nivTierebebia. gacxelebisas isini ar lRvebian, 3000C-ze gadadian plas-
tikur mdgomareobaSi. ufro maRal temperaturaze iSlebian airadi, Txe-
vadi nivTierebebisa da koqsis warmoqmniT. 

asfaltenebi — rTuli aRnagobis, policikluri, kondensirebuli he-
teroorganuli naerTebia. saSualo molekuluri masa 5000-6000 Seadgens. 
maTi molekuluri masa 2000-dan 14000 aRwevs, rac aixsneba asfaltenebis 
molekulebis asociaciiT. 

navTobis 5500C-ze gamoxdis Sedegad darCenili naSTebis kompleqsu-
ri meTodebiT gamokvlevam aCvena, rom maTSi Semavali komponentebis mo-
lekulebi Sedgebian msgavsi struqturis mqone fragmentebisagan. es 
fragmentebi Seicaven 4-5 birTvisagan Semdgar policiklur kondensire-
bul sistemas. fragmentebi gansxvavdebian ciklSi Canacvlebuli meTilis 
radikalebis raodenobiTa da mdebareobiT, alkilis jgufis sigrZiTa da 
aRnagobiT (SeiZleba iyos normaluri an ganStoebuli), aromatuli da he-
teroaromatuli ciklebis arsebobiT da maTSi Semavali JangbadSemcveli 
funqciuri jgufebis bunebiTa da raodenobiT. 

Cveulebriv, asfaltenebis struqtura Sedgeba sami aromatuli an he-
teroaromatuli kondensirebulbirTviani fragmentisagan. rentgenos-
truqturuli analiziT dadgenilia, rom asfaltenebi paralelurad gan-
lagebuli 4-5 aseTi Srisagan Sekrul sistemas warmoadgens, sadac fenebs 
Soris manZili 0.35-0.37 nm-ia, xolo fenebis saerTo sisqe 1.2-1.8 nm. 

zeTis an fisovan nivTierebaTa molekulebi axdenen asfaltenebis 
solvatacias da isini koloidur mdgomareobaSi gadayavT. n-alkanebis 
moqmedebisas koloiduri sistemebi iSleba da asfaltenebi gamoiyofa 
myari fazis saxiT. 

gudronsa da bitumebSi Semavali asfaltenebi qimiurad naklebad aq-
tiuri da Termulad mdgradi sistemebia; xolo navTobidan gamoyofili 
asfaltenebi SedarebiT maRali reaqciisunarianobiT gamoirCevian — ad-
vilad iJangebian, Sedian halogenirebis, qlormeTilirebis, formalde-
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hidTan kondensaciis reaqciaSi, hidrirebis reaqciaSi, ris Sedegadac mi-
iReba fisebi da zeTebi. 

 asfaltenebi advilad warmoiqmnebian gudronis daJangviT haerze 

180-2800C-ze. am dros mimdinareobs zeTebis da fisebis JangviTi dehidri-
reba. JangviT dehidrirebas ganicdis aromatul birTvTan kondensirebu-
li najeri cikli da fragmentSi izrdeba aromatul birTvTa raodenoba: 

R

  

+O2

-H2O
   

R

  

+O2

-H2O
  

R

 

 rodesac aromatul birTvTa raodenoba miaRwevs sams, fragmentebi 
Seikvreba dastebad. fisebisa da zeTebis solvaturi garsi icavs maT Sem-
dgomi daJangvisagan. daJangvisas gudronSi asfaltenebis Semcvelobis 
gazrda iwvevs gudronis siblantis gazrdas, is TandaTan bitumad garda-
iqmneba. 

 aRsaniSnavia, rom navTobisa da misi narCenebidan n-alkanebiT gamo-
yofili nivTierebebi, romelTac SedarebiT dabali molekuluri masa 
aqvT, struqturul fragmentebSi ar Seicaven 3 aromatul birTvs, xasi-
aTdebian heteroatomebis da polaruli jgufebis maRali SemcvelobiT 
(asfaltogenuri mJavebi), ar gaaCniaT Sreobrivi struqtura. isini xels 
uwyoben asfaltenebis Sreobrivi struqturis stabilizacias. 

 fisovani nivTierebebi, gansakuTrebiT asfaltenebi, karbenebi da 
karboidebi uaryofiTad moqmedeben zeTebis xarisxze — auareseben fers, 
amcireben gazeTvis unars, zrdian namwvis warmoqmnas. amitom aucilebe-
lia zeTebisagan fisebisa da asfaltenebis mocileba. 

 fisovani nivTierebebi navTobis bitumebs sZenen rig Zvirfas Tvise-
bebs, romelic narCeni produqtis mravalmxrivi gamoyenebis SesaZleb-
lobas iZleva. 

1.2.9. navTobis mineraluri komponentebi 

navTobSi aRmoCenilia 60-mde elementi:  

elementi masuri wilebi %-Si 

V, Na 10-1 

Fe, Ca, Al, Ni, 10-2 

K, Mg, Si, Cr, Mo, Hg, Co, Zn, P, Br 10-3 

Ba, Sr, Mn, Cu, Rb, Si, As, Ag, I 10-4 

Ga, Sb, In, U 10-5 

Pb, Se, La, Eu 10-6 
Be, Ti, Sn, Au 10-7 
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mcire koncentraciis gamo, maTi Semcveli naerTebis gamoyofa da 
identificireba SeuZlebelia. miaCniaT, rom es elementebi Sedian nav-
TobSi wvrilad dispergirebuli mineraluri qanebis tivtivarebis saxiT. 
aseve varaudoben, rom SesaZlebelia liTonTa nawili imyofebodes orga-
nul naerTebTan dakavSirebuli kompleqsuri an molekuluri naerTebis 
saxiT. 

am naerTebis dayofas axdenen Semdegnairad: 

1. elementorganuli naerTebi, romlebic Seicaven C-El bmas; 

2. mJavur jgufebSi H-is CanacvlebiT warmoqmnili marilebi; 
3. xelaturi tipis naerTebi — liTonebTan Sidamolekuluri kompleq-

sebi;  
4. ramdenime erTnairi an Sereuli ligandebis kompleqsebi; 
5. kompleqsebi poliaromatuli asfaltenuri struqturis heteroa-

tomTan an π- sistemasTan. 
miaCniaT, rom I tipis naerTebis saxiT navTobi Seicavs iseT ele-

mentebs, rogoricaa Pb, Sn, As, Sb, Hg, Ge, Tl, aseve Si, P, Se, Te da halogenebs. 
es naerTebi arseboben rogorc navTobis distilatebSi, ise mZime nar-
CenebSi.  

II tipis naerTebi arseboben tute da tutemiwaTa liTonebis marile-
bis saxiT. 

III tipis Sidamolekuluri kompleqsuri naerTebi navTobSi arsebuli 
liTonporfirinebia, romelTagan gamoyofili da identificirebulia 

Ni2+ da VO2+-is porfirinebi. sxva saxis Sigamolekuluri kompleqsebi ga-
moyofilia fisebisa da asfaltenebisagan. 

varaudoben, rom maT unda gaaCndeT Semdegi struqtura: 

O

N N

O
Me

               

an                N

NO

N
Me

 

bolo dros fisebisagan dimeTilformamidiT eqstraqciis Sedegad 
gamoyofil iqna nivTiereba, romelsac miaweres Semdegi struqtura: 

O

N

O

R

 

es nivTiereba advilad warmoqmnis xelaturi tipis kompleqsebs Fe, 
Mn, Co, Cu-Tan da sxva liTonebTan. aseTive tipis kompleqsnaerTebis ar-
sebobas varaudoben asfaltenebSi. 



 33

asfaltenebSi mikroelementebis umravlesobaTa koncentracia izr-
deba molekuluri masis zrdasTan erTad. mikroelementebiT gamdidre-

bul asfaltenebSi aseve momatebulia N, O, S-is Semcveloba. makroele-
mentebis Semcveloba izrdeba agreTve asfaltenebis aromatulobis xa-
risxis momatebasTan erTad. 

varaudoben, rom kompleqsebis warmoqmnisas asfaltenebSi upirate-
sad monawileoben misi Sreobriv-blokuri sistemis periferiuli frag-
mentebi, Tumca dasaSvebad miaCniaT liTonebis atomebis SeRweva fenebs 
Soris, sadac isini warmoqmnian gansakuTrebiT mdgrad kompleqsur 
struqturebs. 

aRsaniSnavia, rom miuxedavad maTSi mikroelementebis arsebobisa, as-
faltenebs aqvT rogorc wyalxsnarebidan, aseve organuli xsnarebidan 
liTonTa amowvlilvis unari, e.i. maT SeuZliaT axali kompleqsnaerTebis 
warmoqmna. 

mecnierTa did interess imsaxurebda sakiTxis garkveva, Tu rodis da 
ra gziT moxvdnen navTobSi mikroelementebi. 

am sakiTxis irgvliv arsebobs ori Tvalsazrisi: 1. mikroelementebi 
navTobSi pirveladi warmoSobisaa (singeneturia), navTobSi gadadian 
mcenareuli da cxoveluri narCenebidan, romlebic warmoadgenen navTo-
bis sawyis masalas; 2. navTobSi mikroelmentebi xvdebian fenis wylebisa 
da misi garemomcveli qanebidan, e.i. mikroelementebi navTobSi meoradi 
warmoSobisaa (epigeneturia). 

mimdebare qanebTan da Sesabamisi kationebis marilTa wyalxsnarebTan 
navTobis urTierTqmedebis Seswavlis Sedegad dadgenilia, rom elemen-

tebi: V, Ni, Co, Mo, Pb, Cr, Cu, Zn pirveladi warmoSobisaa, xolo navTobSi 
aRmoCenili sxva elementebis gadasvla navTobSi SesaZlebelia mimdebare 
qanebidan da fenis wylebidan.  
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2. navTobis klasifikacia 

2.1. navTobis qimiuri klasifikaciebi 

navTobis klasifikacias safuZvlad daedo misi qimiuri Sedgeniloba 

da Tvisebebi. vinaidan navTobis qimiuri Sedgeniloba da Sesabamisi fizi-

kuri parametrebi gansazRvravs navTobis gadamuSavebis mimarTulebasa 
da miRebuli navTobproduqtebis xarisxs.   

qimiuri mrewvelobis ganviTarebis adreul periodSi navTobisa da 

navTobproduqtebis ZiriTad maxasiaTeblad miCneuli iyo simkvrive. 

simkvrivis mixedviT navTobi iyofa msubuq (ρ<0,828), damZimebul 

(ρ=0,828-0,884) da mZime ( ρ>0,884) navTobad. msubuqi navTobi Seicavs Seda-

rebiT met benzinis fraqcias da SedarebiT mcire raodenobiT fisebsa da 
asfaltenebs, mZime navTobi — piriqiT. 

simkvrivis mixedviT navTobis klasifikacia metad miaxloebiTia. 

1935 wels aSS-is samTo biuros mier mowodebuli iyo navTobis qimiu-

ri klasifikacia, romelsac safuZvlad daedo navTobis e.w. msubuqi da 

mZime fraqciebis naxSirwyalbadovan Sedgenilobasa da simkvrives Soris 

damokidebuleba; isazRvreba 250-2700C (atm. wnevaze) da 275-3000C-ze (5.3 

kpa wnevaze) gamoxdili navTobis msubuqi da mZime fraqciebis simkvrive 

da misi mixedviT naxSirwyalbadovani Sedgeniloba. 
simkvrivis mixedviT navTobi iyofa sam klasad: parafinul, Sualedur 

da nafTenurad. Tu 250-2750C (atm. wnevaze) gamoxdili fraqciis simkvrive 

ρ< 0,8251 navTobi parafinulia, Tu ρ=0.8251-0,8597 farglebSia — Suale-

duria, xolo Tu ρ>0,8597 — nafTenuria. xolo 275-3000C-ze (5,3 kpa wneva-

ze) gamoxdili fraqciis mixedviT navTobi miekuTvneba parafinuls Tu 

fraqciis ρ<0,8762, Sualedurs Tu ρ=0,8762-0,9334, nafTenurs roca 

ρ>0,9334. 

fraqciebis monacemebis mixedviT navTobi iyofa 7 klasad. Tu orive 

fraqciis monacemebi parafinuls Seesabameba, navTobi miekuTvneba para-

finuls, Tu msubuqi fraqciis mixedviT is parafinulia, xolo mZimes mi-

xedviT Sualeduri, navTobi parafinul-Sualeduria da a.S. 
aSS samTo biuros mier mowodebuli navTobis klasifikacia warmod-

genilia cxrili 2.1-iT. 
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cxrili 2.1 
aSS-is samTo biuros mier mowodebuli   

navTobis qimiuri klasifikacia 

klasis 
nomeri  

klasis dasaxeleba 
navTobis msubuqi 
nawilis mixedviT 

navTobis mZime 
nawilis mixedviT 

1 parafinuli parafinuli parafinuli 

2 parafinul-Sualeduri parafinuli Sualeduri 

3 Sualedur-parafinuli Sualeduri parafinuli 

4 Sualeduri Sualeduri Sualeduri 

5 Sualedur-nafTenuri Sualeduri nafTenuri 

6 nafTenur-Sualeduri nafTenuri Sualeduri 

7 nafTenuri nafTenuri nafTenuri 

 
es klasifikaciac pirobiTi da zogadia. is ar asaxavs navTobis nam-

dvil Sedgenilobas. 
groznos navTobis samecniero-kvleviTi institutis mier mowodebu-

lia klasifikacia dafuZnebuli qimiur Sedgenilobaze, kerZod imis mi-
xedviT, Tu upiratesad romeli klasis naxSirwyalbadebs Seicavs sakvle-
vi navTobi ganasxvaveben: 1) parafinuls, 2) parafinul-nafTenurs, 3) naf-
Tenurs, 4) parafinul-nafTenur-aromatuls, 5) nafTenur-aromatuls,   
6) aromatuls. 

1) navTobi parafinulia, romlis yvela fraqcia mniSvnelovani raode-
nobiT Seicavs alkanebs: benzini aranakleb 50%, zeTi — 20% da mets, masSi 
mcirea fisebisa da asfaltenebis Semcveloba (aseTia mangiSlakis nav-
Tobi); 

2) parafinul-nafTenuri navTobi alkanebTan erTad Seicavs mniSvne-
lovani raodenobiT cikloalkanebs, SedarebiT mcire raodenobiT are-
nebs da umniSvnelo raodenobiT fisebsa da asfaltenebs (aseTia volga-
uralisa da dasavleT cimbiris auzebis navTobi). 

3) nafTenuri navTobis yvela fraqcia Seicavs 60%-sa da meti raode-
nobiT cikloalkanebs, aseTi navTobis fraqciebSi mcirea alkanebis Sem-
cveloba da aseve mcire raodenobiTaa masSi fisebi da asfaltenebi (ba-
qos, balaxanisa da suraxanis navTobebi). 

4) parafinul-nafTenur-aromatul navTobSi aRniSnuli rigis naxSir-
wyalbadebi daaxloebiT Tanabari raodenobiTaa, asfaltenebisa da fise-
bis Semcveloba 10 %-s Seadgens. 

5) nafTenur-aromatuli navTobi xasiaTdeba aromatuli da cikloal-
kanur naxSirwyalbadTa upiratesi SemcvelobiT. alkanebi, mcire raode-
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nobiT aris msubuq fraqciebSi. myari parafinis Semcveloba 0,3%-ia, xo-
lo fisebis da asfaltenebis — 15-20%. 

6) aromatuli navTobis yvela fraqciaSi arenebis maRali Semcvelo-

baa, aseTi navTobi xasiaTdeba maRali simkvriviT. aseTi tipis navTobebia 

volgispireTis, buguruslanis da yazaxeTis sabadoebSi. 

ruseTSi mowodebuli iyo Semdegi saxis klasifikacia: navTobSi arse-

buli yvela naxSirwyalbadi dayves 2 ZiriTad jgufad: gardaqmnil da re-

liqtur naxSirwyalbadebad. reliqtur naxSirwyalbadebs ekuTvnis nor-

maluri da izoprenoiduli alkanebi, cikluri izoprenoidebi — sterane-

bi, triterpanebi da sxva. reliqturi naxSirwyalbadebi, Tavis mxriv, iyo-

fa izoprenoidul da araizoprenoidul naxSirwyalbadebad. 

a.a. petrovma Seiswavla 400-mde msxvili auzis navTobi qromatogra-

fiuli da mas-speqtometruli meTodebis gamoyenebiT. man Seswavlili 

navTobebi dayo A da B kategoriebad, romelsac safuZvlad daudo 200-

4300C-is farglebSi gamoxdili fraqciebis qromatogramebze analizuri 

raodenobiT n-alkanebis pikebis gamovlena. aseTi pikebis arsebobisas 

navTobi ekuTvnis A kategorias, xolo ararsebobisas B kategorias. 

Tavis mxriv, A da B kategoriis navTobebi dayo A1, A2 da B1, B2 tipebad. 

A1 tipis navTobi jgufuri SedgenilobiT parafinuli da nafTenur-

parafinulia. am tipis navTobSi (200-4300) fraqciaSi parafinebis jamuri 

Semcveloba 15-60%-ia, maT Soris n-parafinebis 5-25%-ia, xolo cikloal-

kanebis saerTo Semcveloba alkanebTan SedarebiT ramdenadme mcirea (Zi-

riTadad mono- da bicikloalkanebi). 

A2 tipis navTobi warmoadgens nafTenur-parafinuls an parafinul-

nafTenurs. parafinebis masuri Semcveloba 25-40%-mdea, maT Soris n. al-

kanebis 0.5-5%-ia, xolo izoprenoidebis 1-6%. saerTod izoalkanebis 

Semcveloba n. alkanebTan SedarebiT gacilebiT metia. cikloalkanebis 

Semcveloba 60%-mdea. amasTanave Warbobs mono- da bicikloalkanebi, 

tricikloalkanebi mcire raodenobiTaa. 

B1 tipis navTobi jgufuri SedgenilobiT nafTenuri an nafTenur-

aromatulia. msubuq fraqciebs Seicavs mcire raodenobiT. masSi ar aris 

normaluri da izoprenoiduli aRnagobis alkanebi, mcire raodenobiTaa 

ganStoebuli alkanebi (4-10%). cikloalkanebs Soris Warbobs bicikluri 

naxSirwyalbadebi. 

B2 tipis navTobi parafinul-nafTenuri an gansakuTrebiT nafTenu-

ria, igi ar Seicavs monoCanacvlebul alkanebs. am tipis navTobSi aris 

ganStoebuli aRnagobis alkanebi da ZiriTadad cikloalkanebi 60-75%, 

rogorc mono-, ise bi- da tricikluri cikloalkanebi. 
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2.2. navTobis teqnologiuri klasifikacia 

navTobs da navTobproduqtebs gogirdis Semcvelobis mixedviT yo-

fen klasebad (3 klasad). 3500C-mde gamoxdili Ria feris fraqciebis Sem-
cvelobis mixedviT tipebad (3 tipad), distilatebisa da narCenSi sabazo 
zeTebis jamuri sididis mixedviT jgufebad (4 jgufad), siblantis in-
deqsis mixedviT qvejgufebad (4 qvejgufad), parafinis Semcvelobis mi-
xedviT saxeobebad (3 saxeobad). 

yovelive amis gaTvaliswinebiT navTobs miakuTvneben garkveul 
Sifrs. 

I klass ekuTvnis mcire gogirdiani navTobi, romelic Seicavs araume-
tes 0.5% gogirds, amasTanave benzinisa da reaqtiuli sawvavis fraqcieb-
Si gogirdis Semcveloba ar unda aRematebodes 0,1%, xolo dizelis saw-
vavSi 0,2%-s. 

Tu gogirdis Semcveloba romelime fraqciaSi aRemateba zemoT mota-
nil sidideebs, maSin navTobi ar ganekuTvneba mciregogirdian navTobs. 
unda aRiniSnos, rom gamoxdis Sedegad miRebul narCenebSi gogirdSem-
cveli naerTebis raodenoba izrdeba.  

II klass miekuTvneba gogirdiani navTobi, romelSic gogirdis Semcve-
loba 0,51-2,0%-mdea, amasTanave benzinis fraqciaSi misi Semcveloba ar 
unda aRematebodes 0,1%, reaqtiul sawvavSi — 0,25%, xolo dizelis saw-
vavSi — 1%-s. 

Tu romelime fraqciaSi misi Semcveloba aRemateba aRniSnul normas, 
navTobi maRalgogirdian navTobs miekuTvneba. 

III klass miekuTvneba maRalgogirdiani navTobi, romelSic gogirdis 
Semcveloba 2%-ze metia: benzinis fraqciaSi 0,1%-ze, reaqtiul sawvavSi- 
0,25%-ze, xolo dizelis sawvavSi 1%-ze meti. 

Tu navTobSi gogirdis Semcveloba 2%-ze metia, magram gamoxdiT mi-
Rebul fraqciaSi zemoT aRniSnulze naklebia da pasuxoben gogirdian 
navTobidan miRebul fraqciebisadmi wayenebul moTxovnebs, navTobi mie-
kuTvneba gogirdovan navTobs, e.i. meore klass. 

rogorc aRvniSneT, 3500C-mde gamoxdili fraqciebis gamosavliano-
bis mixedviT navTobs yofen tipebad: 

I tips ekuTvnis navTobi, romlSic Ria feris navTobproduqtebis ga-
mosavlianoba 55%-ze metia. II tipis navTobSi — 45-54,9%-mde, xolo III ti-
pis navTobSi — 45%-ze dabalia. 

distilatebisa da narCenSi arsebuli sabazo zeTebis jamuri sididis 
mixedviT navTobi iyofa 4 jgufad: 

Tu navTobSi sabazo zeTebis masuri Semcveloba 25%-ze, xolo mazuT-
Si 45%-ze metia, navTobi I jgufs ekuTvnis. II jgufs ekuTvnis navTobi, 
romelSic zeTebis masuri Semcveloba 15-24,9%-mdea, xolo mazuTSi 45%-
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ze naklebi. III jgufs ekuTvnis navTobi, romelSic zeTebis masuri Semcve-
loba 15-24,9%-mdea, xolo mazuTSi — 30-44,9%. IV jgufis navTobSi zeTe-
bis Semcveloba 15%-ze, xolo mazuTSi 30%-ze naklebia. 

siblantis indeqsis (si) mixedviT navTobs yofen 4 qvejgufad: 
I qvejgufs ekuTvnis navTobi, romlisgan miRebuli zeTebis si metia 

95-ze, II qvejgufSi si 90-95-is farglebSia, III qvejgufSi — 85-89,9-is far-
glebSi, xolo Tu si 85-ze naklebia, navTobi ekuTvnis IV qvejgufs. 

myari parafinebis Semcvelobis mixedviT navTobs yofen 3 saxeobad: 
I saxeobaSi Sedis is navTobi, romelic Seicavs araumetes 1,55% para-

fins da navTobi mciredparafinulia. am navTobidan reaqtiuli sawvavisa 
da dizelis sazamTro sawvavis miReba SesaZlebelia deparafinizaciis ga-

reSe; gamyarebis temperatura -450C-ze ufro dabalia. aseve misgan SesaZ-
lebelia industriuli sabazo zeTis miReba. 

II saxeobis navTobSi parafinis Semcveloba 1,51-6%-is farglebSia, 
amasTanave misgan deparafinazaciis gareSe SesaZlebelia reaqtiuli da 
dizelis sazafxulo sawvavis miReba, xolo dizelis sazamTro sawvavisa 
da zeTebis misaRebad saWiroa deparafinizacia. gamyarebis temperatura 

-100C-mdea. 
III saxeobis navTobSi parafinis Semcveloba 6%-ze metia anu maRalpa-

rafinulia. rogorc reaqtiuli, ise dizelis sazafxulo sawvavis misaRe-
bad saWiroa deparafinizacia. 

aRsaniSnavia, rom Tu navTobSi parafinebis Semcveloba 6%-ze metia, 
magram dizelis sazafxulo sawvavis misaRebad deparafinizacias ar saWi-
roebs, navTobi II saxeobas ekuTvnis. 

navTobis teqnologiuri klasifikacia mocemulia cxrilSi 3.2.  

gogirdis Semcvelobis mixedviT navTobs yofdnen `tkbil~ (sweet) da 

`mJave~ (sour) navTobebad, rac dafuZnebulia Semdeg faqtorebze: maRal-
gogirdovani navTobis wvas Tan axlavs Zalian usiamovno sunis warmoqmna, 
amasTanave aseT navTobs aqvs mJave gemo, xolo mciregogirdovan navTobs 
motkbo gemo. misi wvis Sedegad usiamovno sunis warmoqmna ar xdeba. ami-
tom maRalgogirdovani navTobis gamoyeneba gasanaTeblad miuRebelia. 
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3. navTobis warmoSoba 

3.1. navTobis warmoSobis araorganuli Teoria 

navTobis genezisis Sesaxeb arsebobs ori ZiriTadi Teoria: 1) araor-
ganuli anu mineraluri da 2) organuli. 

idea navTobis mineraluri warmoSobis Sesaxeb pirvelad gamoTqva 
humboltma 1805 w. am Teoriis ganmtkicebisaTvis didi mniSvneloba hqon-
da bertlos, kloecisa da mendeleevis mier Catarebuli eqsperimentis 
Sedegebs. 

navTobis warmoSobis araorganuli Teoriis mimdevrebi gamodiodnen 
im mosazrebidan, rom navTobis Semadgeneli komponentebis warmoqmna 

xdeba dedamiwis siRrmeSi C, H2, CO, CO2, H2O-s erTmaneTTan da siRrmise-
ul qanebTan urTierTqmedebis Sedegad. 

warmoqmnili naxSirwyalbadebi siRrmeSi arsebuli maRali tempera-
turis gamo airis saxiT amodis zeda fenebSi da dedamiwis qerqis civ na-
wilSi forovan danaleq qanebSi an sicarieleebSi kondensirdeba. 

1877 wels mendeleevma gamoaqveyna navTobis warmoSobis karbiduli 
Teoria. man dauSva liTosferos did siRrmeSi rkinis karbidis arseboba, 
romelzedac dedamiwis zedapiridan napralebiT CaJonili wylis moqme-
debiT xdeba navTobis warmoSoba. mendeleevma mis mier wamoyenebuli hi-
poTezis gansamtkiceblad Caatara eqsperimenti: Tujze marilmJavas moq-
medebiT miiRo siTxe, romelic garegnulad Zalian gavda bunebriv nav-
Tobs. mendeleevi werda: `me davamuSave TeTri sarkiseburi Tuji maril-
mJaviT da miviRe mura siTxe, romelsac navTobis mompoveblebi navTobi-
sagan ver arCevdnen. isini suniT da garegani niSnebiT cdilobdnen gane-
sazRvraT Tu romeli adgilidan iyo es navTobi~. 

kloecma naxSirbadiT mdidari feromanganumis wyliT damuSavebisas 

100-3000C-ze miiRo naxSirwyalbadTa narevi — navTobis msgavsi siTxe. 
es Teoria awydeboda garkveul winaaRmdegobebs. im droisaTvis, ro-

desac yalibdeboda es Teoria, dedamiwis siRrmeSi metalTa karbidebi ar 
iyo aRmoCenili. garda amisa, aseT siRrmeSi gamoiricxeboda wylis arse-
boba. SeuZlebelad miaCndaT wylis gadasvla dedamiwis zedapirze arse-
buli dabali wnevis aredan maRali wnevis zonaSi. 

mecnierTa varaudiT, radgan dedamiwis zedapirTan mineralur nivTi-

erebaTa umravlesobis simkvrive 2,5g/sm3-is farglebSia, xolo dedamiwis 
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saSualo simkvrive 5g/sm3-is, mZime metalebi, maT Soris rkinac, miwis siR-

rmeSi unda imyofebodnen gamlRval mdgomareobaSi, rac ganapirobebs 

karbidebis warmoqmnas. 

SemdegSi, dedamiwis siRrmiseul qanebSi, marTlac aRmoaCines rigi 

elementebis (Fe, Ti, Cr, W, Bi) karbidebi, romlebic uwvrilesi warmonaq-

mnebis saxiT aris gabneuli qanebSi, magram maT bazaze uzarmazari raode-

nobiT naxSirwyalbadebis warmoqmnis axsna SeuZlebeli iyo.  

rac Seexeba wyals, mecnierTa azriT, dedamiwis siRrmeSi karbidebTan 

maTi SeRweva SesaZlebeli iyo mTebis warmoqmnis periodSi qanebSi ganvi-

Tarebuli bzarebidan. 

navTobis araorganuli warmoSobis Sesaxeb mniSvnelovani mosazreba 

gamoTqva kudriavcevma. misi azriT naxSirwyalbadebis warmoqmna mimdinare-

obs liTosferos daqucmacebuli nangrevebis ubnebSi Semdegi procesis 

Sedegad: 

CO +3H2 → CH4+H2O 

am dros xdeba aseve ≡CH, =CH2, -CH3-is Tavisufali radikalebis war-

moqmna, romelTa urTierTqmedebiTa da polimerizaciiT SesaZlebelia 

sxvadasxva aRnagobisa da Sedgenilobis naxSirwyalbadTa sinTezi. war-

moqmnili naxSirwyalbadebi maRali wnevis gavleniT liTosferodan 

amodis zemoT da grovdeba danaleq qanebSi navTobisa da airis sabadoe-

bis saxiT. 

navTobis araorganuli warmoSobis Teoriaze muSaobdnen rusi mecni-

erebi: akademikosi dobrianski, porfirievi, kropotkini, Cekaluki da 

sxv., amerikeli mkvlevari goldi, qarTveli qimikosi a. samsonia.  

navTobis araorganuli warmoSobis Teoriis ganmamtkicebel faqte-

bad miaCndaT vulkanebidan amofrqveuli magmasa da airebSi meTanis kva-

lis arseboba, dedamiwis siRrmiseul natexebSi airisa da navTobis gamov-

lena. zogierTi mecnieri araorganuli Teoriis ganmamtkicebel faqtad 

miiCnevda CO+H2 fiSer-tropSis reaqciiT sinTezuri sawvavis miRebas. 

navTobis mineraluri warmoSobis Teoriis momxreebs SesaZleblad 

miaCndaT naxSirwyalbadebis, Jangbad-, azot- da gogirdis Semcveli naer-

Tebis sinTezi dedamiwis siRrmis pirobebSi C, H2, CO2, metalTa sulfide-

bisa da nitridebisagan, magram dReisaTvis araorganuli sinTeziT SeuZ-

lebelia aixsnas navTobSi Semavali iseTi rTuli aRnagobis naxSirwyal-

badebis, Jangbad-, azot- da gogirdSemcveli naerTebis warmoqmna, rom-

lebic xasiaTdebian optikuri aqtiurobiT da romlebic cocxal orga-

nizmSi arsebuli bioorganuli nivTierebebis msgavsia (biomarkerebi). 



 42 

3.2. navTobis warmoSobis kosmosuri Teoria 

XIX saukunis bolos kometebis kudebSi aRmoCenili iyo naxSirbadi da 
wyalbadi, xolo meteoritebSi naxSirwyalbadebi. 

am faqtebze dayrdnobiT sokolovma 1892 wels wamoayena navTobis 
kosmosuri warmoSobis hipoTeza, romlis arsi SemdegSi mdgomareobda: 
dedamiwis kosmosuri formirebis stadiaze naxSirwyalbadebi warmoiq-
mnen martivi nivTierebebisagan araorganuli sinTezis gziT; Tavdapirve-
lad naxSirwyalbadebi gacivebisas STainTqmebodnen dedamiwis qerqis 
warmomqmneli qanebiT, Semdeg amodiodnen miwis qerqis zeda nawilSi, sa-
dac grovdebodnen da warmoqmnidnen navTobisa da airebis sabadoebs. me-
teoritebSi (naxSirbadovan qonditrebSi) aRmoCenilia agreTve norma-
luri alkanebi, aminomJavebi, magram imdenad mcire koncentraciiT, rom 
maTi Semcveloba SesaZlebelia gamowveuli iyos meteoritebis gaWuWyia-
nebiT dedamiwaze davardnisas. 

Tanamedrove monacemebiT iupiterisa da titanis atmosferoSi, aseve 

airmtvris RrublebSi aRmoCenilia airebi: C2H2, C2H4, C2H6, C3H8, HCN, C2N2. 

3.3. navTobis warmoSobis organuli Teoria 

navTobis warmoSobis araorganuli Teoriis paralelurad viTarde-
boda Sexedulebani navTobis organuli warmoSobis Sesaxeb. 

navTobSi Semavali nivTierebebis msgavsebam cocxal organizmebSi 
arsebul nivTierebebTan, navTobis optikuri aqtiurobis dadgenam dama-
tebiTi biZgi misca organuli warmoSobis Teoriis ganviTarebas. 

am Teoriis mixedviT navTobis sawyis masalas warmoadgens zRvis cxo-
veluri da mcenareuli naSTebi, romlebic aRmoCndnen danaleqi qanebis 
fenebis qveS namarxi saxiT. 

navTobis organuli warmoSobis Teoriis dasabuTebis mizniT eqspe-
rimentuli kvlevebi Catarda XIX saukunis bolosa da XX saukunis dasaw-
yisSi. 

cdebis Sedegad dadgenilia, rom miwaSi damarxuli cxovelebis gvame-
bis Saqrovani da cilovani nivTierebebi swrafad iSlebian airad da wyal-
Si xsnad nivTierebebad. 

cximebi hidrolizdebian glicerinad (wyalSi xsnadi) da cximovan mJa-
vebad. ukanasknelni wlebis ganmavlobaSi SesamCnevi cvlilebebis gareSe 
imyofebian danaleqi qanis qveS. am faqtebis gaTvaliswinebiT englerma 
Caatara gamokvlevebi navTobis warmoqmnaSi cximebis rolis garkvevis mi-
marTulebiT. 

1888 w. misi xelmZRvanelobiT erT-erT qarxanaSi moaxdines qaSayis cxi-

mis mSrali gamoxda: 10 atm. wnevaze da 4200C temperaturaze. Sedegad miiRes:  
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1) moyavisfro feris zeTovani nivTiereba 69%-is gamosavlianobiT;  
2) koqsi — 13%; 3) airadi nivTierebani da wyali (danakargebi) — 18%. Sem-
deg gamoxades zeTovani fraqcia da Seiswavles misi gamoxdis Sedegad mi-
Rebuli fraqciebi (cxrili 3.1.). 

cxrili 3.1 
qaSayis cximis gamoxdis fraqciebi 

 fraqciis gamoxdis 
temperatura 

simkvrive, g/sm3 gamosavlianoba  
%%-Si 

1 1500C-mde 0.712 25.9 

2 150-3000C 0.817 58 

3 3000C-ze maRla - 16.1 

 

kvlevebis Sedegad dadginda, rom msubuqi fraqciebi Seicavda C5-C9 

Sedgenilobis naxSirwyalbadebs. pirvel fraqciaSi dadgenili iyo C5-C7 

alkenebi, romelTa Semcveloba 37%-s Seadgenda. dadgenili iyo aseve C5-
C9 Sedgenilobis normaluri da izoalkanebis Semcveloba.  

nitrirebis reaqciiT gamoyves benzolis, toluolis da metaqsilo-
lis nitronawarmebi. 

Caatares imave cximis mSrali gamoxda alumosilikatebis Tandaswre-
biT da aRmoCnda, rom distilati ZiriTadad Sedgeboda cikloalkanebi-
sagan. maTSi Sedioda aseve nafTenuri mJavebi. 

amrigad, englerma Catarebuli eqsperimentis safuZvelze aCvena, rom 
cxoveluri cximovani nivTierebebisagan SesaZlebelia garkveul piro-
bebSi navTobSi Semavali naxSirwyalbadebis warmoqmna. 

1919 w. zelinskim gamoxada tbis xavsi, romelic Sedgeboda lipidebis 
maRali Semcvelobis planqtonuri wyalmcenareebis naSTebisgan, Sedegad 
miiRo koqsi, fisi, gazi da pirogenetikuri wyali. 

fisovani fraqciis Seswavlam aCvena, rom is Seicavda benzinis, navTis 
fraqcias da mZime fisovan nivTierebebs. benzinis fraqciaSi dadginda al-
kanebis, cikloalkanebis da arenebis arseboba. navTSi Warbobda cikloal-
kanebi. 

miRebuli naxSirwyalbadTa narevi bevri ramiT gavda bunebriv navTobs 
da rac Zalian mniSvnelovania, mZime fraqciebs gaaCndaT optikuri aqtiu-
roba. am cdebze dayrdnobiT ganviTarda navTobis organuli warmoSobis 
Teoria. 

organuli warmoSobis Teoriis mimdevarTa TvalsazrisiT, navTobis 
warmoqmnas ganapirobebs, erTi mxriv, navTobis sawyisi masala, meore 
mxriv, qimiuri reaqciebi da gareSe faqtorebis zemoqmedeba. aseT faqto-
rebs miekuTvneba: 
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1. SexebaSi myofi qanebis, ZiriTadad Tixovani qanebis, katalizuri moqmedeba; 
2. temperatura; 
3. wneva; 
4. mikroorganizmebis zemoqmedeba. 

n. zelinskim TanamSromlebTan erTad Caatara cdebi cocxal orga-
nizmSi arsebuli nivTierebebis navTobSi Semaval nivTierebebad gardaq-
mnis mimarTulebiT. 

am mizniT maT AlCl3-ze gaacxeles rogorc cxoveluri, ise mcenareul 
organizmSi Semavali nivTierebebi, warmoqmnili narevebi gamoxades. 

cxoveluri warmoSobis nivTierebebidan SearCies qolesterini, pal-
mitinis, stearinis, oleinis mJavebi da futkris cvili. 

mcenareuli warmoSobis nivTierebebidan abietinis mJava, fitoste-
rinis warmomadgeneli — betulini da rogorc bunebrivi, ise xelovnuri 
kauCukebi. 

qolesterinis SemTxvevaSi airad naxSirwyalbadebTan erTad gamoiyo 
navTobis msgavsi siTxe, romelic didi raodenobiT Seicavda msubuq nax-
Sirwyalbadebs (benzinis fraqcia), upiratesad cikloheqsanisa da cik-

lopentanis rigis naxSirwyalbadebs. 250-4000C-mde gamoxdili fraqcia — 
zeTi xasiaTdeba optikuri aqtiurobiT (marjvniv mbrunavi). 

palmitinisa da stearinis mJavebis SemTxvevaSi gamoiyo mcire raode-

nobiT sawvavi airebi da CO2, ZiriTadad ki miiRes myari parafini, ris sa-
fuZvelzec gamoiTqva mosazreba, rom swored es mJavebi warmoadgenen 
navToburi parafinis da saerTod, parafinuli navTobis wyaros. 

futkris cvilis gamoxdisas sawvavi airebisa da CO2 -is garda, aRebu-
li cvilis masis mimarT 80%-iani gamosavlianobiT gamoiyo Txevadi da 
myari alkanebi. 

oleinis mJavas SemTxvevaSi miiReboda rTuli narevi, romelic Sedge-
boda Tanabari raodenobiT cximovani rigis najeri da ujeri naxSirwyal-
badebisagan, cikloheqsanis da ciklopentanis rigis najeri da umetesad, 
ujeri naxSirwyalbadebisagan, aseve mcire raodenobiT aromatuli nax-
Sirwyalbadebisagan. 

abietinis mJavas SemTxvevaSi gamoyofili fraqciebi upiratesad aroma-
tul naxSirwyalbadebs Seicavdnen. betulinidan gamoxdil dabal fraqcia-
Si Warbobda cikloheqsanis, xolo maRal fraqciaSi aromatuli rigis nax-
Sirwyalbadebi. rogorc bunebrivi, ise xelovnuri kauCukis gadadeniT miRe-
buli fraqciebi didi raodenobiT Seicavda cikloheqsanis rigis naxSir-
wyalbadebs. 

amrigad, Catarebulma cdebma aCvena, rom rogorc cxovelur, ise mce-
nareul organizmebSi Semavali nivTierebebisagan garkveul pirobebSi 
(katalizatori, temperatura) SesaZlebelia navTobSi Semavali yvela ti-
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pis naxSirwyalbadis warmoqmna. am samuSaoebma bunebrivia xeli Seuwyo 
navTobis organuli warmoSobis Teoriis ganmtkicebasa da ganviTarebas.  

Tanamedrove da uZvelesi danaleqi qanebis organuli nivTierebebis 
Seswavlis mimarTulebiT kvlevebi Caatares arxangelskim (1927 w.) da 
traskam (1926-1932 ww.). 

zRvis planqtonuri* organizmebis gamokvlevebiT dadginda, rom isi-
ni Seicavdnen mcire raodenobiT (0,006%) naxSirwyalbadebs da didi rao-
denobiT lipidur masalas (zogjer 40%), romlidanac advilad warmoiq-
mneba naxSirwyalbadebi. 

zRvis xavsis organul nivTierebaTa Seswavlis Sedegad dadginda, 
rom isini Seicavdnen 3-5%-mde bitumur nivTierebebs da 0,5%-mde naxSir-
wyalbadebs. amasTanave, navTobisaTvis damaxasiaTebel yvela klasis nax-
Sirwyalbadebs — alkanebs, nafTenebsa da arenebs; navTobisagan gan-
sxvavebiT maTSi ar iyo benzinis fraqciaSi Semavali msubuqi naxSirwyal-
badebi. 

SemdegSi es kvlevebi mniSvnelovnad ganaviTara gubkinma, romelmac 
1937 w. wamoayena navTobis warmoSobis mcenareul-cxoveluri hipoTeza. 

1942 w. qarTvelma mecnierma a. gaxokiZem glukozisagan rigi gardaq-
mnebis Sedegad miiRo 2-meTilheptani, ris safuZvelzec gamoTqva mosaz-
reba, rom naxSirwylebi warmoadgens bunebriv sawyis nivTierebebs ara-
marto parafinuli naxSirwyalbadebis, aramed aromatuli da nafTenuri 
naxSirwyalbadebis da maTi nawarmebis (navTobSi Semavali nivTierebebis) 
misaRebad. 

misi azriT, mcenareSi arsebuli naerTebi, fisebi, terpenebi, steri-
nebi da sxva warmoSobilni arian naxSirwylebis bioqimiuri gardaqmniT 
da rom es gardaqmnebi SesaZlebelia ganxorcieldes rogorc cxovelur, 
ise mcenareuli masalebis geologiuri metamorfoziT. 

es mosazreba ganamtkices kanadelma mecnierebebma, romlebmac 40 
wlis Semdeg Seiswavles saskaCevanis tbaSi (kanada) arsebuli mikroorga-
nizmebi da daadgines, rom maTi erT-erTi saxeoba axdens naxSirwylebis 
gardaqmnas navTobis naxSirwyalbadebad. 

navTobis warmoSobis organuli TeoriisaTvis didi mniSvneloba 
hqonda cocxal organizmSi arsebul nivTierebebisagan navTobSi gadmo-
sul biomolekulebis e.w. `biogenuri niSnakebis~ — `biomarkerebis~ aRmo-
Cenas, romelTa Soris aRsaniSnavia izoprenoiduli struqturis naxSir-
wyalbadebi: fitani da pristani, romelTa warmoqmna aixsneba qlorofi-
lis molekulis gverdiT jaWvSi arsebuli ujeri spirtis — fitolis gar-
daqmniT: 

                         
* planqtonebi — cxoveluri da mcenareuli mikroorganizmebia, romlebic iSle-
bian hidrosferoSi. 
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CH2OH

fitani

fitoli

pristani  

aRmoCnda, rom navTobSi Semavali pristani `mza~ saxiT aris zogierTi 
cxovelis sxeulSi. 

didi mniSvneloba hqonda navTobSi VO2+ da Ni2+ porfirinuli kom-
pleqsebis aRmoCenas. miaCniaT, rom maT sawyis nivTierebas kvlav qloro-
fili warmoadgens. 

dedamiwis wiaRis siRrmis zrdasTan erTad navTobSi SeiniSneba por-
firinebis Semcvelobis Semcireba, rac aixsneba porfirinebis Termuli 
umdgradobiT. es faqtic winaaRmdegobaSi modis navTobis araorganul 
TeoriasTan, romlis mixedviT navTobis warmoqmna xdeba dedamiwis siR-
rmeSi, maSin rodesac am zonaSi porfirinuli kompleqsebis warmoqmna ma-
Rali temperaturis gamo SeuZlebeli iyo. 

danaleqebsa da navTobSi Semaval mniSvnelovan `biomarkerebs~ warmo-
adgens steranisa da triterpenis tipis policikluri naxSirwyalbadebi. 
bevri maTgani warmoadgens yvela cocxal organizmSi arsebuli mniSvne-
lovani biomolekulebis — steroidebisa da triterpenoidebis — mag., qo-
lesterinis, fitosterinis da sxvaTa nawarmebs: 

OH

CH2OH H

CH3

 
triterpeni (betulini)   triterpani (hopani) 

OH

R

H

H  
steroidi (steroli)   sterani (qolestani) 

memkvidreobiT biogenur struqturebs ekuTvnis n. alkanebi. navTob-
Si maTi Semcveloba 10-15%, xolo zogjer 30%-ia. 
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naklebad gardaqmnil navTobSi Warbobs n. alkanebi kenti naxSirbadis 
atomebiT, romelTa warmoqmna advilad aixsneba organizmSi ZiriTadad 
arsebuli naxSirbadatomebis luwi ricxvis Semcveli mJavebis dekarboq-
silirebiT:  

C15H31COOH → C15H32+ CO2 

SemdegSi navTobSi kenti da luwi naxSirabdatomebis ricxvis Semcve-
li naxSirwyalbadebis raodenoba Tanabrdeba, rac dedamiwis wiaRis siR-
rmisa da temperaturis gazrdasTan erTad navTobis sabadoSi meoradi 
reaqciebiT aixsneba. 

Tanamedrove TeoriiT, navTobi da sawvavi airi warmoiqmneba danaleq 
qanebSi gafantuli saxiT arsebuli planqtonuri da sapropeluri orga-
nuli nivTierebebisagan. kerZod, wyalsatevebis fskerze arsebul cxove-
lur da mcenareul mikroorganizmebs (planqtonebs da bentalur orga-
nizmebs), emateboda xmeleTis gadanarecx masalasTan erTad mdinareebis 
mier zRvaSi Semotanili dedamiwaze arsebuli cocxali samyaros naSTebi, 
wylisa da sanapiros mcenareebi. warmoqmnili organuli masa, uamravi 
mcenareuli da cxoveluri naSTi, gafantuli mineralur masebSi grovde-
ba waylsatevebis fskerze da sul qveviT da qveviT iZireba. pirveli aTe-
uli metris siRrmeze organuli masala mikroorganizmebis moqmedebis 
Sedegad nawilobriv ixrwneba. fskerze CaZirul Slamis zeda fenas ewo-
deba pelogeni, xolo nawilobriv gardaqmnil Slams — sapropeluri. 

gaxrwnili organuli masala, zRvis SlamSi Jangbadisa da baqteriebis 

zemoqmedebis Sedegad ganicdis Semdgom gardaqmnas da xdeba airebis (CO2, 
N2, NH3, CH4) da wyalSi uxsnadi Txevadi produqtebis warmoqmna, xolo 
organuli masalis dauSleli nawili grovdeba danaleq fenaSi, romelTa 
gardaqmna navTobad xdeba uJangbado, aRmdgen areSi, mravali faqtoris 
(maRali wnevis, temperaturis), maTTan SexebaSi myof (ZiriTadad Tixova-
ni) qanebis katalizuri moqmedebis, mikroorganizmebis da sapropelur 
naleqebSi arsebuli radioaqtiuli elementebis mier gamosxivebuli 
energiis zemoqmedebiT. es Zalian neli procesia, romelic mimdinareobs 
milioni wlebis manZilze. 

navTobis organuli warmoSobis Teoriis ganmtkicebas xels uwyobda 
geologiuri gamokvlevebic. mecnier-geologTa umravlesoba iziarebda 
navTobis organuli warmoSobis Teorias. isini aRniSnavdnen, rom navTo-
bis sabadoebis arseboba metwilad dakavSirebulia sapropeluri organu-
li nivTierebebiT gamdidrebul danaleq qanebTan. 

1934 w. v. vernadskim gamoTqva mosazreba, rom navTobis, qvanaxSiris, 
torfis da bitumovani fiqlebis Semadgeneli naerTebi, Cndeba jer kidev 
cocxal organizmebSi. 
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akademikos mironovis azriT `navTobi organuli nivTierebebis nam-
dvili sasaflaoao~. dRemde cnobili navTobis mcire Tu didi raodeno-
biT dagroveba mxolod da mxolod danaleqi warmoSobis qanebSi gvxvde-
ba. vulkanuri warmoSobis qanebSi arsad ar aris napovni navTobis arc pa-
tara da arc didi sabado. 

1956 w. veberma, mowafeebTan erTad eqsperimentulad daasabuTa, rom 
kaspiisa da azovis zRvis sanapiroze meoTxeuli periodis TixnarebSi or-
ganuli masalis gardaqmnis Sedegad dResac mimdinareobs navTobis war-
moSobis procesi. 

navTobis warmoSobis dargSi Catarebulma geologiurma da geoqimi-
urma kvlevebma SesaZlebeli gaxada bunebrivi procesebis Tanmimdevro-
biTi stadiebis gaazreba. 

dadginda, rom organuli masalis gardaqmna, xelsayrel Termodina-
mikur pirobebSi, mxolod garkveul siRrmeze mimdinareobs.  

daZirvis sawyis stadiaSi 1,5-2km siRrmeze (500-900C) temperaturul 
zonaSi organuli nivTierebis molekuluri struqtura arsebiT des-
truqcias jer kidev ar ganicdis. aRiniSneba Jangbadis Semcireba mole-
kuluri struqturis periferiuli JangbadSemcveli funqciuri jgufis 
moxleCis Sedegad.  

kerogenSi izrdeba naxSirbadisa da wyalbadis Semcveloba. am etapze 
airad fazaSi meTanisa da misi homologebis Semcveloba umniSvneloa, 
aRiniSneba naxSirbadis dioqsidis siWarbe. dabalmduRare naxSirwyalba-
debi organul nivTierebaSi jer kidev ar aris. 

sapropeluri organuli masalis mniSvnelovani gardaqmna xdeba uf-

ro Rrma zonaSi (2,5km-dan — 6km-mde) 100-1500C-ze mravali wlis (10-20 mi-
lioni) ganmavlobaSi. didi raodenobiT xdeba bitumis da saerTod navTo-

bis maRalmolekuluri naxSirwyalbadebis (C15-C45) warmoqmna. aseve war-

moiqmneba da maqsimalur koncentracias aRwevs benzinis fraqciis (C6-C14 
Sedgenilobis) naxSirwyalbadebi. airadi fazis organuli nivTierebebis 

SemadgenlobaSi meTanis Semcveloba umniSvneloa. maqsimaluria C2-C5 
Sedgenilobis alkanebis Semcveloba. didi raodenobiT navTobis naxSir-
wyalbadebisa da bitumis warmoqmnis am etaps vasoeviCma navTobwarmoq-
mnis mTavari faza uwoda. 

am Teoriis mixedviT, CaZirvis sawyis stadiaSi organuli masala qimi-
uri cvlilebebis garda gamkvrivebasac iwyebs. CaZirvasTan erTad mzardi 
temperatura da wneva axdens qanTamSeni masalis gamkvrivebas da norma-
lur, danaleq qanad gadaqcevas. droTa viTarebaSi sapropeluri nivTie-
rebebisagan warmoiqmneba naxSirebi da sawvavi fiqlebi. 

is mosazreba, rom sawvavi fiqlebi Txevadi navTobis msgavsad sapro-
peluri warmoSobisaa, dadasturda eqsperimentuli monacemebiT. aRmoC-
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nda, rom sawvavi fiqlebis gacxelebisas 150-1700C-ze iwyeba organul niv-

TierebaTa daSla, 2000C-ze daSlis procesi ufro intensiurad mimdina-

reobs, xolo 370-4000C-ze gacxelebisas 1sT-is ganmavlobaSi fiqlebis 
organul nivTierebaTa umetesoba (60-80%) gadadis Txevad mdgomareoba-
Si, romelic Seicavs didi raodenobiT fisovan-asfaltenur nivTiere-

bebs, navTobis naxSirwyalbadebis yvela ZiriTad klass, airebs (CO2, CH4, 
H2S) da pirogenetur wyals. aRmoCnda, rom navTobis mTavari fazis zona-

Si warmoqmnili xsnadi bitumebi Tavisi SedgenilobiT (C da H-is Semcve-
lobiT) axloa sapropeluri fiqlebis Termuli daSlisas warmoqmnil bi-
tumebTan, romlebSic 60-80%-mde fisebi da asfaltenebia, 20-40%-mde 
naxSirwyalbadebi; 10-30%-mde n.alkanebi, 20-60% izoalkanebi da ciklo-
alkanebi, 20-50% arenebi. dabalmduRare fraqciebSi mniSvnelovani rao-
denobiT Sedis cikloalkanebi ciklopentanebis siWarbiT, n.alkanebis da 
arenebis Semcveloba mcirea. siRrmisa da temperaturis zrdasTan erTad 
SesamCnevad izrdeba n.alkanebis, arenebisa da cikloheqsanebis wili, xo-
lo ciklopentanebisa _ mcirdeba. am zonaSi Zvel sabadoebSi SeiniSneba 
alkanebis, romelSic 50%-mde izoalkanebia, wilis gazrda da cikloal-
kanebis da arenebis wilis Semcireba. 

infrawiTeli speqtroskopiis gamoyenebiT Seiswavles kerogenis mo-
lekuluri struqturis destruqcia da daadgines, rom Tavdapirvelad 
adgili aqvs lipiduri komponentebis gardaqmnas; karbonmJavebis, keto-

nebis da aldehiduri jgufebis moxleCvas, Semdeg CH2 jgufebisagan Sem-
dgari grZeljaWviani struqturebis rRvevas; aromatizaciisa da poli-
kondensaciis procesebis gaZlierebas.  

myari kerogenis gardaqmnas — asfaltovan-fisovan nivTierebaTa, nav-

Toburi naxSirwyalbadebisa da aseve airebis (C1-C5 Sedgenilobis alkane-

bis, H2S, N2) warmoqmnas axlavs moculobis Zlieri mateba. zeda fenebSi 
mdebare Tixis sabadoebis dawolis Sedegad aRiZvreba anomaliurad maRa-
li wneva, romelic momijnave forovan wyalgajerebul qviSaSi arsebul 
normalur hidrostatikur wnevas aRemateba 20-30 mpa-iT; roca wneva kri-
tikul mniSvnelobas miaRwevs Tixovan qanebSi xdeba fluid garRvevebi 
da Cndeba mikrobzarebi. adgili aqvs SekumSuli navTobisa da airadi nax-
Sirwyalbadebis gamodevnas wyalgajerebul qviSaSi, sadac maTi akumula-
ciisas xdeba navTobis Segroveba (es procesi periodulad meordeba). 

navTobwarmomqmneli Tixis qanebisa da wyalgajerebuli forovani 
fenidan gamotanili navTobi amotivtivdeba, TandaTanobiT xdeba misi 
dagroveba da sabadoebis warmoqmna, rasac adgili aqvs qanebis yvelaze 
metad amoweul ubnebSi (antiklinur struqturebSi). 

antiklinis TaRur nawilSi grovdeba airi, mis qvemoT navTobi, xolo 
navTobis qvemoT antiklinis frTebSi eqceva fenis wyali _ navTobisa da 
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airis Tanamgzavri; antiklinebis mosazRvre Cazneqil struqturul nao-
Webs (sinklinebs) mTlianad avsebs fenis wyali.  

aRsaniSnavia, rom navTobis dediseuli Tixiani qanebidan maT momijna-
ve wyalgajerebuli forovani qviSaqvis fenaSi naxSirwyalbadebis migra-
ciisas xdeba warmoqmnili fisovan-asfaltenur nivTierebaTa, navTobis 
da airadi naxSirwyalbadebis qromatografiuli dayofa. am procesSi 
qromatografiul svets warmoadgens Tixis fena warmoqmnil bitumur 
nivTierebebTan erTad, xolo eluents — airadi da navTobis dabalmdu-
Rare naxSirwyalbadebi. rac meti eluenti gadis qviSaqvis mimarTulebiT, 
miT ufro maRali xarisxiT xdeba komponentTa dayofa. qviSis koleqtor-
Si gadmosul navTobur naxSirwyalbadebSi asfaltenebisa da fisebis Sem-
cveloba 5-10%-s ar aRemateba. arsebiTad es aris namdvili navTobi. 

navTobis gamovlenis mTavari zona xasiaTdeba navTobiT, romlis sim-

kvrivea 820-840kg/m3, 2000C-mde mduRare fraqciis moculobiTi wili 25-
30%-mdea, romelSic alkanebis Semcvelobaa 25-40%, cikloalkanebis — 
30-50%, arenebis — 10-30%. Zvel danaleq qanebSi, axalTan SedarebiT, Se-
imCneva msubuqi fraqciebis mateba. masSi gazrdilia alkanebis Semcve-
loba, naklebad arenebis, xolo cikloalkanebi mniSvnelovnad Semci-
rebulia. 

zedapirTan axlos navTobi kargavs msubuq fraqciebs, mZimdeba, iJan-
geba. sabadoebSi ganviTarebuli mikrobiologiuri Jangvis procesebi iw-
veven biodegradacias. navTobis hipergenuli cvlilebebis Sedegad nav-
Tobis simkvrive mniSvnelovnad izrdeba. benzinis fraqciebis Semcvelo-
ba mcirdeba, masSi TiTqmis ar aris n. alkanebi, maRalia cikloalkanebis 
da asfaltovan-fisovani nivTierebebis Semcveloba. 

amrigad, navTobis warmoSobis organuli Teoriis mixedviT navTobu-
ri naxSirwyalbadebis pirvelwyaros warmoadgens cocxal organizmSi bi-
osinTezis Sedegad warmoqmnili nivTierebani, meore wyaros sawyisi or-
ganuli nivTierebebis gadamuSavebis mikrobuli procesi, romlis dro-
sac mkvdari organizmis biomolekulebi gardaiqmnebian garemo pirobeb-
Si ufro mdgrad naerTebad — naxSirwyalbadebad, kerZod naxSirwyalba-
debs warmoqmnian spirtebi, aldehidebi, mJavebi da naxSirwylebi. 

amrigad, qimiuri, geoqimiuri da geologiuri monacemebi amtkiceben 
navTobis warmoSobis organul Teorias. 
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4. navTobis mniSvnelovani sabadoebi 

rogorc navTobis organuli warmoSobis Teoriis ganxilvisas aRiniS-

na, navToburi naxSirwyalbadebis da asfaltovan nivTierebaTa warmoq-

mnisas xdeba airebis CO2, N2, H2S, (C1-C5) Sedgenilobis alkanebis warmoq-

mna, ris gamoc Tixis qanebSi aRiZvreba anomaliurad maRali wneva; roca 

wneva kritikul mniSvnelobas miaRwevs, Tixovan qanebSi xdeba fluid gar-

Rvevebi, Cndeba mikrobzarebi, adgili aqvs SekumSuli navTobis da airadi 

naxSirwyalbadebis gamodevnas forovan da napralovan qanebSi (qviSebi, 

qvebi, napralovani kirqvebi da konglomerati), sadac xdeba navTobis Seg-

roveba. aseT qanebs koleqtorebi ewodebaT. xolo Tixovani aragamtari 

wyebebi am koleqtorebis saxuravs warmoadgenen. 

dedamiwis danaoWebis procesSi warmoqmnil koleqtorebSi dagrovi-

li navTobi da airi maRali wnevis qveS iwyeben moZraobas gamtar SreebSi 

da grovdeba amoweuli formebis naoWebSi anu antiklinebSi, romlebic 

miwis qerqis danaleq safarSi navTobisa da airis dagrovebis ZiriTad 

struqturul teqtonikur formebs warmoadgenen. antiklinis TaRur na-

wilSi grovdeba airi, mis qvemoT navTobi, xolo navTobis qvemoT — antik-

linis frTebSi eqceva fenis wayli — navTobisa da airis Tanamgzavri; an-

tiklinebis mosazRvre Cazneqil struqturul naoWebs (sinklinebs) 

mTlianad avsebs fenis wyali, romelic geostatikuri donis mixedviT 

mudmivi wnevis qveS imyofeba. es wneva gadaecema navTobs da xelsayrel 

pirobebs qmnis zedapirze misi amosvlisaTvis. 

navTobis migracia SeiZleba gavrceldes ramdenime km-is manZilzec, 

vidre mZlavr, navTobgauval Sreebs ar waawydeba. aq migracia Cerdeba da 

xdeba navTobis ama Tu im raodenobiT dagroveba, e.i. warmoiSoba navTo-

bis sabado; Tu sabadoSi navTobi samrewvelo raodenobiT dagrovdeba, 

maSin iqmneba budobi. 

dadgenilia, rom navTobisa da gazis sabadoebi aris dedamiwis xuTive 

kontinentze sxvadasxva raodenobiT. 

sabadoSi Cawolili navTobis moculoba ramdenime sm3-dan — milion m3 

meryeobs. 

sabadoebi, maTSi arsebuli navTobis maragis moculobis mixedviT 

iyofa mcire, saSualo, did, udides, gigantur da zegigantur sabadoebad. 
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cxrili 4.1 
navTobis geologiuri maragebi 

 sabados sidideebi geologiuri maragebi  
(106 tonebSi) 

1 mcire <10  
2 saSualo 10-50  
3 didi 50-100 
4 udidesi 100-500 
5 giganturi 500-1000 
6 zegiganturi (unikaluri) >1000 

 
praqtikul interess warmoadgens navTobis sabadoebi, sadac navTo-

bis masa ramdenime milion tonas da mets Seadgens. 
 navTobis msxvili sabadoebia CrdiloeT da samxreT amerikis zogi-

erT raionSi, indoneziaSi, ruseTSi — volgispireTSi, uralSi, dasavleT 
cimbirSi, mangiSlakis naxevarkunZulze, komis avtonomiur respublika-
Si, azerbaijanSi, groznoSi, daRestanSi, ukrainaSi, yazaxeTSi da sxv. 

navTobis giganturi sabadoebia saudis arabeTSi, kuveitSi, eraySi, ve-
nesuelaSi, alJirSi, iranSi, libiaSi. 

Zalian mniSvnelovania navTobisa da gazis mdidari sabados aRmoCena 

zRvebis da okeaneebis akvაtoriaSi: kaspiis zRvaSi, sparseTis ubeSi, kali-
forniis, trinidadis, argentinis, avstraliisa da CrdiloeT aliaskis 
sanapiroze. ukanaskneli aTeuli wlebis ganmavlobaSi, mTel msoflioSi, 
Siga zRvebis da okeaneebis sanapiro ekvatorul zonebSi navTobisa da 
gazis mopoveba, xmeleTze mopovebuli raodenobis daaxloebiT 20%-s 
Seadgens. 

navTobis sabados gamovlenasa da misi maragis Sefasebas win uZRvis 
sadazvervo samuSaoebi. geologebi Tavdapirvelad axdenen adgilis geo-
logiur, aeromagnitur da gravimetriul Seswavlas. qanebisa da wylebis 
geoqimiur gamokvlevas da ruqebis Sedgenas. Semdeg ukve awarmoeben saba-
dos gaburRvas, WaburRilis tevadobis, Sreebis navTobiT gajerebulo-
bis gansazRvras. amis Semdeg xdeba maragis gaangariSeba da axali sabados 
aRmoCenisa da eqsploataciis Sesaxeb rekomendaciebis SemuSaveba. 

geologebis mier mowodebulia moculobiTi meTodiT navTobis mara-
gis gasaangariSebeli formula: 

Q= F  h  K1  K2 θ  q 

Q – navTobis amosaRebi maragi tonebSi; 

F – navTobis fenis gavrcelebis farTi km2-Si; 
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h — navTobis fenis simaRle m-Si; 

K1 – navTobSemcveli fenis Ria forianobis koeficienti; 
K2 — navTobis gacemis koeficienti; 

θ – navTobis dajdomis gasaTvliswinebeli gadaTvliTi koeficienti; 

q – navTobis simkvrive kg/m2-Si. 
dazvervis Sedegad gamoTvlili navTobis maragi mTel msoflioSi 90-

95X109 tonas Seadgens, xolo prognozirebuli maragi 250-270X109 tonas 
unda Seadgendes. 
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5. saqarTvelos navTobebi 

navTobis mopovebas saqarTveloSi xangrZlivi istoria aqvs. navTobis 
gamosavlebs miwis zedapirze saqarTvelos regionebSi kuprs uwodebdnen 
(sulxan-sabas leqsikonSi `kupri~ asfalts niSnavs). saqarTveloSi amJa-
madac es termini SemorCenilia guriaSi: zemo natanebis erT-erT ubans, 
sadac navTobis mniSvnelovani gamosavlebia, samxvTo-sakupres eZaxian. 
msgavsi gamosavlebia kaspis raionis soflebis — axalqalaqis da kavTis-
xevis, civgomboris qedze, sagarejos, onis, ambrolauris da tyibulis 
raionebSi. amasTanaa dakavSirebuli kaxeTSi — siRnaRis, dedofliswya-
ros zogierT raionSi navTobis gamosavlebis saxelwodebebi: kilikupra, 
CaTmis, kidermis, baidis, tiulkitapis kuprebi. Tbilisis erT-erTi da-
saxlebis saxelwodeba — `navTluRi~ dakavSirebulia iq navTobis arsebo-
basTan. cnobilia, rom VIII saukuneSi abo Tbileli dawves navTis gamoyene-
biT. cnobili qarTveli geografi vaxuSti werda navTluRis navTobis Se-
saxeb da aRniSnavda, rom misi mopoveba arc ise didia. 

 saqarTveloSi navTobis wyaroebis arsebobis Sesaxeb aRwerili aqvs 
cnobil italiel mogzaurs marko polos. Tavis CanawerebSi is aRniSnavs, 
rom `georgianaSi~ (saqarTveloSi) wyaroebidan moedineba zeTismagvari 
Txevadi petroleumi (navTobi), romelsac iyenebdnen lamfebis gasana-
Teblad da aseve samkurnalo saSualebad mravali daavadebis dros. am 
siTxisaTvis mezobeli qveynebidan Camodian vaWrebi da aqlemebiT gaaqvT 
TavianT qveynebSi. daviT aRmaSeneblis mefobis dros, saqarTvelodan sa-
eqsportod gatanili saqonlis siaSi navTobic moixsenieba. 

saqarTveloSi navTobs Zveli droidanve iyenebdnen sawvav, sapox, ga-
sanaTebel da saomar saSualebad, samkurnalod kanis daavadebebisa da 
revmatizmis dros. aseve samSeneblo saqmeSi Semkvrel saSualebad. cnobi-
lia, rom medea Tavis wamlebs amzadebda ara marto mcenareebisagan, ara-
med navTobisganac, romelic kolxeTSi im dros didi raodenobiT moipo-
veboda da saberZneTSi gahqondaT. 

saqarTveloSi dReisaTvis cnobilia navTobis 10 sabado — mirzaani, 
taribani, patara Siraqi, norio, sacxenisi, samgori-patarZeuli, TeleTi, 
samgoris samxreTi TaRi, sufsa da aRmosavleT Waladidi. 

saqarTvelos navTobebis sistematiuri kvlevebi daiwyo 1940 wels da 

dRemde grZeldeba. saqarTvelos navTobis kvlevis ZiriTadi centrebia: 
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mecnierebaTa akademiis p. meliqiSvilis saxelobis fizikuri da organuli 

qimiis institutis navTobis qimiis laboratoria, iv. javaxiSvilis saxelo-
bis Tbilisis saxelmwifo universiteti, saqarTvelos teqnikuri univer-

siteti, `saqnavTobisa~ da baTumis navTobgadamamuSavebeli qarxnis labo-

ratoria. 

patara Siraqis navTobis sabado eqspluataciaSi myof sabadoTa So-
ris erT-erT Zvel (1939w.) sabados warmoadgens. aRniSnuli navTobi mie-

kuTvneba msubuq (simkvrive—0,885g/sm3), dabalgogirdian (0,15%) navTobTa 

ricxvs. parafinebis Semcveloba tolia 2%-is, asfaltenebis 6,16%, fise-

bis — 27%, aRniSnuli navTobi mdidaria 3000C-mde mduRare fraqciebis 
SemcvelobiT (47,5%). 

patara Siraqis navTobis 95-1220C fraqciaSi dadgenilia nafTenuri 

naxSirwyalbadebis: meTilcikloheqsanis, eTilcikloheqsanis, 1,3-dime-
Tilcikloheqsanis da 1,2,4-trimeTilcikloheqsanis, toluolis, eTil-

benzolis, orTo-, meta- da para-qsilolebis, kumolis da fsevdokumo-

lis arseboba. arsebuli literaturuli monacemebiT patara Siraqis sa-

bados sxvadasxva WaburRilebis navTobebi mcired gansxvavdebian erTma-
neTisagan da miekuTvnebian nafTenuri navTobebis tips. 

taribanis navTobebis narevis da sasaqonlo navTobproduqtebis fi-

zikur-qimiuri maxasiaTeblebis SeswavliT dadgenilia, rom aRniSnuli 

navTobi warmoadgens damZimebul, maRalparafinul, mciregogirdian nav-

Tobs.  

sacxenisis me-4 WaburRilis navTobi didi raodenobiT Seicavs 3500C-

mde mduRare fraqciebs, aris baci yavisferi; am maxasiaTeblebiT miakuT-

vneben e. w. `TeTr~ navTobebs. sacxenisis navTobi miekuTvneba naftenur-
aromatuli tipis navTobs.  

sacxenisis me-10 WaburRilis navTobi xasiaTdeba dabali simkvriviT 

da siblantiT, aseve dabalia misi duRilis sawyisi temperatura, maRalia 

benzinis fraqciis gamosavlianoba, dabalia heteroelementebis Semcve-
loba da asfaltenebisa da fisebis jamuri Semcveloba. 

aRniSnuli navTobis optikuri aqtiuroba dabalia, igi msubuqi nav-

Tobia, axalgazrda navTobTa jgufs miekuTvneba, xolo jgufuri Semad-

genlobis mixedviT alkanur navTobTa tips. 

sacxenisis sabados navTobi msubuqia da Sesabamisad mcired nacriani 

(0,0032 %). speqtruli analiziT dadgenilia Semdegi elementebis: V, Ni, 
Co, Cr, Mn, Mo, Cu, Fe, Pb, Sr, Zn, Ba Semcveloba. 

navTobSi SeimCneva vanadiumisa da nikelis SesamCnevi raodenoba da 
maTi SefardebiTi sididis cvalebadobaSi garkveuli kanonzonmiereba; 

es Sefardeba TiTqmis mudmivia da damaxasiaTebelia sxvadasxva jgufebis 
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da asakis navTobebisaTvis. vanadiumi aris navTobis nacris mudmivi kom-

ponenti. gvaqvs vanadiumis maRali da dabali raodenobis Semcveli nav-
Tobebi, rac Sesabamisad damokidebulia maTSi asfaltenebisa da gogir-

dis didi raodenobiT Semcvelobaze. msubuq navTobebSi vanadiumisa da 

aseve nikelis Semcveloba naklebia vidre mZime navTobebSi. sacxenisis sa-

bados navTobisaTvis damaxasiaTebelia Tanafardoba V < Ni.  
navTobSi erT-erT sakmaod kargad Seswavlil elements miekuTvneba 

nikeli, romelic aris rogorc maRalgogirdian, aseve mciregogirdian 
navTobebSi. sacxenisis navTobSi nikelis Semcveloba icvleba 1,2-dan 

0,16%-mde, e.i. Tanafardoba V/Ni icvleba mcired da saSualod udris 
0,21-s. rkinis Semcveloba ki maRalia da meryeobs 3,8-dan 6,5 %-mde.  

taribanis da sacxenisis navTobebis nafTenuri naxSirwyalbadebi Ses-
wavlilia l. meliqaZis da e. Tofurias mier air-Txevadi da qromato-mas-
speqtruli meTodebis gamoyenebiT. miRebuli Sedegebis analizis safuZ-
velze avtorebma daadgines, rom Seswavlili navTobebis saSualo fraq-

ciebSi (200-2500C, 250-3000C) aris policikluri nafTenebis homologiuri 
rigis ramdenime warmomadgeneli. avtorebis mier aRniSnul fraqciebSi 
identificirebuli iyo 70-ze meti nafTenuri bunebis naxSirwyalbadi, 
maT Soris 10 naxSirwyalbadi pirveladaa aRmoCenili navTobebSi, 54 — ki 
saqarTvelos navTobebSi. 

mirzaanis navTobis mopoveba dawyebulia 1930 wlidan da erT-erT uZ-
veles sabados warmoadgens. igi naftenuri tipis navTobs miekuTvneba. 

mirzaanis Sereuli navTobis (XI, XII da XVI horizontebi) Seswavlis Se-
degad dadgenil iqna, rom igi warmoadgens dabalgogirdian navTobs, ze-
Tis distilatebis maRali SemcvelobiT. 

dadgenili iqna, rom mirzaanis navTobis benzinis fraqciebSi Wabur-
Rilis siRrmis zrdasTan erTad Sesabamisad mcirdeba xuTwevriani naf-
Tenuri naxSirwyalbadebis Semcveloba da izrdeba eqvswevriani nafTenu-
ri naxSirwyalbadebis Semcveloba. dadgenilia, rom am navTobis zeTis 
fraqciaSi aromatuli naxSirwyalbadebis Semcveloba ar aRemateba 26%-s 
rac ganapirobebs maTgan maRali xarisxis SemzeTi masalebis miRebas. 

dadgenilia, rom mirzaanis navTobidan miRebuli mazuTis pirdapiri 

daJangviT 0,3% MnO2 Tanaobisas SesaZlebelia maRali xarisxis sagzao bi-
tumis miReba.  

samgoris, TeleTis da rusTavis navTobebi warmoadgens nafTenur-pa-
rafinuli tipis navTobs, samgoris navTobi SeiZleba gamoyenebuli iyos 

benzinis, reaqtiuli sawvavis, navTis da `Л~ markis dizelis sawvavis, ase-
ve sxvadasxva markis mazuTebis misaRebad. 

TeleTis navTobi warmoadgens mciregogirdian (0,3%), saSualo sim-
kvrivis (0,873 g/sm3) nafTenuri bunebis navTobs, parafinebis (0,55%), as-
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faltenebis (1,8%) da fisebis (5,7%) SemcvelobiT, msubuqi fraqciebis 
54,9 % gamosavlianobiT. 

dasavleT ubnis navTobebis simkvrive saSualod Seadgens 0,878 kg/sm3-s, 
rac sakmaod maRalia, msubuqi fraqciis gamosavlianoba saSualod 25,6%-ia, 
rac SeiZleba miCneuli iqnes saSualo maCveneblad, gogirdis Semcvelo-
bis mixedviT (araumetes 0,3%-isa) dasavleT ubnis navTobebi miekuTvnebi-
an mciregogirdian navTobebis jgufs.  

dasavleTis da centraluri ubnebis navTobebis jgufuri Sedgeni-
loba xasiaTdeba alkanur-nafTenuri da aromatuli naxSirwyalbadebis 
TiTqmis erTnairi SemcvelobiT (Sesabamisad 82,14 da 79,89%), aseve fise-
bis da asfaltenebis TiTqmis erTnairi SemcvelobiT (saSualod 16,5%). 
didi msgavsebaa agreTve benzinis fraqciebis jgufur SedgenilobaSic. 

aRmosavleT ubanSi — navTobSemcveli intervalebi ganlagebulia Se-
darebiT Rrmad (siRrme aRwevs 2000 m-s), Sesabamisad navTobebis fizikur-
qimiuri parametrebi gansxvavebulia — simkvrive SedarebiT dabalia (sa-
Sualod Seadgens 0,834 g/sm3); asfaltenebis da fisebis jamuri mniSvne-
loba 12,42%-ia. parafinis Semcvelobis mixedviT es navTobebi miekuTvne-
bian mcired parafinul da parafinul navTobTa jgufebs. amasTan, para-
finis Semcvelobis maqsimaluri mniSvneloba ar aRemateba 7,27%-s. aRsa-
niSnavia, rom aRmosavleT ubnis navTobebSi msubuqi fraqciis gamosavli-
anoba maRalia da Seadgens saSualod 32,8%-s. 

TeleTis sabados centraluri da aRmosavleT ubnebidan miRebuli 
navTobebis struqturul-jgufuri analizebis Sedegebis Sedarebisas ga-
moCnda gansxvaveba. centraluri ubnidan aRmosavleTiT aromatuli nax-
Sirwyalbadebis molekuluri masa mcirdeba, aseve mcirdeba molekulaSi 
ciklebis saSualo ricxvi. aRmosavleT ubanSi heteronaerTebis Semcve-
loba SedarebiT momatebulia. 

norios navTobi saqarTvelos navTobebs Soris yvelaze Rrmad da de-
talurad aris Seswavlili. aRniSnuli navTobi miekuTvneba nafTenur-
aromatuli tipis navTobs, mcire raodenobiT Seicavs gogirds (0,2%) da 
parafins (0,4%), xasiaTdeba fisebis (8,58%) da asfaltenebis (1,22%) mcire 
SemcvelobiT. 

norios 61-e WaburRilidan miRebuli navTobi xasiaTdeba maRali sim-
kvriviT (0,898g/sm3). Sesabamisad didi siblantiT; masSi alkanur-nafTe-
nuri naxSirwyalbadebi odnav metia aromatul naxSirwyalbadebze. sakmao 
raodenobiTaa asfaltenebis da fisebis jami (18,28 %); parafinis Semcve-
lobac mcirea — igi miekuTvneba mciredparafinul navTobs. 

aRsaniSnavia, rom norios navTobebi simkvrivis mixedviT iyofa or 
jgufad: msubuq (simkvrive — 0,820 — 0,840 g/sm3) da SedarebiT mZime (sim-
kvrive — 0,880 — 0,900 g/sm3) navTobebad. aRniSnuli sxvaoba aixsneba gan-
sxvavebuli fraqciuli SedgenilobiT. norios navTobis maRalmoleku-
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luri aromatuli naxSirwyalbadebi Seicaven kondensirebul aromatul 
naxSirwyalbadebs, romelTac lRobis maRali temperatura aqvT da zogi-
erTi maTgani gamoirCeva xilul ubanSi fluorescirebis unariT. maTgan 
gamoyofilia da speqtruli meTodebiT identificirebulia qrizenis, 
3,4-benzfenantrenis da benzqrizenis nawarmebi. 

norios navTobis maRalmduRare aromatuli fluorescencirebadi 
komponentebis safuZvelze SemuSavebulia luminoforebis: `norioli~, 

`noriol-A~, `noriol-400~ miRebis teqnologiuri procesi. aRniSnulma 
luminoforebma farTo gamoyeneba moipoves manqanaTa nawilebis, saavia-
cio da atomuri eleqtrosadgurebis mniSvnelovani detalebis lumines-
centur defeqtoskopiaSi. 

guriis navTobis Sesaxeb pirveli cnobebi ruseTis presaSi 1872 wels 
gamoqveynda. XX saukunis 40-iani wlebis bolos qarTveli mecnierebis a. 
samsonias da d. CxaiZis mier Tbilisis saxelmwifo universitetis labo-
ratoriaSi Catarebul iqna guriis navTobebis analizi.  

sufsis navTobis sabado Seswavlilia aseve a. gaxokiZis, n. beqauris, 
l. meliqaZis, g. xitiris mier. didi raodenobiT Seicaven fisovan naer-
Tebs — 37 % da asfaltenebs — 2,5 %, mcire raodenobiT gogirds — 0,3 % da 
parafinul naxSirwyalbadebs. msubuqi fraqciebis Semcveloba 50%-is 
farglebSia. 

sufsis navTobSic, mirzaanis, norios da patara Siraqis navTobebis 
analogiurad, dadgenilia xuT da eqvswevriani ciklanebis Semcveloba 
benzin-ligroinis fraqciaSi.  

srulad aris Seswavlili saqarTvelos sabadoebis — mirzaanis, tari-
banis, patara Siraqis, norios, sacxenisis, samgoris, TeleTis, samgoris 
samxreTi TaRis, sufsis da Waladidis navTobebSi mikroelementebis rao-
denobrivi Semcveloba. kvlevis Sedegebze dayrdnobiT Seqmnilia saqar-
Tvelos navTobebSi mikroelementuri Sedgenilobis statikur monacem-
Ta banki, romelic gamoiyeneba axali sabadoebis geologiur-saZiebo sa-
muSaoebis warmoebisas. 

samrewvelo pirobebSi srulyofili gadamuSavebis mimarTulebis 
dadgenis mizniT Seswavlilia aRmosavleT saqarTvelos samrewvelo nav-
Tobebisa da maTi narevebis teqnologiuri da sasaqonlo maxasiaTeblebi, 
fraqciuli Sedgeniloba, struqturul-jgufuri Sedgeniloba.  

amrigad, monacemebidan gamomdinare Cans, rom saqarTveloSi arse-
bobs erTmaneTisagan qimiuri bunebiT gansxvavebuli TiTqmis yvela cno-
bili tipis navTobis mciredebitiani sabadoebi. ukanasknel wlebSi ucxo-
el investorTa dainteresebam da Catarebulma burRviTma samuSaoebma 
dasaxa saqarTveloSi navTobis mopovebis, misi gadamamuSavebeli mrewve-
lobis ganviTarebisa da Semdgomi gafarToebis realuri perspeqtiva.  
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6. bunebrivi sawvavi airi 

uxsovari droidan cnobilia miwis wiaRidan amomavali cecxlovani 
masis Sesaxeb, romelsac `wminda~, `mudmiv~, `Cauqrobel~ cecxls uwodeb-
dnen. aseTi `cecxlebis~ wyaroebi cnobili iyo CineTSi, iavis kunZuleb-
ze, sparseTSi, buxaraSi, azerbaijanSi, boloniasa da florenciaSi. `cec-
xlovan wyaroebs~ Soris yvelaze Zliers baqos cecxli warmoadgenda. aR-
werilia cecxlovani Sadrevanis arseboba somxeTsa da kolxidas terito-
riebs Soris. cxadia, rom `wmida~, `mudmivi~ cecxlis wyaros sawvavi airi 
warmoadgenda. 

arsebobs bunebrivi sawvavi airis sabados sami tipi: 1) wminda bunebri-
vi airis sabado, 2) airkondensatis sabado da 3) navTobis sabadosTan ar-
sebuli — navTobis Tanmxlebi airebi. 

bunebrivi airi Sedgeba ZiriTadad meTanis (77-99%), eTanis (0,7-7%), 
propanis (0,2-2%), butanis (0.1-0.8%), izopentanis (0.05-0.3%), azotis (0.3-

15-20%-mde), mcire raodenobiT CO2-sa da H2S-gan. aris SemTxvevebi, rode-

sac bunebriv airSi H2S-is Semcveloba 15%-ia (safrangeTSi laikis saba-
doSi). 

rodesac bunebrivi airi azots didi raodenobiT Seicavs, masSi aRi-
niSneba argonisa da heliumis mniSvnelovani Semcveloba. gansakuTrebiT 
heliumis, ise rom bunebrivi airidan axdenen heliumis gamoyofas. 

airebis dadgenili msoflio maragis 70% dsT da axlo aRmosavleTis 
qveynebze modis, maTgan 40% dsT-is qveynebSia, 4%-ze odnav meti dasav-
leT evropis qveynebSi, danarCeni ki aSS-sa da kanadaSia. 

sxvadasxva sabados airTa Sedgeniloba mniSvnelovnad gansxvavdeba 
erTmaneTisagan. mag.: 

cxrili 6.1 
sxvadasxva sabados airTa Sedgeniloba 

a i r i s  s a b a d o e b i   airis 
Sedgeniloba 

%-Si 
laki 

(safran-
geTi) 

sloxte-
reni (ho-
landia)

xassir-
meli 

(alJiri)

sermaSi 
(rumine-

Ti) 

los-an-
jelesi 

(aSS) 

daSava 
(ruseTi) 

meTani 69.4 81.9 83.5 99.2 70.5 98.0 

eTani 2.8 2.7 7.0 —  0.7 

propani 1.5 0.38 2.0 —  — 
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butani 0.7 0.13 0.8 — 16 — 

pentani 0.3 0.05 0.3 —  — 

heqsani da uf-
ro maRali ri-
gis alkanebi

0.3 0.03 0.1 —  — 

gogirdwyal-
badi 

15.2 — — —  — 

naxSirbadis 
(IV) oqsidi 

9.5 0.8 0.2 — 6.5 0.1 

azoti 0.3 14.0 6.1 0.8 — 1.2 

aseve SeiZleba icvlebodes erTi da imave WaburRilis sabados airTa 
Sedgeniloba eqspluataciis Sedegad. 

airkondensatis sabado C1-C4 Sedgenilobis airebis garda cvladi ra-
odenobiT Seicavs (2-5%) ufro maRali rigis naxSirwyalbadebsac. aseTi 

sabadoebis warmoqmna aixsneba dedamiwis Rrma fenebSi maRal wnevaze (∼75 
mpa) navTobis komponentebis gaxsniT SekumSul airebSi. airkondensatis 
warmoqmnis fenaSi arsebul pirobebSi (75 mpa wneva da zekritikuli tempe-
ratura) airebis (eTanis, propanis) simkvrive Txevad naxSirwyalbadebis 
simkvriveze ufro maRalia, ris gamoc Txevadi naxSirwyalbadebi ixsnebi-
an SekumSul airSi. 

es naxSirwyalbadebi WaburRilidan miwis zedapirze amosvlisas, wne-
vis Semcirebis gamo Txevaddebian da gamoiyofian kondensatis saxiT mag.: 
orenburgis airis 1m3 Seicavs 80g Txevad naxSirwyalbadebs, astraxanis 
sabados 1m3 — 400g kondensats. 

kondensatis mocilebis Semdeg airis Sedgeniloba axlos aris buneb-
rivi airis SedgenilobasTan, sxvadasxva sabados kondensatis Sedgenilo-
ba gansxvavebulia. dadgenilia zogierTi saerTo kanonzomiereba. 

navTobis msgavsad, is Sedgeba n. alkanebis, cikloalkanebisa da arene-
bisagan, amasTanave maTSi n-alkanebis Semcveloba metia izoalkanebis Sem-
cvelobaze. ganStoebuli aRnagobis alkanebidan ZiriTadad monomeTil-
Canacvlebuli alkanebia: 2-meTilpentani, 2-meTilheqsani da 2-meTilhep-
tani. agreTve aris dimeTilCanacvlebuli: 2,3- da 2,4-dimeTilalkanebi. 

kondensatSi cikloalkanebidan upiratesad aris meTil-, eTilcik-
lopentanebi, dimeTil-ciklopentanebi da cikloheqsanebi. 

kondensatis benzinis fraqciaSi arenebis Semcvloba ufro metia, 
vidre navTobidan gamoyofil fraqciaSi. 

Sua aziis airkondensatis 50 sxvadasxva sabados Txevadi fraqciis 

Seswavlam aCvena, rom isini Seicaven ZiriTadad C6-C13 Sedgenilobis nax-

Sirwyalbadebs, maT Soris benzolsa da mis homologebs 20-30%-is raode-



 61

nobiT. zogierT sabadoSi cikloalkanebidan Warbobs cikloheqsanis Sem-

cveloba, zogierT sabadoSi ki — ciklopentanis homologebis. 

dnepr-doneckis sabados kondensatSi arenebis Semcveloba 28-31%-ia, 

amudariis teritoriaze arsebuli sabados kondensatSi — 60%-mdea. 

bolo wlebSi saZiebo WaburRilebis siRrmis zrdasTan erTad ixsneba 

axal-axali airkondensatis sabadoebi; airkondensati xdeba damoukide-

beli mniSvnelovani wiaRiseuli. 

navTobis Tanmxlebi airebi Cawolilia navTobTan erTad navTobis sa-

badoSi, nawilobriv gaxsnilia masSi, nawili ki navTobis fenis zeviT imyo-

feba da warmoqmnis e.w. `airovan quds~. 

navTobis mopovebisas, zedapirze amosvlisas, wnevis SemcirebasTan 

erTad masSi gaxsnili airi navTobs gamoeyofa. misgan axdenen msubuqi 

benzinis — `airis benzinis~ gamoyofas. 

bunebrivi airisagan gansxvavebiT, romelsac mSral airs uwodeben, 

navTobis Tanmxleb airs cximovan airs uwodeben. 

navTobis sxvadasxva sabadodan mopovebuli Tanmxlebi airebis Sedge-

niloba mniSvnelovnad gansxvavebulia: 

cxrili 6.2 

navTobis sxvadasxva sabadodan mopovebuli 

Tanmxlebi airebis Sedgeniloba 

sabado  

%-uli  

Semcveloba 

CH4 C2H6 C3H8 C4H10 C5H12 CO2 N2 da 

iner-

tuli 

airebi 

anastasiisk- 

troickis 

85,1 5 1 1 2,8 5 0,1 

tuimazinskis 41 19,5 18,3 6,4 2,8 - 12 

Spakovskis 41,2 15 15,8 6,9 4 0,1 17 

muxanovskis 31,4 19 22 9,5 5 4 9 

groznos 30,8 7,5 21,5 20,4 13,8 - - 

apSeronis  

naxevarkunZuli 

90-94 0,1-3 0,1-0,8 1,6 0,3-2 1-8 - 

adre navTobis Tanmxleb airebs iqve sarewebSi wvavdnen. amJamad airs 

gamoyofen separatorebSi da axdenen mis fraqcionirebas, iyeneben ro-

gorc sawvavad, aseve Zvirfas nedleulad qimiuri mrewvelobisaTvis. 
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6.1. meTani bunebaSi 

bunebrivi airis da navTobis Tanmxlebi airebis ZiriTadi komponenti 
— meTani bunebaSi farTod aris gavrcelebuli. 

misi didi nawili gafantulia danaleq da vulkanur qanebSi, tbebis, 
zRvebis da okeaneebis xavsebSi. mcire raodenobiT aris mdinareebis, tbe-
bisa da okeaneebis wylebSi, niadagisa da atmosferos haerSi. is aRmoCeni-
lia mzis sistemis planetebsa da Soreul kosmosSi. 

meTani mniSvnelovani raodenobiT warmoiqmneba WaobebSi organul 
nivTierebaTa mikrobioqimiuri gardaqmnebis Sedegad, aseve qvanaxSiris 
maRaroebSi `naxSir-meTanuri xsnarebis~ naxSirovani fenebis rRvevis Se-
degad, rac vulkanur amofrqvevasTan erTad atmosferoSi meTanis gadas-
vlis wyaroa. 

Tavisufali meTani bunebaSi imyofeba sam fazur mdgomareobaSi; 
1. bunebrivi airisa da navTobis Tanmxlebi airebis SemadgenlobaSi. 
2. wyalSi gaxsnili meTani-airhidrati. 
3. qvanaxSirSi gaxsnili. 
rogorc zemoT aRiniSna, bunebriv airSi meTanis Semcveloba 77-99%-ia, 

xolo navTobis Tanmxleb airebSi saSualod 31-80%-is farglebSia. 
 airhidratebi myari kristaluri nivTierebebia, romlebic garegnu-

li niSnebiT dapresil Tovls hgavs. kristaluri meseri warmoqmnilia 
wylis molekulebisagan, romelSic kristaluri struqturis sicariele-
Si SeWrilia airis molekulebi, airhidratebi klatratuli kompleqse-
bia, romelSic `maspinZelia~ wyali, xolo `stumari~ airebi. 

meTanis SemTxvevaSi `myari~ airis kristaluri meseri Sedgeba wylis 6 
molekulisagan, romlebic karkasis SigniT `ketaven~ meTanis erT mole-
kulas. aRsaniSnavia, rom meTani karkasis SigniT Zalian SekumSul mdgoma-
reobaSi imyofeba, hidratis 1m3 Seicavs daaxloebiT 200-300m3 meTans. ase-
Ti `yinuli~ kargad iwvis. 

airhidratebis simkvrive 900-1100kg/m3, Tbotevadoba 50-103 jouli/-

mol.grad., warmoqmnis siTbo ∼ 420 kjouli/kg. 
 hidratebs Seicavs airebisa da airkondensatebis yvela cnobili sa-

bado. airhidratebisa da maTi sabadoebis warmoqmnisaTvis xelsayreli 
pirobebi iqmneba dabaltemperaturul zonebSi, rogoricaa xmeleTis 
CrdiloeTi raionebi da okeanis fskeri. 7.48 atm. wnevaze hidratis war-

moqmna xdeba 1.10C, xolo 54,4 atm. -15,50C-ze. hidratebi ajereben zRvis 
danaleq fenebs da axdenen fskeris dacementebas fskeris zedapiridan 
ramdenime aTeuli sm-is siRrmeze. 

xmeleTis perspeqtiul teritorias airhidratebis budobebisaTvis 
warmoadgens ruseTis mTeli CrdiloeTis — 50%, kanadis 63%, aliaskis —
75%, grenlandia da antarqtida. 
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airhidratebis uricxvi maragi inaxeba msoflio okeanis fskeris na-

leqebSi 2km-ze da ufro Rrmad, okeanis nebismier raionSi, wylis saSualo 

temperatura 20C ar aRemateba, xolo polarul zonebTan wylis nebismier 

drosa da nebismier siRrmeSi axloa 00C-Tan. 

miaCniaT, rom rogorc okeanis fskerze, aseve xmeleTzec, airhidra-

tebis sabadoebis qveS unda imyofebodes airisa da navTobis sabadoebi. 

ukanasknel wlebSi mimdinareobs intensiuri kvlevebi airhidratTa 

sabadoebis gamosavlenad. aSS-Si, axal zelandiaSi, indoeTsa da iaponiaSi 

warmoebuli Rrma burRviTi samuSaoebis Sedegad dadgenilia zRvebis 

fskerze airhidratebis unikaluri sabadoebis arseboba. ruseTis teri-

toriaze aRmoCenilia airhidratis 30 sabado, kanadaSi 10, airhidratebis 

sabadoebi aRmoCenilia aliaskaze. 

airhidratebidan airebis gamoyofa SesaZlebelia fenaze eleqtruli, 

akustikuri, Termoqimiuri zemoqmedebiT, hidratebis damSleli katali-

zatorebiT, agreTve maTi gacxelebiT wonasworul mdgamareobaze ufro 

maRal temperaturaze. 

bunebrivi airi grovdeba ZiriTadad qviSisa da kirqvis qanebis sica-

rieleebSi, RrmulebSi. Tixis fenebSi airis dagroveba ar xdeba, aseTi qa-

nebis maRali simkvrivisa da masSi arsebuli mcire raodenobiT sicarie-

leebis gamo. qanebi, romlebSic grovdeba airebi, warmoadgenen airis ko-

leqtorebs. isini warmoqmnian bunebriv rezervuarebs, romlebic Semo-

sazRvrulia gaumtari qanebiT. airis sabadoebi aris rogorc xmeleTze, 

aseve zRvis akvatoriaSi. airis Sefasebuli maragi ∼211 trilion m3 Se-

adgens.  

airis msxvili sabadoebia Sua da axlo aRmosavleTis qveynebSi: eray-

Si, saudis arabeTSi, sparseTis yuris akvatoriaSi, sadac gamovlenilia 

31x109m3 airi, amerikaSi (niu-meqsikaSi, niu-teqselSi, montanaSi, kolora-

doSi) 7.78x109m3; Crdilo afrikaSi (alJirSi, libanSi, nigeriaSi) 6,1x109m3; 

venesuelaSi — 3,5x109m3, evropuli nawilis CrdiloeTi zRvis airnavTobis 

provinciaSi — 5,3x109m3. airis mniSvnelovani sabadoebia niderlandebSi, 

safrangeTSi, rumineTSi, inglisis CrdiloeT zRvispireTSi. 

airis unikaluri sabadoebia ruseTSi: dasavleT cimbirSi, iakutiaSi, 

volgispireTSi, kaspiispireTSi, CrdiloeT kavkasiaSi. airadi resursebis 

mixedviT (30x109m3) ruseTs msoflioSi pirveli adgili ukavia. airis mdi-

dari sabadoebia ukrainaSi — doneckSi, TurqmeneTis samxreT da Crdilo-

eTis mxareSi, uzbekeTis dasavleT nawilSi, azerbaijanSi. 

saqarTveloSi aRmoCenilia bunebrivi airis ori sabado. rusTavis 

(Suaeocenur vulkanogenur-danaleq wyebaSi) da samgoris (qvedaeocenur 



 64 

qviSaqvebSi); moZiebuli maragidan mopovebulia 0,374x109m3 bunebrivi 

airi, darCenilia 8x109m3. 

airkondensatis msxvili sabadoebia azerbaijanSi, Sua aziaSi, ruseT-
Si — saratovis, tiumenis, orenburgis olqebSi, komis avtonomiur res-
publikaSi, astraxanSi. 

saqarTveloSi airkondensatis sabado aris q. rusTavis CrdiloeT na-
wilSi; Cawolilia zRvis donidan 2700-3000m soRrmeze. gaburRulia 5 Wa-

burRili. TiTeulidan dRe-RameSi mopovebuli iyo 120x103m3 airi da 10-
12m3 kondensati. 

6.2. qvanaxSirebSi gaxsnili airebi (meTani) 

qvanaxSirSi gaxsnili airebi Sedgebian meTanis, misi homologebis, 

CO2-is, N2-is, H2S-isa da wyalbadisagan. isini warmoiqmnebian mcenareuli 
masalis torfad da qvanaxSirad gardaqmnis procesSi. maTSi meTanis Sem-
cveloba 60-98%-is farglebSia. 

qvanaxSiris sabadoebSi meTanis mniSvnelovani raodenobiT Semcvelo-
ba ganpirobebulia meTanis adsorbciiT qvanaxSiris fenebSi arsebuli 
bzarebisa da napralebis gziT. meTani haerTan feTqebadsaSiS narevs war-
moqmnis, ris gamoc qvanaxSiris mopovebisas SaxtebSi adgili aqvs afeTqe-
bas. Zlieri afeTqeba xdeba im SemTxvevaSi, rodesac meTanis Semcveloba 
haerSi 9.5%-ia, 5%-ze naklebi da 14-16%-ze meti meTanis minarevi haerTan 
araafeTqebadia. afeTqebebis saSiSroebis gamo aucilebelia SaxtebSi 
Zlieri ventilacia da qvanaxSiris fenebis degazacia. 

qvanaxSiris fenebidan airis zomier mopovebas SeuZlia Seitanos gar-
kveuli wili msoflios airiT uzrunvelyofis saqmeSi. 

Cveulebriv 1t qvanaxSiridan miiReba 6-8m3 airi. mag.: aRmosavleT-ev-
ropis qvanaxSiris sabadoebidan mopovebulia (generirebulia) 6,72.1015m3 

meTani, vorkutis qvanaxSiris sabadoს 1 t. naxSiri Seicavs 8,91.1011 m3 me-
Tans. 

6.3. meTani tbebis, zRvebisa da okeaneebis xavsSi 

meTanis mopovebis erT-erT bunebriv nedleuls warmoadgens tbebis, 
zRvebis da okeaneebis xavsebi. aRniSnul xavsebSi koncentrirebulia bi-
osferos organuli naerTebi, magram bunebrivi procesebis gziT naxSir-
wyalbadebis warmoqmna mimdinareobs Zalian nela. 

xavsidan gamoyofili airebi Seicavdnen 51%-mde meTans, 0.08%-mde 

C2H6, 0.2% -C3H8, 0.06% — C4H10, 22% — CO2, 44-85% – N2, 0.01% – H2 da 1% – Ar. 
sawarmoo pirobebSi sxvadasxva faqtorebis gavleniT meTanis miReba 

xavsebis biomasidan did yuradRebas imsaxurebs. 
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didia bunebrivi airisa da navTobis Tanmxlebi airebis roli qveynis 
ekonomikis saqmeSi. isini warmoadgenen, rogorc mniSvnelovan energore-
surss, aseve Zvirfas nedleuls qimiuri mrewvelobisaTvis. 

airs, rogorc sawvavs, gaaCnia rigi upiratesoba sxva sawvavebTan Se-
darebiT. airi advilad aaldeba, misi wvisas ar warmoiqmneba nacari, nor-
maluri wvis reJimisas ar xdeba Wvartlis, bolis da sxva arasruli wvis 
produqtebis warmoqmna. aseve aRsaniSnavia, rom advilia airis transpor-
tireba airsadenebis saSualebiT. airi miedineba momxmareblamde rogorc 
axlo, ise ramdenime aTasi km-is manZilze. 

bunebrivi airi, rogorc sawvavi, farTod gamoiyeneba Tboeleqtro-
sadgurebSi, qarxnebis saqvabe danadgarebSi, samrewvelo RumelebSi 
(brZmedisa da martenis), minasaxarS RumelebSi, yofa-cxovrebaSi, avto-
transportSi (SekumSuli saxiT). 

bunebrivi airisa da navTobis Tanmxlebi airebis garda mrewvelobaSi 
gamoiyeneba navTobproduqtebisa da narCenebis krekingis, pirolizisa da 
dakoqsvis Sedegad miRebuli airebi. 

bunebrivi airidan ZiriTadad gamoiyofa CH4, romelic gamoiyeneba 
acetilenis, eTilenis, propilenis, acetaldehidis, ZmarmJavas warmoe-
baSi. 

navTobis Tanmxlebi airebidan gamoyofen individualur nivTiere-
bebs da maT iyeneben Semdegi daniSnulebiT: 
1. eTanis fraqcia gamoiyeneba macivar-agentad, rogorc nedleuli pi-

rolizisaTvis, zeTebis deparafinizaciisaTvis da sxva. 
2. propanis fraqcia — nedleuli pirolizisaTvis, macivar-agentad, 

komponentad Txevadi airis misaRebad. 
3. butanis fraqcia — nedleulad sinTezuri kauCukis warmoebaSi, ned-

leulad pirolizisaTvis, sayofacxovrebo Txevadi airis komponenti 
(propan-butanis fraqcia). 

4. izobutanis fraqcia — nedleuli sinTezuri kauCukis warmoebisaT-
vis, maalkilirebeli agenti. 

5. izopentanis fraqcia — nedleuli izoprenuli kauCukis misaRebad, 
maRaloqtanuri benzinis komponenti. 

6. pentanis fraqcia — izomerizaciisa da pirolizis nedleuli.  
pirolizis, krekingisa da dakoqsvis Sedegad miRebuli airebisagan 

gamoyofen Semdeg fraqciebs: 
1. eTileni-eTanis — eTilis spirtis, polieTilenis warmoebasa da sxva 

sinTezSi. 
2. propan-propenis — polipropilenis warmoebaSi, polimerbenzinebis, 

fenolis da acetonis misaRebad. 
3. butan-butilenis — alkilirebisaTvis, polimerizaciisaTvis, meTi-

leTilketonis, meTil-mesameulbutileTeris misaRebad. 
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nedli airis winaswari gadamuSaveba xdeba imis mixedviT, Tu ra Sedge-
nilobisaa is da ra mizniT gamoiyeneba. 

sabadodan mopovebuli airi Seicavs wylis orTqls, naxSirbadis di-
oqsids, gogirdwyalbads, azots. gogirdwyalbads didi raodenobiT Sei-
caven airebi, romlebic miRebulia gogirdovani navTobisa da navTob-
produqtebis krekingis Sedegad. magaliTad, arlanis navTobis vakuumu-

ri gazoilis katalizuri krekingis Sedegad miRebul airSi H2S-is Sem-
cveloba 13-15%-ia, xolo imave navTobis gudronis krekingiT miRebuli 
airSi — 20%. 

H2S-isa da CO2-is arseboba airSi iwvevs airgadamamuSavebel danadga-
rebsa da milsadenebis intensiur korozias, gansakuTrebiT wylis gare-
moSi. 

airebis bazaze sinTezebis ganxorcielebisas H2S axdens katalizato-
ris mowamvlas, riTac abrkolebs procesis Catarebas. 

H2S-is Semcveloba dauSvebelia sayofacxovrebo miznebisaTvis gamo-
yenebul sawvavebSi. 

wylis arseboba airebSi arasasurvelia, radgan garda imisa, rom wya-

li xels uwyobs H2S-isa da CO2-is koroziul moqmedebas, is iwvevs myari 
airhidratebis warmoqmnas, romlebic ileqebian milsadenis kedlebze da 
abrkoleben airis gavlas. amitom aucilebelia airebis gamoSroba da    

H2S-isa da CO2 -isagan gawmenda. 

airebis gamoSroba warmoebs rogorc Txevadi reagentebis eTilen-
glikolis, di- da trieTilenglikolebiT, ise myari adsorbentebis — 

aluminis oqsidis, molekuluri sacrebis, kerZod CaA ceoliTis gamoye-
nebiT. 

airebidan gogirdwyalbadis mocileba misi dabali Semcvelobis 
dros ZiriTadad xdeba e.w. mSrali meTodiT. am mizniT gamoiyeneba: TuTi-
isa da rkinis oqsidebi, gaaqtiurebuli naxSiri, ceoliTebi. 

didi raodenobiT H2S-is Semcvelobisas gamoiyeneba sveli meTodebi, 
kerZod.: 
1. tutis xsnari 

2NaOH + H2S →Na2S +2H2O 

2. potaSis cxeli xsnari 

K2CO3 + H2S→K2S +H2O + CO2 

3. kaliumis fosfatis xsnari 

K3PO4 + H2S→K2HPO4 + KHS 

4. natriumis pentaoqsodiTiodearsenatis xsnari 

Na4As2S2O5 +4 H2S →Na4As2S6O + 4H2O 
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airgadamamuSavebel qarxnebSi am mizniT farTod gamoiyeneba mono- 

da dieTanolaminebi. aRsaniSnavia, rom 25-300C-ze adgili aqvs aminospir-

tebis H2S-Tan urTierTqmedebas, xolo miRebuli produqtis gacxelebiT 

1000C-ze da zeviT, mimdinareobs Sebrunebuli reaqcia — H2S-is gamoyofa 
da aminospirtebis regeneracia: 

NH2CH2CH2OH + H2S →[HOCH2CH2NH3]+S-H 
 NH(CH2CH2OH)2 + H2S →[(HOCH2CH)2NH2]+ S-H 

am procesebis dros gamoyofil H2S iyeneben gogirdmJavas warmo-
ebaSi. 

aRsaniSnavia, rom monoeTanolamini xasiaTdeba ufro maRali reaqci-
isunarianobiT, ufro iafia da advilad regenirdeba, magram is advilad 

Sedis reaqciaSi CS2, COS, O2-Tan da kargavs aqtiurobas. 
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7. navTobisa da navTobproduqtebis Tvisebebi 

navTobis gadamuSavebis Sedegad miiReba 600 saxis sxvadasxva navTob-
produqti. Sedgenilobis, Tvisebebis da gamoyenebis sferos mixedviT 
navTobproduqtebs yofen Semdeg jgufebad: 1. Txevadi sawvavebi, 2. zeTe-
bi, 3. plastikuri sapoxi nivTierebebi, 4. parafinebi da cerezinebi, 5. bi-
tumebi, 6. teqnikuri naxSiri (muri), 7. navTobis koqsi, 8. sawvavebisa da sa-
poxi masalebis danamatebi, 9. aromatuli naxSirwyalbadebi da sxvadasxva 
daniSnulebis navTobproduqtebi. 

navTobproduqtebidan gansakuTrebiT mniSvnelovania Txevadi sawvavebi. 
Txevadi sawvavebi Tavis mxriv iyofa: 
sawvavebi — 1. karburatoriani ZravebisaTvis (saaviacio da saavtomo-

bilo), 2. reaqtiuli ZravebisaTvis, 3. dizelebisaTvis 4. saRumele 5. saq-
vabe 6. airturbinis 7. komunaluri-sayofacxovrebo daniSnulebis gaTxe-
vadebuli airebi. 

navTobgadamamuSavebeli mrewvelobis erT-erT ZiriTad problemas 
warmoadgens maRalxarisxiani navTobproduqtebis warmoeba. 

xarisxis Sesafaseblad SemuSavebulia maTi sxvadasxva fizikuri, qi-
miuri da saeqspluatacio Tvisebebis gansazRvra, kerZod: simkvrivis, 
siblantis, fraqciuli Sedgenilobis, feTqebisa da aalebis temperatu-
ris gansazRvra; sawvavebis mJavianobis, koroziulad agresiuli nivTie-
rebebis, faqtiuri fisebis, gogirdis Semcvelobis, wylis, meqanikuri mi-
narevebisa da sawvavis stabilobis gansazRvra. garda am saerTo maxasia-
Teblebisa, TiTeuli navTobproduqtisaTvis dadgenilia aseve specifi-
kuri maxasiaTeblebis gansazRvra. mag.: benzinebisaTvis — detonaciuri 
mdgradobis (oqtanuri ricxvis), dizelis sawvavebisaTvis — aalebis una-
ris (cetanuri ricxvis) da sxva. 

7.1. simkvrive 

simkvrive warmoadgens erTeuli moculobis nivTierebebis masas. sa-
erTaSoriso sistemaSi misi ganzomilebaa g/sm3. 

aSS-Si navTobgadamamuSavebel mrewvelobaSi navTobisa da navTob-
produqtebis simkvrivis mniSvnelobis gamosaxvisaTvis SemuSavebulia 

navTobis amerikis institutis erTeuli 0API, romelic ganisazRvreba 
Semdegi formulidan: 
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141.5

fardobiTi simkvrive
oAPI= - 131.5

 

 cxrili 7.1 

zogierTi navTobisa da navTobproduqtis fardobiTi  

simkvriveebi da simkvriveebi 0API-is erTeulebSi 

navTobi(navTobproduqti) fardobiTi simkvrive simkvrive 0API 
mZime navTobi 0.95 17.45 
msubuqi navTobi 0.84 36.95 
benzini 0.74 59.72 
navTobis bitumi 0.99 11.43 

individualuri nivTierebebis SemTxvevaSi simkvrive erT-erTi Ziri-
Tadi maxasiaTebelia da cnobil nivTierebaTa SemTxvevaSi maTi identi-
fikaciisa da sisufTavis dasadgenad gamoiyeneba. 

garda imisa, rom simkvrive navTobis fraqciebis erT-erTi maxasiaTe-
beli sididea, is iZleva garkveul informacias navTobisa da navTobpro-
duqtebis qimiuri Sedgenilobis — naxSirwyalbadovani struqturul-
jgufuri Sedgenilobis dasadgenad. 

navTobproduqtebis naxSirwyalbadovani Sedgenilobis dadgenisas 
simkvrivis gamoyeneba dafuZnebulia im faqtze, rom naxSirbadatomebis 
toli ricxvis Semcveli sxvadasxva rigis naxSirwyalbadebidan, alkanebs 
gaaCniaT yvelaze dabali simkvrive, xolo arenebs — yvelaze maRali. 

cxrili 7.2. 

naxSirbadatomebis toli ricxvis Semcveli sxvadasxva rigis 
 naxSirwyalbadebis fardobiTi simkvriveebi 

naxSirwyalbadebi 
 

s  i  m  k  v  r i  v  e , g/sm3 

 molekulaSi nax-
SirbadatomTa 

ricxvi 6 

molekulaSi nax-
SirbadatomTa 

ricxvi 8 

molekulaSi nax-
SirbadatomTa 

ricxvi 10 

alkanebi 0.659 0.703 0.730 

 alkenebi 0.675-0.681 0.715-0.719 0.744 

cikloheqsani da 
misi homologebi 

 
0.778 

 
0.748 

 
0.800 

benzoli da misi 
homologebi 

 
0.879 

 
0.864 

 
0.866 



 70 

600C-mde fraqciaSi, romelic arenebs ar Seicavs, cikloalkanebis 
Semcvelobas adgenen simkvrivis mixedviT. mag.: 

cxrili 7.3 

cikloalkanebis Semcveloba simkvrivis mixedviT 

sim-
kvrive 

ρ
15
15

 

ciklo- 
alkane-

bis masu-
ri wili 

% 

simkv-
rive 

ρ
15
15

 

ciklo- 
alkane-

bis 
masuri 
wili %

simkv-
rive 

ρ
15
15

 

ciklo- 
alkane-

bis  
masuri  
wili %

simk-
vrive 

ρ
15
15

 

ciklo 
alkane-

bis 
 masuri 
wili % 

0.650 0 0.680 32 0.710 61 0.740 88 

0.660 11 0.690 42 0.720 70 0.750 97 

0.670 22 0.700 52 0.730 79 0.754 100 

 
navTobis simkvrive aseve damokidebulia masSi gaxsnili airebis, fi-

sovan nivTierebaTa, marilebisa da sxva nivTierebaTa raodenobaze. 
navTobis simkvrive droSi icvleba, rac rigi faqtorebiT aris gamow-

veuli: 
1) msubuqi fraqciebis aorTqleba (gamofitva); 
2) Tanamde JangviTi procesebis warmarTva, ris Sedegadac fisovani niv-

Tierebebi warmoiqmneba. 
aseve mniSvnelovania is, rom erTi sabados sxvadasxva fenis simkvrive 

gansxvavebulia. rogorc wesi, siRrmis zrdasTan erTad simkvrive mcirde-
ba, rac gapirobebulia imiT, rom zeda forovan fenebSi mdebare navTobi 
(rogorc zemoT iyo ganxiluli) droTa viTarebaSi nawilobriv orTqlde-
ba da iJangeba, xolo dabla horizontebSi mdebare navTobis Sedgeniloba 
SenarCunebulia, gansakuTrebiT Tu zemodan daculia Tixovani fenebiT. 

aris sawinaaRmdego SemTxvevebic: zogierTi sabados navTobis sim-
kvrive matulobs fenis ganlagebis siRrmis mimarTulebiT.es SeiZleba 
aixsnas imiT, rom Tavdapirveli Cawolis horizontidan SedarebiT maRal 
fenebSi migraciis procesSi, forovan qanebSi gavlisas, navTobi ifil-
treba da Tavisufldeba ufro mZime fisovani nawilisagan, ris Sedegadac 
zeda fenebSi arsebuli navTobi ufro msubuqia. 

nedli navTobis simkvrive 0.73-1.0g/sm3, ufro xSirad — 0.61-0.985g/sm3-is 
farglebSia. 

Cveulebriv navTobisa da navTobproduqtebis simkvrives sazRvraven 
areometruli da piknometruli meTodebiT. laboratoriebSi upirate-

sad sazRvraven fardobiT simkvrives 200C-ze. sakvlevi siTxis garkveuli 

moculobis masas, gazomils 200C-ze afardeben 40C-ze gazomil imave mo-

culobis wylis masasTan, aRiniSneba ρ4
20. 
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simkvrivis gansazRvra SeiZleba nebismier temperaturaze da ρ4
20-is 

mniSvneloba gaiangariSeba formuliT: 

ρ 20
4

= ρ
4

t +5γ(τ−20)
 

sadac ρ4
t aris simkvrive gansazRvruli cdis temperaturaze, γ siTxis mo-

culobiTi gafarToebis koeficienti, t temperatura, romelzedac gani-
sazRvra simkvrive. 

am formuliT sargebloba SesaZlebelia 0-500C-is farglebSi da im 
SemTxvevaSi, rodesac navTobi da navTobproduqtebi myar parafinebsa da 
aromatul naxSirwyalbadebs ar Seicavs.  

γ mniSvnelobis gamoTvla SeiZleba Semdegi formulidan 

γ = 0.001828 — 0.00132ρ4
20 

aSS-sa da inglisSi fardobiTi simkvrivis gansazRvrisaTvis sakvlevi 
nivTierebisa da wylis masebs sazRvraven erTsa da imave temperaturaze, 

kerZod 15.560C-ze. ρ4
20-is gaangariSeba xdeba Semdegi formulidan: 

ρ 20
4

= ρ
15.56

15.56 -5γ
 

aRsaniSnavia, rom simkvrive warmoadgens sawvavebisa da zeTebis erT-
erT mniSvnelovan qimotologiur manormirebel maCvenebels. 

mocemuli sawvavisaTvis 200C-ze simkvrivis mniSvnelobebis dasaSvebi 
sidideebia: 

saavtomobilo benzinebisaTvis — 0.750g/sm3; 
reaqtiuli ZravebisaTvis — 0.755-0.840g/sm3; 
swrafmavali dizelebisaTvis — 0.830-0.860g/sm3; 
saSualo da mcire brunvis mqone ZravebisaTvis — 0.93-0.97g/sm3; 
air-turbinuli danadgarebisaTvis — 0.935g/sm3; 
saqvabe danadgarebisaTvis — 0.955-1.015g/sm3; 

7.2. molekuluri masa 

navTobisa da navTobproduqtebisaTvis erT-erT mniSvnelovan maxasi-
aTebels warmoadgens molekuluri masa. navTobis viwro fraqciebisaT-
vis molekuluri masa masSi Semaval nivTierebaTa molekuluri masebis 
saSualo ariTmetikul sidides warmoadgens. sxvadasxva navTobis erTna-

ir temperaturul intervalSi (500C) gamoxdili fraqciebis molekuluri 
masebi daaxloebiT erTnairia. 

molekuluri masis codna aucilebelia navTobproduqtebis struq-
turul-jgufuri Sedgenilobis dasadgenad, molekuluri refraqciis 
gansazRvrisaTvis da sxva. 
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eqsperimentulad navTobisa da navTobproduqtebis molekuluri ma-
sis gansazRvrisaTvis gamoiyeneba krioskopuli an ebulioskopuli meTo-
debi. 

arsebobs molekuluri masis gamosaTvleli empiriuli formulebi, 
romelTa Soris yvelaze metad gamoiyeneba voinovis mier mowodebuli 
formula: 

M = a + btsaS + ct2
saS 

sadac tsaS — navTobproduqtis saSualo duRilis temperaturaa, a,b,c mud-
mivebia, romlebic calkeuli Tu sxvadasxva rigis naxSirwyalbadebisaT-
vis gansxvavebulia. mag.: parafinuli fraqciebisaTvis  

 MsaS = 60 + 0.3tsaS + 0.001t2
saS 

navTobis fraqciis qimiuri Sedgenilobis gaTvaliswinebiT 

M=(7K-21.5)+(0.76-0.04K)tsaS+(0.0003K-0.00245)t2
saS 

sadac K maxasiaTebeli faqtoria, romelic gamoiTvleba fraqciis 
saSualo duRilis temperaturiTa da simkvriviT : 

3

15.56
15.56

1.216 t 273
K

+
=

ρ
saS  

K-s mniSvneloba 10.0-12.5-is farglebSi meryeobs. 

7.3. siblante 

navTobisa da navTobproduqtebisaTvis siblante mniSvnelovan para-
metrs warmoadgens. misi codna aucilebelia navTobis amoRebis sqemis 
SemuSavebaSi, transportirebisas, teqnologiuri danadgarebis gaangari-
SebisaTvis, xolo zeTebisa da mZime navTobproduqtebisaTvis saeqsplua-
tacio TvalTaxedviTac. 

siblante anu siTxis Sinagani xaxuni ewodeba siTxis Tvisebas, gauwios 
winaaRmdegoba misi erTi nawilis gadaadgilebas meoris mimarT (wanac-
vlebis, gaWimvis an sxva deformaciebis dros), masze gareSe Zalebis moq-
medebisas. 

siTxis Sinagani xaxuni molekulaTSorisi SeWidulobis Zalebis dama-
xasiaTebeli fizikuri Tvisebaa. 

bunebrivia, siblantis sidide damokidebulia siTxis qimiur bunebaze 
— mis qimiur aRnagobaze. 

niutonis kanonis Tanaxmad siTxis Sinagani xaxunis Zala F damokide-

bulia misi fenebis Sexebis zedapirze S, maTi SefardebiTi moZraobis siC-
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qareTa sxvaobaze ΔV, fenebs Soris manZilze Δh da siTxis molekulur 
Tvisebebze: 

dVF S
dH

= η⋅ ⋅  

F-s ewodeba Sida xaxunis koeficienti anu dinamikuri siblante. 

η – proporciulobis koeficientia, romelic damokidebulia siTxis mo-
lekulur Tvisebebze: 

roca Δh→ 0  
dVF S
dH

= η⋅ ⋅   

dV / dh siCqaris gradientia, romelic axasiaTebs mis cvlilebas fene-
bis Sexebis sibrtyis perpendikularuli mimarTulebiT. 

siCqaris gradientis arsi ganvixiloT minis milebSi siTxis moZraobis 
magaliTze. 

milis zedapirTan mdebare siTxis Txeli fena TiTqos ekvris mas da 
uZravi xdeba, radgan molekuluri SeWiduloba siTxis da minis moleku-
lebs Soris metia, vidre TviT siTxis molekulebs Soris. amitom minis 
milSi siTxis moZraobisas siTxis sxvadasxva fenebi sxvadasxva siCqariT 
moZraoben. siTxis fenis moZraobis siCqare miT metia, rac ufro daSore-
bulia is milis kedlidan da piriqiT. 

siTxis calkeuli fenebis erTmaneTis mimarT moZraobis damuxruWe-
baSi vlindeba swored Sida xaxunis Zala. 

ganasxvaveben dinamikur, kinematikur da pirobiT siblantes. dinami-
kuri siblante warmoadgens siblantis raodenobriv maxasiaTebels: 

η=τ
h
V  

sadac τ Semxebi daZabulobaa, romelic moqmedebs siTxis fenebs Soris er-

Ti fenis meoris mimarT gadanacvlebisas, V —fardobiTi moZraobis siCqa-

rea, h manZili fenebs Soris. 
dinamikuri siblantis ganzomilebaa pa/wm; praqtikaSi iyeneben mpa/wm-s. 
dinamikuri siblante ganisazRvreba minis dakalibrebuli viskozi-

metris kapilaridan gansazRvruli moculobis siTxis gadmodinebis 
droiT. 

1840 w. puazeilma mogvawoda formula, romelSic mocemulia damoki-

debuleba dinamikur siblantes η, wnevas, (romlis gavleniTac moZraobs 

siTxe), siTxis moculobas V, kapilarSi siTxis gamodinebis dros τ, kapi-

laris radiuss r da kapilaris sigrZes L Soris: 
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r4πη=
Ρ τ

8 L V  

radgan yoveli (individualuri) kapilarisaTvis r, L da V mudmivi si-

dideebia, puazeilis gantoleba gamartivebuli saxiT ase gamoisaxeba: 

D Pη = ⋅ ⋅ τ  

sadac D — viskozimetris mudmivaa, romelic ganisazRvreba viskozimet-

ris dakalibrebiT cnobili etalonis mixedviT. 

praqtikaSi ufro metad gamoiyeneba kinematikuri da pirobiTi sib-

lante. 

kinematikuri siblante warmoadgens siTxis dinamikuri siblantis 

fardobas simkvrivesTan. siblante da simkvrive erTsa da imave tempera-

turaze unda iyos gazomili.  

kinematikuri siblantis ganzomilebaa m2/wm. 

praqtikaSi kinematikur siblantes gamosaxaven stoqsebSi (st) an mea-

sed stoqsebSi (sst), 1st= 10-4m2/wm. 

pirobiTi siblante (ps) ganisazRvreba garkveuli moculobis (200sm3) 

navTobproduqtis gadmodinebis drois fardobiT imave moculobis 

wylis gadmodinebis drosTan an ubralod isazRvreba standartuli xel-

sawyodan navTobproduqtis gadmodinebis droiT. 

navTobisa da navTobproduqtebisaTvis siblante didad aris damoki-

debuli temperaturaze, rasac gamosaxaven grafikulad siblantis mru-

debiT; abscisTa RerZze gadazomaven tamperaturas, xolo ordinatTa 

RerZze siblantes. 

naxSirwyalbadebidan yvelaze mcire siblantiT da siblantis mrudis 

yvelaze didi damrecobiT xasiaTdebian n-alkanebi, yvelaze maRali sib-

lantiTa da yvelaze cicabo mrudiT — aromatuli naxSirwyalbadebi, gan-

sakuTrebiT bi- da policikluri naxSirwyalbadebi. 

temperaturis gavlena navTobisa da navTobproduqtebis siblanteze, 

Tavis mxriv, damokidebulia maT fraqciul da naxSirwyalbadovan Sedge-

nilobaze. duRilis temperaturis zrdasTan erTad maTi siblante mniS-

vnelovnad izrdeba. 

magaliTad, Tu benzinis kinematikuri siblante υ200C = 0.6sst-s, mZime 

narCeni zeTebisaTvis υ200C = 300-400 sst-ia. navTobis komponentebidan yve-

laze didi siblantiT xasiaTdebian fisovani nivTierebebi. 

radgan navTobis zeTebi temperaturis farTo intervalSi muSaobs, 

amitom siblantis temperaturuli mrudis xasiaTi maTTvis warmoadgens 
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mniSvnelovan saeqspluatacio maxasiaTebels. zeTebi, romlebsac damre-

ci temperaturuli mrudi aqvT maRali xarisxisaa. 

temperaturis SemcirebiT maRali siblantis mqone navTobma, buneb-

rivma bitumebma, gudronma SeiZleba gamoavlinon anomaliuri siblante 

e.w. struqturuli siblante. bevri navTobi, aseve zogierTi zeTi, gan-

sazRvrul temperaturamde gacivebisas, masSi Semaval komponentTa nawi-

lis kristalizaciis an koagulaciis Sedegad warmoqmnis dispersul sis-

temebs. am SemTxvevaSi siTxis denadoba aRar aris modebuli datvirTvis 

Zalis proporciuli (ar emorCileba niutonis kanons), radgan siTxis Sig-

niT warmoiqmneba romeliRac komponentis (asfaltenebis, parafinebis, 

cerezinebis da sxva) koagulanti. aseTi sistemebis siblantes struqtu-

ruls uwodeben. aseTi struqturis dasarRvevad saWiro xdeba Zala, ro-

melsac drekadobis zRvars uwodeben. struqturis darRvevis Sedegad 

siTxe isev emorCileba niutonis kanons da misi denadoba modebuli Zalis 

proporciuli xdeba. 

navTobproduqtebSi sivrciTi struqturis warmoqmna zogjer sasur-

velic aris, mag.: bitumebi amis gamo met simtkices iZens, xolo sacxebi 

zeTebis denadoba eqspluataciis temperaturaze mcirdeba. 

mowodebulia ramdenime empiriuli formula, romelSic asaxulia 

siblantis temperaturaze damokidebuleba. 

yvelaze farTo gamoyeneba moipova valteris formulam: 

lglg(Vt + 0.6) = A - BlgT 

sadac A da B konstantebia; V kinematikuri siblantea, T – absoluturi 

temperatura (K). 

valteris formulis safuZvelze ageben badisebur diagramebs, sadac 

abscisTa RerZze gadazomilia lgT mniSvnelobebi, xolo ordinatTa Rer-

Zze lglg(V + 0.6)-is proporciuli mniSvnelobebi. sakmarisia siblantis 

codna or temperaturaze, rom ganisazRvros misi mniSvneloba nebismier 

temperaturaze am temperaturuli intervalis farglebSi. 

radgan siblante damokidebulia temperaturaze, amitom yovelTvis 

mieTiTeba misi gansazRvris temperaturac. 

kvlevis unificirebuli programis mixedviT navTobis siblantes 

sazRvraven 0-dan 500C-mde yoveli 100C-is Semdeg. dabali siblantis nav-

TobisTvis gansazRvras iwyeben 200C-dan, navTis fraqciisaTvis sazRvra-

ven 200C-sa da 400C-ze; dizelis sawvavisaTvis — 200C-ze; zeTovani fraqci-

ebisaTvis — 400C, 500C da 1000C; 3500C-ze zeviT gamoxdili an narCeni fraq-

ciebisaTvis — 500C, 800C, 1000C- ze. 
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7.4. gamyarebis, SemRvrevisa da 

kristalizaciis temperaturebi 

navTobi da navTobproduqtebi ar xasiaTdebian erTi agregatuli 
mdgomareobidan meoreSi gadasvlis gansazRvruli temperaturiT. tempe-
raturis dawevisas navTobsa da navTobproduqtebSi Semaval komponen-
tTa nawilis siblante izrdeba, nakleb moZravi xdeba, xolo nawili — Txe-
vad komponentebSi gaxsnili myari nivTierebebi, gamoiyofian naleqis an 
kristalebis saxiT. es Tviseba, Sigawvis Zravebis sawvavebisaTvis uaRre-
sad arasasurvelia, radgan dabal temperaturaze muSaobisas xdeba fil-
trebis gaWedva, sawvavis gamtar milebSi sacobebis warmoqmna, rac iwvevs 
Zravis muSaobis dabrkolebas. aseve Zalian arasasurvelia kristaliza-
ciis movlena sacxeb zeTebSi. 

navTobisa da navTobproduqtebis gamyareba damokidebulia ZiriTa-
dad maTSi myari parafinebisa da cerezinebis Semcvelobaze. rac ufro 
metia maTSi myari parafinebi, miT ufro advilad gadadis is myar mdgoma-
reobaSi. mag.: groznos erT-erTi sabados navTobi (parafinuli) myardeba 

+110C, xolo sxva sabados navTobi (naklebad parafinuli) -200C. 
gamyarebis temperaturad iTvleba temperatura, romlis dros fraq-

cia gacivebisas sinjaraSi ar icvlis dones 450-iani kuTxiT daxrisas. 
navTobproduqtebidan yvelaze dabali gamyarebis temperatura          

(-800C-ze dabla) aqvT benzinebs, gamoxdis temperaturis gazrdasTan er-
Tad gamyarebis temperatura izrdeba. 

temperaturis garda, navTobproduqtebis kristalizaciaze did gav-
lenas axdens maTSi arsebul nivTierebaTa buneba, sxvadasxva minarevis — 
maT Soris zedapirulad aqtiur nivTierebaTa arseboba da sxva. 

yvelaze maRali kristalizaciis temperatura aqvT simetriuli aRna-
gobis molekulebs. ramdenime alkilis radikalis Semcveli Zlier gan-
Stoebuli alkanebi, monocikluri cikloalkanebi, arenebi ar kristal-
debian. isini gamoiyofian amorful mdgomareobaSi. rac ufro dabalia 
temperatura, miT metia kristalizaciis centrebis Casaxvis siCqare, ami-
tom dabal temperaturaze xdeba wvrilmarcvlovani kristalebis war-
moqmna, xolo SedarebiT maRal temperaturaze xdeba kristalebis gam-
sxvileba. 

Cveulebriv, parafinebi da cerezinebi kristaldebian ufro maRal 
temperaturaze, vidre navTobproduqtebi kargaven Zvradobas. amitom sa-
eqspluatacio miznebisaTvis mniSvnelovania ara mxolod gamyarebis tem-
peraturis, aramed kristalizaciis dawyebis temperaturis codnac. 

parafinis kristalizacias Tan axlavs navTobproduqtis SemRvreva. 
temperaturas, romelzedac adgili aqvs wvrili kristalebis `Rrublis~ 
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gaCenas navTobproduqtSi, ewodeba SemRvrevis temperatura. is isazR-
vreba vizualurad, gamWirvale etalonTan SedarebiT. 

7.5. feTqebis, aalebisa da TviTaalebis temperaturebi 

feTqebis, aalebis da TviTaalebis temperatura sawvavis mniSvnelo-
van maxasiaTebel sidideebs warmoadgens. 

feTqebis temperatura ewodeba im minimalur temperaturas, romlis 
drosac sakvlevi nivTierebis narevi haerTan, masSi aalebis wyaros (ali, 
eleqtronaperwkali da a.S) Setanisas warmoqmnis als xanmokle drois 
ganmavlobaSi. 

feTqebas (sust afeTqebas) adgili aqvs haerTan narevSi naxSirwyal-
badis mkacrad gansazRvruli koncentraciis dros. ganasxvaveben alis 
gavrcelebis qveda da zeda zRvrebs. zeda zRvrisaTvis damaxasiaTebelia 
haerTan narevSi naxSirwyalbadis maqsimaluri koncentracia, romlis ze-
viT aalebis wyaros Setanisas Jangbadis ukmarisobis gamo aalebas da wvas 
adgili ara aqvs. qveda zRvrisaTvis nivTierebis koncentracia minimalu-
ria, romlis qveviT gamoyofili siTbos raodenoba imdenad mcirea, rom 
ar aris sakmarisi moculobaSi reaqciis warmarTvisaTvis. 

navTi, dizelis sawvavi, sacxebi zeTebi, mazuTebi da sxva mZime nav-
Tobproduqtebi xasiaTdebian feTqebis qveda zRvariT (gansazRvra war-
moebs gacxelebiT). 

benzinebi, romelTa orTqlis wneva oTaxis temperaturazec ki mniS-
vnelovania, Cveulebriv xasiaTdeba feTqebis zeda zRvariT (gansazRvra 
warmoebs gacivebis pirobebSi). 

aalebis temperatura ewodeba minimalur temperaturas, romlis 
drosac sakvlevi nivTierebis orTqli haerTan narevSi aalebis wyaros 
Setanisas warmoqmnis mdgrad, uqrob als. aalebis temperatura feTqebis 
temperaturaze ufro maRalia, rig SemTxvevaSi ramdenime aTeuli gra-
dusiT. 

TviTaalebis temperatura ewodeba im minimalur temperaturas, rom-
lis drosac navTobproduqtis orTqli haerTan narevSi TviTaaldeba (aa-
lebis wayros gareSe). zogjer TviTaalebis temperatura feTqebis tempe-
raturaze maRlaa ramdenime aseuli gradusiT. 

feTqebis temperaturaze gavlenas axdens haeris sineste da atmosfe-
ruli wneva. feTqebis temperatura damokidebulia sakvlevi nivTierebis 
duRilis temperaturaze. individualuri naxSirwyalbadebisaTvis or-
mandim da krevinma mogvawodes maTi erTmaneTTan damakavSirebeli for-
mula: 

TfeTq=K TduR  
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sadac koeficienti K =0.736. navTobis orTqlis feTqebis temperatura 

umravles SemTxvevaSi 00C-ze dabalia. 
feTqebis temperaturis mixedviT navTobproduqtebs yofen or jgu-

fad: adviladaalebadi da sawvavebi. adviladaalebad navTobproduqtebs 
ekuTvnis iseTi navTobproduqtebi, romelTa orTqlis feTqebis tempera-

tura daxurul tigelSi 610C-ze dabalia, xolo sawvavebis — Ria tigelSi 

660C-ze metia. 
adviladaalebad navTobproduqtebs ekuTvnis Zravis sawvavebi: saav-

tomobilo benzinis feTqebis temperatura daxurul tigelSi 120C-ia, sa-

aviaciosi 300C, reaqtiuli Zravisa 35/610C. 
dizelis sawvavebis aalebis temperatura 57-1190C-is farglebSia, xo-

lo TviTaalebis temperatura — 300-3300C. benzinebis TviTaalebis tempe-

ratura 5000C-ze maRalia. navTobproduqtebis TviTaalebis temperatura 
molekuluri masis zrdasTan erTad mcirdeba. 

feTqebis, aalebis da TviTaalebis temperaturis mixedviT xdeba mosa-
lodneli xanZrisa da navTobproduqtebis afeTqebis saSiSroebis Sefaseba. 

7.6. wvis siTbo 

sawvavebisaTvis erT-erT mniSvnelovan maxasiaTebels warmoadgens 
wvis siTbo. yvela Tanamedrove Zrava sawvavis wvis Sedegad gamoyofili 
siTburi energiis xarjze muSaobs, romelic Zravis sasargeblo muSaobad 
gardaiqmneba. Tu ra gziT xdeba siTburi energiis Zravis sasargeblo mu-
Saobad gardaqmna, ganisazRvreba Zravis tipiT. 

dguSian ZravebSi wvis Sedegad warmoqmnili airebi maRali tempera-
turis gavleniT Zalian farTovdebian da moqmedeben dguSze, romlis 
moZraoba gadaecema Zravis muxluxa lilvs, e.i. sawvavis siTburi energia 
uSualod gardaiqmneba muxla lilvis brunvis meqanikur muSaobad. 

reaqtiul ZravebSi sawvavis siTburi energia gardaiqmneba saqSenidan 
gamomavali airebis kinetikur energiad. 

airturbinebSi airis nakadi, xvdeba ra turbinis niCbebze, iwvevs misi 
lilvis brunvas. 

amitom bunebrivia, rom wvis siTbo sawvavis erT-erT mniSvnelovan pa-
rametrs warmoadgens. 

wvis siTbo (Tbounarianoba) ewodeba siTbos raodenobas (kjoulebSi), 
romelic gamoiyofa 1m3 airis an 1kg Txevadi an myari sawvavis sruli wvis 
Sedegad. 

ganasxvaveben wvis siTbos zeda da qveda zRvrebs. 
wvis zeda siTbo warmoadgens moculobis an masis erTeuli sawvavis 

wvis da warmoqmnili wylis orTqlis kondensaciis Sedegad gamoyofil 
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siTboTa jams; wvis qveda siTboSi ar aris gaTvaliswinebuli wylis or-
Tqlis kondensaciisas gamoyofili siTbo. 

wvis siTbo damokidebulia sawvavis Sedgenilobaze, radgan wyalbadis 
wvis siTbo mniSvnelovnad metia naxSirbadis wvis siTboze, amitom rac me-

tia H/C Tanafardoba naxSirwyalbadSi, miT metia wvis siTbo. yvelaze ma-
Rali wvis siTbo gaaCniaT alkanebs, yvelaze dabali arenebs.  

7.7. qimiuri stabiluroba 

sawvavebis qimiuri stabiluroba ganisazRvreba maTi unariT, sxvadax-
va faqtorebis: haeris, Jangbadis, temperaturis, sinaTlis, metalTa (ka-
talizuri) moqmedebis Sedegad ucvlelad SeinarCunon TvisebiTi maxasi-
aTeblebi. 

sawvavebis qimiuri stabiluroba pirvel yovlisa damokidebulia maT-
Si ujeri naerTebis Semcvelobaze, romlebic advilad iJangebian da po-
limerizdebian fisovani nivTirebebisa da mJavebis warmoqmniT. 

qimiuri stabiluroba ganisazRvreba induqciis periodiT — (droiT), 

romlis ganmavlobaSi sawvavi ar icvlis Sedgenilobas 1000C-ze gacxele-
bisas 7 atm. wnevis qveS. 

sawvavis stabiluroba garda misi qimiuri Sedgenilobisa, damokide-
bulia temperaturaze. haerTan Sexebis zedapirze da sinaTlisa da meta-
lebis katalizur moqmedebaze. metalebis katalizuri moqmedeba gansa-
kuTrebiT vlindeba sawvavis Sexebisas metalis zedapirTan. yvelaze didi 
katalizuri aqtiurobiT xasiaTdeba spilenZi da misi Senadnobebi (TiT-
beri). mag.: kreking-benzinis induqciis periodi spilenZis Tanaobisas 
mcirdeba 82%-iT. 

fisebis warmoqmnisas sawyis etapze, maTi mcire koncentraciis dros, 
isini mTlianad ixsnebian sawvavSi. maTi Semcvelobis gazrdisas da aseve 
warmoqmnili fisebis struqturis garTulebisas, maTi xsnadoba mcirde-
ba da garkveuli drois Semdeg fisebi sawvavebidan gamoiyofian. 

qimiuri stabilurobis gasazrdelad, ujeri naxSirwyalbadebis Sem-
cvelobisas, sawvavSi SeaqvT antioqsidantebi: paraoqsidifenilamini, io-
noli, 2, 6-di-mesam.butil-p.krezoli da sxva. 

7.8. koroziuli aqtiuroba 

sawvavSi Semavali naxSirwyalbadebi da misi wvis Sedegad warmoqmnili 
produqtebi metalis korozias ar iwveven. 

sawvavSi Semavali nivTierebebidan, romlebic koroziulad aqtiure-
bia, aRsaniSnavia navToburi mJavebi, elementuri gogirdi da gogirdis 
Semcveli naerTebi, wyali, wyalSi xsnadi mJaveebi da tuteebi, sulfomJa-
vebi da gogirdmJavas mJava eTerebi. 
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navTobproduqtebSi wyalSi xsnadi mJavebisa da tuteebis arseboba 
aixsneba maTi gogirdmJaviT da tutis wyalxsariT damuSavebis Semdeg 
wyliT arasakmarisi garecxviT. 

sawvavSi navToburi mJavebis arseboba, erTi mxriv, ganpirobebulia 
maTi navTobSi arsebobiT, meore mxriv, navTobproduqtebSi mimdinare 
JangviTi procesebiT. 

yvela aRniSnuli naerTi iwvevs metaluri nawilebis korozias: wyal-
Si xsnadi mJavebi axdenen TiTqmis yvela metalis korozias, tuteebi saw-
vavis mimwodebeli sistemis avzis masalebis SemadgenlobaSi Semaval 
aluminisa da duraluminis korozias.  

wylis Tanaobisas Zlierdeba sawvavis koroziuli moqmedeba. magali-
Tad, foladis korozia mSral navTobSi SesamCnevi xdeba 20 dRe-Ramis 
Semdeg, xolo wyalTan SexebaSi myof navTobSi ukve 1 dRe-Ramis Semdeg. 

koroziuli agresiulobiT xasiaTdebian navTobSi arsebuli elemen-

turi S, H2S da dabali rigis merkaptanebi. 
gogirdwyalbadi energiulad moqmedebs gansakuTrebiT TuTiasTan, 

rkinasTan, spilenZTan, TiTberTan, aluminTan sulfidebis warmoqmnT. 
elementuri gogirdi TiTqmis meyseulad urTierTqmedebs spilenZTan 
sulfidis warmoqmniT. merkaptanebi axdenen feradi metalebis korozias, 
Sedian urTierTqmedebaSi maTTan merkaptidebis warmoqmniT. metalTa 
korozia gogirdSemcveli naerTebiT Zlierdeba aseve wylis Tanaobisas. 

amitom wylisa da koroziulad aqtiuri nivTierebebis Semcveloba 
navTobsa da navTobproduqtebSi dauSvebelia. 

7.9. sawvavis najeri orTqlis wneva da 

fraqciuli Sedgeniloba 

Zravis normaluri muSaobisaTvis aucilebelia sawvavis swrafi da 
Tanabari wva. radgan wvis procesSi monawileobs mxolod sawvavis or-
Tqli, sawvavis aorTqlebas eniWeba didi mniSvneloba. 

sawvavis aorTqlebis siCqare da sisrule damokidebulia rig fizi-
kur parametrebze: najeri orTqlis wnevaze, orTqlis difuziis koefi-
cientze, siblanteze, sawvavis duRilis (dawyebisa da damTavrebis) tem-
peraturaze. 

sawvavis najeri orTqlis wneva warmoiqmneba sawvavis maqsimaluri 
koncentraciisas, rodesac siTxidan aorTqlebul da orTqlidan siTxe-
Si dabrunebuli molekulebis ricxvi Tanabrdeba, anu rodesac orTqlsa 
da siTxes Soris myardeba dinamikuri wonasworoba. 

daltonis kanonis Tanaxmad Tavisufali aorTqlebis siCqare W — na-
jeri orTqlis wnevis pirdapirproporciulia. 
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W=APs 
sadac A proporciulobis koeficientia, Ps sawvavis najeri orTqlis 
wneva. 

daxurul sistemaSi aorTqlebis siCqare najeri orTqlisa da sawvavis 
orTqlis parcialuri wnevaTa sxvaobis proporciulia. 

W=A(Ps-P) 

sadac P sawvavis orTqlis parcialuri wnevaa. 

sawvavi miT ufro didi siCqariT orTqldeba, rac ufro didia (Ps-P) 
sxvaoba. rac ufro maRalia naxSirwyalbadis duRilis temperatura, miT 
ufro dabalia najeri orTqlis wneva. 

najeri orTqlis wneva individualuri naxSirwyalbadebis SemTxveva-
Si damokidebulia naxSirwyalbadis aRnagobasa da temperaturaze, xolo 
sawvavis SemTxvevaSi najeri orTqlis wnevaze gavlenas axdens masSi arse-
buli TiTeuli naxSirwyalbadis koncentracia da aseve airadi da Txeva-
di fazebis Tanafardoba. 

najeri orTqlis wnevis gasazomi xelsawyo SeimuSava reidma, ris ga-
moc gazomil orTqlis wnevas ewodeba orTqlis wneva reidis mixedviT. 

sawvavis aorTqlebis xarisxi mniSvnelovnad aris damokidebuli saw-
vavis zedapirze. rac metia zedapiri, miT metia aorTqlebis xarisxi. saw-
vavis gafrqvevis SemTxvevaSi, rac metia erTeul moculobaSi sawvavis 
wveTebis raodenoba (rac ufro mcirea sawvavis wveTebis radiusi) miT me-
tia sawvavis zedapiri, e.i. aorTqlebis xarisxi. sawvavis gafrqvevisas wve-
Tebis zoma damokidebulia siTxis siblantesa da zedapirul daWimulo-
baze. sawvavis aorTqlebis siCqare damokidebulia aseve haeris nakadisa 
da sawvavis difuziis siCqareze. 

sawvavis gafrqvevisas nawilakTa zomebi pirdapirproporciulia ze-
dapiruli daWimulobisa da ukuproporciulia sawvavis siblantisa da 
haeris nakadis siCqaris kvadratisa. 

sawvavebis zedapiruli daWimuloba da siblante izrdeba maTi duRi-
lis temperaturis gazrdiT da mcirdeba sawvavis gacxelebisas tempera-
turis gazrdiT. 

sawvavebis aorTqlebis Sesafaseblad gamoiyeneba sawvavebis fraqci-
uli Sedgenilobis gansazRvra. kerZod, sawvavis garkveuli %-uli rao-
denobis gamoxdis temperaturuli intervalis dadgena. (mag.; benzinisaT-
vis 10%, 50% da 90%-is raodenobebis, dizelis sawvavebisaTvis — 50%, 
96%-is). 

sawvavis fraqciuli Sedgeniloba ganapirobebs Zravis amuSavebas, mis 
gacxelebis siCqares, sawvavis orTqlisa da haeris narevis warmoqmnis pi-
robebsa da xarisxs, sawvavis gafrqvevis xarisxs, sawvavis srul wvas da 
sxva. 
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amitom sawvavebis fraqciul Sedgenilobas, maTi gamoxdis tempera-
turul intervalebs waeyenebaT gansazRvruli moTxovnebi. 

SemuSavebulia empiruli formulebi, romelTa saSualebiTac benzi-

nis SemTxvevaSi damyarebulia raodenobrivi Tanafardoba sawvavis fraq-

ciul Sedgenilobasa da Zravis amamuSavebel temperaturas Soris. mag.;  

tamam=
2
3

t10-58
 

tamam — aris Zravis amuSavebis temperatura; 

t10 — sawvavis 10%-is gamoxdis temperatura.  

7.10. navTobis optikuri Tvisebebi 

navTobis optikuri Tvisebebia: navTobis feri, fluorescencia, op-

tikuri aqtiuroba da gardatexis maCvenebeli. 

navTobTa umravlesoba muqi feris siTxea — yavisferi, mowiTalo-ya-

visferi, muqi yavisferi da Savi; ufro iSviaTad moyviTalo da baci yvi-

Teli feris. cnobilia gamonaklisi — TeTri feris navTobi — suraxanis 

sabados navTobi (kaspiis zRvis samxreTiT). 

radgan naxSirwyalbadebi ufero nivTierebebia, navTobis fers gana-

pirobebs masSi arsebuli fisovan-asfaltenuri nivTierebebi da savarau-

doa, gogirdSemcveli naerTebi; rac ufro met fisovan-asfaltenur na-

erTebs Seicavs navTobi, miT ufro muqi ferisaa igi. TeTri navTobi Zali-

an msubuqia, ar Seicavs fisovan naerTebs. miaCniaT, rom is airkondensa-

turi warmoSobisaa. navTobis distilatebis Rrma gawmendis Sedegad, Se-

saZlebelia ufero maRalmolekuluri parafinisa da zeTebis miReba. 

navTobis feri emsaxureba mis zogad daxasiaTebas. navTobproduqte-

bis SemTxvevaSi ki feri Sedis maT teqnikur normebSi, radgan feri nav-

Tobproduqtis gawmendis xarisxisa da maTi stabilobis maCvenebelia. 

navTobisa da bunebriv bituminozur nivTierebaTa dasxivebisas ul-

traiisferi sxivebiT isini iwyeben naTebas — luminescencias. lumines-

cencia aris nivTierebis naTeba, romelic warmoiqmneba aRmgznebi energi-

is STanTqmis Sedegad. misi xangrZlivobaa 10-10wm-dan ramdenime saaTamde. 

speqtri SesamCnevi xdeba ultraiisfer da infrawiTel ubnebSic. misi 

erT-erTi (xanmokle) saxeobaa fluorescencia. 

es Tviseba axasiaTebs fisebs, policiklur aromatul naxSirwyalba-

debs, porfirinebsa da rig maRalmolekulur nivTierebebs. 
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SemuSavebulia luminescenturi analizis saxeobani, romlebic gamoi-
yeneba navTobisa da bitumebis analizis dros, aseve burRvis dros mTis 
qanebSi, wylebSi, Tixovan xsnarebSi bituminozur nivTierebaTa Tvisebi-
Ti da raodenobiTi analizisaTvis. es meTodi ZiriTadad gamoiyeneba geo-
logiur-sadazvervo samuSaobis dros. 

fluorescencia ewodeba nivTierebaTa naTebas, romelic warmoiqmne-
ba aRmgznebi energiis STanTqmis Sedegad da qreba misi mocilebisTanave. 
fluorescencia damaxasiaTebelia nedli navTobisa da navTobproduqte-
bisaTvis. fluorescireben gawmendili fraqciebic — Ria mwvane feridan 
iisferamde. 

cnobilia, rom fluorescenciiT xasiaTdeba sxvadasxva saxis poli-
cikluri aromatuli naerTebi da maTi mcire raodenobiT arseboba nav-
TobproduqtebSi iwvevs damaxasiaTebel naTebas. 

navTobis erT-erT mniSvnelovan Tvisebas warmoadgens optikuri aq-
tiuroba (sxivis polarizaciis sibrtyis Secvlis unari). 

Seswavlili iyo navTobis sxvadasxva fraqciis optikuri aqtiuroba. 
aRmoCnda, rom dabali fraqciebi (benzini, navTi) optikurad araaqtiure-
bi arian. optikur aqtiurobas amJRavneben dizelis sawvavis fraqciebi, 
fraqciebis duRilis temperaturis zrdasTan erTad optikuri aqtiuro-
ba izrdeba. 

aseve aRsaniSnavia, rom alkanur-cikloalkanuri navTobi SedarebiT 
naklebi optikuri aqtiurobiT xasiaTdeba, xolo arenul-cikloalkanu-
ri mniSvnelovnad didi aqtiurobiT. 

navTobis optikuri aqtiuroba warmoadgens navTobis organuli war-
moSobis Teoriis ganmamtkicebel faqtors, radgan optikuri aqtiuroba 
damaxasiaTebelia mxolod cocxali organizmis organuli nivTierebebi-
saTvis. 

7.10.1. gardatexis maCvenebeli 

navTobproduqtebis Sedgenilobisa da xarisxis swrafi gansazRvri-
saTvis gamoiyeneba iseTi optikuri maxasiaTeblebi, rogoricaa gardate-
xis maCvenebeli, molekuluri refraqcia da dispersia. 

gardatexis maCvenebeli warmoadgens sxivis dacemis kuTxis sinusis 
fardobas sxivis gardatexis kuTxis sinusTan. 

n=
sinα
sinβ  

sadac n gardatexis maCvenebelia, α – sxivis dacemis kuTxe, β – gardatexis 
kuTxe. 
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gardatexis maCvenebeli yoveli nivTierebisaTvis damaxasiaTebel si-
dides warmoadgens. gardatexis maCvenebeli damokidebulia sinaTlis 
talRis sigrZesa da temperaturaze, amitom gansazRvras awarmoeben mud-
mivi temperaturisa da monoqromatuli sxivis gamoyenebiT. laborato-
riul praqtikaSi ZiriTadad sinaTlis wyarod iyeneben natriumis alis 

yviTel xazs D, romlis talRis sigrZe λ =589nm Seesabameba, an wyalbadis 

speqtris sami xazidan erT-erTs — wiTels Hα(C), cisfers Hβ(H) an iisfers 

Hγ(G). amitom gardatexis maCvenebelis gansazRvrisas aucilebelia tal-

Ris sigrZisa da temperaturis miTiTeba. 
Cveulebriv, navTobproduqtis gardatexis maCvenebels sazRvraven 

200C. am pirobebSi gansazRvruli gardatexis maCvenebeli aRiniSneba nD
20. 

gardatexis maCvenebelis damokidebuleba temperaturaze gamoisaxe-
ba Semdegi formuliT: 

nD
20= nD

t-α(20-t) 

sadac t analizis Catarebis temperaturaa (0C), α- Sesworebis koeficien-

tia, romelic 10C-ze 0.0004-is tolia. 

gardatexis maCvenebeli gamoiyeneba pirvelyovlisa nivTierebaTa 
identifikaciisaTvis, maTi sisufTavis da xsnarSi nivTierebaTa koncen-
traciis gansasazRvravad. 

is metad mniSvnelovan sidides warmoadgens navTobproduqtebisaT-
vis, radgan iZleva garkveul informacias maT Sedgenilobaze. yvelaze 
dabali gardatexis maCvenebeli aqvT alkanebs, yvelaze maRali arenebs. 

cxrili 7.4 

toli naxSirbadatomebis Semcveli sxvadasxva rigis 
naxSirwyalbadebis gardatexis maCvenebeli 

alkanebi alkenebi cikloalkanebi arenebi 
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C5 pentani 1.3575 penten-1 1.3715 ciklo-
pentani 

1.4065 - - 

C6 heqsani 1.3749 heqsen-1 1.3870 ciklo- 
heqsani 

1.4262 benzoli 1.5011 

C7 heptani 1.3876 hepten-1 1.3998 ciklo- 
heptani 

1.4230 tolu-
oli 

1.4969 



 85

C8 oqtani 1.3974  oqten-1 1.4087 ciklo- 
oqtani 

1.4330 eTilben-
zoli 

1.4959 

C9 nonani 1.4054 nonen-1 1.4157 propil-
ciklo- 
heqsani 

1.4371 propil-
benzoli 

1.4920 

C10 dekani 1.4119 decen-1 1.4217 propil-
ciklo- 
heptani 

1.4408 butil-
benzoli 

1.4898 

navTobis saSualo fraqciebSi (tdR.dasawyisi >2500C) naxSirwyalba-

dovani jgufuri Sedgenilobis dadgenis erT-erTi meTodi dafuZnebu-
lia Txevad-adsorbciuli meTodiT gamoyofili fraqciebis gardatexis 
maCvenebelze. 

nD
20 -is mixedviT xdeba naxSirwyalbadTa dayofa Semdeg qvejgufebad: 

1. normaluri aRnagobis naxSirwyalbadebi (romelTa gamyarebis tempe-

ratura 200C-ze maRalia) nD
20<1.45; 

2. izoaRnagobis (ganStoebuli) alkanebi nD
20=1.45-1.47; 

3. monocikluri cikloalkanebi nD
20=1.47-1.48; 

4. bicikluri cikloalkanebi nD
20=1.48-1.49; 

5. monocikluri arenebi nD
20<1.53; 

6. bicikluri arenebi nD
20=1.53-1.55; 

7. tricikluri arenebi nD
20<1.55-1.59. 

8. policikluri arenebi nD
20>1.59 

policikluri arenebis gamoyofis Semdeg xdeba gardatexis maCveneb-
lis Semcireba. 

naxSirwyalbadebis homologiur rigSi SeimCneva wrfivi damokidebu-
leba gardatexis maCvenebelsa da simkvrives Soris. ase mag.; C6-dan C18 Sed-
genilobis naxSirwyalbadebisaTvis dadgenilia Semdegi Tanafardoba: 

nD
20=0.52167ρ + 1.03104 

an 

ρ4
20=

(nD
20-1.03104)
0.52167  

navTobisa da navTobproduqtebis mniSvnelovan maxasiaTebel sidide-
ebs warmoadgenen xvedriTi refraqcia, molekuluri refraqcia, disper-
sia da refraqciis intercepti. 

xvedriTi refraqciis gansazRvrisaTvis gladstonma da deilim mog-
vawodes Semdegi formula: 

(nD-1)
R= ρ  
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xolo lorentcma da lorencma: 
2
D
2
D

n 1 1R
n 2

−=
ρ+
i  

sadac ρ simkvrivea, gansazRvruli imave temperaturaze, romelzedac nD. 

molekuluri refraqcia ki warmoadgens xvedriTi refraqciis nam-
ravls molekulur masaze: 

D
m

n 1R M−=
ρ

i  

sadac M sakvlevi nivTierebis molekuluri masaa. molekuluri refraq-
cia individualuri nivTierebisaTvis aditiuri sididea da warmoadgens 
atomur refraqciaTa jams. 

mravalricxovani cdebis safuZvelze dadgenili iyo, rom naxSir-

wyalbadebis molekulis CH2 jgufiT gazrda iwvevs molekuluri refraq-
ciis gazrdas 4.6-iT. 

nivTierebis gardatexis maCvenebeli damokidebulia masze dacemuli 
sinaTlis talRis sigrZeze. rac ufro mcirea talRis sigrZe, miT metia 
gardatexis maCvenebeli. mis damokidebulebas sinaTlis talRis sigrZe-
ze ewodeba sinaTlis dispersia (gafantva). 

sxvaobas nF-nG ewodeba saSualo dispersia, fardobas 
nf-nG
nD - 1 103  — far-

dobiTi dispersia, xolo 
nf-nG

104=δρ  — xvedriTi dispersia. 

sxvadasxva rigis naxSirwyalbadebisaTvis xvedriTi dispersia mniS-
vnelovnad gansxvavebulia: 

najeri naxSirwyalbadebisaTvis 99, 
benzolisaTvis 190.56, 
toluolisaTvis 184.9, 
eTilbenzolisaTvis 179.2, 
policikluri arenebisaTvis 465-mdea. 
xvedriTi dispersiis gamoTvla SeiZleba aditiurobis mixedviT. es iZ-

leva benzinis fraqciaSi arenebis Semcvelobis gansazRvris saSualebas. 

refraqtometruli sxvaoba anu refraqciis intercepti RI warmoad-
gens sxvaobas gardatexis maCvenebelsa da simkvrivis naxevars Soris: 

RI = D
n20 -

ρ
4

20

2  
es sidide erTi da igive homologiuri rigis naxSirwyalbadebisaTvis 

mudmivia, alkanebisaTvis 1.0469, alkenebisaTvis 1.052, cikloalkanebi-
saTvis 1.040, arenebisaTvis 1.0663. 
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8. navTobisa da navTobproduqtebis dayofis meTodebi 

navTobis qimiuri Sedgenilobis dasadgenad upirveles yovlisa axde-
nen mis viwro fraqciebad dayofas da Semdeg TiToeuli fraqciis Sedge-
nilobisa da Tvisebebis Seswavlas. navTobis fraqciebad dasayofad Ziri-
Tadad iyeneben gamoxdas — reqtifikacias, molekulur gamoxdas, xolo 
Semdeg ufro zusti dayofisaTvis mimarTaven iseT meTodebs, rogoricaa: 
zusti reqtifikacia, qromatografia, eqstraqcia, adsorbcia, Termodi-
fuzia, kristalizacia, sxvadasxva nivTierebasTan garkveuli aRnagobis 
naxSirwyalbadebis mier kompleqsebis warmoqmna. 

8.1. gamoxda-reqtifikacia 

gamoxda komponentTa dayofis fizikuri meTodia, romlis dros niv-
Tierebebis duRilis Sedegad warmoqmnili orTqli kondensirdeba. 

Cveulebrivi wiladuri gamoxdiT SeiZleba iseTi narevebis dayofa, 
romelTa komponentebis duRilis temperatura sakmaod gansxvavdeba er-
TmaneTisagan da erTmaneTTan azeotropiul narevs ar warmoqmnis. 

gamoxdis dros orTqlis faza wonasworobaSi imyofeba Txevad fazas-
Tan, ris Sedegad is mdidrdeba ufro dabal temperaturaze mduRare nivTi-
erebebiT (d. p. konovalovis `fazuri wonasworobis kanoni~) da cxadia, miRe-
bul kondensatSi advilad aqrolad nivTierebaTa koncentracia meti iqne-
ba, vidre sawyisSi. miRebuli kondensatis gamoxdiT, warmoqmnili orTqli 
kvlav mdidrdeba dabal temperaturaze mduRare nivTierebebiT da axal 
kondensatSi misi Semcveloba kidev ufro meti iqneba da mravaljeradi ga-
moxdiT SesaZlebelia adviladaqroladi produqtis gamoyofa narevidan. 

gamoxdaTa ricxvis Semcirebis mizniT, wiladuri gamoxdis dros, 
kolbasa da macivars Soris aTavseben deflegmators, romlis daniSnule-
baa gazardos orTqlsa da kondensirebul siTxes Soris Sexebis farTobi. 
deflegmatorSi asuli orTqli minis civ kedlebTan Sexebisas TandaTan 
civdeba da nawilobriv kondensirdeba — warmoiqmneba flegma, romelic 
ukan kolbisaken moedineba da gzaze SexebaSia kolbidan amomaval or-
TqlTan. kontaqtis dros orTqli mdidrdeba dabalmduRare nivTierebe-
biT, xolo flegma — maRalmduRareTi. orTqlis gamosasvlel gverdiT 
milSi asvlamde orTqlis faza da maSasadame, kondensatic gamdidrebuli 
iqneba dabalmduRare nivTierebebis orTqliT. 
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dayofis efeqturoba damokidebulia deflegmatoris konstruqciasa 
da sigrZeze. rac ufro grZelia deflegmatori da bevria masSi wyobure-
bis raodenoba, miT ufro efeqturad xdeba narevSi Semavali komponente-
bis dayofa.  

navTobis gamokvlevisa da masSi Semavali naxSirwyalbadebis narevis 
sruli dayofisaTvis farTod gamoiyeneba zusti reqtifikacia — gamoxda 
sareqtifikacio svetis gamoyenebiT. sareqtifikacio svetebis gamoyene-
bisas adgili aqvs urTierTsawinaaRmdego mimarTulebiT moZravi siTxisa 
da orTqlis mravaljerad kontaqts, rac xels uwyobs orTqlis fazis 
maqsimalurad gamdidrebas dabalmduRare komponentebiT da narevis 
efeqtur dayofas. 

narevSi Semavali komponentebis dayofis xarisxi damokidebulia sve-
tis simaRleze, masSi moTavsebuli wyoburebis raodenobaze, siTboizo-
laciasa da flegmis ricxvze. 

imisaTvis, rom narevis fraqciebad an individualur nivTierebebad 
dayofa iyos efeqturi, gamoxda unda ganxorcieldes adiabatur piro-
bebSi, e.i. adgili unda hqondes svetsa da garemomcvel haers Soris siT-
bomimocvlas. 

Txevad nivTierebaTa gamoxdis dros (maTi duRilis temperaturis 
zrdasTan erTad) adgili aqvs siTbos dakargvas ara marto ZiriTadad ga-
remosadmi misi gadacemiT, aramed siTbos gamosxivebis Sedegadac. siT-
bos danakargebis Tavidan asacileblad iyeneben liTonis refleqtorebs: 
axdenen mufTis Sida zedapiris movercxlas, an svets aTavseben aluminis 
gaprialebuli folgisagan damzadebul cilindrSi. zogjer iyeneben or-
magkedlian WurWels, romelSic cirkulirebs mudmivi temperaturis 
mqone siTxe.  

yvelaze xSirad siTbodanakargebis kompensacias axdenen eleqtroga-
macxelebliT — svetis mufTaze axveven niqromis spirals (romelsac 
220v. Zabvis dros aqvs 100-200 omi winRoba) da mas aTavseben minis milSi. 
gamacxelebeli spiralis temperaturas saWiroebis mixedviT (flegmis 
ricxvis mixedviT) aregulirebs. 

svetis efeqturoba damokidebulia aseve masSi arsebuli wyoburebis 
zedapiris farTobze, rac metia wyoburis zedapiris farTobi, miT ufro 
efeqturia dayofa. rekomendebulia, wyoburi damzadebuli iyos 0.2-0.1mm 
sisqis niqromis spiralisagan, romlis xviebs Soris Sida diametri          
1.2-1.5mm-ia. 

komponentebis dayofis xarisxi damokidebulia aseve flegmis ricxv-
ze (flegmis ricxvi wamoadgens ukumacivridan svetSi dabrunebuli siT-
xis raodenobis fardobas drois amave monakveTSi mimRebSi gadasuli 
distilatis raodenobasTan). efeqturi svetebis gamoyenebiT SesaZlebe-
lia iseTi nivTierebebis dacileba, romelTa duRilis temperaturebs 

Soris gansxvaveba aris 1-0.50C. 
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deflegmatorebisa da sareqtifikacio svetebis gamoyenebiT gamox-
das awarmoeben rogorc atmosferul wnevaze, aseve Semcirebuli wnevis 
pirobebSi. 

atmosferul wnevaze gamoxdiT gamoyofen nivTierebebs, romelTa 

duRilis temperatura 2000C-mdea. mas iyeneben SedarebiT adviladaqro-
lad nivTierebaTa narevis dasayofad. 

Cveulebriv, vakuumgamoxdas mimarTaven maRalmduRare naxSirwyal-
badebis, mag., navTis fraqciasa da sapox zeTebSi Semavali naxSirwyalba-
debis gamosayofad. 

zog SemTxvevaSi vakuumgamoxdas mimarTaven aseve dabalmduRare 
fraqciis gamosaxdelad narevSi Semavali komponentebis dacilebis miz-
niT, radgan vakuumSi gamoxdis dros wnevis Semcireba sxvadasxva nivTie-
rebis duRilis temperaturaze erTnairad ar moqmedebs, ris gamoc iz-
rdeba sxvaoba narevSi Semaval komponentTa duRilis temperaturebs So-
ris da SesaZlebeli xdeba maTi dacileba. 

ase magaliTad, atmosferul wnevaze daaxloebiT erTnairi duRilis 
temperaturis mqone naxSirwyalbadebis vakuumgamoxdis dros yvelaze 
metad mcirdeba aromatul naxSirwyalbadTa duRilis temperatura, Sem-
deg cikloalkanebis, yvelaze naklebad ki alkanebis. amitom Semcirebu-
li wnevis pirobebSi gamoxdiT SesaZlebelia maTi dacileba. 

navTobidan maRalmduRare naxSirwyalbadebis gamosayofad warmate-
biT gamoiyeneba molekuluri gamoxda. gamoxdas awarmoeben Rrma vakuum-
Si (narCeni wneva <0.1pa). asaorTqlebeli siTxisa da kondensatis zedapi-
rebs Soris manZili ufro mcirea (10-30mm), vidre molekulis Tavisufali 
garbenis sigrZe, amitom aorTqlebuli molekulebi ar ejaxebian erTma-
neTs da kondensatSi aRweven energiis minimaluri danakargebiT. Tanamed-
rove rotoruli aparatebi SesaZleblobas iZleva daSlis gareSe gamoi-

xados fraqcia 6500C-mde duRilis temperaturiT. 
navTobis zeTovani fraqciisa da fisebis dasayofad gamoiyeneba 

wylis orTqliT gamoxda. pirvelyovlisa, am dros mcirdeba gamosaxdeli 
nivTierebis duRilis temperatura (atmosf. wnevas utoldeba wylis or-
Tqlis da gamosaxdel nivTierebaTa parcialur wnevaTa jami) da meore, 
wylis orTqliT gamoxdisas sxvadasxva nivTiereba sxvadasxva siCqariT 
ixdeba, rac narevis dayofis SesaZleblobas iZleva. 

8.2. azeotropuli da eqstraqciuli reqtifikacia 

benzinis viwro fraqciaSi Semaval komponentTa dasayofad gamoiyene-
ba azeotropuli gamoxda.  

azeotropuli narevi ewodeba ori an meti komponentisagan Semdgar 
narevs, romelic duRs mudmiv temperaturaze, amitom kondensati isev 
sawyisi komponentebisagan Sedgeba. 
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ganasxvaveben `minimalur azeotrops~, rodesac narevi duRs ufro 
dabal temperaturaze, vidre ZiriTadi komponentebi da `maqsimalur aze-
otrops~, rodesac narevi duRs ufro maRal temperaturaze, vidre Ziri-
Tadi komponentebi. 

rogorc aRiniSna, azeotropuli narevis dasayofad gamoiyeneba vaku-
umgamoxda, radgan wnevis Semcireba sxvadasxvagvarad moqmedebs narevSi 
Semaval nivTierebaTa duRilis temperaturaze. azeotropuli narevebis 
dasayofad umetesad gamoiyeneba e.w. azeotropuli reqtifikacia da eq-
straqcia. 

`azeotropuli reqtifikaciis~ dros gamoxdiT dauyofav nivTiereba-
Ta narevs umateben specialur nivTierebebs — dabalmolekulur spirts 
an mJavas, romlebic erT-erT nivTierebasTan TviTon warmoqmnian azeot-
ropul narevs da amiT aTavisufleben meore komponents. Tu damatebuli 
nivTiereba narevis erT-erT komponentTan warmoqmnis `minimalur aze-
otrops~, igi gamoixdeba da meore komponenti rCeba naSTSi; xolo Tu da-
matebuli nivTiereba warmoqmnis `maqsimalur azeotrops~, maSin gamoix-
deba meore komponenti, xolo azeotropi rCeba naSTSi. gamoxdis Semdeg 
miRebul azeotrops amuSaveben wyliT an tutiT. 

8.3. eqstraqcia 

benzinisa da navTis fraqciebidan komponentebis gamosayofad far-
Tod gamoiyeneba eqstraqcia — anu e.w. civi fraqcionireba. sakvlev na-
revs amuSaveben iseTi gamxsneliT, romelic SerCeviTad axdens narevidan 

garkveuli rigis naxSirwyalbadebis amowvlilvas, mag; Txevadi SO2-iT 
xdeba fisovani nivTierebebis, arenuli da ujeri naxSirwyalbadebis eq-
straqcia da maTi dacileba alkanebis da cikloalkanebisagan. 

xSir SemTxvevaSi iyeneben gamxsnelTa wyvilebs, romelTagan erTi xa-
siaTdeba maRali gamxsnelobiTi unariT — xsnis yvela komponents, xolo 
meore — komponentTa nawils, danarCens ki gamoleqavs xsnaridan. gam-
xsnelTa aseT wyvilebs warmoadgenen: 1. amilis spirti — eTilis spirti 2. 

benzoli — acetoni 3. benzoli — SO2 da sxv. 
arenebisaTvis Zalian efeqtur eqstragents warmoadgens sulfola-

ni, romlis gamoyenebisas 62-1400C fraqciidan benzolis gamotanis xaris-
xia 99.9%, toluolis — 99.5%, xolo qsilolebis — 98%. 

rogorc azeotropiul reqtifikacias, ise eqstraqcias safuZvlad 
udevs narevSi Semavali komponentebis gansxvavebuli urTierTqmedeba 
gamxsnelTan. 

naxSirbadatomebis erTi da igive ricxvis Semcveli sxvadasxva rigis 
naxSirwyalbadebis xsnadoba polarul gamxsnelSi izrdeba Semdegi Tan-
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mimdevrobiT : alkanebi<cikloalkanebi<alkenebi<alkadienebi<alkine-
bi<arenebi. 

arenebi, alkenebi da alkinebi najeri naxSirwyalbadebisagan gansxva-

vebiT warmoadgenen π-eleqtronebis donors da unari aqvT eleqtrono-

aqceptoruli gamxsnelis molekulebTan warmoqmnan π-kompleqsebi: 

gamxsneli
 

damatebiT, alkinebis SemTxevvaSi Zlier, polarul gamxsnelebTan 

adgili aqvs wyalbaduri bmebis damyarebas ganapira ≡CH bmiT. 
rig SemTxvevebSi Tavs iCens gamxsnelisa da naxSirwyalbadebis mole-

kulebs Soris induqciuri urTierTqmedeba, romlis Zala izrdeba alka-
nebidan — arenebisaken gadasvlisas. am TanmimdevrobiTve izrdeba naxSir-
wyalbadis molekulis polarizebadoba moculobiT erTeulze (rac gana-
pirobebs induqciuri urTierTqmedebis Zalis gazrdas).  

8.4. Termuli difuzia 

navTobis fraqciebisa da navTobproduqtebis dasayofad gamoiyeneba 
Termuli difuzia. es meTodi damyarebulia Semdeg principze: narevSi 
temperaturuli gradientis warmoqmna ganapirobebs komponentTa kon-
centraciebis gradientebis warmoqmnas. 

procesi tardeba Termodifuziur svetebSi, romlebic Sedgeba ori 
aqsialuri cilindrisagan, romelTa Soris arsebobs 0.25-0.5mm sigrZis 
RreCo. cilindrebs Soris Tavsdeba dasayofi narevi, erT cilindrs acx-
eleben, meores aciveben: warmoqmnili temperaturuli gradientis gav-
leniT narevSi arsebuli erTi nivTierebis molekulebi gadaadgildebian 
civi cilindrisaken, xolo meores molekulebi cxeli cilindrisaken. ci-
vi cilindrisaken gadaadgilebuli molekulebi eSvebian da grovdebian 
svetis qveda nawilSi, xolo cxeli cilindrisaken gadaadgilebuli kom-
ponentebi miemarTebian da grovdebian svetis zeda nawilSi. 

 narevSi myofi nivTierebebis dacilebis am meTodisaTvis damaxasia-
Tebelia Semdegi kanonzomierebebi: 
1. civi cilindrisaken miemarTebian ufro meti naxSirbadis atomis Sem-

cveli da ufro maRali duRilis temperaturis mqone naxSirwyal-
badebi. 

2. erTnairi duRilis temperaturis mqone nivTierebaTa SemTxvevaSi ci-
vi cilindrisaken miemarTeba ufro mcire moculobis mqone nivTie-
rebebi. 
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3. erTnairi duRilis temperaturisa da erTnairi molekuluri mocu-
lobebis SemTxvevaSi, civi cilindrisken miemarTebian molekulebi, 
romelTa zedapiri umciresia. 
navTobis SemTxvevaSi Termodifuziuri dayofa gamoiyeneba ZiriTa-

dad 25-500C-is intervalSi gamoxdili fraqciebisaTvis, romelic winas-
war dayofilia alkanur-cikloalkanur da arenul naxSirwyalbadebad. 

alkanur-cikloalkanur naxSirwyalbadebis Termuli difuziis 
dros, svetis zeda nawilSi xdeba alkanebis koncentrireba, Sua nawilSi — 
mono- da bicikloalkanebis, xolo qveda nawilSi — policikloalkanebis. 

Termuli difuziis gamoyeneba saSualebas iZleva daiyos nivTierebe-
bi, romelTa duRilis temperaturebs Soris sxvaoba Zalin mcirea: mag., 
cikloheqsani da 2.4-dimeTilpentani (duRilis temperaturebs Soris 

sxvaoba 0.240C) cis- da trans-dekalinebi, cis- da trans -1.2-dimeTilcik-
loheqsanebi. 

Termuli difuzia warmatebiT gamoiyeneba mrewvelobaSi dabali gam-
yarebis temperaturisa da maRali siblantis indeqsis mqone zeTebis misa-
Rebad. 

8.5. kristalizacia 

navTobidan da navTobis fraqciebidan, maRali lRobis temperaturis 
mqone jgufuri da individualuri naxSirwyalbadebis gamosayofad gamo-
iyeneba kristalizaciis meTodi. 

navTobis fraqciebidan maRali lRobis temperaturis mqone nivTie-
rebis gamoyofa zogjer ubralo gacivebiT — gamoyinviT xerxdeba. am me-
Todis gamoyenebiT axdenen, magaliTad, qsilolis izomerebis dacile-

bas; p-qsiloli kristaldeba 13.260C-ze, o-qsiloli — 25.240C, xolo m-qsi-

loli — 47.740C; izomeruli qsilolebis narevis gacivebisas 00C-ze iwyeba 

p-qsilolis kristalizacia, Semdgomi gacivebisas -520C mde izrdeba mya-
ri fazis raodenoba, romelic ZiriTadad p-qsilolisagan Sedgeba, xolo 

— 52.70C-ze mTeli xnari kristaldeba. amitom narevis — 520C-mde gacive-
biT xsnaridan gamoyofen p-qsilols (gafiltvriT an centrifugirebiT); 
aseTi damuSvebiT gamoiyofa narevSi arsebuli p-qsilolis 65%. 

es meTodi gamoiyeneba C10 Sedgenilobis alkilbenzolebis narevebi-
dan 1.2.4.5-tetrameTilbenzolis gamosayofad. 

rig SemTxvevebSi gacivebisas navTobproduqtebis siblante sakmaod 
izrdeba, rac abrkolebs nivTierebaTa gamokristalebas, amitom saWiro 
xdeba navTobproduqtis winaswari ganzaveba gamxsnelebiT. am mizniT gam-
xsnelebad ZiriTadad gamoiyeneba msubuqi benzinis fraqcia, dieTilis 
eTeri, diqlormeTani, diqloreTani da sxva. 
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myar komponentTa dakristalebas xels uSlis aseve navTobsa da nav-
TobproduqtebSi fisovan nivTierebaTa arseboba. amitom saWiroa winas-
war maTi gasufTaveba fisebisa da asfaltenebisagan. fisebisa da asfal-
tenebisagan gawmendili navTobidan da navTobproduqtebidan myar para-
finebs gamoyofen acetonisa da toluolis nareviT. 

kristalizaciis mniSvnelovan saxeobas warmoadgens eqstraqciuli 
kristalizacia. amSemTxvevaSi gamxsnelad gamoiyeneba seleqtiuri gam-
xsneli, romelic SerCeviTad xsnis daballRobad nivTierebebs, amasTana-
ve is uzrunvelyofs Txevadi fazis arsebobas ufro dabal temperatura-
ze, vidre evteqtikuri narevis gamyarebis temperaturaa, amcirebs xsna-
ris siblantes, rac gafiltvris stadiaze xels uwyobs Txevadi fazis 
srulyofil mocilebas. 

eqstraqciuli kristalizacia gamoiyeneba maRallRobadi cikloal-
kanebis, arenebis da n-alkanebis dasayofad. 

adamantanis, 1- da 2-meTiladamantanis gamosayofad navTobidan, wi-
naswar navTobs gadadenian wylis orTqliT, Semdeg TioSardovanaTi da-
muSavebiT gamoyofen kompleqsur naerTs, romlis daSlis Sedegad axde-
nen aRniSnuli naerTebis safexurebriv kristalizacias meTilis spirti-
dan. 

didi gamoyeneba moipova eqstraqciulma kristalizaciam rogorc ze-
Tebis deparafinizaciisaTvis, aseve myari parafinebis zeTisagan gasaw-
mendad. 

am mizniT yvelaze farTod seleqtiur gamxsnelebad gamoiyeneba me-
TileTilketonis — toluolis, meTileTilketonis —meTilizobutilke-
tonis, acetonis — propenis, diqloreTanis — diqlormeTanis narevebi, 
Txevadi propeni. 

aRsaniSnavia, rom zeTebis deparafinizaciis procesSi gamoyenebuli 
ketonebis molekuluri masis zrdasTan erTad maTi seleqtiuroba mcir-
deba, magram zeTovani komponentebis mimarT gaxsnis unari izrdeba. 

8.6. qromatografia 

navTobis Sedgenilobis Sesaswavlad da komponentTa dasayofad yve-
laze farTod gamoiyeneba qromatografia. 

qromatografia — komponentTa analizisa da dayofis fizikur-qimiu-
ri meTodia, romelic dafuZnebulia narevSi Semavali nivTierebebis ga-
nawilebaze or fazas — uZrav da moZrav fazebs Soris. 

qromatografiuli meTodebis bevri saxeoba arsebobs. maT klasifika-
cias axdenen sxvadasxva niSnis mixedviT. 

komponentTa dayofisas mimdinare procesebis bunebis mixedviT ga-
nasxvaveben adsorbciul, gamanawilebel da daleqviT qromatografias. 



 94 

adsorbciuli qromatografiis ZiriTad process safuZvlad udevs 
narevSi arsebuli komponentebis gansxvavebuli adsorbciis unari ad-
sorbentis zedapirze. 

gamanawilebeli qromatografiis safuZvelia gaxsnil nivTierebaTa 
ganawileba or erTmaneTSi Seurevad siTxes (an siTxesa da airs) Soris, 
rac damokidebulia am or siTxeSi (an siTxesa da airSi) nivTierebaTa gan-
sxvavebul xsnadobasa da ganawilebis gansxvavebul koeficientebze. 

daleqviTi qromatografia efuZneba dasayof nivTierebaTa mier na-
leqis wamoqmnas, damleqavTan qimiuri reaqciis Sedegad. 

qromatografiis klasifikacias axdenen agreTve fazebis agregatuli 
niSnis mixedviT. 

uZravi faza SeiZleba iyos myari an Txevadi, moZravi ki siTxe an airi; 
Tu uZrav fazas myari nivTiereba warmoadgens, xolo moZravs airi, qro-
matografias airad-adsorbciuli qromatografia ewodeba. Tu moZrav 
fazas siTxe warmoadgens, maSin qromatografia Txevad-adsorbciuli 
qromatografiaa. Tu uZrav fazas warmodgens siTxe, moZravs ki airi — 
air-Txevadi qromatografiaa, xolo Tu orive fazas siTxe warmoadgens — 
Txevad-Txevadi qromatografiaa. 

komponentTa dayofa SeiZleba ganxorcieldes svetebSi — es sveturi 
qromatografiaa; kapilarebSi, sadac uZrav fazas warmoadgens siTxe anda 
siTxiT gaJRenTili myari nivTierebebis fxvnili — kapilaruli qroma-
tografiaa, qromatografia specialur forovan qaRaldze — qaRaldze 
qromatografiaa, xolo sorbentis Txel fenaze, romelic datanilia 
Txel firze — Txelfenovani qromatografia. 

narevis dayofa SeiZleba rogorc mudmiv wnevasa da temperaturaze, 
aseve temperaturisa da air-matareblis wnevis TandaTanobiT gazrdis 
pirobebSi. 

svetSi dasayofi narevis gadaadgilebis mixedviT ganasxvaveben ga-
momJRavnebiT, frontalur da gamoZevebiT qromatografiebs. 

yvelaze xSirad laboratoriul praqtikaSi gamoiyeneba gamomJRavne-
biTi qromatografia, romlis drosac adsorbentiT Sevsebul svetSi Se-
aqvT gansazRvruli raodenobiT dasayofi narevi da Semdeg gamxsneli an 
air-matarebeli (gamomJRavnebeli), romelic ufro sustad adsorbcir-
deba, vidre narevis komponentebi. Sedegad xdeba narevSi Semavali kompo-
nentebis gadanacvleba da maTi zonebad dayofa. pirobebis SerCeva nare-
vis sruli dayofis da analizis Catarebis saSualebas iZleva.  

frontaluri analizis dros, komponentTa narevs mudmivad (uwyve-
tad) atareben adsorbentiT Sevsebul svetSi. jer gamodis mcired ad-
sorbirebuli komponenti, Semdeg komponentTa narevi. am meTodiT SesaZ-
lebelia mxolod mcired adsorbirebuli komponentebis gamoyofa. 
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gamoZevebiTi qromatografiis dros svetSi SehyavT komponentTa na-
revi, Semdeg gamomZevebeli, romelic komponentebze ufro Zlieri ad-
sorbciis unariT xasiaTdeba. am meTodiT SesaZlebelia sufTa saxiT kom-
ponentebis gamoyofa mcire raodenobiT. zonaTa sazRvarze maTi urTi-
erTdifuziis gamo maTi sruli dayofa ver xerxdeba. 

laboratoriul praqtikaSi navTobisa da navTobroduqtebis dasayo-
fad gamoiyeneba sveturi qromatografia. 

amocanis Sesasruleblad gadamwyveti mniSvneloba aqvs adsorbentisa 
da desorbentis sworad SerCevas. 

navTobproduqtebis dasayofad gamoiyeneba ori tipis adsorbenti:   
1. adsorbenti mouwesrigebeli kristaluri struqturiTa da araerTgva-
rovani forianobiT (silikageli, aqtiuri aluminis oqsidi, aqtiuri nax-
Siri) da 2. adsorbentebi erTgvarovani forebiT (ceoliTebi, molekulu-
ri sacrebi). 

silikagelze gansakuTrebiT Zlierad adsorbirdebian navTobSi Sema-
vali heteroatomis Semcveli komponentebi, aseve policikluri arenebi, 
naklebi siZlieriT — arenebi erTi aromatuli birTviT da mniSvnelovnad 
sustad — alkanebi da cikloalkanebi. 

silikagelebs ganasxvaveben forianobis mixedviT — wvrilforian da 
msxvilforianad, romelTa klasifikacias axdenen marcvlebis zomebis 
mixedviT. msxvilforiani silikagelebis forebis saSualo diametri 14.9-
17.2nm-ia, xolo wvrilforianis — 1.7-2nm. msxvilforovani silikagelebi 

Seicaven 94% SiO2-s, minarevebis saxiT: 0.2-0.55% Al2O3-s, 0.1% Fe2O3-s, tute 

da tutemiwaTa liTonebis oqsidebs. wvrilforovan silikagelSi SiO2-is 

Semcveloba 89%-ia. ganmamtkicebeli danamatis saxiT Seicavs 7-10% Al2O3-s. 

aluminis oqsidze ufro efeqturad SeiZleba daiyos naxSirwyalbade-
bi gogirdSemcveli naerTebidan da aseve mono-, bi- d policikluri aro-
matuli naxSirwyalbadebi erTmaneTisagan. 

gansakuTrebiT seleqtiur adsorbentebs warmodgenen rogorc bune-
brivi, ise sinTezuri ceoliTebi. Tavisi SedgenilobiT ceoliTebi alu-
mosilikatebia. 

bunebrivi ceoliTebidan gavrcelebulia klinoptilolitebi, ro-

melTa Sedgeniloba: Na2O(H2O)Al2O3 ⋅10SiO2 ⋅ 8H2O, aseve mordeniti, filip-

siti da Sabaziti. adsorbentebad da katalizatorebad bunebriv ceoli-
TebTan erTad farTod gamoiyeneba sinTezuri ceoliTebi, romlebic mii-
Rebian tutis wyalxsnaris gacxelebiT alumosilikatebTan erTad. maTi 

Sedgeniloba zogadad SeiZleba ase gamovsaxoT: M2/nO ⋅ Al2O3 ⋅ XSiO2 ⋅ YH2O, 
sadac M tute an tutemiwaTa liTonia. SiO2-isa da Al2O3-is molTa fardo-

ba (X-is mniSvneloba) gansazRvravs ceoliTis tips.  
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A tipis ceoliTSi x=2; X tipis ceoliTSi x=2.2-2.8, xolo Y tipis ce-

oliTebSi x=3.5. 

ceoliTis kristalis mesrebi warmoqmnilia 
-O-Si-O-

O

O

 da 
-O-Al-O-

O

O
-is tetra-

edrebiT. es tetraedrebi jgufdebian poliedrebis warmoqmniT (8 tetra-
edri warmoqmnis kubs, 12 — heqsagonlur prizmas, 24 — kubooqtaedrs). 

4
iS+ -is Canacvleba Al+3-iT iwvevs meserSi uaryofiTi muxtis warmoq-

mnas, romelic neitraldeba meseris Sida RruebSi ganlagebuli tute da 
tutemiwaTa metalebis kaTionebiT. 

poliedrebs Soris da poliedrebSi warmoqmnili Rruebi dakavSire-
bulia erTmaneTTan arxebiT an Jangbadovani rgolebiT (fanjrebiT). am 
Rrmulebsa da fanjrebs aqvT molekuluri zomebi da ceoliTis yoveli 
tipisaTvis is damaxasiaTebel sidides warmoadgens. 

ceoliTebis struqturuli erTeulis kubooqtaedris SigniT arse-

buli moculoba (mcire forebi) erTnairia A da X tipebis ceoliTebisaT-
vis, xolo didi forebi (Rruebi) sivrce kubooqtaedrsa da Jangbadis xi-
debs Soris zomiT mcired gansxvavdebian. ZiriTadi gansxvaveba gapirobe-

bulia didi Rrus fanjrebis zomebis sididiT. A tipis ceoliTebis didi 
Rruebi erTmaneTs ukavSirdebian rvawevriani Jangbadis fanjrebiT, xo-
lo X tipis ceoliTis — 12 wevriani Jangbadis fanjrebiT. am fanjrebis 
diametrebi erTmaneTisagan gansxvavebulia. fanjrebis diametri damoki-
debulia aseve kaTionis bunebaze. 

ceoliTebis tipebs aRniSnaven orgvarad: 4A, 5A, 10X, 13X, sadac cif-

rebi miuTiTeben fanjrebis diametrs angstremebSi (A da X ceoliTis ti-

pebs) an cifris nacvlad miuTiTeben kaTionebs NaA, CaA, NaX, CaX da a.S. 
TvalsaCinoebisaTvis moviyvanoT zogierTi ceoliTisTvis didi 

Rruebisa da SemaerTebeli fanjrebis zomebi nm-Si: 

cxrili 8.1 

zogierTi ceoliTisTvis didi Rruebisa da 
SemaerTebeli fanjrebis zomebi nm-Si 

ceoliTi LiA NaA KA CaA NaX 
NaY 

CaX 
CaY 

didi Rrmulebis 
diametri 

1.2 1.1-1.2 1.1 1.1 1.1-1.3 1.1-1.3 

fanjrebis 
zomebi 

0.4-4 0.4 0.38 5.0 9 8 
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swored amitom garkveuli struqturis ceoliTebs mxolod Sesabami-
si zomis molekulebis adsorbciis unari gaaCniaT, rac ganapirobebs maT 
maRal seleqciurobas adsorbciisa da katalizis procesebSi. 

mag.; KA adsorbirebs mxolod wyals, NaA – H2O, CO2, H2S, NH3, CH3OH, 
C2H4, C3H6, C2H6 ; CaA – 20 atomamde naxSirbadatomebis Semcvelobis n-aR-
nagobis naxSirwyalbadebs da spirtebs, aseve meTil- da eTilTiospir-

tebs, eTilenoqsids; CaX ceoliTi adsorbirebs ganStoebuli aRnagobis 
alkanebs da spirtebs, benzols, cikloheqsans da maT homologebis dabal 

wevrebs. CaX-ze ver adsorbirdeba benzolis homologebi didi da gan-
Stoebuli radikalebiT, mag., 1.3.5-trieTilbenzoli. 

ceoliTebi polaruli adsorbentebia, amitom adsorbciuli meTo-
diT komponentTa dayofa xdeba ara marto molekuluri zomebis mixed-
viT, aramed polarobis xarisxis mixedviTac. 

navTobis fraqciebisa da naxSirwyalbadTa dayofa ceoliTebze far-
Tod gamoiyeneba ara marto laboratoriebSi preparatul-analizuri 
miznebisaTvis, aramed mrewvelobaSic. 

CaA — ceoliTze adsorbciiT navT-gazoilis fraqciidan (200-3200C) 
gamoiyofa C10 –C18 Sedgenilobis alkanebi. 

Zalian specifikurad mimdinareobs ceoliTebze qsilolebis adsor-

bcia. BaY-ze seleqciurad adsorbirdeba p-qsiloli, CaY-ze da SrY-ze — m-

qsiloli, xolo NaY-ze o-qsiloli. 
bunebrivi da mJaviT modificirebuli tufis Semcveli klinoptilo-

liTebi Zlierad da seleqciurad adsorbireben navTobSi Semavali hete-
roatomebis Semcvel nivTierebebs; heteroatomebis Semcveli nivTiere-
bebisa da arenebisagan reaqtiuli sawvavis gasasufTaveblad gamoiyeneba 

aseve sinTezuri ceoliTebi: NaX da CaX. 
navTis fraqciidan reaqtiuli sawvavisaTvis mniSvnelovani komponen-

tebis gamosayofad, jer axdenen navTis dearomatizacias, xolo Semdeg 

mis dayofas CaNaX ceoliTze, sadac upiratesad adsorbirdeba bi- da 
tricikluri cikloalkanebi. Semdgomi maTi desorbciiT ki xdeba reaqti-
uli sawvavisaTvis maRalxarisxovani komponentebis gamoyofa. 

adsorbirebuli naxSirwyalbadebis seleqciuri desorbciis mizniT 
didi mniSvneloba aqvs gamxsnelebis (desorbentebis, moZravi fazis) swor 

SerCevas, mag., najeri naxSirwyalbadebis desorbciisaTvis gamoiyeneba C5 
–C7 Sedgenilobis n-alkanebi, aromatuli da heteroatomis Semcveli niv-
TierebebisaTvis — benzoli, spirtisa da benzolis narevi, acetoni, qlo-
roformi. moZravi fazis polarulobis TandaTanobiT gazrda SesaZle-
bels xdis Semcirdes adsorbentze nivTierebebis dakavebis dro. am me-
Tods gradientul eluirebas uwodeben.  
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9. navTobisa da navTobproduqtebis 

Sedgenilobis Seswavla 

navTobis gamoyenebis swori mimarTulebis gansazRvra moiTxovs nav-
Tobisa da misi fraqciebis Sedgenilobis Seswavlas. 

navTobis kvlevisTvis gamoyenebuli meTodebi saSualebas iZleva ben-
zinisa da navTis fraqciebSi ganisazRvros naxSirwyalbadTa jgufuri 
Sedgeniloba, gazoilis, zeTebis da navTobis mZime narCenebisaTvis 
struqturul-jgufuri Sedgeniloba, xolo navToburi airebis, benzini-
sa da navTis viwro fraqciebSi individualur nivTierebaTa Semcveloba. 

9.1. elementuri analizi 

navTobis gadamuSavebis materialuri balansis SedgenisaTvis auci-

lebelia navTobis SedgenilobaSi Semavali elementebis, ZiriTadad C, H, 
S, N-is gansazRvra. 

C, H-is da N-is gansazRvra xdeba sayovelTaod cnobili — wvis meTo-
diT. 

wyalbadisa da naxSirbadis gansazRvra efuZneba navTobis an navTob- 
produqtis srul dawvas Jangbadis areSi da warmoqmnili (minarevebisagan 
gawmendili) wylisa da naxSirorJangis Sekavebas Sesabamisi mSTanTqmele-
biT. maTi raodenobis gansazRvriT (woniTi meTodiT) xdeba aRebul pro-
duqtebSi wyalbadisa da naxSirbadis masuri wilis gansazRvra. 

azotis Semcvelobis gansazRvra xdeba diumas an kieldalis meTodiT.  
diumas meTodis mixedviT xdeba naxSirbadis dioqsidis areSi spilen-

Zis (II) oqsidiT navTobproduqtebis daJangva; warmoqmnili spilenZi 
aRadgens daJangvis procesSi warmoqmnil azotis oqsidebs azotamde. 
azotisa da naxSirbadis dioqsidis narevi tardeba tutis xsnarSi, rome-
lic STanTqavs naxSirbadis dioqsids da darCenili azotis moculobiT 
sazRvraven azotis masur wils navTobproduqtebSi. 

kieldalis meTodis mixedviT nvTobproduqti iJangeba koncentrire-
buli gogirdmJavaTi, warmoqmnili amoniumis sulfatze tutis moqmede-
biT gamoyofili amiaki ititreba mJavaTi. 

Jangbadis masuri wili metwilad isazRvreba sxvaobiT (100-s gamokle-
buli yvela elementis masuri wilebis jami). 
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arsebobs Jangbadis gansazRvris pirdapiri meTodi, kerZod — navTob-
produqtis piroliziT inertuli airis nakadSi platinirebuli grafi-
tisa da spilenZis oqsidis TandaswrebiT. Jangbadis raodenoba isazRvre-
ba gamoyofili naxSirbadis dioqsidis masis mixedviT. 

dReisaTvis damuSavebuli da gamoyenebulia navTobsa da navTobro-
duqtebSi gogirdSemcvel naerTTa TvisebiTi da raodenobiTi analizis 
sxvadasxva meTodi. TvisebiTi meTodebi upirveles yovlisa gamoiyeneba 
gogirdwyalbadis, Tiolebisa da Tavisufali gogirdis gansazRvrisaT-
vis. 

laboratoriul praqtikaSi TvisebiTi analizis meTodebidan yvela-
ze metad gamoiyeneba sinji spilenZis firfitaze da e.w. `saeqimo sinji~. 

sinji spilenZis firfitaze miRebulia standartul meTodad da sa-
erTaSoriso gamoyeneba aqvs. misi arsi SemdegSi mdgomareobs: gacxele-
bul navTobsa da navTobroduqtebSi (benzini, navTi, reaqtiuli sawvavi, 
dizelis sawvavi, sacxebi zeTi) spilenZis firfitis moTavsebisas garkve-
uli drois Semdeg firfita SeiRebeba sxvadasxva ferad (masze Cndeba 
sxvadasxva feris laqa) — Ria nacrisferidan TiTqmis Sav feramde. daaxloe-

biT 1000C-ze spilenZis firfitaze moyviTalo-narinjisferi laqebis ga-
Cena miuTiTebs navTobproduqtebSi Tiolebis da sulfidebis arsebobaze. 

navTobroduqtebSi Tavisufali gogirdis aRmoCena SeiZleba meta-
luri vercxliswyliT, masze Savi feris laqis gaCeniT. 

e.w. `saeqimo sinjis~ meTodi SemdegSi mdgomareobs: navTobproduqtisa 
da natriumis plumbatis xsnars intensiurad ureven. Tu navTobproduqti 
Seicavs gogirdwyalbads, gamoiyofa tyviis sulfidis Savi feris naleqi. 

Na2PbO2 + H2S → PbS + 2NaOH 

`saeqimo sinji~ Zalian mgrZnobiarea. misi saSualebiT SesaZlebelia 
gogirdwyalbadis aRmoCena 0.0006%-mde Semcvelobisas. 

Na2PbO2-Tan reaqciaSi Sedian aseve Tiolebic: 

Na2PbO2 + 2 RSH → (RS)2Pb + 2NaOH 

Tiolebis SemTxvevaSi saanalizo navTobproduqti iRebs narinjis-
fers, yavisfers da Sav fers. 

SemuSavebulia gogirdSemcvel naerTTa jgufuri da struqturuli 
Sedgenilobis gansazRvris instrumentuli meTodebi: airad-Txevadi, 
Txevad-Txevadi qromatografia, polarografia, potenciometruli da 
amperimetruli gatitvra, ui-, iw- da bmr speqtroskopia, mas-speqtro-
metria. 

polarografiuli meTodi saSualebas iZleva ganisazRvros navTobsa 
da navTobproduqtSi gogirdwyalbadis, Tavisufali, Tioluri, sulfi-
duri da disulfiduri gogirdis Semcveloba. 
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Zravis sawvavebSi (benzinSi, reaqtiul da dizelis sawvavebSi) gogir-
dwyalbadsa da Tiolur gogirds sazRvraven saxelmwifo standartis mi-
xedviT — potenciometruli meTodiT; gatitvris mrudebis saSulebiT 
SesaZlebelia Tvisebrivad Sefasdes Tavisufali gogirdis arseboba. 

merkaptanebis gansazRvrisaTvis iyeneben dinitroqlorbenzols. es 
meTodi damyarebulia 2.4-dinitroqlorbenzolis Tvisebaze — momenta-
lurad Sevides reaqciaSi merkaptanebTan kristaluri nivTierebis war-
moqmniT. 

miRebuli kristaluri nivTierebebi xasiaTdebian gansazRvruli 
lRobis temperaturiT. 

aseve aRsaniSnavia, rom miRebuli nivTierebebi advilad iJangebin 
permanganatiT Sesabamisi sulfonebis warmoqmniT. sulfonebic aseve 
kristalur nivTierebebs warmoadgenen damaxasiaTebeli lRobis tempe-
raturiT. 

individualuri saxiT gogirdSemcvel naerTTa gansazRvra Zalian 
Znelia, amitom Cveulebriv isazRvreba saerTo gogirdis Semcveloba, 
romelic warmoadgens navTobisa da navTobproduqtebis erT-erT Ziri-
Tad maxasiaTebels. 

saerTo gogirdis gansazRvris meTodebs yofen or klasad: qimiur da 
fizikur meTodebad. 

analizis fizikur meTods ekuTvnis Semdegi meTodebi: neitronul-
aqtivaciuri (naa), rentgenul-fluorescenturi (rfa), rentgenul-radi-
ometruli (rrm) da atomur-adsorbciuli meTodi. 

neitronul-aqtivaciuri meTodi dafuZnebulia saanalizo nivTiere-
bebis birTvebTan neitronis urTierTqmedebaze (saSualebas iZleva gani-
sazRvros 5-10-2% gogirdi). 

rentgenul-fluorescentur meTods safuZvlad udevs rentgenis 
sxivebis STanTqmis xarisxis gansazRvra, Tu cnobilia damokidebuleba 
saanalizo nivTierebaTa koncentrciasa da rentgenis sxivebis STanTqmas 
Soris (meTodi gamoiyeneba 1.10-2% gogirdis Semcelobisas). 

rentgenul-fluorescenturi meTodis gamoyenebisas zomaven ren-
tgenis fluorescenciis kvantebis nakads, romelTa energia axasaiTebs 
gansasazRvrav elements, xolo intensiuroba — mis Semcvelobas (gogir-
dis gansazRvris zRvari 5.10-3% Seadgens). 

saerTo gogirdis gansazRvris qimiuri meTodebidan yvelaze farTod 
gamoiyeneba daJangvis meTodi; sxvadasxva konstruqciis xelsawyoSi (na-
TuraSi, kalorimetrul yumbaraSi, kvarcis milSi, tigelSi, kolbaSi, di-
oqsanis sanTuraSi) wvaven navTobs da navTobproduqts. wvis Sedegad war-
moqmnil gogirdis oqsidebs absorberSi akaveben da Semdeg axdenen maT 
raodenobriv gansazRvras. 
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naTuris meTodis arsi SemdegSi mdgomareobs: specialur naTuraSi 
iwveba navTobproduqti (arambolavi aliT), ris Semdeg absorberSi xdeba 
warmoqmnili gogirdis (IV) oqsidis STanTqma sodis xsnariT. miRebul 
xsnarSi gatitvriT isazRvreba Warbi sodis raodenoba, riTac gaiangari-
Seba gogirdis (IV) oqsidis STanTqmisas daxarjuli sodis raodenoba, Se-
sabamisad — gogirdis raodenoba. 

9.2. naxSirwyalbadTa jgufuri da struqturul-jgufuri 

Sedgenilobis gansazRvra 

teqnikuri miznebisaTvis navTobis fraqciebis individualur Sedge-
nilobis Seswavla ar aris saWiro, sakmarisia maTSi klasebis mixedviT nax-
SirwyalbadTa jamuri Semcvelobis gansazRvra. 

am mizniT gamoiyeneba 1. qimiuri, 2. fizikur-qimiuri, 3. fizikuri da 4. 
kombinirebuli meTodebi. 
1. qimiuri meTodebi damyarebulia romelime reagentis SerCeviT moqme-

debaze gansazRvruli klasis naxSirwyalbadebTan (arenebTan an alke-
nebTan), romelTa raodenobrivi Semcveloba ganisazRvreba reagen-
tis moqmedebis Sedegad sawyisi narevis moculobis cvlilebiT an mi-
Rebuli reaqciis produqtis raodenobiT. 

2. fizikur-qimiuri meTodi damyarebulia sxvadasxva klasisa da aRna-
gobis naxSirwyalbadebis gansxvavebuli eqstraqciisa da adsorbciis 
unarze. 

3. fizikuri (instrumentuli) meTodebia: ultraiisferi, infrawiTeli, 
bmr speqtroskopuli da qromato-mas-speqtrometruli meTodebi. 

4. kombinirebuli meTodebi. am meTodis dros erTdroulad gamoiyeneba 
romelime ori meTodi. mag.; sazRvraven navTobproduqtis fizikur 
Tvisebebs (gardatexis maCvenebels, sxva gmxsnelSi gaxsnis kritikul 
temperaturas) arenebis mocilebamde da mocilebis Semdeg. narevSi 
Semavali individuluri komponentebis dayofa xdeba preparatuli 
qromatografiiT, xolo identifikacia — speqtraluri an sxva me-
TodebiT. 
qimiuri meTodis gamoyenebiT ZiriTadad isazRvreba alkenebi da 

aromatuli naxSirwyalbadebi. 
bunebrivi navTobi da misgan gamoxdiT miRebuli navTobproduqtebi 

ujer naxSirwyalbadebs ar Seicaven. ujeri naxSirwyalbadebi Sedian Ter-
muli da Termokatalizuri gadamuSavebis Sedegad miRebul navTobpro-
duqtebSi. 

navTobproduqtebSi ujeri naxSirwyalbadebis gansazRvra emyareba 
maT gazrdil reaqciisunarianobas mierTebis reaqiebSi, kerZod, haloge-
nebTan (bromTan, iodTan) 
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R-CH=CH-R1 + X2 → R-CHX-CHX-R1 

ujeri naerTebis Semcvelobas navTobproduqtebSi gamosaxaven iodis 
an bromis ricxviT. 

iodis (bromis) ricxvi ewodeba iodis (bromis) raodenobas g-Si, rome-
lic gansazRvrul pirobebSi uerTdeba 100g sakvlev produqts. 

alkenebis gansazRvrisaTvis zog SemTxvevaSi mimarTaven hidrirebis 
reaqcias, romelic tardeba platinis an paladiumis katalizatorebis 
monawileobiT oTaxis temperturaze. am pirobebSi arenebi ar hidrirde-
bian. am SemTxvevaSi sakvlevi produqtis ujerobis xarisxs axasiaTeben 
wyalbadis ricxviT. 

wyalbadis ricxvi ewodeba wyalbadis (moculobiT) raodenobas sm3-Si, 
romelsac ierTebs 1 g sakvlevi nivTiereba. 

sufTa saxiT alkenebis gamosayofad iyeneben reaqcias vercxlis-
wylis acetatTan meTanolis areSi:  

                        |   | 

CH3O-C-C-HgOOCCH3>C=C< + Hg(OOCCH3)2 + CH3OH + CH3COOH
 

reaqciis produqts gamoyofen reaqciaSi Seusvleli gamxsnelisa da 
naxSirwyalbadebis gadadeniT vakuumSi. miRebul vercxliswylis nawar-
mze araorganuli mJavebis moqmedebiT xdeba alkenebis gamoyofa. 

benzinis fraqciebidan alkenebis mocileba xdeba 85%-iani gogir-
dmJaviT. 

aromatuli naxSirwyalbadebis gansazRvrisTvis gamoiyeneba 98-99%-
iani gogirdmJava an 5-10%-iani oleumi oTaxis temperaturaze. alkanebi-
sa da cikloalkanebisagan gansxvavebiT, arenebi raodenobrivad Sedian 
sulfirebis reaqciaSi, warmoqmnili aromatuli sulfomJava ixsneba 

Warb gogirdmJavaSi. sawyisi fraqciis moculobis Semcireba (∆V) Seesaba-
meba masSi arsebuli arenebis moculobas.  

qimiuri reaqciisunarianobiT gansxvavdebian nafTalinis, antracenis 
da fenantrenis rigis naxSirwyalbadebi, rac TiTeuli maTganis gansazR-
vris saSualebas iZleva. 

navTobis fraqciebSi Semavali nafTalinis rigis da sxva policiklu-
ri naxSirwyalbadebis gansazRvra efuZneba maT unars pikrinis mJavas an 
sxva Zlier eleqtronoaqceptorul nivTierebebTan warmoqmnan kompleq-
suri naerTebi. 

antracenisa da misi homologebis gamoyofa advilad xdeba maleinis an-
hidridiT gacxelebisas. aduqtis warmoqmna analogiurad mimdinareobs 
nafTalinis warmoebulebTanac, magram ufro Znelad. fenantrenis rigis 
naxSirwyalbadebis gamosayofad imave maleinis anhidridTan process ata-
reben sinaTleze — aduqtis warmoqmna mimdinareobs fotokondensaciiT. 
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aRsaniSnavia, rom fenantrenSi 9,10-mdgomareobaSi Camnacvleblis ar-
seboba iwvevs aduqtis gamosavlianobis gazrdas, magram didi moculobis 
radikalebi abrkoleben reaqciis warmarTvas. saerTod, maleinis anhid-
ridTan fenantrenis nawarmebis aduqtis gamosavlianoba Seadgens 40-
60%-s. 

amrigad, fraqciis maleinis anhidridiT damuSavebisas sibneleSi xde-
ba antracenis rigis naxSirwyalbadebis gamoyofa, xolo Semdeg ultrai-
isferi sxivebis moqmedebiT xdeba fenantrenisa da misi homologebis ga-
moyofa. 

aRsaniSnavia, rom ultraiisferi dasxivebis xangrZlivobis varire-
biT SesaZlebelia navTobis fraqciebidan nafTalinis (2 sT-iani dasxive-
ba), fenantrenisa (6 sT-iani dasxiveba) da benzolis rigis naxSirwyalba-
debis (28 sT-iani dasxiveba) Tanmimdevruli gamoyofa. 

kvlevis fizikur-qimiuri meTodebidan jgufuri Sedgenilobis da-
sadgenad farTod gamoiyeneba Txevad-adsorbciuli meTodi. am meTodis 
gamoyenebiT SesaZlebelia navTobis fraqciebidan ara mxolod alkanur-
cikloalkan-aromatuli naxSirwyalbadebis gamoyofa, aramed gradien-
tuli eluirebis meTodis gamoyenebiT cikloalkanebis da aromatuli 
naxSirwyalbadebis dayofa birTvebis raodenobis mixedviT mono-, di-, 
tri-, da policiklur naxSirwyalbadebad.  

procesi tardeba qromatografiul svetebSi; adsorbentebad gamoi-
yeneba silikageli an ormagi adsorbenti — aluminis oqsidi da silikage-
li. navTisa da zeTebis fraqciis analizisas najeri naxSirwyalbadebis 

desorbentebad (gamosarecxad) gamoiyeneba C5-C7 Sedgenilobis n. alkane-
bi, aromatuli da heteroatomis Semcveli komponentebis gamosatanad — 
benzoli, spirtisa da benzolis narevi, acetoni, qloroformi (moZravi 
fazis polarobis TandaTanobiT gazrdiT).  

Camosul fraqciebs agroveben mcire ulufobiT (3-3ml-is raodeno-

biT). gamxsnelis mocilebis Semdeg eluents usazRvraven nD-s. fraqciebs, 

romelTa nD 0.0005-ze meti ricxviT ar gansxvavdebian, aerTianeben. 

1. normaluri an mcired gantotvili alkanebis, romelTa gamyarebis 

temperatura 200C-ze metia, (nD <1.45-ze). 
2. ganStoebuli izoaRnagobis alkanebis (nD = 1.45-1.47). 
3. monocikluri ciloalkanebis (nD = 1.47-1.48). 
4. biciluri cikloalkanebis (nD = 1.48-1.49). 
5. tri- da policikluri cikloalkanebis (nD >1.49). 

arenebis gamosvlis dasawyisi mowmdeba formalituri reaqciiT (1 ml 
98% gogirdmJavasa da 2-3 wveTi 10%-iani formalinis xsnars emateba 1 ml 
svetidan Camosuli xsnari. xsnaris wiTlad Seferva miuTiTebs aromatu-
li naxSirwyalbadebis Semcvelobaze. 
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1. monocikluri arenebis (nD <1.53) 
2. bicikluri arenebis (nD = 1.53-1.55) 
3. tri- da policikluri arenebis (nD >1.55) 

jgufuri analizis dros farTo gamoyeneba moipova xsnaris adsor-
bciam qromatografiul svetze fluorescirebadi (luminescirebadi) in-
dikatoris gamoyenebiT e.w. fia-is meTodma. silikageliT Sevsebul svet-
Si saanalizo fraqciasTan erTad mcire raodenobiT SeaqvT fluoresci-
rebadi indikatori da saRebari, romelic kargad ixsneba aromatul nax-
SirwyalbadebSi da ar ixsneba alkanebsa da cikloalkanebSi. ultraiis-
feri sxivebiT gaSuqebisas arenebis zona iZleva mkveTr cisfer fluo-
rescencias. am zonis simaRlis fardobiT adsorbentis saerTo fenis si-
maRlesTan, sazRvraven arenebis Semcvelobas navTobSi. 

navTobSi Semavali fisebis da asfaltenebis analizisaTvis gamoiyene-
ba qromatografia qaRaldze. aq qromatografiuli svetis rols asru-
lebs forovani qaRaldis zoli, uZrav fazas warmoadgens wyali, romel-
sac celulozas boWkoebi akavebs, xolo moZravs — organuli gamxsneli. 

qaRaldis zols aTavseben nimuSis spirt-benzolis xsnarSi da tove-
ben 12-14 sT-iT. qaRaldis xsnaridan amoRebis Semdeg gamxsneli orTqle-
ba. ultraiisferi sxivebiT gaSuqebisas fisi iZleva mkveTr yviTel lumi-
nescencias, asfaltenebi — muq yavisfers. 

navTobis mZime (4000C-ze ufro maRal temperaturaze gamoxdil) fraq-
ciebis saanalizod gamoiyeneba e.w. gel-qromatografia an eqskluziuri 
qromatografia. sveti ivseba geliT, romelsac gaaCnia garkveuli zomis 
forebi. Tu dasayofi narevi Seicavs ufro didi zomis molekulebs, vid-
re gelis forebis sididea, isini ver Sedian gelis forebSi, gadian gelis 
nawilakebs Soris da eluentis nakadiT swrafad gamodian svetidan. amri-
gad, isini moqmedeben molekuluri sacrebis meqanizmiT. 

saSualo zomis molekulebi Sedian gelis zogierT formebSi, Sesaba-
misad, svetSi yovndebian SedarebiT met xans da Camoedinebian didi zomis 
molekulebis Semcveli fraqciis Semdeg. mcire zomis molekulebi ki Se-
dian gelis nebismier forebSi, maTi gza grZeldeba da svetidan Camoedi-
nebian bolo fraqciis saxiT. 

adsorbentebad gel-qromatografiaSi gamoiyeneba sefadeqsi LH-20 
da stiroldivinilbenzolis gelebi, romlebSic alkanebis da cikloal-
kanebis gamosvla xdeba molekulur sacrebSi, xolo policikluri arene-
bis eluireba damokidebulia gamxsnelze. qloroformisa da tetrahid-
rofuranis gamoyenebisas arenebis eluirebac gel-filtraciis analogi-
urad mimdinareobs. eluentebad ketonebis, spirtebis, acetonitrilis 
gamoyenebisas Tavs iCens adsorbciuli efeqti. aromatuli birTvebis 
ricxvis zrdasTan erTad naerTis Sekavebis dro izrdeba. 
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navTobproduqtebSi naxSirwyalbadTa jgufuri Sedgenilobis gan-
sazRvris erT-erT farTod gamoyenebul meTods warmoadgens anilinuri 
meTodi, romelsac safuZvlad udevs sxvadasxva klasis naxSirwyalbadis 
gansxvavebuli xsnadoba anilinSi. 

navTobis fraqciis anilinTan Serevisas xdeba ori Sris warmoqmna, 
radgan anilinSi navTobis fraqciaSi Semavali yvela komponenti ar ixsne-
ba. Tu am narevs mudmivi SenjRrevis pirobebSi gavacxelebT, romeliRac 
temperaturaze moxdeba anilinisa da navTobproduqtebis erTmaneTSi 
sruli gaxsna da xsnari xdeba erTgvarovani. im temperaturas, romelze-
dac xdeba navTobproduqtebisa da anilinis erTmaneTSi gaxsna, uwodeben 
anilinis wertils an mocemuli navTobproduqtebis anilinSi gaxsnis kri-
tikul temperaturas. naxSirwyalbadTa Soris yvelaze dabali anilinis 
wertili aqvT arenebs, yvelaze maRali —alkanebs, Sualeduri —cikloal-
kanebs. alkenebsa da cikloalkenebs gaaCniaT ramdenadme dabali anili-
nis wertili naxSirbadatomTa imave ricxvis Semcvel cikloalkanebTan 
SedarebiT. 

homologiuri rigis naxSirwyalbadebisaTvis anilinis wertili iz-
rdeba molekuluri masis (Sesabamisad duRilis temperaturis) zrdasTan 
erTad. 

arsebobs anilinis wertilis gansazRvris ori meTodi: toli mocu-
lobebisa da maqsimaluri anilinis wertilis gansazRvris meTodebi. 

pirveli meTodis mixedviT ureven toli moculobiT sakvlev fraqciasa 
da anilins da sazRvraven maT erTmaneTSi gaxsnis Sesabamis temperaturas. 

meore meTodis mixedviT fraqciis gansazRvrul moculobas TandaTa-
nobiT emateba anilini da yoveli damatebis Semdeg xdeba anilinis werti-
lis gansazRvra. SeimCna, rom anilinis raodenobis gazrdisas sruli gax-
snis temperatura Tavdapirvelad izrdeba da navTobis fraqciisa da ani-
linis moculobaTa romeliRac gansazRvrul Tanafardobaze aRwevs maqsi-
mums, xolo anilinis raodenobis Semdgomi gazrda iwvevs daklebas. tempe-
ratura, romelzedac xdeba sruli urTierTgaxsna, miCneulia anilinis 
maqsimalur wertilad, anu anilinSi xsnadobis kritikul temperaturad. 

am meTodiT benzinis jgufuri Sedgenilobis dasadgenad benzinis 
fraqcias xdian deflegmatorian kolbidan da agroveben viwro fraqciebs: 

600C-mde arenebs ar Seicavs; 

60-950C — benzolis Semcveli; 

95-1220C – toluolis Semcveli; 

122-1500C — qsilolebis da eTilbenzolis Semcveli; 

150-2000C — C9-C10 Sedgenilobis arenebis Semcveli. 

TiToeuli fraqciisaTvis sazRvraven anilinis wertils (T), ris Sem-
deg axdenen fraqciis dearomatizacias (arenebs acileben adsorbciiT 
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SiO2-ze an 98-100% gogirdmJaviT damuSavebiT). kvlav sazRvraven dearo-

matizebuli fraqciebisaTvis anilinis wertils — T1 (toli moculobebis 
meTodiT). 

aromatul naxSirwyalbadTa masuri wili A % gaiangariSeba Semdegi 
formuliT: 

A= K (T1-T), 

sadac (T1-T) anilinis wertilis depresiaa, romelic damokidebulia are-

nebis Semcvelobaze, K — koeficientia, romelic Seesabameba arenebis im 
raodenobiT Semcvlobas, romelic fraqciis dearomatizaciisas iwvevs 

anilinis wertilis 10C-iT Semcirebas. 

K damokidebulia viwro fraqciaSi arsebul arenebis bunebasa da ra-
odenobaze. isini gansazRvrulia eqsperimentulad (arenebis koncentra-
ciaze damokidebulebiT).  

arenebis mocilebis Semdeg fraqciaSi rCeba alkanebi da cikloalka-
nebi. maTi sxvadasxva raodenobrivi TanafardobiT miRebuli narevebi-
saTvis napovnia anilinis wertili, romelic Tavis mxriv saSualebas iZ-
leva ganisazRvros fraqciaSi cikloalkanebis masuri wili. 

amrigad, cikloalkanebis masur wils dearomatizebul fraqciaSi — 

H1-s sazRvraven anilinuri wertilis mixedviT, xolo cikloalkanebis ma-
sur wils sawyis fraqciaSi —Semdegi formuliT: 

H=
H1(100-A)

100  
sadac A arenebis masuri wilia, xolo alkanebis masur wils (π%) sawyis 
fraqciaSi sazRvraven sxvaobiT: 

π = 100 -(A +H) 

600C-mde fraqciaSi, romelic arenebs ar Seicavs, cikloalkanebis 
Semcvelobas adgenen fraqciis simkvrivis mixedviT. 

arenebis masur wils benzinSi sazRvraven Semdegi formuliT: 

A=
A1B1+A2B2+...+AnBn

100  

sadac A1, A2….An arenebis masuri wilia viwro fraqciebSi, xolo                

B1, B2….Bn — viwro fraqciebis masuri wili benzinSi. 
msgavsad iangariSeba cikloalkanebis da alkanebis Semcveloba ben-

zinSi. 
mZime da saSualo navTobproduqtebis analizisTvis farTo gamoyene-

ba moipova analizis instrumentulma da fizikur-qimiurma meTodebma, 
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rogorebicaa: qromatografia, mas-speqtrometria, bmr-, iw- da ui-speq-
troskopia. gansakuTrebiT karg Sedegs iZleva am meTodebis kompleqsu-
ri gamoyeneba. 

navTobSi aromatul naxSirwyalbadTa Semcvelobis dadgena SesaZle-

belia ui-speqtroskopiis gamoyenebiT (λ 190-400 nm ubanSi). 
aromatuli naxSirwyalbadebis Sesabamisi ui-speqtrebi, ciklebis 

ricxvisa da aRnagobisgan (xazovani Tu angularuli) damokidebulebiT, 
mniSvnelovnad gansxvavdeba erTmaneTisagan. mag; monocikluri aromatu-
li naxSirwyalbadebisaTvis STanTqmis maqsimumi 255-275nm ubanSia, bicik-
luri arenebisTvis ki STanTqmis zoli ufro intensiuria da 275-290nm 
ubanSia, amasTanave maTTvis damaxasiaTebelia 310-330nm ubanSi erTmane-
Tis gverdiT ganlagebuli ori piki (gamxsnelad yvelaze xSirad iyeneben 
silikagelze gasufTavebul izooqtans). 

gansxvavebuli tipis aromatuli birTvebis speqtruli monacemebis 
gasaSualebis safuZvelze miRebulia gantolebani, romlebic saSualebas 

iZlevian ganisazRvros benzoluri (Cben), nafTalinuri (Cn), fenantrenu-

li (Cf) naxSirwyalbadebis masuri wili narevSi: 

Cben =0.184K198–0.025 K230–0.045 K255–0.002 K270–0.111 K338+0.854 K375+0.320 K435, 

Cnaf =0.011K198–0.159 K230–0.025 K255–0.020 K270–0.101 K338+0.255 K375+0.022 K435, 

Cfen =0.001K198–0.001 K230–0.391 K255–0.121 K270–0.023 K338+60312 K375+0.710 K435. 

sadac K198 , K230, K255, K270, K338 , K375 , K435 saanalizo fraqciis STanTqmis 
xvedriTi koeficientebia 198, 230nm da a.S. Sesabamis talRis sigrZeze. 

mowodebulia analogiuri gantolebani navTobis fraqciebSi antra-
cenis, qrizenis, benzfluorenis, pirenis da maTi homologebis gansazR-
vrisaTvis. 

navTobis saSualo da mZime (navTis, gazoilis da zeTebis) fraqciebSi 
naxSirwyalbadTa jgufuri Semcvelobis dadgena benzinis fraqciis 
msgavsad (fizikuri konstantebis safuZvelze aromatuli naxSirwyalba-
debis mocilebamde da mocilebis Semdeg) miuRebelia, radgan maRal 
fraqciebSi molekuluri masis zrdasTan erTad izrdeba hibriduli 
struqturis mqone naerTebis Semcveloba da naxSirwyalbadTa jgufebis 
dacileba qimiuri da fizikur-qimiuri meTodebiT gaZnelebulia. Sereu-
li struqturis naxSirwyalbadebi (mag., noniltetralini), romlis mole-
kula erTdroulad Seicavs aromatul, cikloalkanur da alkanis 
(grZeljaWvian) radikals, ixsneba koncentrirebul gogirdmJavaSi da 
isazRvreba rogorc wminda aromatuli naxSirwyalbadi. alkilis grZeli 
jaWvis arseboba aseve garkveul gavlenas axdens naerTis qimiur Tvise-
bebze. yovelive amis gamo, navTobis maRali fraqciebis jgufuri Sedge-
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nilobis gansazRvra gaZnelebulic aris da mizanSeuwonelic. navTobis 
mZime fraqciebis Seswavlis dros ZiriTadad xdeba struqturul-jgufu-
ri Sedgenilobis Seswavla. 

9.3. navTobproduqtebSi individualur 

nivTierebaTa gansazRvra qromatografiuli meTodiT 

navTobproduqtebSi individualur nivTierebaTa gansazRvrisaTvis 
warmatebiT gamoiyeneba airad-adsorbciuli, airad-Txevadi qromatog-
rafia, romelic tardeba specilur xelsawyoebSi — qromatografebSi. 

qromatografi Sedgeba Semdegi ZiriTadi nawilebisagan: 

1. qromatografiuli sveti; 

2. deteqtori; 

3. dinebis siCqaris mricxveli (regulatori); 

4. sinjis da airmatareblis mimwodebeli mowyobiloba; 

5. saregistracio danadgari. 
sveti SeiZleba iyos 4-8 mm diametris ramdenime metri sigrZis meta-

lis an minis milisagan daxveuli spirali, an 0.25-0.35 mm dimetris ramde-
nime aTeuli da zogjer aseuli metris sigrZis kapilarisagan damzadebu-
li spirali. 

airad-adsorbciuli qromatografiis dros svets avseben wvrilad 
daqucmacebuli myari adsorbentiT, xolo airad-Txevadi qromatogra-
fiis dros myari inertuli sarCuliT, romelic gaJRenTilia uZravi, mci-
redaqroladi siTxiT; kapilaruli spiralis dros ki Txevadi faza uSua-
lod daaqvT kapilaris Sida kedlebze. 

ganasxvaveben seleqciur da araseleqciur fazebs. 
araseleqciur fazaze dayofa xdeba mxolod duRilis temperaturis 

Sesabamisad. am SemTxvevaSi Txevad fazad gmoiyeneba arapolaruli an 
mcired polaruli siTxeebi (misi qimiuri bunebisagan ganurCevlad), xo-
lo seleqciur fazad gmoiyeneba sxvadasxva polaruli gamxsneli, ro-
melTac SeuZliaT sxvadasxva siZlieriT daakavon sxvadasxva klasis nax-
Sirwyalbadebi. 

saanalizo narevi qromatografSi SehyavT Spricis an specialuri ma-
dozirebeli mowyobilobis saSualebiT, romelic orTqldeba asaor-
TqlebelSi, es ukanaskneli gacxelebulia fraqciis duRilis temperatu-
raze maRla. warmoqmnili saanalizo narevis orTqli waritaceba air-ma-
tarebliT da gadadis svetSi. svetSi gadaadgilebisas narevSi Semavali 
komponentebi nawildebian uZrav fazaSi. dayofili komponentebi sxva-
dasxva drois SualedSi gamodian svetidan da gadadian deteqtorSi. de-
teqtoris moqmedebis principi SeiZleba iyos sxvadasxvagvari. farTo ga-
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moyeneba aqvs deteqtorebs, romelTa moqmedeba emyareba sufTa air-mata-
reblisa da saanalizo narevis Tbogamtarobis sxvaobis gansazRvras. 
aseT deteqtorebs katarometrebi ewodebaT. 

katarometris korpusSi aris ori kamera, romelTa RerZebze daWimu-
lia erTnairi winaRobis platinis an volframis mavTulebi. isini Sedian 
uitstonis bogiris sqemaSi, romelTa ganStoebaSi gadis mudmivi deni. sa-
nam deteqtoris orive kameraSi mxolod air-matarebeli gadis, TiTeuli 
mavTulisagan siTbos gadacema xdeba erTnairi siCqariT, mavTulebis 

temperatura da winaRoba (R1=R2) erTnairia. uitstonis bogiri imyofeba 
wonasworobaSi. magram rodesac erT-erT kameraSi air-matarebelTan er-
Tad Sedis saanalizo narevSi myofi komponentebi, romlis Tbogamtaroba 
gansxvavdeba air-matareblis Tbogamtarobisgan, siTbos gadacemis siCqa-
re icvleba da amitom icvleba mavTulis temperatura da amis Sedegad mi-
si winaRoba, uitstonis bogiris wonasworoba da sistemaSi aRiZvreba po-
tencialTa sxvaoba. is Zlierdeba, gadaecema maregistrirebel danad-
gars, sadac gansazRvruli sididis pikis saxiT fiqsirdeba diagramaze. 
garkveuli drois Semdeg deteqtorSi Sedis svetidan gamosuli Semdegi 
komponenti, romelsac diagramaze Seesabameba meore piki da a.S. pikis 
farTi damokidebulia komponentTa raodenobaze. 

airad qromatografiaSi aseve farTod gamoiyeneba alur-ionizaciu-
ri deteqtorebi. maTi muSaobis principi SemdegSi mdgomareobs: Cveuleb-
riv mdgomareobaSi airebi dens ar atareben, magram alis da aseve gamosxi-
vebis zemoqmedebiT airSi xdeba ionebis da eleqtronebis warmoqmna da 
mas ukve SeuZlia denis gatareba (xdeba gamtari), deteqtorSi wyalbadis 
wvis Sedegad warmoiqmneba ali, romelic moxvdeba ra saanalizo kompo-
nentTa narevSi, warmoqmnis damuxtul nawilakebs da eleqtrodebs Soris 
gaivlis deni, romelic aRiricxeba maregistrirebel danadgarze. 

zogjer iyeneben specialur deteqtorebs — eleqtronebis CamWerebs, 
mikrokulonometrebs da a.S., romlebic gamoirCevian maRali seleqciu-
robiT garkveuli jgufis mimarT. 

kulonometruli deteqtoris moqmedeba dafuZnebulia eluatis wvis 
Sedegad miRebuli produqtebis bromiT gatitvraze. es meTodi gamoiye-
neba gogirdSemcveli naerTebis gansazRvrisaTvis. 

eleqtronis CamWeri (wamtacebeli) deteqtori xasiaTdeba ra eleq-
tronisadmi didi swrafviT, aqvs maRali mgrZnobiaroba fosfor- da ha-
logenSemcveli naerTebisadmi. 

narevSi komponentTa identifikaciisaTvis farTod gamoiyeneba maTi 
fardobiTi dakavebis dro: 

tfard=
t'R

t'st  
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sadac t′st standartuli nivTierebis (yvelaze xSirad standartul nivTi-

erebad iyeneben n-alkans) dakavebis Sesworebuli droa, xolo t′R — narevSi 

Semavali komponentebis dakavebis Sesworebuli dro (t′R da t′st erTsa da 
imave pirobebSi isazRvreba). 

dakavebis Sesworebuli dro t′R = tR-t0, sadac tR aris dro nimuSis svetSi 

Seyvanidan pikis maqsimumis gamosvlis momentamde, t0 — komponentis airad 
fazaSi yofnis dro. 

mocemul uZrav fazaSi naerTTa dakavebis dro damokidebulia air-
matareblis siCqareze, svetSi gamxsnelis raodenobaze. 

aseve komponentTa identifikaciisaTvis farTod gamoiyeneba kovaCis 
indeqsebi: 

l=100
lgt 1

R lgt n-

lgt n+1 - lgt
n

+100n

 

sadac tn, tn+1 aris n da n+1 naxSirbadatomebis Semcveli n. alkanebis dakave-
bis Sesworebuli dro. 

kovaCis sistemis arsi imaSi mdgomareobs, rom mocemuli naerTis far-
dobiTi Sekavebis dros upirispireben n-alkanebis Sekavebis dros, ro-
melTa Sekavebis indeqsebis mniSvneloba miRebulia, rogorc naxSirbada-
tomebis ricxvis namravli 100-ze. kovaCis indeqsiT gaangriSebis dros sa-
Wiroa alkanebi ise SeirCes, rom sakvlevi nivTiereba eluirebdes maTSi. 

fardobiTi Sekavebis drois da kovaCis indeqsebis mniSvnelobebi mo-
cemulia sacnobaro literaturaSi. komponentTa Sekavebis fardobiTi 
drois (gaangariSebuli) SepirispirebiT literaturul monacemebTan 
xdeba sakvlev nivTierebaTa identificireba. 

qromatografiuli meTodis gamoyenebiT xdeba ara marto komponen-
tTa identifikacia, aramed maTi raodenobiTi Semcvelobis dadgena. 

saanalizo narevis raodenobrivi Sedgenilobis gansazRvras awarmoe-
ben pikebis simaRlis da farTobis mixedviT, radgan narevSi komponentTa 
Semcveloba am sidideebis proporciulia. 

arsebobs komponentTa raodenobrivi gansazRvris ramdenime meTodi: 
1) Sinagani normalizaciis meTodi. es meTodi SemdegSi mdgomare-

obs: romelime komponentis procentuli Semcveloba ganisazRvreba misi 
pikis dayvanili farTobis SefardebiT yvela pikis dayvnili farTobis 
jamTan: 

Ci=
S

i
1

ΣS i
1

∗100

 
sadac Si

1 komponentebis pikis dayvanili farTobia. pikis dayvanili far-

Tobi Si
1 aris Si

 -is pikis farTobis namravli Sesworebis koeficient K-ze, 
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romelic iTvaliswinebs mocemuli komponentis mimarT deteqtoris 
mgrZnobiarobas: 

Si
1 = Si Ki = hi bi Ki 

pikis farTobi ganisazRvreba misi simaRlis namravliT pikis Sua nawi-

lis Sesabamis siganeze: 

Si = hi bi  

2) absoluturi dakalibrebis meTodi. am meTodis mixedviT narevSi 

komponentTa procentul Semcvelobas sazRvraven sakalibro grafikis 

mixedviT. sakalibro grafiks ageben Semdeg koordinatebSi: pikis farTo-

bi — narevSi komponentis procentuli Semcveloba. mas ageben cnobili 

Sedgenilobis (xelovnurad damzadebuli) narevebis qromatografiuli 

analizis monacemebis safuZvelze. qromatogramebis mixedviT sazRvra-

ven TiTeuli pikis parametrebs da ageben grafiks. 

3) Sinagani standartis meTodi. saanalizo narevSi SeyavT standar-

tuli nivTiereba, romlis piki qromatogramaze mkveTrad unda iyos gamo-

yofili sxva pikebisagan. narevis nebismieri komponentis Semcveloba %-

Si ganisazRvreba Semdegi formulis mixedviT: 

C = Si′/S′st ⋅ P ⋅ 100 

sadac S′i komponentis pikis dayvanili farTia, S′st — standartuli nivTie-

rebis pikis dayvanili farTobi, xolo P — standartuli nivTierebis ma-

sis fardoba saanalizo nimuSis masasTan. 

C1-C5 naxSirbadatomebis Semcvel naxSirwyalbadTa gansazRvris me-

Tods safuZvlad udevs nivTierebaTa dayofa airad-Txevadi qromatog-

rafiiT da maTi registracia deteqtoriT Tbogamtarobis mixedviT. 

sorbentad gmoyenebulia vazelinis zeTiT modificirebuli alumi-

nis oqsidi. navTobSi arsebuli fisovani nawilis Sesakaveblad qromatog-

rafiis svetis cariel bolos ukavSireben 60 mm sigrZis miliseburad dax-

veul filtris qaRalds. 

saanalizo navTobis nimuSSi TiToeuli naxSirwyalbadis masuri wili 

gamoiTvleba Semdegi formuliT: 

Xi=
S A
m2

100
i

 

sadac Si mocemuli naxSirwyalbadebis pikis dayvanili farTobia; A — n-

heqsanis mixedviT damagraduirebeli koeficienti g/mm2; m2 — sinjis masa. 
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n-heqsanis mixedviT damagraduirebeli koeficienti (A) g/mm2 gamoiT-
vleba formuliT 

A=
m1X

S
100

 

sadac m1 qromatografSi Seyvanili damagraduirebeli narevis masaa; X — 

damagraduirebel narevSi n-heqsanis masuri wili %-Si; S – n-heqsanis pi-
kis farTobi. 

tardeba paraleluri gansazRvrebebi da iReben saSualo ariTmeti-
kul sidides. 

aRsaniSnavia, rom navTobidan gamoyofili benzinis fraqcia Seicavs 
5-10 naxSirbadatomis Semcvel naxSirwyalbadebs da maT heteronawarmebs. 

benzinis fraqciis analizisaTvis navTobidan gamoyofen naerTebs, 

romelTa duRilis tempertura 2000C-mdea (es fraqcia Seicavs daaxloe-
biT 200-mde gansxvavebul naxSirwyalbads). misi individualuri Sedgeni-
lobis Sesaswavlad sveturi qromatografiis saSualebiT (adsorbentad 

ACK markis silikagelis gamoyenebiT) arenebisagan acileben alkanebsa 
da cikloalkanebis narevs. arenebis analizs atareben airad-Txevadi 
qromatografiiT kapilaruli svetis gamoyenebiT, xolo alkanebisa da 
cikloalkanebis narevs gamoxdian 25-50 Teoriul TefSis efeqturobis 

sareqtifikacio svetze da cal-clke awarmoeben 1250C-mde da 125-1500C-
is intervalSi miRebuli fraqciebis qromatografiul analizs. 

1250C-mde fraqciis analizis dros, rodesac svetis temperatura 

300C-ia, erTdroulad gamoiyofa meTilcikloheqsani, 1.1.3-trimeTil-
ciklopentani da 2.2-dimeTilheqsani (maT erTi qromatografiuli piki 

SeesabamebaT), 700C-ze ki xdeba am naxSirwyalbadebis dayofa. aseve 500C-is 
dros 1.2-trans-dimeTilciklopentani, n-oqtani da 1.2.3.4-trans, trans, 

trans-tetrameTilciklopentani erTdroulad gamodian, 700C-ze ki xde-
ba maTi dayofa. garda amisa, temperaturis gazrdisas cikloalkanebis 
gamosvlis dro izrdeba etalonuri alkanebis mimarT, amitom ZiriTad 

temperaturas warmoadgens 700C. 
miRebul qromatogramaze pikebis identifikaciis mizniT qromatog-

rafSi etalonebad SehyavT individualuri naxSirwyalbadebi (mag. n-heq-
sani, n-heptani., n-oqtani) im temperaturaze, romelzedac tardeba ana-
lizi. Tu etalonuri naxSirwyalbadebis Sekavebis dro emTxveva saanali-
zo fraqciis romelime piks, maSin axdenen am pikis identificirebas. 

n-heqsanis Sekavebis dros iReben erTeulis tolad, iTvlian qroma-
togramaze yvela pikisaTvis Sekavebis drois mniSvnelobebs da adareben 
mas literaturul monacemebTan da axdenen pikebis identificirebas. 
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9.4. mas-speqtrometria 

mas-speqtrometriis gamoyenebam navTobis kvlevaSi SesaZlebeli ga-
xada navTobis saSualo da mZime fraqciebis Sedgenilobis gansazRvra. 

mas-speqtrometruli meTodi dafuZnebulia molekulebis ionizacia-
ze, warmoqmnili molekuluri ionisa da misi disociaciis Sedegad miRe-
buli e.w. namsxvrevi ionebis dayofasa da registraciaze.  

mas-speqtrometri Sedgeba Semdegi ZiriTadi nawilebisagan: ionebis 
wyaro, romelSic xdeba saanalizo nivTierebebis molekulebis ioniza-
cia; analizatori, romelic axorcielebs ionebis daSorebas; nivTiereba-
Ta ionebis wyaroSi Semyvani sistema, mas-speqtris registraciis sistema 
da amomtumbavi sistema, romelic uzrunvelyofs danadgarSi vakuumis 
Seqmnas. 

ionizaciisaTvis gamoiyeneba lazeruli gamosxivebis, eleqtronebis 
an aCqarebul nawilakTa (mag., inertuli airebis an Jangbadis dadebiTad 
damuxtuli ionebis) nakadi. 

warmoqmnili ionebis erTmaneTisagan dacileba xdeba mas-analiza-
torSi mudmivi magnituri an cvladi eleqtromagnituri velis moqmede-

biT m/e fardobis mixedviT (m – ionTa masaa; e — muxti). 
ionebis registracias awarmoeben eleqtruli an fotografuli me-

TodiT, ris Sedegadac miiReba xazebis erToblioba (mas-speqtri), ro-

melTa mdebareobis da pikebis mixedviT isazRvreba m/e, e.i. xdeba ionTa 
identificireba, xolo maTi intensivobis mixedviT ionTa fardobiTi 
(raodenobiTi) Semcvelobis dadgena warmoqmnil ionTa narevSi. 

organuli molekulis ionizaciisaTvis yvelaze farTod gamoiyeneba 
maRali — 70 ev an dabali 10-13 ev energiebis mqone eleqtronebis moqmedeba. 
vakuumSi, rogorc cnobilia alkanebis ionizaciis potencialia10-13 ev 
alkenebis — 9-10 ev alkilbenzolebis 8,5-9,5 ev, xolo policikluri are-
nebisaTvis 8 ev-ze naklebi.  

maionizirebel eleqtronebTan dajaxebisas naxSirwyalbadTa mole-
kulebidan xdeba savalento eleqtronebis moxleCa da molekuluri io-

nis M+ warmoqmna. SemdegSi molekuluri ioni disocirdeba SedarebiT 
stabiluri ionebis warmoqmnis mimarTulebiT.  

molekulis mdgradoba eleqtronis dartymis mimarT gamoisaxeba Sem-
degi formuliT : 

Wm=
Imol

Imol +Σ Inamsxv.  

sadac Wm aris dauSleli molekuluri ionebis raodenoba, I mol da ΣInamsxv. 

aris molekuluri da namsxvrevi ionebis raodenoba, molekulebis ioni-
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zacia mimdinareobs swrafad 10-15 wamSi, xolo daSla 10-6-10-10 wm-Si. drois 
am SualedSi ionizaciis procesSi ionizirebuli molekulis mier eleq-
tronisagan miRebuli Warbi energia (romelic aRemateba ionizaciis 
energias), gadanawildeba brunviT, rxeviT da eleqtronul mdgomareo-
bebze; Tu molekulaSi arsebobs SeuRlebulbmebiani sistema, maSin ioni-
zirebuli molekulis Warbi energia aswrebs gadanawilebas mTel mole-
kulur ionSi, aseTi struqturis molekuluri ioni SedarebiT mdgradia 
da misi namsxvrev ionebad disociaciis xarisxi SedarebiT dabalia. mole-
kulaSi SeuRlebulbmebiani sistemis ararsebobisas, ionizirebuli mo-
lekulis Warbi energia ver aswrebs gadanawilebas mTel molekulur ion-
Si, dadebiTi muxtis lokalizeba xdeba yvelaze susti bmiT SekavSirebul 
ganapira atomze, romlis energia sakmarisia bmis gasaxleCad — Sedegad 
xdeba disociacia. 

yvelaze advilad ionizirdeba aromatuli naxSirwyalbadebi, Semdeg 
cikloalkanebi da Semdeg alkanebi. yvelaze nakleb mdgradia da swrafad 
disocirdeba alkanebis molekuluri ionebi, Semdeg cikloalkanebi da 
Semdeg arenebi. 

amasTanave aRsaniSnavia, rom alkanebis SemTxvevaSi, ufro naklebad 
mdgradia izoaRnagobis alkanebi — gantotvili jaWviT. cikloalkanebis 
SemTxvevaSi eqvswevriani cikloalkanebi xuTwevrian cikloalkanebze Se-
darebiT ufro stabilurebi arian, xolo biciklurebi-monociklurebze. 
rogorc alkilcikloalkanebis, ise arilcikloalkanebis SemTxvevaSi 

bmis gaxleCa xdeba muxtis matarebeli nawilakis mimarT β mdgomareobaSi. 

molekuluri ionis disociaciis Sedegad warmoqmnili namsxvrevi io-
nebis struqtura da intensivoba damokidebulia sawyisi molekulis aR-
nagobaze; SesaZlebelia winaswar maTi warmoqmnis gaTvaliswineba. Sebru-
nebiT, namsxvrevi ionebis identifikaciiT SesaZlebelia sawyisi moleku-
lis struqturis gansazRvra. 

9.5. bmr speqtruli analizi 

bmr speqtruli analizi ZiriTadad gamoiyeneba sxvadasxva struqtu-

rebSi arsebuli protonebis gansasazRvravad. 1H bmr speqtrebis 6,5-8,5 
velis m.n. gamovlenili protonebis signalebi Seesabameba aromatuli 

birTvis protonebs. aromatuli birTvis mimarT α-mdgomareobaSi arse-

bul CH-, CH2-, CH3-jgufis protonebs 1,8-4,0 m.n. velSi gamovlenili pro-

tonebi. 1,0-1,8 velis m.n. aromatul birTvis mimarT β mdgomareobaSi myof 

CH3-is jgufis protonebs, xolo 0,7-1,0 m.n. birTvidan γ mdgomareobaSi 

myof CH3-is jgufis protonebs. 
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fraqciis saSualo molekuluri masis da elementuri Sedgenilobis 
gamoTvliT Tu cnobilia saSualo empiriuli formula, maSin SesaZlebe-

lia wyalbadis atomebis ganlageba struqturul jgufebSi. 1H bmr speq-
troskopia iZleva `saSualo molekulebis~ ufro farTo daxasiaTebis sa-
Sualebas, magram meTodis naklia naxSirbadovani ConCxis aRnagobis ga-
moTvla wyalbadis ganlagebis mixedviT, mTeli rigi daSvebebiT. 

erTaderTi meTodi, romelic saSualebas iZleva arauSualod gaizo-

mos aromatuli naxSirbadis wili, aris 13C bmr speqtroskopia. navToburi 

fraqciis tipuri 13C bmr speqtri Seicavs najeri (0-70 m.w.) da aromatuli 
(100-170 m.w.) struqturebis naxSirbadis atomebis STanTqmis farTo 
zols. 
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10. navTobis da navTobproduqtebis gadamuSaveba 

10.1. navTobis pirveladi gadamuSaveba — gamoxda 

sabadodan mopovebuli navTobi — nedli navTobi — Seicavs gruntis 

wyals, masSi gaxsnil marilebs da airebs (H2S, CO2, CH4-C4H10), meqanikur mi-
narevebs: Tixis, qviSis, kirqvis nawilakebs. mopovebuli navTobis 1t. sa-
Sualod Seicavs 50-100m3 airebs, 200-300kg wyals. 

navTobSi Semavali C1-C4 Sedgenilobis airebi da benzinis fraqciis 
advilad aqroladi naxSirwyalbadebis umravlesoba Senaxvisa da tran-
sportirebis dros orTqldeba, ris Sedegadac adgili aqvs rogorc saw-
vavis danakargebs, ise garemos gaWuWyianebas. amitom navTobgadamamuSa-
vebel qarxanaSi gadagzavnamde aucilebelia airadi naxSirwyalbadebis 
mocileba. 

navTobidan airebisa da advilad aqroladi naxSirwyalbadebis moci-
lebis process navTobis stabilizacia ewodeba. 

navTobis stabilizacia xorcieldeba separaciiTa da reqtifikaciiT. 
separaciis meTodiT navTobidan airebis mocileba xdeba nedleulis 

erTjeradi da mravaljeradi aorTqlebiT separatoris saSualebiT (pir-
veli safexuris separacia). amis Semdeg navTobSi kidev rCeba 1,5-2,0%-mde 

C1-C4 Sedgenilobis naxSirwyalbadebi. ufro Rrma stabilizaciisaTvis 
msubuqi naxSirwyalbadebis mocileba xdeba specialur danadgarze, ro-
melic aRWurvilia sareqtifikacio svetebiT. 

am danadgaris gamoyenebiT miiReba 1) stabiluri navTobi da 2) air-
kondensati; airkondensatis dayofa individualur naxSirwyalbadebad 
xdeba specialur danadgarze — sareqtifikacio svetze. 

navTobis gamoxdamde aseve aucilebelia masSi arsebuli wylisa da ma-
rilebis mocileba, radgan wylis didi raodenobiT Semcveloba iwvevs 
navTobis gamoxdisas aparaturaSi wnevis gazrdas, aparaturis mwarmoeb-
lobis Semcirebas, wylis gacxelebasa da aorTqlebaze zedmeti siTbos 
xarjvas, xolo marilebi efineba Rumelebisa da siTbomimomcvlelebis 
milebis kedlebze, ris gamoc siTbogadacemis koeficienti mcirdeba. ami-
tom saWiro xdeba milebis xSiri gawmenda. gansakuTrebiT uaryofiTi moq-
medeba axasiaTebs qloridebs, radgan isini navTobis gamoxdisas hidro-
lizdebian da iwveven aparaturis korozias, grovdebian mazuTsa da gud-
ronSi da amcireben maT xarisxs. 
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warmoebaSi navTobidan wylis ZiriTadi masis mosacileblad gamoiye-
neba meqanikuri dawdomis meTodi. aRsaniSnavia, rom wyalTan erTad nav-
Tobs scildeba marilebis mniSvnelovani raodenoba. 

wylis darCenili nawili navTobSi imyofeba emulsiis saxiT. umravles 
SemTxvevaSi arsebobs wylis emulsia navTobSi, sadac sadispersio ares 
warmoadgens navTobi, xolo dispersiul fazas — wyali. aseTi emulsiebi 
hidrofoburebia, wyalSi moTavsebisas zeviT amotivtivdebian, xolo 
benzinSi — Tanabrad nawildebian gamxsnelis mTel masaSi. 

emulsiebis dasaSlelad gamoiyeneba 1) Termuli, 2) qimiuri da 3) 
eleqtruli meTodebi. 

Termuli meTodi: emulsiebis daSlas axdenen navTobis gacxelebiT, 
ris Sedegadac emulgatoris afski farTovdeba da skdeba, xolo siTxis 
wveTebi erwymian erTmaneTs. 

qimiuri meTodi: emulsiebis daSlas axdenen deemulgatorebiT; am 
mizniT gamoiyeneba araionogenuri deemulgatorebi — proqsamini, oqsie-
Tilirebuli cximovani mJavebi, da sxva. 

 
H(OC2H4)'m(OC3H6)'n                                         (C3H6O)"'n(C2H4O)"'mH             
                 
                                              NN-CH2-CH2-N
 
H(OC2H4)"m(OC3H6)''n                                       (C3H 6O)'"'n(C2H4O)"''mH  

proqsamini 

 
C17H34COOH

SO3H   
`petrovis kontaqti~ 

 
deemulgatorebi amcireben wylis wveTis garemomcveli fenebis 

struqturul meqanikur simtkices. 
emulsiis daSlis eleqtruli meTodi dafuZnebulia eleqtruli ve-

lis moqmedebaze, romelic zrdis wylis globulebis Sejaxebebis alba-
Tobas. calkeuli wveTebi miiswrafvian dadebiTi eleqtrodisadmi, eja-
xebian erTmaneTs, erTdebian ufro msxvil wveTebad. 

navTobidan wylisa da marilebis mosacileblad mrewvelobaSi far-
Tod gamoiyeneba emulsiebis daSlis kombinirebuli meTodebi: Termoqi-
miuri, eleqtroqimiuri da sxva. upiratesad gamoiyeneba Termoqimiuri 
meTodi — navTobis 80%-s am meTodiT amuSaveben. 

am mizniT navTobs emateba deemulgatori, Semdeg is cxeldeba da ga-
dadis dasawdomad; atmosferul wnevaze da arahermetul danadgarSi 
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procesis Catarebisas SesaZlebelia msubuqi navTobproduqtebis aor-
Tqleba-dakargva. amis Tavidan asacileblad procesi tardeba Semdegnai-
rad: 

airmocilebul nedl navTobs emateba deemulgatori, tumbos saSua-
lebiT gadaitumbeba TbomimomcvlelSi (romelic cxeldeba orTqliT), 
Semdeg gadadis TbodamwdomSi, romelSic 1,5-2 mpa wnevis pirobebSi nav-
Tobs ayovneben 1-3 sT-is ganmavlobaSi. aseve iyeneben eleqtroqimiur me-
Tods, am meTodSi Serwymulia navTobis Termoqimiuri meTodi da emulsi-
is damuSaveba eleqtruli deniT. 

gauwyloebuli navTobi Tbomcvleli milis saSualebiT gadadis re-
zervuarSi, sadac xdeba damatebiT wylis mocileba navTobis dawdomiT; 
miRebul wyals gadaqaCaven navTobis WaburRilSi an masSi gaxsnili de-
emulgatoris gamo, xelmeored gamoiyeneba amave daniSnulebiT. 

Termoqimiuri meTodiT navTobis damuSavebisas wylis Semcveloba 
mcirdeba 0,5-1,0%-mde. am dros scildeba aseve mniSvnelovani raodeno-
biT marilebic. umravles SemTxvevebSi saWiroa navTobis damatebiTi gaw-
menda wylisa da marilebisagan adsorbciuli meTodebiT. 

tumbos saSualebiT navTobi rezervuaridan gadmoiqaCeba gamosax-
del sistemaSi. gamosaxdeli danadgari Sedgeba gamaxurebeli milovani 
Rumelisa da sareqtifikacio svetisagan. 

milovan RumelSi moTavsebulia klaknili grZeli milsadeni, romel-
Sic uwyvetad miedineba navTobi. Rumels axureben mazuTiT an airiT. nav-

Tobi cxeldeba 385-4000C-mde da wamoqmnili orTqlisa da siTxis narevi 
gadadis sareqtifikacio svetSi. 

sareqtifikacio sveti vertikaluri, cilindruli formis uJangavi 
foladisagan agebuli danadgaria, romelic aRWurvilia horizontalu-
rad ganlagebuli xvretilebiani metaluri tixrebiT an ZgideebiT e.w. 
TefSebiT. xvretilebze gansazRvruli simaRlis milovani WanWikebia 
(Zirwaclili Wiqebia) damagrebuli, romlebic zevidan liTonis firfi-
tebiT aris gadaxuruli. `Wiqebsa~ da `saxuravebs~ Soris garkveuli sidi-
dis RreCoebia, romelSic Tavisuflad gadis zeviT mimavali orTqli. 

sareqtifikacio svetSi Semavali, milovan RumelSi gacxelebuli nav-
Tobis Txevadi, mZime nawili (mazuTi) qveviT Camoedineba da fskerze 
grovdeba; xolo orTqli xvretilebSi gadis da zeviT moZraobisas civ-
deba. masSi Semavali komponentebi TandaTanobiT kondensirdeba da Tav-
sdeba ama Tu im TefSze maTi duRilis temperaturis Sesabamisad. 

svetis muSaobis dros `Wiqebi~ CaZirulia TefSebze kondensirebul 
siTxeSi da warmoqmnian hidravlikur Camkets, romelSic barbotirebs 
qvevidan amomavali orTqli, rac iZleva siTxisa da orTqlis mravalje-
radi kontaqtis saSualebas. Sedegad orTqlis faza maqsimalurad mdid-
rdeba dabalmduRare komponentebiT, xolo siTxe maRalmduRareTi. 
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TefSebi erTmaneTTan SeerTebulia garkveuli simaRlis milovani 
`usaxuravo~ WiqebiT, romelTa meSveobiT siTxe qveda TefSebze Camoedi-
neba, saidanac isev orTqldeba da adis zeda TefSebze da a.S. am procesis 
mravaljeradi gameorebiT miiRweva reqtifikaciis maRali xarisxi. 

Cveulebiv wnevaze gamoxdisas navTobidan gamoiyofa Ria feris nav-
Tobproduqtebi (benzini, navTi, gazoili). darCenili mazuTis gamoxda 
xdeba Semcirebuli wnevis pirobebSi (3-5kpa) — vakuum-danadgarebSi. 

vakuum-danadgarebSi mazuTi jer milovan RumelSi cxeldeba, mazuT-
Si Semavali naxSirwyalbadebi Semcirebuli wnevis pirobebSi orTqldeba 
da sareqtifikacio svetSi gadadis, sadac xdeba misi fraqciebad dayofa; 
miiReba mZime gazoili da sxvadasxva saxis sacxebi zeTi. koSkis fskerze 
grovdeba gamouxdeli nawili — gudroni. 

xSirad navTobis gamosaxdeli aparatebi atmosferul wnevaze da Sem-
cirebuli wnevis pirobebSi calk-calkea agebuli, zogjer ki — erTad, 
kombinirebulad aris agebuli (atmosferul-vakuumuri danadgari).  
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10.2. navTobis meoradi gadamuSaveba 

navTobis meoradi gadamuSavebis procesebia: navTobproduqtebis 
krekingi, hidrokrekingi, pirolizi, dakoqsva, gawmenda da sxva. 

meoradi procesebis gamoyenebiT xdeba mZime fraqciidan da narCene-
bidan benzinis, navTis da dizelis sawvavebis miReba da maTi xarisxis gaz-
rda, kerZod, benzinis antidetonaciuri mdgradobis (oqtanuri ricxvis) 
da reaqtiuli sawvavis Termuli mdgradobis gazrda, pirdapir gamoxdiT 
miRebul navTobproduqtebSi gogirdis Semcvelobis Semcireba da sxva. 
navTobgadamuSavebis meoradi procesebis Sedegad miiReba agreTve nav-
Tobqimiuri mrewvelobisaTvis saWiro rigi nivTierebebi, Txevadi da ai-
radi alkanebi, alkenebi, dienebi, acetileni, arenebi, koqsi da sxva. 

10.2.1. krekingi 

naxSirwyalbadebi garkveuli zRvruli temperaturis zemoT gaxure-
bisas, ixliCebian da warmoqmnian ufro mcire molekuluri masis mqone 
naxSirwyalbadebis narevs. am process krekingi ewodeba (inglisuri sity-

vidan cracking — gaxleCa). 
Tavdapirvelad krekingis daniSnuleba iyo navTobis maRali fraqcii-

dan benzinis miReba. amJamad krekingis Sedegad, benzinis garda, iReben 
navTisa da dizelis fraqciebs da saqvabe sawvavs. 

arCeven ori tipis krekings: Termuls da katalizurs. 
Termuli krekingi, Tavis mxriv, iyofa Txevadfazur da airadfazur 

krekingad. Termul krekings ekuTvnis agreTve visbrekingi (msubuqi kre-
kingi). 

naxSirwyalbadebis daSlis temperatura damokidebulia mis moleku-
lur masasa da agebulebaze. naxSirbadatomebis toli ricxvis Semcvelo-
bis SemTxvevaSi, naxSirwyalbadTa Termuli mdgradoba izrdeba Semdegi 
TanmimdevrobiT: alkanebi < alkenebi < alkadienebi < naftenebi < benzo-
lis rigis naxSirwyalbadebi < kondensirebuli aromatuli naxSirwyal-
badebi. 

TiToeul homologiur rigSi naerTis Termuli mdgradoba mcirdeba 
naxSirbadovani jaWvis gazrdiT da mcired izrdeba jaWvis ganStoebiT. 

krekingi rTuli procesia, is moicavs – C-C- bmebis gaxleCis, dehidrire-
bis, izomerizaciis, alkilirebis, polimerizaciis, aromatizaciis da sxva pro-
cesebs. 

krekingis pirvelad procesebs Seadgenen is reaqciebi, romlebic da-

kavSirebulia C-C da C-H bmebis gawyvetasTan, xolo izomerizaciis da po-
limerizaciis reaqciebi krekingis meoradi procesebia. pirveladi pro-

cesebidan ufro advilia C-C bmis gaxleCa, radgan misi energia saSualod 
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260 kj/molis tolia, xolo C-H bmis energia saSualod 360 kj/molis 
tolia. 

krekingis buneba, siRrme da mimarTuleba damokidebulia mraval faqto-
rze, romelTagan umniSvnelovanesia temperatura, reaqciis dro da wneva. 

Termuli krekingi iwyeba 2600C-ze. benzinis maRali gamosavlianobis 

misaRwevad aucilebelia 400-5000C, temperaturis Semdgomi gazrdisas 

700-8000C-mde mniSvnelovani raodenobiT miiReba ujeri naxSirwyalbade-

bi, 800-10000C-ze ZiriTadad airadi produqtebi warmoiqmneba, xolo 1000-

12000C-ze xdeba sruli destruqcia naxSirbadad da wyalbadad. 
didi mniSvneloba eniWeba gacxelebis zonaSi narevis yofnis xangrZ-

livobas. aRsaniSnavia, rom procesis xangrZlivobis da temperaturis 
zrda erTi mimarTulebiT aCqareben reaqcias — rogorc amboben, isini 
urTierTSemcvlelebia. maRal temperaturaze mcire drois ganmavloba-
Si procesis Catarebisas xdeba ZiriTadad dabali da saSualo molekulu-
ri masis naxSirwyalbadebis, upiratesad aromatuli naxSirwyalbadebis 
da olefinebis warmoqmna, xolo krekingis xangrZlivoba xels uwyobs mZi-
me aromatizirebuli narCenebis warmoqmnas. 

wnevis cvlileba cvlis krekingis Sedegad miRebuli produqtebis na-
revis Sedgenilobas. kerZod, wnevis gazrdis Sedegad (le-Satelies prin-
cipidan gamomdinare) mcirdeba airadi produqtebis gamosavlianoba. nax-
Sirwyalbadebis gaxleCa ZiriTidad xdeba Sua adgilas. warmoqmnili al-
kenebi maRal wnevaze advilad hidrirdebian. 

krekingis erT-erTi saxea eleqtrokrekingi. magaliTad, meTanSi 
eleqtruli ganmuxtviT mimdinare procesi. Sedegad miiReba eTileni da 

acetileni. es procesi xorcieldeba agreTve 1000-13000C da 0.14 mpa wne-
vis pirobebSi 0.01-0.1wm-is ganmavlobaSi. 

Txevadfazur krekings atareben 420-5500C da 5 mpa wnevaze. es meTodi 
emyareba im faqts, rom naxSirwyalbadTa umravlesobisaTvis kritikuli 

temperaturaa 4000C da amis gamo isini maRali wnevis qveS Txevad fazaSi 
imyofebian. 

airadfazur krekings atareben normaluri wnevis pirobebSi 500-

5500C-ze. am pirobebSi naxSirwyalbadTa umravlesoba orTqldeba da kre-
kingi airad fazaSi mimdinareobs. 

Termuli krekingis meqanizmi ganvixiloT sxvadasxva rigis naxSir-
wyalbadTa magaliTze: 

alkanebis molekulebis C-C da C-H bmebis energiebi ramdenadme gan-

sxvavebulia, mag.; CH3–CH2-CH2-CH2-CH2-CH2-CH2-CH3 molekulaSi C1-C2 da 

C7-C8 bmis energiebi 335kj/molia; C2-C3 da C6-C7 — 322 kj/molis; C3-C4 da  

C5-C6 314 kj/moli; C4-C5 bmis 310 kj/molis. Sesabamisad, C-H bmis energie-
bia (kj/moli): 394, 373, 364, 360. 
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amrigad, bmebis energiebi molekulis centrSi yvelaze ufro mcirea, 

amitom Termuli krekingis pirobebSi (400-5500C) jaWvis gaxleCa upirate-
sad molekulis Sua nawilSi mimdinareobs: 

Cn+mH2(n+m)+2 → CnH2n+1+ CmH2m+1 

ufro maRal temperaturaze SesaZlebelia sxva bmebis gaxleCac. war-
moqmnili radikalebi ganicdian Semdeg gardaqmnebs: 

1) disproporcionirebis reaqcias — radikalebs Soris wyalbadato-
mebis gadanawileba, Sedegad warmoiqmneba alkanebi da alkenebi: 

CnH2n+1+ CmH2m+1 → CnH2n+ CmH2m+2 

(miRebuli naxSirwyalbadebi ganicdian Semdgom daSlas krekingis pi-
robebSi mdgradi saboloo produqtebis warmoqmnamde). 

2) radikalebis daSla ujeri naxSirwyalbadebisa da ufro mcire mo-
lekuluri masis axali Tavisufali radikalebis warmoqmniT. 

daSla ZiriTadad mimdinareobs gauwyvilebeli eleqtronis mqone 

naxSirbadatomis mimarT β-mdgomareobaSi, mag.: 

C8H17CH2CH2CHCH3 C8H17CH2+C3H6  

β-daSlis reaqcia mimdinareobs manamde, sanam ar warmoiqneba Sedare-
biT mdgradi radikali (romelsac ar gaaCnia gauwyvilebeli eleqtronis 

mqone β naxSirbadatomi). 
Termuli daSlis mimarT radikalebis SedarebiTi stabiloba mcirde-

ba rigSi: 

C
.
H3 > C

.
2H5 >izo C

.
3H7 >izo C

.
4H9 

es radikalebi Sedian reaqciaSi alkanebTan axali Tavisufali radi-
kalis warmoqmniT da agrZeleben jaWvur process: 

C
.
H3 + C10H22 → CH4 + C

.
10H21 

3) radikalis izomerizacia. 
izomerizacia mimdinareobs cikluri gardamavali mdgomareobis gav-

liT: 

CH2-CH2-CH-CH-CH2-CH2-CH3 CH3-(CH2 )3-CH-CH2-CH322

•

·· H2C

H2C
C
H2

CH

H
CH2

CH2 CH3

 

radikalis 1.5 izomerizaciis garda adgili aqvs 1.4; 1.6 da 1.7 izome-
rizacias. 
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4) radikalis mierTeba eTilenur naxSirwyalbadTan (β-daSlis Sebru-
nebuli reaqcia): 

CH3- CH=CH2 +CH3      CH3-CH-CH2-CH3  
Termuli krekingis Tavisufal-radikaluri meqanizmi mowodebuli 

iyo raisebis mier 1940 wels. 

maRali rigis alkenebis 400-5000C temperaturaze gacxelebisas upi-

ratesad mimdinareobs ormagi bmis mimarT β C-C bmebis gaxleCa: 

CH2=CH-CH2: CH2-CH2-CH2-CH3       CH2=CH-CH2 + CH2-CH2-CH2-CH3
 

jaWvi grZeldeba reaqciebiT: 

CH2=CH-CH2-CH2-CH2-CH2-CH3 + CH2-CH2-CH2-CH3
 

  CH2=CH-CH-CH2-CH2-CH2-CH3 + C4 H10
 

 
CH2= CH-CH- CH2:CH2-CH2-CH3  CH2=CH-CH=CH2 + CH2-CH2-CH3

 

CH2=CH-CH2-CH2-CH2-CH2-CH3 + C3H7  

CH2=CH-CH-CH2-CH2-CH2-CH3 +  C3H8
 

C = C bmis mimarT β C-H bmis garda SesaZlebelia γ, δ da a.S. meoreuli 

wyalbadis moxleCa (garda α C-H-isa); alkenebis sigrZis zrdasTan erTad 
izrdeba sxva wyalbadatomis moxleCis SesaZlebloba. 

cikloalkanebis SemTxvevaSi mimdinareobs rogorc C-C (upiratesad), 

ise C-H bmebis daxleCa. 

miaCniaT, rom cikloheqsanSi erTi C-C bmis gaxleCis Sedegad xdeba 
biradikalis warmoqmna, romelic Semdeg gardaiqmneba alkenad.  

CH2-(CH2)4-CH2

3CH2=CH2

CH2=CH-CH2CH2-CH2-CH3

CH2=CH2+CH2=CH-CH2-CH3

CH3-CH3+ CH2=CH-CH=CH2
 

reaqciis siCqare dabalia, radgan reaqciis Ι stadia — reaqciis inici-
reba saWiroebs maRal energias, xolo alkenebis dagrovebis Sedegad 
procesi mimdinareobs radikalur-jaWvuri meqanizmiT ormagi bmis mi-

marT β mdgomareobaSi arsebuli C- C bmebis daxleCiT. 
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CH2=CH-CH2: CH2 -CH2 -CH3              CH2=CH-CH2 + CH2-CH2-CH2   

 warmoqnili radikalebi ganapirobeben procesis gagrZelebas radi-
kalur-jaWvuri meqanizmiT: 

+ CH2-CH2-CH3 +CH3-CH2-CH3

    •

 •

 

CH2=CH-CH2-CH2-CH2-CH2        CH2=CH2 + CH2=CH-CH2-CH2
 

alkilcikloalkanebis SemTxvevaSi xdeba gverdiT jaWvSi C-C bmis 
gaxleCa Tavisufali radikalebis warmoqmniT, romlebic axdenen jaWvu-
ri procesebis warmarTvas. 

krekingis dros naklebi xarisxiT, magram mainc adgili aqvs ciklo-
heqsanisa da ciklopentanis birTvebis Semcveli naerTebis dehidrirebas 
— Sesabamisad aromatuli da ciklopentadienuri naxSirwyalbadebis war-
moqmnas. 

aromatuli naxSirwalbadebi sxva rigis naxSirwyalbadebTan Sedare-
biT, Termulad mniSvnelovnad mdgradebia. Termodinamikurad SesaZle-
belia aromatuli naxSirwyalbadebis sruli daSla — destruqcia naxSir-
badad da wyalbadad, ciklis gaxsna xdeba Zalian maRal temperaturaze. 
amitom benzolis da nafTalinis Termuli krekingis ZiriTadi mimarTu-
lebaa dehidrokondensacia: 

2 +H2
 

 

2

 

toluoli, iseve rogorc benzoli, ganicdis dehidrokondensacias: 

2C6H5-CH3

C6H5-CH2-CH2-C6H5

C6H5-CH2-C6H4-CH3  
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sawyisi stadia midis SedarebiT nela: 

C6H5-CH3→C6H5- C
.
H2+ H

.
 

Semdeg ki procesi viTardeba radikaluri jaWvuri meqanizmiT: 

C
.
H3 + C6H5CH3 → C6H5 C

.
H2+ CH4 

C6H5CH3 + H
.
 → C6H5 C

.
H2 + H2 

2 C6H5 C
.
H2 → C6H5-CH2-CH2-C6H5 

gamoyofili wyalbadis moqmedebiT mimdinareobs agreTve demeTili-
rebis reaqcia: 

C6H5-CH3 + H2 → C6 H6 + CH4 

gverdiT jaWvSi grZeli alkilis radikalis Semcveli arenebis Sem-
TxvevaSi adgili aqvs alkilis jgufebis daSlas. bunebrivia, yvelaze ad-

vilad xdeba aromatuli birTvis mimarT β C-C bmis gawyveta: 

C6H5-CH2:CH2-CH2-CH3 → C
.

6H5-C
.
H2+CH3-CH2- C

.
H2 

radikalis sawyis molekulasTan moqmedebisas SesaZlebelia nebismie-
ri meoreuli wyalbadatomis moxleCa, upiratesad ki aromatuli birTvis 

mimarT α CH2 jgufidan: 

C6H5-CH2-CH2-CH2-CH3+C6H5- C
.
H2 → C6H5- C

.
H-CH2-CH2-CH3+C6H5 CH3 

C6H5- C
.
H-CH2-CH2-CH3 → C6H5-CH = CH2+ C

.
H2-CH3 

warmoqmnili radikalebi agrZeleben process. 
Txevadfazuri da airadfazuri krekingis Sedegad miRebuli benzine-

bi SedgenilobiT mkveTrad gansxvavdeba erTmaneTisagan. 
Txevadfazuri krekingis Sedegad miRebuli benzini ZiriTadad Sei-

cavs alkanebs da 10-12%-mde alkenebs. aseTi benzinebi Senaxvisadmi 
mdgradebi arian. maT aqvT dabali oqtanuri ricxvi. airadfazuri krekin-
gis gziT miRebuli benzini Seicavs 45-50% alkenebs, 45-50% aromatul 
naxSirwyalbadebs da naftenebs. aRsaniSnavia, rom umravles SemTxvevaSi 
naxSirwyalbadTa narevis Termuli daSla ufro didi siCqariT mimdina-
reobs, vidre individualuri naxSirwyalbadebisa, radgan calkeuli suf-
Ta naxSirwyalbadebis daSla SeiZleba warimarTos arajaWvuri meqaniz-
miT — inicirebis dabali siCqaris gamo, maSin rodesac naxSirwyalbadebis 
narevis daSla yovelTvis jaWvuri meqanizmiT mimdinareobs. 
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mag.: benzolis daSlisas warmoqmnili fenilis radikali uerTdeba 

benzolis molekulas difenilis radikalis warmoqmniT, romlis siCqare 

dabalia, amitom procesi muxruWdeba. 

magram, Tu benzoli aris alkanebTan narevSi, maSin fenilis radikali 

Sedis alkanebTan reaqciaSi bevrad swrafad, vidre benzolTan — alkilis 

radikalis warmoqmniT: 

C
.

6H5-RH2 → C6H6 + R•
 

romlis gardaqmna gacilebiT swrafad mimdinareobs, gansakuTrebiT 

arastabiluri radikalebis warmoqmnisas, rodesac isini Seicaven β C-C 

bmebs. 
dadgenilia, rom individualuri naxSirwyalbadebis Termuli daSlis 

produqtebi gansxvavdebian naxSirwyalbadTa narevis Termuli daSlis 

produqtebisagan. 

10.2.2. visbrekingi 

visbrekingi (msubuqi krekingi) Termuli krekingis saxeobaa, romel-

sac iyeneben saqvabe sawvavis siblantis Sesamcireblad. 

visbrekings atareben 450-4800C temperaturaze 2-5 mpa wnevis pirobebSi. 

visbrekingis nedleuls warmoadgens navTobis narCenebi, gudronebi, 

asfaltebi, eqstraqtebi, katalizuri krekingis Sedegad miRebuli ga-

zoili. 

visbrekingis Sedegad ZiriTadi produqtis garda warmoiqmneba nax-

Sirwyalbadovani airi, kreking-benzini, navT-gazoilis fraqcia, Termo-

gazoili da krekingis narCeni. 

visbrekingis gziT miRebul benzins aqvs dabali oqtanuri ricxvi, Se-

icavs gogird- da azotSemcvel naerTebs da alkenebs, ris gamoc is qimiu-

ri arastabilurobiT xasiaTdeba. Zravis sawvavad gamoyenebisaTvis saWi-

roa misi gadamuSaveba: hidrogawmenda da riformingi. 

navT-gazoilis fraqcia (200-3500C) warmoadgens flotis mazuTis 

Zvirfas komponents. 

Termogazoils (>3500C) iyeneben, rogorc nedleuls katalizuri 

krekingis (hidrokrekingis) da teqnikuri naxSirbadis warmoebaSi. krekin-

gis narCens iyeneben rogorc saqvabe sawvavs. pirdapiri gamoxdis mazuT-

Tan SedarebiT mas gaaCnia maRali simkvrive da wvis siTbo. 
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10.2.3. katalizuri krekingi 

katalizatoris gamoyenebam krekingis procesSi SesaZlebeli gaxada 
dabalmduRare fraqciebis (Zravis sawvavebis) gamosavlianobis, xarisxis 
da procesis siCqaris mniSvnelovani gazrda. 

XX saukunis dasawyisidan tardeba farTo gamokvlevebi krekingis re-
aqciebSi katalizuri moqmedebis nivTierebaTa gamovlenis mimarTule-
biT. 

dadgenilia, rom am procesSi mravali metali avlens katalizur moq-

medebas, xels uwyobs C-C da C-H bmebis daxleCas. amasTanave zogierTi 

maTgani, magaliTad Cu da Pd warmarTavs ZiriTadad dehidrirebis reaqci-

as — (C-H) bmebis daxleCas, Fe, Ni da Co ki axdenen naxSirwyalbadebis srul 
daSlas naxSirbadad da wyalbadad. 

katalizuri aqtiurobiT xasiaTdebian aseve rigi Senadnobebi, metal-
Ta oqsidebi da halogenidebi.  

Tavdapirvelad warmoebaSi katalizatorad ZiriTadad gamoiyenebo-

da AlCl3 da Fe2O3. 
AlCl3-is gamoyenebisas nedleuls amatebdnen 5-10% AlCl3 da acxeleb-

dnen 260-2800C-ze, ris Sedegadac miiReboda 70% benzini, 10% airi da 20% 
koqsi. 

warmoqmnili benzini alkenebs ar Seicavs: Sedgeba ZiriTadad ciklo-

alkanebis, alkanebisa da mcire raodenobiT arenebisagan. ixdeba 1700C-
mde, oqtanuri ricxvi 77-80-is farglebSia. 

AlCl3-is gamoyeneba warmoebaSi rig siZneleebTan aris dakavSirebuli, 
ris gamoc man farTo gamoyeneba ver moipova. 

katalizuri krekingis ganviTarebas xeli Seuwyo katalizatorebad bu-
nebrivi da sinTezuri alumosilikatebis gamoyenebam; xSirad maT aqtivato-

rebis saxiT umatebdnen 0.5 -1%-mde Fe-is, Ni-is, Co-is, Cu-is, Cr-is da Mn-is ma-
rilebs. 

amJamad krekingisaTvis warmatebiT gamoiyeneba 10-25% ceoliTis Sem-
cveli aluminsilikatebi, gansakuTrebiT iSviaTmiwa elementebis Semcve-

li an dekationirebuli formis Y tipis ceoliTebi, romlebic Tanabrad 
arian ganawilebulni amorful aluminsilikatebze. 

am katalizatorebis gamoyenebiT SesaZlebeli gaxda mniSvnelovnad 
gazrdiliyo procesis siCqare; amasTanave 30-40% gaizarda miznobrivi 
produqtebis gamosavlianoba. katalizuri krekingis nedleulad gamoi-
yeneba rogorc atmosferuli, ise vakuumuri gazoili, aseve navTobis me-
oradi gadamuSavebis — dakoqsvis, deasfaltizaciis Sedegad miRebuli 
produqtebis krekingi. gansakuTrebiT mizanSewonilia am mizniT nafte-
nebisa da alkanebis maRali Semcvelobis nedleulis gamoyeneba. 
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katalizuri krekingis Sedegad miRebuli produqtebis Sedgeniloba 

da raodenoba damokidebulia gamoyenebul nadleulze, katalizatorze 
da procesis reJimze. 

maRaloqtanuri benzinis garda, katalizuri krekingis produqtebs 

warmoadgens airadi naxSirwyalbadebi, msubuqi gazoili (195-3500C), mZime 

gazoili (>3500C). 
msubuqi gazoili gamoiyeneba dizelis sawvavis komponentad da mazu-

Tis ganzavebisaTvis, xolo mZime gazoili (>3500C) gamoiyeneba saqvabe saw-

vavad an nedleulad Termuli krekingisa da dakoqsvisaTvis. 

katalizuri krekingi, Termuli krekingisagan gansxvavebiT mimdina-

reobs ionuri-karbkationuri jaWvuri meqanizmiT, rasac ganapirobebs 
gamoyenebuli katalizatoris buneba. 

katalizuri krekingis dros – C-C- bmebis daxleCis garda, mimdinare-

obs izomerizaciis, dealkilirebis, alkilirebis, dehidrociklizaciis 

da kondensaciis procesebi. 
amorful alumosilikats, romelzedac ganawilebulia ceoliTi, ga-

aCnia sakuTari aqtiuroba. igi Seicavs katalizurad aqtiur rogorc 

brenstedis, ise luisis mJavur centrebs. brenstedis mJavur centrs Se-

iZleba warmoadgendes: 1) aluminis atomTan koordinaciulad qemosorbi-
rebuli wylis protoni, 2) aluminis atomTan dakavSirebuli hidroqsi-

lis jgufis protoni, 3) Si-is atomTan dakavSirebuli OH-is protoni. 

1)     2)            3) 

-O-Si-O-Al:O
O

OO

O H

H+

                

-O-Si-O-Al:O
O

OO

O

H+

               

-O-Al - O -Si::O
O

O

O
Hσ+....

 

luisis mJavuri centri SeiZleba warmovadginoT Semdegi struq-
turiT: 

-O-Si - O -Al-O-

O

O

O
 

SesaZlebelia brenstedis mJavuri centris gardaqmna luisis mJavur 
centrad: 



 129

-O-Al-O

O

O

H

-

+ H+ H2O + -O-Al-O-

O
 

miaCniaT, rom ceoliTSemcveli aluminsilikatur katalizatorebSi 
metalis kationis roli unda mdgomareobdes wylis molekulis ioniza-
ciis Sedegad damatebiTi mJavuri centrebis SeqmnaSi: 

Men+ + H2O ↔ Men+ .....O-....H+

H  

reaqciis siCqare ceoliTSemcvel katalizatorebze 2-3 rigiT metia, 
vidre amorful aluminsilikatur katalizatorze. amasTanave, ceoliT-
Semcveli aluminsilikaturi katalizatorebi xasiaTdebian ufro maRa-
li Termuli da meqanikuri stabilurobiT, vidre sufTa ceoliTebi. 

ganvixiloT katalizuri krekingis meqanizmi sxvadasxva klasis nax-
SirwyalbadebisaTvis. 

alkanebis SemTxvevaSi ionuri meqanizmiT jaWvis Casaxva anu karbkati-
onis warmoqmna SesaZlebelia ori gziT: 

1) katalizatoris protonuli an aprotonuli centris moqmedebiT 
xdeba alkanebidan hidridionis moxleCa da karbkationis warmoqmna: 

R-H + H+ → R+ + H2 
R-H + L → R+ + LH 

sadac L aRniSnavs katalizatoris aqtiur centrs. 
2) procesis dasawyisSi SesaZlebelia moxdes naxSirwyalbadebis Ter-

muli daSla alkanisa da alkenis warmoqmniT (aseve SesaZlebelia alkens 
Seicavdes nedleuli). alkeni katalizatoridan miierTebs protons da 
warmoqmnis karbkations: 

R-CH=CH2 + HA → R-C
+

H-CH3 + A- 

warmoqmnili karbkationi ganapirobebs procesis karbkationuri jaW-
vuri meqanizmiT warmarTvas. 

jaWvis gagrZeleba SeiZleba warimarTos karbkationis gardaqmnis 
yvela SesaZlo mimarTulebiT. 

mag.: Tu procesis pirvel stadiaze adgili aqvs pirveladi karbkati-
onis warmoqmnas, maSin yvelaze saalbaToa pirveladi karbkationis izo-
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merizacia ufro stabilur meoreul da gansakuTrebiT mesameul karbka-

tionad da karbkationebis daSla − β-wesis mixedviT — axali karbkatione-
bis warmoqmniT: 
 

+β daSla
CH3-CH2-CH2-CH2-CH2-CH2-CH2

+
CH3-CH2-CH2CH2 + CH2=CH-CH3   

↑↓  

CH3-CH2-CH2-CH2-CH2-C
+

H-CH3               

↑↓ 

CH3-CH2-CH2-CH2- C
+

H-CH2-CH3
β daSla

CH3-CH2- C
+

H2+CH3-CH2-CH = CH2 

↑↓ 

CH3-CH2-CH2-CH2- C
+

-CH3 
β daSla

 CH3-CH2- C
+

H2 + CH2 = C – CH3 

 │              │ 
CH3               CH3 

amrigad, katalizuri krekingis dros alkanebi daSlasTan erTad ga-
nicdian izomerizacias. 

warmoqnili dabalmolekuluri karbkationebi izomerizaciis Sede-
gad gardaiqmnebian meoreul da mesameul karbkationebad. 

+
CH3CH2CH2CH2 ↔ CH3-CH2- CH - CH3 ↔ CH3-C-CH3

+ +

CH3  
jaWvis gawyveta xdeba karbkationis urTierTqmedebiT katalizato-

ris centrTan: 

R+ + LH- →L + RH 

alkanebis katalizuri krekingis siCqare erTi-ori rigiT ufro maRa-
lia Termul krekingTan SedarebiT. 

alkenebis krekingis siCqare 2-3 rigiT ufro maRalia Sesabamisi alka-
nebis krekingis siCqaresTan SedarebiT, rasac ganapirobebs karbkationis 
warmoqmnis maRali siCqare:  

 R
+

-CH=CH2 + H+ → R- C
+

H-CH3 
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msgavsi reaqciebis garda alkenebisaTvis damaxasiaTebelia aseve wyal-
badatomebis gadanawilebis, deprotonirebis da ciklizaciis reaqciebi: 

CH3- C
+

H-CH2-CH2-CH2-CH3 + CH2= CH-CH2-CH2-CH2-CH3 → 

→ C6H14 + CH2=CH- C
+

H-CH2-CH2-CH3 
-H+

CH2=CH-CH=CH-CH2-CH3+ 

+ CH2= CH-CH2-CH2-CH2-CH3 

ciklizaciisas SeiZleba warmoiqmnas ciklopentanebi, ciklopentene-
bi, ciklopentadienebi da aromatuli naxSirwyalbadebi. 

magaliTad heqsenis SemTxvevaSi: 

C6H12

CH3

CH3

CH3

-3H2

 -2H2

 -H2

 

 reaqciis meqanizmi aseTia:  

CH3-CH2-CH2-CH-CH=CH2                       CH3-CH2-CH2-CH-CH=CH2              CH3-CH2-CH=CH-CH=CH2 

            CH3-CH-CH=CH-CH=CH2               CH2=CH-CH=CH-CH=CH2

..H R+

-RH

+

-H+

+

-H+ -H2

+

R++

-RH  

cikloalkanebis SemTxvevaSi ZiriTadad mimdinareobs Semdegi reaq-
ciebi: 
1. ciklis gaxsna alkenebisa da alkadienebis warmoqmniT; 
2. dehidrireba — arenebis warmoqmniT; 
3. ciklisa da gverdiTi jaWvis izomerizacia. 

karbkationis warmoqmna xdeba alkanebis analogiurad. warmoqmnili 
karbkationi axdens hidridionis moxleCas cikloalkanebis molekuli-
dan. amitom es procesi advildeba Canacvlebuli cikloalkanebis Sem-
TxvevaSi da Camnacvleblis ricxvis zrdasTan erTad izrdeba krekingis 
xarisxi. cikloheqsanis, dimeTilcikloheqsanisa da trimeTilcikloheq-
sanis krekingis xarisxi Sesabamisad tolia 47; 75.6; 78,6. 
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monoCanacvlebuli cikloheqsanis SemTxvevaSi warmoqmnili ciklo-

heqsilis ioni SeiZleba daiSalos 1) C-C an 2) C-H bmebis gaxleCis mimar-
TulebiT. 

1) C-C bmebis gaxleCis Sedegad warmoiqmneba alkenebi da alkadienebi 
Semdegi meqamizmis mixedviT: 

R
R+

+ LH

+ R

CH2=C-CH2-CH2-CH2-CH2

+

+L

R  
warmoqmnili alkenilioni swrafad gardaiqmneba alilis ionad: 

CH2 = C-CH2-CH2-CH2- C
+

H2 → CH2 = C- C
+

H-CH2-CH2-CH3 
│           │ 
 R          R  

romelic sawyis molekulas arTmevs hidridions: 

CH2 = C- C
+

H-CH2-CH2-CH3 + R′H → CH2 = C- C
+

H2-CH2-CH2-CH3+R+ 

│          │ 
R          R  

an alkenis molekulas gadascems − β-protons. 

CH2=C- C
+

H-CH2-CH2-CH3 + R˝-CH=CH2 → CH2=C-CH=CH-CH2-CH3 + R˝ C
+

H-CH3 
│            │ 
R             R 

warmoqmnili karbkationebi jaWvuri meqanizmiT agrZeleben process. 
krekingis procesSi mimdinareobs cikloheqsanebis izomerizacia 

ciklopentanebad da piriqiT, alkilciklopentanebis gardaqmna ciklo-
heqsanebad. es procesi mimdinareobs imave kationuri meqanizmiT. 

katalizuri krekingis pirobebSi ciklopentanebi ufro mdgradebia, 
vidre cikloheqsanebi. am pirobebSi cikloheqsanebi ganicdian dehidri-
rebas da warmoqmnian aromatul naxSirwyalbadebs. 
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Caunacvlebeli arenebi krekingis pirobebSi mdgradi naerTebia. alkil-
Canacvlebuli arenebis ZiriTad reaqcias dealkilirebis reaqcia warmoad-
gens: 

CH2-CH2-R + H+

H+

CH2-CH2-R + CH2CH2R+

 

reaqciis siCqare izrdeba alkilis radikalis sigrZisa da ganStoebis 
gazrdiT. procesis siCqare gansakuTrebiT maRalia mesameuli naxSirbad-
atomis Semcveli alkilis radikalis SemTxvevaSi. meTilCanacvlebuli 
arenebis SemTxvevaSi ki ZiriTadad mimdinareobs disproporcionirebis 
reaqciebi. 

2C6H5CH3 ↔ C6H6 + C6H4(CH3)2 

krekingis siCqare katalizatorebis gamoyenebisas TermulTan Sedare-
biT yvela SemTxvevaSi mniSvnelovnad izrdeba. alkanebisaTvis — 6-60-jer, 
alkenebisaTvis — 100-1000-jer, naftenebisaTvis — 1000-jer, aromatuli-
saTvis — 10000-jer. 

katalizuri krekingis Sedegad miRebuli narevis raodenobrivi Sed-
geniloba saSualod aseTia: 

1. sasaqonlo benzini — 41-53% ( oqtanuri ricxvi 90-94 kvleviTi meTodiT). 

2. airadi naxSirwyalbadebi — 10-20% 

3. msubuqi gazoili — 17-24% 

4. mZime gazoili — 8-12% 

5. koqsi — 4-7% 
warmoqmnili airebi ZiriTadad Seicaven propan-propensa da butan-

butenebs da mcire raodenobiT wyalbads, radgan dehidrirebis Sedegad 
gamoyofili wyalbadi ixarjeba alkenebis hidrirebis da hidrogenoli-
zis procesebze. 

10.2.4. hidrokrekingi 

hidrokrekingi naxSirwyalbadTa krekingis katalizuri procesia, 

romelic mimdinareobs wyalbadis areSi (260-4500C-sa da 5-20 mpa wnevis pi-
robebSi). naxSirwyalbadebis krekingis Sedegad warmoqmnili ujeri 
fragmentebi, ierTeben wyalbads da warmoqmnian sawyis naxSirwyalbadeb-
Tan SedarebiT ufro mcire molekuluri masis mqone nivTierebebs. 

hidrokrekingisaTvis ZiriTad nedleuls warmoadgens navTobis maRal-
mduRare fraqciebi da narCenebi; iyeneben aseve sxva navTobproduqtebsac. 
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katalizatoris, pirobebisa da nedleulis SerCeviT hidrokrekingis sa-
SualebiT SesaZlebelia navTobproduqtebis farTo asortimentis miReba. 

1. benzinis fraqciis hidrokrekingiT miiReba C4-C5 Sedgenilobis nax-

Sirwyalbadebi, romlebic gamoiyenebian navTobqimiur sinTezSi da 
maRaloqtanur komponentebad saavtomobilo benzinebisaTvis. 

2. pirveladi da meoradi gadamuSavebis Sedegad miRebuli saSualo dis-

tilatebis (200-3500C) hidrokrekingi gamoiyeneba benzinisa da reaq-

tiuli sawvavis misaRebad. 

3. atmosferuli, vakuumgamoxdis, dakoqsvisa da katalizuri krekingis 
Sedegad miRebuli gazoilis hidrokrekingi — benzinis, reaqtiuli da 
dizelis sawvavis miRebis mizniT. 

4. navTobis mZime distilatebis hidrokrekingi — reaqtiuli da dize-
lis sawvavebis, sapoxi zeTebis, mciregogirdovani saqvabe sawvavisa 
da katalizuri krekingisaTvis nedleulis misaRebad. 

5. navTobproduqtebis hidrokrekingi gamoiyeneba navTobproduqtebis 
xarisxis gasaumjobeseblad:  
a) benzinis oqtanuri ricxvis gazrdis mizniT; 
b) reaqtiuli da dizelis sawvavis gamyarebis temperaturis dawevis 

mizniT; 
g) zeTis fraqciis feris gaumjobesebis, stabilobis gazrdisa da 

gamyarebis temperaturis Semcirebis mizniT; 
d) hidrodearomatizaciis mizniT. 
hidrokrekingisaTvis ZiriTadad gamoiyeneba bifunqciuri — mahidri-

rebeli da mJave bunebis komponentebis Semcveli katalizatorebi. 
mJava komponentebad iyeneben ceoliTebs, aluminis oqsids, alumin-

silikatebs, romlebic ganapirobeben izomerizaciisa da krekingis reaq-
ciebs, xolo mahidrirebel komponentebs warmoadgenen VIII jgufis meta-

lebi (Pt, Pd, Ni, Co,Fe), VI jgufis metalebis (Mo, W) oqsidebi da zog Sem-

TxvevaSi Mo-is da W-is sulfidebi. 

hidrokrekingisaTvis ceoliTSemcveli katalizatorebidan warmate-
biT gamoiyeneba alumin-kobalt-molibdenis, alumin-molibdenis da alu-
min-nikel-volframis katalizatorebi. 

mJavuri funqciis gaZlierebis mizniT katalizatorSi SehyavT halo-
genebi, sxvadasxva oqsidebi, agreTve axdenen ceoliTis dealuminirebas 
an dekationirebas. xolo mahidrirebeli Tvisebis gazrdis mizniT, axde-
nen maT promotirebas; saukeTeso promotorebs warmoadgenen rodiumi, 
reniumi, iridiumi. VIII jgufis elementebis Semcveli katalizatorebis 
promotorebad iyeneben iSviaTmiwa elementebs, xolo VI jgufis metale-
bis Semcveli katalizatorebisaTvis kobaltisa da nikelis oqsidebs. 
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VIII jgufis metalebis Semcveli katalizatorebis aqtivaciisaTvis 
axdenen winaswar maT aRdgenas wyalbadiT, xolo molibdenisa da vol-
framis oqsidebis Semcvelobisas — maT sulfidirebas. 

radgan katalizatorSi arsebuli VIII jgufis metalebi advilad iwam-

lebian navTobSi Semavali heteroatomis (S, N, O, P, As, Sb da metalebis) 
Semcveli organuli naerTebiT, amitom hidrokrekingis ganxorcielebam-
de saWiroa nedleulis gawmenda. am miznisaTvis ZiriTadad iyeneben hid-
rogawmendas. romlis drosac katalizatorad gamoiyeneba aqtiur alumi-
nis oqsidze, aluminsilikatze an ceoliTze dafenili nikelis, kobal-
tis, molibdenis an volframis oqsidebi da sulfidebi; Sedegad adgili 
aqvs rogorc heteroatomebis mocilebas, aseve policikluri aromatu-
li naerTebis araRrma hidrokrekings. 

ganvixiloT calkeuli rigis naxSirwyalbadebis hidrokrekingis re-
aqciebi. 

1) alkanebis hidrokrekingi. 

monofunqciur mahidrirebel katalizatorebze xdeba mxolod C-C 
bmebis daxleCa da warmoqmnili radikalebis wyalbadiT gajereba. 

CnH2n+2
+H2 CxH2x+2 + CyH2y+2 (X+Y=n)  

platinis gamoyenebisas yvela C-C bmis daxleCis siCqare daaxloebiT 

Tanabaria; Ni-is katalizatorze ufro swrafad midis ganapira C-C bmebis 
daxleCa, amitom mniSvnelovani raodenobiT xdeba meTanis warmoqmna; kao-

linze dafenili Ni-is katalizatorze izostruqturis mqone alkanebis 

gatarebisas 240-2600C-ze xdeba meTilis jgufis moxleCa, amasTan meTilis 
jgufis moxleCa yvelaze advilad xdeba meoreuli naxSirbadidan, ufro 
Znelad mesameulidan, meoTxeulidan ki saerTod ar moixliCeba. procesi 
mimdinareobs manam, sanam ar miaRwevs meoTxeul naxSirbadis atoms — am 
process SerCeviTi demeTilireba ewodeba. 

CH3

CH3
+H2

-CH4

CH3-C-CH2-CH3

CH3

CH3
+H2

-CH4

CH3-C-CH3

CH3

CH3

CH3-C-CH2-CH2-CH3

 

bifunqciuri katalizatorebis SemTxvevaSi alkanebi hidrokrekin-
gTan erTad ganicdian izomerizacias. 

Tavdapirvelad katalizatoris mahidrirebel-madehidrirebel cen-

trebze xdeba alkanebis dehidrireba (C-H bmebis daxleCa), alkenebis war-
moqmniT; alkenebi mJavur centrebze advilad warmoqmnian karbkatio-
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nebs, es ukanasknelebi ki axorcieleben izomerizaciis procesis warmar-
Tvas karbkationuri jaWvuri meqanizmiT. 

maRali mahidrirebeli da zomieri mJavuri aqturobis katalizato-
rebze alkanebis gardaqmna naklebad xdeba, radgan swrafad mimdinareobs 
warmoqmnili karbkationis gajereba wyalbadiT. 

maRali mJavuri aqtiurobis da zomieri mahidrirebeli unaris mqone 
katalizatorebis SemTxvevaSi, mJavur centrebze swrafad xorcieldeba 
warmoqmnili karbkationis izomerizaciac da krekingic. amitom am Sem-
TxvevaSi hidrokrekingis siCqarec maRalia da procesis Sedegad didi ra-
odenobiT dabalmolekuluri izoalkanebi warmoiqmneba. 

aRsaniSnavia, rom hidrokrekingis procesis siCqare, katalizuri 
krekingis msgavsad, izrdeba alkanis molekulis sigrZis zrdasTan er-
Tad. gansakuTrebiT swrafad mimdinareobs procesi mesameuli naxSirba-
datomis Semcveli izoalkanis SemTxvevaSi. 

2) cikloalkanebis gardaqmna. 
mahidrirebeli katalizatorebis Tanaobisas rogorc Caunacvlebe-

li, ise meTilcikloalkanebis SemTxvevaSi mimdinareobs ciklis gaxsna 
alkanebis warmoqmniT. meTilcikloalkanebSi cilkis gaxsna upiratesad 

xdeba meTilis radikalis mimarT β mdgomareobaSi. SedarebiT mcire xa-
risxiT xdeba sxva bmebis daxleCac. mag.: meTilciklopentanis hidrokre-

kingis Sedegad, alumin-platinis katalizatorze 250-2700C-ze 2.1mpa wne-
vis pirobebSi, warmoiqmneba Semdegi produqtebi: 

CH3
+H2

K

CH3-CH2-CH2-CH-CH3

CH3

70%   (β C-C bmebis daxleCa)

CH3-CH2-CH-CH2-CH3

CH3

20%   (γ  C-C bmebis daxleCa)

CH3-CH2-CH2-CH2-CH2-CH3       10%   (α  C-C bmebis     
                                   daxleCa)  

aseTive Sedegi miiReba dabali mJavuri aqtiurobis bifunqciuri ka-
talizatorebis gamoyenebis drosac. 

dabali mahidrirebeli da maRali mJavuri aqtiurobis katalizator-
ze ciklis gaxsna xdeba umniSvnelo xarisxiT, ZiriTadad mimdinareobs 
izomerizaciis reaqciebi — eqvswevriani cikloalkanebi izomerirdebian 
xuTwevrianad: 

R
R'
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gverdiT jaWvSi grZeli alkilis radikalis Semcveli cikloalkane-
bis SemTxvevaSi adgili aqvs ZiriTadad radikalis izomerizaciasa da 
daxleCas. 

biciklur naxSirwyalbadebSi hidrokrekingis dros xdeba erTi cik-
lis gaxsna da monocikluri cikloalkanis warmoqmna — upiratesad cik-
lopentanis nawarmebis warmoqmniT. 

3) alkenebis hidrogenolizi. 
alkenebi, bifunqciuri katalizatorebis mJave centrebze advilad 

warmoqmnian karbkationebs, romlebic izomerirdebian mesameuli karbka-

tionis warmoqmniT. warmoqmnili karbkationi iSleba β wesis mixedviT, Se-
degad warmoiqmneba dabalmolekuluri ganStoebuli alkenebi. mag., 

CH2=CH-CH2-CH2-R
H+

CH3-CH-CH2-CH2-R
+

CH3-C-CH2-R
+

CH3

CH2=C-CH3+R+

CH3  

R+ agrZelebs process. 
mahidrirebel centrebze xdeba rogorc sawyisi, ise daSlis Sedegad 

warmoqmnili alkenebis hidrireba. 
4) arenebis hidrokrekingi. 
maRali mahidrirebeli da dabali mJavuri aqtiurobis katalizato-

rebis Tanaobisas aromatuli naxSirwyalbadebi hidrirdebian Sesabamisi 
cikloalkanebis warmoqmniT. amasTanave benzoli ufro advilad hidrir-
deba, vidre misi homologebi. 

+3H2
K

 

kondensirebulbirTviani arenebi hidrirdebian ufro swrafad, vid-
re benzoli. hidrireba mimdinareobs TandaTanobiT, benzolis birTvebis 
raodenobis SemcirebasTan erTad hidrirebis reaqciis siCqare mcirdeba. 

+H2
K

+H2
K

+H2
K  

amasTanave mimdinareobs warmoqmnili cikloalkanebis birTvis hid-
rogenolizi — ciklis gaxsna: 

+H2

K CH2

CH3
CH3

CH3

CH3

+

2+H2

+H2
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alkilCanacvlebuli benzolebis SemTxvevaSi maRali mahidrirebeli 
aqtivobis katalizatorze upiratesad mimdinareobs gverdiTi radika-
lis hidrogenolizi — TandaTanobiTi demeTilirebis reaqcia. 

C4H9
+H2

-CH4

+H2
-CH4

C3H7
+H2

-CH4

C2H5 CH3
+H2-CH4

 

dabali mahidrirebeli da maRali mJavuri aqtiurobis katalizato-
rebze benzoli gardaqmnas ar ganicdis. dabali rigis alkilbenzolebi 
Sedian disproporcionirebis reaqciebSi. 

2

CH3

+

CH3

CH3

 

grZeli alkilis radikalis Semcveli benzolis SemTxvevaSi mJavur 
centrebze mimdinareobs karbkationis warmoqmna, romelic ganicdis 
gverdiTi radikalis izomerizacias da daSlas. 

CH2CH2CHCH2R

K

CH2-C-CH2R

CH3

+

K

CH3

+  CH3-CH-R'

CH3

+

+H2

 

sxvadasxva klasis naxSirwyalbadebis hidrokrekingis reaqciebis siC-
qareTa Sedareba aCvenebs, rom yvelaze maRali siCqariT mimdinareobs po-
licikluri aromatuli naxSirwyalbadebis hidrireba monocikluri aro-
matuli an cikloalkanuri naxSirwyalbadebis warmoqmniT. cikloalkanu-
ri ciklis gaxsna mimdinareobs SedarebiT nela. aseve mimdinareobs alka-
nebis hidrogenolizic. amiT aixsneba is faqti, rom hidrokrekingis pro-
duqtebSi upiratesad grovdeba monocikluri arenebi, cikloalkanebi da 
gantotvili aRnagobis alkanebi. 

hidrokrekingis dros gamoricxulia polimerizaciis, dehidrirebisa 
da dakoqsvis procesebi. 

katalizuri hidrokrekingis saxeobaa navTobproduqtis katalizuri 
hidrogawmenda, romelic gamoiyeneba maRali xarisxis navTobproduqte-
bis misaRebad. 

process atareben 380-4200C-ze wyalbadis areSi, 2.5-4 kpa wnevis piro-
bebSi alumin-nikel-molibdenuri katalizatoris TandaswrebiT: 

am dros mimdinareobs C-El (El = S, N, O, Me) bmebis daxleCa da warmoq-
mnili nawilakebis wyalbadiT gajereba, Sedegad — heteroatomebisagan 
navTobproduqtis gawmenda. 
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merkaptanebi, sulfidebi da disulfidebi gacxelebisas iSlebian al-
kanebisa da gogirdwyalbadis warmoqmniT. hidrokrekingis Sedegad xdeba 

H2S-isa da alkanebis warmoqmna. 

RSH RH + H2S
+H2

RSR' RH + R'H + H2S
+H2

RSSR' RH + R'H+2H2S
+H2

 

hidrirebis procesis siCqare mcirdeba nivTierebis molekuluri ma-

sis zrdasTan erTad. navTobis mZime fraqciebidan S-is mocileba sakmaod 
Zneldeba. 

cikloalkanebi S-is atomiT ciklSi, aseve iSlebian gogirdwyalbadi-
sa da alkanebis warmoqmniT. 

S

+H2

K
C4H10+ H2S

 

Tiofenis da benzTiofenis SemTxvevaSi Tavdapirvelad mimdinareobs 
gogirdis Semcveli birTvis hidrireba da Semdeg misi destruqcia. 

S

+H2

K
S

+H2

K
C4H10 +H2S

 

S

+H2

K
S

+H2

C2H5

+ H2S

 

gogirdSemcveli naerTebisagan navTobproduqtebis hidrogawmendi-

sas katalizatorebad gamoiyeneba MoS2 da MoS3 (350-4000C da 3kpa wneva). 
am procesisaTvis warmatebiT gamoiyeneba agreTve reneis nikeli, ro-

melic gogirdis mocilebas axdens oTaxis temperaturazec. 

S

+H2

Ni
C4H10+ NiS

 

C6H5CH2SCH2C6H5        2C6H5CH3+ NiS
+H2

-Ni  
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azoti navTobproduqtebSi ZiriTadad Sedis piridinis da qinolinis 
nawarmebis (mono-, di- da trimeTilCanacvlebulebis) saxiT. ufro iSvia-

Tad, anilinis homologebis saxiT. aRsaniSnavia, rom C-N bma ufro Znelad 

ixliCeba, vidre C-S bma. 
hidrogenolizis reaqciaSi yvelaze advilad Sedian aminebi. 

C6H5NH2              C6H6 + NH3
+H2

K  

ufro Znelad midis procesi azotSemcveli cikluri naerTebis Sem-
TxvevaSi. miT ufro Znelad, rac ufro mdgradia cikluri sistema. hid-
rogenolizis reaqciebi mimdinareobs safexurebrivad: 

azotSemcveli monocikluri aromatuli naerTebis SemTxvevaSi jer 
mimdinareobs birTvis hidrireba; ciklis gaxsna aminis warmoqmniT, Sem-
deg miRebuli aminis hidrogenolizi alkanisa da amiakis warmoqmniT. mag.: 
pirolis SemTxvevaSi 

N
H

2
+2H2

K
N
H

+H2

K
C4H9NH2

+H2

K
C4H10+NH3

 

piridinis hidrogenolizis saboloo produqtebs aseve warmoadgenen 
alkani da amiaki: 

N

+3H2

K
N
H

+H2 C5H11NH2
+H2 C5H12 + NH3

 

bicikluri da saerTod policikluri aromatuli naerTebis SemTxve-
vaSi Tavdapirvelad reaqciaSi Sedis azotSemcveli cikli. 

N

+2H2

K
N
H

+H2

K

CH2CH2CH2NH2
+H2

K

C3H7

+ NH3

  

rogorc cnobilia, Jangbadi navTobSi Sedis spirtebis, eTerebis, fe-
nolebisa da nafTenuri mJavebis saxiT. Jangbads Seicaven aseve fisebi da 
asfaltenebi. 

JangbadSemcveli naerTebisagan gawmenda hidrokatalizuri meTodiT 
mimdinareobs gogirdSemcveli naerTebis analogiur pirobebSi. 



 141

JangbadSemcveli naerTebis hidrogawmendis produqtebia naxSirwya-
lbadebi da wyali. 

R-C6H4OH RC6H5+H2O+H2

K  

RCOOH RCH3+2H2O
+2H2

K  
fisebi da asfaltenebi hidrokrekingis Sedegad gardaiqmnebian ufro 

dabalmolekulur naerTebad. 
navTobSi Semavali metalSemcveli naerTebi katalizuri hidrogaw-

mendis dros iSlebian Tavisufali metalis gamoyofiT. am gziT navTobi 
metalSemcveli naerTebisagan sufTavdeba 75-95%-iT. 

katalizuri hidrogawmendis dros alkenebi, alkadienebi da nawilob-
riv policikluri aromatuli naxSirwyalbadebi Sedian hidrogenizaciis 
reaqciebSi. 

amrigad, hidrogawmendiT navTobproduqtebi TiTqmis mTlianad Ta-
visufldeba heteroatomebisagan. 

10.2.5. pirolizi 

pirolizis procesi tardeba 700-10000C temperaturaze atmosferul 
wnevaze. 

rogorc zemoT iyo aRniSnuli, Termuli krekingis dros 450-5000C 
temperaturis pirobebSi C-C bmebis daxleCa xdeba ZiriTadad molekulis 

centrSi, xolo procesis 700-10000C temperaturaze Catarebisas C-C bme-
bis daxleCa SesaZlebelia nebismier adgilas da Sesabamisad didi raode-

nobiT dabalmolekuluri produqtebis warmoqmna (H2, CH4, C2H6, C2H4,C3H6, 
C4H8, C4H6 ). 

pirolizisaTvis gamoiyeneba sxvadasxva nedleuli: benzinis, navTis, 
gazoilis fraqciebi, krekingisa da riformingis Sedegad miRebuli nare-
vidan benzinis fraqciis gamoxdis Semdeg darCenili produqtebi da nav-
Tobis mZime fraqciebi. am SemTxvevaSi pirolizis procesamde axdenen maT 
winaswar hidrogawmendas, hidrodearomatizacias, hidrokrekings an eq-
straqciul dearomatizacias. 

pirolizis Sedegad miiReba airadi da Txevadi produqtebi — piro-
kondensati, romelsac pirolizur fiss uwodeben. 

gamoyenebuli nedleulis mixedviT pirolizis produqtebis Sedgeni-
loba farTo zRvrebSi icvleba. 

gazoilis, pirdapiri gamoxdis benzinis da vakuumgazoilis piroli-
zis Sedegad miRebuli produqtebis Sedgeniloba masur wilebSi daaxlo-
ebiT aseTia: 
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cxrili 10.1 

benzinis pirolizis Sedegad miRebuli produqtebis Sedgeniloba (%) 

 

komponenti 

pirdapiri ga-

moxdis benzini 

vakuumuri 

gazoili 

vakuumuri gazoili 

hidrokrekingis Semdeg 

CH4 
C2H4 

C3H6 
C4H8 
C4H6 
pirokondensati 

benzoli 

toluoli 

15.6 

26.0 

14.0 

4.3 

3.8 

23.1 

7.0 

4.5 

7.6 

17.6 

10.9 

4.0 

3.5 

17.0 

3.0 

2.0 

10.1 

26.2 

13.1 

4.4 

4.7 

19.8 

5.0 

2.2 

 

Txevad produqtebs e.w. `pirolizur fiss~ yofen viwro fraqciebad: 

duRilis temperaturis dasawyisi  1750C ---- msubuqi zeTi 

175-2000C --- solventi 

 200-2500C ---- nafTalinis zeTi 

 250-3500C ---- mwvane zeTi 

 >3500C ---- narCeni 

700C-mde gamoxdili fraqciidan gamoyofen izoprens da ciklopenta-

diens. 70-1300C-mde gamoxdili fraqciidan, romelSic aromatuli naxSir-

wyalbadebis Semcveloba 80%-ia, gamoyofen benzols, toluols da qsi-

lolebs. 

2000C-is zeviT gamoxdil fraqcias mZime zeTi ewodeba. 

mZime zeTi Seicavs: 

nafTalins  
 

meTilnafTalinebs 

CH3

CH3

 
 

difenils  
 

 

fluorens  
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fenantrens  
 

 

antracens 
 

200-2500C-ze gamoxdili nafTalinis zeTidan gamoyofen nafTalins. 

2300C-is zeviT gamoxdil fraqcias iyeneben teqnikuri naxSirbadis mi-
saRebad. 

pirokondensatSi aromatuli naxSirwyalbadebis warmoqmna SesaZle-
belia aixsnas cikloalkanebis dehidrirebiT, agreTve pirolizis pro-
cesSi alkanebis daxleCis da dehidrirebis Sedegad warmoqmnili dienuri 
naxSirwyalbadebis alkenebTan kondensaciiT: 

CH2
HC

HC
CH2

+

CH2

CH

CH3

HC

HC

CH2

CH2

CH2

CH CH3

HC

CH

CH

CH

CH

C CH3
- 2H2

 

CH2
HC

HC
CH2

+

CH2

CH

C2H5

HC

HC

CH2

CH2

CH2

CH CH2-CH3

HC

CH

CH

CH

CH

C CH2-CH3
- 2H2

 

xolo kondensirebuli aromatuli naxSirwyalbadebis warmoqmna aixsneba ci-
kloheqsanuri da aromatuli naxSirwyalbadebis kondensaciiT dienebTan: 

CH2HC

HC
CH2

HC

HC

CH2

CH2

CH2

CH2

HC

CH

CH

CH

C

C
+

CH
CH

CH
CH

+4H2

 

CH

CH

CH

CH
CH

CH

C

CHC
HC +

H2C
CH
CH

H2C

CH

CH
CH

CH
HC

HC

HC

HC

C

C

CH

CH

C

C
+2H2

 

agreTve, rogorc ganxiluli iyo, aromatuli naxSirwyalbadebis dehid-
rokondensaciiT. 
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adre pirolizis process iyenebdnen aromatuli naxSirwyalbadebis 

misaRebad, amJamad upiratesad ujeri naerTebis, kerZod C2H4-isa da C3H6-is 
misaRebad.. 

pirolizis produqtebSi eTilenis gamosavlianobis gazrdis mizniT 
sareaqcio areSi SeyavT 75%-mde (nedleulis masis mimarT) wylis or-
Tqli, romelic erTi mxriv, amcirebs nedleulis parcialur wnevas, ri-
Tac xels uwyobs molekulebis daxleCis gaRrmavebas, meore mxriv, amci-
rebs koqsis dagrovebas, radgan wylis orTqli reaqciaSi Sedis koqsTan: 

C + H2O ↔ CO + H2 
CO +2 H2O ↔ CO2+ H2 

eTilenis gamosavlianobis gazrdas xels uwyobs aseve piroairis dab-
runeba sareaqcio ciklSi — recirkulacia. 

SemuSavebuli iyo pirolizis procesis Catareba, rogorc hetero-
genuli katalizatorebis, aseve homogenuri iniciatorebis Tandaswre-
biT. gamoyenebuli katalizatorebidan yvelaze didi aqtiuroba gamoav-

lines kaliumis vanadatma KVO3, rkina-qromis oqsidurma katalizatorma 

– (88% Fe2O3 + 7%Cr2O3). koqsis warmoqmnis Sesamcireblad katalizatore-

bis danamatebad iyeneben K2CO3-s, K2SO4-s, Fe(NO3)2-s da H3BO3-s. 
pirolizis procesis homogenur iniciatorebad mowodebuli iyo ri-

gi nivTierebebisa: halogenebi, qlorwyalbadi, wyalbadis peroqsidi, go-
girdi da gogirdSemcveli naerTebi, wyalbadi da naerTebi, romlebic 
Termuli daSlis Sedegad warmoqmnian wyalbads. 

iniciatoris gamoyeneba zrdis nedleulis daSlis reaqciis siCqares 
da eTilenis gamosavlianobas. 

wyalbadis Tanaobisas procesi tardeba 800-9000C-ze, wyalbadis wneva 
2.0-2.5 mpa, kontaqtis dro 0.1 wm. 

iniciatorad wyalbadis gamoyeneba mniSvnelovnad zrdis pirolizis 
procesis siCqares, rac aixsneba Semdegnairad: pirolizis procesSi war-
moqmnili alkilis radikali, ganapirobebs procesis radikalur-jaWvuri 
meqanizmiT warmarTvas; is moqmedebs rogorc sawyis naxSirwyalbadTan, 
ise wyalbadis molekulasTan. 

.            . 
CH3 + RH → R +CH4 

.           . 
CH3+ H2 → CH4 + H 

amasTan, meTilis radikalis wyalbadis molekulasTan reaqciis siC-
qare erTi rigiT aRemateba naxSirwyalbadTan urTierTqmedebis siCqa-
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res, xolo atomuri wyalbadis urTierTqmedebis siCqare 2-3 rigiT aWar-
bebs meTilis radikalis naxSirwyalbadTan moqmedebis siCqares. 

amis garda molekuluri wyalbadis monawileoba amcirebs dienebis, 
polikondensaciis mZime produqtebisa da koqsis warmoqmnas. is mniSvne-
lovnad zrdis eTilenis gamosavlianobas. mag., pirdapiri gamoxdis ben-
zinis hidropirolizisas eTileni warmoiqmneba 40-45%. hidropirolizis 
procesis uaryofiT mxared iTvleba wyalbadis didi danaxarji. 

10.2.6. riformingi 

riformingi — erT-erTi mniSvnelovani navTobqimiuri procesia, ro-
melic gamoiyeneba rogorc benzinis xarisxis asamaRleblad (oqtanuri 
ricxvis gasazrdelad), aseve, aromatuli naxSirwyalbadebis misaRebad. 

riformingi katalizuri procesia, romelic tardeba 470-5400C inter-
valSi, 1.5-4 mpa wnevis pirobebSi. riformingis nedleuls warmoadgens 
navTobis pirdapiri gamoxdis, aseve meoradi procesebis, Termuli, kata-
lizuri, hidrokrekingis da dakoqsvis Sedegad gamoyofili benzinis 

fraqcia. vinaidan Pt-is katalizatorebi advilad iwamleba navTobSi Sema-
vali heteroatomebiT, aucilebelia nedleulis winaswari gawmenda. 

rodesac riformingis procesis daniSnuleba aris sawvavis oqtanuri 

ricxvis gazrda, gamoiyeneba 85-1800C-ze gamoxdili fraqcia, xolo Tu 
procesis daniSnulebaa individualuri aromatuli naxSirwyalbadebis 

miReba, maSin iyeneben viwro fraqciebs — benzolis misaRebad (62-850C), 

toluolis misaRebad (85-1050C), xolo qsilolebis misaRebad (105-1400C). 
katalizatorebad gamoiyeneba bifunqciuri (mahidrirebel-madehidri-
rebeli da mJavuri Tvisebebis) katalizuri sistemebi. kerZod, aluminis 
oqsidze an ceoliTebze dafenili VIII jgufis metalebi.  

Tavdapirvelad am mizniT gamoiyeneboda alumin-molibdenuri kata-

lizatori. process ewodeboda hidroformingi, xolo Pt-is Semcveli ka-
talizatorebiT mimdinare process ewoda platformingi. 

riformingis procesSi farTo gamoyeneba moipova aluminis oqsidze 
dafenilma wvrilad dispergirebulma platinam. aRniSnuli katalizato-
ri xasiaTdeba maRali aqtiurobiT, magram advilad dezaqtivirdeba, rad-
gan ifareba koqsiT. 

ukeTesi Sedegebi miiReba platina-reniumis (Pt — 0.3-0.6%; Re — 0.3-
0.4%) katalizatoris gamoyenebisas, romelmac SesaZlebeli gaxada pro-
cesis wnevis Semcireba 1.05-2 mpa-mde da benzinis gamosavlianobis gaz-
rda. miaCniaT, rom reniumi warmoqmnis ra Senadnobs platinasTan, aaqtiu-
rebs hidrirebis process da amcirebs katalizatoris zedapirze koqsis 
warmoqmnas. amitom am bimetaluri katalizatoris `sicocxlis xangrZli-
voba~ (mudmivi aqtivobis periodi) gacilebiT didia.  
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aseTive Sedegebi miiRweva platinaze iridiumis damatebiT. rifor-
mingis procesisaTvis SemuSavebulia polimetaluri katalizatorebi. 
platinas umateben germaniums, kalas, tyvias, aseve iSviaTmiwa elemen-
tebs: lanTans, ceriums, neodiums. katalizurad araaqtiuri metalebi 
amuxruWeben arasasurvel Tanamde procesebs — katalizatoris seleqci-
ur mowamvlas, zrdian misi muSaobis xangrZlivobas. polimetaluri kata-
lizatorebis sicocxlis xangrZlivoba 6-7 welia. 

katalizatoris mJavuri aqtiurobis gazrdis mizniT aluminis oqsid-
Si SehyavT 0.5-2% qlori. qlori aluminis oqsidSi anacvlebs adsorbire-

buli H2O-is Sedegad warmoqmnili OH
–
 jgufebis nawils (Al3+ kaTioni aR-

moCndeba dakavSirebuli or sxvadasxva anionTan Cl
–
 da OH

–
). muSaobis 

procesSi Cl
–
-is nawili ikargeba nedleulSi arsebul tenTan urTier-

Tqmedebis Sedegad. amitom saWiro xdeba periodulad nedleulSi qlor-
Semcveli organuli naerTebis (diqloreTanis, tetraqlormeTanis an 
qloreTilis) damateba. qlori, garda imisa, rom zrdis katalizatoris 
mJavur aqtivobas, platinasTan warmoqmnis kompleqsnaerTebs da amiT 
icavs mis nawilakebs Secxobisagan (unarCunebs platinis nawilakebs dis-
persiulobas). 

katalizatoris regeneracia xdeba koqsis gamowviTa da misi Semdgomi 
JangviTi qlorirebiT. 

katalizuri riformingis Sedegad miRebuli benzini Seicavs 50-70% 
arenebs, 30% normaluri da izoaRnagobis alkanebs, 10-15% cikloalka-
nebs da 2% ujer naerTebs. arenebis Semcvelobis gazrdiT matulobs nam-
wvis warmoqmna, amis gamo maT ZiriTadad iyeneben saavtomobilo benzine-
bisaTvis maRaloqtanur danamatad.  

katalizuri riformingis dros mimdinareobs Semdegi procesebi: 

1. alkanebis dehidrociklizacia — aromatizacia; 

C6H13-R
-H2 -3H2

RR

 

2. eqvswevriani cikloalkanebis dehidrireba — aromatuli naxSirwyal-
badebis warmoqmna: 

R

-3H2

R
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3. xuTwevriani cikloalkanebis izomerizacia ciklis gafarToebiT da 
eqvswevriani cikloalkanebis dehidrireba: 

R

-3H2

CH2R R

 

4. alkenebis ciklizacia — aromatizacia: 

C7H14

CH3

-3H2

CH3

 

yvela ganxiluli reaqciis Sedegad xdeba arenebis dagroveba. para-
lelurad mimdinareobs alkanebis krekingi da warmoqmnili fragmentebis 
hidrireba (hidrokrekingi). alkanebis izomerizacia da gverdiTi jaWvis 
hidrogenolizi, gogird-, azot- da JangbadSemcveli naerTebis daSla, 
arenebisa da alkenebis kondensaciis reaqciebi. katalizatoris zedapir-
ze mimdinare kondensaciis reaqciebi ganapirobeben koqsis warmoqmnas da 
Sedegad katalizatoris dezaqtivacias. 

procesis maRal temperaturaze (6000C) Catarebisas izrdeba airadi 
produqtebis warmoqmna, magram aseve izrdeba katalizatoris zedapirze 
koqsis da aromatuli naxSirwyalbadebis gamosavlianoba. 

amJamad riformings ZiriTadad iyeneben aromatuli naxSirwyalbade-
bis misaRebad. 
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11. navTobproduqtebis gawmenda 

navTobis rogorc pirveladi gamoxdis, ise meoradi gadamuSavebis Se-
degad miRebuli produqtebi (sawvavebi, zeTebi) Seicaven rig komponen-
tebs, romlebic uaryofiTad moqmedeben maT sasaqonlo maxasiaTeblebze; 
aseTi saxiT navTobproduqtebis gamoyeneba SeuZlebelia da saWiroa maTi 
gawmenda arasasurveli minarevebisagan. 

minarevis bunebisa da navTobproduqtis gamoyenebis sferos mixed-
viT gamoiyeneba 1) gawmenda gogirdmJavaTi; 2) tuteebiT gawmenda; 3) se-
leqciuri gamxsnelebiT gawmenda; 4) adsorbentebiT gawmenda (adsorbci-
uli meTodi) da 5) katalizuri gawmenda. 

zogierTi navTobis pirveladi gamoxdis fraqciebi Seicaven korozi-
ulad agresiul mJava bunebis naerTebs (navTobur mJavebs da fenolebs), 
romlebsac acileben tutis xsnarebiT — tutovani gawmenda. gogirdovani 
naerTebis gadamuSavebis Sedegad miRebuli yvela fraqcia Seicavs go-
girdovan naerTebs, romelTaganac koroziulad yvelaze aqtiuri nivTi-
erebebis gogirdwyalbadisa da merkaptanebis gasawmendad gamoiyeneba 
tutis xsnarebi da sxvadasxva saxis demerkaptanizacia; xolo iseTi go-
girdSemcveli naerTebisagan, rogorebicaa Tiofenebi, sulfidebi, di-
sulfidebi, maRali rigis merkaptanebisagan gasawmendad yvelaze efeq-
turi meTodia hidrokrekingi. 

Sesabamisi navTobproduqtebisagan dabali gamyarebis temperaturis 
mqone sawvavisa da zeTebis misaRebad gamoiyeneba deparafinizaciis pro-
cesebi: deparafinizacia karbamidiT, adsorbciuli deparafinizacia ce-
oliTebis monawileobiT, seleqciuri gamxsnelebiT maRali rigis n. alka-
nebis amowvlilva. rigi navTobproduqtebisaTvis (benzin-gamxsnelis, 
Txevadi parafinebis, gasanaTebeli navTis da specialuri zeTebisaTvis) 
miuRebelia aromatuli naxSirwyalbadebis Semcveloba; dearomatizaci-
is erT-erTi meTodia navTobproduqtebis gogirdmJavaTi damuSaveba. 

kreking-benzinebi mniSvnelovani raodenobiT Seicaven ujer naer-
Tebs (alkadienebs, cikloalkenebsa da cikloalkadienebs); am naerTebi-
sagan gasawmendad gamoiyeneba gogirmJava, sxvadasxva adsorbentebi da 
katalizatorebi. 

navTobis fraqciebidan maRali xarisxis zeTebis misaRebad saWiroa 
asfaltur-fisovani nivTierebebis, policikluri naxSirwyalbadebis, pa-
rafinebis, fisovani, gogirdovani da ujeri naerTebisagan gawmenda, ris-
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Tvisac gamoiyeneba gogirdmJavaTi gawmenda, eqstraqciuli, adsorbciu-
li da hidrogenizaciuli meTodebi. 

11.1. gogirdmJavaTi gawmenda 

navTobproduqtebis gogirdmJavaTi damuSavebisas xdeba maTi gawmen-
da ujeri naxSirwyalbadebis, gogird- da azotSemcveli naerTebisa da 
fisovani nivTierebebisagan. gogirdmJavaTi damuSavebisas xdeba navTob-
produqtebis dearomatizaciac. 

dearomatizaciisaTvis gamoiyeneba 95%-iani an mbolavi gogirdmJava. 
am dros adgili aqvs Semdeg procesebs: arenebTan urTierTqmedebisas 
xdeba gogirdmJavaSi xsnadi sulfomJavebis da sulfonebis warmoqmna. 

ArH + HOSO2OH → ArSO2OH + H2O  
ArSO2OH +ArH → ASO2Ar +H2O 

ujeri naxSirwyalbadebi Sedian reaqciaSi gogirdmJavasTan mJava da 
sruli alkil- da dialkilsulfatebis warmoqmniT: 

R-CH=CH2 + HOSO2OH → R-CH-OSO2OH 
│  
CH3 

2R-CH=CH2 + HOSO2OH → R-CH-OSO2OCH-R 
│   │ 

CH3  CH3 

alkilsulfatebi warmoiqmnebian SedarebiT dabal temperaturaze, 
ixsnebian wyalSi, tutesTan warmoqmnian Sesabamis marilebs. 

navTobproduqtebis gogirdmJavaTi gasufTavebisas miRebuli mJava 
eTerebi (alkilsulfatebi) koncentrirdebian mJava gudronSi, saidanac 
Semdgom xdeba maTi damatebiTi gamorecxva. 

dialkilsulfatebi ki warmoiqmneba alkenebTan 400C-ze zeviT gacxe-
lebisas, an warmoqmnili mJave eTerebis gacxelebiT. isini wyalSi uxsna-
debia, magram kargad ixsnebian naxSirwyalbadebSi da organul gamxsne-
lebSi. maTi warmoqmna arasasurvelia, amitom gogirdmJavaTi gasufTave-
bas axorcieleben SedarebiT dabal temperaturaze. 

am miznobrivi procesebis garda, gogirdmJavaTi gawmendisas adgili 
aqvs Tanamde procesebs, kerZod, alkenebTan gogirdmJavas mierTebisas 
warmoqmnil alkilgogirdmJava Sedis alkilirebis reaqciaSi aromatul 
naerTebTan: 

ArH + RCH-OSO2OH → Ar-CH-R + H2SO4 
│         │ 
CH3        CH3  
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gogirdmJava areSi alkenebi Sedian dimerizaciis, trimerizaciis da 
tetramerizaciis reaqciebSi; miRebuli nivTierebebi ixsnebian gawmen-
dil produqtSi da auareseben maT maxasiaTeblebs. 

garda amisa, ujeri naerTebi, gansakuTrebiT, diolefinebi Sedian po-
limerizaciis da e.w. SeuRlebuli polimerizaciis (hidropolimerizaci-
is) reaqciebSi da warmoqmnian maRalmolekulur naerTebs, romlebic 
mTlianad rCebian gogirdmJavaSi. es Tanamde reaqciebi amcireben navTob-
produqtebis gawmendis efeqturobas. 

navTobSi Semavali azotovani naerTebi gogirdmJavasTan warmoqmnian 
marilebs — sulfatebs, romlebic gadadian mJava gudronSi. gogirdmJa-
vaTi damuSavebisas navTobSi Semavali aromatuli mJavebis nawili ixsneba 
gogirdmJavaSi, xolo nawilobriv ganicdis sulfirebas ise, rom ar xdeba 
karboqsilis jgufis daSla. aRsaniSnavia, rom nafTenuri mJavebis sul-
firebis produqtebi amcireben gogirdmJavas sxva nivTierebebTan moqme-
debas, amitom gogirdmJavaTi damuSavebamde navTobproduqtebisagan sa-
Wiroa nafTenuri mJavebis winaswari mocileba. 

fisovani nivTierebebi nawilobriv ixsnebian gogirdmJavaSi, nawili 
ki Sedis sulfirebis reaqciaSi. neitraluri fisebi kondensirdebian as-
faltenebSi — es ukanasknelebi ki karbenebSi. yvela sulfirebuli nivTi-
ereba rCeba mJava gudronSi. 

rogorc cnobilia, gogirdi navTobSi Sedis sxvadasxva saxiT: Tavisu-
fali gogirdis, gogirdwyalbadis, merkaptanebis da sxva gogirdSemcve-
li organuli naerTebis saxiT. 

Tavisufali gogirdi ar reagirebs gogirmJavasTan da arc ixsneba 
masSi. gogirdwyalbadi iJangeba gogirdmJavaTi, gogirdisa da gogirdis 
(IV) oqsidis warmoqmniT: 

H2S + H2SO4 → S + SO2+ 2H2O 

gogirdi ixsneba gawmendil navTobproduqtebSi, amitom gogirdmJa-
vaTi damuSavebamde saWiroa gasawmendi produqtis gogirdwyalbadisagan 
gawmenda. 

merkaptanebTan gogirdmJava warmoqmnis disulfidebsa da gogirdis 
(IV) oqsids. 

2 RSH + H2SO4 → R-S-S-R + SO2 +2H2O 

TiofenTan koncentrirebuli gogirdmJava warmoqmnis Tiofensul-
fomJavas da gogirdis dioqsids. 

imis mixedviT, Tu ra mizniT gamoiyeneba gogirdmJavaTi gawmenda, sa-
Wiroa gogirdmJavas koncentraciisa da procesis Catarebis pirobebis 
SerCeva. 

fisovan nivTierebaTa mocilebisaTvis, gamoiyeneba 93%-iani gogir-
dmJava; xolo dearomatizaciisaTvis 98%-iani gogirdmJava an oleumi. Tu 
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benzinis gawmendas axdenen misi feris gaumjobesebis mizniT iyeneben 
85%-ian gogirdmJavas. 

ganzavebuli mJavas gamoyeneba ukeTesia, radgan mcirdeba polimeri-
zaciis reaqciebi. 

umetesad gogirdmJavaTi gawmendas atareben gasawmendi nedleulis 
winaswari gawmendis gareSe. temperaturis gazrda xels uwyobs polime-
rizaciis reaqciis warmarTvas. 

zogierT SemTxvevaSi, dearomatizaciisaTvis (gamxsnelis, benzinebis, 
gasanaTebeli navTis, parfiumeruli da samedicino zeTebisaTvis) pro-

cess atareben 50-850C. 
aseve mniSvnelovan faqtors warmoadgens nedleulisa da gogirdmJa-

vas Soris kontaqtis dro. xangrZlivi kontaqti auaresebs fers da stabi-
lurobas, xolo kontaqtis arasakmarisi drois SemTxvevaSi mJava arasru-
lad gamoiyeneba. 

11.2. tutiT gawmenda 

tutiT gawmenda miznad isaxavs nedleulis gawmendas mJava bunebis na-
erTebisagan — nafTenuri da cximovani mJavebis, fenolebis, gogirdwyal-
badisa da dabali rigis merkaptanebis, aseve gogirdmJavaTi damuSavebi-
sas warmoqmnili produqtebisagan gasufTavebas. 

tutovani gawmendis dros yvelaze xSirad iyeneben 3-dan 20%-mde kon-

centracis NaOH-is wyalxsnars, zogjer iyeneben Na2CO3, NH4OH, Mg(OH)2, 
Ca(OH)2. 

am procesis qimizmi mdgomareobs mJava bunebis nivTierebebis tutiT 
ganeitralebaSi. miRebuli marilebi wyalSi xsnadebia, amitom isini gada-
dian tutis wyalxsnarSi. 

aRsaniSnavia, rom konkretuli SemTxvevebisaTvis gasaTvaliswinebe-
lia rigi faqtorebisa: 

organuli mJava bunebis naerTebis neitralizaciis reaqcia Seqceva-
dia. hidrolizis xarisxi damokidebulia pirobebze; kerZod tutis kon-
centraciis gazrdisas hidrolizis xarisxi mcirdeba, temperaturis gaz-
rdisas ki izrdeba. amitom procesi mizanSewonilia Catardes gacxelebis 
gareSe tutis koncentrirebuli xsnarebiT. 

magram am optimalur pirobebSic procesis Catarebisas adgili aqvs 
erT arasasurvel movlenas. kerZod, xdeba mdgradi emulsiis warmoqmna: 
`mJava zeTebi tutis wyalxsnarSi~. reaqciis produqtebi nafTenur mJava-
Ta marilebi — hidrofiluri emulgatorebia. amitom tutiT gawmendis 
dros tutis xsnaris koncentraciis SerCevisas gaTvaliswinebuli unda 
iyos, rogorc hidrolizis, aseve emulsiis warmoqmnis movlena.  
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tute Sedis reaqciaSi navTobSi arsebul gogirdwyalbadTan da mer-
kaptanebTan: 

H2S + NaOH → NaHS + H2O 
H2S +2 NaOH → Na2S +2H2O 
RSH + NaOH → RSNa + H2O 

unda aRiniSnos, rom gogirdwyalbadisa da merkaptanebis tutiT mo-
cilebis dros warmoiqmneba garkveuli siZneleebi. merkaptanebi wyalSi 
uxsnadebia da tuteebTan Znelad Sedian kontaqtSi. sulfidebi da hid-
rosulfidebi Sxamebs warmoadgenen, ris gamoc maTi Camdinare wylebTan 
Sereva Zalian arasasurvelia. 

rac Seexeba merkaptidebs, isini Zalian advilad hidrolizdebian. mo-
lekuluri masis zrdasTan erTad maTi mJavuri Tvisebebi mcirdeba. 

radgan navTobproduqtebis merkaptanebisagan gawmendas didi praq-
tikuli mniSvneloba aqvs, SemuSavebulia ramdenime meTodi. koncentri-
rebuli tute xsnarebis gamoyenebisas umateben nivTierebebs, romlebic 
zrdian merkaptanebis xsnadobas. aseTi nivTierebebia meTilis spirti, 
tanini, izoerbomJavas kaliumis marili, eTanolamini, kaliumis alkil-
fenolatebi da sxva. 

tute xsnariT gawmenda SeiZleba ganxorcieldes rogorc gogirdmJa-
vaTi damuSavebamde, aseve mas Semdeg. zogjer tutiT gawmendas axdenen 
gogirdmJavaTi damuSavebamdec da damuSavebis Semdegac. amis Semdeg sa-
Wiroa navTobproduqtebis wyliT Carecxva tutisa da marilebis mosaci-
leblad. 

11.3. seleqciuri gamxsnelebiT gawmenda 

seleqciuri gamxsnelebiT gawmendis meTodi yvelaze farTod gamoi-
yeneba zeTebis gasawmendad.  

rogorc cnobilia zeTebi Seicaven gansxvavebuli Sedgenilobis da 
aRnagobis nivTierebebs, romlebic erTmaneTisagan rigi qimiuri da fizi-
kuri TvisebebiT gansxvavdebian. 

maRali xarisxis zeTebis misaRebad (zeTebis daniSnulebis mixedviT) 
saWiroa maTi gawmenda fisovan-asfaltenuri, fisovani nivTierebebisa-
gan, mokle gverdiTi jaWvis mqone policikluri aromatuli naxSirwyal-
badebisa da myari alkanebisagan.  

seleqciuri gamxsnelebis gamoyenebisas SesaZlebelia adgili hqon-
des or SemTxvevas: 1) gamxsnelebSi kargad ixsneba naxSirwyalbadebi (sa-
surveli nivTierebebi), xolo arasasurveli komponentebi xsnaridan ile-
qeba da advilad xdeba maTi mocileba, 2) meore SemTxvevaSi SebrunebiT. 
zeTebis ZiriTadi Semadgeneli nivTierebebi (saWiro komponentebi) ar ix-
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sneba SerCeul gamxsnelSi, xolo arasasurveli komponentebi kargad ix-
sneba da xdeba maTi gamowlilva. 

mrewvelobaSi zeTebis deasfaltizaciisaTvis seleqciur gamxsnelad 
gamoiyeneba gaTxevadebuli propani. mokle gverdiTi jaWvis mqone poli-
cikluri aromatuli naxSirwyalbadebisa da fisovan nivTierebebisagan 
gasawmendad seleqciur gamxsnelebad adre iyenebdnen Txevad gogirdo-
van anhidrids da nitrobenzols, amJamad gamoiyeneba fenoli, furfuro-
li. myari alkanebisagan gasawmendad deparafinizaciisaTvis — ketonis (a-
cetonis da meTileTilketonis) narevi — benzolTan da toluolTan, 
propani, karbamidi; arenebis amosawvlilad — di-, tri- da tetraeTilen-
glikolebi, sulfolani, propilenkarbonati, meTilpirolidoni da sxva. 
gamxsnelebis seleqciuroba idealuri ar aris. maT seleqciurobis ga-
sazrdelad umateben sxvadasxva nivTierebebs, mag.: fenols, romelic ga-
moiyeneba zeTebidan policikluri aromatuli naerTebis amosawvlilad, 
arenebis kargi gamxsnelia, magram amasTanave nawilobriv xsnis zeTebSi 
Semaval sxva naxSirwyalbadebsac. fenolisaTvis 6-8%-iT wylis damate-
biT misi seleqciuroba izdeba, mcirdeba zeTebSi arsebul saWiro kompo-
nentebis mimarT saerTo gamxsnelobiTi unari. 

zeTebis seleqciuri gamxsnelebiT gawmendisas mniSvnelovani roli 
eniWeba gamxsnelisa da nedleulis Tanafardobas, procesis temperatu-
ras da aseve kontaqtis dros. mniSvnelovania nedleulTan gamxsnelis 
urTierTqmedebis meTodi, mag.: fenolisa da nedleulis Tanafardobis 
roli Cans miRebuli zeTebis maxasiaTeblebze (kerZod siblantis indeq-
ssa da koqsvadobaze). 

Tanafardoba siblantis indeqsi koqsvadoba 
 3:1 87,5 1,0 
 6:1 92,8 0,8 
 12:1 97,5 0,6  

11.4. gawmendis adsorbciuli da katalizuri meTodebi 

navTobproduqtebis gasawmendad arasasurveli minarevebisagan far-
Tod gamoiyeneba adsorbciuli meTodi. adsorbentebad iyeneben bunebriv 
da sinTezur alumosilikatebs, silikagels, alumogels da sxva pola-
rul adsorbentebs. 

gawmendis adsorbciuli meTodi gamoiyeneba ZiriTadad zeTebisa da 
myari alkanebis gasawmendad, garda amisa navTobproduqtebis Termuli 
krekingis distilatebidan ujeri naxSirwyalbadebis mosacileblad. 

krekingis Sedegad miRebuli produqtebis gawmendas awarmoeben or-

Tqlis fazaSi 15 kpa da 230-2500C temperaturaze. am pirobebSi mimdinare-
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obs gasawmend produqtSi arsebuli ujeri naxSirwyalbadebis polimeri-
zacia. am meTodiT gawmendili benzinebi arasakmarisad stabiluria da sa-
Wiroebs antidamJangavis damatebas. 

minarevebisagan zeTebis gawmendis adsorbciuli meTodi gamoiyeneba 
maTi kombinirebuli gawmendis bolo etapze. adsorbciuli meTodiT ze-
Tebi iwmindeba fisovani da policikluri aromatuli naxSirwyalbadebis 
narCenebisagan, aseve gogidmJavaTi gawmendis Sedegad darCenili gogir-
dmJavas, sulfomJavebis, dialkilsulfatebis, mJave gudronis da sxva mi-
narevebisagan. tutovani gawmendis SemTxvevaSi adsorbciuli gawmendis 
mizania zeTebisagan tutis da marilebis narCenebis mocileba. 

arsebobs adsorbciuli gawmendis ori meTodi: kontaqturi da perko-
laciuri. 

kontaqturi gawmendis dros zeTsa da wvrilad dafxvierebul adsor-

bents ureven erTmaneTSi, narevs acxeleben 300-3500C-ze, ayovneben gar-
kveul temperaturaze da Semdeg filtraven. gacxeleba aucilebelia ze-
Tis siblantis Sesamcireblad da adsorbentis forebSi SeRwevis unaris 
misaniWeblad. perkolaciuri gawmendis dros zeTebi ifiltreba uZrav, 
marcvlovan (0,3-2,00mm zomis) adsorbentebSi. 

gawmendis adsorbciuli meTodis gamoyenebisas adgili aqvs zeTebis 
mniSvnelovan danakargebs, garda amisa, Znelia adsorbentebis regenera-
cia. 

adsorbciuli gawmendis meTodi gamoiyeneba aseve parafinebis gasaw-
mendad. Txevadi parafinebi adsorbciuli meTodiT SesaZlebelia sabo-
lood gaiwmindos aromatuli, gogirdSemcveli naerTebisa da fisovani 
nivTierebebisagan, xolo myari parafinebi — arastabiluri, Seferili da 
usiamovno sunis mqone nivTierebebisagan. 

maRali xarisxis navTobproduqtebis misaRebad gamoiyeneba katali-

zuri hidrogawmenda. process atareben 380-4200C-ze wyalbadis areSi 2,5-
4 kpa wnevis pirobebSi alumin-nikel-molibdenuri katalizatorebis Tan-
daswrebiT. 

gogirdSemcveli naerTebis hidrokrekingis Sedegad xdeba gogir-
dwyalbadisa da alkanebis warmoqmna. 

RSH               RH + H2S
+H2

K  

RSR'                 RH + R'H + H2S
+H2

K  

RSSR'                  RH + R'H +2H2S
+H2

K  
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JangbadSemcveli naerTebis hidrogawmendis produqtebia naxSir-
wyalbadi da wyali. 

R-C6H4OH            RC6H5 + H2O+H2

K  

R-COOH               RCH3+ 2H2O
+H2

K  

fisebi da asfaltenebi hidrokrekingis Sedegad gardaiqmnebian ufro 
dabalmolekulur naerTebad. 

navTobSi Semavali metalSemcveli naerTebi katalizuri hidrogaw-
mendis dros iSlebian Tavisufali metalis gamoyofiT. am gziT navTobi 
am naerTebisagan sufTavdeba 75-95%-iT. 

katalizuri hidrogawmendis dros alkanebi, alkadienebi da nawilob-
riv policikluri aromatuli naxSirwyalbadebi Sedian hidrogenizaciis 

reaqciebSi (es procesebi detalurad ganxilulia § 10.2.4.). 
navTobidan maRali xarisxis zeTebis misaRebad gamoiyeneba komleq-

suri meTodebi; TandaTanobiT nedleuls acileben asfaltovan-fisovan 
nivTierebebs, koqsvadobis maRali unaris mqone policiklur naxSir-
wyalbadebs, fisovan nivTierebebs, parafinebs, ujer naxSirwyalbadebs 
da gogirdovan naerTebs. gawmendisaTvis iyeneben eqstraqciul, adsor-
bciul da hidrogenizaciur meTodebs. 
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12. ZiriTadi navTobproduqtebi da maTi 

saeqspluatacio maxasiaTeblebi 

12.1. benzini, misi maxasiaTebeli parametrebi 

benzinis xarisxis ZiriTad maxasiaTebel maCveneblebs warmoadgens: 
detonaciuri medegoba, najeri orTqlis wneva, fraqciuli Sedgeniloba 
da qimiuri stabiloba. 

  benzinis maxasiaTebeli parametrebis arsis gasarkvevad ganvixi-
loT benzinze momuSave Sidawvis Zravis moqmedebis principi. 

benziniani Zravis mniSvnelovan nawils warmoadgens benzoavzi (rome-
lic ivseba benzgasamarT sadgurze), benzotumbo, karburatori, cilin-
dri, dguSi da asanTi (sanTeli). 

Zravis CarTvisas benzotumbo axdens sawvavis Sewovas da karbura-
torSi gagzavnas, sadac xdeba misi gaSxefeba-aorTqleba da haerTan Sere-
va. benzinisa da haeris narevi cilindrSi Seiwoveba dguSis qveviT moZra-
obisas. am dros cilindris moculoba maqsimaluria. Semdeg SemSvebi sar-
qveli iketeba da dguSi moZraobs zeviT. am dros is axdens airTa narevis 
SekumSvas. 

Sidawvis Zravis muSaobis ciklis erT-erT principul stadias warmo-
adgens benzinis orTqlis aaleba da Semdeg ukve misi Tanabari wva. benzi-
nis aalebisaTvis saWiroa narevSi benzinis orTqlisa da haeris garkveu-
li Tanafardoba. 

imisaTvis, rom civi Zravis CarTvisas benzinis orTqlma haerTan war-
moqmnas aalebadi narevi, benzini unda Seicavdes mniSvnelovani raodeno-
biT advilad aqrolad naxSirwyalbadebs. nivTierebebis aqroladobis sa-
zoms waroadgens najeri orTqlis wneva, romelic damokidebulia tempe-
raturaze da benzinis fraqciul Sedgenilobaze. 

benzinis fraqciuli Sedgenilobis ZiriTad maxasiaTebels warmoad-
gens benzinis moculobis 10, 50, da 90%-is gamoxdis temperaturebi. 10%-

is duRilis damTavrebis temperatura ar unda aRematebodes 750C, 50%-is 

— 1200C, 90% – 1900C. 

civi Zravis CarTvisas saWiroa ∼10%-is orTqlis mdgomareobaSi ga-
dasvla, raTa haerTan warmoqmnas aalebadi narevi. am raodenobis benzi-
nis orTqlis wvisas gamoyofili siTbo uzrunvelyofs benzinis darCeni-
li nawilis aorTqlebasa da wvas. aseve aucilebelia, rom gaxurebuli 
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Zravis xelmeored amuSavebisas ar unda xdebodes didi raodenobiT ben-
zinis orTqlis gadasvla. winaaRmdeg SemTxvevaSi cilindrSi gadasvli-
sas SeuZlebeli Seiqmneba saWiro moculobis haerTan Sereva da Sedegad 
aaleba. 

amrigad, benzinis 10% ganapirobebs sawvavis amamuSavebel Tvisebebs, 
50% — Zravis gaxurebis siCqares da mravalcilindriani Zravis dros Ti-
Toeul cilindrze sawvavis Tanabrad ganawilebis unars, 90% — benzinis 
srul wvas. 

aqedan gamomdinare, benzinis fraqciuli Sedgeniloba da najeri 
orTqlis wneva benzinis ZiriTad saeqspluatacio parametrebs warmo-
adgenen. 

benzinis orTqlis wneva isazRvreba erTsa da imave temperaturaze — 

380C. 
siciveSi Zravis amuSavebisaTvis gamoyenebuli benzinis najeri or-

Tqlis wneva reidis mixedviT 0.91 atm-s toli unda iyos, xolo cxel peri-
odSi ar unda aRematebodes 0.60 atm. 

benzinis umniSvnelovanes maxasiaTebels warmoadgens detonaciuri 
mdgradoba. ganvixiloT misi arsi: rodesac benzinis orTqlisa da haeris 
narevi miewodeba cilindrs, dguSi moZraobs zeviT da axdens narevis 
SekumSvas. SekumSvisas orTqli cxeldeba. Tu benzinis orTqlisa da 
haeris narevs Zlierad SevkumSavT, is Zlierad gacxeldeba. zogierTi 
benzini asanTebi sanTlis gareSe SeiZleba TviTaaldes, e.i. moxdes deto-
nacia manamde, sanam dguSi miaRwevs Tavisi svlis zeda wertils; es Seewi-
naRmdegeba muxla lilvis moZraobas imis naclad, rom xels uwyobdes mis 
moZraobas. 

amrigad, detonaciis dros, sawvav-haeris narevis SekumSvisas sawvavis 
nawili TviTaaldeba, rac iwvevs darCenili nawilis meyseulad aalebas. 
am dros alis gavrcelebis siCqare aRwevs 1500-2500m/wm nacvlad 20-
30m/wm-isa. xolo wneva icvleba naxtomiseburad. wnevis mkveTri vardna 
iwvevs detonaciuri talRis warmoqmnas, romelic ecema Zravis cilin-
dris kedlebs: detonaciuri talRis mravaljeradi arekvla iwvevs meta-
lur kakuns, Zravis meqanikuri nawilebis dazianebas, gamonabolqv aireb-
Si Savi bolis gaCenas, cilindris kedlebis temperaturis gazrdas. 

detonaciis movlenis erT-erT ganmsazRvrel maxasiaTebels warmo-
adgens sawvavis (an misi komponentebis) SekumSvis xarisxi. 

martivad, SekumSvis xarisxi ganisazRvreba dguSis qveda nawilSi 
yofnisas arsebuli cilindris moculobis SefardebiT cilindris im 
moculobasTan, romelic darCeba dguSis zeda zRvramde miRwevisas (ra 
drosac xdeba sawvavis TviTaaleba). swored naxSirwyalbadebis kumSvis 
xarisxi gansazRvravs maT detonaciur mdgradobas. 
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saavtomobilo Zravebis eqspluataciis pirobebi sazafxulo da zam-

Tris periodebSi gansxvavebulia. zafxulSi gamoyenebuli benzinebi xasi-

aTdebian orTqlis ufro dabali wneviT (e.i. SeiZleba Seicavdnen Sedare-

biT maRalmduRare naxSirwyalbadebs), xolo zamTris sezonSi gamoyene-

bulma benzinma rom uzrunvelyos Zravis amuSaveba, mas umateben 30% msu-

buq komponentebs, mag.: butans (gaTxevadebuls). sazafxulo benzinSi bu-

tanis Semcveloba Tu 2-3%-ia, zamTrisaSi misi raodenoba 5-8% unda iyos. 

sawvavis kumSvis xarisxi gansazRvravs Zravis simZlavres. rac ufro 

didia kumSvis sidide, miT xangrZlivia samuSao taqti da miT ufro 

mZlavria Zrava. 

detonaciis movlena damokidebulia rogorc Zravis konstruqciaze, 

aseve sawvavis (naxSirwyalbadovan) Sedgenilobaze. sawvavis detonacii-

sadmi mdgradobas axasiaTeben oqtanuri ricxviT. 

pirobiTad, normaluri heptanis (n-C7H16) detonaciuri mdgradoba 0-

is tolad aris miRebuli, xolo izooqtanis — 2,2,4-trimeTilpentanis — 

100-is tolad. 

oqtanuri ricxvi aris pirobiTi erTeuli, romelic ricxobrivad to-

lia izooqtanis (2,2,4-trimeTilpentanis) moculobiTi procentuli Sem-

cvelobisa n-heptanTan narevSi. 

Tu sacdeli benzini Tavisi detonaciuri mdgradobiT ekvivalentu-

ria 80% izooqtanisa da 20% heptanis narevisa, maSin sawvavis oqtanuri 

ricxvia 80. 

arsebobs oqtanuri ricxvis gansazRvris ramdenime meTodi. maTgan 

aRsaniSnavia Zravuli da kvleviTi meTodebi. 

Zravuli meTodis dros Seiswavleba benzinis antidetonaciuri Tvi-

sebebi Zravis forsirebul reJimSi muSaobis porobebSi. kvleviTi meTodi 

ki — qalaqis pirobebSi: manqanis aramaRali siCqariT moZraobisas, xSiri 

gaCerebis pirobebSi. 

Zravuli meTodiT gansazRvris pirobebi ufro xistia: brunvis sixSire 

900 bruni/wT-ia, samuSao temperatura (karburatoris Semdeg) 1490C-ia. es 

meTodi mizanSewonilia iseTi sawvavebis detonaciuri mdgradobis gan-

sazRvrisaTvis, romelic gamoiyeneba mcire kumSvis sididis mqone Zra-

vebSi. maRalforsirebuli Zravebis sawvavebis oqtanuri ricxvis gan-

sazRvrisaTvis ufro mizanSewonilia kvleviTi meTodis gamoyeneba. am 

dros gansazRvra tardeba ufro rbil pirobebSi. samuSao narevi karbu-

ratoris win ar cxeldeba. brunvis sixSirea 600 bruni/wT-Si. 

orive meTodiT gansazRvris Sedegad miRebul antidetonaciur mniS-

vnelobebs Soris gasxvavebas — sawvavis mgrZnobiaroba ewodeba. 
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detonaciuri mdgradobis saboloo Sefasebas awarmoeben sagzao ga-
mocdebis pirobebSi. aseT pirobebSi dadgenil oqtanur ricxvs sagzao 
oqtanuri ricxvi ewodeba. 

rogorc zemoT aRiniSna, sawvavis detonaciuri mdgradoba pirvel-
yovlisa damokidebulia masSi Semavali naxSirwyalbadebis aRnagobaze. 

dadgenilia, rom airad alkanebs aqvT maRali oqtanuri ricxvi, mole-
kuluri masis zrdasTan erTad n-alkanebis oqtanuri ricxvi mcirdeba, 
heptanisaTvis 0-s utoldeba. 

 cxrili 12.1 

n-alkanebis oqtanuri ricxvi 

alkanebi 
oqtanuri ricxvi 
Zravuli meTodiT 

oqtanuri ricxvi 
kvleviTi meTodiT 

butani 92 94 

pentani 62 62 

heqsani 25 25 

heptani 0 0 

oqtani -20 0 

ganStoebuli aRnagobis alkanebi xasiaTdebian ufro maRali detona-
ciuri mdgradobiT. maT Soris yvelaze maRali detonaciuri mdgradoba 
gaaCniaT izomerebs, romlebSic erT naxSirbadis atomTan ori meTilis 
jgufi dgas. 

cxrili 12.2 

ganStoebuli n-alkanebis oqtanuri ricxvi 

alkanebi 
oqtanuri ricxvi 
Zravuli meTodiT 

oqtanuri ricxvi 
kvleviTi meTodiT 

izobutani 99 101 

2-meTilpentani 90 92 

2,2-dimeTilbutani 94 92 

2,3-dimeTilbutani 95 102 

2-meTilpentani 73 73 

2.4-dimeTilpentani 93 93 

2,2,3-trimeTilbutani 102 106 

2,2,4-trimeTilpentani 100 100 

2,5-dimeTilheqsani 54 55 
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alkanebTan SedarebiT alkenebis detonaciuri mdgradoba ufro ma-
Ralia. ormagi bmis centrisaken gadaadgileba iwvevs detonaciisadmi 
mdgradobis gazrdas. aseve detonaciisadmi mdgradoba izrdeba alkeneb-
Si ganStoebis gazrdiT. 

cxrili 12.3 

alkenebis oqtanuri ricxvi 

alkenebi 

 
oqtanuri ricxvi 
Zravuli meTodiT 

oqtanuri ricxvi 
kvleviTi meTodiT 

propeni 85 101 

penten-2 80 98 

heqsen-2 78 89 

2-meTil-heqsen-2 79 90 

2,4,4-trimeTilpenten-1 86 103 

oqten-2 56 56 

dabali rigis cikloalkanebi xasiaTdebian mniSvnelovani detonaci-
uri mdgradobiT. n-alkilis radikalis Semcveli cikloalkanebi xasiaT-
debian maTTan SedarebiT ufro dabali detonaciuri mdgradobiT, amas-
Tanave gverdiTi jaWvis sigrZis zrdasTan erTad detonaciuri mdgrado-
ba mcirdeba, xolo gverdiTi jaWvis ganStoebisa da raodenobis gazrdiT, 
detonaciuri mdgradoba izrdeba. ciklebis raodenobis gazrda iwvevs 
detonaciuri mdgradobis Semcirebas. 

cxrili 12.4 

cikloalkanebis oqtanuri ricxvi 

cikloalkanebi 

 
oqtanuri ricxvi 
Zravuli meTodiT 

oqtanuri ricxvi 
kvleviTi meTodiT 

ciklopentani 87 100 

meTilciklopentani 81 91 

eTilciklopentani 61 67 

cikloheqsani 77 83 

meTilcikloheqsani 72 75 

dekalini 38 — 

tetralini 65 — 

benzolis rigis naxSirwyalbadebi xasiaTdebian maRali detonaciuri 
mdgradobiT. 
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cxrili 12.5 

aromatuli naxSirwyalbadebis oqtanuri ricxvi 

arenebi 

 
oqtanuri ricxvi 
Zravuli meTodiT

oqtanuri ricxvi 
kvleviTi meTodiT 

benzoli 107 113 

toluoli 101 112 

eTilbenzoli 97 103 

o-qsiloli 100 100 

m-qsiloli 103 100 

p-qsiloli 103 100 

kumoli(izopropilbenzoli) 99 108 

sawvavs, detonaciuri mdgradobis gazrdis mizniT, umateben specialur 
nivTierebebs — antidetonatorebs. erT-erT yvelaze metad gamoyenebul 

antidetonators warmoadgenda tetraeTiltyvia Pb(C2H5)4; Pb(C2H5)4-is 

damatebisas sawvavis oqtanuri ricxvis gazrdas, anu Pb(C2H5)4-is damate-
bis efeqturobis maCvenebels — mimRebianoba ewodeba. is gviCvenebs erTe-

ulTa ricxvs, ra ricxviTac izrdeba sawvavis oqtanuri ricxvi Pb(C2H5)4-is 
gansazRvruli raodenobiT damatebisas. 

antidetonatorad gamoiyeneboda aseve manganumis meTilciklopen-
tadieniltrikarbonili. 

CH3 Mn(CO)3

 

aRniSnuli naerTi tetraeTiltyviasTan SedarebiT naklebad toqsi-
kuria da rig SemTxvevaSi xasiaTdeba ufro maRali antidetonaciuri moq-
medebebiT. amasTanave gaaCnia uaryofiTi mxareebi: muSaobis procesSi 
xdeba manganumis dafena sanTelze, rac maRal temperaturze iwvevs san-
Tlis izolatoris winaRobis mkveTr Semcirebas da Zravis muSaobis wyve-
tilobas. garda amisa, manganumis meTilciklopentadienilkarbonili 
Zviri nivTierebaa. 

70-iani wlebidan, garemos dacvis organizaciebis mier daisva moTxovne-
bi antidetonatorad toqsikuri tetraeTiltyviis gamoyenebis SezRudvisa 
da am mizniT ekologiurad sufTa naerTebis gamoyenebis mimarTulebiT. 

benzinis oqtanuri ricxvis gasazrdelad amJamad warmatebiT gamoi-
yeneba JangbadSemcveli nivTierebebi: spirtebi da martivi eTerebi. ker-
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Zod, meTanoli, eTanoli, mesameuli butilis spirti, mesameuli amilisa 
da mesameuli butilis spirtebis meTilis eTerebi. 

garda zemoT aRniSnulisa, benzinebi unda xasiaTdebodnen qimiuri 
stabilurobiT. maRali stabilurobiT xasiaTdebian navTobis pirdapiri 
gamoxdiT miRebuli benzinebi; isini ar Seicaven alkenebs, xolo krekin-
giT miRebuli benzinebi Seicaven alkenebs, romlebic advilad iJangebi-
an, polimerizdebian da warmoqmnian fisebs. saavtomobilo benzinebis qi-
miur stabilobas axasiaTeben induqciuri periodis xangrZlivobiT da 
fisebis SemcvelobiT. 

qimiuri stabilobis gasazrdelad, ujeri naSirwyalbadebis Semcve-
lobisas, sawvavSi SeaqvT antidamJangavebi. 

4,4′-dihidroqsidifenilamini 

HO NH OH

 

2,6-dimesameulbutilkrezoli 

OH

CH3

CH3

CH3

H3C C C

CH3

CH3

CH3

 

benzinis xarisxisaTvis didi mniSvneloba eniWeba masSi gogirdSem-
cveli naerTebis arsebobas. 

gogirdwyalbadi da dabali rigis merkaptanebi iwveven gamacxelebe-
li sistemis Zlier korozias. aseve arasasurvelia benzinebSi sxva saxis 
gogirdSemcveli naerTebis arseboba, radgan wvisas isini warmoqmnian 

Zlier koroziulad agresiul nivTierebebs: SO2, SO3. amitom dawesebulia 

benzinis xarisxianobis dasadgenad gogirdis Semcvelobis gansazRvra. 
aseve saxelmwifo standartiT aucilebelia benzinSi mJavianobis, 

wyalSi xsnadi mJavebisa da tuteebis, koroziulad agresiul nivTiereba-
Ta, meqanikuri minarevebisa da wylis Semcvelobis gansazRvra. 

12.2. sawvavebi sahaero-reaqtiuli ZravebisaTvis 

Tanamedrove safreni aparatebis umravlesoba muSaobs airturbinu-
li-airxraxniani da turboreaqtiuli ZravebiT. 

orive tipis ZravaSi turbokompresoris saSualebiT SekumSuli haeri 
miewodeba sawvav kameras, sadac xdeba Txevadi sawvavis Sefrqveva. sawvavi 
inTeba eleqtronaperwklis saSualebiT. haerisa da sawvavis miwodeba, 
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sawvavis wva da cxel airTa Wavlis warmoqmna xdeba erTdroulad. airebi 
farTovdebian turbinebSi, rac iwvevs haeris SemkumSavi kompresorisa da 
sahaero xraxnis (romelic qmnis ZiriTad wnevas) brunvas; airebis sabo-
loo gafarToeba xorcieldeba reaqtiul saqSenSi, amasTanave saqSenidan 
gamomdinare airebis WavliT iqmneba damatebiTi (8-12%) wneva. Tanamedro-
ve turboreaqtiul ZravebSi turbinis Semdeg airebi miemarTeba forsa-
Jul kameraSi, sadac sawvavis nawili damatebiT iwvis, aqedan airebi ufro 
maRali temperaturiTa da ufro didi siCqariT gadadian reaqtiul saq-
SenSi, ris gamoc izrdeba gamwevi Zala. 

sawvavebi sahaero-reaqtiuli ZravebisaTvis — (reaqtiuli sawvavi, sa-
aviacio navTi) miiReba ZiriTadad navTobis pirdapiri gamoxdis fraqcie-
bisa da aseve, katalizuri krekingis Sedegad miRebuli produqtebis sa-
fuZvelze.  

ruseTSi reaqtiuli ZravebisaTvis SemuSavebuli iyo sawvavis 20 marka 
nedleulis, fraqciuli Sedgenilobis, danamatebis, damzadebis meTode-
bis mixedviT. mag.: 

sawvavi T-1— mcire gogirdovani navTobis pirdapiri gamoxdis navTis 

fraqciaa (150-2800C). 

TC-1 — damZimebuli ligroinis fraqcia (150-2500C). 
T-2 — mzaddeba gogirdovani navTobidan gamoyofili benzinis, lig-

roinis, navTisa da gazoilis fraqciebis gamoyenebiT (60-2800C). 

T-5 — miiReba mciregogirdovani navTobis pirdapiri gamoxdiT da mi-
Rebuli fraqciebis gogirdmJaviT gawmendiT. 

PT — miiReba navTobis pirdapiri gamoxdiT, hidrogawmendiT da hid-

rogawmendili sxva komponentebis damatebiT (135-2800C). 

T-6 — Termostabiluri sawvavi, gazoilis fraqcia (195-3150C). miiReba 
navTobis pirdapiri gamoxdisa da navTobproduqtebis meoradi gadamuSa-
vebis (specialuri katalizatorebis gamoyenebisas) Sedegad miRebuli 
produqtebis SereviT. 

T-8 da T-B Termostabiluri sawvavebia (165-2800C). gamoiyenebian zeb-
geriTi siCqareebiT frenisas. xasiaTdebian dabali kristalizaciis tem-

peraturiT (-600C).  

T-8B mzaddeba vakuumuri distilatebis hidrokrekingiT da hidro-
dearomatizaciiT. 

reaqtiuli sawvavis ZiriTad maCvenebels warmoadgens simkvrive, wvis 
siTbo, fraqciuli Sedgeniloba, siblante, kristalizaciis dawyebis tem-
peratura, arenebis, gogirdis, fisebisa da ujeri naerTebis Semcveloba, 
Termuli stabiloba, arambolavi alis simaRle, luminometruli ricxvi. 

sawvavis simkvrive da dawvis siTbo axasiaTebs sawvavis energetikul 
SesaZleblobebs, rac ufro maRalia simkvrive, miT meti raodenobiT sawva-
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vis CatvirTvaa SesaZlebeli avzSi, rac, Tavis mxriv, xels uwyobs frenis 
xangrZlivobas. bunebrivia, sawvavisaTvis udidesi mniSvneloba gaaCnia mi-
si wvis siTbos. yvelaze maRali wvis siTbo axasiaTebs alkanebs — yvelaze 
naklebi arenebs. aseve, sawvavisaTvis erT-erTi mniSvnelovani maxasiaTebe-
lia sawvavis sruli wva. arenebis (gansakuTrebiT — policikluris) wvisas 
xdeba Wvartlisa da namwvis warmoqmna, romelic efineba aparaturis ked-
lebs, rac abrkolebs airebis nakadis gadasvlas sawvav kamerebSi, sawvavis 
nakadis gafrqvevas. garda amisa, alSi Cndeba naxSirbadis gavarvarebuli 
nawilakebi, izrdeba alis gamosxivebis intensiuroba; Sedegad xdeba kame-
ris kedlebis gadaxureba. amitom reaqtiul ZravebSi arenebis Semcveloba-
ze dadgenilia SezRudvebi, bgeriT siCqaremde frenisas maTi Semcveloba 
dasaSvebia 20-22%-is raodenobiT, xolo zebgeriTi siCqariT frenisas 
10%-mde. reaqtiuli ZravebisaTvis sawvavis sruli da efeqturi wvis maCvene-
bels warmoadgens aseve alis simaRle. is unda iyos ara umciresi 20-25 mm-isa.  

luminometruli ricxvi aris reaqtiuli sawvavis wvis dros alis siT-
buri gamosxivebis maCvenebeli. 

luminometruli ricxvis dadgenisaTvis isazRvreba sakvlevi da eta-
lonuri sawvavebis (tetralinisa da izooqtanis) wvis produqtebis tem-
peraturebi maTi alis gamosxivebis erTnair doneze, kerZod, xiluli 
speqtris mwvane-yviTeli zolis ubanSi (280-700nm). 

sawvavebis wvis produqtebis temperatura isazRvreba alis zemo na-
wilSi maTi naTebis intensivobisas, romelic bolis warmoqmnis (arambo-
lavi alis zeda wertilSi) wertilSi tetralinis alis naTebis intensi-
vobis tolia. 

t t
t t
Δ − Δ

=
Δ − Δ

sawv. tetr.

izooqt. tetr.

l.r.  

sadac l.r. — luminometruli ricxvia; Δtsawv., Δttetr., Δttetr. — aris Sesabami-
sad sawvavis, tetralinis da izooqtanis alis zemo nawilSi airTa tempe-
raturisa da sanTurasTan myofi haeris temperaturebs Soris sxvaoba. 
gansazRvra xdeba specialur xelsawyoSi. 

reaqtiuli sawvavebisaTvis normirebulia sablantis mniSvneloba. 
bgeriT siCqaremde frenisas is unda iyos 1.05-1.5 mm2/w, xolo zebgeriTi 
siCqaris SemTxvevaSi ara umetes 4.5mm2/w. sahaero reaqtiuli Zravebis saw-
vavebisTvis mniSvnelovani maCvenebelia sawvavis kristalizaciis dawye-
bis temperatura. radgan bgeriT siCqaremde frenisas sawvavi avzSi inten-
siurad civdeba, gamyarebis Tavidan asacileblad kristalizaciis dawye-

bis temperatura ar unda iyos -55-600C-ze meti. 
TviTmfrinavebSi, sawvavis mimwodebel sistemaSi, sawvavebi cxeldeba 

150-2500C temperaturamde. am pirobebSi alkenebi polimerizdebian, mer-
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kaptanebi da fisebi iSlebian, ris Sedegadac warmoiqmneba sawvavSi uxsna-
di naleqebi, rac iwvevs filtrebis da mfrqvevanas gaWedvas da gamacive-
beli zedapiris gaWuWyianebas. amitom reaqtiuli sawvavebi unda xasiaT-
debodnen maRali TermomdgradobiT, rac xorcieldeba sawvavebis gaw-
mendiT da aseve specialuri daniSnulebis danamatebiT. 

12.3. dizelis sawvavi, misi maxasiaTebeli parametrebi 

Sidawvis Zravis saxeobas warmoadgens dizelis Zravebi. is gamoiyeneba 
sxvadasxva saxis transportebisaTvis, rogoricaa: traqtorebi, Tbomava-
li, zRvisa da mdinareebis gemebi, avtomanqanebi, avtobusebi da moZravi 
Tboeleqtrosadgurebi. 

dizelis ZravaSi samuSao procesi oTxtaqtiania. pirvel or taqtSi 
Seiwoveba da ikumSeba haeri, SekumSvis Sedegad haeris temperatura aR-

wevs 550-6500C, xolo wneva izrdeba 4mpa-mde. SekumSvis bolo svlaze Se-
kumSul da gacxelebul haerSi maRali wneviT (drois garkveul monakveT-
Si) axdenen sawvavis Sefrqvevas; Sefrqveuli sawvavis uwvrilesi wveTebi 
gadadian orTqlis mdgomareobaSi da Seerevian haers, Zalian mcire dro-
Si sawvavi TviTaaldeba da mTlianad iwvis. periods, sawvavis Sefrqvevasa 
da aalebis dros Soris, Sekavebis periodi ewodeba. 

Tanamedrove swrafmavali ZravebisaTvis es periodi 0.002 wamze meti 
ar unda iyos. sawvavis wvisas wneva aRwevs 6-10mpa-s, Zravis normaluri mu-
Saobis ganmsazRvrel faqtors warmoadgens airebis wnevis zrdis siCqare. 
muxla lilvis 10-iT Semobrunebisas wnevis zrda 0.5mpa-s ar unda aRemate-
bodes; winaaRmdeg SemTxvevaSi Zrava iwyebs kakuns, xolo sakisarze dat-
virTva xdeba usazRvro. rac ufro xangZlivia es periodi, miT meti rao-
denobis sawvavi aswrebs gadasvlas Zravis cilindrSi da adgili aqvs didi 
raodenobiT sawvavis erTdroulad aalebas, rac iwvevs afeTqebas. am dros 
airebis wneva izrdeba momentalurad, naxtomiseburad. am movlenas ewo-
deba xisti muSaoba. es movlena garegani niSnebiT emsgavseba detonacias. 

Semdeg or taqtSi xdeba airebis gafarToeba — samuSao svla da gamo-
bolqva — Zravis cilindris gasufTaveba wvis produqtebisagan. 

dizelis sawvavi warmoadgens navTobis fraqcias, romelic ixdeba 

180-3600C. aseve iyeneben mazuTis krekingisa da hidrokrekingiT miRebul 
gazoils (amJamad maTi gamoxdis temperaturuli intervali gazrdilia 

180-3800C, 180-4000C). 
dizelis sawvavis ZiriTadi saeqspluatacio maxasiaTeblebia: fraq-

ciuli Semadgenloba, siblante, feTqebis da aalebis temperaturebi, ce-
tanuri ricxvi, SemRvrevis da gamyarebis temperaturebi, fisovan da ko-
roziulad aqtiur naerTTa Semcveloba. 
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dizelis sawvavis aalebisaTvis (raime asanTebi wyaros gareSe) saWi-

roa, rom sawvavis TviTaalebis temperatura 500-5500C-ze dabali iyos 
(e.i. imaze dabali, ra temperaturazec cxeldeba haeri cilindrSi). 

yvelaze dabali aalebis temperatura aqvs n-alkanebs, yvelaze maRa-
li arenebs. 

sawvavebis aalebis unaris SefasebisaTvis Semotanilia pirobiTi si-
dide — cetanuri ricxvi (cetanuri indeqsi). 

pirobiTad, α-meTilnafTalinis aalebis unari miRebulia 0-is, xolo 
cetanis (heqsadekanis) — 100-is tolad. 

sawvavis cetanuri ricxvi ganisazRvreba cetanis — C16H34-is moculo-

biTi SemcvelobiT α-meTilnafTalinTan narevSi, romelsac iseTive aa-
lebis unari aqvs, rogorc saanalizo sawvavs. sawvavis aalebis unaris gan-
sazRvra (Sedareba standartul narevTan) xdeba specialur Zravul da-
nadgarze standartul pirobebSi. 

sawvavis aalebis unari — cetanuri ricxvi damokidebulia sawvavis 
naxSirwyalbadovan Sedgenilobze. 

aalebis unaris mixedviT naxSirwyalbadebi SeiZleba ganlagdes Sem-

degi TanmimdevrobiT: alkanebi > izoalkanebi > alkenebi > nafTenebi >    

> aromatuli naxSirwyalbadebi > kondensirebulbirTviani aromatuli 
naxSirwyalbadebi. 

alkenebisa da alkanebis molekuluri masis zrdasTan erTad cetanuri 
ricxvi izrdeba, xolo jaWvis ganStoebis xarisxis gazrdiT — mcirdeba. 

benzolisa da cikloalkanebis homologebis cetanuri ricxvi ufro 
maRalia, vidre Caunacvlebeli naxSirwyalbadebisa, amasTanave jaWvis 
sigrZis gazrdiT cetanuri ricxvi izrdeba.  

 cxrili 12.6 

alkilbenzolebis cetanuri ricxvebi 

naxSirwyalbadebi cetanuri ricxvi 

 benzoli  - 

 toluoli  5 

 n-pentilbenzoli  8 

 n-heqsilbenzoli  26 

 n-heptilbenzoli  35 

 n-nonilbenzoli  4.4 

 n-dodecilbenzoli  58 

 n-tetradecilbenzoli  72 
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radgan sawvavis fizikuri parametrebi da aalebis unari damokidebu-
lia sawvavis qimiur Sedgenilobaze, iyo cdebi sawvavis cetanuri ricxvi 
daekavSirebinaT maT qimiur Sedgenilobasa da fizikur parametrebTan. 

mowodebul iqna formula, romlis mixedviTac sawvavis cetanuri 
ricxvis (c.r.) gansazRvra SesaZlebelia misi naxSirwyalbadovani jgu-

fur-qimiuri Sedgenilobis mixedviT: c.r.=0.85P + 0.1N — 0.2A 
 sadac P, N da A parafinuli, nafTenuri da aromatuli naxSirwyalba-

debis % Semcvelobaa sawvavSi. 
SemuSavda ramdenime empiriuli formula, sadac cetanuri ricxvi da-

kavSirebulia sawvavis fizikur parametrebTan — fraqciis saSualo du-
Rilis temperaturasa da simkvrivesTan: 

c.r.=
TsaS.-56

5ρ  

sadac TsaS — sawvavis saSualo duRilis temperaturaa 0C, xolo ρ — sim-

kvrive 150C. 
aseve SemuSavebulia formula, sadac cetanuri ricxvi ganisazRvreba 

sawvavis simkvrivisa da siblantis mixedviT. 

c.r. =
(ν20+ 17.8) 1.5879

ρ  

sadac ν20 — sawvavis kinematikuri siblantea 200C, xolo ρ — sawvavis sim-

kvrive 200C. 17.8 da 1.5879 empiriuli koeficientebia. 

cxrili 12.7 

Zravul danadgarze gazomili cetanuri ricxvis mniSvnelobebi  

 
siblante 

200C 

 
simkvrive 

200C 

cetanuri ricxvi 
 gazomili da 

nadgarze 

cetanuri ricxvi  
gansazRvruli  

formuliT 

 10,7  0.857  54  52.8 

 6.0  0.945  44  44.6 

 5.7  0.944  44  44.2 

 4.5  0.866  40  40.8 

 6.9  0.853  45  45.8 

 9.3  0.85  51  50.7 

sawvavis aalebis unaris dasaxasiaTeblad Semotanil iqna pirobiTi 
sidide — dizelis indeqsi (d.i.), romelic ganisazRvreba sawvavis anili-
nuri wertiliTa da simkvriviT. 
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(1.8A 32) (141.5 131.5 )
100

+ ⋅ − ρ=
ρ

d.i.  

sadac A —saanalizo sawvavis anilinis wertilia 0C, ρ — sawvavis simkvrive 

150C. 
dadgenilia damakavSirebeli formula cetanur ricxvsa da dizelis 

indeqss Soris. 

2
3

c.r. = d.i.+14

 

SemdegSi es formula Seicvala Semdegi formuliT: 

c.r. =
2
3

d.i. + 0.68 TsaS.-22
 

sadac TsaS — sawvavis saSualo duRilis temperaturaa farengeitis mixed-

viT 0F. 

cxrili 12.8 

dizelis sawvavis cetanuri ricxvis (gazomili danadgarze)  
da dizelis indeqsis (gansazRvruli anilinis 

wertiliTa da simkvriviT) mniSvnelobebi 

dizelis  indeqsi 20 30 40 50 62 70 80 

cetanuri ricxvi 30 35 40 45 55 65 80 

dizelis Zravebis normalur muSaobas ganapirobebs iseTi sawvavebis 
gamoyeneba, romelTa cetanuri ricxvi 45-ze metia. 

dizelis sawvavs cetanuri ricxvis gasazrdelad umateben nitronaer-

Tebs, rogoricaa 2-nitropropani (CH3)2CHNO2, 1-nitropentani C5H11NO2 

da nitrocikloheqsani C6H11NO2. 
didi mniSvneloba eniWeba dizelis sawvavebis fraqciul Sedgenilo-

bas. zafxulis pirobebSi gamoiyeneba fraqcia, romlis 50% ixdeba ara 

umetes 2800C, 96% — araumetes 3600C; zamTarSi fraqcia, romlis 50% 
ixdeba 2800C, 96% – 3400C; arqtikul pirobebSi Sesabamisad 50% – 2550C, 96% 
– 3300C. 

dizelis sawvavebisaTvis Zalian mniSvnelovania siblante, SemRvrevis 
da gamyarebis temperaturebi, rac ganapirobebs ZravaTa cilindrebSi 
sawvavis miwodebisa da gafrqvevis SesaZleblobas. dabali siblantisa da 
gamyarebis dabali temperaturis mqone sawvavebs gaaCniaT kargi denado-
ba milsadenebSi, filtrebSi, tumboebSi da mfrqvevanebSi; maTi Sefrqveva 
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xdeba advilad (warmoqmnian erTgvarovan da wvrilwveTovan nakads), rac 
aadvilebs maT aorTqlebas da wvas. 

arasasurvelia Zalian dabali siblantis mqone sawvavis gamoyeneba, 
radgan am dros SesaZlebelia Zravis swrafi cveTa. dizelis sawvavis sib-

lante 200C-ze 1.8-6.0mm2/w farglebSi unda iyos. 
dizelis sawvavisaTvis dawesebulia normebi sawvavis gamyarebisa da 

SemRvrevis temperaturaze, radgan maRali SemRvrevis temperaturis saw-
vavebis gamoyenebisas xdeba myari parafinis kristalebis gamoyofa, rac 
iwvevs sawvavis meqanikuri minarevebisagan gasawmendad gamoyenebuli 
filtrebis gaWedvas.  

zafxulis sawvavisaTvis gamyarebis temperatura ar unda aRematebo-

des -100C, zamTris — -350C, zomier klimatur pirobebSi -450C, arqtikis pi-

robebSi — 550C. 
ukanasknel wlebSi didi yuradReba eqceva dizelis sawvavis fraqciis 

sisufTaves. dizelis sawvavebis gasawmendad axdenen maT gafiltvras qa-
Raldis filtrebSi, amitom SemoRebulia gafiltvris koeficientis gan-
sazRvra. 

gansazRvras awarmoeben specialur xelsawyoSi, sadac izomeba fil-
tris gamtari unari, gansazRvruli Tanabari moculobis sawvavis gatare-
bis xangrZlivobis mixedviT. kerZod, gafiltvris koeficienti gviCve-
nebs 2 ml sawvavis gamosvlis drois Sefardebas mis win Camosuli 2 ml saw-
vavis gamosvlis drosTan. aseve SezRudulia dizelis sawvavSi gogirdis 
Semcveloba. is ar unda aRematebodes 0.2-0.5%-s. 

12.4. navTobis zeTebi, misi maxasiaTebeli parametrebi 

navTobis zeTebs sxvanairad mineralur zeTebs uwodeben, 
navTobidan zeTebs gamoyofen vakuumgamoxdiT, magram mieTiTeba is 

temperaturuli intervali, romelic Seesabameba maT atmosferul wneva-
ze gamoxdis temperaturas. 

cxrili 12.9 

zeTis fraqciis gamoxdis temperaturuli intervali 

fraqciis dasaxeleba 
duRilis temperaturis  
dasawyisi da daboloeba 

msubuqi zeTis fraqcia (transformato-
ris distilati) 

300-4000C (350-4200C) 

saSualo zeTis fraqcia  
 (manqanis distilati) 

400-4500C (420-4700C) 

mZime zeTis fraqcia (cilindris distilati) 450-4900C 
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zeTebis gamoyenebis sfero Zalian farToa. maT iyeneben manqanebis 
Zravebis, saglinavi dazgebis, sxvadasxva meqanizmebis, moZravi nawilebis, 
myari metaluri zedapirebis gasapoxad. Sedegad zedapirze xdeba zeTo-
vani afskis warmoqmna, rac gamoricxavs mSral xaxuns, mniSvnelovnad am-
cirebs xaxunis koeficients da zrdis moxaxune metaluri detalebis 
cveTagamZleobas. 

garda aRniSnulisa, navTobis zeTebi gamoiyeneba eleqtroteqnikaSi: 
transformatorebSi, reostatebSi da sxva aparatebSi izolaciisa da 
siTbos arinebisTvis. zeTis gamomrTvelebSi zeTis daniSnulebaa denis 
gamorTvisas kontaqtebs Soris warmoqmnili voltas rkalis Caqroba. 

sacxebi zeTebis mniSvnelovan jgufs Seadgens karburatoruli, avtot-
raqtoruli, dizelisa da saaviacio ZravebisaTvis gamoyenebuli zeTebi. 

siblantis mixedviT ZravisaTvis gamoyenebul zeTebs (Zravul ze-
Tebs) yofen klasebad. 

zeTis markaSi (mag.: ruseTi) aRiniSneba kinematikuri siblante 1000C-ze, 
xolo Sesqelebuli zeTebisaTvis arsebobs ormagi markireba — mricxvel-

Si aRniSnulia siblante — 180C-ze, xolo mniSvnelSi siblante 1000C-ze. 
`3~ indeqsi miuTiTebs Semasqelebeli danamatis arsebobas zamTris peri-
odisaTvis. 

aRsaniSnavia, rom gawmendis meTodebis mixedviT zeTebs ganasxvaveben 
Semdegnairad: gauwmendavi (navTobis pirdapiri gamoxdiT miRebuli), mJa-
vur-fuZuri, mJavur-kontaqturi, seleqciuri, adsorbciuli, hidrokre-
kingiT gawmendili zeTebi. 

navToburi sacxebi zeTebis ZiriTad saeqspluatacio maxasiaTeblebs 
warmoadgens: siblante-temperaturuli Tvisebebi, Zvradoba dabal tem-
peraturaze da Jangvis mimarT mdgradoba. 

sacxebi zeTebisadmi wayenebuli teqnikuri moTxovnebi damokidebu-
lia moxaxune zedapirebis moZraobis bunebasa da siCqareze. saavtomobi-

lo zeTebis siblante 6-12mm2/w (1000C) farglebSi unda iyos, xolo swraf-

mavali dizelebisaTvis 1.5-6.0mm2/w (200C). 
zeTebis siblantis temperaturaze damokidebulebis Sesafaseblad 

gamoiyeneba siblantis indeqsi (si) da siblantis temperaturuli koefi-
cienti (stk). 

siblantis indeqsi (si) aris 500C-ze kinematikuri siblantis fardoba 

1000C-ze kinematikur siblantesTan.  
msoflio praqtikaSi zeTebis siblantis temperaturaze damokidebu-

lebis Sesafaseblad gamoiyeneba dinisa da devisis mier mowodebuli 
formula 

si=
L-X
L-H

100
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sadac L etalonuri zeTis simkvrivea 37.80C, romlis si=0 (etalonad Ser-
Ceulia dabali xarisxis zeTi miRebuli fisovan-afaltenuri navTobi-

dan).  H meore etalonuri zeTis siblante 1000C, romlis si=100 (parafi-

nuli navTobidan miRebuli maRalxarisxisani zeTi).  X sakvlevi zeTis 

siblantea. 
radgan navTobis zeTebi temperaturis farTo intervalSi muSaobs, 

amitom siblantis temperaturuli mrudis xasiaTi misTvis warmoadgens 

mniSvnelovan saeqspluatacio maxasiaTebels. zeTebi, romlebsac damre-

ci temperaturuli mrudi aqvT maRali xarisxisaa. 
siblantis temperaturuli koeficienti (stk) axasiaTebs siblantis 

damokidebulebas temperaturaze. isazRvreba siblante 0, 20, 50 da 1000C-

ze. Semdeg ki mocemuli formulis mixedviT axdenen siblantis tempera-

turuli koeficientis mniSvnelobis gamoTvlas aRniSnul temperatu-
rul intervalSi: 

 stk 0-100 = V0-V100 / V50 (100-0) ⋅ 100 = V0-V100 / V50  

 stk 20-100 = V20-V100 / V50 (100-20) ⋅ 100 = 1.25 ⋅ V20-V100 / V50  

zeTebisaTvis mniSvnelovan parametrs warmoadgens Zvradobis unari, 
romelic dabal temperaturaze Zalian mcirdeba, es movlena SeiZleba 

aixsnas ori mizeziT: 1) siblantis mkveTri gazrdiT 2) myari naxSirwyal-

badebis kristalebisagan Semdgari struqturis warmoqmniT. 

dabal temperaturaze zeTebis Zvradobis maCvenebels warmoadgens 
gamyarebis temperatura. avtomobilebisa da dizelis zeTebis gamyarebis 

temperatura unda iyos -100C-dan -400C-is farglebSi, xolo turboreaq-

tiuli saaviacio zeTebisaTvis is ar unda aRematebodes -550C. 
dabal temperaturaze gamyarebis unaris mqone zeTebis misaRebad, 

zeTis fraqcia unda gaiwmindos myari alkanebisagan, pilicikluri arene-

bisagan da mokle gverdiTi jaWvis mqone cikloalkanoarenebisagan. 

zeTebis teqnikur maxasiaTebels warmoadgens gapoxvis unari: meta-

lebis zedapirebis zeTebiT dafarvisas garkveuli sisqis (0.1-1mkm) stabi-
luri, mtkice fenis zeTis warmoqmna. 

zeTebisaTvis umniSvnelovanes Tvisebas warmoadgens qimiuri stabi-

loba — mdgradoba haeris JangbadiT daJangvis mimarT. 

JangbadiT daJangvis Sedegad zeTebSi warmoiqmneba sxvadasxva Jan-
gbadSemcveli naerTebi: peroqsidebi, mJavebi, hidroqsi- da ketomJavebi, 

fenolebi, asfaltogenuri mJavebi, fisebi, asfaltenebi, karbenebi, rom-

lebic Zalian uaryofiTad moqmedeben maT saeqspluatacio Tvisebebze. 

zeTebis Jangvisadmi mdgradobas axasiaTeben Semdegi maCveneblebiT: 
koroziuli aqtiurobiT, laqisa da naleqis warmoqmnis unariT. 
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12.4.1. transformatoris zeTi 

transformatoris zeTi gamoiyeneba eleqtroteqnikaSi transforma-
torebSi, reostatebSi, gamomrTvelebsa da sxva aparatebSi ared izola-
ciisa da siTbos arinebisaTvis. 

zeTis gamomrTvelebSi zeTis daniSnulebaa voltas rkalis Caqroba, 
romelic kontaqtebs Soris warmoiqmneba denis gamorTvisas. 

transformatorebi, gamomrTvelebi da sxva zeTiT Sevsebuli eleq-
troaparatura warmoadgens metismetad faseul da sapasuxismgeblo da-
nadgars da amitom zeTis xarisxi pirvelyovlisa am aparaturis muSaobis 
gamZleobisa da saimedoobis sakiTxia. 

eleqtroaparatebSi gamoyenebuli zeTi, unda uZlebdes rac SeiZleba 
xangrZliv muSaobas Tvisebrivi Sedgenilobis Seucvlelad. 

zemoT CamoTvlili aparatebis tevadoba Tanamedrove eleqtrosad-
gurebsa da qvesadgurebSi, xSirad aRwevs ramodenime tonas, amitom ze-
Tis Secvla dakavSirebulia mniSvnelovan materialur xarjebTan. 

bolos, zeTis Tvisebebis yovelgvari cvlileba daZvelebis procesSi 
auaresebs mis, rogorc izolatoris xarisxs, xolo zeTSi uxsnadi wvis 
myari produqtebi, dafenili aparatis elementebis Sida zedapirze, amci-
rebs siTbomimocvlas, eleqtroizolacias da SeiZleba Seiqmnas avariis 
mizezi. 

transformatoris zeTis, rogorc dieleqtrikis, umniSvnelovanes 
maxasiaTebels warmoadgens dieleqtrikuli simtkice an garRvevis Zabva. 
is izomeba im ZabviT, romelic saWiroa 1 sm sisqis dieleqtrikis (zeTis) 
fenis garRvevisaTvis. 

aparatis tipis mixedviT, Zabva da simZlavre zeTisgan moiTxovs gark-
veul dieleqtrikul simtkices. Tumca, rogorc wesi dieleqtrikuli si-
mtkice (mdgradoba) axali zeTis unda iyos aranakleb 40 kilovatisa, xo-
lo eqspluataciisas es sidide araviTar SemTxvevaSi ar unda iyos 12 ki-
lovatze naklebi. 

zogjer zeTebis gamoyenebisas (kondensatorebi, zeTiT Sevsebuli ka-
belebi) didi mniSvneloba aqvT zeTebis meore maxasiaTebel sidides —di-
eleqtrikul danakargs. 

eleqtruli Tvisebebis mixedviT zeTebi SeiZleba ganxilul iqnas ro-
gorc neitraluri (arapolaruli) da polaruli siTxeebis narevi. arapo-
larul-idealur dieleqtrikebs warmoadgenen naxSirwyalbadebi, xolo 
polaruls (dipolebs) fisovani nivTierebebi, organuli mJavebi da sxva. 

rodesac dipoli imyofeba eleqtrul velSi, Tavisi RerZiT is orien-
tirdeba velis Zalxazebis mimarTulebiT. cvladi eleqtruli velis 
dros yoveli periodis naxevarSi icvleba dipolebis mdebareoba, romel-
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sac iwvevs velis mimarTulebis cvlileba. dipolebis es brunva dakavSi-
rebulia energiis xarjvasTan da siTbod gardaqmnasTan. warmoiqmnebian 
mudmiv denTan SedarebiT damatebiTi e.w. dieleqtrikuli danakargebi. 

r. a. lipSteinma da e. n. Sternma aCvenes, rom axali sakondencio tran-
sformatoruli zeTebis maRali dieleqtrikuli danakargebi damokide-
bulia ZiriTadad maTSi metalSecveli zogierTi organuli nivTierebe-
bis arsebobaze. mag.: natriumis, kalciumis, rkinis da a.S. naftenatebis da 
sulfonaftenatebis. 

zeTebis garecxvis xarisxi, zeTebidan sapnis mocilebis sisrule, 
kontrolirdeba e.w. zeTSi natriumis tutis Semcvelobaze. 

dieleqtrikuli simtkice da dieleqtrikuli danakargebi damokide-
bulia aseve zeTis meqanikur sisufTaveze (meqanikuri minarevebis arar-
sebobaze). zeTSi nestis, boWkoebis, qsovilebis, mtveris da a.S. kvalis 
arseboba mkveTrad amcirebs garRvevis Zabvas da zrdis danakargebs. ami-
tom zeTSi meqanikuri minarevebisa da sinestis gansazRvra aucilebelia. 

transformatoris zeTis metad mniSvnelovan maxasiaTebels warmo-
adgens misi Jangvis mimarT stabiloba. 

transformatoris muSaobisas eleqtroenergiis danakargis Sedegad 
xdeba siTbos mniSvnelovani raodenobiT gamoyofa, rac gadaitaneba ze-
Tis mier transformatoris aqtiuri nawilidan garsebis kedlebisaken; am 

dros zeTi cxeldeba 70-800C-mde. 
zeTi transformatorSi unda muSaobdes Seucvlelad wlebis ganmav-

lobaSi. miuxedavad imisa, rom kondensatoris arseboba Zalian abrko-
lebs haeris Jangbadis SeRwevas, zomierad maRali temperaturisas zeTi 
TandaTanobiT mainc iJangeba; zeTebis daJangvis Sedegad masSi xdeba ux-
snadi produqtebis (Slamis) warmoqmna, romlebic ileqeba transforma-
toris sxvadasxva nawilebSi, xolo zeTebSi grovdeba mJavebi da daJan-
gvis sxva produqtebi. 

transformatoris zogierTi elementis zedapirze Slamis dafena au-
aresebs Sua nawilidan siTbos gadacemas da iwvevs mis gadaxurebas, zeTis 
saSualo temperaturis gazrdas da qmnis avariis saSiSroebas SlamSi mok-
le CarTvis gamo. 

rodesac zeTSi mJavaTa raodenoba aRwevs garkveul zRvars, SeiZleba 
korozia ganicados aparatis metalurma nawilebma, rac amcirebs saizo-
lacio bambis qsovilis meqanikur simtkices. 

praqtikuli TvalsazrisiT SesaZlebelia Slamis didi nawili ixsne-

bodes cxel zeTSi da gacivebisas kvlav gamoiyos, rasac aCvenebs 200C da 

800C zeTis gafiltvrisas gamoyofili Slamis raodenoba. 
bolos, daJangva gansakuTrebiT maSin, rodesac misi erT-erTi pro-

duqti wyalia, SeiZleba iyos zeTebis dieleqtrikuli simtkicis Semcire-
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bis mizezi. amitom saWiroa zeTis Semowmeba daJangvis mimarT stabiloba-
ze, romelic ganisazRvreba laboratoriul pirobebSi daJangvis Sedegad 
warmoqmnili mJavuri ricxvisa da naleqis raodenobiT. 

transformatorul zeTebs moeTxovebaT, rom nebismier temperatu-
raze (romlebic SesaZlebelia ganviTardes zeTiT Sevsebul aparatSi) 

inarCunebdnen Zvradobas — 450C-dan 350C temperaturamde, romelic au-
cilebelia intensiuri siTbomimocvlisaTvis da swrafi midinebisaTvis 
cxel rkalTan zeTis gamomrTvelebSi. 

transformatoris zeTis ZiriTadi maxasiaTeblebia: 

siblante 200C    -------------  a/u 37sst; 

siblante 500C    -------------  a/u 9.6sst; 

gamyarebis temperatura -------------  a/u — 450C; 

mJavuri ricxvi    -------------  a/u 0.35mg KOH; 
naleqis Semcveloba   -------------  a/u 0.1%; 
garda amisa, zog SemTxvevaSi (zogierTi aparatebisaTvis) zeTis xa-

risxs waeyeneba specifikuri moTxovnebi: 

1. rkalis Caqrobisas zeTSi fisovan nivTierebaTa minimaluri raodeno-
biT warmoqmna. 

2. maRali xveriTi winaRoba, raTa uzrunvelyofil iyos minimaluri da-
nakargebi zeTiT Sevsebul kondensatorsa da kabelebSi. 
zeTis vargisianobis gazrdis mizniT, garda zemoT ganxiluli anti-

damJangavebis damatebisa, saWiroa Semdegi zomebis miReba: 

1. zeTis dacva haerTan Sexebisagan; 

2. zeTis uwyveti filtraciis ganxorcieleba adsorbentebSi an e.w. 
Termosifonur filtrebSi. 

12.4.2. zeTebisadmi danamatebi 

zeTebis saeqspluatacio Tvisebebis asamaRleblad zeTebSi SeaqvT 
danamatebi, romelTac moqmedebis mixedviT yofen: siblantis gamaumjo-
beseblebi, depresorebi, antidamJangavebi, detergentebi, antikorozi-
uli, gamrecxi, madispergirebeli, cveTis sawinaaRmdego, qafis sawina-
aRmdego. 

siblantis gamaumjobesebeli danamatebi zrdian zeTebis siblantes, 
SesaZlebels xdian warmoqmnan zeTebi ufro damreci siblantis tempera-
turuli mrudebiT. aseT danamatebad gamoiyeneba Zafismagvari aRnagobis, 
maRali molekuluri masisa da didi siblantis mqone nivTierebebi: poli-

izobutilenebi molekuluri masiT 4000-6000 (КП-5), 9000-15000(КП-10), 

15000-20000(КП-20), da polimeTilakrilatebi molekuluri masiT 3000-

4300 (ПМА `В-1~) da 12000-17000 (ПМА `В-2~). 
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depresoruli danamatebi efeqturad amcirebs zeTebis gamyarebis 

temperaturas da aumjobesebs dabal temperaturaze glinvis unars. ga-
moyenebuli depresorebia qlorparafinis kondensaciis produqti naf-

TalinTan da fenolTan, kalciumis alkilfenolati, meTakrilis mJavas 

eTerebis polimerizaciis da normaluri aRnagobis cximovani spirtebis 

narevi. 
daJangvis inhibitorebs, maTi gamoyenebis pirobebis mixedviT yofen 

dabaltemperaturul da maRaltemperaturul antidamJangav danama-

tebad. 

dabaltemperaturul daJangvis efeqtur inhibitors warmoadgens 
ionoli. mas umateben turbinis, transformatorebis da industriul ze-

Tebs. 

maRaltemperaturul antidamJangav inhibitorad gamoiyeneba diTio-

fosformJavas rTuli dieTerebis bariumisa da TuTiis marilebi (ДФ-1) 

da (ДФ-11), dialkilarildiTiofosformJavas kalciumis marilebi (МНИ-

ИП-22К) da sxva. maRaltemperaturuli antidamJangavebs umateben Zravis 

zeTebs. 
detergentuli (gamrecxi) da damaqucmacebeli danamatebi abrkole-

ben danaleqebis da afskis warmoqmnas. 

detergentul danamatebad gamoiyeneba kalciumis da bariumis al-

kilsulfonatebi (СБ-3, С-300, ПМС), kalciumis da bariumis alkilfeno-
latebi. 

polaruli aRnagobis detergentebi adsorbirdebian metalur zeda-

pirze da abrkoleben fisovani nivTierebebis, laqiseburi afskebisa da 

danaleqebis warmoqmnas ZravebSi. aseve isini aferxeben Sualedurad war-
moqmnili hidroqsimJavebis kondensacias — fisebis da naleqebis warmoq-

mnas. 

damaqucmacebeli danamatebi zeTebSi kargad xsnadi nivTierebebia da 

xasiaTdebian myari nawilakebis dispergirebisa da didi raodenobiT mya-
ri nawilakebis Setivnarebul mdgomareobaSi Sekavebis unariT, am Tvise-

bebiT xasiaTdebian da gamoiyenebian qarvis mJavas imidis nawarmebi. 

gapoxvis unaris gasaumjobeseblad cveTamedegobis asamaRleblad 

zeTebs umateben diTiofosformJavas nawarmebs (ЭФО, ЛЗ-309/2). 
energiuli morevis pirobebSi zeTebi haerTan warmoqmnian qafs, am 

movlenis acilebisaTvis zeTebs umateben qafwarmoqmnis sawinaaRmdego 

saSualebas —polimeTilsiloqsans (ПМС -200А). 
arsebobs mravalfunqciuri daniSnulebis danamatebi, romlebic Sei-

caven sxvadasxva funqciur jgufs, ris gamoc erTdroulad axdenen ram-

denime Tvisebis gaumjobesebas. 
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12.5. plastikuri sacxebi masalebi 

daxuruli, gansakuTrebiT maRali dinamikuri datvirTvisaTvis (kbi-
lovani an jaWvuri) an didi siCqariT mbrunavi meqanizmebis xaxunis kvan-
ZebSi gasapoxad gamoiyeneba plastikuri sacxebi masalebi. maT farTo ga-
moyeneba moipoves aseve sxvadasxva metaluri nakeTobebis dasacavad ga-
remo aris koroziuli zemoqmedebisagan da sxvadasxva sistemebis herme-
tizaciisaTvis. 

plastikuri sacxebis Semadgeneli komponentebia Txevadi faza (sa-
fuZveli), Semasqelebeli da Semavsebeli. Txevad fazad gamoiyeneba nav-
Toburi zeTebi, qlor-, ftor-, siliciumorganuli naerTebi, rTuli 
eTerebi an am nivTierebaTa narevebi. 

Semasqeleblebis mixedviT sacxeb masalebs yofen sam tipad. 
I tipis sacxebi, romelSic Semasqeleblad gamoyenebulia myari nivTi-

erebebi, romlebic lRobis temperaturasTan miaxloebul temperatura-
ze ixsnebian zeTebSi da lRobis temperaturaze zeTebTan warmoqmnian 
WeSmarit xsnarebs. aseTi nivTierebebia myari naxSirwyalbadebi: parafi-
nebi, cerezinebi, cvilebi. aseTi tipis sacxebis plastikuroba SezRudu-
lia Semavseblis lRobis temperaturiT; 

II tips miekuTvneba sacxebi, romlebSic Semasqeleblad gamoyenebulia 
Termulad mdgradi wvrilad dafxvierebuli organuli da araorganuli 
nivTierebebi, rogoricaa: Sardovana, teqnikuri naxSiri, qarsi, silikage-
li, gogirdovani molibdeni.  

III tipis sacxebi, romelSic Semasqeleblad gamoyenebulia iseTi myari 
nivTierebebi, romlebic ar ixsnebian zeTebSi da arc dispergirdebian 
Txevad fazaSi koloiduri sistemis warmoqmniT. aseTi Semasqeleblebs 
warmoadgenen sapnebi. 

 sapnebis SemadgenlobaSi Semavali kationebis mixedviT ganasxvaveben 
ramdenime jgufis sacxebs. 

I jgufs ekuTvnis sacxebi, romlebSic Semasqelebels warmoadgenen 

Na+-is da Li+-is Semcveli sapnebi. sacxebi stabiluria 5-6%-is raodeno-
biT Semasqeleblis Semcvelobisas. aRsaniSnavia, rom liTiumovani sacxe-
bi yinvamedegi arian. xolo natriumovani sacxebi —wylis moqmedebisadmi 
dabali medegobiT xasiaTdebian. 

II jgufs ekuTvnis sacxebi, romlebSic Semasqelebeli Ca-is da Ba-is 
sapnebia. aseTi sacxebi sakmaod mdgradebia sapnebis 8-10%-is Semcvelo-
bisas. 

sacxebis Tvisebebis gasaumjobeseblad iyeneben kompleqsur sapnebs — 

Ca-is da Na-is ionebis Semcvel sapnebs, aseve erTi da imave kationis Sem-
cveli dabali da maRali rigis cximovan mJavaTa sapnebs. mag., stearinis 
da ZmarmJavas kalciumis marili. 
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Semavseblad gamoiyeneba grafiti, saRebari da sxva nivTierebebi. 
sacxebi masalebis klasifikacias axdenen sxvadasxva niSnisa da kon-

sistenciis mixedviT: naxevrad Txevadi, plastikuri da myari sacxebi. ga-
moyenebuli Semasqeleblis tipis mixedviT ki — naxSirwyalbadovani, sap-
niani, araorganuli da organuli. gamoyenebis sferos mixedviT — antif-
riqciuli, xaxunis Semamcirebeli, damcveli, sakonservacio, Semmkvrive-
beli da sabagiro. 

plastikuri sacxebi koloiduri sistemebia, romelTac gaaCniaT Se-
masqelebeli nawilakebis mier warmoqmnili sivrciTi struqtura. Txeva-
di fazis Sekaveba naxevrad myar mdgomareobaSi xdeba myari nawilakebis 
mier mizidvis ZalebiT, aseve Txevadi fazis meqanikuri CarTviT Semasqe-
leblis kristalebSi. 

xaxunis kvanZebSi sacxebis normalur muSaobas ZiriTadad koloidu-
ri sistemis stabiloba ganapirobebs. 

koloiduri sistemis dabali stabilobis SemTxvevaSi gacxelebis an 
xangrZlivad Senaxvisas xdeba sacxebis fazebad dayofa-sinerizisi, ris 
gamoc sacxebidan zeTi gamoedineba. sacxebi kargavs plastikurobas, ga-
poxvis unars anu dacvis Tvisebas. 

koloiduri sistemis simtkicis asamaRleblad sacxebs umateben sta-
bilizatorebs (wyali, tuteebi, organuli mJavebi da maTi marilebi, 
spirtebi, eTerebi). 

sacxebi masalis xarisxi ganisazRvreba aseve daJangvisadmi mdgrado-
biT. haeris Jangbadis, gacxelebis an sxva faqtorebis moqmedebis Sedegad 
adgili aqvs Semasqeleblis da zeTebis daJangvas da daSlas; Sedegad 
sacxebSi xdeba rogorc fisovani da naxSirbadovani danaleqebis warmoq-
mna, aseve mJavebis warmoqmna, romlebic iwvevs metalTa zedapirebis ko-
rozias. 

siblantis, adgeziis unaris, TermoJangviTi stabilobis asamaRleb-
lad sacxebs umateben sxvadasxva danamatebs. 

sacxebis saeqspluatacio maxasiaTebeli parametrebia: siblante, sim-
tkicis zRvari, penetracia (ganisazRvreba sacxebSi specialuri xelsawy-
os konusis SeRwevis siRrmiT), wveTvardna, aorTqlebadoba. 

12.6. saqvabe sawvavi 

saqvabe sawvavi warmoadgens navTobis pirveladi da meoradi gadamu-
Savebis (krekingis procesebis, dakoqsvis, zeTebis gadamuSavebis) mZime 
narCens. vinaidan navTobis pirdapiri gamoxdis narCenidan xdeba rigi 
mniSvnelovani navTobproduqtis miReba, saqvabe sawvavad upiratesad 
navTobisa da navTobproduqtebis meoradi gadamuSavebis Sedegad darCe-
nili mazuTi gamoiyeneba. 
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mazuTi gamoiyeneba sawvavad saqvabe, Tboeleqtrosadgurebis, sazR-
vao da samdinaro gemebis da sxvadasxva samrewvelo RumelebisaTvis. ga-
moyenebis sferos mixedviT arsebobs ori saxis mazuTi: sacecxle da 
flotis. 

sasaqonlo saqvabe sawvavis saeqspluatacio maxasiaTebelia siblan-
te, gamyarebis temperatura, feTqebis tempratura, nacrianoba, gogir-
dis, wylis da meqanikuri minarevebis Semcveloba. 

mazuTisaTvis siblante warmoadgens erT-erT umniSvnelovanes teq-
nikur maxasiaTebels. is gansazRvravs sawvavis gamoyenebis SesaZleblo-
bebs da pirobebs. siblantezea damokidebuli mazuTis nakadis gafrqve-
vis xarisxi da Sedegad sruli wva. 

sacecxle mazuTis siblante ar unda aRematebodes 6-160p.s. (800C), xo-

lo flotis mazuTis _ 4-120p.s. (500C) (p.s.— pirobiTi siblante). saWiro 
SemTxvevaSi mazuTs anzaveben gazoiliT. 

gamagrebis temperatura is minimaluri temperaturaa, romlis dro-
sac SesaZlebelia sawvavis gadaqceva da Camosxma winaswari gacxelebis 
gareSe. amitom sawvavis gamagrebis temperatura warmoadgens Txevadi 
saqvabe sawvavis mniSvnelovan parametrs, radgan misi sididis mixedviT 
xdeba transportis, milsadenebis, gamacxelebeli sistemis da saerTod, 
sawarmoo sawvavi meurneobis sqemis SerCeva. flotis sawvavis gamagrebis 

temperatura ar unda aRematebodes -70C. -80C, xolo sacecxle mazuTis 

10-150C. 
mazuTis nacrianobas ganapirobebs marilebi da metalorganuli na-

erTebi, aseve katalizuri krekingis Sedegad miRebul mazuTSi gadasuli 
katalizatoris mtveri, romelTa Semcveloba mazuTSi damokidebulia 
navTobis gauwyloebisa da marilebisagan gasufTavebis (demetalizaciis) 
xarisxze. 

nacari amcirebs saqvabe sawvavis gamoyenebis efeqturobas, is efineba 
qvabebis, orTqlisa da haeris gamaxurebeli milebis, ekonomaizerisa da 
sxva danadgaris kedlebs, iwvevs maT wyobidan gamoyvanas. 

mazuTSi nacrianoba ar unda aRematebodes 0.05-0.14%-s. 
uaryofiTad moqmedebs mazuTis xarisxze wylisa da meqanikuri mina-

revebis Semcveloba. 
wylis Semcveloba zrdis gamacxelebel zedapirze marilTa naleqis 

warmoqmnas. meqanikuri minarevebis Semcveloba abrkolebs frqvevanas mu-
Saobas, xdeba sawvavis arxebisa da frqvevanas dazianeba. 

feTqebis temperatura axasiaTebs saqvabe sawvavis xanZris uSiSroe-
bas. 

gansakuTrebiT mniSvnelovania mazuTis es maxasiaTebeli gemebisaT-
vis, radgan am SemTxvevaSi sawvavi inaxeba da gamoiyeneba daxurul Senoba-
Si. am tipis sawvavisaTvis feTqebis temperatura, gansazRvruli daxu-
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rul tigelSi, unda iyos 900C-is toli. orTqlis qvabebisa da samrewvelo 
RumelebisaTvis gamoyenebuli sawvavis feTqebis temperatura unda iyos 

800C-idan 1200C-is farglebSi. 

12.7. bitumebi 

navToburi bitumebi muqi feris myari, naxevradmyari an Txevadi kon-
stitenciis rTuli Sedgenilobis navTobproduqtebia. maT misaRebad ga-
moiyeneba mZime fisovan-asfaltenuri navTobebis gadamuSavebis narCeni 
produqtebi, kreking-narCenebi, gudronebi, asfaltenebi, zeTebis gasuf-
Tavebis narCeni eqstraqtebi. 

ganasxvaveben narCen, daJangul da kompaundirebul bitumebs. narCeni 
bitumebi miiRebian fisovani navTobisa da krekingis produqtebis vaku-
umSi Rrma gamoxdis Sedegad darCenili masisagan. is Savi an muqi-yavisfe-
ri, oTaxis temperaturaze blanti an myari nivTierebaa. 

daJanguli bitumebi miiReba navTobis gamoxdisa da aseve kreking-
procesebis narCenebSi cxeli haeris CaberviT. JangviTi procesebis Sede-
gad miiReba ufro mtkice, rezinis magvari bitumi. 

bitumebis SedgenilobaSi ZiriTadad Sedis zeTebi, fisebi, asfalte-
nebi, asfaltogenuri mJavebi da maTi anhidridebi. 

asfaltenebis Semveloba bitumSi gavlenas axdens maT simyaresa da 
darbilebis temperaturaze. rac ufro metia bitumSi asfaltenebis Sem-
cveloba, miT ufro myaria bitumi. fisebis Semcveloba aniWebs bitumebs 
elastiurobas da macementirebel unars. zeTebi bitumebs aniWeben yinva-
gamZleobas; garda amisa zeTebSi xdeba fisebis gaxsna, asfaltenebis ga-
jirjveba. 

fizikur-qimiuri TvalsazrisiT bitumebi ganixileba, rogorc as-
faltenebisa da asocirebuli maRalmolekuluri fisebis rTuli koloi-
duri sistema zeTebisa da dabalmolekuluri fisebis areSi. 

bitumebis gamoyenebis sfero metad mravalmxrivia. msoflios TiT-
qmis yvela qveyanaSi maTi moxmareba yovelwliurad izrdeba. bitumebi 
farTod gamoiyeneba saavtomobilo gzebis da aerodromebis fenilebi-
saTvis, samSeneblo saqmeSi, Senobebis gadasaxurav masalad, saizolacio 
masalad, firiswarmomqmneli afskis, laqebis, rezinebis damarbilebel 
saSualebad da sxva. 

gzebis mSeneblobis dros, Tanabari sisqis safaris misaRebad, bitu-
mebs ureven xreSsa da qviSas. rogorc Sereva, ise asfaltis dageba xdeba 
maRal temperaturaze, rac garkveul siZneleebTan aris dakavSirebuli 
(safaris dagebisas specialuri gamacxelebeli aparaturis gadaadgile-
ba, mZime navTobproduqtebis orTqliT garemos dabinZureba). amis Tavi-
dan asacileblad bitums umateben gamaTxevadebels — gamzavebels, rome-
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lic axdens bitumis darbilebas da saSualebas iZleva garemos tempera-
turaze daigos asfaltis fena. asfaltis dagebis Semdeg gamzavebeli or-
Tqldeba da warmoiqmneba mtkice da magari asfaltis safari. 

Tu saWiroa myari safaris swrafi warmoqmna, gamzaveblad iyeneben 

nafTas (105-1600C fraqcias), xolo im SemTxvevaSi, Tu dasaSvebia ufro 
xangrZlivi dro masalis gamagrebisaTvis, gamoiyeneba navTi. bitumis am 
meTodiT gamoyenebasac gaaCnia uaryofiTi mxare; gamzaveblis didi rao-
denoba aorTqlebis gamo ikargeba da garda amisa iwvevs haeris dabinZu-
rebas.  

asfaltis dagebisas gamzaveblis gamoricxvisaTvis bolo wlebSi ga-
moyeneba moipova bitumi-wylis (50-70% bitumisa da 50-30% wylis Semcve-
lobis) emulsiebma. sistemis stabilizaciisaTvis mas umateben 1%-is ra-
odenobiT sapnis tipis emulgators. 

safarad aRniSnuli emulsiis gamoyenebisas, wyali orTqldeba iseve, 
rogorc gamzavebeli da Sedegad warmoiqmneba myari safari. 

sagzao bitumebis ZiriTadi daniSnulebaa mineraluri masalebis (xre-
Sis, silis) Sewebeba-SekavSireba, mineralur nawilakebs Soris sivrcis 
Sevseba, maTTvis hidrofoburi Tvisebebis miniWeba. 

sagzao bitumebi unda xasiaTdebodnen siTbomedegobiT — inarCuneb-
dnen simtkices maRal temperaturaze, yinvagamZleobiT — inarCunebdnen 
elastiurobas dabal temperaturaze. didi xnis ganmavlobaSi inarCuneb-
dnen sawyis siblantes da simtkices.  

samSeneblo bitumi SeiZleba iyos naklebad elastiuri, magram unda 
iyos ufro myari. 

sagzao bitumebis eqspluataciis pirobebSi mzis sinaTlis, haeris 
Jangbadis, garemos temperaturis mkveTri cvlilebis (zamTris da zafxu-
lis pirobebSi), gaZlierebuli dinamiuri datvirTvis (moZravi tran-
sportis moqmedebis) Sedegad irRveva bitumis koloiduri sistema, fise-
bi da asfaltenebi gadadian karbenebSi da karboidebSi; bitumi kargavs 
mineralur komponentebTan miwebebis unars, bitumi xdeba msxvrevadi, uC-
ndeba bzarebi da ifSvneba.  

bitumebis saeqspluatacio maxasiaTeblebia: 

1. nemsis SeRwevadobis unari (penetracia), izomeba mm-Si, miRebuli Se-
degebi mravldeba 0.1-ze. sxvadasxva markis sagzao bitumebisaTvis da-
saSvebia (40-60), (60-90), (90-130) (130-200) (200-300); samSeneblo bitume-
bisaTvis 21-40; 5-20. 

2. darbilebis temperatura 30-950C; 
3. daWimvis an gawelvis unari sm-Si, 250C-ze 940-650, 00C-ze 93.5-20. 

4. simyife ara umetess — 200C; 
5. feTqebis temperatura ara umcires 2400C. 
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12.8. navTobis koqsi 

navTobis mZime produqtebis Termuli krekingis (~540-5500C tempera-
turaze) Sedegad Ria feris navTobproduqtebTan erTad xdeba gamoxdis 
saboloo produqtis (mSrali naSTis) — navTobis koqsis warmoqmna. rad-
gan navTobis koqsma gamoyeneba moipova mrewvelobaSi (gansakuTrebiT 
eleqtrodebis warmoebaSi), damuSavebulia mZime narCenebisa da navTob-
gadamuSavebis narCenebidan koqsis miRebis procesebi, romelsac dakoq-
sva ewodeba. 

amJamad dakoqsvis procesis mizania, rogorc navTobis mZime nedleu-
lidan Ria feris navTobproduqtebis miReba, ise koqsis warmoeba. 

am procesis nedleulad gamoiyeneba: mazuTi, gudroni, bunebrivi as-
faltebi, kreking-procesis narCenebi (katalizuri krekingis produqti), 
mZime pirolizuri fisi, mZime gazoili, zeTis warmoebis narCenebi (eq-
straqtebi). 

dakoqsvisaTvis ZiriTadad 3 meTodi gamoiyeneba: 1) dakoqsva kubebSi, 
2) Senelebuli dakoqsva 3) dakoqsva fsevdogaTxevadebul mdgomareobaSi 
— e.w. ` mduRare fenaSi~. 

1) kubebSi dakosvis danadgaris ZiriTad agregats warmoadgens sakoq-
savi kubi — horizontaluri cilindruli aparati, romelSic Tavsdeba 

winaswar gacxelebuli (aranakleb 1000C) nedleuli. Sevsebuli kubi 
cxeldeba kubSi temperaturis TandaTanobiT gazrdiT — Tavdapirvelad 

40-600C-ia, xolo Semdeg 10-300C-iT. daSlis aqroladi produqtebi uwyve-
tad scildeba sareaqcio ares (xdeba sareqtifikacio svetSi gadaqaCva). 

450-5400C-ze gacxelebisas gamoiyofa mZime distilatebi, romlis damTav-
rebis Semdeg temperatura mcirdeba. gacivebis Semdeg warmoqmnili koqsi 
TiTqmis ar Seicavs aqrolad nivTierebebs da ar saWiroebs damatebiT ga-
xurebas. 

 nedleulad kreking-narCenebisa da pirolizis fisis gamoyenebi-
sas, am meTodiT miiReba specialuri xarisxis koqsi, romlis miReba sxva 
meTodebiT ar xerxdeba. 

2) Senelebuli dakoqsva. am meTodiT milovan RumelSi moTavsebuli 

nedleuli cxeldeba 5000C-mde (0.2-0.3mpa wnevis pirobebSi) da gadadis 
vertikalur cilindrSi —dakoqsvis kameraSi, sadac dasakoqsi nedleuli 
imyofeba xangrZlivi drois ganmavlobaSi da mis mier akumulirebuli 
siTbos xarjze ganicdis dakoqsvas; msubuqi distilatebi ki sakoqsavi ka-
meris zeda nawilidan gadadian sareqtifikacio svetSi. rodesac reaqto-
ris moculobis 70-90% Seivseba koqsiT, kamera gamoirTveba da gacxele-
buli nedleuli Sedis milovani Rumelidan meore kameraSi. gamorTuli 
kameridan xdeba koqsis gadmotvirTva.  
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nedleulis CatvirTvisa da Ria feris navTobproduqtebis gamoxdis 
mixedviT uwyveti, xolo koqsis gadmotvirTvis mixedviT perioduli xa-
siaTis procesia. 

3) fsevdogaTxevadebul (`mduRare~) fenaSi dakoqsvisas winaswar 
gacxelebuli nedleuli gadadis reaqtorSi, sadac kontaqtSi Sedis mas-
ze ufro maRal temperaturaze gacxelebul TbomatarebelTan, romlis 
zedapirzec ganicdis dakoqsvas. Tbomatareblad gamoiyeneba 0.3mm zomis 
nawilakebi. 

dakoqsvisaTvis gamoyenebuli Tbomatareblis maRali temperatura 
xels uwyobs koqsis nawilakis zedapiridan daSlis produqtebis aqrole-
bas. amasTanave mcirdeba Semdgomi daSlisa da SemWidroebis produqte-
bis warmoqmnis SesaZlebloba.  

eleqtrodebis dasamzadeblad gamoyenebuli koqsi saWiroebs dama-

tebiT damuSavebas — gaxurebas, romelsac atareben 1200-13000C-ze. am 
dros koqss scildeba wyali da aqroladi naxSirwyalbadebi. am process 
kalcinireba ewodeba. 

navTobidan miRebuli koqsi muqi nacrisferi, Savi feris myari fiso-
vani nivTierebaa. dakoqsvis xarisxis ZiriTadi maCveneblebia — gogirdis, 
nacris, tenis, aqroladi nivTierebebis Semcveloba, granulometruli 
Sedgeniloba, meqanikuri simtkice. 

gogirdis Semcvelobis mixedviT koqss yofen mciregogirdovan 
(1.0%-mde), saSualogogirdovan (1.5%-mde), gogirdovan (4.0%) da maRal-
gogirdovan (4.0%-is zeviT) koqsad. granulometruli Sedgenilobis mi-
xedviT dayofa xdeba natexebis zomis mixedviT —mcirenacriani (0.5%-
mde), saSualo nacriani (0.5-0.8%-mde), maRalnacriani (0.8%-ze meti).  

navTobis koqss mniSvnelovani gamoyeneba aqvs mrewvelobaSi; meta-

lurgiaSi eleqtrodebis dasamzadeblad, gansakuTrebiT Al-is da Mg-is 
warmoebaSi, man Secvala ZviradRirebuli grafitis eleqtrodebi. sxva-

dasxva daniSnulebis karbidebis misaRebad: Be2C, B4C, TiC, abraziul da 

cecxlgamZle masalebis warmoebaSi, B4C, ZnC – birTvul energetikaSi — 
konstruqciuli grafituli masalebis misaRebad, agresiuli garemos 
moqmedebis pirobebSi saWiro qimiuri aparaturis dasamzadeblad, qimiur 
teqnologiaSi aRmdgenad da sxva. 
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13. navTobi da ekologia 

navTobi da navTobproduqtebi garemos yvelaze metad gavrcelebul 
damabinZurebel nivTierebebs warmoadgenen. 

navTobis mopoveba, misi momqmedi WaburRilebi, gadamuSaveba, navTob-
produqtebis mravalmxrivi da farTo gamoyeneba garemos dabinZurebis 
wyaroebia. aRsaniSnavia, rom ZiriTadi navTobmompovebeli qveynebi daSo-
rebulia momxmarebeli regionebidan, amitom aucilebeli xdeba misi ga-
dazidva sazRvao da saxmeleTo transportiT, agreTve milsadenebiT, 
romelTa avariebi trasebis dabinZurebis mizezi xdeba. 

dabinZurebis sxva wyaroebidan aRsaniSnavia navTobgadamamuSavebeli 
qarxnebidan wyalsatevebSi Camdinare wylebi, tankerebis narecxi da ba-
lasti wylebi, qalaqis quCebis narecxi, navTobproduqtebis gasamarTi 
sadgurebi. 

sadazRvevo firma `loidis~ monacemebiT, yovelwliurad avarias ga-
nicdis 250-mde gemi, romelTa bortze arsebuli sawvavi garkveuli dro-
is Semdeg okeaneSi xvdeba. bolo 80 wlis manZilze 1000-ze metma tankerma 
ganicada katastrofa. 1967 wels la-manSis sruteSi supertankeris `tori 
kanionis~ katastrofis Sedegad zRvaSi CaiRvara 120000t. nedli navTobi. 
1978 wels bretanis sanapirosTan supertankeris `amoko kadisis~ CaZirvis 
Sedegad 223000 t navTobproduqti CaiRvara, ramac sakurorto zonis 130 
km daaziana. 

1970 wels Stormis Sedegad dazianda kompana `aramko~-s (saudis ara-
beTi) navTobsadeni, ris Sedegadac zRvaSi CaiRvara 18 milioni tona nav-
Tobi. 

garemos potenciuri dabinZurebis wyaros warmoadgenen Selfis zo-
naSi arsebuli saburR-mompovebeli platformebi. 1977 wels Crdiloe-
Tis zRvaSi erT-erTi danadgaris avariis Sedegad yovelwliurad zRvaSi 
iRvreba 4000 t navTobi. 

rogorc cnobilia, navTobi metad rTuli Sedgenilobisaa. masSi iden-
tificirebulia 1000-ze meti nivTiereba, romelTa Soris sakmaod bevri 
nivTiereba cocxali organizmebis mimarT toqsikuri moqmedebiT xasiaT-
deba da gansakuTrebiT, garemoSi xangrZlivi periodiT arsebobisas nega-
tiur gavlenas axdens garemos ekologiaze. 

navTobis msubuqi fraqciebi cocxali organizmebis mimarT garkveu-
li toqsikurobiT xasiaTdebian. masSi Semavali alkanebi naxSirbadatome-
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biT C10 da naklebi (C≤10) avlenen narkotikul moqmedebas, maRali toqsi-
kurobiT xasiaTdebian msubuq fraqciebSi Semavali aromatuli naxSir-
wyalbadebi (benzoli, toluoli, nafTalini), magram msubuqi fraqciebis 
advilad aqroladobis gamo garemo maTgan advilad sufTavdeba. 

maRali rigis parafinebi niadagebSi, zRvebsa da okeaneebSi arsebul 
cocxal organizmebze (biotsa da buntosze) Zlier toqsikur moqmedebas 
ar axdenen, magram maTTvis damaxasiaTebeli maRali gamyarebis temperatu-
ris gamo, arsebiT gavlenas axdenen niadagebis fizikur Tvisebebze. gansa-
kuTrebiT toqsikurobiT gamoirCeva navTobSi Semavali gogirdSemcveli 
naerTebi da kancerogenuli bunebis policikluri aromatuli naxSir-
wyalbadebi. 

niadagSi moxvedrili navTobi iwvevs rig negatiur Sedegebs. navTobis 
mopovebisa da gadamuSavebis raionebSi SeiniSneba niadagebis morfolo-
giuri da fizikur-qimiuri Tvisebebis intensiuri transformacia. xdeba 
niadagis struqturis gauareseba, feris cvlileba, mcirdeba niadagebis 
produqtiuloba, rig SemTxvevaSi sasoflo-sameurneo daniSnulebis mi-
webi xdeba uvargisi; navTobis xangrZlivi moqmedeba iwvevs niadagis mik-
robiologiur cvlilebas. gansakuTrebiT uaryofiTad moqmedebs navTo-
bi manitrificirebel baqteriebze. mniSvnelovani raodenobiT navTobis 
Semcvelobisas niadagSi iTrguneba celulozis damSleli mikroorganiz-
mebis ganviTareba. amasTanave aRsaniSnavia, rom navTobis xangrZlivi moq-
medebis Sedegad niadagSi xdeba specifikuri formis mikroorganizmebis 
warmoqmna, romlebic apirobeben niadagSi mniSvnelovani procesebis war-
marTvas — parafinebisa da aromatuli naxSirwyalbadebis daJangvas. 

navTobi xasiaTdeba wyalSi ganTxevis didi unariT — zRvebsa da okea-
neSi moxvedrili navTobi wylis zedapiris did farTobze ganiTxeva. 1 t. 
navTobi Txeli apkis saxiT faravs 12 km2 wylis zedapiris farTobs. yo-

velwliurad okeaneSi xvdeba daaxloebiT 6x106 t. navTobi da navTobpro-
duqti da yovelwliurad navTobis apkiT ifareba msoflio okeanis 150-
180X106km2 zedapiri; navTobis did farTobze ganTxeva ganapirobebs nav-
Tobis aorTqlebas, rac, Tavis mxriv, damokidebulia naxSirwyalbadebis 
molekulur masaze, temperaturaze da qaris siCqareze. pirvel 24 sT-Si 
qroldeba im naxSirwyalbadebis 50%, romlebic molekulaSi Seicaven 14-

mde naxSirbadatoms. Semdeg 7 dRe-RameSi C14-C17 naxSirbadatomebis Sem-
cveli naxSirwyalbadebis 50%, aRniSnuli naxSirwyalbadebis aqrolebis 
Semdeg darCenili `damZimebuli~ fraqcia ileqeba fskerze. 

okeanis zedapirze warmoqmnili navTobis monomolekuluri fena 
50%-iT amcirebs airis gatarebas da saerTod abrkolebs airisa da siT-
bos mimocvlas atmosferosa da hidrosferos Soris, siTbos mimocvlis 
darRvevam SeiZleba planetis klimatis cvlilebaze moaxdinos gavlena. 
adgili aqvs apkis qveS sinaTlis intensivobis mkveTr Semcirebas, rac Za-
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lian uaryofiTad moqmedebs wyalsatevebSi mimdinare fotoqimiur da bi-
oqimiur procesebze, xdeba wyalsatevebSi arsebuli cocxali organizme-
bis ganadgureba. moqcevis zonaSi adgili aqvs planqtonebis, mcire zomis 
mcenareebisa da frinvelebis ganadgurebas. CrdiloeT zRvasa da Crdi-
lo atlantikaSi navTobiT gabinZurebis Sedegad weliwadSi iRupeba 150-
450000 frinveli. yureebSi, sadac Senelebulia wylis mimocvla, SemCneu-
lia zRvis florisa da faunis sruli ganadgureba. 

fitoplanqtonebis masiurma ganadgurebam SeiZleba gamoiwvios deda-
miwaze Jangbadis balansis seriozuli darRveva, radgan zogierTi mona-
cemebiT Jangbadis daaxloebiT 70% producirdeba fitoplanqtonebiT. 

rogorc aRniSnuli iyo, gansakuTrebuli toqsikurobiT (Zlieri kan-
cerogenuri TvisebebiT) gamoirCeva policikluri aromatuli naxSir-
wyalbadebi. wylebSi navTobis Zalian mcire koncentraciebis drosac ki 
SesaZlebelia zRvis biotebis organizmebis dazianeba maT qsovilebSi 
aromatuli naxSirwyalbadebis dagrovebis Sedegad, rasac adgili aqvs 
navTobiT dabinZurebul areSi cocxali organizmebis didi xniT yofnis 
SemTxvevaSi. tulonis portSi daWeril saWmel moluskebSi kancerogenur 
nivTierebaTa Semcveloba (mSral naSTze gaangariSebuli) 1,3-3,4 mg/kg Se-
adgenda. zRvis mozrdili organizmebis sikvdils iwvevs xsnarSi aroma-
tuli naxSirwyalbadebis 10-2-10-4% koncentracia, xolo qviriTebisaTvis 
es koncentraciebi gacilebiT dabalia. 

kancerogenuri policikluri aromatuli naxSirwyalbadebis dagro-
veba saWmel moluskebsa da TevzebSi did safrTxes uqmnis adamianTa jan-
mrTelobas maTi sakvebad moxmarebis SemTxvevaSi. 

garemoSi moxvedrili navTobi rTul transformacias ganicdis. masSi 
Semavali dabalmolekuluri naerTebi orqldeba, nawili naerTebisa ix-
sneba wyalSi, nawili iJangeba da a.S. ase rom, nawilobriv mimdinareobs ga-
remos TviTgawmenda. 

dakvirvebebis Sedegad dadgenilia, rom wyalsatevebSi zedapirze 
ganTxmuli navTobis Txeli fenis 25% ramodenime dReSi qreba. 

navTobisagan okeanis TviTgawmendisas mniSvnelovania JangviTi pro-
cesebi, romelTa Sedegad warmoqmnili produqtebi wyalSi xsnadebia. bu-
nebrivia, JangviTi procesis siCqare Jangbadis raodenobazea damokide-
buli. zedapirze daJangvis reaqciis siCqare 0,3 t/km2 dRe-RameSi, siRrme-
Si ki 1 l. navTobis dasaJangad 400m3 wyalSi gaxsnili Jangbadia saWiro. 

aRsaniSnavia navTobisa da navTobproduqtebis baqteriologiuri 
transformacia. okeaneSi 200-mde saxeobis `navTobgadamamuSavebeli~ baq-
teria da sokoa gavrcelebuli, romelTac dRe-RameSi 1m3 wyalSi arsebu-
li 1g. navTobis gadamuSaveba SeuZliaT. unda aRiniSnos, rom navTobis Zi-
riTadi masis bioqimiuri daSla mimdinareobs Zalian nela, radgan buneba-
Si ar arsebobs mikroorganizmebis saxeoba, romelTac SeuZliaT navTo-
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bis yvela komponentis daSla. isini xasiaTdebian maRali seleqciurobiT, 
navTobis sruli daSlisaTvis ki saWiroa mravali sxvadasxva saxis baqte-
riis moqmedeba; amasTanave am dros warmoqnili Sualeduri produqtebis 
Semdgomi daSlisaTvis saWiroa aseve sxva saxis (am procesebis Sesabamisi) 
specifikuri mikroorganizmebi.  

yvelaze advilad mikrobiologiur daSlas ganicdian parafinebi, uf-
ro mdgradebia cikloparafinebi da yvelaze mdgradebi — aromatuli nax-
Sirwyalbadebi, romlebic okeaneSi rCebian ucvlelad. 

ultraiisferi sxivebi arsebiTad aCqarebs komponentebis destruq-
cias, magram ekologiuri TvalsazrisiT es procesebi sasurveli ar aris, 
radgan fotolizis produqtebi hidrobiotebisaTvis Zlier toqsiku-
rebia.  

zRvis wyalSi navTobis mZime fraqciebi ar iSlebian, isini wyalTan 
warmoqmnian mdgrad emulsiebs, rasac xels uwyobs wyalsacavebSi Setiv-
narebuli organuli nawilakebi, baqteriebi da planqtonebi. droTa gan-
mavlobaSi emulsiebi koagulirdebian fisovani, Sesqelebuli masebis sa-
xiT, romlebic wylis zedapirze dacuraven da moqcevis dros gamoidev-
nebian sanapiroebze, axdenen pliaJebis, saporto danadgarebis dabinZu-
rebas. 

wylis areSi navTobis qimiuri daJangvis procesis siCqare bioqimiuri 
daJangvis siCqaris 10-15% Seadgens. 

dabali temperaturis pirobebSi navTobis daSla kidev ufro nela 
mimdinareobs. amitom arqtikul zRvebSi CaRvrili navTobi SeiZleba im-
yofebodes 50 wlis manZilze da iwvevdes wylis biocenozis normaluri 
cxovelmyofelobis darRvevas.  

niadagSi moxvedrili navTobis gardaqmna ufro nela mimdinareobs, 
vidre okeaneSi, risi mizezia susti aeracia. niadagSi gaJonili navTobi 
xvdeba niadagis RrmulebSi, sadac haerTan kontaqti SezRudulia. garda 
amisa, niadagebSi navTobis mdgradobas ganapirobebs misi sorbcia tor-
fze, humusze da organul-mineralur nawilakebze. 

niadagis TviTgawmendis procesis siCqare damokidebulia navTobis 
Sedgenilobaze da bioklimatur pirobebze (temperatura, mikroflora) 
da a.S. 

gardaqmnebSi yvelaze aqtiurad monawileoben parafinebi, Znelad 
aromatuli, gansakuTrebiT policikluri aromatuli naSirwyalbadebi. 

aRsaniSnavia, rom airSemcvel niadagebSi arseboben specialuri baq-
teriebi, romlebic axdenen dabali rigis parafinebis daJangvas, xolo 
navTobSemcvel niadagebSi arseboben mikroorganizmebi, romlebic ikve-
bebian maRali rigis parafinebiT. 

aRsaniSnavia, rom niadagebis navTobisgan TviTgawmendis procesi da-
mokidebulia aseve niadagis tipze. 
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ganxiluli masalidan gamomdinare garemoSi daRvrili navTobis lik-
vidacia metad mniSvnelovania. 

navTobis da navTobproduqtebisagan niadagebis gasufTavebisaTvis 
SemuSavebulia radikaluri meTodi — niadagis gamowva. es meTodi metad 
Sromatevadia da garda amisa, xdeba niadagis humusis dawva. am mizniT uf-
ro xSirad mimarTaven bioremediaciis meTodebs.  

zRvaSi CaRvrili navTobis likvidaciis mizniT ZiriTadad mowodebu-
lia Semdegi meTodebi. meqanikuri Segroveba, Segroveba sorbentebis ga-
moyenebiT da dawva. 

zRvaSi CaRvrili navTobis Sesagroveblad gamoiyeneba e.w. `mtver-
sasrutis~ meTodi. navTobi Seiwoveba mZlavri tumboebiT, grovdeba tan-
kerebSi da wylis mocilebis Semdeg SesaZlebelia misi gamoyeneba daniS-
nulebisamebr. 

navTobis Sesagroveblad iyeneben SemoRobvas tivtiva jebirebiT. un-
da aRiniSnos, rom es meTodi Sromatevadia da mxolod wynar amindSi gamoi-
yeneba. 

axladdaRvrili navTobis ganadgureba SesaZlebelia dawviT. magram 
am meTodis gamoyeneba sirTuleebTan aris dakavSirebuli, radgan proce-
si unda Catardes xanmokle droSi (CaRvridan 20-30 wT-Si), rodesac nav-
Tobis laqa jer kidev katastrofis zonaSia. 

saintereso meTodia daRvrili navTobis Segroveba bunebrivi (naxer-
xi, torfi) da sinTezuri (qafpoliureTanebis, fenolplastmasebis) ga-
moyenebiT. am mizniT gansakuTrebiT aRsaniSnavia qafpoliureTanis 
fxvnilis gamoyeneba; mas SeuZlia STanTqos Tavis masaze 18-jer meti nav-
Tobi, romelic gamoiyofa meqanikuri gamowurviT, ris Semdeg kvlav Se-
saZlebelia sawyisi sorbentis gamoyeneba. 

navTobis da navTobproduqtebis Semcveloba garemos obieqtebSi 
normirebulia. 

sasmel wylebSi maTi zRvruli dasaSvebi koncentracia 0,1 mg/l Sead-
gens. TevzmeurneobisaTvis gamiznuli wylebis mimarT ki moTxovna ufro 
mkacria — 0,05mg/l. niadagebSi dasaSvebia 1 g/kg-mde navTobis Semcvelo-
ba. saWiroa kontroli navTobgadamamuSavebel qalaqebSi (misgan gamdina-
re wylebze) gadasatumb, Sesanax sadgurebze.  

garemos navTobiT dabinZurebis Sesafaseblad mowodebulia Semdegi 

nivTierebis Semcvelobis dadgena: msubuqi fraqciebis (tduR<2000C), para-
finebis da gogirdis. 

garemos dacvis saerTaSoriso saagentos (EPA) mier SemuSavebulia 
normatiuli dokumentacia, romlis Tanaxmad navTobiT da navTobpro-
duqtebiT dabinZurebul niadagSi da wyalSi aucileblia ganisazRvros 
rigi komponentebi, romlebic gansazRvravs obieqtis dabinZurebis xa-
risxs.  
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benzoli 
nafTalini 
fluoreni 
fenantreni 
pireni 
benzo(a)anTraceni 
qrizeni 
benzo(b) fluoran-
teni 
benzo(a)pireni 
benzo(g,h,I,) perile-
ni 

5035/8021B 
5035/8260B 
8270C an 8310 
 

benzoli 
nafTalini 
 
fenantreni 
pireni 
qrizeni 

 

5035/8021B 
5035/8260B 
524.2 
8270C,8310 
an 525.2 

namuSevari 
motoruli 
zeTi 

benzoli 
toluoli 
eTilbenzoli 
kumoli 
nafTalini 
pireni 
benzo(a)anTraceni 
qrizeni 
benzo(b) fluoran-
teni 
benzo(a)pireni 

indeno (1,2,3-cd) pire-
ni 
benzo(g,h,I,) perile-
ni 
tyvia (jamuri) 

5035/8021B 
5035/8260B 
 
 
 

8270C an 8310 
 
 
 
 
 
 

6010B an 7420 

benzoli 
toluoli 
eTilbenzoli 
kumoli 
nafTalini 
pireni 
benzo(a)anTra-
ceni 
qrizeni 
benzo(b) fluo-
ranteni 
benzo(a)pireni 

indeno (1,2,3-cd) 
pireni 
benzo(g,h,I,) pe-
rileni 
tyvia (gauxsneli) 

5035/8021B 
5035/8260B 
524.2 
 
 
525.2 
 
 
 
 
 
 

6020 an 7421 
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damabinZu-
rebeli 

produqti 

niadagis 
analizi 

analizuri 
meTodi 

wylis 
analizi 

analizuri 
meTodi 

mineralu-
ri indus-
triuli ze-
Ti 

PCB-1016 (AROCLOR) 
PCB-1221 (AROCLOR) 
PCB-1232(AROCLOR) 
PCB-1242 (AROCLOR) 
PCB-1248 (AROCLOR) 
PCB-1254 (AROCLOR) 
PCB-1260 (AROCLOR) 
1,3,4 trimeTilben-
zoli 
1,3,5 trimeTilben-
zoli 

8082 
 
 
 
 
 
 

5035/8021B 
5035/8260B 

PCB-1016 
(AROCLOR) 
PCB-1221 
(AROCLOR) 
PCB-
1232(AROCLOR) 
PCB-1242 
(AROCLOR) 
PCB-1248 
(AROCLOR) 
PCB-1254 
(AROCLOR) 
PCB-1260 
(AROCLOR) 
1,3,4 trimeTil-
benzoli 
1,3,5 trimeTil-
benzoli 

8082 
 
 
 
 
 
 

5035/8021B 
5035/8260B 
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