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zogadi qimiuri teqnologiis Seswavlis pro​cesi iTvaliswinebs leqciebis mosmenasa da pra​q​tikuli da laboratoriuli samuSaoebis Sesru​lebas. swavlebis am sami formis SerwymiT stu​denti iZens sakmaris safuZv​lebs nebismieri qimiur-teqnologiuri specialobis Se​sa​swavlad.


winamdebare damxmare saxelmZRvaneloSi Seta​ni​lia sa​muSaoebi, romlebic gaTvaliswinebulia ho​mo​genuri, he​​terogenuli, maRaltemperaturuli, ka​talizuri, ele​q​troqimiuri da sxva tipuri pro​cesebis ganxor​cie​lebis, agreTve, nedleulis mom​za​debis, analizisa da ga​remos monitoringis meTo​debis Sesaswavlad.


saswavlo gegmis mixedviT zogadi qimiuri teq​no​logiis laboratoriaSi studenti atarebs pirvel teq​nologiur gamokvlevas, ecnoba Teoriul kursSi mosme​nil sakiTxebs rogorc mocemuli pra​qtikumiT, aseve ca​l​​keul amocanebSi rekomendebuli damatebiTi litera​turiT. profesorTan gasaubrebis Semdeg studenti Re​bulobs davalebas da asrulebs eqsperimentul samu​Saos.


kvlevis Sedegebis mixedviT studenti asru​lebs sa​Wiro gaaangariSebebs da adgens angariSs, romelSic Se​dis davaleba da samuSaos mizani, teq​no​logiuri da​nadgaris sqema, angariSebi, grafikebi da daskvnebi.


yoveli studentisaTvis profesori arCevs da​valebas misi momavali specialobis gaTvalis​winebiT.

I samuSao 

sulfiduri madnebis gamowva


sulfiduri madnebis gamowva haeris nakadSi ti​puri procesia, romelic gamoiyeneba ferad metalur​gia​Si rogorc feradi liTonebis koncentratis gadamuSa​vebis pirveli stadia, xolo gogirdmJavis, celulozisa da zogierT sxva warmoebaSi gogirdis dioqsidis misa​Rebad. kanonzomierebebi, romlebsac efuZneba es hete​ro​gunuli maRaltemperaturuli ara​katalizuri procesi, marTebulia nebismieri su​l​fi​duri nedleulisaTvis. su​l​fiduri nedleu​lia: gogirdis almadani – FeS2,  piro​tini – Fe2S8,  qalkopiriti – CuFeS2, spilenZis kriala – Cu2S, TuTiis matyuara – ZnS  da sxv. 


ganvixiloT sulfiduri nedleulis gamowvis ka​no​nzomierebebi gogirdis almadnis gamowvis maga​liTze. gogirdis almadani gogirdovani airis war​moebis Ziri​Tadi nedleulia. igi Sedgeba mineral pi​ritisa da mina​re​vebisagan. qimiuri reaqciebi, rom​lebic almadnis ga​mowvis dros mimdinareobs, Sei​Z​leba aseTi jamuri gan​to​lebiT gamovsaxoT: 

4FeS2 + 11O2 → 2Fe2O3 + 8SO2 + Q

faqtobrivad sulfiduri madnebis gamowvis dros mimdinareobs ramdenime qimiuri reaqcia, ro​melTac, Zi​ri​Tadad, temperatura ganapirobebs. yve​la es reaqcia, iseve rogorc gamowvis mTeli pro​cesi, Seuqcevadia.  5000C-ze metad gacxelebiT Ter​modinamikurad aramdgra​di FeS2 swrafad diso​cirdeba:

2FeS2 → 2FeS + S2.
gamoyofili gogirdi maSinve iwvis, warmoqmnis ra gogi​r​dovan airs:

S2 + 2O2 → 2SO2.

6000-ze ufro maRal temperaturaze rkinis sul​fidi iJangeba. es procesi safexurebad mimdinareobs jer FeO-s, Semdeg ki Fe3O4-isa da Fe2O3-is Ta​namimdevruli warmoqmniT. reaqciaTa jamuri gan​to​leba ase SeiZleba daiweros:

4FeS + 7O2 → 2Fe2O3 + 4SO2 + Q.

SO2-is nawili iJangeba rkinis oqsidebis katali​zu​ri zemoqmedebis Sedegad da mcire raodenobiT war​moiqmneba gogirdis anhidridi - SO3. rkinis sul​fidis marcvlebi daJangvis procesSi ifareba rki​nis oqsidebis afskiT (furCiT), rac aZnelebs Jan​g​badis difuzias FeS-is jer kidev dauJangavi bir​Tvisaken da gogirdovani airis uku​difuzias airad fazaSi. difuziis es neli procesebi ga​nsazRvravs almadnis gamowvis saerTo siCqares.
almadnis gamowviT miRebuli airi, Rumlis ti​pisagan damokidebulebiT, Seicavs  7-13% SO2-s,  4-11% O2-s, 0,5%-mde SO3-s; danarCeni azotia. gamowvis myari narCeni – namwvi – rkinis oqsidebisagan Se​dgeba (Fe2O3  da Fe3O4 ). igi SeiZleba Seicavdes zo​gierTi liTonebis sulfatebs, kvarcs, alumin​sili​katebsa da 0,5-2%-mde amo​uwvav gogirds.

almadnis (iseve rogorc yvela sxva sulfi​duri nedleulis) gamowvis optimaluri pirobebis gansazRvra SeiZleba procesis siCqareze sxvadasxva faqtorebis gav​lenis analiziT. am dros mimdinare  heterogenuli pro​cesis siCqare SeiZleba aseTi gan​tolebiT gamov​saxoT:

[image: image37.emf]112233


100


vavava


V


+++×××


=




112233

100

vavava

V

 


sadac  
[image: image95.jpg]


  aris gamowvis saerTo siCqare,  ga​mo​sa​xuli produqtis (SO2) raodenobis warmoebu​liT droSi; Km  - masagadacemis koeficienti; F – fazaTa So​ris zedapiris sidide; DC - gamowvis pro​cesis mamoZ​ravebeli Zala romelic damoki​de​bulia Jangbadis Semc​ve​lobaze haerSi da gogirdis kon​centraciaze alma​da​nSi. wvis procesis siCqare Se​iZleba gaizardos Km–is, F–isa da DC-s gadi​debiT.


gamowvis DC mamoZravebeli Zalis gadideba Se​i​Z​leba sulfiduri nedleulis gamdidrebiT mra​val​jeradi flotaciis gziT, ris Sedegadac Sei​Zleba madanSi pi​ri​tis (FeS2) Semcveloba 90%-mde da ufro metadac gai​zardos.  aseve gaadidebs mamo​Zra​vebel Zalas haeris gam​di​dreba JangbadiT. 


muSaobis dros gamosawvavi nawilakebis zeda​pir​Tan Jangbadis ufro srulad miRwevis uzrun​velsayofad mas awvdian 1,2-1,8-jer mets Teori​u​lad gaangariSebul steqiometriul raodenobasTan SedarebiT. 

masagadacemis Km  koeficientis gadideba SeiZ​leba procesis temperaturis amaRlebiT da Rumel​Si hidro​dinamikuri reJimis intensificirebiT, rac xels uwyobs al​madnis nawilakebis arevas haeris na​kadSi. tempera​tu​ris amaRleba, Tumca  aCqarebs qimiur reaqciebsa da di​fu​zias, SeiZleba mxolod optimaluramde. Rumlis ti​pisagan damokidebulebiT optimaluri temperatura  Se​i​Zleba meryeobdes 850-dan 10000C-mde. misi Semdgomi ga​​dideba ar aris xelsayreli amosavali reagentis – almadnis – Te​r​​muli umdgradobis gamo: igi advilad cxve​ba msxvil koStebad, rac mkveTrad amcirebs fazaTa​Soris zedapirs da aferxebs Rumlis muSaobas.


fazaTaSorisi F zedapiris gasadideblad ma​dans ganuwyvetliv ureven, rac ara marto amcirebs difuzur wi​naaRmdegobebs, aramed aviTarebs da aax​lebs rkinis sulfidis haeris JangbadTan Sexebis ze​dapirsac. Siga​difuzur winaaRmdegobaTa Sesamci​reblad da Sexebis ze​da​piris gasadideblad gamo​sawvavad iyeneben daqucma​ce​bul almadans, romlis nawilakebis zomaa 0,03-0,3 mm. 

 sulfiduri nedleulis gamosawvavad gamoi​yeneba sa​mi tipis Rumeli: meqanikuri Taroebiani, mtvriseburi almadnis gamosawvavi da almadnis Se​wonil (fsevdo​mduRare) mdgomareobaSi gamosawvavi.

meqanikur Taroebian RumlebSi daqucma​cebu​li al​madani iwvis mis TaRebze (Taroebze) dayril fenaSi. Ta​Rebze gamosawvav masalas gadaadgileben da ureven spe​cialuri meqanikuri sarevebiT. am ti​pis Rumlebis muSa​obis intensivoba dReRameSi aR​wevs 225 kg almadans Ta​Ris 1 m2-ze. almadnis mtvrisebur mdgomareobaSi gamo​sawvav RumlebSi wmi​ndad daqucmacebuli nedleuli gai​frqveva, xo​lo fsevdomduRare mdgomareobaSi gamowvisas alma​dani Setivtivebulia  haeris nakadSi.

amJamad meqanikur Taroebian Rumels Seda​re​biT iS​viaTad iyeneben misi mcire mwar​mo​eblu​ro​bis gamo. muSaobis ufro maRali inten​si​vo​biT da miRe​bul airSi SO2-s maRali koncentra​ci​iT (fsevdomdu​Ra​re fenian Rum​lebSi – 15%-mde) gamoirCeva almadnis mtvrisebur da Sewonil mdgo​mareobaSi gamosawvavi Rum​lebi. amas garda maT sxva upiratesobebic axasiaTebs:

    1. gamosawvavi masalis maRali dispersuloba,   rac am​cirebs Sigadifuzur winaaRmdegobebs da avi​Tarebs fazaTaSoris zedapirs;

    2. yvela nawilaks haeri turbulenturad uv​lis garSemo, rac uzrunvelyofs nedleu​lis srul gamowvas;

    3. haeris siWarbis koeficientis Semcirebis Se​sa​Zlebloba, ris Sedegadac airSi izrdeba SO2-is koncentracia;

    4. Sewonil fenaSi masalis Zvradoba da dena​do​ba aadvilebs Rumlidan namwvis gamo​tvirTvas. 


aseTi tipis RumlebSi advilia gamowvis mTe​li pro​cesis regulireba da xerxdeba misi sruli avto​matizacia. maTi naklia didi mtverwataceba da Sedegad – airis Zlieri damtverianeba (300 g/m3-mde), rac Zlier arTulebs airis mtvrisagan gaw​mendis process da moi​Txovs rTul aparaturas.


mocemul samuSaoSi Seiswavleba temperatu​ris, ha​eris siWarbis, almadanSi gogirdis Semcve​lobisa da nawilakebis zomebis gavlena gamowvis siCqareze, rac aisaxeba drois mixedviT airSi SO2-is koncentraciis an  Rumlis warmadobis cvliT.    

almadnis gamowva uZrav SreSi

naxazze mocemulia uZrav fenaSi almadnis ga​mo​sawvavi laboratoriuli danadgaris sqema.
gamowvisaTvis iyeneben horizontalur mili​sebr eleqtroRumels (9); Rumlis faifuris milSi aTavseben al​madnis wonakian navs (8); RumelSi tem​peratura izo​me​ba TermowyviliT da regulirdeba Te​r​moregulatoriT (6).
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almadnis gamosawvavad saWiro haeri Rumelsa da mTel danadgarSi gaiwoveba aspiratoris (11) sa​Sua​le​biT; haeris moculobiTi saCqare izomeba reo​metriT (4), romelic dagraduirebulia oTaxis te​m​peraturaze. Rum​li​dan gamosuli airi gaivlis STa​mnTqmel WurWlebSi (7), romlebSic Casxmulia iodis (an berToles mari​lis) cnobiltitriani xsnaris gansazRvruli raodenoba. 

cdis Casatareblad 0.01 g sizustiT awonil cno​bili Sedgenilobis 1-2 g almadans aTavseben fa​i​fu​ris navSi; rodesac Rumeli gacxeldeba saWiro tempe​raturamde navi frTxilad SeaqvT milSi da aTavseben rac SeiZleba axlos Termowyvilis bolo​sTan; sacobiT swrafad da mWidrod daxuraven Rum​lis milis Ria bo​los, romelTanac dakavSirebulia onkanebis savarcxeli (10), aReben 1 da 1’ onkanebs da aspiratoris onkanis (12) saSualebiT iwyeben haeris gatarebas danadgarSi. am dros rac SeiZleba swrafad unda davamyaroT haeris sa​surveli siCqare reometris mixedviT. haeris gatarebis dawyebas afi​qsireben wamsazomiT, rogorc cdis dasa​wyiss.


Rumlis airis analizs ganuwyvetliv atare​ben, Ta​na​mimdevrulad gaatareben ra mis nakads na​kads  1-1’ da 2-2’ onkanebis saSualebiT STamnTqmel WurWlebSi drois garkveul monakveTebSi, magali​Tad, 5 wT-is gan​mav​lobaSi TiToeul WurWelSi, an xsnaris gaufe​ru​lebamde da CainiSnaven gauferule​bis dros. Tu cdas ar agrZeleben xsnaris gau​fe​rulebamde, yovel 5 wuTSi ga​darTaven airis nakads onkanebis saSualebiT sxva STa​mnTqmel WurWelSi, namuSevari xsnari gadaaqvT konusur kolbaSi da SO2-Tan reaqciaSi Seusvlel Warb iods ti​traven  natriumis Tiosulfatis 0,1 n xsnariT; indika​to​​rad saxamebels iyeneben. gaTavisuflebul WurWleb​Si kvlav asxamen iodis xsnars da ganagrZnoben Rum​lis ai​​ris analizs manam, sanam gogirdi praq​tikulad mTlia​nad ar amoiwveba nimuSidan; rodesac airSi SO2  aRar da​fiqsirdeba analizs wyveten.


cdis msvlelobisas mudmiv doneze inar​Cu​neben tempeatu​ra​sa da haeris moculobiT siC​qares.

momdevno cdaSi iReben almadnis axal wonaks da cvli​an  procesis pirobebs: gogirdis Semcve​lo​​​bas -  25-50%-is farglebSi, temperaturas – 500-8000C-is, xo​lo haeris moculobiT siCqares – 5-10 m3/sT-is zRvre​bSi. eqsperimentis Sedegebs gamosaxaven grafiku​lad kinetikuri mrudebis saxiT  koordinatTa sistema​Si: amomwvari gogirdis rao​denoba-dro. amisaTvis angariSoben drois garkveul monakveTebSi amomwvari go​girdis raodenobas formuliT:
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 aris drois mocemul monakveTSi amomwva​ri go​gi​r​dis raodenoba, g; 
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 - Tiosulfatis 0,1 n xsnaris rao​de​noba, romelic Warbi iodis gatitvraze daixarja, sm3. n da  m -  xsnarebis nor​malobis Semasworebeli koeficientebi. 
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- 1 ml 0,1 n iodis xsnaris Sesabamisi gogirdis raodenoba, ga​mo​Tvlili Sem​degi reaqciis mixedviT:

SO2 + I2 + 2H2O → H2SO4 + 2HI;

ician ra gogirdis Semcveloba almadnis wo​nak​Si, an​gariSoben gogirdis gamoyenebis koefi​ci​ents, an drois garkveul monakveTSi amomwvari go​girdis raodenobis fa​r​dobas gogirdis saerTo raodenobasTn. 

aRsaniSnavia, rom iodometruli meTodi ar iZ​le​va zust Sedegs, radgan HI Jangbadis moqme​debiT, gan​sakuTrebiT mJava garemoSi, iSleba Tavi​sufali iodis gamoyofiT: 

2HI + 0,5SO2 → H2O + I2 ,
romelic xelmeored Sedis reaqciaSi WurWelSi ax​lad Semosul SO2-is nakadTan da amitom gviCvenebs mis nak​leb raodenobas, vidre sinamdvileSia.

ufro zust Sedegs miviRebT Tu iodis nacv​lad ber​Toles marilis 3%-ian xsnars gamoviyenebT. ber​Toles mariliT SO2 iJangeba SO3-ad da rCeba xsnarSi H2SO4-is saxiT:

3SO2 + KClO3 + 3H2O → 3H2SO4 + KCl;

cdis Semdeg mas titraven  NaOH-is 0,1 n xsnariT meTilnarinjis, rogorc indikatoris, Tan​aobisas. am Se​m​T​xvevaSi amomwvari gogirdis raode​nobas angariSoben fo​r​muliT:

GS = 0,0016VNaOH ∙ K,

sadac VNaOH  aris gatitvraze daxarjuli NaOH-is      0,1 n xsnaris raodenoba, sm3; K - NaOH-is xsna​ris normalobis Semasworebeli koefici​enti; 0,0016 – gogirdis raodenoba, romelic Seesabameba 0,1 n NaOH-is 1 sm3-s Semdegi re​aq​ciiT: 

Na2SO4 + 2NaOH →Na2SO4 + 2H2O

cdis Sedegebi SeaqvT cxrilSi. 
  Catarebuli eqsperimentuli samuSaos

gasaformeblad saWiroa

1. daixazos gogirdis almadnis gamowvis danadgaris   sqema;

2. Camoiweros mocemuloba;

3. gamoiTvalos drois TiToeul monakveTSi amom-wvari gogirdis raodenoba (g, %) da gogirdis amo​w​vis sa​e​r​To xarisxi;

4. eqsperimentisa da gaangariSebis Sedegebi dafiq​sirdes cxrilSi;

5. aigos amomwvari gogirdis raodenobis amowvis droi​sagan  damokidebulebis kinetikuri mrudebi.
	almadnis wonaki, g
	gogirdis Semcveloba almadanSi, %
	gogirdis Semcveloba wonakSi, g
	gamowvis temperatura
	haeris moculobiTi siCqare, sm3/wm
	amowvis dro
	0,1 n NaOH-is raodenoba, sm63
	amomwvari gogirdis raodenoba, g
	amomwvari gogirdis raodenoba, %
	amowvis saerTo xarisxi

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
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II samuSao

natriumis tutis miReba 
ferituli meTodiT

natriumis tutis miRebis ferituli xerxi samre​wvelo masStabebiT amJamad iSviaTad gamoi​yeneba; igi uf​ro sainteresoa laboratoriuli teq​nikis Tvalsaz​ri​siT, radgan am samuSaos Sesru​lebis dros studenti mra​val qimiur-labo​ra​to​ri​ul operacias asrulebs da eufleba laborato​ri​aSi muSaobis Cvevebs. meTodi  iT​va​liswinebs natri​umis feritis – Na2O ∙ Fe2O3 – mi​Re​basa da Semdeg mis daSlas wyliT. natriumis feriti war​mo​iqmneba kalcinirebuli sodis SecxobiT rkinis oq​si​dTan maRal temperaturaze:

Na2CO3  + Fe2O3 →  Na2O ∙ Fe2O3 + CO2 – 142,8 k/j (a)

Senacxobis wyliT gamotutviT warmoiqmneba natri​umis tu​te da rkinis oqsidi:

Na2O ∙ Fe2O3  + H2O → 2NaOH + Fe2O3 +13,8 k/j  (b)

tutis mocilebisa da garecxvis Semdeg rki​nis oq​sidsNkvlav abruneben procesSi axali kazmis mosam​zadeblad.

Anatriumis tutis ferituli meTodiT mi​Re​bis Zi​riTadi operacia aris kalcinirebul sodas​Tan rkinis oq​sidis Secxonis maRaltemperaturuli heterogenuli pro​cesi, romelic myari amosavali reagentebis monawi​le​obiT mimdinare endoTermuli re​aqciis tipuri maga​liTia.

maRali temperaturis gamoyeneba aris  endo​Ter​mu​li reaqciebis intensifikaciisa da sabooloo produ​qtis warmoqmnis mxares wonasworobis gadax​ris Ziri​Tadi xerxi. maRal temperaturas didi mni​Svneloba aqvs myari reagentebis urTierTqmedebiT mimdinare procese​bSi; igi mTlianad an nawilobriv alRobs reagentebs (an erT-erTs), rac mkveTrad adidebs difuziis siCqaresa da fazaTaA Sexebis zedapiris farTobs.   


sodisa da rkinis oqsidis urTierTqmedeba Se​sa​mCnevia ukve 6800C-dan. reaqciis siCqare mkveTrad matu​lobs, roca temperatura 8510C-mde, e. i. kazmis yvelaze ufro advildnobadi kom​ponentis – sodis – lRobis te​mperaturis zeviT izrdeba. temperaturis garda (a) reaqciis siC​qa​re​ze moqmedebs reagentebis nawilakebis zo​ma, rkinis oqsidis Tvisebebi, kazmSi sodisa da rkinis oqsidis raodenobrivi Tanafardoba.


moreagire nawilakebis zomebis SemcirebiT izrde​ba reagentebis Sexebis zedapiri da mcirdeba Sigadifu​zuri winaaRmdegobebi, amitom kazmis dasamzadeblad iye​neben wmindad daqucmacebul sodasa da rkinis oqsids (na​wilakebis zoma ara umetes 1 mm). gansakuTrebiT mni​Svnelovania rkinis oqsidis wmindad dafqva, radgan igi Secxobisas myar mdgomareobaSi imyofeba. 


feritis warmoqmnis siCqareze Zalian moq​me​debs rkinis oqsidis reaqciis unari, rac damo​ki​debulia mi​narevebis Semcvelobasa da oqsidis ma​rcvlebis zedapi​ris ganviTarebaze. amitom gamoyene​buli rkinis oqsidi un​da Seicavdes ara nakleb 95% Fe2O3-s. axali rkinis oqsidi araaqtiuria da mas specialurad amuSaveben: mas mravaljer Seac​xo​ben da gamotutaven sodis mcire da Ta​n​daTanobiT mzard ulufebTan. Aamis Sedegad TiTqmis or​jer da ufro metad izrdeba rkinis oqsidis Sexebis zeda​piri marcvlebis forianobis gadidebis xarjze.  

rkinis oqsidis Warbad aReba, uzrunvelyofs so​dis maqsimalurad gamoyenebas. es gamarTlebu​lia, radgan rkinis oqsidi ar ikargeba da kvlav brun​deba procesSi. mo​qmed masaTa kanonis Tanaxmad kaz​mSi Fe2O3-is raode​nobis gadidebiT izrdeba sodis kaustifikaciis, anu natriumis tuted gardaqmnis xarisxi. praqtikaSi erT woniT nawil Na2CO3-ze iReben 2,5-3 nawil Fe2O3-s. kazms acxoben 1100-12000C-ze horizontalur dolisebr RumelSi, ro​melic brunavs 1-2 br/wT siCqariT. Rumels acxe​leben mazuTiT an airadi saTbobiT.


Senacxobs gamotutaven tutis xsnariT yalb​Ziri​a​ni aparatebis batareaSi (difuzorebSi), rom​le​b​​Sic su​s​ti tutexsnari moZraobs gamosatuti masis moZraobis Se​​mxvedrad, ris gamoc xsnaris kon​centracia TandaTan iz​​r​​deba. sabolood miRe​bu​li xsnari Seicavs 300-400 g/dm3 NaOH-s. 


Aam samuSaos mizania praqtikulad gavecnoT la​bo​ratoriul pirobebSi sodasTan rkinis oqsidis Sec​xo​bisa da Senacxobidan natriumis hidroqsidis gamo​tu​tvis procesis Tanamimdevrobas, procesis re​Jimsa da ko​n​trols, ganvsazRvroT NaOH-is gamo​savali tem​peraturis, Secxobis xangrZlivobis, kazmSi Na2CO3​​​​​​​​​​​​​​​-isa da  Fe2O3-s raodenobrivi Tanafar​dobisagan damokidebu​lebiT.


Nnaxazze mocemulia sodisa da rkinis oqsi​dis Secxobis laboratoriuli danadgaris sqema.

Ddanadgari milovani eleqtroRumelia (1), ro​me​l​Sic aTavseben kazmis wonakian rkinis an fa​i​furis navs; kaliumis tutis 40%-iani xsnariT Sev​sebuli ori kaliaparatis (3) daniSnulebaa fe​ri​tis warmomnis pro​ces​Si gamoyofili naxSiror​Jan​gis STanTqma. kaliapara​te​bis wonaSi matebis mixe​d​viT sazRvraven gamoyofili CO2-is saerTo rao​denobas. kaliaparatebs ayeneben pa​ra​​lelurad ise, rom SesaZlebeli iyos airis nakadis ga​darTva er​Tidan meore STamnTqmelSi drois garkveuli peri​o​dis Semdeg. amisaTvis iyeneben samsvlian onkans (7). roca airis nakads meore STamnTqmelSi gadarTaven pi​r​vels moxsnian da awonian. ase adgenen drois mo​cemul monakveTSi gamoyofili naxSirorJangis rao​denobas.
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temperaturas RumelSi zomaven Termowyvi​liT (5) da aregulireben TermoregulatoriT (6). kaliaparatebs aerTeben aspiratorTan (4), romli​Tac amowmeben danad​ga​ris hermetulobas da qmnian mcireoden vakuums airis nakadis Rumelsa da kali​aparatebSi moZraobisaTvis.


samuSaos Semdegi TanamimdevrobiT atareben. am​za​deben mocemuli Sedgenilobisa da granulome​triis kazms. amisaTvis angariSoben kazmis Sedgeni​lobas da te​q​nikur sasworze wonian rkinis oq​sidisa da sodis gan​sazRvrul raodenobebs. maT winaswar aqucmaceben da ata​reben saTanado zomis sa​cerSi. iReben fraqcias  mar​cvlebis zomiT – 0,05 mm-dan 1-0,5 mm-mde. Aawonil so​dasa da rkinis oqsids gulmodgined ureven faifuris jamSi an rodinSi.


winaswar gamovarvarebul navs wonian da yrian mas​Si 1-2 g kazms.


cdas atareben 800-10500C temperaturul Su​​a​le​dSi. Rumels acxeleben romelime arCeul tempera​tu​ra​mde. amave dros amowmeben mis hermetulobas as​pira​toris saSualebiT. Semdeg gaxurebul RumelSi Seitanen wonakian navs da swra​fad aerTeben Ria bolos winaswar awo​nil ka​li​aparatebTan naxSirorJangis dasa​We​rad. nat​riumis feritis warmoqmnis kinetikis Seswav​li​saTvis yo​vel 10 wT-Si gadarTaven airis nakads sxva ka​li​aparatebSi, xolo gamorTul aparatebs wonian da wo​nis namatis mixedviT sazRvraven drois mo​cemul pe​ri​odSi gamoyofili da STanTqmuli  CO2-is raodenobas.


cdas atareben pedagogis mier micemuli dava​le​bis mixedviT, 1-2 sT-is ganmavlobaSi.


calkeuli kaliaparatebis awoniT miRebuli mona​cemebis sfuZvelze msjeloben drois mixedviT feritis warmoqmnis reaqciis mimdinareobaze. amisa​T​vis calkeul apa​ratSi STanTqmuli naxSiror​Jan​gis raodenobas Sea​fa​rdeben kazmis wonakSi Teori​u​lad arsebul mis saerTo raodenobasTan, miRebul sidides gamosaxaven procen​tebSi da adgenen drois gansazRvrul monakveTSi naxSi​r​orJangis gamosavlis cxrils. am monacemebiT ageben mruds koordina​teb​Si: CO2-is gamosavali – dro,  ro​me​lic gamosaxavs procesis mimdinareobas drois gansa​zRvrul mona​kveTSi.


cdis damTavrebis Semdeg, rac SeimCneva imiT, rom kaliaparatebi wonaSi aRar imatebs, feritian navs gamo​iReben Rumlidan da dgamen eqsikatorSi. Sem​deg atareben meore cdas, cvlian ra moce​mu​lobis mixedviT tempe​ra​turas RumelSi, kazmis Se​d​genilobas, nawilakebis zoma​sa da sxv. saWiroebis SemTxvevaSi atareben mesame da meoTxe cdasac. Se​degebs yvela SemTxvevaSi amuSaveben ze​moT aRwe​ri​li wesiT.


cdebis damTavrebis Semdeg miRebuli feritis ni​muSebs cal-calke gamotutaven wyliT da sazRv​raven nat​riumis tutis gamosavals anu kausti​fika​ciis xa​risxs. amiT amowmeben reaqciis produqtebis saerTo gamosavals, romelic daaadgines gamoyofi​li naxSir​orJangis mixedviT.


miRebuli Senacxobis gamotutvisaTvis navis Sig​Tavsi gadaaqvT 200 sm3 moculobis WiqaSi. Tu Senac​xobi navidan Zneli amosaRebia mas mTlianad aTavseben Wi​qaSi; winaswar sxva WiqaSi aduRebamde acxeleben 200-250 sm3 gamoxdil wyals; navian WiqaSi asxamen da​a​xloebiT 50 sm3 cxel wyals da ramdenime wuTis gan​mavlobaSi ureven minis wkiriT. Semdeg Wiqas dgamen eleqtroRumelze da acxeleben xsnars aduRebamde. fe​rits gamotutaven wylis aRniSnuli raodenobiT 10 wT-is ganmavlobaSi; Semdeg narevs ayovneben daleqvamde da xsnari frTxilad gadaaqvT filtrze dekantaciiT. amis Sem​deg WiqaSi asxamen cxeli wylis axal ulufas da ga​nagrZoben gamotutvas, agrZeleben ra masis morevasa da SeTbobas, rogorc zemoT iyo aRwe​ri​li. Senacxobs ana​logiurad amuSaveben cxeli wyliT kidev orjer, TiTo​euli gamotutvis Semdeg  xsnari dekantaciiT gadaaqvT filtrze, Semdeg ki sazom kolbaSi.


miRebul filtrats aciveben, sazom kolbas av​seben Wdemde da atareben xsnaris analizs na​t​riumis tu​tisa da sodis Semcvelobaze. cdis Sede​gebis mixe​d​viT angariSoben kaustifikaciis xarisxs da produ​q​tebis gamosavals Teoriulad SesaZle​beli maqsimaluri gamosavlis mimarT. cdisa da angariSis Sedegebi SeaqvT cxrilSi. 


sodisa da natriumis tutis raodenobaTa gan​sa​z​Rvra xsnarSi maTi erTdroulad arsebobisas dafuZ​ne​bulia xsnaris sinjis gatitvraze sxvada​sxva indika​torebis gamoyenebiT an bariumis qlo​ridiT   Na2CO3-is wanaswar daleqvaze.

ori indikatoriT sinjis 

gatitvris meTodi  


es meTodi emyareba indikatorebis – fenol​fta​le​inisa da meTilnarinjis – feris cvlilebas pH-is mniSvnelobaTa sxvadasxva intervalSi.


saanalizo sinjis ga​titvriT meTilnarinjis Ta​na​obisas ganisazRvreba xsnaris saerTo tutia​no​ba (NaOH + Na2CO3), radganac indikatoris feris  Secvla xdeba mJava areSi, roca pH aris 3-4,5. igi​ve xsnaris fenolftaleinis TanxlebiT gatitv​ri​sas ganisazRvreba natriumis tute da so​dis rao​denobis naxevari (NaOH + 0,5Na2CO3), e. i. in​di​katori  fers icvlis  sust tute  garemoSi – pH = 8-9,5 intervalSi, romelic pasuxobs Na2CO3-is NaHCO3-Si gadasvlas. 


analizisaTvis iReben 25 sm3 filtrats, aTa​vseben konusur kolbaSi, titraven HCl-is 0,1 n xsnariT fe​nolftaleinis Tanaobisas xsnaris gau​ferulebamde da iweren marilmJavas daxarjul ra​odenobas (V1, sm3). xsna​ris imave sinjSi Caasxamen meTilnarinjis or-sam wveTs da gatitraven kvlav HCl-is 0,1 n xsnariT yvi​Te​li Seferilobis vardis​ferSi gadasvlamde.


fenolftaleinisa da meTilnarinjis Tanaobi​sas sin​jis gatitvraze daxarjuli mJavas saerTo ra​o​denoba pasuxobs saerTo tutianobas da Sead​gens V2 sm3-s. sin​jSi NaOH-is Semcvelobis ekviva​lenturi HCl-is rao​denoba iqneba 2V1–V2, xolo NaOH-is raodenoba iqneba (2V1–V2) ∙ 0,004 g. naxSirmJava natriumis ga​titvraze daxarju​li HCl-is raodenoba iqneba 2(V2–V1), xolo  Na2CO3-is raodenoba sinjSi 2(V2–V1) ∙ 0,0053 g.


sodis kaustifikaciis xarisxi gamoiTvleba formuliT:
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bariumis qloridiT daleqvis meTodi

analizis msvleloba aseTia: saerTo tuti​a​nobis gan​sasazRvravad 25 sm3 filtrati ga​da​aqvT konusur  ko​l​ba​Si,  azaveben gamoxdili  wyliT  50 sm3-mde, uma​te​ben 2-3 wveT meTilnarinjs da titraven 0,1 n go​girdmJaviT an marilmJaviT yvi​Te​li feris vardis​fer​Si gadasvlamde. saerTo tu​tianobis gansazRvraze da​xa​r​jul mJavas raodenobas aRniSnaven V1-iT, sm3.


natriumis tutis gansasazRvravad meore sin​ji, ase​ve 25 sm3, gadaaqvT konusur kolbaSi, aza​veben wyliT 50 sm3-mde da Warbad umateben bari​umis qlorids (BaCl2-s 10%-iani xsnaris daax​loebiT 30 sm3-s). am dros warmoiqmneba uxsnari ba​riumis karbonati da hid​ro​qsidi. mimdinare rea​qciebi SeiZleba ase gamov​sa​xoT:

Na2CO3 + BaCl2 →  + 2NaCl;

2NaOH + BaCl2 → Ba(OH)2 + 2NaCl.

sinjis marilmJaviT Semdgomi gatitvrisas ga​n​i​sazRvreba OH--ionebis raodenoba, rac sinjSi NaOH-is sa​wyisi raodenobis Semcvelobis ekvi​va​lenturia. nat​ri​u​mis karbonatis daleqvis Semdeg sinjs umateben feno​l​ftaleinis ramdenime wveTs da maSinve nel-nela tit​raven marilmJavis 0,1 n xsnariT, Tan frTxilad ureven, radganac sinjis didxans dayovneba haerze da intensi​u​ri moreva iw​vevs haeridan CO2-is mniSvnelovan STa​n​T​qmas. mJavas daxarjul raodenobas aRniSnaven V2​-iT, sm3; igi Seesabameba xsnarSi NaOH-is Semcvelobas.


sxvaoba V1–V2 Seesabameba sodis Semcve​lobas xsna​r​Si. Seabamisad, NaOH-is  raodenoba xsnaris sinjSi   Seadgens V2•0,004 g, xolo  Na2CO3-isa – (V1 – V2)•0,0053 g-s. 


kaustifikaciis xarisxi gamoiTvleba formuliT:   
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natriumis tutis saerTo gamosavali:
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sadac Gfaqt. aris Senacxobis gamotutvisas praqti​ku​lad miRebuli NaOH-is raodenoba, g;

       Gmaqs. – NaOH-is raodenoba, romelic Seesaba​meba kazmis wonakSi arsebuli sodis srul ka​u​s​tifikacias, g. 

c x r i l i

	Kkazmis wona, g
	temperatura, 0C
	Na+2CO3:Fe2O3,   moli:moli
	Secxobis xangrZlivoba, wT
	aliaparatis mateba wonaSi. g
	wonakidan gamoyofili naxSirorJangis raodenoba . . . . .  wT-is Semdeg


	miRebuli tutis Sedgeniloba, g/l
	austifikaciis xarisxi, g/l
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III samuSao
navTobproduqtebis siblantis 

gansazRvra


siblante navTobproduqtebis metad mniSvnelovani Tvisebaa. mas ganskuTrebuli mniSvneloba aqvs sacxi ze​Te​bisaTvis, romelTa saeqsploatacio Tvisebebi, Ziri​Tadad swored siblantezea damokidebuli da misi si​didiT ganisazRvreba. ama Tu im zeTis siblanteze damo​kidebulia misi unari Secvalos mSrali xaxuni siT​xovaniT im temperaturaze, romelzedac uxdeba muSaoba mocemul meqanikur kvanZs. 


siblantes, anu Sinagan xaxuns, uwodeben siT​xis Tvi​sebas winaaRmdegoba gauwios misi nawilebis ga​da​a​d​gilebas (srials an Zvradobas), rasac SeiZle​ba iwevdes ga​reSe Zalebis zemoqmedeba. ganasxvaveben di​na​mikur, ki​ne​matikur da fardobiT (pirobiT) sib​lantes. dina​mi​kuri siblante ewodeba siTxeebisa da ga​ze​bis Tvisebas, ro​melic axasiaTebs maT winaaRm​de​gobas srialis an Zvra​dobis mimarT. mis erTeu​lad miRebulia winaaRm​de​goba, romelic aRiZvreba si​T​xeSi misi ori iseTi fenis  urTierTgada​ad​gile​bis  Sedegad, romelTa   farTobia  1 sm2, maT Soris ma​nZili – 1 sm, maTze moqmedi gareSe Zala – 1 di​ni, gadaadgilebis siCqare – 1 sm/wm; dinami​kuri siblantis koeficienti aRiniSneba m asoTi. misi ganzomileba erTeulTa saerTaSoriso sistemaSi aris 
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    kinematikuri siblante n aris mocemul te​m​pe​ra​tu​raze siTxis an airis dinamikuri siblan​ti​sa da si​m​kvrivis fardoba 
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 . erTeulTa sa​e​r​TaSoriso si​s​temaSi kinematikuri siblantis gan​zo​milebaa 
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, e. i. iseTi nakadis siblante, rom​lis dinamikuri siblantea 
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CGS sistemaSi kinematikuri siblantis erTe​ulad miRebulia stoqsi (st). stoqsi iseTi siTxis siblan​tea, romlis simkvrive aris 1 
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 siCqariT moZravi misi 1 sm2 far​Tobis mqo​ne fenebis urTierTgadaadgilebas winaaRmdegobas uwevs 1 din Zala.  1 stoq​si (st)=100 santostoqsi (sst) = 100 mili​stoqsi (mst). 

dinamikuri da kinematikuri siblanteebi, romle​bic savsebiT gansazRvruli, konkretul erTeulebSi ga​mosaxuli fizikuri maxasiaTeblebia, gamoiyeneba rogorc saangariSo sidideebi. fardobiTi (pirobiTi) siblante – fs – ki gamoiyeneba navTobproduqtebis praqtikuli da​xasiaTebisaTvis da rogorc saangariSo parametri ar ix​mareba. is gamoxatavs t temperaturaze mocemuli pro​du​q​tis dinamikuri siblantis fardobas t1 temperaturaze wylis dinamikur siblantesTan (
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siblantes xSirad gamoxataven pirobiT erTe​u​leb​Si – gradusebSi an wamebSi. es aris 200 sm3 sakv​le​vi  produqtis gansazRvrul temperaturaze gamodinebis dro​is fardoba imave raodenobis distilirebuli wylis 200 C-ze gamodinebis drosTan da aRiniSneba fst-Ti. zogjer pirobiT siblantes sazRvraven rogorc si​T​xis garkveuli raodenobis gamodinebis dros stan​dartul pirobebSi.


pirobiTi siblantis gansazRvra rekomendebulia iseTi navTobproduqtebis dasaxasiaTeblad, romlebic gamocdis procesSi uwyveti Wavlis saxiT gamodindeba. Cveulebriv temperaturis gadidebiT siblante izrdeba, xolo SemcirebiT – mcirdeba. 


gansakuTrebiT mniSvnelovania monacemebi, role​bic axasiaTebs temperaturis mixedviT sacxi zeTebis si​b​lantis cvlilebas. praqtikaSi maT siblantis indeq​siT gamoxataven. rac naklebia zeTis siblantis tempe​ra​turuli cvlilebebi. miT maRalia misi saeqsplu​a​tacio Tvisebebi da, Sesabamisad, xarisxi. amrigad, ze​Tebis dasaxasiaTeblad saWiroa ara marto siblantis, aramed siblantis indeqsis, e. i. misi temperaturuli cvlilebis codnac.

siblantis gansazRvris meTodebi

siblantis ganszRvra, rogrc aRvniSneT, SeiZleba iyos absoluturi an fardobiTi. klasikuri absolu​tu​ri meTodebia: 1) kapilarebis, 2) mbrunavi cilindebisa da 3) vardnili burTulis meTodebi. gazomvis pirveli jgufis meTodebSi iyeneben sxvadasxva xelsawyoebs, rom​elTagan yvelaze martivi da gavrcelebulia viskozime​trebi. kapilaruli viskozimetri U-sebri milia, rom​lis erT muxlSi Cadgmulia sifarToveSi gardamavali kapilari. kapilaruli viskozimetrebiT siblantis gan​sazRvra gulisxmobs muSa moculobidan (moniSnulia wri​uli xazebiT) kapilarSi siTxis gadinebis drois gansazRvras. arsebobs viskozimetrebis ramdenime aTeuli modifikacia, romlebiTac sazRvraven absolutur an far​dobiT siblantes (0,001-dan 100 puazamde) farTo temperaturul intervalSi. am xelsawyoebidan yvelaze uf​ro gavrcelebulia ostvaldis, ostvald-pinkeviCis, ubelodes, pinkeviC-mitrofanovasa da sxva viskozi​me​trebi.  nax.1-ze mocemulia pinkeviC-mitrofanovas visko​zi​me​tri. 

viskozimetrs aTavseben wylian minis WurWelSi ise, rom misi gafarToebuli nawili (5) Cayursuli iyos wyalSi da acxeleben gansazRvrul tempera​tu​ramde, roca wyali miiRebs saWiro temperaturaas ayo​v​neben 5-10 wuTi da iwyeben cdas. viskozimetrSi asxamen sakvleb siTxes iseTi raodenobT, rom gafarToebuli na​wili Seivsos naxevramde. wnevis saSualebiT, romelsac  qmnian rezinis buStiT (4), navTobproduqti gadahyavT pir​veli birTvidan meoreSi. gamodinebis dros aiTvlian siTxis m-dan n meniskamde moZraobisas. birTvi (5) daba​li da ganieria siTxis moZraobisas hidravlikuri cdo​mi​lebebis Tavidan asacileblad. 
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HClO + NaOH NaClO + H2

O ;


nax. 1. pinkeviC-mitrofanovas viskozimetri

produqtis gamodinebis miRebuli dro (t), gamrav​lebuli produqtis kuTr (d) wonasa da xelsawyos (k)  mudmivaze, aris produqtis absoluturi siblante pua​zebSi: 

h=k∙t∙d.

xelsawyos (k) mudmivas angariSoben formuliT:
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HCl + NaOH

NaCl + H2

O ;


sadac             aris im siTxis absoluturi siblante,   ro​m​liTac adgenen xelsawyos mudmivas;

       d0  –  amave siTxis kuTri wona, g/sm3;
       t0 – am siTxis viskozimetrSi gamodinebis    dro, wm.  

xelsawyos mudmivas gansazRvrisaTvis saWiroa mxo​lod  t0-is dadgena, danarCen or sidides cxrileb​Si naxuloben.   


qvemoT moyvanilia cxrili distilirebuli wyli​s​aTvis.
	temperatura, 0C
	absoluturi siblante, puazi
	kuTri wona, g/sm3

	0
	0,01797
	0,99838

	10
	0,01309
	0.99978

	20
	0,01008
	0,99825

	30
	0,00800
	0,99567

	40
	0,00653
	0,99224

	50
	0,00549
	0,98807

	60
	0,00316
	0,98534
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xelsawyos mudmivas gamoTvla mosaxerxebelia, ag​reTve, benzolis saSualebiTac, romlisTvisac 200C-ze =0,0547 p-s, xolo d0=0,879 g/sm3; 500C-ze h0=0,00436, d0=0,847 g/sm3-s.


absoluturi siblantis gayofiT kuTr wonaze miviRebT kinematikur siblantes stoqsebSi.


radganac navTobproduqtebis asortimenti metad didia da maTi siblanteebic Zlier gansxvavebuli, maTi Ses​wavlisaTvis iyeneben sxvadasxva viskozimetrebs, rom​lebic erTmaneTisagan, ZiriTadad, kapilarebis diamet​riT gansxvavdeba. rac ufro blantia Sesaswavli nivTi​ereba, miT ufro didi diametris kapilariani visko​zi​metris gamoyenebaa xelsayreli. Tu Zlier blanti siT​xe​ebis Sesaswavlad wvrilkapilariani viskozimetri ga​mo​viyeneT gamodinebas didi dro daWirdeba, rac uaryo​fiTad imoqmedebs gazomvis sizusteze. 


 fardobiTi siblantis gansazRvrisaTvis xSirad iyeneben engleris, barbies, redvurdis, seiboltisa da sxva viskozimetrebs. praqtikaSi sakmaod gavrcelebulia e.w. ВУ-s tipis (вискозиметр условный) viskozimetrebi (nax. 2). [image: image45.emf](
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miRebulia fardobiTi siblantis gamosaxva ВУ-s erTeulebSi romlebic r​i​​c​xobrivad emTxveva eng​leris gradusebs (0E)​. aseTi erTeuli ga​moxatavs 200 sm3 sak​v​levi siTxis gamo​dine​bis drois fardobas 200-ze 200 sm3 wylis gamodinebis drosTan. vis​kozimetri  ВУ  ori Ti​Tbris cilindri​sa​gan Sedgeba. Siga cilindri 1 ivseba sakvlevi siT​xiT, xolo gare 2 – as​rulebs wylis an ze​Tis abazanis rols. cilindrebs aqvT saer​To xvreli 3, romelic ixu​reba xis ReroTi 4. xvrelSi Cadgmulia TiTbris mili 5, romelSic Cawne​xilia gaSlifulzedapiriani platinis kapilari (e. w. viskozimetris kapilari). Siga cilindris keelze fskeridan Tanabar manZilze mimagrebulia sami moxrili Rero 6, sakvlevi siTxis donis saCveneblad da xel​sa​wyos zustad horizontalur mdgomareobaSi da​sa​ye​ne​b​lad. am ci​lindris mocu​lo​ba fskeridan niS​nulebamde 240 sm3-ia. Siga cilin​drs aqvs TiTbris saxura​vi, ro​mel​Sic datane​bulia ori xvre​li: erT​S​i Cadgmu​lia xis Rero, xo​​lo meo​re​Si -  Termomet​ri 7. ga​re ci​li​ndris Si​​da kede​l​ze mimag​re​bulia sa​revi 8 da Ter​mo​metri 9. gamo​sa​svleli mi​lidan 5 gamodi​ne​bu​li  si​T​xis r​a​o​​​de​noba fiqsi​r​deba sazomi kol​biT 13, rom​lis moculoba yelze gakeTebul Wdemde aris 200 sm 3.
eqsperimentis dawyebamde saWiroa xelsawyos wylis ricxvis dadgena. viskozimetris wylis ricxvi (mudmiva) aris 200C-ze 200sm3 distilirebuli wylis gamodinebis dro (wm). wylis ricxvis gansazRvrisaTvis Siga cilindrs gulmodgined recxaven Tanamimdevrulad ben​ziniT, spirtiTA da distilirebuli wyliT. Semdeg ma​s​Si asxamen distilirebul wyals niSnulebis dafa​rvamde; ayeneben xelsawyos horizontalur mdgomareo​ba​Si da Camoclian zedmet wyals. xelsawyos axuraven sa​xuravs da acxeleben saWiro temperaturamde, urven ra sareviT abazanaSi, xolo Siga cilindrSi – saxuravSi Ca​d​gmuli TermometriT. rodesac temperatura miaRwevs 200C-s ayovneben ramdenime wuTs, Sedgamen sazom kolbas gamosasvleli xvrelis qveS da frTxilad amoiReben xis Reros 4, CarTaven ra maSinve wamsazoms; sazRvraven 200 sm3 wylis gamodinebis dros (anaTvali aiReba Zira me​niskis mixedviT). sami gansazRvridan iangariSeba saSu​alo ariTmetikuli, amasTan sxvaoba calkeul gazomvebs Soris 0,5 wm-s ar unda aRematebodes. standartuli vi​s​kozimetrebis wylis ricxvi unda iyos 50-52 wm. Tu mudmivas miRebuli mniSvneloba metia 52-ze an naklebia 50-ze, viskozimetri samuSaod ar gamodgeba.

sufTa navTobproduqts, romelic ar Seicavs wya​l​sa da meqanikur minarevebs, acxeleben im tempe​ratu​raze 1-30-iT naklebad, romelzedac unda ganisazRvros siblante da asxamen benziniT garecxil da haeriT ga​m​Sral cilindrSi. abaznaSi temperaturas adideben 1,5-20-iT, mocemulTan SedarebiT. roca sakvlevi siTxis te​mperatura miaRwevs gansazRvis dones daayovneben am te​m​peraturaze 5 wT da iwyeben eqsperiments.


pirobiT siblantes upiratesad sazRvraven 20, 50 da 1000-ze. daayeneben ra siTxis dones cilindrSi, aba​zanaSi amcireben temperaturas imdenad, rom igi 0,20-iT meti iyos gansazRvrisaze da inarCuneben mas cdis bo​lomde. Semdeg iseve iqcevian, rogorc wylis ricxvis gansazRvrisas. roca sazom kolbaSi sakvlevi nav​Tob​produqtis done miaRwevs niSnuls, wamsazoms gamor​Taven (qafi mxedvelobaSi ar miiReba).gamodinebis dros sazRvraven 0,2 wm-is sizustiT. pirobiT siblantes angariSoben formuliT:

                Pps=   
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sadac  ps aris  produqtis pirobiTi siblante cdis temperaturaze;

     tt – 200sm3 navTobproduqtis viskozimetridan gamodinebis dro t temperaturaze, (wm);
   twy,20 – 200 sm3 wylis gamodinebis dro 200C-ze (wylis ricxvi), wm.


monacemebi, romlebic axasiaTebs pirobiT siblan​tes, SeiZleba gamoviyenoT absoluturi siblantis mi​axloebiTi SefasebisaTvis Semdegi formulebis saSualebiT:
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nax.3 gurviCis viskozimetri 
maRalmolekuluri blanti  navTobpro​duq​te​bi ka​- pi​larSi Znelad moZraobs; maT gamodinebas didi dro Wir​​deba, rac did cdomilebas iwvevs, amitom aseTi ni​vTierebebis siblantes sazRvraven e. w. gurviCis vis​ko​zimetruli miliT, romlis muSaobis principi emyareba myari sxeulebis siTxeSi vardnas. gurviCis milovani vis​​kozimetri (nax.3) ubralo milia 1, romlis Siga dia​metri 4-6 mm-ia, xolo sigrZe  250-300 mm. milis erTi bolo daxururlia. Ria bolo​dan 100 mm-is daSorebiT gakeTebuli aqvs erTi Wde – a, daxuruli bolodan 50 mm-is daSorebiT meore Wde – b. ab manZili SeiZleba iyos 15-20 sm. milSi asxamen sakv​lev produqts a  Wdeze zeviT da aTavseben liTonis an mi​nis abazanaSi. abazanaSi asxamen siTxes, romelic 100-iT ufro cxelia gansazRvris temperaturaze. saWiro temperaturis dam​yarebis Sendeg milSi CauSveben 4-6 mm diametris fola​dis burTulas da iniSnaven dros, ro​melsac burTula an​do​mebs ab  manZilis gavlas. imisaTvis, rom visko​zimetrul mils yovelTvis erTi da igive mdgomareoba hqondes, igi Zevs abazanis amoWril budeSi (4). cdis gasameoreblad milSi uSveben iseTive meore burTulas im​ave temperaturaze. sakvlevi produqtis siblantis da​sadgenad saWiroa gamoyenebuli milis dakalibreba. ami​saTvis mocemuli viskozimetruli miliT winaswar un​da gaizomos cnobili siblantis produqtebSi gan​sazRvruli wonis burTulis moZraobis dro da aigos damokidebulebis grafiki am milisaTvis.
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me4 naxazze mocemulia mrudi, sadac ordinatze gadazomilia navTobproduqtis pirobiTi siblante, xolo abscisTa RerZze – milSi burTulis moZraobis dro.

IV samuSao
navTobproduqtebis katalizuri 

krekingi

navTobsa da misi gadamuSavebis produqtebs udi​de​si mniSvneloba aqvs kacobriobisaTvis. garda Zrave​bi​saTvis aucilebeli sxvadasxva saxis sawvavisa, navTobi​sagan Rebuloben amosaval nedleuls plastikuri mase​bis, qimiuri boWkoebis, sinTezuri kauCukebis, gamrecxi sa​Sualebebis, spirtebisa da sxva mravalferovani orga​nuli naerTebis warmoebisaTvis.


uSualod navTobis gadamuSavebiT miiReba Txevadi da airadi sawvavi, navTi, gamxsnelebi, sacxi zeTebi, ko​n​si​stenciuri sacxebi, parafini, vazelini, bitumi, sqe​l​fisa, individualuri naxSirwyalbadebi – eTileni, pro​pi​leni, benzoli, toluoli, qsilolebi da sxv., rom​le​bic mniSvnelovani nedleulia qimiuri mrewve​lo​bi​saTvis.   


navTobi parafinuli, naftenuri da aromatuli na​x​Sirwyalbadebis rTuli narevia; mcire raodenobiT Se​icavs aranaxSiwyalbadovan nawils, magaliTad, go​girds, naftenur mJavebs, mineralur nivTierebebsa da sxv.


 navTobsa da navTobproduqtebs amuSaveben fizi​kuri da qimiuri meTodebiT. fizikuri meTodebi emyareba gansxvavebas naxSirwyalbadebis fizikur TvisebSi, rogo​ricaa duRilis temperatura, kristalizacia, xsnadoba da sxv. fizikuri meTodebidan yvelaze metad gavrce​le​bulia gamoxda. 


navTobis gadamuSavebis qimiuri meTodebi guli​sxmobs mis rTul, qimiur, destruqciul gardaqmnebs, ro​mlebic SeiZleba ganicadon naxSirwyalbadebma tem​pe​ra​turis, wnevis, katalizatoris gavleniT. qimiuri me​Todebidan yvelaze metad gavrcelebulia sxvadasxva sa​xis krekingebi. krekingis dros naxSirwyalbadebis mo​le​kulebi ixliCeba ufro patara molekulebad. imavdro​ulad mimdinareobs ufro msxvili molekulebis sinTe​zis meoreuli procesebi: izomerizacia, polimerizacia, ciklizacia, kondensacia da sxv. krekings, ZiriTadad, na​v​Tobidan benzinis gamosavlis gasadideblad iyeneben. pra​qtikaSi damuSavebulia Termuli da katalizuri kre​kingi. Termul krekings atareben Sereul (Txevad da or​Tqlis) fazaSi 350-5000C-ze, 70 at wnevaze, an or​Tqlis fazaSi ufro maRal temperaturasa da atmos​fe​rul wnevaze. Tu krekings 670-7200C temperaturasa da atmosferul wnevaze atareben, mas pirolizs uwodeben. am dros navTobis naxSirwyalbadebi ufro Rrma qimiur gardaqmnebs ganicdis.


navTobis Termuli krekingis produqtebia kre​king-benzini, kreking-airi da kreking-narCeni. atareben sxva navTobproduqtebis krekingsac. magaliTad, mazuTis Termuli krekingis dros miiReba: benzini – 30-35%, airebi – 10-15% da narCeni – 50-55%. am dros miRe​buli benzinis oqtanuri ricxvi 70-mdea. 

navTobis gadamuSavebis teqnologiaSi umniSvnelo​vanesi  miRwevaa kreking-procsebSi katalizatorebis ga​mo​​yeneba. navTobproduqtebis katalizuri gardaqmna sa​Su​alebas gvaZlevs didi gamosavliT miviRoT ufro maRalxarisxovani benzini (77-82 oqtanuri ricxviT), msubuqi, C3-C4 Sedgenilobis najeri da ujeri naxSir​wyalbadebis narevi organuli sinTezisaTvis, navT-ga​zoi​lis fraqciebi. Termulisagan gansxvavebiT, kata​li​zuri krekingis benzini ufro stabiluria (radgan ar Seicavs dienur naerTebsa da gogirds) da SedarebiT ma​Rali antidetonaciuri Tvisebebi aqvs, rac izoal​ka​ne​bisa da aromatuli naxSirwyalbadebis didi raodenobiT Semcve​lobiT aixsneba. 

katalizuri krkingi, Cveulebriv, tardeba orTq​lis fazaSi 450-5200C-ze 1-2 at wnevaze. am pirobebSi procesi sul ramdenime wami grZeldeba, radgan katali​zu​ri procesebi ganuzomlad swrafia, vidre Termuli, magram ufro rTulic. am dros mimdinare procesebSi, da​Slis reaqciebis garda, yvelaze mniSvnelovania izo​merizaciisa da wyalbadis gadanawilebis reaqciebi, rom​lebic ganapirobebs kreking-produqtebis maRal xarisxs, da da gamkvrivebis procesi, ris Sedegadac koqsi war​moi​qmneba.


krkingis produqtebis gamosavalsa da xarisxze mo​q​me​debs Semdegi faqtorebi: nedleulis saxe, katali​zatoris Sedgeniloba da aqtivoba, procesis wneva da temperatura, reaqtorSi nedleulis miwodebis mocu​lo​biTi siCqare da katalizatoris regeneraciis gareSe krekingis procesis ganuwyvetlad mimdinareobis xangr​Zlivoba. 


katalizuri krekingis Casatareblad iyeneben sxva​dasxva Sedgenilobisa da sxvadasxva xerxiT damza​debul katalizatorebs. gamoyenebuli katalizatoris xarisxze, iseve rogorc kreking-procesis teqnologiur reJimze, damokidebulia nedleulis qimiuri gardaqmnis mimarTuleba. magaliTad, ZiriTadad aluminisa da sili​ci​u​mis oqsidebis Semcveli katalizatoris gamoyenebis dros naftenuri naxSirwyalbadebi ixliCeba da xdeba maTi polimerizacia, xolo qromis oqsidis Semcveli ka​talizatoris gamoyenebisas mimdinareobs gadasamuSavebe​li masalis aromatizaciis procesebi da a. S. wvril​forovani katalizatori airis did gamosavals iZleva, amitom ufro xelsayrelia msxvilforovanis gamoyeneba.


bunebriv aluminsilakatur katalizatorebs amza​deben aluminsilikat montmorillonitisagan (an sxva bu​nebrivi ceoliTebisagan) misi mJaviT damuSavebiT da zogjer nikelis, spilenZis, manganumisa da sxva liTo​nebis damatebiT. aluminsilikatur katalizatorebs xSi​rad sinTezuri gziT Rebulben aluminisa da siliciumis hidroqsidebis erTdroulad daleqviT Sesabamisi maril​xsnarebidan da Semdgomi dehidrataciiT. sinTezuri ka​ta​lizatorebi ufro aqtiuria da mdgradia meqanikurad da Termulad.  

naxSirwyalbadebi adsorbirdeba katalizato​ris zedapirze da gardaiqmneba. am procesebis Tana​mimdevroba daaxloebiT aseTia: adsorbirebis yvela​ze didi unari aqvT aromatul naxSirwyalbadebs, Semdeg ujer, nafte​nur da bolos parafinulebs. rTu​li aromatuli nax​Sirwyalbadebi ixliCeba da warmoqmnis SedarebiT martiv aromatul da ujer na​erTebs. ujer naxSirwyalbadebSi, Zi​riTadad, mim​di​nareobs wyalbadis gadanawilebis rea​q​ciebi, ro​melTa Sedegadac warmoiqmneba najeri da ufro uje​rebi. amas moyveba xolme koqsis warmoqmna kata​li​zatoris zedapirze. 

naftenuri naxSirwyalbadebis gardaqmna upi​ra​tesad ciklebis gaxsniT gamoixateba. amas Sei​Z​le​ba Tan axldes aromatizaciisa da izomerizaciis re​a​qciebic. parafinuli naxSirwyalbadebi yvelaze bolos ixliCeba da warmoqmnis najer da ujer nae​r​Tebs.


kreking-procesSi yvalaze didi mniSvneloba aqvs temperaturas. igi gansazRvravs naxSirwyalbadebis kata​li​zuri daSlis xarisxsa da siCqares. miT umetes, rom ka​talizatorebis damSleli moqmedeba vlindeba tempe​ra​turaTa SedarebiT viwro intrvalSi. Cveulebriv, kre​king-procesis saSualo temperatura aris 450-4750C. mi​si gadideba aRrmavebs naxSirwyalbadebis daSlis pro​cess. wnevis gavlena umniSvneloa, radgan kreking-proce​si adsorbciul fenaSi mimdinareobs katalizatoris ze​dapirze da ara moculobaSi.


nedleulis miwodebis moculobiTi siCqre icvle​ba zRvrebSi 0,1-10 
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; ufro xSirad iyeneben 0,5-2 dm3/sT-s. rac mcirea moculobiTi siCqare, miT ufro maRalia krekingis xarisxi; rac ufro xangrZli​via krekingis procesi, sxva Tanabar pirobebSi, miT uf​ro Rrmaa gardaqnmna.


droTa ganmavlobaSi katalizatoris aqtivoba ece​ma mis zedapirze koqsis daleqvis gamo da saWiroa mi​si aRdgena. katalizators aRadgenen masSi haeris gatarebiT 500-6000C-ze. am dros koqsi iwvis. kata​li​zatoris or momdevno regeneracias Soris ganuwyveteli krekingis xangrZlivoba arsebiTad moqmedebs procesis Sedegebze; saqarxno pirobebSi igi 10-30 wuTia. 


krekingis produqtebia airi, benzini, navT-gazo​i​lis fraqcia, kreking-narCeni da koqsi. airis gamosavali saSualod 4-7%-ia, benzinisa – 40-45%, kreking-benzinis qimiuri Sedgeniloba aseTia: naftenuri naxSirwyal​badebi – 20-25%, ujeri – 5-6%, parafinebi – 45-50%, aromatuli – 20-25%.


katalizuri krekingis gazoili parafinuli Sed​ge​nilobis produqtia. igi warmatebiT gamoiyeneba ro​gorc dizelis sawvavi. atareben agreTve mis krekings ben​zinis gamosavlis gadidebis mizniT. katalizatorze daleqili koqsis raodenoba, nedleulis Sedgenilobis, misi moculobiTi siCqarisa da procesis tempraturuli reJimisagan damokidebulebiT, 1-5%-s Seadgens.
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nax. 1.


nax.1-ze warmodgenilia katalizuri krekingis da​nadgaris sqema; misi mwarmoeblurobaa 150-200 sm3/sT. reaqtori 1 vertikaluri Rumelia, romelSic Cadgmulia Zne​ldnobadi minis mili, diametriT 25-35 mm, xolo si​maRliT – 500-550 mm. milis qveda nawilSi moTavsebul minis wyoburze CatvirTaven katalizators; savse mils Tavze moayrian, agreTve, minis wyoburs, romelzedac orTqldeba reaqtorSi miwodebuli nedleuli. milis bo​loebi ixureba rezinis sacobebiT. zeda sacobSi Ca​d​gmulia mkvebavi biureti 2 onkaniT 3 da jibe Termo​wyvilisaTvis 10. biuretis moculobaa 300-400 sm3. qve​da sacobSi Cadgmulia reaqciis produqtebis reaqto​ridan macivarSi  gadasayvani mili 6. 


biuretis qveda onkans 3 winaswar agraduireben re​aqtorSi nedleulis sasurveli siCqariT misawodeb​lad; misi zeda samsvliani onkani 4 akavSirebs biurets atmosferosTan (roca mas avseben nedleuliT) da sis​temaSi wnevis gamawonasworebel xazTan 5 (danadgaris muSaobis procesSi).


wylis macivris 6 daniSnulebaa reaqtoridan ga​mo​suli orTqlis gaciveba da kondensacia, xolo mim​Rebisa 7, romelSic Sedis gacivebuli kondensati da kreking-airi, Txevadi distilatis mogroveba. mimRebad ga​moyenebulia Cveulebrivi minis kolba. airadi produq​ti mimRebidan 7 gadadis absorberSi 8, sadac STain​Tqmeba benzini. STamnTqmelad absorberSi Casxmulia solaris zeTi; misi done absorberSi minimaluri unda iyos (3-5 sm) sistemis winaaRmdegobis Sesamcireblad. absorberidan gamosuli kreking-airi gazis saaTis gav​liT midis gamwov karadaSi. saaTis paralelurad sis​temaSi CarTulia aspiratori 9 saanalizod airis sin​jis asaRebad; igi Sevsebulia sufris marilis najeri xsnariT (es aucilebelia imisaTvis, rom masSi ar gai​xsnas kreking-airis komponentebi). Tu aspiratori didi moculobisaa igi SeiZleba gamoviyenoT absorberidan ga​mosuli mTeli airis Sesagroveblad. reaqtorSi tempe​ra​tura izomeba TermowyviliT 10,  romelic SeerTebu​lia milivoltmetrTan  11.

eqsperimentis Catarebis pirobebi ganisazRvreba mo​cemulobiT, romelSic miTiTebulia nedleuli, pro​ce​sis temperatura, nedleulis miwodebis moculobiTi an woniTi siCqare, procesis xangrZlivoba katalizato​ris regeneraciis gareSe da sxv.


nedleulis miwodebis siCqares adgenen Cat​vi​r​Tu​li katalizatoris moculobidan gamomdinare – 0,5-2 mo​culoba nedleuli 1 moculoba katali​za​torze sT-Si. cdis xangrZlivoba ganisazRvreba Txe​va​di produq​tis sakmarisi raodenobiT miRebis sa​Wiroebidan, raTa Semdeg SesaZlebeli iyos benzi​nis, ligroinis, gazoilis gamo​savlis gansazRvra (sa​survelia Txevadi produqti mivi​RoT ara nakleb 100-150 sm3). Tu reaqtorSi Catvir​Tulia 100-150 sm3 katalizatori da miwodebis siCqarea 2 moculoba nedleuli 1 moculoba katalizatorze  sa​​aT​Si, cdis xangrZlivoba SeiZleba 1 saaTiT gani​saz​Rv​ros. miaznSewonilia  reaqtorSi temperaturis regu​li​reba reostatis saSualebiT 450-5000C-is farglebSi. 


cdis dawyebamde saWiroa Seivsos biureti ned​le​uliT, aspiratori marilxsnariT da Semowmdes danadga​ris hermetuloba. sruli hermetulobis miRwevis Sem​deg CarTaven reaqtors eleqtroqselSi da roca Rum​lis tempratura 300-4000C-s miaRwevs erTxel kidev amowmeben danadgaris hermetulobas. saWiro temperatu​ris miRwevis Semdeg iwyeben nedleulis miwodebas da​d​genili siCqariT. yovel 5 wuTSi iniSnaven siTxis done​sa da temperaturas da SeaqvT cxrilSi (I cxrili).

I cxrili

	dro
	tempera-tura, 0C
	nedleulis rao​denoba biuretSi, sm3 
	Seni-Svna

	cdis dasawyisi

___ sT ___ wT

       5 wT

      10 wT

  . . . . . . . . . 

  . . . . . . . . . 

cdis dasasruli

____ sT ___ wT  
	
	
	


Tu cdis xangrZlivoba 1 saaTs aRemateba, yoveli  1 saaTis Semdeg atareben katalizatoris regeneracias. zus​tad ise, rogorc procesis damTavrebis Semdeg, amo​wvaven cdis ganmavlobaSi warmoqmnil fis-koqsovan dana​leqs katalizatoridan. amisaTvis mkvebavi biuretis na​cv​lad reaqtors miuerTeben haermbers, an haeris mim​wo​debel aspirators. regeneraciis procesSi reaqtorSi ha​eris miwodebis siCqare unda iyos 20-30 dm3/sT. tem​pe​ratura 500-5200C-s ar unda aRematebodes. regene​ra​cia 1-3 sT grZeldeba, danaleqis raodenobis mixedviT. wvis produqtebs agroveben airsazomSi. roca igi Seiv​seba iReben sinjs saanalizod CO2-is Semcvelobaze. Sem​deg airsazomidan gamodevnian airs da mas kvlav iyeneben axali airis dasagroveblad. regeneracias wyveten roca CO2-is Semcveloba 0,5%-ze meti aRar iqneba. regene​ra​cia damTavrebulia maSinac, Tu reaqtoridan gamosuli ai​ri ar aamRvrevs kirian wyals. regeneraciis damTa​vrebaze miuTiTebs, agreTve, RumelSi temperaturis Sem​cireba.


katalizuri krekingis procesis damTavrebis Sem​deg gansazRvraven Txevadi produqtebis, airisa da koq​sis gamosavals.


Txevadi produqtebis gamosavals (A) sazRvraven mimRebisa 7 da absorberis 8 awonvis Sedegebis mixedviT cda​mde da cdis Semdeg. A tolia mimRebisa da absor​beris wonaSi namatTa jamisa. miRebuli airis moculoba ganisazRvreba airsazomis an airis saaTis CvenebaTaA mi​xe​dviT, xolo misi masa moculobisa da simkvrivis mi​xed​viT. koqsovani danaleqis masas angariSoben kata​li​zatoris regeneraciis dros miRebuli wvis produq​tebis raodenobisa da maTSi naxSirorJangis Semcvelo​bis mixedviT.


wvis produqtebSi naxSirorJangis saerTo mocu​lo​bas mocemuli wnevisa da temperaturis pirobebSi an​gariSoben formuliT:
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sadac V aris  CO2-is saerTo moculoba, dm3; 

     V1,V2, V3  da a.S. – Sesabamisad, pirvel, meore da a. S. airsazomSi dagrovili airis moculoba;

     a1, a2, a3  da a. S. - CO2-is procentuli Sem​cvelobebi pirvel, meore da a. S. airmzomebidan aRebul airSi, Sesabamisad. 

aqedan koqsis raodenoba iqneba:
[image: image50.emf](8)




(8)


sadac P aris atmosferuli wneva, mm vercx.wy.sv.;

      t – airis temperatura airsazomSi.


cdis Sedegebi SeaqvT cxrilS (II cxrili)


cdis damTavrebis Semdeg atareben miRebuli Txe​vadi da airadi produqtebis analizs maTi Sedgenilobis dasadgenad. Txevadi produqtebi gadaaqvT gamosaxdel ko​l​baSi, romelic aRWurvilia naZvisebri deflegma​toriT iwyeben produqtis fraqciul gamoxdas. gamoxdis produqtebs agroveben winaswar awonil kolbebSi da gamoyofen benzinis fraqcias, romelic 1700C-mde ixdeba da ligroinis fraqcias, romelic gamoixdeba 170-2300C temperaturul SualedSi. kolbaSi darCenili masa aris katalizuri krekingis gazoili. benzinis fraqcias uma​teben absorberSi STanTqmuli msubuqi fraqciebis masas. benzinis, ligroinisa da gazoilis gamosavals gamosa​xaven procentebSi gatarebuli nedleulis saerTo rao​de​nobidan.

	nedleuli
	cdis pirobebi
	miRebuli produqti
	danakar-

gebi

	
	xangrZlivoba, wT


	temperatura, 0C
	moculobiTi siCqare, sT-1
	gatarebuli nedleuli, g
	Txevadi produqti
	absorbentis wonaSi namati


	airi
	koqsi
	g
	%



	
	
	
	
	
	g
	%
	g
	%
	g
	%
	g
	%
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


V samuSao

airis analizi


airis analizs gadamwyveti mniSvneloba aqvs ro​gorc mravali samecniero-kvleviTi samuSaosaT​vis, ase​ve warmoebis kontrolisaTvis, radgan xSi​rad ZiriTadi sa​an​gariSo-teqnikuri maxasiaTeblebi swored am anali​zis Se​degebiT ganisazRvreba.

airis analizi, Cveulebriv, ori ZiriTdi opera​ci​isagan Sedgeba – sinjis aReba da misi gamokvleva. Tu sin​ji arasworad aris aRebuli Semdgomi analizi ara​swor pasuxs mogvcems. airis Sedgenilobis gansa​zRv​risas miRebuli araswori Sedegebi ki iwvevs mniSvne​lovan Secdomebs, rac araswor warmodgenas gviqmnis pro​cesis msvlelobaze, muSaobis reJimze, rac sabolo​od arsebiTad aisaxeba teqnologiuri procesis marTvasa da regulirebaze.


airis raodenobriv Sedgenilobas sazRvraven air​analizatorebis saSualebiT. moqmedebis proncipis mixe​d​viT arsebobs qimiuri da fizikuri airanalizatorebi. 


qimiur airanalizatorebSi airis Sedgeniloba isa​​zRvreba masSi Semavali komponentebis iseTi STamn​TqmelebiT STanTqmiT, romlebic am Semadgenel nawi​le​bTan mdgrad qimiur naerTebs warmoqmnis.


fizikuri airanalizatorebis moqmedeba damyare​bulia im umniSvnelovanesi movlenebis gamoyenebaze, rom​lebic Tan axlavs analizs, an airnarevis Semadgeneli komponentis romelime fizikuri Tvisebis (moculoba, Tbu​ri efeqti, simkvrive, siblante, siTbotevadoba, eleqtruli, optikuri, akustikuri Tvisebebi da sxv.) gansazRvraze, romelic sagrZnoblad gansxvavdeba sxva Se​madgenlebis analogiuri Tvisebebisagan.


wanamdebare samuSaoSi aRwerilia airis analizis procesi qimiuri airanalizatorebis gamoyenebiT.


zogadi qimiuri teqnologiis laboratoriaSi ai​ris analizs atareben naxevradkoqsvis, koqsvis, piro​lizis, krekingis, NaCl-is wyalxsnaris eleqtrolizis procesebis sakontrolod. amisaTvis SeiZleba gamovi​ye​noT sxvadasxva konstruqciis airanalizatorebi.
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nax. 1.  airanalizatori ГХП-3
airanalizatori ГХП-3  (nax. 1) Sedgeba 100 sm3 mo​cu​lobis biuretisagan 1; biurets aqvs skala, romlis danayofis fasia 0,2 sm3; igi moTavsebulia wyliT savse minis cilindrSi. xelsawyos aqvs STamnTqmeli xsnarebiT savse sami WurWeli 2, romlebic avsebulia minis mi​lebiT STamnTqmeli siTxeebisa da airis Sexebis zeda​pi​ris gasadideblad,  onkanebiani 3 gamanawilebeli sava​r​​​cxeli 4, airanalizatoris calkeul nawilebs Soris ai​ris sinjis gasanawileblad. biuretis SigniT wnevis ga​saTanabreblad da airis Sesayvanad da gamosayvanad xe​l​​sa​wyo aRWurvilia CamketsiTxiani gamawonasworebeli Wu​rWliT 5. gamawonasworebel WurWels avseben NaCl-is najeri, an H2SO4-is 5%-iani xsnariT.   
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nax. 2. airanalizatori ЛТИ


airanalizatori ЛТИ (nax. 2) Sedgeba 100 sm3 mo​cu​lobis grZeli mzomi biuretisagan 1, romelic dagra​duirebulia 0,2 sm3 danayofis fasiT; igi aRWurvilia, agreTve, gamanawilebeli savarcxliT 2, romelsac 5 qve​da da 2 zeda Sverili da a, b da d  onkanebi aqvs; xelsa​wyos aqvs agreTve oTxi STamnTqmeli WurWeli 3-6, kva​r​cis an liTonis yulfi 7, romelic Sevsebulia spi​le​n​Zis oqsidiT, gamawonasworebeli WurWeli 8 da sam​svliani onkani 9, romelic aerTebs xelsawyos atmos​ferosa da airsazomTan. STamnTqmeli WurWlebi 3-5 av​sebulia minis milakebiT. Camket siTxed, romliTac Sev​sebulia gamawonasworebeli WurWeli, Cveulebriv, gamo​i​yeneba 10%-iani gogirdmJava, an NaCl-is najeri xsnari, romlebSic gamosakvlevi airebis xsnadoba umniSvneloa. STamnTqmelebad gamoyenebulia: 3  WurWelSi – KOH-is 33%-iani xsnari H2S-isa da CO2-is STasanTqmelad; 4 WurWelSi – bromiT gajerebuli  KBr-is 20%-iani xsnari ujeri naxSirwyalbadebis STasanTqmelad; 5  WurWelSi – pirogalolis tutexsnari O2-is STasanTqmelad; 6 WurWelSi – spilenZis (I) qloridis amiakiani xsnari CO-s STasnTqmelad.

muSaobis dawyebamde amowmeben airanalizatoris yve​la onkanisa da SeerTebis hermetulobas. roca gama​wo​nasworebeli WurWeli qveda mdgomareobaSia STa​mn​Tqmel WurWlebSi reaqtivebisa da biuretSi Camketi si​T​xis doneebi ar unda icvlebodes. xelsawyos yvela na​wi​lis sisufTavis Semowmebis Semdeg, siTxeTaAdoneebi STa​mnTqmel WurWlebsa da sazom biuretSi ahyavT kapi​la​rebze onkanebis qvemoT aRniSnul Wdeebamde.


sazom biuretSi iReben 100 sm3 haers, romli​da​nac Jangbads (20,9%) STanTqamen pirogalolis tute​xsnariT (STamnTqmeli WurWeli 5). darCenili azotiT galdasmiT ganberaven savarcxelsa da yulfs. biuretSi Camketi siTxe ahyavT Wdemde. 

xelsawyos amgavarad momzadebis Semdeg iReben ai​ris sinjs. sazom biurets samsvliani onkaniT 9 miuer​Teben airsazoms (am dros gamawonasworebeli WurWeli aweulia biuretis zeda Wdemde) da gamawonasworebeli Wu​rWlis neli daweviT gadahyavT airi airsazomidan sa​zom biuretSi (100 sm3). amis Semdeg biurets gamor​Taven airsazomidan. CO2-isa da H2S-is jamuri gansa​z​RvrisaTvis airi gadahyavT KOH-ian WurWelSi da gad​mohyavT ukan, biuretSi. airis STamnTqmel WurWelSi ga​da​yvan-gadmoyvana xorcieldeba gamawonasworebeli WurW​lis neli awev-daweviT. amas imeoreben 6-8-jer, ris Sem​deg STamnTqmeli siTxis done mihyavT Wdemde, WurWlis on​kans gadaketaven (biuretisas – ara) da gamawo​na​s​wo​rebel WurWelsa da sazom biuretSi siTxeebis erTnairi donis dros zomaven darCenili airis moculobas. am ope​racias imeoreben manam, sanam darenili airis mocu​loba ucvleli ar gaxdeba. CO2-isa da H2S-is mocu​lo​ba gamoiTvleba formuliT:

V1 = V0 – V2 ,

sadac V0  aris saanalizoT aRebuli  airis   moculoba (Cveulebriv 100 sm3);


V1  - CO2-isa da H2S-is STanTqmis Semdeg darCe​nili airis moculoba.


ujeri naxSirwyalbadebis STasanTqmelad airi ga​dahyavT bromiani wyliT savse WurWelSi 4 (5-6-jer), Semdeg ki KOH-ian WurWelSi 3 gamoyofili bromis or​T​qlis STasanTqmelad, bolos ki – biuretSi da zomaven da​rCenili airis moculobas.


Jangbadis STasanTqmelad airi gadahyavT piroga​lo​lis tutexsnarian WurWelSi 5. Jangbadi nela STai​n​Tqmeba, amitom saWiroa  gamawonasworebeli WurWlis 15-17-jer awev-daweva WurWelSi airis gadasayvan-gad​mosayvanad. STanTqmas damTavrebulad Tvlian Tu bolo ori Sedegi erTmaneTs daemTxva.


CO-s STanTqaven spilenZis (I) qloridis amiakia​ni xsnariT. es procesic nela mimdinareobs, amitom airi biuretidan STamnTqmel WurWelSi 6 da piriqiT 14-15-jer gadahyavT.


airis analizis dros aucileblad unda davicvaT STanTqmis aRwerili Tanamimdevroba, winaaRmdeg SemTxve​vaSi analizis Sedegebi swori ar iqneba.


airis Semadgeneli komponentebis STanTqmis damTa​v​rebis Semdeg iwyeben wyalbadisa da naxSirwyalbadebis ana​lizs. amisaTvis aReben a, b da d  onkanebs, aerTeben sa​varcxels da sazom biurets yulfTan, romelSic moTa​v​sebulia spilenZis oqsidi; aReben agreTve STamnTqmeli WurWlis 5  onkans. specialur sadgarze damagrebuli mi​la eleqtroRumlis saSualebiT yulfs acxeleben 270-3000C-mde. saWiro tempeaturis miRwevis Semdeg ai​ri sazomi biuretidan nela gadahyavT KOH-ian Wur​Wel​Si da ukan (6-10-jer). yoveli 3-4 gadayvanis Semdeg amo​​w​meben airis moculobas.


yulfSi wyalbadi iwvis da gardaiqmneba wylad; na​wilobriv aRdgeba CuO:

CuO + H2 → Cu + H2O.


yulfis sruli gacivebis Semdeg zomaven darCeni​li airis moculobas. airis moculoba mcirdeba damw​vari wyalbadis moculobis Sesabamisi sididiT. Semdeg yulfs acxeleben 850-9000C-mde da darCenil airs gaa​tareben masSi 10-15 sm3/wT siCqariT mudmivi moculobis miRebamde. airi gadahyavT KOH-ian WurWelSi najeri na​x​Sirwyalbadebis wvis Sedegad warmoqmnili CO2-is STa​sanTqmelad:
CH4 + 4CuO → CO2 + 2H2O + 4Cu.


amis Semdeg Rumels moxsnian da yulfs aciveben; ma​g​ram aseT maRal temperaturaze SesaZlebelia CuO-s di​sociacia Jangbadis gamoyofiT, amitom cdomilebis Ta​vidan asacileblad airs atareben pirogalolis tute​xsnarian WurWelSi mosalodneli gamoyofili Jangabadis STasanTqmelad; mxolod amis Semdeg gazomaven darCeni​li airis moculobas. moculobis Semcireba tolia STa​n​Tqmuli CO2-is raodenobisa, rac Seesabameba saanalizo ai​rSi Semavali meTanis an sxva najeri naxSirwyal​ba​debis raodenobas.  

airis simkvrivis gansazRvra

airadi nivTierebis simkvrives sazRvraven airis pik​​nometriT (evakuirebuli kolba), an gamodevnis meTo​diT. pirvel SemTxvevaSi winaswar wonian piknometrs, amisaTvis mas Ria onkaniT SeaerTeben vakuum-tumbosTan; ha​eris gamotumbvis Semdeg gadaketaven ventils, pikno​metrs gamorTaven tumbosagan. evakuirebul piknometrs wonian analizur sasworze. Semdeg mas avseben sakvlevi airiT. amisaTvis piknometrs aerTeben biuretTan da airi gadahyavT biuretidan piknometrSi damwnevi WurWlis sa​Su​alebiT, manam sanam wneva orive WurWelSi ar gauto​ldeba atmosferuls. amis Semdg piknometrs gamorTaven bi​uretidan da kvlav awonian. airis simkvrives anga​riSoben formuliT:
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sadac G1 aris evakuirebuli piknometris masa, g; 

           G2  - airiT savse piknometris masa, g; 
           V0  - airis moculoba normalur pirobebSi, sm3.
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sadac V aris biuretidan miwodebuli airis mo​culoba, sm3;

     t – tempratura 0C;

         P – atmosferuli wneva, mm. vercxwy. sv.

xolo airis simkvrive haeris mimarT iqneba   

d = r/1,293.


gamodevnis meTodiT airis simkvrives sazRvraven bi​lingis xelsawyos saSualebiT (nax.3). xelsawyos Zi​ri​Tadi nawilia minis mili 1, romelsac ori Sevi​wro​ebuli nawili aqvs. mili moTavsebulia liTonis damcav garsacmSi 2; zeda nawilSi mas aqvs samsvliani onkani 4. on​kani minis mils aerTebs atmosferosTan gvrdiTi gamyvaniT 5, an lTonis miliT 6, romelSic moavsebulia xvreliani platinis firfita. cilindrSi asxamen wyals da minis mils aerTeben atmosferosTan (am dros saxu​ravi mWidrod ar aris daxuruli). gverdiT gamyvans 5 miuerTeben sakvlev airian airsazoms. airi avsebs mils da gamodevnis wyals. roca airi miva qveda Wdemde minis mils samsvliani onkaniT SeaerTeben atmosferosTan li​To​nis miliT 6; airi gamoidevneba platinis firfitis xvrelis gavliT. aseTnairad mili ramdenjerme „irec​xeba~ airiT.

simkvrivis gansasazRvravad mils erTxel kidev Se​avseben airiT Wdeze 2-3 sm-iT qvemoT. samsvliani onk​anis gadarTviT airs gaatareben platinis firfitis xvre​lSi; roca wylis done miaRwevs qveda Wdes Car​Taven wamsazoms da CainiSnaven dros, romlis gan​mavlobaSic wyali miaRwevs minis milis zeda Wdes. aseve ga​nsazRvraven haeris gamodevnis dros.
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airis simkvrives haeris mimarT angariSoben for​muliT:

d = t1/t2
sadac t1 da t2 aris airisa da haeris gamodevnis dro, Sesabamisad.D

VI samuSao

natriumis qloridis wyalxsnaris eleqtrolizi


wyalxsnarebSi mimdinare eleqtroqimiuri proce​se​bis yvelaze tipuri magaliTia natriumis qloridis wyalxsnaris eleqtrilizi.


eleqtroqimiurs uwodeben procesebs, romlebic mim​dinareobs mudmivi eleqtrodenis moqmedebiT da daka​v​Sirebulia elqtroenergiis qimiur energiad gardaqm​na​s​Tan da piriqiT. qimiuri energia eleqtroenergiad gar​da​iqmneba akumulatorebis muSaobis procesSi, xolo ele​q​troenergia qimiurad – xsnarebisa da gamdnari ma​sebis eleqtrolizis dros, rac farTod gamoiyeneba qi​miur, metalurgiul da mrewvelobis sxva dargebSi.


sxvadasxva nivTierebebis wyalxsnarebis eleqtro​lizis Sedegad Rebuloben Jangbads, wyalbads, qlors, tu​teebs, hipoqlirids, qloratebs, permanganats, wyal​badis zeJangs, liTonebsa da sxva naerTebs.


feradi liTonebis metalurgiaSi wyalxsnarebis ele​qtrolizi umniSvnelovanesi procesia spilenZis, ni​ke​lis, TuTiisa da sxva liTonebis warmoebaSi. galva​nu​ri wesiT wyalxsnarebidan eleqtroliziT faraven sxva​dasxva zedapirs nikeliT, qromiT, spilenZiT, TuTiiT, oqroTi da sxva liTonebiT, romlebic icavs nakeTobebs koroziisagan da aZlevs maT karg iers. gamdnari masebis eleqtrolizi erT-erTi ZiriTadi procesia aluminis, ma​g​niumis, kalciumis, natriumisa da zogierTi sxva li​To​​nis misaRebad, romelTa daleqva kaTodze wyal​xsna​rebSi ar aris Se​saZlebeli maTi maRali eleqtro​uar​yofiTi potencialis gamo.


eleqtrolizs uwodeben eleqtrolitebis daSlas mudmivi eleqtrodenis saSualebiT, rasac Tan axlavs axa​li nivTierebebis warmoqmna. Tu eleqtrodebze mode​bulia Zabva eleqtrolitis anionebi moZraoben ano​di​saken, xolo kationebi kaTodisaken. anodze anionebi gas​cems eleqtronebs, e. i. iJangeba; kaTodze ki kationebi ie​rTebs eleqtronebs, e. i. aRsdgeba. am dros ionebi Se​i​Zleba ganimuxton da eleqtrodebze warmoqmnan neit​raluri nivTierebebi myar, Txevad da airad mdgo​mareo​baSi.


Teoriulad eleqtrolitis xsnarSi arsebuli ra​m​denime ionidan eleqtrodze gamoiyofa is, romelsac aqvs yvelaze dabali wonasworuli potenciali.  es iZ​le​​va saSualebas wyalxsnarebSi erTdroulad ramdenime liTonis ionis arsebobisas gamovyoT CvenTvis sasu​r​veli.

NaCl-is wyalxsnaris eleqtrolizi yvelaze mar​tivi da ekonomiuri meTodia erTdroulad sami Zvirfasi produqtis – qloris, wyalbadisa da natriumis tutis mi​saRebad iafi da farTod gavrcelebuli nedleulidan – sufris marilidan. NaCl-is wyalxsnaris eleq​tro​lizs atareben ori xerxiT: diafragmian abazanebSi fo​la​dis kaTodebiT da udiafragmo abazanebSi vercxlis​wylis kaaTodis gamoyenebiT. eleqtrolizis airadi pro​duqtebi -  qlori da wyalbadi – orive SemTxvevaSi gamoirCeva maRali koncentraciiTaA da sisufTaviT. ver​cx​liswylis kaTodiT eleqtrolizis Catarebisas mesame produqti – natriumis tute – aseve maRali kon​cen​traciisa da qimiurad sufTa miiReba. am upiratesobaTa gamo qloris warmoebis eleqtroqimiurma meTodma mTli​anad gamodevna misi miRebis qimiuri meTodebi.

eleqtrodebze mimdinare ZiriTadi procesebi. NaCl wyalSi gaxsnisas disocirdeba:

NaCl  ( Na+ + Cl-

H2O ( H+ + OH- .

    wyalxsnari Seicavs Na+-is, Cl--is, H+-isa da  OH--is ionebs. 


aseTi xsnaris eleqtrolizis dros Teoriulad Se​saZlebelia Na+-sa da H+-is kationebis ganmuxtva ka​Todze da OH--isa daNCl-is anionebisa – anodze. magram am ionebidan sinamdvileSi romeli ganimuxteba eleq​trodebze da ra TanamimdevrobiT es damokidebulia, uwinares yovlisa, ionebis ganmuxtvis potencialze da maT Tanafardobaze NaCl-is najer neitralur wyal​xsnarSi. 
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 radgan wya-l​badis ions ufro dadebiTi ganmuxtvis potenciali aqvs, aseTi xsnaris eleqtrolizis dros, miuxedavad wyalbadionebis dabali koncentraciisa, foladis kaTo​d​ze gamoiyofa mxolod wyalbadi, Semdegi reaqciiT:

2H+ + 2e- → H2     (a)

Jangbadis ganmuxtvis wonasworuli potenci​a​li 
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anodze pirvelad ganimuxteba naklebad dadebiTi ani​oni; maSasadame unda vifiqroT, rom am SemTxvevaSi mas​ze ganimuxteba hidroqsidis ionebi Jangbadis gamoyo​fiT. magram iseT anodebze, rogoricaa naxSiri, grafiti, platina Jangbadi gamoiyofa mxolod didi gadaZabviT (Za​bva aRemateba 1,36 v-s), rac ganapirobebs Jangbadis ganmuxtvis potencialis Zlier gadidebas da amitom anodze upiratesad Cl--is ionebi ganimuxteba:
2Cl + 2e- → Cl2    (b)
pirveladi procesis (a) Sedegad kaTodTan rCeba OH--io​nebi, romlebic Na+-is ionebTan wonasworobaSi warmoqm​nian natriumis tutes:

Na+ + OH- → NaOH.


amrigad, NaCl-is wyalxsnaris eleqtrolizis pro​du​qtebia qlori, wyalbadi da natriumis tute. ele​q​trolizis jamuri reaqcia SeZleba ase davweroT:

[image: image56.png]




ionebis ganmuxtvis Sedegad anodze umniSvnelo ra​o​denobiT Jangabadic gamoiyofa:

2OH- + 2e- → H2O + ½ O2.

gamoyofili Jangbadis urTierTqmedebiT anodis na​x​SirbadTan midis meoreuli procesi:

C + O2 → CO2.


airadi qlori, ixsneba ra anolitSi, urTi​erT​qme​debs wyalsa da tutesTan da warmoqmnis natriumis hipoqlorits, qloratsa da qlorids:
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yvela es meoreuli procesi amcirebs ZiriTadi produqtebis gamosavals denis mixedviT. eleqtroener​gi​is gansakuTrebiT mniSvnelovani nawili ixarjeba NaClO-s NaClO3-mde daJangvisas. meoreuli procesebis Tavidan asacileblad, an maT Sesamcireblad, aucilebe​lia, rom eleqtrolizis produqtebi erTmaneTs ar ere​odnen. amisaTvis iyeneben forovan diafragmas, romelic erTmaneTisagan hyofs anodur da kaTodur sivrceebs.

danadgaris aRwera da samuSaos 

Catarebis meTodika


naxazze mocemulia NaCl-is wyalxsnaris el​e​​q​tro​lizis laboratoriuli danadgaris sqema. igi mo​i​cavs mudmivi denis wyaros (igi naxazze naCvenebi ar aris; aRniSnulia mxolod klemebi `+“ da `--“, ro​m​​leb​Sic deni Semodis cvladi denis gammar​Tvelidan), reo​stats 7, romelic aregulirebs mu​d​mivi denis Zalas, am​permetrs 6, kulonometrs 5,  ele​qtrolitur abaza​nas 1, airsazoms, romelic aba​​zanasTan SeerTebulia sam​svliani onkaniT anoduri airis sinjis asaRebad da ГХП-3 tipis airanalizators airis sinjis gamosakv​levad.


eleqtrolituri abazana danadgaris ZiriTa​di apa​ratia. igi aris minis Wiqa 1, romelSic Cadg​mu​lia kera​mikuli diafragma 2. diafragmis saSua​le​biT SegviZlia erT​maneTisagan gavacalkeoT eleq​trolizis anoduri da kaToduri produqtebi da Ta​vidan  aviciloT meoreuli re​aqciebi, romlebic ga​pirobebulia natriumis tutis ur​TierTqmedebiT anodze gamoyofil airad qlorTan. di​afragmas gars artyia perforirebuli foladis kaTo​di 3. anodur da kaTodur sivrces avseben eleqtro​li​tis - NaCl-is najeri xsnaris -  gansa​z​Rvruli raode​nobiT (300-310 g/dm3). anodur ares mWidrod xuraven re​​zinis sacobiT, romelSic datanebulia naxSiris ano​di 4, onkaniani minis mili anoduri aredan qlo​ris ga​sayvanad da onkaniani Zabri eleqtrolitis Casasxmelad.

[image: image61.jpg]65b2. goligmbodgH@o Bod@m-
30m0 Lodsb@ol aoblsbmg@o-
Loogols




qloris gamyvani mili samsvliani onkaniT Se​er​Te​bulia STamnTqmel WurWlebTan, rolebSic mo​Ta​v​sebulia Camqrali kiri qloris STasanTq​melad. STamnTqmeli Wu​r​W​le​bi dakavSirebulia wyalWavlur tumbosTan an as​piratorTan sistemidan qloris gasawovad.


kulonometris daniSnulebaa elqtrolitur aba​zanaSi gatarebuli eleqtrobis raodenobis gan​sa​zRvra. igi minis WurWelia, romelSic Cakidebu​lia spilenZis Txeli firfita – kaTodi. is mo​Ta​v​sebulia spilen​Zi​save or sqel firfitas – anodebs – Soris. kulo​no​metri mTlianad ivseba eleqtro​li​tiT, romelic go​girdmJavaspilenZis wyalxsna​ria. mas umateben gogird​mJavas (elgamtarobis gasa​dideblad) da eTilis spirts (spilenZis daJangvis Ta​vidan asacieblad). xsnaris Sed​ge​ni​loba aseTia (g/dm3): CuSO4∙5H2O – 125; eTilis spirti – 50; H2SO4 – 50.


kulonometrSi denis gavlisas anodidan xsna​rSi ga​dadis spilenZis ionebi, xolo kaTodze aRd​geba spi​lenZis ekvivalenturi raodenoba:
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kulonometrSi gavlili mTeli deni mxolod am reaqciaze ixarjeba, amitom gamoyofili spilen​Zis rao​denobis mixedviT zustad SegviZlia gan​v​sazRvroT gata​rebuli eleqtrobis raodenoba. 96500 kuloni anu IF eleqtroba, rac amper/saaTebSi Seadgens 26,8 amp/sT-s, fa​radeis ka​nonis safuZvelze gamoyofs erT gram-ekv​i​valent spi​lenZs, anu 31,785 g-s.


cdis dawyebamde saWiroa Sesruldes moasam​za​de​beli samuSaoebi:


a) unda ganisazRvros naxSiris anodis im na​wi​lis farTobi, romelic CaSvebulia NaCl-is xsna​r​Si;


b) unda gamoviTvaloT denis Zala, romelic au​ci​lebelia denis anoduri simkvrivis – Da-s – uz​ru​n​velsayofad. I = Da∙S,

sadac I aris denis Zala, amp;

     Da – denis anoduri simkvrive, amp/dm2;

     S - anodis samuSao farTobi, dm2.


laboratoriul pirobebSi denis ano​dur sim​k​v​ri​ves iReben 3-3,5 amp/dm2-s (warmoebaSi - 5-15 amp/dm2);

     g) kulonometris kaTodi unda gaixexos zu​m​faris qa​RaldiT, gairecxos, gaSres da aiwonos 0,01 g-is si​zustiT;


d) anodur da kaTodur sivrceebSi unda Cai​s​xas NaCl-is najeri xsnaris gansazRvruli raode​noba;


e) unda aiwyos danadgari, eleqtroqseli da Se​mo​wmdes laborantTan erTad;


v) CairTos mudmivi deni bolomde aweuli re​o​s​ta​​tiT da misi saSualebiT dayendes ampermetr​ze gamo​angariSebuli denis Zala;

     z) eleqtrolizis procesi Catardes mocemu​li dro​​is ganmavlobaSi.

eleqtrolizis procesSi iReben airis  sinjebs air​sazomSi an uSualod ГХП-3 airanalizatorSi da sazRvraven masSi qloris, naxSirorJangisa da Jangbadis Semcvelobas. cdis damTavrebis Semdeg iReben sinjs kaToduri sivrcidan (6-10 sm3 xsnari) warmoqmnili nat​riumis tutis faqtobrivi raodenobis gansasazRvravad. sakvlev xsnars titraven 0,1 n marilmJavas xsnariT; indikatorad iyeneben fenolftaleins. 

warmoqmnili natriumis tutis raodenobis mixe​dviT gaiangariSeba NaOH-is %-uli gamosavali de​nis mi​marT: 
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sadac Gpr  aris eleqtrolizis dros faqtobrivad  ga​mo​yofili NaOH-is raodenoba, g;
      GT - NaOH-is raodenoba, romelic unda   war​mo​qmniliyo Teoriulad faradeis kanonis mixed​viT eleqtrobis igive xarjis SemTxvevaSi.
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sadac I aris denis Zala, amp;

      A – atomuri wona. an ionis masa,Ag.

           n – ionis valentoba;

           F – faradeis ricxvi, romelic Seesabameba ele​q​trobis im raodenobas, romelic unda gatardes ele​qtrolitSi erTi gram-ekviva​lenti nivTie​re​bis  (A/n) gamosayofad; F = 96500 kuloni/g-ekv, an 26,8 amp-sT/g-ekv;

           E – eleqtroqimiuri ekvivalenti, anu nivTie​rebis gra​mebis raodenoba, romelic gamoiyo​fa eleq​tro​litSi erTi amper-saaTi eleq​tro​bis gavlis dros : 
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           NaOH-isaTvis E = 1,492 g/amp-sT.


produqtis faqtobrivad miRebuli raodenoba Gpr ganisazRvreba kaToduri xsnaris koncentraciisa da raodenobis mixedviT:

Gpr = CNaOH∙Vk,,
sadac CNaOH  aris NaOH-is koncentracis   kaTolitSi, g/dm3;

        Vk,, - xsnaris moculoba kaTodur sivrceSi.
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sadac a aris kaTolitis aRebuli raodenobis gatitvra​ze daxarjuli 0,1 n HCl-is raodenoba, sm3;

      k – xsnaris normalobis Semasworebeli koefici​enti;

            b – gasatitrad aRebuli kaTolitis raodenoba, sm3;

             0,004 - NaOH-is g-ebis raodenoba, romelic   See​​sa​​bameba 1 sm3 0,1 n HCl-s.

anodur areSi OH--ionebis mniSvnelovani difu​zi​isa da meoreuli procesebis mimdinareobis gamo labo​ra​toriuli tipis perioduli moqmedebis abazanebisaTvis denis mixedviT gamosavali naklebia, vidre ganuwyve​te​li moqmedebis aparatebSi da mxolod 75-80%-s aRwevs.


denis mixedviT qloris gamosavals anoduri si​vrcis airis analizis Sedegebis mixedviT sazRvraven. es airi Semdegi komponentebisagan Sedgeba:

     1. qlori, romelic warmoiqmneba ZiriTadi anoduri procesis – ionebis ganmuxtvis – Sedegad;

    2. Jangbadi, romelic gamoiyofa anodze OH--is io​​nebis ganmuxtvis Sedegad;  
    3. naxSiris anodebis JangbadTan urTierTqmede​bi​sas warmoqmnili naxSirorJangi.



airis analizs atareben ГХП-3 tipis air​ana​li​zatoriT, romelsac aqvs sami STamnTqmeli Wu​r​Weli: I WurWeli Sevsebulia natriumis hipo​sulfitis  10%-ia​ni xsnariT qloris STanTqmi​sa​Tvis; II  WurWeli, rom​lis daniSnu​le​baa naxSiror​Jangis STanTqma, Sevsebulia kaliumis tu​​tis 33%-iani xsnariT; III WurWeli Sevse​bu​lia piro​galo​lis tutexsnariT da gankuTvnilia Jan​g​badis STa​sa​n​Tqmelad. airis analizis dros auci​le​belia STan​Tqmis Tanamimdevrobis dacva: airi sazomi bi​u​re​ti​dan ga​​da​hyavT jer I WurWelSi (6-8-jer) qloris STa​sanTqmelad, Semdeg II-Si – naxSirorJangis STa​n​T​qmi​saTvis (6-8-jer) da, bolos, III-Si – Jangbadis STa​​sa​n​Tqmelad  (15-18-jer). am Tanamim​devrobis darRveva ara​​​swor Sedegs iZleva, radgan pirogalolis tutexsnari naxSirorJangsac STanTqavs.

airis sinjis asaRebad NaCl-is najeri xsnariT savse airsazoms samsvliani onkaniT miuerTeben anodur sivrces. aReben airsazomis onkans da wveT-wveTad uSve​ben siTxes. iReben ara nakleb 250 sm3 airs. Tu sinji uSualod airanalizatorSi aiReba pirvel 100 sm3-s iyeneben airanalizatoris, misi savarcxlisa da milebis gansaberad, wina sinjis narCenebisagan gasaTavi​suf​leb​lad. 


xelsawyos amzadeben analizisaTvis. gamawonaswo​re​beli WurWlis saSualebiT siTxeebi STamnTqmel Wur​WlebSi ahyavT kapilarebze aRniSnul Wdeebamde. Semdeg sazom biurets avseben siTxiT zeda Wdemde. amowmeben xe​lsawyos hermetulobas. sinjis aRebis win aucile​be​lia gamanawilebeli savarcxlis `garecxva“ saanalizo ai​riT masSi arsebuli haeris gasadevnad. amisaTvis sazom biuretSi iReben 15-20 sm3 airs airsazomodan da uSveben haerSi samsvliani onkanis saSualebiT. gamawo​nas​worebeli siTxe kvlav ahyavT sazom biuretSi zeda Wdemde (nulovan danayofamde).


Semdeg sazom biurets samsvliani onkaniT miu​erTeben airsazoms (am dros gamawonasworebeli Wur​Weli aweulia zeviT sazomi biuretis zeda Wdis do​nemde) da gamawonasworebeli WurWlis qvemoT neli da​SvebiT gadahyavT airi airsazomidan biuretSi (100 sm3); biurets gamorTaven airsazomodan. 


qloris Semcvelobis dasadgenad airi gadahyavT na​t​riumis hiposulfitian WurWelSi da Semdeg ukan – biuretSi. es xdeba gamawonasworebeli WurWlis neli aweviTa da daweviT. ase akeTeben 6-8-jer, ris Semdeg STamnTqmeli siTxis done mihyavT Wdemde. onkans dake​taven da sazom biuretsa da gamawonasworebel Wur​WelSi siTxeebis erTnairi donis pirobebSi gazomaven darCenili airis moculobas. am operacias imeoreben manam, sanam darCenili airis moculoba ucvleli ar iqneba. qloris moculoba iqneba:

V = V0 – V1,
sadac V  aris qloris moculoba;

           V0  - saanalizod aRebuli airis moculoba (100 sm3);
            V1 – qloris STanTqmis Semdeg darCenili airis moculoba.


amis Semdeg analogiurad gansazRvraven naxSiror​Jangisa da Jangbadis Semcvelobas. procesis damTavrebis Semdeg kulonometris kaTodi unda gairecxos wylis Wa​v​liT, gaSres saSrob karadaSi da aiwonos.


cdis monacemebi SeaqvT cxrilebSi.
I cxrili
	eleqt-

roli-

tis raode-

noba
	anodis samuSao zedapiri, sm2
	denis anoduri simkvrive, Da, amp/dm2
	denis Zala I,  amp.

	eleqtrolizis xangrZlivoba, sT, wT.
	kulono-metris spilenZis ka​To​​dis masa, g
	gamoyofili spilenZis raodenoba, G, g
	natri-umis tutis raode-noba, g
	NaOH-is gamosavali, %

	anodur areSi


	kaTodur areSi


	
	
	
	
	cdamde
	cdis Semdeg
	
	Teoriuli, GT
	praqtikuli, Gpr
	

	
	
	
	
	
	
	
	
	
	
	
	


II cxrili

	airis sinjis nimuSi
	sinjis aRe​bis dro
	anoduri airis Sedgeniloba, %

	
	
	qlori
	naxSirorJangi
	Jangbadi

	
	
	
	
	



Catarebuli samuSaos gasaformeblad saWiroa:


1.  daixazos danadgaris sqema;

      2. aiweros eleqtrolizis dros mimdinare pro​     ce​si;


3. Camoiweros mocemuloba;

      4. gaviangariSoT NaOH-is gamosavali denis mixe​    dviT;

      5. eqsperimentisa da gamoTvlebis Sedegebi Se​vi​​ta​noT cxrilSi.

VII samuSao
idealuri Serevis perioduli 

moqmedebis reaqtoris gamokvleva


qimiur-teqnologiuri procesis ZiriTadi elemen​tia qimiuri reaqtori – aparati, romelSic qimiuri pro​cesis mimdinareobis Sedegad amosavali reagentebi wa​rmoebis produqtebad gardaqmneba. qimiur-teqnolo​gi​uri procesi aris reaqtorSi garkveuli Tanamim​devro​biT mimdinare qimiuri reaqciebisa da nivTierebis, siT​bosa da impulsis gadatanis fizikuri movlenebis erTo​blioba.


arsebobs qimiuri reaqtorebisa da maTi muSaobis reJimebis klasifikaciis ramdenime xerxi. yvelaze metad gavrcelebulia klasifikacia reaqtorSi arsebuli hid-rodinamikuri reJimis (Serevisa da gamodevnis), proce​sis organizaciis (perioduli, uwyveti, naxevrad​uwy​ve​ti), sareaqcio narevis fazuri Sedgenilobisa (reaqto​re​bi homogenuri da heterogenuli procesebisaTvis) da Tburi reJimis (adiabaturi, izoTermuli, politropuli reJimiT momuSave reaqtorebi) mixedviT.


mocemuli amocana iTvaliswinebs idealuri Serev​is perioduli moqmedebis reaqtoris Seswavlas.


laboratoriuli samuSao: idealuri Serevis pe​ri​o​duli moqmedebis reaqtori.
samuSaos mizani: qimiuri reaqciis kinetikis ga​mo​kvleva idealuri Serevis perioduli moqmedebis rea​q​torSi; qimiuri raqciis siCqaris mudmivas, aqtivaciis energiisa da sxva parametrebis gansazRvra.

Teoriuli safuZvlebi


qimiur gardaqmnaTa kinetikis Taviseburebebis Se​sa​swavlad mosaxerxebeli obieqtia idealuri Serevis pe​rioduli moqmedebis reaqtori.


idealuri Serevis reJimisaTvis damaxasiaTebelia Semdegi daSvebebi:

· teqnologiuri parametrebis myisieri Secvla da gaTanabreba reaqtoris mTel moculobaSi;

· teqnologiuri parametrebis mniSvnelobaTa to​lo​​​​ba reaqtoris moculobasa da mis gamosa​svlelSi.


idealuri Serevis periodul reaqtorSi idealu​robis daSvebis Sesabamisad reagentebis koncentraciebis, gardaqmnis xarisxis, temperaturis, reaqciis siCqarisa da sxva parametrebis mniSvnelobebi erTnairi iqneba re​aqtoris moculobis nebismier wertilSi drois nebis​mier momentSi, magram gansxvavebuli drois sxva mo​mentisaTvis (nax 1.). amrigad, periodul reaqtorSi mim​dinare procesi arastacionarulia (daumyarebelia).


qimiuri reaqciis kinetikuri parametrebis gansaz​RvrisaTvis SeiZleba gamoviyenoT idealuri Serevis pe​rioduli moqmedebis reaqtoris materialuri balansis gantoleba: 
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                           (1) 
sadac t aris sareaqcio narevis reaqtorSi dayovnebis dro, romelic aucilebelia XA gardaqmnis xa​risxis misaRwevad;

        uA(CA) , an uA(XA) -  reaqciis kinetikuri gan​to​lebebia.  
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mocemul samuSaoSi Seiswavleba ZmarmJavas eTi​lis eTeris (eTilacetatis) tutiT gasavpnis meore ri​gis reaqciis kinetika.
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am reaqciis kinetikuri gantoleba aseTia:
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                    (3) 

sadac k  aris qimiuri reaqciis siCqaris mudmiva.


gantoleba (3) Semdegnairad warmovadginoT:
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maSin (1) gantoleba SeiZleba ase CavweroT:
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      (4)


(4) gantolebis Sesabamisad damokidebuleba t-sa da F(CA)-s Soris wrfivia; wrfis daxris kuTxis  tangensis sididis mixedviT SeiZleba reaqciis siCqaris mudmivas gansazRvra. amisaTvis drois sxvadasxva moment​Si eqsperimentiT miRebuli reagentebis koncentraciebis mniSvnelobaTaA mixedviT ageben  F(C) =ϕ(t) damokide​bu​lebis grafiks.


radganac eqsperimentiT miRebuli wertilebi​saTvis, Cveulebriv, damaxasiaTebelia garkveuli gabneva, wrfivi damokidebulebis asagebad mizanSewonilia umci​res kvadratTa meTodis gamoyeneba. funqciis konkre​tu​li saxe meore rigis Seuqcevadi reaqciisaTvis damo​kidebulia reagentebis Tanafardobaze.

Tu tute eTilacetatze M-jer meti raodenobiT aris aRebuli, e. i. CB,0/CA,0 = M, steqiometriuli Tana​fardobebis gaTvaliswinebiT, SeiZleba daiweros:

CB = Cb,0 – CA,0 + CA = CA,0(M – XA) ,  (5)
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 maSin
                                                                       (6)
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 da materialuri balansis gantoleba (1) aseT saxes mi​i​Rebs:

                   (7)

romlis integrirebis Sedegadac:

[image: image72.wmf]C

l

2

 

+

 

H

2

O

H

C

l

O

 

+

 

H

C

l

;

[image: image73.png]


                                                         

sadac 


[image: image33.wmf](

)

1

,0

,0,0

1

()ln.

(1)

B

B

A

ABB

C

FC

CM

MCCC

=

-

-+



meore rigis reaqciisaTvis, roca M ≠ 1, eqsperi​mentuli wertilebi F1(CB) – t koordi​na​te​b​Si unda ga​n​lagdnen wrfeze, romlis kuTxis tangensi gansa​zRvravs k-s (nax. 2). 
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roca CA,0 = CB,0  kinetikuri gantoleba ase Cai​wereba:

                                               (9)

misi CasmiT materialuri balansis gantolebaSi (1), miviRebT:
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gantoleba (11) aris 1/CA,0 - t koordinatebSi age​buli wrfe, romelic ordinatTa RerZze mokveTs 1/CA,0  monakveTs (nax.3).
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avagebT ra eqsperimentuli wertilebiT wrfes am ko​ordinatebSi, kuTxis tangensis mixedviT ganvsazRv​ravT k-s. 
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aqtivaciis E energiis gansazRvrisaTvis viyenebT are​niusis gantolebas:

Tu avagebT miRebul wrfiv damokidebulebas 
lnk = f(1/T),
SeiZleba ganvsazRvroT aqtivaciis energia am wrfis da​x​ris kuTxis tangensis mixedviT

tgα = -E/RT,  sadac R = 8,314 jouli∙moli-1∙k-1.

laboratoriuli danadgaris aRwera


eqsperimenti tardeba danadgarze, romelic gamosaxulia nax. 4-ze.                  
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reaqtori aris spilenZis cilindruli WurWeli 3, romelic aRWurvilia meqanikuri sareviT 1;  igi Cad​g​mulia meore WurWelSi 4, romelic Termostatis fun​q​cias asrulebs. mocemuli temperaturis uzrunvelsa​yo​fad perangSi 3 da 4 WurWlebs Soris ganuwyvetliv Se​dis Ter​mo​statidan (naxazze naCvenebi ar aris) gansaz​Rv​ruli temperaturis wyali. reaqtorSi temperatu​ra yendeba sakontaqto Termometris saSualebiT.

     reagentebis – 0,1 molur eTilacetatisa da 0,1 n natriumis tutis – xsnarebis gansazRvrul ra​odenobebs asxamen reaqtorSi mis saxuravSi data​nebuli xvrelidan. reaqciis mimdinareobis Sesabami​sad NaOH-is koncentra​cia mcirdeba. Sesabamisad mcirdeba xsnaris elgamtaro​ba. NaOH-is koncen​traciis cvlileba izomeba konduq​to​​met​riT sare​a​qcio narevis eleqtrogamtarobis cvli​lebis mi​xedviT.


samuSao Semdegi TanamimdevrobiT sruldeba: Ca​r​Ta​ven Termostats 4. sakontaqto TermometriT ayeneben mocemul temperaturas. reaqtorSi Zabris sa​SualebiT as​xamen eTilacetatis 0,1 moluri xsna​ris saWiro rao​de​nobas da CarTaven sarevs 1.  am​za​​de​ben konduqto​me​trs gazomvebisaTvis da reaq​to​rSi aTavseben eleq​t​ro​debs 2. konduqtometrs aer​Teben TviTCamwerTan ro​m​lis lentzec aseve fiq​si​rdeba xsnaris eleqtro​ga​m​tarobis cvlileba. swra​fad asxamen reaqtorSi 0,1 n NaOH-is saWiro rao​denobas. Casxmis dawyebasTan erTad CarTaven wamsa​zoms. mimdinare koncentraciebis CA mni​Svnelobebs iRe​ben rogorc konduqtometris skali​dan, ase​ve Tvi​T​Camweris lentidan. miRebuli monacemebi Se​aqvT I da II cxrilebSi.


davalebaTa variantebi


I varianti

1. CaatareT cda reagentebis koncentraciis cvli​le​bis dro​isagan damokidebulebis dasadgenad (ki​ne​tikuri mru​debi) reagentebis steqiometriuli da ara​steqio​met​riuli narevebisaTvis mocemul tempe​ra​​turaze.

2. yoveli cdisaTvis gansazRvreT qimiuri reaqciis siC​qaris k  mudmiva.

 II varianti 

1, CaatareT cda reagentebis koncentraciis cvli​lebis droisagan damokidebulebis dasadgenad (kine​tikuri mru​debi) reagentebis steqiometriuli da ara​steqio​met​riuli narevebisaTvis mocemul tempe​raturaze.

2. yoveli cdisaTvis gansazRvreT qimiuri reaqciis si​C​qaris k mudmiva.

3. gansazRvreT reaqciis aqtivaciis energiis sidi​de.

I cxrili

EetTilacetatis gasapvnis reaqciis 

kinetikis gamokvleva

	t, wm
	CB, kmoli/m3
	CA, kmoli/m3
	CA,saang

	
	
	
	


II cxrili
eqsperimentuli monacemebis damuSavebis Sedegebi

	cdis nomeri
	T,  K
	M=CB,0/CA,0
	k, m3∙wm-1∙kmoli-1

	
	
	
	

	
	
	
	

	
	
	
	


eqsperimentis Sedegebis damuSaveba

1. reagentebis sawyisi koncentraciebis gansazRvra


reaqtorSi A da B reagentebis Serevis Sedegad da​​sawyisSi isini zavdeba sareaqcio sivrcis gadidebis ga​mo. amitom sawyisi koncentraciebi CA,0 da  CB,0  gansx​va​vebuli iqneba amosavali reagentebis sawyisi kon​cen​t​ra​ciebisagan, romelTa mniSvnelobebia: 
CA,amos= CB,amos= 0,1 kmoli/m3.

Tu gamoviyenebT idealuri Serevis mo​de​​lis daS​ve​bebs sawyisi koncentraciebis gaangariSebisaTvis, SeiZ​leba Semdegi gantolebebis gamoyeneba:
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2. ragentebis mimdinare koncentraciis gansazRvra 


tutis koncentracia (CB)  ganisazRvreba konduq​to​metrisa da TviTCamweri xelsawyos Cvenebebis mixed​viT; eTilacetatis koncentracia ganisazRvreba Semdegi gantolebiT:

CA = CA,0 – CB,0 + CB.

3. qimiuri reaqciis siCqaris mudmivas gansazRvra 

qimiuri reaqciis siCqaris mudmivas arasteqio​met​riuli narevebis SemTxvevaSi angariSoben (8) ganto​le​biT, xolo steqiometriuli narevebisaTvis – (11) gan​to​lebiT. miRebuli eqsperimentuli da gamoTvlili da​mo​kidebulebani gadaaqvT F(C) =ϕ(t) koordinatebSi age​bul grafikze.

4. reaqciis aqtivaciis energiis gansazRvra


reaqciis aqtivaciis energias angariSoben (12) gan​to​lebiT, amisaTvis ageben grafiks lnk – 1/T koor​dinatebSi da sazRvraven abscisTa RerZis mimarT wrfis daxris kuTxis tangenss, sadac tgα=-E/R.

dasrulebuli samuSao aucileblad unda Seicav​des srul angariSs erT-erTi cdisaTvis. 
VIII samuSao
liTonebis mominanqreba


minanqari aris Txeli, gaumWvirvale minisebri sa​fa​ri, romelic icavs liTonis nakeTobas agresiuli si​T​xeebisa da airebis zemoqmedebisagan da Tanac aZlevs mas lamaz garegnul iers.


minanqari, minis msgavsad, miiReba mTis qanebis Se​dnobiT e. w. mdnobebTan. Cveulebriv iyeneben Semdeg qa​nebs: kvarcis qviSas, mindvris Spats da pegmatits. mdno​​bebs miekuTvneba soda, boraki, potaSi, gvarjila da sxva masalebi, romlebic mTis qanebTan qmnian advil​dnobad naerTebs. MmTis qanebi da mdnobeni, Cveulebriv, minanqris Sedgenilobs 80-85%-ia. am masalebis SednobiT miiReba metad Tu naklebad gamWvirvale mina. aseTi mina ar gamodgeba liTonis zedapiris dasafarad, radgan mas​Si gamosWvivis liToni, rac afuWebs nakeTobis gare​gnul sa​xes. amitom am masalebs umateben e. w. „gam​yu​Cebelebs”, anu nivTierebebs minisaTvis gaumWvirvalobis misani​Weblad da saRebavebs -  sasurveli feris misa​ce​mad. ga​m​yuCeblebad gamoiyeneba mdnobi Spati, krioliTi, na​t​ri​umis silicium-ftoridi da kalis, stibiumis, ci​r​ko​ni​umisa da titanis oqsidebi. saRebavebad – spi​le​n​Zis, qro​mis, kobaltis, nikelisa da sxva liTonebis oq​si​debi. yvela aRniSnul masalas winaswar aSroben, aqu​c​maceben; Semdeg ureven saWiro proporciiT da Seadnoben RumelSi 1150-13000C-ze. am temperaturaze kazmSi mim​di​nareobs mravali fizikuri da qimiuri gardaqmna; igi dneba, lRveba da iqceva erTgvarovan blant masad. am ma​sas ewodeba minanqris Senadnobi. mas CauSveben civ wya​l​Si, sadac swrafad gacivebis gamo imsxvreva mcire zomis granulebad.


minanqars nakeTobis zedapirze afenen ori xerxiT: mSrali (fxvnilis meTodi) - wmindad daqucmacebuli fxvni​lis saxiT da sveli (Slikeris meTodi) – mi​na​n​q​ris wyal-suspenziis saxiT, romelsac Slikeri ewo​deba. Semdeg danafarian nakeTobas gamowvaven 800-9000C-ze. gamowvis Sedegad minanqris nawilakebi Seadneba erTma​neTs da warmoiqmneba erTiani minisebri danafari. kargi Se​degebi miiReba mxolod im SemTxvevaSi, roca nakeTobas TanamimdevrobiT faraven ori saxis minanqriT: fuZe mina​nqriT, romelsac afenen uSualod liTonis zedapirze da damfaravi minanqriT, romelic ukve gamomwvar fuZe minanqarze unda  daefinos. daniSnulebis mixedviT minan​qari SeiZleba iyos teqnikuri da mxatvruli. teqnikuri minanqriT ZiriTdad faraven Tujisa da foladis nake​Tobebs, koroziisagan dacvis mizniT. mxatvruli an sai​u​veliro minanqari gamoiyeneba oqros, vercxlisa da spi​lenZis nakeTobaTa mosapirkeTeblad.


 ar SeiZleba aq ar aRvniSnoT, rom mxatvruli mi​na​n​q​ris teqnologiam, romelic gasul saukuneebSi Ca​isaxa, Cvens qveyanaSi umaRles dones miaRwia. mTel msoflioSi cnobilia qarTuli tixruli minanqris maRa​l​mxatvruli nimuSebi. tixruli minanqris saiuveliro na​keTobaTa damzadebis teqnologia, romelic erTxans da​kargulad iTvleboda, amJamad isev aRorZinda da war​matebiT viTardeba. 

minanqris danafari unda akmayofilebdes Semdeg mo​Txovnebs: a) mWidrod ekvrodes liTons; b) uZlebdes temperaturis cvlilebas, ar unda ibzarebodes da cil​debodes liTons; g) iyos Tanabari da moelvare, advi​lad iwmindebodes; d) iyos mkvrivi, e. i. ar unda hqon​des bzarebi da forebi; e) ar unda iSlebodes xsna​rebisa da airebis moqmedebiT, romlebsac exeba igi eqs​pluataciis dros; v) ar unda Seicavdes iseT naerTebs, romlebmac SeiZleba gaafuWon sakvebi produqtebis xa​risxi.

minanqris danafaris xarisxi damokidebulia mis fizikur da qimiur Tvisebebze, im liTonis xarisxze, ro​melzedac aris dafenili, mominanqrebis teqnologi​uri procesis yvela operaciis sworad warmarTvaze.


minanqris fizikur-qimiuri Tvisebebi misi qimiuri Sedgenilobis funqciaa. umniSvnelovanesi Tvisebebia ga​fa​r​Toebis koeficienti, dnobis temperatura, siTbo​te​vadoba, Termuli mdgradoba da simkvrive. gansakuTrebiT mniSvnelovania minanqris gafarToebis koeficienti. Tu igi aRemateba liTonis gafarToebis koeficients mi​nanqris fenaSi warmoiqmneba Tmisebri bzarebi, xolo Tu naklebia – minanqari Sordeba liTons. praqtikulad mi​nanqris gafarToebis koeficienti farTo zRvrebSi icv​leba – 270∙10-7-dan 340∙10-7 -mde. 

foladis minanqriT dafarvisa da 

danafaris gamocdis meTodika


1. nakeTobis momzadeba mominanqrebisaTvis. nakeTo​bis zedapiris xenjisa da organuli WuWyisagan gasaw​mendad, agreTve liTonSi daWimulobaTa gasaTana​breb​lad, mas gamowvaven mufelian eleqtroRumelSi 850-8600C-ze 3-5 wT-is ganmavlobaSi. ufro dabal tempera​turaze cximebi da zeTebi SeiZleba mTlianad ar amo​i​wvas, ufro maRalze ki iqmneba nakeTobis Zlieri de​formaciisa da sqeli, amoWmis dros Znelad xsnadi xen​jis warmoqmnis saSiSroeba. xenjis kargad mocilebis miz​niT gamowvamde firfitebs asveleben HCl-is an NH4Cl-is 5%-iani xsnariT, nimuSebs RumelSi aTavseben specialur sadgamze ise, rom haeri exebodes mTel ze​dapirs. gamowva damTavrebulad iTvleba roca nimuSi mi​iRebs Rumlis wiTlad varvarebis fers 650-8500C-is in​tervalSi. gamowvis Semdeg nimuSebi unda gacivdes sad​gamze. kargi gamowvis niSnad iTvleba mowiTalo-So​ko​​ladisferi xenji, romelic advilad cildeba fir​fitas. xenjis moSorebis Semdeg firfitas asufTaveben  HCl-is 20%-iani xsnariT oTaxis temperaturaze. gasu​f​Tavebis procesSi mJava urTierTqmedebs rkinasa da rki​nis oqs​idebTan da warmoiqmneba xsnadi marilebi, agreT​ve xdeba xenjis meqanikurad mocileba liTonis zeda​pi​ridan rea​qciis procesSi gamoyofili wyliT:

                  FeO + 2HCl → FeCl2 + H2O;              (a)

                Fe2O3 + 6HCl → 2FeCl3 + 3H2O;         (b)

          Fe3O4 + 8HCl → FeCl2 + FeCl3 +4H2O;     (g)

                     Fe + 2HCl → FeCl2 + H2.                   (d)


     gasufTavebis procesSi wyalbadi aRadgens samva​len​tiani rkinis marilebs orvalentianamde:

                       2FeCl3 + H2 → 2FeCl2 + 2HCl.          (e)

       (b) da (g) reaqciebi Zlier nela mimdinareobs, radgan Fe2O3  da    Fe3O4  mJavebSi sustad ixsneba.

        amoWmis Semdeg nimuSs recxaven wyliT; muqi fe​ris nadebs aSoreben CvriT, Semdeg Carecxaven gamdi​na​re wyliT da gaaneitraleben Na2CO3-is 1%-iani cxe​li xsnariT. ganeitralebis xangrZlivoba 3-5 wuTia. ne​i​tralizaciis Semdeg liTonis zedapirze darCenili tenis mosacileblad firfitebs swrafad aSroben mu​felian RumelSi an eleqtroquraze 80-900C-ze da moa​Tavseben eqsikatorSi.

       2. fuZe minanqriT dafarva. nimuSs CauSveben mi​na​nqris SlikerSi, zedmets moaSoreben daqneviT, xolo darCenil fenas swrafad gaaTanabreben xeliT. fuZe mi​na​nqars afenen Txel fenad, romlis sisqe gamowvis Semdeg 0,1-0,12 mm-ia. fuZe minanqrian nimuSs swafad aSroben 80-1000C-ze eleqtroquraze; Semdeg dadeben sadgamze da gamowvaven mufelian eleqtroRumelSi 860-8800C-ze.


8-10 wuTis ganmavlobaSi gamowvis proceSSi da​qucmacebuli minanqris Slikeris nawilakebi qmnis er​Tian fenas da minis fuZe minanqari ekvris liTons. ga​mowva damTavrebulia roca gavarvarebuli nimuSisa da mu​felis kedlebis feri erTnairi gaxdeba. sworad ga​momwvari gruntis danafari momwvano-Savi ferisaa.


3, ZiriTadi mominanqreba. mominanqrebis dros mTavari yuradReba fenis sisqes unda mieqces; igi Tana​bari unda iyos. Tu Slikeri Txelia da Spatelidan uwyvet nakadad Camoedineba, misi Sedgeniloba Sesacv​lelia, risTvisac ganuwyveteli moreviT umateben bo​rakis cxeli xsnaris, kalciumis oqsidis, sodis an po​taSis civi najeri xsnaris ramdenime wveTs.


damfarav minanqars nela aSroben TermostatSi 70-800C-ze, radgan swrafi gamoSrobisas igi SeiZleba daskdes.


damfarav minanqars gamowvaven mufelian Ru​melSi 840-8500C-ze manam, sanam zedapiri brwyinvale ar gaxdeba. gamowvis procesi SedarebiT dabal tempera​tu​raze unda Catardes, raTaA ar gadnes fuZe minanqari. imis mixedviT, Tu ra moTxovnilebebs uyeneben nake​To​bas, damfarav minanqars afenen erT an or frnad. Semdeg mza nakeTobas gamocdian qimiur, Termul da meqa​nikur mdgradobaze.

damfaravi minanqris fenis sisqe gamowvis Sem​deg 0,15-0,20 mm unda iyos; titaniani minanqrisaTvis – 0,08-0,12 mm. 

       4. mza nakeTobaTa gamocda. minanqari sxvadasxva  qimiuri reagentebis, atmosfrul zemoqmedebaTa  gav​le​​niT TandaTanobiT iSleba, rac garegnulad imaSi ga​mo​ixateba, rom igi jer hkargavs brwyinvalebas, Semdeg xdeba mqrqali, xaoiani; Zlieri mJavebi ramdenime wuTis ganmavlobaSi duRiliT mTlianad Slis minaqars.


minanqris unars, gauZlos reagentebis zemo​qme​debas, qimiuri mdgradoba ewodeba. arsebobs minanqris qi​​miuri mdgradobis gansazRvris ramdenime meTodi.


saorientacio gansazRvrisaTvis sargebloben la​qiT gasinjvis meTodiT. mominanqrebuli nimuSis ze​da​pirze awveTeben mJavas, Cveulebriv ZmarmJavas an li​monmJavas, 4-10%-iani xsnaris ramdenime wveTs. drois gar​kveul monakveTebSi, magaliTad, 1 wuTis Semdeg mo​wmenden TiTo wveTs; aRniSnaven dros, romlis gan​mavlobaSic minanqris zedapiri hkargavs brwyinvalebas.


Termuli mdgradoba ewodeba masalis unars ga​uZlos temperaturis mkveTr cvlilebas. Termul mdgra​dobas axasiaTeben TbocvlaTaA raodenobiT an tempra​tu​raTaA maqsimaluri vardniT, romelsac uZlebs masala, sanam daiSlebodes. Termuli mdgradoba mominanqrebul nakeTobaTa xarisxis erT-erTi umniSvnelovanesi maCvene​belia, radgan eqspluataciis procesSi xSirad maT ux​debaT muSaoba temperaturaTa mkveTri cvlilebis pi​robebSi.

minanqris Termul mdgradobas mravali faqto​ri gansazRvravs. gadamwyveti mniSvneloba aqvs minanqris fenaSi warmoqmnil daWimulobas. minanqris Termuli ga​farToebis koeficienti naklebia liTonisaze, amitom swrafad gaxurebisas minanqris fenaSi warmoiqmneba kum​Svis daWimuloba, swrafad gacivebisas ki – gaWimvisa. mi​nanqris danafaris Termuli mdgradoba damokidebulia, agreTve, liTonTan misi SeWidvis simtkicesa da sisqeze; rac ufro sqelia minanqris fena, miT naklebad mdgradia igi. Termul mdgradobaze Zlier moqmedebs gacivebis siC​qare, gamacivebeli garemos saxe da Tvisebebi. mina​n​qris danafari haerze gacivebiT ufro naklebad zian​de​ba, vidre wyliT gacivebisas.


Termul mdgradobaze minanqris gamosacdelad xSirad iyeneben Semdeg meTods: mominanqrebul nakeTo​bebs aTavsebenYwinaswar 2000C-mde gaxurebul RumelSi, ayovneben iq 20 wT-is ganmavlobaSi da aciveben wyalSi. gamocdas imeoreben manam, sanam minanqris danafari ar daiwyebs daskdomas an atkoCvas. Termuli mdgradobis maCveneblad Rebuloben im maqsimalur temperaturas, romelsac dauzianeblad gauZlo danafarma.
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