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winasityvaoba

cf[tkv.qdfytkj itlutybkbf cfvtlbwbyj-,bjkjubehb ghj
abkbc cfcfofdkt,kt,bc cneltynt,bcfsdbc\ vfcib yfxdtyt,bf= hjv 
vtwybtht,bc bctsb lfhut,b= hjujhbwff mbvbf lf vtlbwbyf= vzblhj 
rfdibhibf thsvfytssfy lf yt,bcvbth vfsufyib vbqotekb cfvtw
ybthj ofhvfnt,f cfcbrtsjl vjmvtlt,c vtjhbc ufydbsfht,fpt\

flfvbfybc jhufybpvb ofhvjflutyc thsudfh mbvbeh kf,j
hfnjhbfc= hjvtkibw thslhjekfl vbvlbyfhtj,c w[jdtkmvtlt
,bcfsdbc fewbkt,tkb ghjwtct,b (,bjmbvbehb= ;fyudf-fqlutybsb= 
abpbjkjubehb lf c[df)\ sfyfvtlhjdt cneltync= [jkj itvlujv 
cfvtlbwbyj cathjc veifrc= ufhlf qhvf cfvtlbwbyj wjlybcf= eylf 
uffxyltc eyfh-xdtdt,b= hfsf c[df cf,eyt,bcvtn'dtkj lfhut,bc 
vtwybthekb vbqotdt,bc cfae.dtkpt vbqt,ekb wjlyf ufyfdhwjc 
lf ufvjb'tyjc vbpfylfcf[ekfl\

cojhtl fv vbpfyc tvcf[eht,f fdnjhsf vbth itvjsfdfpt,ekb 
cf[tkv.qdfytkj _ ,bjfhfjhufyekb lf ,bjabpbrehb mbvbf\ vfcib 
ufy[bkekbf sbsmvbc 'dtkf .bhbsflb stjhbekb cfrbs[b= hjvkbc 
wjlyf vfqfkrdfkbabwbehb tmbvbcsdbc fewbkt,tkbf= hfsf uf
thrdtc wjw[fk  jhufybpvib vbvlbyfht vtnf,jkeh ghjwtct,ib 
hjujhw yjhvfkehb= bct gfsjkjubehb vlujvfhtj,bc lhjc\ 
ufhlf fvbcf= jhufybpvpt ufht afmnjht,bcf lf mbvbehb lf abpbj
sthfgbekb cfiefkt,t,bc vjmvtlt,bcfc\

cf[tkv.qdfytkj itlut,f 9 sfdbcfufy= hjvkt,ibw ofhvjl
utybkbf itvltub cfrdfy.j cfrbs[t,b| fnjvbc tktmnhjyekb fq
yfuj,bc stjhbf= fnjvbc .bhbsflb sdbct,t,b= s-= p-= d- tktvty
nt,bc fnjvt,bc tktmnhjyekb cnhemneht,b lf c[df\ fvfdt lhjc= 
f[cybkbf ,bjcbcntvfib fhct,ekb mbvbehb ,vt,bc ,eyt,f= bjyehb 
ehsbthsmvtlt,f wbkt,ib lf f\i\

mbvbehb sthvjlbyfvbrf ofhvjlutybkbf sthvjlbyfvbrbc ^ lf 
^^ rfyjybcf lf mbvbehb ojyfcojhj,bc ufy[bkdbs\ yfxdtyt,bf= hjv  
tythubbc c[dflfc[df ajhvt,bc ehsbthsufhlfmvyf= hjvtkbw wj
w[fk jhufybpvib vbvlbyfhtj,c= tvjhxbkt,f fhfojyfcojhekb 
sthvjlbyfvbrbc ghbywbgt,c\
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wjw[fk jhufybpvib vstkb hbub ghjwtct,b vbvlbyfhtj,c 
s[tdfl afpfib\ fmtlfy ufvjvlbyfht= cf[tkv.qdfytkjib cfrvfj 
'ehflqt,f lftsvj bcts cfrbs[t,c= hjujhbwff [cyfht,b lf jcvj
cehb vjdktyt,b= tktmnhjkbnt,b lf vfsb hjkb wjw[fk jhuf
ybpvib= pH-vfxdtyt,tkb lf ,eathekb [cyfht,b= jhufybpvbc ae.t-
v;fdehb ojyfcojhj,f= vbjukj,bybcf lf ]tvjukj,bybc uf/tht,f 
;fyu,flbs lf jhufybpvbc ceysmdbc ghjwtcbc sfdbct,eht,fyb\

wjw[fk jhufybpvib= s[tdfl afpfib v'jab ybdsbtht,t,b 
evtntcfl ofhvjlutybkbf rjkjblehb cbcntvbc cf[bs\ fvbnjv 
t\o\ rjkjblt,b wfkrt sfdibf ufy[bkekb\ ufhlf fvbcf= yfxdtyt,bf 
c[dflfc[df cf[bc rjkjbleh cbcntvfcf lf jhufybpvib fhct,ek 
s[tdfl afpfib v'ja cbcntvt,c ijhbc ehsbthsrfdibhb (vcufdct,f)\

wjw[fk jhufybpvib vbvlbyfht vtnf,jkehb lf c[df ghjwt
ct,b bubdt mbvbehb ghjwtct,bf= hjvkt,cfw ofhvfhsfdc rfnfkb
pehb vjmvtlt,bc vmjyt athvtynt,b\ fmtlfy ufvjvlbyfht= wfkrt 
sfdb t.qdyt,f mbvbehb rbytnbrbcf lf rfnfkbpbc= athvtynt,bcf 
lf athvtynekb htfmwbbc rbytnbrbc cfrbs[t,c\

cf[tkv.qdfytkjib ufy[bkekbf  wjw[fk jhufybpvib vbvlb
yfht lf cfvrehyfkj ghtgfhfnt,bc ntmyjkjubfib ufvj'tyt,ekb 
tktmnhjmbvbehb ghjwtct,b\ bcbyb cfae.dkfl eltdc ybdsbtht
,fsf rdktdbcf lf fyfkbpbc sfyfvtlhjdt vtsjlt,c= hfw yfxdtyt,bf 
vbybc tktmnhjlbc vfufkbspt (pH-vfxdtyt,kbc ufpjvdf= cfrdktd 
[cyfhib CO2-bc itvwdtkj,bc ufycfpqdhf lf f\i\)+ ofhvjlutybkbf 
mcjdbkt,bcf lf e/htlt,bc tkufvnfhj,f\

,bjkjubehfl fmnbehb rjvgktmcehb yfthst,bc fqyfuj,f= 
kbsjyathvtynt,b= kbsjy-kbufylbc ]jvtjcnfpbc lfhqdtdf 
jhufybpvib= fctdt= [tkfnjsthfgbbc mbvbehb cfae.dkt,b vtnfl 
vybidytkjdfyb cfrbs[t,bf lf wfkrt sfdibf ufy[bkekb\

,jkj sfdb t.qdyt,f s-= p-= d- cfcbwjw[kj tktvtynt,c\ yfx
dtyt,bf= se hf gfsjkjubeh ghjwtct,c bodtdc jhufybpvib vfsb 
lfcfidt,b rjywtynhfwbbc lfhqdtdf\
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atomis eleqtronuli aRnagobis Teoria

1913 wels nils borma SeimuSava atomis eleqtronuli 

aRnagobis modeli, romlis mixedviT atomi Sedgeba dadebiTad 

damuxtuli birTvis da mis garSemo mbrunavi eleqtronebisagan.

boris Teorias safuZvlad udevs sami postulati:

1) birTvis garSemo eleqtroni brunavs ara nebismieri, aramed 

gansazRvruli wriuli orbitebis garSemo, maT uwodes 

stacionaruli orbitebi.

2) stacionarul orbitaze moZraobisas eleqtroni ar 

gamoasxivebs eleqtromagnitur energias.

3) gamosxiveba xdeba eleqtronis naxtomisebri gadasvlis 

dros erTi stacionaruli orbitidan meoreze. am dros 

gamoiyofa an STainTqmeba eleqtromagnituri gamosx­

ivebis qvanti, romlis energia tolia, atomis saboloo 

da sawyisi mdgomareobebis energiebis sxvaobis.

eleqtronebi birTvis garSemo ganlagebulia Sreebad. qimiur 

Tvisebebs umTavresad gansazRvravs gare Sre. qimiuri reaqciebis 

dros adgili aqvs gare Sris eleqtronebis gacemas an mierTebas.

am sakiTxebSi garkvevis mizniT, SegaxsenebT, rom arsebobs – 

qvanturi ricxvebi n, l, m, S, romliTac xasiaTdeba eleqtronis 

mdgomareoba atomSi.

n-mTavari qvanturi ricxvia, romelic Rebulobs dadebiT, 

mTel mniSvnelobebs: 1,2,3. . . a.S. roca n=1, eleqtrons gaaCnia 

umciresi energia. n-is gazrdiT izrdeba eleqtronis energiac. 

amitom eleqtronis mdgomareobas, gansazRvruls mTavari qvan­

turi ricxviT, uwodeben atomSi eleqtronis energetikur do­

nes. vTqvaT n=1, es niSnavs, rom eleqtroni mdebareobs pirvel 

energetikul doneze; Tu n=2, maSin meoreze da a.S.
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l – orbitaluri qvanturi ricxvia. is Rebulobs mTel 

ricxviT mniSvnelobebs 0-dan (n-1)-mde, sadac n-mTavari qvanturi 
ricxvia. Tu n=1, maSin l=0 da a.S.

m – magnituri qvanturi ricxvia, romelic gansazRvravs 

eleqtronuli Rrublis orientacias sivrceSi. is Rebulobs 

mTel ricxviT mniSvnelobebs, rogorc dadebiTs, ise uaryofiTs, 

zRvrebSi (+l)-dan (-l)-mde. amgvarad, l-is sxvadasxva mniSvnelo­

bebisaTvis m Rebulobs sxvadasxva mniSvnelobebs. ase magali­

Tad, S – eleqtronebisaTvis (l=0), SesaZlebelia m-s hqondes 
mxolod erTi mniSvneloba (m=0); P-eleqtronebisaTvis (l=1), 
SesaZlebelia m-s hqondes sami sxvadasxva mniSvneloba m (-1, 
0, +1) da a.S.

eleqtronebis mdgomareobas atomSi gansazRvruls n,l,m 
– qvanturi ricxvebiT da am ukanasknelis Sesabamisad gan­

sazRvruls zomebiT, formiT da orientaciiT, ewodeba atomuri 

eleqtronuli orbitali.

atomis speqtrebis Seswavlisas daadgines, rom garda n,l,m 
qvanturi ricxvebisa, eleqtroni xasiaTdeba kidev erTi qvanturi 

sididiT, es aris spini (S), rac inglisurad niSnavs daxvevas, 

brunvas. spini ar aris dakavSirebuli eleqtronis gadaadgile­

basTan birTvis garSemo. igi gansazRvravs Tavis sakuTar mdgo­

mareobas. eleqtronis spins SeiZleba hqondes mxolod ori 

mniSvneloba: +1/2 da -1/2.

paulis principis mixedviT, atomSi ar SeiZleba iyos ori 

iseTi eleqtroni, romelTac oTxive qvanturi ricxvi aqvT toli.

aqedan gamomdinare, yoveli atomuri orbitali xasiaTdeba 

garkveuli n,l,m – sidideebiT; masze SeiZleba moTavsdes ara 

umetes ori eleqtronisa, romelTa spinebs aqvT sawinaaRmdego 

niSani.

erT orbitalze moTavsebul or eleqtrons, romelTa spinebi 
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urTierTsawinaaRmdegod aris mimarTuli, ewodeba Sewyvilebuli. 

im SemTxvevaSi, Tu orbitalze moTavsebulia erTi eleqtroni, 

mas Seuwyvilebeli ewodeba.

paulis principis gamoyenebiT, SesaZlebelia gamovTvaloT 

atomSi eleqtronebis maqsimaluri raodenoba gansxvavebul 

energetikul doneebze da qvedoneebze.

roca l=0, gvaqvs S-qvedone da am SemTxvevaSi m=0. Sesabam­
isad S-qvedoneze gveqneba mxolod erTi orbitali, romelic 

miRebulia pirobiTad aRiniSnos ujredis saxiT (`qvanturi 

ujredi~): .  viciT, rom yovel atomur orbitalze moTavsdeba 

araumetes ori eleqtronisa, romelTa spinebi urTierTsawi­

naaRmdegodaa mimarTuli. simbolurad es SeiZleba gamoisaxos 

Semdegi sqemiT: 

roca l=1 (P – qvedone), maSin ukve m=3. Sesabamisad, P-qve­
doneze gvaqvs sami orbitali, romelTagan TiToeuli maTgani 

Seicavs araumetes or eleqtrons. amgvarad, P-qvedoneze moTavs­
deba sul 6 eleqtroni:

d-qvedone (l=2), Sedgeba xuTi orbitalisagan, romlebic 

Seesabamebian m-is xuT sxvadasxva mniSvnelobas. am SemTxvevaSi, 

eleqtronebis maqsimaluri ricxvi aris 10:

bolos f – qvedone (l=3), romelzec SeiZleba ganlagdes 14 

eleqtroni.

atomSi eleqtrons yvelaze stabiluri mdgomareoba aqvs 

maSin, roca misi energiis mniSvneloba minimaluria. eleqtro­

nis nebismieri sxva mdgomareoba iTvleba agznebulad, arasta­

bilurad. eleqtroni TviTneburad gadadis am mdgomareobidan, 

gacilebiT naklebi energiis mqone mdgomareobaSi.
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ganvixiloT, wyalbadis atomi Cveulebriv mdgomareobaSi. 

misi birTvis muxti Z=1, erTaderTi eleqtroni imyofeba Se­

Zlebisdagvarad yvelaze dabal energetikul mdgomareobaSi, 

anu 1s-qvedone. wyalbadis atomis eleqtronuli struqtura 

SeiZleba gamovsaxoT sqemiT:

                                        S

H 1  an davweroT: 1S1.
am principiT gamovsaxoT zogierTi elementis atomis 

eleqtronuli struqturebi:

                        S	

                He  1    1S2

naxSirbadis atomis eleqtronul struqturaSi eleqt­S

1

2
Li

1S2 2S2

1S2 2S2 2P1

1S2 2S2 2P2

B(z=5)

C(z=6)

Be(z=4)

P
1S2 2S1

2. ionizaciis energia. atomidan eleqtronis mosawyvetad 

daxarjul energias ionizaciis energia ewodeba. igi gamoisaxeba 

eleqtron voltebSi. jgufebSi ionizaciis energia zemodan 

qvemoT mcirdeba. ionizaciis energia radiusis gazrdasTan da­

kavSirebiT periodebSi marcxnidan marjvniv izrdeba.
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ronebis aseTi ganlageba emyareba hundis wess. amave wesis 
Tanaxmad gamoisaxeba Semdegi elementis – azotis eleqtronuli 

struqtura:

bolos, neonis atomTan (Z=10) mTavrdeba 2p – qvedonis Sevseba 
da amiT meore energetikuli donis Sevsebac.

amgvarad, dawyebuli boridan (Z=5) da damTavrebuli neo­

niT (Z=10) xdeba P-qvedonis gare eleqtronuli Sris Sevseba. 

gamomdinare aqedan, meore periodis am nawilis elementebi mie­

kuTvnebian P-elementebis ojaxs.

atomTa ZiriTadi Tvisebebi

1. atomis radiusi. Tu warmovidgenT kristaluri ageb­

ulebis mqone martivi nivTierebis struqturas, maSin atomis 

birTvebs Soris manZili saSualebas mogvcems ganvsazRvroT 

atomTa radiusi. mag.: spilenZis kristalSi birTvebs Soris 

manZili 0,256 nm-is tolia, Tu am radiuss gavyofT orze, mivi­

RebT spilenZis radiuss rcu=0,128nm.

1S2 2S2 2P3

1S2 2S2 2P4

1S2 2S2 2P5

N(z=7)

O(z=8)

F(z=9)
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3. eleqtronisadmi swrafva. energias, romelic gamoi­

yofa atomTan eleqtronis mierTebisas, ewodeba eleqtronisadmi 

swrafva.

4. eleqtrouaryofiToba. es aris atomis unari Tavisken 
gadaswios saerTo eleqtronuli wyvili. jgufebSi zemodan qve­

moT eleqtrouaryofiToba mcirdeba, xolo periodSi marcxnidan 

marjvniv izrdeba, gare Sreze eleqtronTa ricxvis zrdis gamo.

yvelaze eleqtrouaryofiTi elementebia Jangbadi da ftori.

5. Uwyalbaduri bma da misi buneba. wyalbaduri bma 

ewodeba bmas, romelic warmoiqmneba wyalbadsa da mezobeli 

molekulis eleqtrouaryofiT atoms Soris, mag.: O, F, N. wyal­

baduri bma SeiZleba gvqondes, rogorc molekulis SigniT, mag: 

biopolimerebSi, aseve molekulaTaSoris. magaliTad, ganvixiloT 

wyalbaduri bmis warmoqmna ori molekula HF urTierTqmedebisas, 
Semdegi sqemis mixedviT:

niSnis nawilebiT urTierTqmedeben.

molekuluri orbilatebis meTodi _ `mom~

am meTodis mixedviT molekulaSi eleqtronTa mdgomareoba 

aiwereba eleqtronuli orbitalebis erTobliobiT.

`mom~-is amoxsnis mravali miaxloebiTi meTodi arsebobs; 

yvelaze martivi da popularulia atomuri orbitalebis wrfivi 

kombinaciis meTodi, romlis mixedviT molekulur orbitalebs 

ixilaven, rogorc atomuri orbitalebis wrfiv kombinacias.

ZiriTadad ganasxvaveben molekuluri orbitalebis or saxes:

−

F

+

H+

H

F

1340
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aq punqtiriT aRniSnulia wyalbaduri bmis warmoqmna, xolo 

(+) da (-) niSnebi ekuTvnis atomis muxtebs.

wyalbaduri bmis energia gacilebiT naklebia Cveulebrivi 

kovalenturi bmis energiaze. is tolia 2 kkal/mol-is azotis 

naerTebTan da ∼10kkal/mol-is fToris naerTebTan.

miuxedavad imisa, rom wyalbaduri bmis energia dabalia, 

mas mainc Seswevs unari moaxdinos molekulebis asociacia 

dimerebSi an biopolimerebSi, romlebic rig SemTxvevaSi arse­

boben ara marto Txevadi nivTierebebis saxiT, aramed orTqlis 

mdgomareobaSic. swored asocirebuli molekulebi ganapirobeben 

anomaliurad maRali duRilis da lRobis temperaturebs iseT 

nivTierebebSi, rogoricaa HF, H2O, NH3, spirtebi da sxva.
mniSvnelovania agreTve wyalbaduri bmebis arseboba cilebis 

mesameuli struqturis warmoqmnisa da dakavebis faqtorebs 

Soris. dakavebis faqtorebs Soris igulisxmeba: disulfiduri 

xidebi –S–S_, marilisebri xidebi aminojgufebisa da kar­

boqsilisagan da a.S.

6. molekulaTaSorisi van-der-vaalsuri Zalebi. es Za­
lebi ganapirobebs molekulaTa urTierTmizidvas. isini vlinde­

bian myar da Txevad nivTierebebSi. van-der-vaalsur Zalebs 

miekuTvneba orientaciuli, induqciuri da dispersiuli Zalebi.

1) orientaciul urTierTqmedebas adgili aqvs polarul 

molekulebSi, sadac dipolebi orientirdebian erTmaneTis 

mimarT sawinaaRmdegod damuxtuli polusebiT.

2) induqciuri urTierTqmedeba Tavs iCens iseT arapolarul 

molekulebSi, romelTac aqvT polarizaciis unari. am 

SemTxvevaSi erTi molekulis atomi Tavisi eleqtruli 

velis saSualebiT awarmoebs mezobeli molekulis uax­

loesi atomis polarizacias.

3) dispersiul urTierTqmedebas ganapirobebs myisieri dipo­

lebis warmoqmna atomebSi eleqtronebis moZraobis gamo. 

amasTan, mezobeli molekulebi erTmaneTTan sawinaaRmdego 
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1. SemakavSirebeli, misi energia naklebia maTi warmomqmneli 

atomuri orbitalebis energiaze;

2. gamTiSavi, romlis energia aRemateba warmomqmneli atom­

uri orbitalebis energias.

`mo~-is Sevsebis dros daculi unda iyos Semdegi wesebi:

1) TiToeul `mo~-ze SeiZleba moTavsdes maqsimum ori 

eleqtroni;

2) `mo~-s Sevseba mimdinareobs umciresi energiebis prin­

cipis mixedviT.

ganvixiloT H2 warmoqmna `mom~-is mixedviT.
wyalbadis ori eleqtronuli orbitalisagan warmoiqmneba 

ori molekuluri orbitali: erTi SemakavSirebeli da meore 

gamTiSavi, radgan SemakavSirebeli orbitalis energia naklebia 

gamTiSvelebze orive eleqtroni ganlagdeba SemakavSirebel 

orbitalze da warmoiqmneba σ bma (ix. nax. 1)
`mom~-is Tanaxmad, molekula maSin warmoiqmneba, roca 

eleqtronTa raodenoba SemakavSirebel orbitalze metia, vidre 

gamTiSavze. Tu eleqtronTa raodenoba tolia, maSin molekula 

ameba ormag bmas.

biosistemebSi arsebuli qimiuri bmebi

biologiurad aqtiur molekulas iZleva wyalbadis atomis 

da xuTi elementis: C, N, O, P, S erToblioba. dReisaTvis biolo­

1S 1S

nax. 1. wyalbadis molekulis warmoqmnis sqema.
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ar warmoiqmneba.

ganvixiloT Jangbadis molekulis warmoqmna `mom~-is 

mixedviT. Jangbadis 8 eleqtronidan 6 eleqtroni daikavebs 

SemakavSirebel orbitalebs, danarCeni 2 moTavsdeba gamTiSav 

orbitalze. maT Soris sxvaoba aris 2 eleqtroni, rac Seesab­

nax. 2. Jangbadis molekulis warmoqmnis sqema

giurad aqtiur molekulebSi mikvleulia 5 orcentriani da 15 

samcentriani mravaljer ganmeorebadi bmebi. rogorc or-, ise 

samcentriani bmis SemTxvevaSi gvaqvs erTmagi σ bma da ormagi
σπ  bmebi (ix. cxr.)

peptiduri bma. es bmebi damaxasiaTebelia cilebis rTuli 

struqturis mqone molekulebisaTvis. cilebi warmoadgenen 

α-aminomJavebisagan agebul rTul, maRalmolekulur, azotSemc­

vel bunebriv polimerebs. Tanamedrove warmodgenebiT cilebSi 

α-aminmJavebi erTmaneTTan SeerTebulia peptiduri, anu amiduri 

bmebiT, romlebic cilebis hidrolizis dros ixliCeba da war­

moiqmneba calkeuli α-aminomJava.
hidrolizis reaqciis dros ixliCeba bma naxSirbadsa da 
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azots Soris, ris Sedegad miiReba: 2, 3 . . . n aminomJava.
hidrofoburi bma. am bmebis xarjze wyalxsnarebSi erTma­

neTs ukavSirdebian erTi an sxvadasxva molekulis arapolaruli 

nawilebi. yoveli aseTi urTierTqmedeba Zalze sustia, Tumca 

atomTa am dajgufebas ewodeba pepdituri, anu 

amiduri bma.

lizacias.

rentgenostruqturuli analiziT dadgenilia cilebSi 

ionuri wyvilebis arseboba. faqtia, rom cilebSi arsebobs 

`marilovani xidebi~ da maTi simtkice unda gaizardos garemos 

dieleqtrikuli SeRwevadobis SemcirebiT.

cilovan struqturaSi hidrofoburi urTierTqmedeba ufro 

mniSvnelovania eleqtrostatikurze. 

eleqtronis dualisturi buneba. de-broilis gan-
toleba

— C — N

—

H

— —

O
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grZeli alifaturi jaWvis urTierTmoqmedebisas sakmaod sta­

biluri sistema warmoiqmneba. hidrofoburi urTierTqmedeba 

did rols asrulebs biopolimerebis stabilizaciisa da bi­

ologiuri membranebis struqturis warmoqmnaSi.

makroerguli bma. cocxal sistemebSi makroerguli bmebi 

ewodeba iseT kovalentur bmebs, romelTa hidrolizis dros 

gamoiyofa mniSvnelovani energia.

termini ̀ makroerguli bmebi~ ixmareba iseTi bmebis dasaxa­

siaTeblad, romelTa energia gamoiyeneba metabolizmSi. nebism­

ieri makroerguli bmis gaxleCva yovelTvis moiTxovs energiis 

daxarjvas.

molekuluri bmis buneba biosistemebSi. biosistemebSi 

arsebuli kompleqsis cneba gacilebiT ufro farToa, vidre 

klasikur kompleqsnaerTTa qimiaSi gamoyenebuli. organuli 

ionebis urTierTqmedeba biopolimerebTan ganixileba, rogorc 

kompleqsis warmoqmna, romlis dros SesaZlebelia oTxi saxis 

urTierTqmedeba.

1. wyalbaduri bmis warmoqmna – egzoTemuli procesia.

2. van-der-vaalsuri urTierTqmedeba – egzoTermulia pro­

cesia.

3. hidrofobuli urTierTqmedeba – endoTermulia procesia.

4. eleqtrostatikuri urTierTqmedeba – Tavisi bunebiT 

egzoTermuli procesia, Tumca zogierTi mkvlevari amt­

kicebs mis endoTermulobas.

ionuri urTierTqmedeba cilebSi. cilebSi ionizirebuli 

gverdiTi mravali jaWvisaTvis damaxasiaTebelia `marilovani 

xidebi~. agreTve anionuri bmebis warmoqmna, romelic asrulebs 

damatebiTi bmis rols da axdens cilis struqturis stabi­
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nebismieri mikronawilakis moZraoba ganixileba, rogorc 

talRuri procesi – es hipoTeza gamoTqva de-broilma 1924 

wels.

de-broilis gantoleba Semdegnairad miiReba: plankis mixed­

viT, fotonis energia ase gamoixateba:

	 E = hγ  (1), 	 sadac 	γ - aris talRis sixSire,

				    h – plankis mudmiva

meore mxriv, ainStainis gantolebis mixedviT:

	 E = mc2 (2),	 sadac	 m – fotonis masaa,
				    c – sinaTlis siCqare

gavutoloT (1) da (2) gantolebebi erTmaneTs,

mc2 = hγ (3)	 aqedan

	  (4),	 cnobilia, rom γ
λ

c
=

  (5), sadac

γ - talRis sigrZea. SevitanoT (5) gantoleba (4)-Si:

      (6)
Tu sinaTlis siCqares (c) SevcvliT eleqtronis siCqariT 

(V), miviRebT de-broilis gantolebas:

 mV
h

=λ
     (7)

 
aqedan Cans, rom eleqtrons gaaCnia rogorc nawilakis (mV), 

iseve talRis (λ ) Tvisebebi.

haizenbergis ganuzRvrelobis principi

erTdroulad SeuZlebelia zustad ganvsazRvroT eleqt­

ronis mdebareoba sivrceSi da impulsis mniSvneloba. amaSi 
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mdgomareobs haizenbergis ganuzRvrelobis principi, romelic 

maTematikurad ase gamoisaxeba:

             (8), sadac ∆p aris impulsis ganuzRvreloba, 
Χ∆ - aris sivrceSi nawilakis mdebareobis ganuzRvreloba. (8) 

gamosaxulebidan vaskvniT, rac ufro zustad izomeba eleqtro­

nis impulsi, miT naklebi sizustiT gamoisaxeba misi mdebareoba 

sivrceSi da piriqiT, rac ufro zustad ganvsazRvravT impulss, 

miT ufro ganusazRvreli iqneba misi mdebareoba. es principi 

miuTiTebs imaze, rom mikronawilakebis aRwerisaTvis klasikuri 

meqanikis kanonebi gamousadegaria, anu traeqtoriis cneba kargavs 

azrs da icvleba eleqtronis yofnis albaTobiT atombirTvis 

garSemo, sivrcis garkveul nawilSi.

rac Seexeba didi zomis obieqtebs, aq ganuzRvrelobis 

principis moqmedeba SeumCnevelia: impulsis an koordinatis 

ganuzRvreloba Seudareblad naklebia am sidideebis eqsperi­

mentuli gansazRvris cdomilebebze.

Sredingeris gantoleba

rogor gamovsaxoT eleqtronis mdgomareoba atomSi?

1926 wels avstrielma mecnierma Sredingerma talRis ganto­

lebaSi talRis sigrZe gamosaxa de-broilis gantolebis 

∆p × ∆X ≥
h
4π
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mixedviT:

	 mV
h

=λ
 (1), sadac 

)VE(
m
2V −=

  (9),

E aris eleqtronis sruli energia, xolo V – potencialuri 

energia, sabolood miiReba Sredingeris gantoleba:

							       (10),

wyalbadis atomisaTvis potencialuri energia

r
eV

2

−=
 (11), sadac r aris manZili eleqtronidan birTvamde.

Sredingeris gantoleba wyalbadis atomisaTvis aseT saxes 

iRebs:

  							       (12),

am gantolebis amoxsniT miiReba Ψ, rogorc eleqtronis 

koordinatTa funqcia. gansakuTrebuli mniSvneloba aqvs Ψ2-s, 

kerZod Ψ2dV (sadac dV aris moculobis elementi dxdydz) 
warmoadgens imis albaTobas, rom eleqtroni imyofeba dV mocu­
lobaSi, anu misi koordinatebi aris x da x+dx, y da y+dy, z da 
z+dz –s Soris.

SesaZlebelia eleqtronis dV moculobaSi yofnis albaTobis 

orgvari interpretacia. vTqvaT Ψ2dV=1/20 :
1) moZraobis dros eleqtroni drois 1/20 nawils atarebs 

(imyofeba) dV moculobaSi.

2) warmovidginoT, rom eleqtroni ganTxeulia birTvis 

garSemo sivrceSi, maSin Ψ2dV=1/20 niSnavs, rom dV 
moculobaSi mudmivad imyofeba eleqtronuli Rrublis 

δ2ψ 
δx2 

+
δ2ψ 
δy2 

+
δ2ψ 
δz2 

+
h2 

(E - V)ψ =0

δ2ψ 
δx2 

+
δ2ψ 
δy2 

+
δ2ψ 
δz2 

+
h2 

(E +       )ψ =0e2

z
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simkvrivis 1/20 nawili.

zemoTqmulidan cxadia, rom klasikur da talRur meqanikas 

Soris arsebobs metad mniSvnelovani gansxvaveba. klasikuri meqa­

nikis saSualebiT SesaZlebelia drois nebismieri momentisaTvis 

nawilakis koordinatebisa da impulsis zustad dadgena. 

talRuri meqanikis gamoyenebiT amis gakeTeba SeuZlebelia. igi 

iZleva mxolod atombirTvis garSemo sivrcis garkveul monakveTSi 

nawilakis yofnis albaTobis gansazRvris SesaZleblobas.

qimiuri Termodinamika da bioenergetika

Cven garSemo da Cvens organizmSi yvela procesi mimdi­

nareobs energiis sxvadasxva formis urTierTgardaqmniT. es 

formebia siTbo da muSaoba. nivTierebaTa cvla, anu metabolizmi, 
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romelic cocxal organizmSi mimdinareobs, warmoudgenelia 

organizmsa da garemos Soris energiis mimocvlis gareSe.

Termodinamika aris mecnierebis is dargi, romelic swavlobs 

energiis sxvadasxva saxis urTierTgardaqmnas. Termodinamikis 

daxmarebiT SesaZlebelia gaviangariSoT procesis siTburi efeqti, 

viwinaswametyveloT ama Tu im procesis ganxorcielebis SesaZ­

lebloba, ganvixiloT qimiuri da fazuri wonasworobis piro­

bebi. amave dros, Termodinamika ver aRwers qimiuri reaqciis 

siCqares da meqanizms.

procesebis erTianobas, romelic xels uwyobs organizmSi 

didi maragis mqone sxvadasxva maRalmolekuluri nivTierebis 

dagrovebas, asimilacia, anu anabolizmi ewodeba. asimilaciis 

procesTan erTad ganuwyvetliv mimdinareobs sawinaaRmdego 

procesi – disimilacia, anu katabolizmi, romelic iwvevs rTuli 

nivTierebebis daSlas, rasac Tan axlavs energiis gamoyofa.

ismeba kiTxva: – ra axdens cocxal organizmebSi energiis 

akumulirebas? cocxali organizmebi gare samyarodan iTviseben 

sxvadasxva nivTierebebs sakvebis, wylis, Jangbadis saxiT. amis 

Sedegad warmoiqmneba axali nivTierebebi, romlebic axdenen 

energiis akumulirebas.

zemoT vaxseneT asimilacia da disimilacia. unda gvaxsovdes, 

rom cocxal organizmebSi, ganviTarebis adreul periodSi, asimi­

lacia sWarbobs disimilacias, siberis moaxlovebisas dominirebs 

disimilaciis procesebi. am dros organizmis energiis maragi 

mcirdeba.

XVIII saukuneSi lavuaziem daamtkica, rom adamianisa da 

cxovelur organizmebSi adgili aqvs organuli nivTierebebis ga­

nuwyvetliv wvas haeris JangbadSi, ris Sedegad miiReba CO2 da 
e.w. “cxoveluri siTbo”. is cdilobda daedgina ra raodenob­

rivi kavSiria Jangbadsa da CO2 –s Soris, rogor moqmedebs 
am procesze kvebisa da muSaobis reJimis dacva, garemos 
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temperatura. XIX s-is Sua periodSi aRmoCenil iqna energiis 

mudmivobis da Senaxvis kanoni, romlis kerZo saxea Termodinamikis 

pirveli kanoni.

bioenergetika mecnierebis is nawilia, romelic Seiswavlis 

energiis transformacias cocxal sistemebSi. is Seiswavlis 

cocxali organizmis erT-erT universalur funqcias – garegani 

energetikuli resursebis gamoyenebiT moamaragos organizmi 

cxovelmyofelobisaTvis aucilebeli energiiT. am process sa­

fuZvlad udevs molekuluri meqanizmebi, sadac mTavar rols 

asrulebs fermentebi. am fermentebiT katalizebuli proces­

ebi iyofa or jgufad – erTi moicavs garegani energetikuli 

resursebis gardaqmnas energiad, romelic ukeTebs akumulirebas 

H+ da Na+ ionebs, transmembranuli eleqtroqimiuri potenciale­

bis sxvaobiT - µ∆ . procesebis meore jgufi aerTianebs “atf” 

an µ∆ energiebis gamoyenebis mravalricxovan SesaZleblobebs, 

sxvadasxva tipis muSaobis Sesrulebisas, mag.: “atf”-is energia 

ganapirobebs biosinTezs, µ∆  osmosur muSaobas.

Termodinamikis kanonebis Seswavlisa da ganxilvisaTvis 

aucilebelia Sesabamisi terminebis codna.

sistema aris sxeuli an sxeulTa erToblioba, romelic gare­

mosagan gamoyofilia realuri an warmosaxviTi sasazRvro 

zedapiriT.

garemo aris Zalian didi zomis rezervuari, romelic Ter­

mul wonasworobaSia sistemasTan da romlis moculoba ar 

icvleba sistemis mier garemoze an garemos mier sistemaze 

Sesrulebuli muSaobis Sedegad.

sistema SeiZleba iyos: izolirebuli, daxuruli da Ria.

izolirebuli sistema garemosTan ar urTierTqmedebs arc 

masiT da arc energiiT;

daxuruli sistema garemosTan urTierTqmedebs mxolod 

energiiT;
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Ria sistema garemosTan urTierTqmedebs, rogorc masiT, 

iseve energiiT.

cocxali organizmi Ria Termodinamikuri sistemaa.

sistema SeiZleba iyos homogenuri da heterogenuli.

homogenuri ewodeba sistemas, romlis yoveli komponenti 

erT fazaSia.

heterogenuli sistema Sedgeba ori an meti fazisagan.

faza – sistemis nawilia, romelic xasiaTdeba erTnairi 

fizikuri da qimiuri TvisebebiT.

sistemis damaxasiaTebeli ZiriTadi parametrebia: wneva, 

moculoba da temperatura; xsnarebisaTvis – koncentraciac. 

Tu sistemaSi icvleba parametrebis mniSvneloba, masSi mimdin­

areobs Termodinamikuri procesi. Tu parametrebis mniSvneloba 

ar icvleba, sistemis mdgomareoba wonasworulia.

Termodinamikis I kanoni

Termodinamikis I kanonis gamosaxulebaa:AqU +=∆
 (1)

sadac q – sistemasa da garemos Soris mimocvlili siTbos 

raodenobaa; ∆U- Siga energiis cvlileba; A – sis
temis mier Sesrulebuli an sistemaze Sesrulebuli 

muSaoba.

Siga energia warmoadgens sistemis Semadgeneli yvela 

nawilakis yvela saxis energiis jams. Siga energia mdgomareobis 

funqciaa. es niSnavs, rom igi calsaxad gansazRvravs sistemis 

mdgomareobas da misi cvlileba (∆U) ar aris damokidebuli 

procesis gzaze.

TermodinamikaSi arCeven Semdegi saxis procesebs:

1. izoqoruli, rodesac V=const;
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2. izobaruli, rodesac p=const;
3. izoTermuli, rodesac T=const;
4. adiabaturi, rodesac q=const.
organizmSi mimdinare procesebi xorcieldeba mudmivi wnevis 

pirobebSi. am dros Sesrulebuli muSaoba tolia:

A = p∆V    (2)
Siga energiasTan mWidrod aris dakavSirebuli enTalpia 

(H), romelic agreTve mdgomareobis funqcias warmoadgens;

H = U + pV    (3)
qimiuri reaqciebis umravlesobas Tan sdevs siTbos gamoyofa 

an STanTqma. am siTbos dasaxasiaTeblad SemoRebulia siTburi 

efeqtis (Q) cneba.
izobaruli (p=const) pirobebSi reaqciis siTburi efeqti 

tolia sistemis enTalpiis cvlilebisa:

Qp=∆H         (4)
xolo izoqoruli procesis (V=const) pirobebSi – Siga 

energiis cvlilebisa:

Qv = ∆U       (5)
egzoTermuli ewodeba reaqcias, romelic mimdinareobs 

siTbos gamoyofiT. es iwvevs sistemis energiis Semcirebas da 

amitom siTbur efeqts vaniWebT uaryofiT niSans:

Qp=∆H<O da Qv = ∆U<O
endoTermuli ewodeba reaqcias, romelic mimdinareobs siT­

bos STanTqmiT, rasac Tan sdevs sistemis energiis zrda, amitom 

siTburi efeqti dadebiTia:

Qp = ∆H>0 da Qv = ∆H>0
Termoqimiis ZiriTad kanons warmoadgens hesis kanoni, ro­

melic SemdegSi mdgomareobs: reaqciis siTburi efeqti damokide­

bulia moreagire sistemis sawyis da saboloo mdgomareobaze 

da ara procesis mimdinareobis gzaze. magaliTad,
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     C + O2 → CO2			   Q = - 393 kj/moli

1) C + 1/2 O2 → CO	      II gza	 Q1 = - 110 kj/moli

2) CO + 1/2 O2 → CO2		  Q2 = - 283 kj/moli

rogorc vxedavT Q = Q1 + Q2
	

Termodinamikis I kanonis gamoyeneba Ria sistemebSi

yvela cocxali organizmis zrdis, ganviTarebisa da funqcio­

nirebisaTvis saWiroa energia. mcenareebi da baqteriebi iyeneben 

mzis energias fotosinTezis procesebis saSualebiT. cocxali 

organizmebi iReben kvebis produqtebis Jangvis Sedegad gamo­

yofil energias.

organizmis energetikuli balansis Seswavla xdeba pirda­

piri da arapirdapiri kalorimetriis meTodiT. es eqsperimen­

tuli meTodia da gamoiyeneba TermoqimiaSi.

gamokvlevebi cxadyofen, rom cocxali organizmi energias 

ar awarmoebs, ar qmnis. Termodinamikis I kanons cocxali orga­

nizmebisTvis SeiZleba aseTi formulireba mivceT: organizmSi 

yvela saxis muSaoba sruldeba im energiis xarjze, romelic 

gamoiyofa sakvebi nivTierebebis Jangvis Sedegad; energiis 

sxvadasxva formebis urTierTgardaqmna eqvivalenturi raode­

nobiT xdeba.  

kvebis produqtebi, rogorc fiziologiuri sawvavi, iyofa 

sam jgufad: naxSirwylebi, cilebi da cximebi. xSir SemTxvevaSi 

kvebis produqtebi bolomde ar iJangeba.

Termodinamikis II kanoni

Termodinamikis II kanoni gansazRvravs procesis mimarTu­

lebas da wonasworobis pirobebs. misi erT-erTi formulirebaa: 

siTbo TavisTavad ar gadadis civi sxeulidan cxel sxeulze, Tu 

imavdroulad sistemaSi an garemoSi ar moxda raime cvlileba.
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es kanoni iZleva informacias procesis warmarTvis 

SesaZleblobasa da mimarTulebaze. igi adgens siTbosa da muS­

aobis urTierTgardaqmnis zRvars.

sistema miiswrafvis wonasworuli mdgomareobisaken da 

rodesac es mdgomareoba miiRweva, procesi Sewydeba. kacobriobis 

gamocdileba amis uamrav magaliTs iZleva. bunebaSi yvela pro­

cesi mimdinareobs erTi garkveuli mimarTulebiT. sawinaaRmdego 

mimarTulebiT procesi TavisTavad ar warimarTeba, mag.: wyali 

miedineba zevidan qveviT, siTbo gadaecema cxeli sxeulidan civ 

sxeuls, airi TavisTavad farTovdeba, siTxeSi gaxsnili nivTi­

ereba Tanabrad nawildeba mTel moculobaSi. yvela aRwerili 

procesi Seuqcevadia, e.i. yvela realuri, TavisTavad mimdinare 

procesi Seuqcevadia. procesis TavisTavad mimdinareoba ganpi­

robebulia ori faqtoriT:

1. sistemis swrafviT energiis Semcirebisaken.

2. sistemis swrafviT mouwesrigeblobisaken.

procesis TavisTavad mimdinareobis dasaxasiaTeblad 

klauziusma TermodinamikaSi Semoitana axali sidide _ entro­

pia (S), romelic, Siga energiisa (U) da enTalpiis (H) msgavsad, 
warmoadgens mdgomareobis funqcias.

izolirebul sistemaSi TavisTavad mimdinare procesebSi 

entropia izrdeba: ∆S
izol.

>0. wonasworobis damyarebis momentSi 

entropia aRwevs maqsimums da amis Semdeg ar icvleba.

araizolirebul sistemaSi procesis TavisTavad mimdinare­

obas gansazRvravs e.w. “samyaros” entropiis zrda;

“samyaro” = araizolirebuli sistema + garemo.

∆S
”samy.”

 = ∆S
araiz. sist.

 +∆S
garemo

 ≥ 0

entropia warmoadgens sistemis uwesrigobis zomas. rac 

metia sistemis uwesrigoba, miT metia misi entropiis mniSvn­

eloba. yvela TavisTavad mimdinare procesis Sedegad izrdeba 



26

“samyaros” uwesrigoba da am uwesrigobis sazomis – entro­

piis mniSvneloba. magram “samyaros” entropiis gansazRvra 

garkveul sirTuleebTan aris dakavSirebuli. amitom, calke 

araizolirebuli sistemis dasaxasiaTeblad, gamoiyeneba gibsisa 

da helmholcis funqciebi: G da F. maT agreTve Termodinamikur 
potencialebs uwodeben. es sidideebi, U, H, S-is msgavsad, mdgo­
mareobis funqciebs warmoadgenen:

∆G = ∆H - T∆S ≤ O (roca p, T = const)
∆F = ∆U - T∆S ≤ O (roca V,T = const)

TavisTavad mimdinare procesebSi (Sesabamis pirobebSi) 

sistemis Termodinamikuri potencialebis mniSvneloba mcirdeba: 

∆Q<O da ∆F<O.
Termodinamikuri potencialebis mniSvneloba ar icvleba 

wonasworobis dros:

∆G = O da ∆F = O
rogorc ukve aRvniSneT, TavisTavad mimdinare yvela procesi 

xasiaTdeba Termodinamikuri potencialebis SemcirebiT. mag: 

C6H12O6+6O2 → 6CO2+6H2O     ∆H= - 2879 kj/moli

rac migviTiTebs imaze, rom glukozis daJangva TavisTavad 

mimdinare procesia, magram ratom ar iJangeba glukoza haerze, 

amas Termodinamika ver xsnis. swored amaSi mdgomareobs Ter­

modinamikis SezRuduloba. is migviTiTebs reaqciis SesaZlo 

mimarTulebaze, magram ar iZleva informacias reaqciis mimdi­

nareobis meqanizmsa da siCqareze.

qimiuri wonasworoba

Termodinamikis II kanoni saSualebas iZleva ganvsazRvroT 

ara marto reaqciis mimarTuleba, aramed davadginoT Termodi­

namikuri wonasworobis pirobebic. Termodinamikuri wonaswo­

robis dros ar icvleba sistemis mdgomareobis parametrebisa da 

Termodinamikuri potencialebis mniSvnelobebi: ∆G=O da ∆F=O
qimiuri wonasworobis aRwera xdeba moqmed masaTa kanonis 
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saSualebiT, romelic 1867 wels Camoayalibes guldbergma da 

gaagem.

qimiuri wonasworobis dros reaqciis produqtebis koncent­

raciebis namravlis fardoba reagentebis koncentraciebis nam­

ravlTan, steqiometriuli koeficientebis gaTvaliswinebiT, 

mocemul temperaturaze mudmivi sididea da mas uwodeben wonas­

worobis mudmivas – K
won.

 ganvixiloT qimiuri reaqciis sqema:

Tu reaqcia airad fazaSi mimdinareobs wonasworobis mud­

miva gamoisaxeba wonasworuli parcialuri wnevebis saSualebiT:

wonasworobis mudmiva reaqciis mniSvnelovani maxasiaTebe­

lia. misi mniSvnelobis mixedviT SeiZleba vimsjeloT moreagire 

nivTierebaTa erTeulovani koncentraciebis pirobebSi procesis 

mimarTulebaze, reaqciis produqtebis maqsimalurad SesaZlebel 

gamosavalze da sxva.

qimiuri wonasworoba damokidebulia reagentebis bunebasa da 

temperaturaze. is gibsis standartuli energiis cvlilebasTan 

K
won.

= [C]c[D]d

[A]a[B]b

aA+bB      cC+dD→←

dakavSirebulia gantolebiT:

∆G0 = - RTlnK
won.

KP =
PC

c × PD
d

PA
a × PB

b

moyvanili gantoleba saSualebas iZleva ∆G0-is sididis 
gaTvaliswinebiT gamovTvaloT K

won.
, xolo Semdeg reagentebis 

wonasworuli koncentraciebi (parcialuri wnevebi). maSin roca 

K
won.

 gacilebiT metia erTze (K
won. ≥1), wonasworul narevSi 

Warbobs reaqciis produqtebi, xolo roca K
won.

 gacilebiT 
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naklebia erTze (K
won. 

≤1), temperaturis zrda endoTermul 

procesebSi iwvevs wonasworobis mudmivas mniSvnelobis zrdas, 

xolo egzoTermul procesebSi mis Semcirebas.

Ria sistemebis Termodinamika

energiis sxvadasxva formebis urTierTgardaqmna, romelic 

mimdinareobs cocxal organizmSi (mxedvelobaSia nivTierebaTa 

cvlis procesebi) xorcieldeba Termodinamikis I da II kanonTan 

srul SesabamisobaSi. amave dros, cocxali organizmi, rogorc 

Termodinamikuri kvlevis obieqti, xasiaTdeba rigi Tavisebure­

bebiT:

1. biologiuri sistema warmoadgens Ria sistemas, romelic 

garemosTan urierTqmedebs masiTa da energiiT;

2. procesi cocxal organizmSi Seuqcevadia;

3. cocxal organizmSi sistemebi wonasworul mdgomareo­

baSi ar arian;

4. yvela biologiuri sistema heterogenulia;

5. biologiuri procesebi mimdinareobs mudmivi T,p,V piro­
bebSi da koncentraciis umniSvnelo cvlilebisas.

adamianis organizmisaTvis energiis wyaros warmoadgens 

energia, romelic akumulirebulia sakveb produqtebSi. am ener­

giis nawili ixarjeba:

1) muSaobis Sesrulebaze;

2) CasunTquli haeris, miRebuli wylis da sakvebis SeT­

bobaze. sakvebis ZiriTadi komponentebia – naxSirwylebi, 

cilebi, cximebi. am nivTierebebis gardaqmna organizmSi 

xdeba sxvadasxva fermentebis monawileobiT.

adamianis normaluri SromiTi moRvaweobisaTvis energeti­

kuli danaxarji ifareba naxSirwylebiT (55-56%), cximebiT 

(20-25%), cilebiT (15-20%). dRe-RameSi mozrdili adamiani­
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saTvis cilis moxmarebis norma aris 80-100g. misi sistematuri 

darRveva iwvevs paTologias. cximebis dReRamuri moxmarebis 

norma 4-5-jer unda aRematebodes cilebis normas. gasaTvalis­

winebelia, rom naxSirwylebis saerTo raodenobis mxolod mcire 

nawili unda iqnes miRebuli saqarozis saxiT. adamianisaTvis 

dReRamuri energiis xarji Semdegia:

1. msubuqi muSaobis dros 8400 kj;

2. zomieri muSaobis dros 12500 kj;

3. mZime fizikuri muSaobis dros 16700-20900 kj;

4. gansakuTrebuli mZime muSaobis dros 30100 kj.

dietologiis mecnierul safuZvels warmoadgens kvebis 

reJimis SeTanxmeba daxarjul energiasTan, rac, pirvel rigSi, 

damokidebulia Sesrulebuli muSaobis xasiaTze. am energiis 

gamoTvla warmoebs Termodinamikis I kanonis safuZvelze.

cocxali organizmi SeiZleba ganvixiloT rogorc staci­

onarul mdgomareobaSi myofi Ria sistema; misTvis damaxasi­

aTebelia parametrTa mniSvnelobebis mudmivoba, nivTierebaTa 

miwodebisa da gamoyofis siCqaris ucvleloba.

cocxali organizmi yovelTvis ar imyofeba stacionarul 

mdgomareobaSi, magram Tu ganvixilavT misi parametrebis saSualo 

mniSvnelobas drois did monakveTSi (igulisxmeba dabadebidan 

siberemde), SegviZlia isini CavTvaloT mudmivad da davaxasiaToT 

organizmi stacionaruli sistemis kanonebiT.

Ria sistemis stacionaruli mdgomareoba msgavsia daxuruli 

sistemis Termodinamikuri wonasworobisa. orive am sistemis­

aTvis damaxasiaTebelia parametrebis mniSvnelobis mudmivoba 

(ucvleloba) droSi.

Tu stacionarul sistemaSi SevcvliT romelime parametris 

temperaturis, wnevis, koncentraciis mniSvnelobas, maSin siste­

maSi aRiZvreba procesebi, romlebic ewinaaRmdegebian am cvli­

lebebs. es movlena gvagonebs le-Satelies princips daxuruli 
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wonasworuli sistemebisaTvis.

Ria sistemebSi entropiis maxasiaTeblebad SemoRebulia 

entropiis warmoqmnis siCqaris cneba ∆S/∆τ, sadac ∆τ aris dro, 
∆S/∆τ  tolia ori Sesakrebis: 1) entropiis cvlileba siste­

mis SigniT ∆S
sis.

/∆τ; 2) entropiis cvlileba dakavSirebulia 

garemosTan ∆S
g.
/∆τ aris cvlileba kvebis produqtebis miRebis 

da gamoyofis dros.

			 

es gantoleba gvevlineba Termodinamikis II kanonis amsax­

velad Ria sistemebSi, radgan organizmSi mimdinareobs Seuqcev­

adi procesebi, amitom organizmSi entropiis cvlilebis siCqare 

∆S/∆τ > 0-ze. 
stacionarul mdgomareobaSi entropiis warmoqmnis siCqare 

minimaluria. es Teorema ekuTvnis nobelis premiis laureats 

i. prigoJins.
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xsnarebi

adamianis, cxovelebis da mcenareebis fiziologiuri pro­

cesebi xsnarebSi mimdinareobs. swored xsnarebis Tvisebebzea 

damokidebuli cocxal organizmSi mimdinare yvela sasicocx­

lo procesi. am procesebis regulireba xdeba samkurnalo 

preparatebis meSveobiT da ra Tqma unda kvebis, sunTqvis da sxva 

procesiT. xsnarTa Tvisebebis Seswavla mniSvnelovania rogorc 

qimikosebisaTvis, aseve medikosebisaTvis, radgan mTeli rigi 

procesebi organizmSi mimdinareobs Txevad fazaSi.

sistemas, romelic Sedgeba sadispersio fazisa da sadis­

persio arisagan, xsnari ewodeba. xsnari SeiZleba iyos WeSma­

riti, koloiduri da uxeSdispersiuli (suspenziebi, emulsiebi). 

xsnari WeSmaritia, Tu sadispersio faza dispergirebulia 

(dawiladebulia) molekulis an ionis zomamde: maSin sadis­

persio fazasa da ares Soris ar arsebobs gamyofi zedapiri, 

amitom WeSmariti xsnari homogenuria.

xsnarebis Sedgeniloba sxvadasxvanairad gamoisaxeba:

1. Xx – moluri wili:

			 

sadac ni _ komponentis molTa ricxvia, ∑ n _ sistemaSi 
arsebuli komponentebis molTa jami xsnarebSi n<1

2. moluri koncentracia (nivTierebis molebis raodenoba 

1 l xsnarSi)

3. normaluri koncentracia (nivTierebis eqvivalentebis 

raodenoba 1 l xsnarSi);

4. molaloba (nivTierebis molebis raodenoba 1 kg gamxs­

nelSi);

X =i
x ni

Σn
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			  nivTierebis masa
5. masuri wili  (____________)

			    xsnaris masa

wyali erT-erTi saukeTeso gamxsnelia, mas gaaCnia unikaluri 

fizikuri da qimiuri Tvisebebi, mag., maRali lRobis da duRilis 

temperatura, anomaliurad didi siTbotevadoba da sxva. Txevadi 

wylis simkvrive (40C-mde) metia, vidre yinulisa. yinuli war­

moadgens Sreobriv struqturas, romelSic wylis molekulebi. 

wyalbaduri bmebiT dakavSirebulia sxva molekulebTan (nax. 1). 

amasTan, wylis TiToeuli molekula ufro met molekulas 

ukavSirdeba Tavisive fenaSi, vidre mezobel fenaSi. aseTi struq­

turis simkvrive mcirea; lRobis dros iwyeba yinulis rRveva. 

warmoqmnili Txevadi wylis simkvrive 40C-mde metia yinulis 

simkvriveze, magram 40C-dan ukve mniSvnelovan rols TamaSobs 

siTburi gafarToeba da wylis simkvrive mcirdeba.

gansakuTrebiT aris aRsaniSnavi, rom wyali biologiuri 

nax. 1. yinulis struqtura
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sistemis erT-erTi ZiriTadi komponentia. organizmSi wylis 

ZiriTadi funqciebi Semdegia:

1. wyali kanonzomierad anawilebs gaxsnil nivTierebas 

mTel organizmSi;

2. wyali aris are, sadac mimdinareobs fizikuri da qimiuri 

procesebi;

3. wyali monawileobs mraval qimiur reaqciaSi, mag., hid­

rolizSi;

4. biologiur makromolekulebTan warmoqmnis specifikur 

struqturebs, romlebic aucilebelia am makromoleku­

lebis biologiuri aqtivobis gamovlenisaTvis;

5. asrulebs meqanikur funqcias, kerZod, avsebs naerTis 

struqturebSi arsebul Tavisufal sivrceebs da axdens 

nivTierebis transportirebas sisxlis mimoqcevis sis­

temaSi.

ujredSi wyals aqvs wylis struqturisagan gansxvavebuli 

da araerTgvarovani struqtura. arsebobs azri, rom lipopro­

teinuli xasiaTis membranaze da membranis SigniT wyals aqvs 

yinulisebri struqtura da membranis SeRwevadobis cvlileba 

dakavSirebulia membranis garkveul adgilebSi wylis struq­

turis “dnobasTan”. eqsperimentuli monacemebi, romlebic arse­

bobs ujredSi wylis ganawilebis dasadgenad, sakmarisi ar aris 

da amitom kvleva am mimarTulebiT grZeldeba.

calke ganxilvis sagans warmoadgenen gamxsnelebi, romlebic 

zogadad iyofa – Cveulebriv gamxsnelebad da zegamxsnelebad.

Cveulebriv gamxsnelebSi adgili aqvs, rogorc kaTionis, ise 

anionis solvatacias, maSin, roca zegamxsnelebSi mxolod kaTioni 

solvatirdeba. aqedan gamomdinare, zegamxsnelebSi reaqciebi 

ufro swrafad mimdinareobs, vidre Cveulebriv gamxsnelebSi. 

yvelaze gavrcelebuli zegamxsnelebia:

(dmso) gaaCnia dipoluri momenti (4,6) da maRali dieleqt­
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rikuli SeRwevadoba. am TvisebebiT aris ganpirobebuli, rom igi 

iTvleba saukeTeso gamxsnelad. misi Tanaobisas izrdeba mravali 

samkurnalo preparatis efeqturoba, mag., antibiotikebis. mas 

iyeneben Tavisufali saxiT da aseve sxva preparatebTan kombi­

naciaSi (heparinTan, hidrokortizonTan, askorbinis mJavasTan).

gamxsnelebi SeiZleba iyos protonuli da aprotonuli.

protonuli gamxsnelebi xasiaTdeba TviTionizaciis unariT – 

protonis gacemiT; aqvT metad an naklebad gamoxatuli mJava 

Tvisebebi Zlier fuZeebTan. es gamxsnelebia, mag: HCI, HF, H2SO4, 
H2O.

aprotonuli gamxsnelebi ar disocirdebian – protons ar 

gacemen. aprotonuli gamxsnelebia:

a)aradisocirebuli, mcired polaruli, mcired masolva­

tirebeli siTxeebi, mag., CCI4;
b) polaruli, Zlier masolvatirebeli aradisocirebuli 

gamxsnelebi: dimeTilsulfoqsidi, dimeTilformamidi, 

tetrahidrofurani da sxva;

g) Zlier poraluri gamxsnelebi xasiaTdeba TviTionizaciis 

unariT.

gamxsnelebis klasifikacia SeiZleba agreTve fuZe-mJavuri 

Teoriis mixedviT. gamxsneli SeiZleba xasiaTdebodes donoruli 

da aqceptoruli bunebiT.

dimeTilsulfoqsidi (dmso) Í3С

S=O

 H3C

dimeTilformamidi (dmfa) H3C

N – C

O

 H3C H
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donorulia – luisis fuZeebi. maT SeuZliaT gascen gauzi

arebeli eleqtronuli wyvili.

aqceptorulia – luisis mJaveebi. maT aqvT unari, miierTon 

eleqtronuli wyvilebi.

donoruli da aqceptoruli gamxsnelebi erTad warmoqmnian 

e.w. koordinaciis unaris mqone gamxsnelebs, romlebic gansakuT­

rebul rols asruleben koordinaciul naerTTa qimiaSi.

mniSvnelovania gamxsnelebi, romlebic xasiaTdebian rogorc 

donoruli, ise aqceptoruli TvisebebiT, mag: wyali da zogierTi 

spirti.

ra TvalsazrisiT aris wyali da spirti donoric da aq­

ceptoric? risi donori da risi aqceptori?

brenstedis mixedviT: H2O      H+ + OH
_

wyali aris donori protonis. OH- ioni aris masTan 

SeuRlebuli aqceptori (fuZe).

luisis mixedviT: 
HOH −−

••

•• aris wyvilis donori (luisis 

fuZe); aris H+-is aqceptori (magram ara wyvilis aqceptori).

cilis struqturaze gamxsneli udides gavlenas axdens, 

gamxsnels SeuZlia ganapirobos cilovani molekulebis unika­

luri struqturuli cvlilebebi.

xsnarebis Termodinamika

xsnarebi arsebobs idealuri da araidealuri. A da B kom­
ponentisagan warmoqmnili Txevadi xsnarebi idealuria, Tu 

molekulebs Soris urTierTqmedebis Zalebi erTnairia:

FA-A= FB-B = FA-B
idealur xsnarebs warmoqmnian siTxeebi, romlebic erTmaneTTan 

axlos arian SedgenilobiT, aRnagobiT, polarobis xarisxiT; 

→←
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mag.: benzoli da toluolo, dibrompropani da dibrommeTani da 

sxva. amgvari komponentebis Serevisas adgili ara aqvs mocu­

lobis cvlilebebs:

∆H = V
xsn
 – (VA+VB) = 0

procesis siTburi efeqti nulis tolia:

∆H
Serev.

 = 0

xsnaris warmoqmnis dros entropia izrdeba: ∆S
Serev.

> 0, 

xolo sistemis Tavisufali energia mcirdeba:

∆G
Serev.

< 0

Serevis procesis dasrulebisTanave entropia aRwevs maqsi­

malur mniSvnelobas, xolo gibsis energia – minimaluria.

araidealuri ewodeba iseT xsnars, romelSic A-A, B-B, A-B 
urTierTqmedebebi erTmaneTisagan gansxvavdeba. amis Sedegad 

∆H
Serev. 

≠
 
0 Tu A-B urTierTqmedeba energetikulad ufro mom­

gebiania, vidre A-A da B-B urTierTqmedebebi, maSin adgili aqvs 

xsnaris warmoqmnas da ∆H
Serev.

< 0.

xsnaris araidealurobis mizezia A da B komponentTa sxvada­
sxva saxis urTierTqmedebebi: dispersiuli, dipol-dipoluri, 

solvatacia, asociatebisa da kompleqsebis warmoqmna da sxva.

Zlier dabali koncentraciebis pirobebSi araidealuri 

xsnarebic ki SeiZleba idealurad CaiTvalos. amgvar xsnarebs 

ewodeba zRvrulad ganzavebuli xsnarebi. maTSi gaxsnili mole­

kulebi imdenad daSorebuli arian erTmaneTisagan, rom maT Soris 

urTierTqmedebas adgili ara aqvs. garda amisa, B molekulebis 

raodenoba imdenad mcirea, rom SeiZleba ugulebelvyoT maTi 

urTierTqmedeba gamxsnelis (A) molekulebTan. amgvarad, idealu­

rad (zRvrulad) ganzavebul xsnarebSi arsebobs mxolod urTi­

erTqmedeba erTi saxis gamxsnelis molekulebs Soris: A-A. 
amitom aseTi xsnarebi Tavisi TvisebebiT Zalian axlos dganan 

idealur xsnarebTan.
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daxurul WurWelSi Txevadi nivTierebis zeviT yovelTvis 

arsebobs misi orTqli, romelic wonasworobaSia siTxesTan. 

Txevadi nivTierebis garkveuli raodenobis aorTqleba ganpiro­

bebulia nebismieri sistemis swrafviT entropiis gazrdisaken: 

S
orTq.

 > S
Txev.

xsnaris zeviT arsebobs rogorc gamxsnelis (A), iseve gaxs­
nili nivTierebis (B) orTqli, romelic wonasworobaSia xsnarSi 

myof amave komponentebis molekulebTan.

Tu xsnari idealuria, maSin misi orive komponenti emorCi­

leba raulis kanons:

PA = χAPA
*

PA = χBPB
*

sadac, 
*
AP
 da 

*
BP
 aris orTqlis wneva sufTa A da B niv­

Tierebebis zeviT, (kapa) χ
A da χ

B – A da B nivTi­
erebebis moluri wili xsnarSi; PA da PB – A da B 
komponentebis orTqlis wneva xsnaris zeviT (maTi 
χ

A da χ
B Semcvelobis pirobebSi).

araidealuri xsnarebi iCenen dadebiT da uaryofiT gadaxras 

raulis kanonidan. rac Seexeba zRvrulad ganzavebul xsnarebs, 

iq gamxsneli emorCileba raulis kanons:

PA = χAPA
*   (1)

xolo gaxsnili nivTiereba henris kanons:

PA = χBKB    (2)
sadac KB - mudmivia, romelsac gaaCnia wnevis ganzomileba.

raulis kanoni warmoadgens xsnaris koligatiuri Tvise­

bebis gamovlinebas. “koligatiuri” niSnavs “koleqtiurs”, anu 

Tvisebas, romelic damokidebulia nawilakTa raodenobaze da 

ara maT bunebaze.
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koligatiuri Tvisebebis gamovlenis magaliTia agreTve xs­

naris duRilis temperaturis aweva da gayinvis temperaturis 

daweva sufTa gamxsnelTan SedarebiT.

∆T
duR.

 ≈ (RT*2/∆H
aorTq.

)χB  da

∆T
gay.

 ≈ (RT*2/∆H
dn.

)χB

sadac χ
B (kapa) aris gamxsnelis moluri wili; T* _ xsnaris 
duRilis (an gayinvis) temperatura.

koligatiuri TvisebebiT aris ganpirobebuli agreTve osmo­

sis movlena, romlis gamovlenisTvis aucilebelia sistemaSi 

naxevrad SeRwevadi membranis arseboba. naxevrad SeRwevadi 

membranis forebSi zomis mixedviT zogi nivTierebis molekulebi 

gaivlis, zogi ki ara. arsebobs iseTi membranebi, romlebSic Se­

saZlebelia gaaRwios wyalma, magram ara marilebma. ufro didi 

forebis mqone membranebi atarebs wyals, marilebs da sxva 

SedarebiT mcire zomis molekulebs, magram akavebs cilebs da 

sxva makromolekulebs. amJamad SesaZlebelia iseTi membranebis 

damzadebac, romlebic axdens cilebis dayofas maTi zomebis 

mixedviT.

warmovidginoT ori WurWeli, erTmaneTisagan gamoyofili 

naxevrad SeRwevadi membraniT, romelic atarebs gamxsnelis (wy­

lis) molekulebs da ar atarebs gaxsnili nivTierebis (Saqris) 

molekulebs. aseTi naxevrad SeRwevad membranad SeiZleba gamo­

viyenoT xaris buSti, celofani, kolodiumis afski da sxva. erT 

WurWelSi moTavsebulia sufTa gamxsneli (wyali), meoreSi – 

Saqris wyalxsnari. gamxsneli Seva membranaSi garkveuli wneviT 

da gamoiwvevs milSi xsnaris svetis awevas. osmosis movlena 

Sewydeba maSin, roca xsnaris zeviT arsebuli svetis hidro­

statikuri wneva miaRwevs garkveul mniSvnelobas. im wnevas, 

romelzec osmosi wydeba, osmosuri wneva (P
osm.

) ewodeba.
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P
osm.

 = C
gamxs.

 RT 
am gamosaxulebidan Cans, rom rac metia gaxsnili nivTierebis 

koncentracia, miT metia osmosuri wneva.

amgvarad, osmosis movlena, xsnaris duRilis temperatu­

ris da gayinvis temperaturis dawevis msgavsad, koligatiuri 

TvisebebiT aris ganpirobebuli.

sainteresoa osmosis movlenis Termodinamikuri axsna. cno­

bilia, rom yvela sistema miiswrafvis entropiis maqsimaluri 

mniSvnelobisaken, rasac adgili aqvs wonasworobis dros. zemoT 

aRweril sistemaSi wonasworoba SeiZleba damyardes mxolod 

gamxsnelis (wylis) molekulebs Soris, radgan gaxsnili niv­

Tierebis (Saqris) molekulas saerTod ara aqvs unari gaaRwios 

membranaSi. wylis molekulebs Soris wonasworobis damyareba 

niSnavs imas, rom drois erTeulSi wylis ramdeni molekulac 

gadava gamxsnelidan xsnarSi, imdenive gadmova xsnaridan gamxs­

nelSi. procesis dasawyisSi (mTlianad procesis ganmavlobaSi da 

wonasworobis damyarebis drosac) wylis koncentracia sistemis 

marcxena mxares, ra Tqma unda, aRemateba wylis koncentracias 

Saqris wyalxsnarSi. amitom adgili eqneba wylis gadasvlas 

marcxnidan marjvena WurWelSi; (amavdroulad, mimdinareobs 

(nax. 2).

gamxs- xs-
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sapirispiro procesi, magram bevrad naklebi intensivobiT).

es procesi aiwereba difuziis (fikis) kanoniT;

sadac D – difuziis koeficientia, q – sasazRvro zedapiris 

farTobi;  - nivTierebis raodenoba, romelic 

drois erTeulSi  difundirdeba sasazRvro zeda­

pirze,  - koncentraciis gradienti.
wylis gadasvla marcxnidan marjvniv, bunebrivia, iwvevs 

marcxena mxares wylis raodenobis da, aqedan gamomdinare, im 

wnevis Semcirebas, romliTac wyali awveba membranas da Sedis 

xsnarSi. marjvena mxares adgili aqvs sawinaaRmdego movlenas: 

xsnarSi izrdeba wylis raodenoba da im hidrostatikuri 

wnevis mniSvneloba, romliTac sveti awveba xsnaris zedapirs. 

sabolood, membranaze orive mxridan moqmedi wneva gaTanabrdeba 

da damyardeba wonasworoba: drois erTeulSi membranis orive 

mxridan gadasuli wylis molekulebis ricxvi erTnairi gaxdeba. 

am momentisaTvis osmosis movlena wydeba.

osmosurma wnevam SeiZleba miaRwios sakmaod did mniSv­

nelobebs, mag., 6% Saqris wyalxsnaris P
osm.

 = 0,6
atm;

 zRvis wylis 

P
osm.

 = 28 atm da sxva. sainteresoa ukuosmosis movlena, ro­

melsac wylis ganmtknarebisaTvis iyeneben. marilis wyalxsnars 

(mag., zRvis wyals) naxevradSeRwevadi membranis saSualebiT 

gamohyofen mtknari wylisgan da masze moqmedeben am xsnaris 

osmosur wnevaze ufro maRali wneviT. Sedegad adgili aqvs 

marilis wyalxsnaridan wylis gadasvlas mtknari wylis fazaSi.

osmosis roli biologiur sistemebSi
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adamianis sisxli, limfa da sxva siTxeebi warmoadgens mra­

vali nivTierebis, molekulis, ionis wyalxsnars. maTi jamuri 

wneva 770 kpa. aseT wnevas aviTarebs 0,9% NaCl-is xsnari. 
samedicino praqtikaSi izotonuri xsnarebis garda gamoiy­

eneba hipertoniuli xsnarebi. Na2SO4-hipertoniuli xsnaria. 

gamoiyeneba, rogorc sasaqmebeli nivTiereba. efeqturi osmosuri 

aparatia cxovelTa Tirkmeli, misi ZiriTadi funqciaa – niv­

TierebaTa cvlis saboloo produqtebis gamoyofa sisxlidan, 

rac xorcieldeba osmosis saSualebiT. wylis gamoyofis regu­

lireba xdeba antidiuretikuli hormonis meSveobiT, romelsac 

hipofizi gamoimuSavebs.

osmosis rolis Sesaxeb biologiur sistemebSi bevri sxva 

magaliTis moyvana SeiZleba.

airTa xsnadoba siTxeebSi

cocxal organizmSi fiziologiuri procesebis normalurad 

warmarTvisaTvis didi mniSvneloba eniWeba sxvadasxva airebis 

da, pirvel rigSi, Jangbadis (O2), naxSirbadis dioqsidis (CO2), 
azotis (N2) xsnadobas organizmis Txevad fazaSi.

xsnadoba aris mocemuli nivTierebis unari gaixsnas meore 

nivTerebaSi, mocemuli temperaturisa da wnevis pirobebSi. 

xsnadoba damokidebulia nivTierebis bunebaze, temperaturasa 

da wnevaze.

siTxebSi airis xsnadoba ganisazRvreba henris kanoniT, rom­

lis mixedviT aqroladi nivTierebis xsnadoba misi parcialuri 

wnevis proporciulia.

C=KP 
sadac C –najer xsnarSi gazis masuri koncentraciaa; P 

–airis parcialuri wneva; K –henris koeficienti.
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henris kanoni samarTliania ara Zlier maRali wnevebisaTvis 

da im sistemebSi, sadac adgili ara aqvs airis qimiur urTierT­

qmedebas gamxsnelTan.

magaliTad, Jangbadis xsnadoba sisxlSi izrdeba hemoglo­

binisa da mioglobinis arsebobis gamo. cnobilia kesonuri 

daavadeba, romliTac avaddebian myvinTavebi wylis siRrmidan 

swrafi amosvlisas. am dros sisxlSi izrdeba gaxsnili azotis 

buStukebis saxiT gamoyofa, romlebic daecoba sisxlZarRvs. amis 

Sedegad viTardeba Tavbrus xveva da zog SemTxvevaSi sikvdili. 

agreTve cnobilia mTis daavadeba – alkalozi. mas iwvevs Semdegi 

faqtorebi: mTaSi wneva dabalia, rac ganapirobebs sisxlSi na­

klebi Jangbadis Semcvelobas, CO2-is koncentracia mcirdeba, 
samagierod izrdeba sisxlis pH da viTardeba alkalozi. mis 

samkurnalod gamoiyeneba limonmJava.

ganvixiloT parcialuri wnevis reJimi adamianis sunTqvis 

procesSi. Jangbadi filtvebSi alveolis Txeli afskis (bron­

qebis daboloebis) da venur kapilarebSi STainTqmeba venuri 

sisxliT, ris Sedegadac masSi arsebul hemoglobinis nawils 

gadaiyvans oqsihemoglobinSi. venuri sisxlidan, alveolSi 

qsovilebidan ewodeba CO2 _ sakvebi produqtebis daJangvis pro­
duqti. aqedan gasagebia amosuTqul haerSi Jangbadis nakleboba 

da CO2 –is metoba.
ra aiZulebs Jangbads, gaiaros aseTi rTuli gza alveolis 

kedlebidan (bronqebidan) da venuri kapilarebidan gadavides 

venur sisxlSi, maSin, roca CO2 gadis ukugzas.
Jangbadi difundirebs am mimarTulebiT imitom, rom par­

cialuri wneva alveolur haerSi ufro maRalia, vidre misi 

wonasworuli wneva venur sisxlSi, xolo CO2 – is SemTxvevaSi 
parcialuri wneva venur sisxlSi ufro maRalia, vidre alve­

olur haerSi. 
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eleqtrolitebi

XIX saukuneSi, raulisa da vant-hofis kanonebis aRmoCenis 

Semdeg, iTvleboda, rom xsnarebis e.w. koligatiuri Tvisebebi, 

kerZod, duRilis temperaturis mateba, lRobis temperaturis 

Semcireba, osmosuri wnevis mniSvneloba ar aris damokidebuli 

gamxsneli nivTierebis bunebaze da damokidebulia am nivTierebis 

koncentraciaze, mocemul gamxsnelSi. SemdgomSi aRmoCnda, rom 

Tu zogierTi nivTierebis, magaliTad, glukozis, glicerinis, 

saqarozis xsnarebi emorCilebian aRniSnul kanonebs, zogierTi 

(mag., mJavaTa, fuZeTa da marilTa) xsnarebisaTvis SeiniSneba ga­

daxra am kanonebidan. aseTi gadaxra axasiaTebs im nivTierebebs, 

romelTa xsnarebi an nalRobebi atareben eleqtrul dens.

Teorias, romelic eleqtrolitebis gansakuTrebul Tvise­

bebs maTi ionebad daSliT xsnis, eleqtrolituri disociaciis 

Teoria ewodeba.

am Teoriis fuZemdebelia Svedi  svante areniusi (1887w.).

eleqtrolituri disociaciis Teoriis ZiriTadi debulebebia:

1. eleqtrolitebi wyalxsnarebSi TavisTavad iSleba 

ionebad;

2. ionebi wonasworobaSi arian dauSlel molekulebTan:

MA = M+ + A_

es wonasworoba xasiaTdeba disociaciis mudmivas saSu­

alebiT:

				    (1)

K
disoc.

 mniSvneloba ucvlelia mocemul temperaturaze. 

garda K
disoc.

-sa eleqtrolitis daxasiaTebisaTvis iyeneben di­

sociaciis xarisxs (α ) sidides:

	  						      (2)

K
disoc.

 =
[M]+]A]_

[MA]

disocirebuli molekulebis ricxvi

gaxsnili molekulebis saerTo ricxvi
α =



44

K
disoc.

 SeiZleba gamovsaxoT α -s saSualebiT. binaruli 

eleqtrolitisTvis, mag: NaCl
					   

  			   (3)

(3) gamosaxulebas ostvaldis ganzavebis kanoni ewodeba. 

mis mixedviT, koncentraciis zrda iwvevs disociaciis xarisxis 

Semcirebas, (radgan K
disoc.

 = const  mudmiv temperaturaze).
cocxal organizmebSi mniSvnelovan rols asruleben po­

lieleqtrolitebi, anu maRalmolekuluri naerTebi, romlebic 

eleqtrolituri disociaciis dros warmoqmnian polimerul 

mravalbirTvian makroionebs da maTi muxtebis Sesabamis sawi­

naaRmdego niSnis mqone dabalmolekulur ionebs.

COOH - jgufis Semcveli polieleqtrolitis molekulebi 

amJRavneben mJava Tvisebebs, xolo aminojgufis (NH2) Semc­
veli – fuZe Tvisebebs (mag., pirimidinis narCeni). garda amisa, 

arseboben poliamfolitebi, romlebic Seicaven rogorc mJava, 

ise fuZe jgufebs. ganvixiloT maTi disociacia wyalxsnarSi:

poliamfolituri Tvisebebi gaaCnia TiTqmis yvela cilovan 

K
disoc.

 = α2

1 − α
C

H2N — CH — COOH              (H2N — CH — COO)_ + H+

R R

H2N — CH — COOH + H2O              (H3N — CH — COO)+ + (OH)_

R R

lebelia kulonuri urTierTqmedebis da, aqedan gamomdinare, 

mowesrigebuli struqturis arsebobis ugulvebelyofa.

magram Zlieri eleqtrolitebis xsnarebSi, sadac maRalia 

ionTa koncentraciebi da mcirea manZili maT Soris, eleqt­

rostatikuri urTierTqmedebis ignorireba SeuZlebelia. am ur­

TierTqmedebis Sedegad TiToeuli ioni (e.w. centraluri ioni) 
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nivTierebas, magaliTad, iseTebs, rogoricaa albumini, hemoglobini, 

globulinebi da sxva.

eleqtrolitebi arsebobs Zlieri da susti. Zlier 

eleqtrolitebs miekuTvneba – Zlieri mJavebi, Zlieri fuZeebi 

da marilTa umetesoba. susti eleqtrolitebia – susti mJa­

vebi, susti fuZeebi da zogierTi marili. mag., organul mJavaTa 

umetesoba, fenolebi, aminebi, naxSirmJava, cianwyalbadmJava da sxva.

miuxedavad eleqtrolituri disociaciis Teoriis didi 

warmatebisa, droTa ganmavlobaSi dagrovda mravali faqti, gan­

sakuTrebiT, Zlier eleqtrolitebTan dakavSirebiT, romelTa 

axsna areniusis Teoriis safuZvelze SeuZlebeli Seiqmna. kerZod, 

Zlieri eleqtrolitebisaTvis ar aris samarTliani ostvaldis 

ganzavebis kanoni – disociaciis mudmivas mniSvneloba icvleba 

ganzavebasTan erTad, elgamtarobis mixedviT gaangariSebuli 

disociaciis xarisxis mniSvneloba ar emTxveva izotonuri 

koeficientis saSualebiT gamoTvlils; marilTa xsnarebis 

kombinaciuri ganbnevis speqtrebSi ar aris aradisocirebuli 

molekulebisaTvis damaxasiaTebeli xazebi da zolebi da mravali 

sxva. dReisaTvis miRebulia, rom areniusis eleqtrolituri 

disociaciis Teoria samarTliania mxolod susti eleqtro­

litebisaTvis.

Zlieri eleqtrolitebis Teoria

areniusis mixedviT, xsnarSi ionebi uwesrigod moZraoben, 

airis molekulebis analogiurad. maT ganlagebaSi ar SeimCneva 

aranairi wesrigi da maT Soris ar arsebobs eleqtrostatikuri 

urTierTqmedeba. es warmodgenebi samarTliania susti eleqt­

rolitebisaTvis, radgan, maT xsnarebSi ionTa koncentraciis 

simciris da ionTa Soris didi manZilebis arsebobis gamo, SesaZ­
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garSemortymulia sawinaaRmdego niSnis ionebiT, romlebic mis 

garSemo ionur Rrubels qmnian. amasTan, ionur atmosferoSi 

Semavali TiToeuli ioni TviTonac warmoadgens centralur ions, 

romelsac Tavisi ionuri atmosfero gaaCnia. Sedegad miiReba 

mowesrigebuli struqtura, analogiuri kristalur meserSi 

ionTa ganlagebisa. kristaluri mesrisagan gansxvavebiT, xsnaris 

ionebi ganuwyvetliv moZraoben – Seedinebian da gaedinebian 

ionuri atmosferodan. magram, mainc, saSualostatistikurad, 

TiToeuli ioni mudmivad garSemortymulia niSniT sawinaaRm­

dego ionuri RrubliT.

ionTa Soris eleqtrostatikuri urTierTqmedeba iwvevs 

maTi qimiuri potencialis Semcirebas. sxva sityvebiT rom vTq­

vaT, Zlieri eleqtrolitis xsnaris Tvisebebis raodenobrivi 

gamoxatva ar Seesabameba mis koncentracias.

es aisaxeba gamosaxulebaSi:

		  ai = γiCi ,
sadac	 Ci  _ ionis koncentraciaa,
		  ai  _ ionis aqtivoba
		  γi  _ ionis aqtivobis koeficienti
Zlieri eleqtrolitebisaTvis 1i <γ , rac imas niSnavs, rom 

ai< Ci rac ufro koncentrirebulia xsnari, miT metia gansxvaveba 

ai da Ci Soris. araidealuri sistemebis (romelsac miekuTvneba 

Zlieri eleqtrolituri xsnarebi) Termodinamikur gamosax­

ulebaSi koncentracia Secvlilia aqtivobiT.

Zlieri eleqtrolitebis Teoriis avtorebi arian debai da 

hiukeli. Teoriis ZiriTadi debulebebia:

1) Zlieri eleqtrolitebi xsnarSi srulad arian diso­

cirebuli ionebad:

2) ionebs Soris arsebobs eleqtrostatikuri urTierT­

qmedeba, ris gamoc ionTa ganlagebaSi SeimCneva garkveuli 

wesrigi: TiToeuli ioni garSemortymulia Tavisi sawi­

naaRmdego niSnis ionebis sferuli RrubliT (ionuri 
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atmosfero);

3) centraluri ionis qimiuri potenciali Semcirebulia ionur 

atmosferosTan eleqtrostatikuri urTierTqmedebis 

Sedegad;

4) centraluri ionis kulonuri potenciali ekranirebulia 

ionuri atmosferos mier;

5) ionuri atmosferos muxtis simkvrive emorCileba pua­

son-bolcmanis ganawilebas da eqsponenturad mcirdeba 

centraluri ionidan daSorebis kvalobaze.

debai-hiukelis Teoriis ZiriTadi gamosaxulebaa:
IZZAlg −+=±γ
   (2)

sadac ±γ  xsnaris saSualo ionuri aqtivobis koeficientia, 

Z+ da Z - Sesabamisad, dadebiTi da uaryofiTi ionis 
muxtebia, I ionuri Zalaa.

)ZCZC(
2
1I 22

−−++ +=
 (3)

sadac C+ da C_  dadebiTi da uaryofiTi ionebis koncent­
raciaa xsnarSi.

temperaturis, gamxsnelis simkvrivisa ρ da dieleqtrikuli 

SeRwevadobis D  gavlena xsnaris aqtivobis koeficientze asa­

xulia wevrSi

			   	          (4)

sadac ρ gamxsnelis simkvrivea,  e – eleqtronis muxti, D 
– gamxsnelis dieleqtrikuli SeRwevadoba.

(3) da (2) gantolebebidan, rac metia xsnaris ionuri Zala, 

anu misi koncentracia da ionTa muxtebis mniSvneloba, miT 

naklebi iqneba γ , e.i. miT ufro araidealuri iqneba xsnari. 

es asec unda iyos, radgan eleqtrolitis xsnaris ideal­

urobisagan gadaxris zomas gansazRvravs eleqtrostatikuri 

urTierTqmedeba; es ukanaskneli ki miT metia, rac metia xsnaris 

koncentracia da ionTa muxti.

A = e√2ρ
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(4) da (2) gamosaxulebis mixedviT, rac ufro maRalia tem­

peratura, miT metia γ -s mniSvneloba da miT ufro naklebad 

aris gadaxrili eleqtrolitis xsnaris Tvisebebi idealuri­

sagan. marTlac, rac metia temperatura, miT ufro intensiuria 

siTburi moZraoba, miT ufro faSari iqneba ionuri Rrubeli 

da aqedan, naklebi iqneba eleqtrostatikuri urTierTqmedeba 

centralur ionsa da ionur atmosferos Soris. saerTod, siT­

buri moZraoba warmoadgens im gadamwyvet faqtors, romelic 

xels uSlis ionebis SeerTebas molekulebad.

sainteresoa gamxsnelis rolic. (4) da (2) gamosaxulebebis 

analizi gviCvenebs, rom: a) rac metia gamxsnelis simkvrive ρ , 
miT naklebia ,γ  anu miT ufro araidealuria xsnari. marTlac, 

gamxsnelis simkvrivis zrdam unda gamoiwvios ionTa moZraobis 

SezRudva da amiT eleqtrostatikuri urTierTqmedebis gaZ­

liereba; b) rac metia gamxsnelis dieleqtrikuli SeRwevadoba, 

miT meti iqneba gamxsnelsa da eleqtrolitis ionebs Soris 

ion-dipoluri urTierTqmedeba. es Seamcirebs eleqtrolitis 

ionebs Soris kulonur urTierTqmedebas da gamoiwvevs γ  
zrdas. 

(2) gamosaxulebas ewodeba debai-hiukelis zRvruli kanoni, 

radgan igi samarTliania mxolod Zlier ganzavebuli xsnare­

bisaTvis. es gamowveulia imiT, rom TeoriaSi arsebobs rigi 

daSvebebi da miaxloebebi. SemdgomSi avtorTa mier Setanil iqna 

garkveuli Sesworebebi. kerZod, maT gaiTvaliswines ionTa zomebi, 

maTi solvatacia da amiT gaafarToves Teoriis gamoyenebis are.

miuxedavad amisa, arsebobs mravali eqsperimentuli faqti, 

romelic ar aixsneba debai-hiukelis warmodgenebiT, kerZod, 

ionuri atmosferos arsebobiT. magaliTisaTvis SeiZleba gan­

vixiloT zogierTi eleqtrolitis xvedriTi elgamtarobis 

anomaliuri damokidebuleba koncentraciaze, rasac adgili 

aqvs eleqtrolitTa koncentrirebul xsnarebSi. Tanamedrove 
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warmodgenebis mixedviT, aseTi anomaliuri elgamtaroba aixs­

neba koncentrirebul xsnarebSi ionTa asociatebis warmoqmniT. 

koncentraciis garkveul  intervalSi, xsnarSi warmoiqmneba 

eleqtroneitraluri ionuri wyvilebi [+, -], romlebic ar 

monawileoben elgamtarobaSi. amis gamo, koncentraciis am in­

tervalSi, eleqtrolitis koncentraciis zrdisas elgamtaroba 

mcirdeba; magram koncentraciis Semdgomi zrdisas adgili aqvs 

ionur wyvilTan mesame ionis dakavSirebas:

(A+B-)0 + A+ →  (A+B_A+)+

(B_A+)0 +B_ 
→  (B_A+B_)-

es asociatebi damuxtulia da monawileoben elgamtarobaSi. 

koncentraciis am intervalSi elgamtaroba izrdeba.

ionuri asociatebis TeoriaSi miRebulia, rom ionuri aso­

ciatebi warmoiqmneba, rodesac maT Soris manZili iseTia, rom 

ionTa eleqtrostatikuri urTierTqmedebis energia ar aris 

naklebi 2kT-ze.
bierumis mixedviT, ori ionisagan maSin warmoiqmneba ionuri 

wyvili, rodesac ionTa eleqtrostatikuri urTierTqmedebis 

energia gautoldeba nawilakebis siTburi moZraobis energias:

                                        (5) 

sadac Z+ ,  Z-   - ionTa muxtebia, e – eleqtronis muxti, D 
– gamxsnelis dieleqtrikuli SeRwevadoba, r 

krit.
 – 

manZili ionebs Soris, romelzedac warmoiqmneba 

ionuri wyvili, k – bolcmanis mudmiva

aqedan                   (6)

rogorc (6) gamosaxulebis analizi gviCvenebs, manZili, 

Z+ × Z_ × e2

D r
krit.

= 2kT
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romelzec warmoiqmneba ionuri wyvili, izrdeba ionTa muxtis 

zrdisa da dieleqtrikuli SeRwevadobis Semcirebisas; e.i. didi 

muxtis mqone ionebisaTvis, romlebic disocirebulia dabali 

dieleqtrikuli SeRwevadobis gamxsnelSi, asociaciis xarisxma 

(ionuri wyvilebis warmoqmnam) SeiZleba mniSvnelovan sidides 

miaRwios. 

eleqtrolitebis roli cocxal organizmSi

fiziologiur xsnarebSi eleqtrolitebis arseboba mniSv­

nelovnad moqmedebs cilebis, aminomJavebisa da sxva organuli 

naerTebis xsnadobaze. eleqtrolitebis raodenobis gazrdas 

siTxeebSi mivyavarT hemoglobinis, karboqsihemoglobinis da cis­

tinis ukeT gaxsnaze. eleqtrolitebis didi raodenobis gaxsna 

amcirebs am nivTierebaTa gaxsnis unars. eleqtrolitebs aqvs 

unari, wyali miizidos hidratis saxiT, rac icavs organizms 

gauwyloebisgan.

normalur mdgomareobaSi organizmis sisxlis plazma Se­

icavs Na+, K+, Ca2+ da Mg2+ kaTionebs. maTi saerTo raodenoba 
154 mmol/l. anionTa Semcveloba sisxlis plazmaSi Seadgens 

saSualod 154 mmol/l. anionebidan aRsaniSnavia qlorid- da kar­

bonat-ionebi da agreTve cilebis mravalmuxtiani makroionebi.

adamianis organizmSi wylis raodenoba Seadgens mTeli masis 

60%-s. amasTan, wylis 2/3 Tavmoyrilia ujredis SigniT - eriT­

rocitebi, kunTis qsovilis ujredi da a.S., xolo 1/3 ujredis 

gareT – sisxlis plazma, ujredis siTxe, limfa da sxva.

ujredis gareT myofi wylis 1/3-is dakargva saSiSia, xolo 

misi 2/3-is dakargva sasikvdiloa. amitom organizmis normaluri 

eleqtrolituri balansis SenarCuneba Zalian mniSvnelovania. 

adamianis mier kuW-nawlavis traqtis da Tirkmelebis moqmedebis 

Z+ × Z_ × e2

2kDTr
krit.

=
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Sedegad dakarguli eleqtrolitebi unda anazRaurdes sakvebiT 

da sasmeli wyliT.

kaTionebis balansis darRveva iwvevs adamianis kunTebis 

sisustes. Na+ da K+  kaTionebi yvelaze mniSvnelovania (Tu 

H+-s gamovricxavT).
Na+  kaTioni ujredis gareTaa, K+ ki ujredis SigniT gvxvde­

ba. Na-is saerTo masa Seadgens 150 g. normalur nivTierebaTa 

cvlisaTvis aucilebelia dRe-RameSi sakvebiT 10-15 g NaCl-is 
miReba. umarilo dietis SemTxvevaSi aucilebelia – 2 g. Na+-is 
nakleboba iwvevs osmosuri wnevis Semcirebas (hipoosmia) uj­

redis gareT siTxeSi da amasTan dakavSirebiT siTxe SeaRwevs 

eriTrocitebSi, Tavis tvinis ujredebSi; iwvevs hemolizs da 

agreTve sisxlis Sededebas. am dros SeiniSneba – sisxlis sib

lantis momateba, arteriuli wnevis dacema, gulis normaluri 

ritmis darRveva (taqikardia), gluvi muskulaturis spazmebi, 

centraluri nervuli sistemis moSla. Na-is marilebi tute 

rezervis saxiT aris dagrovili da misi nakleboba iwvevs mJavis 

dagrovebas organizmSi (acidozi). aman ki SeiZleba gamoiwvios 

axalgazrda organizmis zrdisa da ganviTarebis Seferxeba.

Na+-is siWarbe iwvevs siTxis miwolas, irRveva ujredis 

funqcia da isini TandaTan iRupebian. amis garda, muxruWdeba 

nervuli impulsebis gadacema, viTardeba maRali wneva (hiper­

tonia).

K+-is ionebis saerTo raodenoba Seadgens 133-140 g. dRe­
Ramuri doza daaxloebiT 2-3 g-ia. K+-is ionebi monawileoben 

nervuli impulsebis gadacemaSi, kunTebis SekumSvasa da gulis 

kunTis muSaobaSi. kerZod, amcireben ritms da gulis kunTis 

SekumSvis Zalas. K+-is ionebis nakleboba (hi pokaliemia) 

SeiZleba ganviTardes xangrZlivi aSlilobebis dros, Rebinebis, 
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Warbi Sardis gamoyofisas. am dros SeiniSneba nervul-kunTovani 

agznebis SezRudva, cilis sinTezis damuxruWeba, cilis daSla; 

es yovelive iwvevs sisustes, Rebinebas, gulis muSaobis ritmis 

darRvevas, refleqsebis damuxruWebas, paraliCs da halucina­

ciebis ganviTarebas.

K+-is ionebis saWarbe iwvevs Tirkmelebis daavadebas, hemo­

lizs (eriTrocitebis daSlas), qsovilis ujredebis daSlas, 

fuZe-mJavuri wonasworobis darRvevas.

Ca+-is ionebis Semcveloba daaxloebiT 1050 g. am raode­

nobis 90% Sedis Zvlebis SemadgenlobaSi uxsnadi fosfatebis 

saxiT – Ca3(PO4)2.
K+ da Ca+ ionebi warmoadgenen erTmaneTis antagonistebs. Tu 

K+ ionebi asusteben gulis kunTis SekumSvas, Ca2+ zrdis  ritms 
da gulis kunTis SekumSvas. Ca2+ ionebis nakleboba sisxlis 

plazmaSi mkveTrad zrdis nervuli sistemis kunTebis agzneba­

dobas, irRveva ujredis fermentebis normaluri funqcionireba, 

iwyeba krunCxvebi, gaSeSebis Setevebi. Tu Ca2+-is ionebis Semcve­
loba sisxlSi 2,5 mmol/l-ze naklebia, adgili eqneba gonebis 

dakargvas da, SesaZloa, sikvdils.

Ca+-is ionebi did rols asruleben sisxlis SededebaSi; 

Tu sisxls davamatebT limonmJava natriumis 4%-ian sxnars, 

Ca2+-is ionebi mTlianad daileqeba mcired xsnad marilad 

Ca3(C6H5O7)3×4H2O. sisxli kargavs Sededebis unars. aseTi 

sisxli gamoiyeneba sisxlis gadasxmaSi.

Ca2+-is ionebis siWarbe sisxlis plazmaSi (hiperkalciemia) 

iwvevs hipokalemias, organizmSi Ca2+-is marilebis dagrovebas 

– Tirkmelebis kenWi, qsovilTaSoris naleqi, nayofis gamyareba 

da a.S.

Mg2+-is ionebis Semcveloba Seadgens 28 g. aqedan 9 g aris 
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Siga da ujredgareSe siTxeSi. dReRamuri norma Seadgens 0,7g. 

misi mTavari daniSnulebaa naxSirwylebis mimocvlis fermentebis 

gaaqtiureba, centraluri nervuli sistemis agznebis Semcireba. 

Mg2+-is ionebis siWarbe iwvevs Zilianobas, mgrZnobelobis Ses­

ustebas, ConCxis damblas. 9 mmol/l-ze meti raodenoba iwvevs 

Rrma narkozs. magniumi aqtiurad moqmedebs K+ da  Ca2+ ionebis 

mimocvlaSi.
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buferuli xsnarebi

wyali susti eleqtrolitia da umniSvnelod disocirdeba:

H2O      H+ + OH-

sufTa wyalSi 250C-ze [H+] da [OH-] erTnairia da tolia 

10-7-is.

Tu [H+]>10-7 xsnars mJava reaqcia aqvs;
Tu [H+]<10-7 xsnars tute reaqcia aqvs;
Tu [H+]=10-7 xsnari neitraluria;

xarisxis uaryofiTi maCveneblis gamoyeneba mouxerxebelia, 

amitom miRebulia wyalbadionTa koncentraciis gamosaxva e.w. 

wyalbadis maCvenebliT, romelsac pH simboloTi aRniSnaven.

wyalbadis maCvenebeli pH ewodeba wyalbadionTa koncent­

raciis aTobiTi logariTmis Sebrunebul sidides:

			   pH = - lg [H+]		  (1)
pH-is daxmarebiT xasiaTdeba xsnaris reaqcia:
neitralur xsnarebSi pH=7;
mJava xsnarebSi pH<7;
tute xsnarebSi pH>7.
organizmis Txevadi sistemebi _ sisxli, limfa, Sardi, naRv­

lis wveni _ wyalxsnarebia. xsnarTa pH gavlenas axdens orga­

nizmis bioqimiuri procesebis normalizaciaze. pH-is gadaxra 
0,001 erTeuliTac ki iwvevs seriozul daavadebebs.

organizmis zogierTi sistemis pH:
sisxlis Srati ———————-— 7.35-7.45

zurgis tvinis siTxe —————— 7.35-7.45

nerwyvi ———————————— 6.35-7.85

sufTa kuWis wveni ———————- 0.9 (Zlieri mJava)

Sardi ————————————— 4.8-7.5

rZe —————————————— 6.6-6.9

naRveli ———————————— 5.4-6.9

→←
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organizmis pH-is SenarCuneba xorcieldeba buferuli 

xsnarebis daxmarebiT. buferuli ewodeba xsnars, romelsac 

Seswevs unari, SeinarCunos wyalbadionTa koncentraciis mud­

mivoba, garkveuli raodenobis Zlieri mJavis an Zlieri tutis 

damatebisas.

raodenobrivad buferul sistemebs axasiaTeben buferuli 

tevadobiT, romelic tolia Zlieri mJavis an Zlieri fuZis 

eqvivalentebis raodenobisa, romelic unda daematos erT litr 

buferul xsnars, raTa misi pH erTi erTeuliT Seicvalos.

             (2)

sadac b – Zlieri mJavas an Zlieri tutis raodenobaa gram-

eqvivalentebSi (g-eqv.)

buferuli tevadoba maqsimaluria buferuli sistemis Semad­

geneli komponentebis koncentraciis tolobisas. 

mdgradi pH xsnarebis momzadebis mizniT mimarTaven e.w. 
buferul xsnarebs, romelTac aqvT unari, SeinarCunon pH-is 
mudmivoba ganzavebisas an mJavis da fuZis damatebisas.

buferul xsnarebs miekuTvneba:

1) xsnari, romelic Sedgeba susti mJavasa da am susti mJa­

vas da Zlieri tutis marilisagan, mag: CH3COOH da 
CH3COONa.

2) xsnari, romelic Sedgeba susti fuZisagan da am fuZis 

da Zlieri mJavas marilisagan, mag: NH4OH da NH4Cl.
3) xsnarebi, romlebic Seicavs mravalfuZiani mJavas mari­

lebs mag: Na2HPO4 da NaH2PO4.
organizmSi ZiriTadi buferuli sistemaa – hidrokarbo

natuli; mis wilad modis sisxlSi buferuli moqmedebis 50% 

da misi saSualebiT xdeba sisxlis pH≈7,4 SenarCuneba.
organizmSi naxSirmJava warmoiqmneba CO2-is hidrataciiT. 

es procesi xorcieldeba ferment karboanhidrazas daxmarebiT:

R =
db
dpH
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CO2+H2O→H2CO3
karbonatuli buferuli sistema warmoadgens sust mJavas _ 

naxSirmJavas da masTan wonasworobaSi myof hidrokarbonat ions:

H2CO3        H
+ + HCO3

_

HCO3 
-   aris H2CO3-Tan SeuRlebuli fuZe. am wyvilis 

buferuli moqmedebis meqanizmi SemdegSi mdgomareobs: buferul 

sistemaze Zlieri mJavas damatebisas, am ukanasknelis disocia­

ciis Sedegad miRebuli protonebi urTierTqmedeben naxSirmJavas 

SeuRlebul fuZesTan:

H+ + HCO3
-       H2CO3

xolo Zlieri fuZis damatebisas OH- ionebi urTierTq­
medeben H2CO3-Tan:

OH_ + H2CO3                 HCO3
_ + H2O

buferuli xsnaris pH  Semdegnairad ganisazRvreba:
(I) buferuli sistemis disociaciis mudmiva

zogadad Caiwereba Semdegnairad:

→←

→←

→←

 aqedan

;

da CO2-is transportireba qsovilebidan filtvebSi, mudmivi 

[SeuRlebuli fuZe]

pH=pK + lg
[mJava]

pH-is SenarCuneba eriTrocitebSi, saboloo jamSi ki – sisxlSi. 

es sistema efeqturad moqmedebs mxolod sisxlis sxva buferul 

sistemebTan erTobliobaSi.

			 

K =
[H+] [HCO3

—]

[H2CO3]

pH  = pK +  lg
[HCO3

—]

[H2CO3]

-lg[H+]  = - lgK + lg
[HCO3

—]

[H2CO3]

[H+] =
[HCO3

—]

[H2CO3]
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es aris heldeson-haselbaxis gantoleba.

meore sistema – fosforuli buferuli sistema, romelic 

axasiaTebs wonasworobas hidrofosfatsa da dihidrofosfatis 

ionebs Soris:

H2PO4
—          H+ + HPO4

2—

HPO4
2— + H+ → H2PO4

— 

HPO4
2— + OH— → PO4

3— + H2O 
organizmSi hemoglobinuri buferi warmoadgens eriTro­

citebis mTavar buferul sistemas, romelic protonis dono­

ris saxiT Seicavs or sust mJavas – hemoglobins (HHb) da 
oqsihemoglobins (HHbO2), xolo protonis aqceptoris rols 

asrulebs am mJavaTa SeuRlebuli fuZeebi, e. i. maTi anionebi 

– Hb—  da HbO2
—

HHb        H+ + Hb—

O2 + HHb        HHbO2        H
+ + HbO2

—

oqsihemoglobini ufro Zlieri mJavaa, vidre hemoglobini; 

roca pH=7,25 (eriTrocitebSi) oqsihemoglobini ionizebulia 

65%-iT, xolo  hemoglobini – 10%-iT. hemoglobinTan Jangba­

dis mierTebisas (filtvebSi) sisxlis pH mcirdeba SedarebiT 

Zlieri mJavas (oqsihemoglobinis) warmoqmnis gamo; meore 

mxriv, rodesac oqsihemoglobini gadascems Jangbads qsovilebs, 

sisxlis pH isev izrdeba, ufro susti mJavas (hemoglobinis) 

warmoqmnis gamo.

mJavis siWarbisas H+- ionebs pirvel rigSi daikavSirebs 
hemoglobinis anioni (Hb-), romelsac, rogorc SedarebiT Zlier 

fuZes, gaaCnia protonisadmi meti swrafva, xolo Warbi tutis 

SemTxvevaSi ufro met aqtiurobas amJRavnebs oqsihemoglobini, 

vidre hemoglobini.

organizmSi, sisxlis hemoglobinuri sistema monawileobs 

erTdroulad ramdenime mniSvnelovani fiziologiuri funqciis 

SesrulebaSi: sunTqva _ Jangbadis transportireba qsovilebSi 

→←

→←
→← →←
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organizmis fuZe-mJavuri wonasworoba

adamianis organizmis unars, moaxdinos organizmSi mimdi­

nare fiziologiuri da bioqimiuri procesebis koordinacia 

da SeinarCunos mudmivi mdgomareoba, homeostazi ewodeba. 

hemeostazi xorcieldeba humoruli regulaciiT nervul meqa­

nizmebTan erTad. humoruli da nervuli komponentebi qmnian 

erTian nervo-humorul kompleqss.

ganvixiloT homeostazis erT-erTi mxare, kerZod, orga­

nizmis miswrafeba SeinarCunos wyalbad-ionTa optimaluri 

koncentracia. Txevadi aris mJavurobis mudmivoba adamianis 

cxovelmyofelobisTvis Zlier mniSvnelovania: 1. H+-ionebi 
asruleben katalizur moqmedebas; 2. fermentebi da hormonebi 

biologiurad aqtiur Tvisebebs avlenen pH-is mxolod gansaz­

Rvrul intervalSi; 3. H+-ionTa cvlileba gavlenas axdens 

osmosur wnevaze.

sisxlis pH-is (7,36) umniSvnelo gadaxra – 0,3 erTeu­

liT iwvevs komis mdgomareobas, xolo 0,4 erTeuliT gadaxra 

sasikvdiloa.

organizmis fuZe-mJavuri wonasworobis gadaxras H+-is ionTa 
momatebisken ewodeba acidozi, xolo H+-is ionTa koncentraciis 

Semcirebisken _ alkalozi. acidozi an alkalozi SeiZleba 

gamoiwvios sakvebis, wylis, medikamentebis arasworma miRebam an 

organizmis paTologiurma mdgomareobam, mag: nivTierebaTa cvlis, 

sunTqvis procesebis, sisxlis mimoqcevis darRvevam.

mioglobinis da hemoglobinis gajereba JangbadiT

es procesi warmoadgens erT-erT mniSvnelovans organizmSi, 

fiziologiuri TvalsazrisiT.

“hemoglobini” _ es saxelwodeba aerTianebs sxvadasxva saxis 

cilebs, romlebic organizmSi axorcieleben Jangbadis gadata­



59

nas. hemoglobinis molekuluri wona ∼ 64000, TiToeuli misi 

molekula Seicavs oTx hems, oTx atom rkinas da gajerebisas 

ierTebs oTx molekula Jangbads.

mioglobinic cilaa, romelic gamoyofilia kunTebidan, misi 

molekuluri wona ∼ 16000, TiToeuli molekula Seicavs erT 

hems, erT atom rkinas da gajerebisas ierTebs erT molekula 

Jangbads. mioglobini iyo pirveli cila, romlisTvisac deta­

lurad daadgines molekuluri struqtura (rentgenis sxive­

biT difraqciis meTodiT, kendrium 1959 wels). hemoglobinis 

struqturac am meTodiT iqna dadgenili.

aRmoCnda, rom sinamdvileSi hemoglobini warmoadgens tet­

ramers, romlis TiToeuli Semadgenlis molekuluri wona 

16000-ia da TiToeuli maTgani Zalian hgavs mioglobins rogorc 

aminomJavaTa SemadgenlobiT, aseve sivrciTi konformaciebiT.

nax. mioglobinisa da hemoglobinis JangbadiT gajerebis xarisxis 
damokidebuleba Jangbadis parcialur wnevaze (roca pH 7,4 
da 380C)
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mioglobinis JangbadiT gajerebis xarisxi SeiZleba gani­

sazRvros speqtrofotometriis meTodiT. naxazze naCvenebia 

JangbadiT gajerebis xarisxis damokidebuleba Jangbadis parci­

alur wnevaze. mrudis forma Seesabameba im formas, romelic 

mosalodnelia Semdegi wonasworobis ganxilvisas:

Mb + O2        MbO2 ,

sadac Mb aRniSnavs mioglobinis molekulas.

mioglobinis mrudi gviCvenebs damokidebulebas JangbadiT 

gajerebis xarisxsa da Jangbadis parcialur wnevebs Soris; 

kerZod, Jangbadis parcialuri wnevis ( 2oP ) dabali mniSvnelobis 

dros, mioglobinis JangbadiT gajerebis xarisxi proporciulia  

( 2oP )-is; maSin, roca (PO2)-is maRali mniSvnelobis dros is 

asimptoturad uaxlovdeba 100%-s.

sul sxva saxe aqvs hemoglobinis gajerebis xarisxisa da 

Jangbadis parcialur wnevebs Soris damokidebulebis mruds. 

mas uwodeben sigmoidurs (S-is msgavsi), dagrovebis mruds. es 
mrudi srul winaaRmdegobaSia mioglobinis hiperbolur mrud­

Tan. riTaa ganpirobebuli mrudebs Soris aseTi gansxvaveba? 

pasuxi ZiriTadad SemdegSi mdgomareobs: TiToeuli Jangbadis 

molekulis Tanamimdevruli mierTeba hemoglobinTan ki ar 

asustebs Jangbdisa da hemoglobinis molekulebs Soris ukve 

arsebul bmas (rogorc es damaxasiaTebelia wonasworobaSi 

myofi sistemebisaTvis), aramed piriqiT – zrdis mas. am Tavise

burebas aqvs udidesi fiziologiuri mniSvneloba, vinaidan, 

oqsimioglobinTan SedarebiT, oqsihemoglobini disocirebisas 

gamoyofs Jangbads gacilebiT ufro viwro intervalebSi, rac 

TiTqmis mudmivad uzrunvelyofs Jangbadis arsebobas sistemaSi.

hemoglobinis molekulis mier Jangbadis oTxi molekulis 

Tanmimdevruli mierTeba gamosaxulia Semdegi wonasworobiT:

→←
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Hb + O2	       HbO2

HbO2 + O2	       HbO4

HbO4 + O2	       HbO6

HbO6 + O2	       HbO8

Jangbadis Tanmimdevruli mierTeba hemoglobinTan warmo­

adgens kooperatiul efeqts, romelic ganpirobebulia hemoglo­

binis peptiduri jaWvis sivrciTi struqturis cvlilebebiT. 

am movlenas uwodeben alosterul efeqts; msgavsi efeqtebi SemC­

neulia fermentebSic.

→←
→←
→←
→←
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koloiduri qimia

koloiduri qimia aris mecniereba, romelic Seiswavlis 

maRaldispersiul heterogenul sistemebs da maTSi mimdinare 
procesebs.

maRaldispersiuli koloiduri sistemebi Sedgeba minimum 

ori fazisgan. erT-erTi maTgani aris uwyveti da mas sadisper­
sio are ewodeba. meore faza dawiladebulia da ganawilebulia 

pirvelSi. mas dispersiuli faza ewodeba.

zedapiruli movlenebi is procesebia, romlebic mimdina
reobs fazaTa gamyof zedapirze.

gamyofi zedapiri is Srea, romelic erT fazas meorisgan 

gamohyofs.

dispersiuli sistemebisaTvis damaxasiaTebelia dispersi
uloba da heterogenuloba.

dispersiulobis (dawiladebis) sazomad SemoRebulia dis
persiulobis xarisxis cneba D = 1/a, romelic nawilakis zomis 
a-s Sebrunebuli sididea.

koloidur sistemebs gamyof zedapirze gaaCnia Warbi Tavi
sufali energia, romelic tolia:

G = σS,
sadac S _ zedapiris farTia, σ _ zedapiruli daWimuloba.

gamyofi sazRvris konturis sigrZis erTeulze moqmed 

Zalas, romelic ganapirobebs zedapiris Semcirebas, ewodeba 

zedapiruli daWimuloba. faqtobrivad es aris zedapiruli 

farTis erTeulis Warbi Tavisufali energia. misi ganzomilebaa 

ergi$sm2, dini$sm.
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dispersiuli sistemebis klasifikacia

kinetikuri Tvisebebis mixedviT  dispersiuli sistema aris 

ori saxis: a. Tavisufal-dispersiuli sistemebi, romelSic 

dispersiuli fazis nawilebi ar arian erTmaneTTan dakavSire
buli da gadaadgildebian Tavisuflad (suspenziebi, emulsiebi, 

zolebi) da <. bmuli dispersiuli sistemebi, romlebSic faza 

ver gadaadgildeba Tavisuflad, radgan struqturulad aris 

damagrebuli (forovani struqturebi _ diafragmebi, qafebi, 

myari xsnarebi).

Tavis mxriv Tavisufal-dispersiuli sistemebi iyofa fazis 

nawilakTa zomis mixedviT.

koloiduri sistemebi gvxvdeba zolebis da gelebis saxiT.

cbcntvf yfobkfrbc
pjvf

vfufkbsb

molekuluri an 
ionuri dispersiuli, 
homogenuri sistema

koloidur-disper
siuli sistemebi, anu 
zolebi, ultramikro
heterogenuli sistema

mikroheterogenuli 
sistema

 

uxeSdispersiuli 
sistema

10-8 _10-10 sm

10-7_10-5 sm

10-5_10-3 sm

10-3 sm da meti

WeSmariti xsnarebi

nervebi, kunTebi,
gripis virusi 1.10-5 sm
qromosomebi 3.10-5 sm
hemoglobini 3,5.10-7 sm

suspenziebi, emulsiebi, 
eriTrocitebi 7.10-4sm
nawlavis Cxiri 10-4 sm

qviSa, wyali
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2. agregatuli mdgomareobis mixedviT arsebobs dispersi
uli sistemebis 8 tipi.

3. fazaTa gamyof zedapirze fazis nawilakebsa da disper

cocxal organizmSi mimdinare biologiur procesebSi difu
ziis siCqares didi mniSvneloba eniWeba. sakmaod bevri fizikur-

qimiuri procesis siCqare damokidebulia moreagire nivTierebis 

difuziis siCqareze, e.i. nedleulis miwodebis siCqareze.

narkozis miRebis dros eTeri difundirdeba qsovilSi, sa­

dac mas xvdeba cximebi da cilebi. magram, radgan eTeri cximSi 

ukeTesad ixsneba, igi difundirdeba cximSi.

koloiduri xsnarebis osmosuri wneva Zalze mcirea, radgan 

koloidur xsnarebs, WeSmariti xsnarebisagan gansxvavebiT, axa­

siaTebs sadispersio fazis dabali koncentracia.

dispersiuli 
faza

dispersiuli 
are

aRniS- sistemebis
magaliTebi

myari

Txevadi

airadi

myari

Txevadi

airadi

myari

Txevadi

airadi

myari

myari

myari

Txevadi

Txevadi

Txevadi

airadi

airadi

airadi

m$m

T$m

a$m

m$T
T$T
a$T

m$a
T$a

a$a

mineralebi,

Senadnobebi

niadagi, grunti

margaliti

pemza, puri,

adsorbentebi

suspenziebi, pastebi 
emulsia, rZe

qafi

mtveri, fxvnilebi, nis­

li, Rrubeli,

Txevadi wamlebis 

aerozolebi

koloiduri sistema 

ar warmoiqmneba
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suli ares molekulebs Soris urTierTqmedebis xasiaTis mi
xedviT, dispersiuli sistemebi SeiZleba davyoT _ liofilur 

da liofobur sistemebad. sistema liofiluria, Tu nawilakebsa 
da ares Soris sakmaod Zlieri urTierTqmedebaa (mag., limfa, 

sisxli). sistema liofiluria, Tu urTierTqmedeba sustia (mag., 

daqucmacebuli oqro an sila wyalSi).

koloiduri sistemebis
molekulur-kinetikuri Tvisebebi

WeSmariti xsnarebis msgavsad, koloiduri xsnarebisaTvis 

damaxasiaTebelia difuzia, osmosuri wneva da nawilakebis siT
buri moZraobiT gamowveuli brounis moZraoba.

1827 wels ingliseli botanikosi robert brouni mikros
kopSi akvirdeboda wyalSi Sewonili mcenaris mtvris nawila
kebs da SeamCnia, rom isini imyofebian ganuwyvetel, uwesrigo 

moZraobaSi. amave dros, es moZraoba, romelsac brounis moZra
oba ewodeba, ar aris damokidebuli nivTierebis bunebaze. igi 

damokidebulia nawilakis zomaze da sistemis temperaturasa 

da siblanteze.

siTburi da brounis moZraobis saSualebiT xdeba nawilakTa 

koncentraciis gaTanabreba xsnaris mTel moculobaSi. am process 

difuzia ewodeba. difuziis mamoZravebeli Zala aris sxvaoba 

koncentraciebs, wnevebs an sxva parametrebs Soris.

zemoT aRniSnuli iyo, rom brounis moZraoba damokidebulia 

siblanteze. Tavis mxriv siblante aris xaxunis Zala, romelic 

warmoiqmneba siTxis fenis gadaadgilebis dros. ganzomilebaa 

puazi da santi puazi.

difuziis movlena did rols asrulebs sakvebi nivTierebebis 

gadaadgilebis dros qsovilTa siTxeebSi.
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WeSmarit da aseve koloidur xsnarebSi osmosuri wneva 

gaxsnili nivTierebis koncentraciis pirdapirproporciulia, 

mudmivi temperaturis (T) dros p = CRT, sadac C _ moluri 

koncentraciaa, mol$l.

adsorbcia

adsorbcia aris movlena, romlis drosac xdeba erTi niv
Tierebis dagroveba meore nivTierebis zedapirze.

nivTierebas, romlis zedapirzec xdeba adsorbcia, adsor
benti ewodeba. adsorbenti SeiZleba iyos myari an Txevadi. 

magaliTad, meteorizmis dros nawlavebSi xdeba gazebis dag­

roveba. am SemTxvevaSi avadmyofs aZleven gaaqtivebul naxSirs 

_ karbolens, romelzec xorcieldeba gazebis adsorbcia.

nivTierebas, romlis adsorbciac xdeba, adsorbtivi ewodeba. 
adsorbtivi SeiZleba iyos airad an Txevad mdgomareobaSi. e.i. 

adsorbtivi adsorbirdeba adsorbentis zedapirze.

adsorbciis Sebrunebul process _ nivTierebis gadasvlas 

zedapiruli Sridan moculobiT fazaSi, desorbcia ewodeba.

adsorbciis dros SeiZleba moxdes qimiuri urTierTqmedeba 
adsorbentsa da adsorbtivs Soris; aseT adsorbcias qemo
sorbcia ewodeba.

aRsaniSnavia zedapiruli daWimulobis movlena. nivTierebebs, 
romlebic amcireben sufTa siTxeebis zedapirul daWimulobas, 

zedapirulad aqtiuri nivTierebebi ewodeba. cocxal organizmSi 

Semavali zedapirulad aqtiuri Tvisebebis mqone nivTierebebi 

monawileoben mraval fiziologiur procesSi. magaliTad, cx­

imebis aTvisebis procesze gavlenas axdens dabali zedapiruli 

daWimulobis mqone naRvlis mJavas marilebi.

adamianis organizms axasiaTebs SerCeviT adsorbciis unari: 
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magaliTad, toqsinebi, romlebic iwvevs tetanuss da botulizms, 

pirvel rigSi azianebs  centraluri nervuli sistemis ujredebs, 

xolo toqsinebi, romlebic iwvevs dizenterias _ vegetatiur 

nervul sistemas. tifis dros ZiriTadad ziandeba kanisa da 

tvinis sisxlZarRvovani sistema.

imunuri cilebi (antisxeulebi) urTierTqmedeben mxolod 

gansazRvrul, maTTvis saWiro ucxo cilebTan (antigenebTan).

cianidebis mcire doziT Seyvana organizmSi iwvevs sikvdils 

ramdenime wamSi, sasunTqi fermentebis blokadis gamo.

adsorbciuli Terapia damyarebulia organizmSi adsorben
tis Seyvanaze.

koloiduri nawilakebis aRnagoba

organizmis cxovelmyofelobaSi didi mniSvneloba eniWeba 

koloidur sistemebs _ zolebs.

zolebis miRebisaTvis daculi unda iyos ori piroba: 

nawilakis uxsnadoba (an mcired xsnadoba) mocemul sadispersio 

areSi da stabilizatoris Tanaoba, romelic zols mdgradobas 

mianiWebs. zolebis agregatuli umdgradoba ganpirobebulia 

zedapiruli energiis miswrafebiT Semcirebisaken, romelic Ta­

visTavad mimdinareobs. am dros xdeba nawilakebis gamsxvileba. 

stabilizatoris daniSnulebaa, warmoqmnas nawilakebis zedapirze 
ormagi eleqtruli Sre da mianiWos maT erTnairi niSnis muxti, 
rac uzrunvelyofs maTi ganzidvis process. stabilizatoris 

roli SeiZleba Seasrulos qimiuri reaqciis erT-erTma re­

agentma an garedan Seyvanilma nivTierebam _ eleqtrolitma.

amgvarad, koloiduri sistemis kinetikur da struqturul 

erTeuls warmoadgens ara molekula, atomi an ioni, aramed rTu
li kompleqsi, romelic Sedgeba molekulebis an atomebisagan 



68

da ionebisagan. ganvixiloT AgJ micelis warmoqmna mimocvlis 

reaqciiT AgNO3-is siWarbis SemTxvevaSi:

AgNO3 + KJ AgJ + KNO3
m raodenoba AgJ-is molekulebis erToblioba warmoqmnis 

agregats: m AgJ.
agregatis zedapirze adsorbirdeba eleqtrolitis is ioni, 

romelic Sedis agregatis molekulaSi (romelic Warbia) da 

romlis radiusi Tanazomadia agregatSi Semavali erT-erTi 

atomis radiusisa da misi adsorbciiT grZeldeba agregatis kris
talis daSeneba. e.i. Ag+-is ioni n raodenobiT n<<m. am ionebs 

potencialganmsazRvreli ionebi ewodeba. Ag+ potencialgan
masazRvreli ionebi da agregati (warmoqmnian birTvs, romelsac 

am SemTxvevaSi dadebiTi muxti gaaCnia: (AgJ) m x nAg+ birTvi. 

dadebiTad damuxtuli birTvi eleqtrostatikurad miizidavs 

imave n raodenobis NO3
_
-is uaryofiT ionebs, romelsac sapi

rispiro ionebi ewodeba.

am ionebis (n-x) raodenoba eleqtrostatikuri Zalebis 

moqmedebiT miizideba uSualod birTvTan da warmoiqmneba ormagi 

eleqtruli Sre.

birTvs ormag eleqtrul SresTan erTad nawilaki ewodeba:

[(AgJ)m × nAg+(n-x)NO3
_]+ x _ nawilaki

nawilaki damuxtulia dadebiTad + . danarCeni  raode
noba sapirispiro NO3

_
-is ionebi Tburi moZraobis Zalebis 

moqmedebiT ganlagdebian birTvidan moSorebiT e.w. difuzur 

SreSi: NO3
_
 difuzuri Sre.

nawilaks difuzur SresTan erTad micela ewodeba. micela 

eleqtroneitraluria.

[(AgJ)m × nAg+ × (n-x)NO3
_]+ x × NO3

_

		  agregati		          difuzuri		
						          Sre



69

Tu Warbad aRebulia KJ, maSin nawilaki damuxtulia uar
yofiTad.

[(AgJ)m × nJ_ (n -x)K+]_ x ×K+

birTvi

nawilaki

micela

koloiduri xsnarebi

qimiuri analizis praqtikaSi xSiria SemTxveva, rodesac reaq­

ciis Sedegad miRebuli Znelad xsnadi naerTi koloidur mdgo
mareobaSi gadadis da amitomac arasrulad ileqeba. analizis 

procesSi koloiduri xsnarebis warmoqmna metwilad uaryofiT 

rols asrulebs, vinaidan mravali qimiuri operaciis (daleqva, 

gafiltvra, naleqebis Camorecxva) bolomde miyvana rTuldeba.

dispersiul sistemebs, romlebSic dispersiuli fazis nawi
lakebis zoma 100-dan 1 mmk-mde farglebSia, koloiduri xsnarebi 
an zolebi ewodeba.

koloiduri sistemebidan analizuri qimiisaTvis didi mniSv
neloba aqvs hidrozolebs, e.i. koloidur wyalxsnarebs.

koloiduri xsnarebis nawilakebis danaxva SeiZleba ult­

ramikroskopiT, agreTve kargad Seiswavleba eleqtronuli 

mikroskopis saSualebiT. koloiduri xsnarebi mikrohetero
genuli sistemebia. erTi da igive zolis koloidur nawilaks 

_ granulas aqvs erTsaxeliani eleqtronuli muxti. swored 
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es erTsaxeliani muxtebi aferxebs granulebis Sejaxebas da, 

miT ufro, maT msxvil agregatebad gaerTianebas. koloiduri 

nawilakebis zedapirze muxtebi warmoiqmneba xsnarSi arsebuli 

kaTionebis an anionebis adsorbciis (zedapiruli STanTqmis) 

xarjze. zogierTi koloiduri sistemis TiToeuli nawilaki 

dadebiTadaa damuxtuli, xolo zogierTisa _ uaryofiTad.

koloiduri nawilakebis aRnagoba, romelTa stabiluroba 

ionuri Sreebis arsebobiT aris ganpirobebuli (e.w. hidrofo
buri zolebi), Semdegnairad warmogvidgeba: koloiduri nawilaki 

Seicavs uxsnad birTvs, romlis zedapirze adsorbirebulia 

misTvis muxtis mimniWebeli mastabilizebeli ionebi. maT po­

tencialganmsazRvreli ionebi ewodeba. sawinaaRmdego niSnis 

mqone ionebis meore Sre ganlagebulia xsnarSi nawilakebis 

garSemo. maT difuziuri aRnagoba aqvT da winadionebi ewodeba. 

birTvi, granulisgan gansxvavebiT, mis garSemo arsebul ormag 

eleqtrul SresTan erTad eleqtroneitraluri nawilakia, 

romelsac micela ewodeba.

araorganul koloidur sistemebs Soris iseTebic gvxvdeba, 

romelTa stabiluroba ganisazRvreba ara ionebis adsorbciiT, 

aramed zedapiruli hidrataciiT, e.i. wylis absorbciiT. aseT 

koloidebs hidrofiluri ewodeba. hidrofilur zolebs war
moqmnis siliciummJava (H2SiO3), aluminis hidroqsidi [Al(OH)3] 
da sxva.

hidrofiluri zolebi SeiZleba ufro msxvil nawilakebad 

gardavqmnaT. koloiduri nawilakebis gamsxvilebis process, 

romelic nivTierebis naleqSi gadasvliT sruldeba, koagulacia 

ewodeba. wyalxsnaris koagulacia SeiZleba gamoviwvioT masze 
mcire raodenobiT romelime eleqtrolitis mimatebiT, rasac 

nawilakebis muxtebis sapirispiro niSniT damuxtuli ionebi 

axdens.

hidrofiluri koloidebi koagulacias ganicdis eleqtro
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litebis an romelime mahidratirebeli (mag. spirtis) gamxs
nelis damatebiT.

koloiduri xsnarebi warmoiqmneba ara marto naleqis mi
Rebis dros, aramed maTi Carecxvis drosac. Cveulebriv, amas 

adgili aqvs Carecxvis bolos, rodesac naleqSi rCeba makoagu
lirebeli ionebis umniSvnelo raodenoba. amis gamo xdeba 

ormagi eleqtruli Sris sisqis gadideba da nawilakis zolSi 

gadasvla. koloiduri nawilakis naleqidan zolSi gadasvlas 

peptizacia ewodeba. peptizaciis Tavidan asacileblad zogjer 

naleqs Carecxaven ara sufTa wyliT, aramed eleqtrolitebis 

xsnarebiT.

dispersiuli ewodeba iseT sistemas, romelSic nivTiereba 

daqucmacebul mdgomareobaSia da Tanabrad aris ganawilebuli 

garemoSi.

sistemis komponentebi. daqucmacebis (danawilebis) xarisxi 

D aris mniSvnelovani parametri sistemebis fizikur-qimiuri 

klasifikaciisaTvis da ganisazRvreba, rogorc dispersiuli 

nawilakis diametris Sebrunebuli sidide D= 1/a.
nawilakTa (molekulebisa da ionebis)  zoma, romlebic 

warmoqmnian WeSmarit xsnarebs, 10-10 _ 10-9 g tolia da maTi 

zomebi Tanazomadia gamxsnelis molekulebis zomebTan. amitomaa, 

rom gamxsnelsa da gaxsnil nivTierebas Soris ar aris gamyofi 

zedapiri da sistema aris homogenuri. Termodinamikurad mdgrad 

WeSmarit xsnarebze dispersiis cneba ar vrceldeba.

sistemaSi, sadac nawilakTa dispersiulobis xarisxia 10-9 

_ 10-7 g, miekuTvneba koloidur-dispersiuls. aseT sistemebSi 

kinetikuri da struqturuli erTeulebia ara molekulebi 

da ionebi, aramed ufro maRali rigis koloiduri nawilakebi, 

romlebic Sedgebian asobiT aTasobiT molekulisa da ionisagan.

nawilakTa zomis gazrdiT Sesabamisi sistemebi iZens axal 
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Tvisebas. koloidur-dispersiuli sistemebi heterogenuli Ter­

modinamikuri sistemebia, radganac nawilakebsa da ares Soris 

aris gamyofi zedapiri, romelic xasiaTdeba Warbi zedapiruli 

energiiT. am sistemebisaTvis damaxasiaTebelia TavisTavad mim­
dinare procesebi, ris xarjzec mcirdeba Warbi zedapiruli 

energia dispersiulobis xarisxis SemcirebiT. am dispersiul 
sistemebs uwodes koloidebi (berZnulad `kola~ _ weboa). 

isini WeSmariti xsnarebisagan gansxvavdebian mravalfazianobiT, 
heterogenulobiT. yoveli nivTiereba SeiZleba arsebobdes ro­
gorc koloidur, ise kristalur mdgomareobaSi.

rusma mecnierma veimerma farTo eqsperimentuli gamokvle
vebiT Camoayaliba Semdegi mosazreba, rom SeiZleba vilaparakoT 
mxolod nivTierebaTa koloiduri mdgomareobis Sesaxeb da ara 

koloidebis, rogorc garkveul naerTTa klasis Sesaxeb.

realuri samyaro _ mcenareuli da cxoveluri organizmebi, 

aracocxali bunebis mravali obieqti, kvebis produqtebi, saSeni 

masalebi da a.S. sxvadasxva xarisxis organizebulobis mqone 

dispersiuli sistemebia. am sistemebis Taviseburebis Seswavla 

aris swored sicocxlis Secnobis saSualeba. kunTovani da 
nervuli ujredebi, boWkoebi, genebi, virusebi _ koloiduri 
warmonaqmnebia. samedicino-biologiuri kompleqsuri problemebi, 

romlebic dReisTvis bunebismcodneobaSi dominirebs, magaliTad, 

ujredis modeli, biologiuri membranis, nervuli boWkos modeli 

da sxva, SeiZleba aixsnas dispersiuli sistemebis fizikur-

qimiur kanonzomierebaTa safuZvelze.

iseve, rogorc qimiis sxva dargebSi, dispersiul sistemaTa 

qimiaSic gvaqvs ramdenime klasifikacia, romlebic emyareba sx­

vadasxva niSnebs. rogorc iTqva, dispersiuli sistemebi hete
rogenulia, anu Sedgeba ori an ramdenime fazisagan, sadac arCeven 

dispersiul fazas _ dispersiul nivTierebas (faza SeiZleba 

iyos ramdenime) da sadispersio ares.
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dispersiulobis xarisxis mixedviT, dispersiuli fazis 

nawilakTa zoma saSualebas gvaZlevs sistemebi davyoT uxeS, 

saSualo da maRaldispersiul sitemebad.

uxeSdispersiuli sistemebi (suspenziebi, emulsiebi) 10-6g 

da meti.

saSualo dispersiuli sistemebi (kvamli) 10-6-10-7 g.

maRaldispersiuli sistemebi (koloiduri xsnarebi) 10-7-10-9g.

koloiduri TvisebebiT xasiaTdeba izolirebuli ujrede
bi da zedapiruli fena fazaTa sazRvarze da katalizatoris 

formebSi, emulsiebSi da sxva.

maRaldispersiul sistemebs miekuTvneba erTganzomilebiani 
(fibrilaruli) struqturebi: sinTezuri da bunebrivi boWkoebi, 
nervebi, kunTebi da sxva. am sistemebSi nawilakTa zomebi sxvadasxva 

mimarTulebiT erTmaneTisgan gansxvavebulia ramdenime rigiT.
fazaTa Soris urTierTqmedebis mixedviT dispersiul fazasa 

da dispersiul ares Soris urTierTqmedeba yovelTvis arsebobs, 

magram isini gansxvavdeba erTmaneTisgan Tavisi gamovlinebis 
xarisxiT. urTierTqmedebis xarisxis mixedviT sistemebi iyofa 
liofilurad (hidrofiluri) da liofoburad (hidrofoburi)

koloidur sistemebs miekuTvneba mravali maRalmoleku
luri nivTierebis xsnari. magaliTad, mravali cilisa da nuk
leinis mJavas wyalxsnarebi miekuTvneba hidrofilur disper
siul sistemebs. xolo keTilSobili liTonebis wyalxsnarebi 

miekuTvneba hidrofobur sistemebs, radgan dispersiuli fazis 

nawilakTa swrafva wylis molekulebisadmi mcirea.
suspenziebi da molekuleri koloidebi. dispersiuli 

sistemebis klasifikaciaSi gansakuTrebuli adgili ukavia 

maRalmolekulur naerTTa (mmn) xsnarebs. xSir SemTxvevaSi maT 

miakuTvneben WeSmarit xsnarebs, radgan isini homogenuri da 

Seqcevadebia. Tumca, makromolekulaTa zomebi imdenad didia, rom 

Seesabameba koloiduri nawilakebis zomebs, amasTan dakavSirebiT 
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isini avlenen dispersiuli sistemebisaTvis damaxasiaTebel 
mraval Tvisebas. esenia: difuziis mcire siCqare, damaxasiaTe
beli optikuri da eleqtrokinetikuri Tvisebebi, struqturebis 

warmoqmna da sxva.

radgan mmn xsnarebs axasiaTebs rogorc WeSmariti xsnarebis, 

ise koloiduri sistemebis Tvisebebi, maT ewoda maRalmoleku
luri koloidebi.

amrigad, yvela dispersiuli sistema SeiZleba davyoT or 

klasad: suspenziebad da molekulur koloidebad.

suspenziebi aris maRaldispersiuli heterogenuli siste
mebi, aramdgradebi da araSeqcevadebi. maTi nawilakebi Sedgeba 

atomebis an molekulebis agregatebisagan, romlebic gamoyo
filia dispersiuli aredan gamyofi zedapiriT.

molekuluri koloidebi _ homogenuri, erTfaziani, mdgradi 
da Seqcevadi sistemebia, romlebic calkeuli solvatirebuli 

makromolekulebia. makromolekulebis zomebi erT ganzomilebaSi 

mainc eTanxmeba koloiduri dispersiulobis xarisxs.

aRniSnuli ori klasisaTvis damaxasiaTebelia uwyveti ga
dasvla erTi klasidan meore klasSi.

koloiduri xsnarebis miReba. maRalmolekuluri kolo
iduri sistemebi miiReba ori meTodiT: 1) dispersiuli da 2) 

kondensaciuri gziT.
mdgradi koloiduri xsnarebis misaRebad saWiroa Semdegi 

pirobebi:

1) ori komponentis arseboba, romlebic erTmaneTSi cudad 

ixsneba;

2) nawilakTa koloiduri xarisxis miRweva (10-7-10-9 g);

3) stabilizatorebis arseboba, romlebic sistemas garkveul 

mdgradobas aZlevs.

koloiduri xsnarebis misaRebad iyeneben nebismier qimiur 
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reaqcias, romelTa Sedegadac warmoiqmneba Znelad xsnadi niv
Tiereba (hidrolizis, aRdgenis, daJangvis, mimocvlis reaqciebi 

da sxva).

maRalmolekulur naerTTa (mmn) xsnarebis Tvisebebi. 

mmn ewodeba iseT nivTierebebs, romelTa moluri masa 10-4-10-6 

rigisaa. makromolekuluri naerTi agebulia Zalian didi ricx­

vis ganmeorebadi rgolebisagan (fragmentebisagan).

maTi Tvisebebi damokidebulia ara marto qimiur Sedgeni
lobaze, aramed maT agebulebazec. arCeven sami saxis polimers: 

bunebrivs, xelovnursa da sinTezurs.

bunebriv polimerebs miekuTvneba nukleinis mJavebi, poli
saqaridebi da kauCuki.

sinTezur polimerebs miakuTvneben iseT polimerebs, rom
lebic miiReba sinTezis gziT dabalmolekuluri masis mqone 

nivTierebisagan (kaproni, neiloni, polieTileni).

xelovnuri maRalmolekuluri nivTierebebi miiReba bu
nebrivi mmn qimiuri damuSavebis gziT. umetes SemTxvevaSi es 

aris celulozis warmoebulebi.

makromolekulis formis mixedviT polimerebi iyofa xazovan, 

ganStoebul da badisebr polimerebad.

dRes sinTezur masalebs didi gamoyeneba aqvs medicinaSi. 

klinikur praqtikaSi maT iyeneben dazianebuli qsovilis, Zvlis, 

sisxlZarRvebis Sesacvlelad. naxevrad SeRwevadi membranis 

saxiT iyeneben xelovnuri Tirkmlis, xelovnuri gulis, RviZlisa 

da mravali sxva organos Sesaqmnelad. didi miRwevebia sisxlis 

plazmis Semcvleli polimeruli nivTierebis miRebis saqmeSi.

biologiuri makromolekulebi, polisaqaridebi glukozisa 

da sxva martivi naxSirwylebis polimerebia. polisaqaridebi 

asruleben mniSvnelovan struqturul funqcias, isini Sedian 

baqteriuli da mcenareuli ujredis kedlis SedgenilobaSi. 
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aseve asruleben sakvebi nivTierebis rols.

erT-erTi samarago polisaqaridia saxamebeli. saxameblis 

marcvals aqvs mkacrad gansazRvruli struqtura. meore sama
rago polisaqaridia glikogeni, romlis moluri masaa 5.106. 

glikogeni kargad ixsneba wyalSi. qimiuri procesis `evolu
ciaSi~ organizmebi Seeguen sakvebi nivTierebis maragis daleqvas 
glikogenisa da saxameblis saxiT.

farTod aris gavrcelebuli polisaqaridi celuloza. igi 

warmoqmnis grZel boWkoebs, romlebic erTmaneTTan dakavSire
bulia wyalbaduri bmebiT da amitom celuloza ar ixsneba wyalSi.

nukleinis mJavebi xazovani polimerebia Zalian didi mo
luri masiT: rnm (ribonukleinis mJava), dnm (dezoqsiribonuk
leinis mJava). maTi polimeruli jaWvebi Sedgeba azotis fu­

Zeebis, naxSirwyalbadisa da fosfatebisagan.

nukleinis mJavebi polimerebis erT-erTi mniSvnelovani 

klasia. isini memkvidreobiTobis informaciis wyaro da mTeli 

organizmis ganviTarebis ganmsazRvrelia. gamokvlevebi nukle
inis mJavebis sferoSi saSualebas iZleva gavSifroT maTi 

moqmedebis molekuluri meqanizmi cocxal ujredSi, rac Zalian 

did daxmarebas gauwevs medicinas memkvidreobiT daavadebebTan 

brZolis saqmeSi.

cilebi. yvela cila agebulia 20 sxvadasxva a-aminomJavas 
erTobliobiT. cilis SedgenilobaSi SeiZleba Sediodes ram
denime aseuli aminomJavas naSTi. adamianis organizmi Seicavs 

5 000 000-mde sxvadasxva saxis cilas. maT axasiaTebs rTuli 

sivrcobrivi struqtura. misi aRwerisaTvis sargebloben meore­

uli, mesameuli da meoTxeuli struqturebis cnebebiT. cilebi 

ZiriTadad iyofa or klasad: globularul da fibrilarul 

cilebad.
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globularuli cilis magaliTia hemoglobini.  masSi 

yoveli polipeptiduri jaWvi dakavSirebulia prosteTur /
gufTan _ hemTan.

fibrilaruli cila aris cilovani nivTierebebis sxvadasxva 

saxis jgufi, romelic Seicavs erT an ramdenime polipeptidur 

jaWvs.

mmn xsnadoba da gajirjveba. biopolimerebis xsnarebi 

homogenuri, Termodinamikurad mdgradi sistemebia. am Tvalsaz
risiT isini SeiZleba SevadaroT WeSmarit xsnarebs. mmn-is gaxsna 

xSirad TavisTavadi procesia gajirjvebis stadiis gavliT. 

gajirjvebis arsi mdgomareobs SemdegSi: sanam mmn gaixsneba, 

jer STanTqavs gamxsnelis (dabalmolekuluri nivTierebis) 

molekulebs da izrdeba moculobiT, masiT.

mmn xsnarebis Tanamedrove Teoria xsnadobas da gajirjvebas 

ixilavs, rogorc ori Txevadi fazis Serevis process.

organizmis fiziologiaSi gajirjvebis procesi did rols 

asrulebs. organizmis mravali komponenti gajirjvebis gamo 

gelis mdgomareobaSia. organizmSi wylis balansis regulireba 

xdeba TirkmelebiT, xolo SemaerTebeli qsovili wylis mi
mocvlis regulatoria sisxlsa da ujreds Soris. es qsovili 

aris Taviseburi depo organizmSi arsebuli Warbi wylisaTvis. 

swored misi saSualebiT xdeba ujredsa da qsovilebSi wylis 

Semcvelobis mkveTri cvlilebebis Sesusteba.

gajirjvebis procesi organoebisaTvis vlindeba mravali 

paTologiis dros (filtvis, tvinis SeSupeba da sxva).

alergiuli da anTebiTi daavadebis dros xorcieldeba lor­

wovani garsis gajirjveba. gajirjvebis procesebis Rrmad Ses­

wavlis mizniT, srulad unda gamovavlinoT biopolimeris agebu­

lebasa da gajirjvebas Soris urTierTkavSiris kanonzomiereba.

denaturacia. gare faqtorebis moqmedebis dros mravali 
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cila kargavs Tavis struqturas da Tvisebebs. pirvel rigSi 

icvleba maTi xsnadoba da biologiuri aqtivoba. am movlenas 

uwodeben denaturacias.

denaturaciis dros ZiriTadad irRveva peptiduri bma. 

struqtura arakanonzomieri xdeba. cilis denaturaciis yve
laze gamoxatuli Tvisebaa, rom igi kargavs aqtivobas (fer
mentuls, antigenurs, hormonalurs). SesaZlebelia cilebis 

sawyisi Tvisebebis aRdgena.

gamokvlevebma daadastura, rom cilaTa xsnarebSi zogierTi 

naerTis damateba amcirebs denaturaciis procesis tempera
turul intervals. albaT, es dakavSirebulia reagentsa da 

cilas Soris aqtiuri kompleqsis warmoqmnasTan. aseTi reagen
tis saxiT iyeneben Sardovanas, guanidinsa da sxva. cilebis 

denaturacias farTod iyeneben kvebis mrewvelobaSi.

gelebisa da labebis Tvisebebi. geli da laba ewodeba 

aradenad struqturul sistemebs, romlebic warmoiqmneba makro
molekulebs Soris urTierTqmedebiT, rogorc mmn xsnarebis, ise 

koloiduri xsnarebis SemTxvevaSi

geli SeiZleba iyos bunebrivi da xelovnuri (sinTezuri). 

organuli da araorganuli warmoSobis bunebriv gelebs mi­
ekuTvneba cocxali ujredis citoplazma, kani, Tvalis broli 

da sxva.

xelovnuri gelebi da labebi SeiZleba movamzadoT Jela
tinisagan, kauCukisagan da sxva. siliciummJavas geli pirobebis 

Sesabamisad warmoqmnis sxvadasxva saxis minerals.

labebi da maTi warmoqmna Zalian did rols asrulebs 

cxovelTa da mcenareTa organizmis ganviTarebaSi. cocxali 

organizmebi Sedgeba wylis sxvadasxva raodenobis Semcveli 

labebisagan. magaliTad, meduzis sxeuli cocxali labaa, rome
lic didi raodenobiT Seicavs wyals (98%-mde), xolo rqovani 
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qsovili Seicavs wyals minimaluri raodenobiT (meaTedi pro­

centi). bavSvobis asakSi Zvlis SemaerTebeli qsovili Zalze 

elastikuria, radgan Seicavs didi raodenobiT gelisebr kompo­

ziciebs. asakze damokidebulebiT izrdeba maTSi mineraluri 

marilebis koncentracia da zrdis mis simyifes.

labis warmoqmna xdeba sisxlis Sededebis dros, magram 

es procesi dakavSirebuli ar aris denaturaciasTan. sisxlis 

Sededebis dros xsnadi cila fibrinogeni gardaiqmneba uxsnad 

fibrinad. gardaqmnis es procesi dakavSirebulia ferment Trom­
binis moqmedebasTan.

TavisTavad fibrinogenis molekulebs ar axasiaTebs labis 

warmoqmnis unari, magram Trombis moqmedebiT xdeba fibrino
genis aqtiuri nawilis aqtivacia da warmoiqmneba fibrinis bade. 

gelis warmoqmna hgavs koloiduri sistemebis koagulaciis 

process, magram msgavseba maT Soris gamoixateba mxolod zogi 

aspeqtiT, magaliTad, orive procesis SemTxvevaSi koagulaciis 

dros dispersiuli sistema iyofa or fazad: dispersiul ared 

(siTxe) da dispersiul fazad (myari). xolo gelebisa da 

labebis warmoqmnis dros ar xdeba fazaTa dayofa, gamxsneli 

mTlianad rCeba sistemaSi, koncentracia labis yvela nawilSi 

ucvleli rCeba.

labis warmoqmnis procesi damokidebulia Semdeg faqto
rebze: molekulis zomaze, formasa da bunebaze, dispersiuli 

fazis koncentraciaze, temperaturaze, droze, eleqtrolitebis 
Tanaarsebobaze, xsnaris pH-ze da sxva.

labisa da gelis warmoqmnaze did gavlenas axdens tempera
tura. labis warmoqmnis procesi sustdeba temperaturis gazr
diT. labisa da gelis gadasvlas meqanikuri moqmedebiT zolSi 

an mmn xsnarSi, xolo Semdgom izoTermulad isev labisebr an 

gelSi gadasvlas, uwodeben tiqsotropias.
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zogi procesi, romelic dakavSirebulia labis an gelis 

daberebasTan, Seuqcevi xdeba.

gansakuTrebiT didi mniSvneloba aqvs labisa da gelis or 

fazad dayofis process, romelsac sinerizss uwodeben.
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kompleqsuri naerTebi

Tanamedrove medicina amyarebs kavSirs organizmSi elemen
tebis Semcvelobas, sxvadasxva daavadebis warmoSobasa da maT 

ganviTarebas Soris; saxavs sxvadasxva samkurnalo saSualebebis 

kvlevis da gamoyenebis gzebs.

organizmi gansakuTrebiT mgrZnobiarea mikroelementebis 

koncentraciis cvlilebebisadmi. mikroelementebs Seadgenen 

gardamavali elementebi, rogoricaa, Cu, Zn, Mn, Co, Fe, Ni. es 
elementebi ZiriTadad gvxvdeba fermentebSi koordinaciuli 

naerTebis saxiT. magaliTad, Mn Sedis 12 fermentSi, Fe _ 70-
Si, Cu _ 40-Si, Zn _ 100-Si, Fe _ 70-Si Mo da Co _ ramdenime 
fermentSi. aRniSnuli elementebis moqmedebis arsis dadgena 

SeiZleba kompleqswarmoqmnis meqanizmis ganxilviT, xolo sam­

kurnalo nivTierebebis efeqturobis gazrda SeiZleba maTi 

kompleqsebis miRebiT da SeswavliT sxvadasxva liTonebTan 

(mikroelementebTan).

koordinaciuli naerTebis Tvisebebi da struqtura ganxi
lulia da axsnili Sveicarieli mecnieris alfred verneris 

mier (1893 w.) naSromSi ̀ koordinaciuli Teoria~. Semdgom kvle
vaSi didi roli miuZRviT rus mecnierebs Cugaevs, Cerniaevs; 

saqarTveloSi p. gogoriSvils.

koordinaciuli Teoriis ZiriTadi debulebebia: nebismieri 

koordinaciuli naerTi Sedgeba ionebisagan, maTgan erT-erTs 

umetesad dadebiTad damuxtuls uWiravs centraluri adgili 

da mas uwodeben _ centralur ions an kompleqswarmomqmnels. 

uSualod mis garSemo koordinirebulni arian sawinaaRmdego 

niSnis mqone ionebi an neitraluri molekulebi. maT uwodeben 

ligandebs an adendebs. swored isini warmoqmnian Siga sakoordi
nacio sferos. centraluri ionis garSemo arsebuli ligandebis 
ricxvs ewodeba koordinaciuli ricxvi. is ionebi, romlebic 
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imyofebian Siga sferos gareT da Sesabamisad ufro did man­

Zilze centraluri ionidan, qmnian gare sakoordinacio sferos.

kompleqsis Siga sferos zRvrebs miuTiTeben kvadratuli 

frCxilebiT. Siga sfero gaxsnisas gamoirCeva meti stabilu
robiT, vidre gare sfero (romlis ionebi advilad mowydeba 

molekulas). ganvixiloT magaliTad kompleqsuri marili, rom
lis Sedgeniloba gamoisaxeba _ PtCl4

. 2KCl, misi koordinaciuli 

formulaa: K2[PtCl6], sadac Siga sfero Sedgeba: centraluri 

ionisagan _ Pt4+ da qloris Cl_ ionebisagan, xolo gare sfero 

_ kaliumis (K+) ionebisagan.

verneris ̀ koordinaciuli Teoria~ dResac ar kargavs Tavis 

mniSvnelobas da warmoadgens safuZvels kompleqsuri naerTebis 

Seswavlis dros. magaliTad, kompleqsuri naerTebis fizikur-

qimiuri Tvisebebis Seswavlis dros, verneri mivida im daskvnamde, 

rom koordinaciuli ricxvi damokidebulia centraluri atomis 

Jangvis xarisxze. magaliTad, koordinaciuli ricxvi 6 damaxa
siaTebelia kompleqsebisaTvis, sadac gvaqvs Pt4+, Cr3+, Co3+, Fe3+; 

koordinaciuli ricxvi 4  _ kompleqsebSi Cu2+, Zn2+, Pd2+, Pt2+; 

koordinaciuli ricxvi 2 _ kompleqsebSi Ag+, Cu+.

koordinaciul Teoriaze dayrdnobiT SeiZleba ganisazRv
ros, rom kompleqsuri an koordinaciuli naerTebi ewodeba iseT 

naerTebs, romelTa kristaluri mesris kvanZebSi moTavsebulia 

kompleqsuri nawilakebi, romlebsac damoukideblad SeuZliaT 

arseboba xsnarebSi. kompleqsuri naerTebis molekula Sedgeba 

Siga da gare sakoordinacio sferosagan. Siga sferoSi moTavse
bulia centraluri atomi da mis garSemo ligandebi. ligandebi 

SeiZleba iyos: NH3, H2O, NO, CO, CN_
, OH_

, NH2
_
. kompleqswar

momqmneli eleqtronTa aqceptoria, xolo ligandi _ donori.

Tu ligandi erTi bmiT ukavSirdeba kompleqswarmomqm­

nels mas monodenturi ewodeba, Tu oriT _ bidenturi, xolo 

ramdenime bmis SemTxvevaSi ligandi polidenturia. magaliTad, 
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monodenturi ligandebia: Cl_
, OH_

, NH3; bidenturi ligandebia:  

NH2
_ (CH2)2

_ NH2.

kompleqsuri ionis muxti tolia misi Semadgeneli ionebis 

muxtebis algebruli jamisa:

Ag+ + 2CN_  → [Ag(CN)2]
_1 	 (+1 _2 = _1)

Pt4+ + 6Cl_      →  [PtCl6]
_2	 	 (+4 _6 = _2)

kompleqsebis klasifikacia

eleqtruli muxtis mixedviT arCeven: kaTionur, anionur da 

neitralur kompleqsebs.

kaTionuri kompleqsi warmoiqmneba liTonis ionis irgvliv 

uaryofiTi ionebis an neitraluri molekulebis koordini
rebiT. magaliTad,

[Al(H2O)6]
3+Cl3, [Zn(NH3)4]

2+Cl2, [Cr(H2O)6]
3+Cl3.

anionur kompleqsSi kompleqswarmomqmnelis rolSi gamodis 

dadebiTad damuxtuli liTonis ioni, xolo ligandis rolSi 

_ anionebi. magaliTad,

K3[Fe(CN)6]
3_
, K4[Fe(CN)6]

4_
, K2[PtCl4]

2_
.

neitralur kompleqsSi centraluri atomis irgvliv koor
dinirebuli arian rogorc uaryofiTi, ise neitraluri ligan

NH3

NH3

NH3

NH3

Cu

2+ NH2

NH2

NH2

NH2

Cu

2+CH2

CH2

CH2

CH2
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debi. eleqtroneitralur kompleqss ar gaaCnia Siga da gare 

sakoordinacio sfero. isini araeloqtrolitebs warmoadgenen. 

magaliTad,

[Pt(NH3)2Cl2],	    [Ni(CO)4],		   [Fe(CO)5]
			       nikelis		      rkinis

		   tetrakarbonili      pentakarbonili

kaTionuri da anionuri kompleqsebi eleqtrolitebs war
moadgenen, isini disorcirdebian:

K3[Fe(CN)6]        3K+ + [Fe(CN)6]
3_

[Cr(H2O)6]Cl3       [Cr(H2O)6]
3+ + 3Cl_ 

cikluri, anu xelaturi, kompleqsuri naerTebi

isini Seicaven bi- da polidentur ligandebs, romlebic 

kbilanasaviT arian gamodebuli centralur atoms.

am kompleqsSi M-simboloTi aRiniSneba liToni, xolo isre
biT _ donorul-aqceptoruli bma. aseTi tipis kompleqsebs war­

moqmnian, magaliTad, rkina (^^^) oqsalat kompleqsi [Fe(C2O4)3]
3_
 

→←
→←

M
O — C == O

O — C == O
M

NH2 — CH2

NH2 — CH2

mieri gziT): donorul-aqceptoruls da atomebis gauwyvilebeli 

eleqtronebis xarjze. aseTi tipis kompleqsebis warmoqmna 

damaxasiaTebelia aminokarbonmJavebisTvis. umartivesi am mJa­
veTagan _ aminoZmarmJava (glicini) NH2CH2COOH_ warmoqmnis 

xelatebs Cu2+, Pt2+, Rh3+ ionebTan.

xelaturi naerTebi gamoirCeva maRali simtkiciT, vinaidan 
maTi centraluri atomi TiTqos `blokirebulia~ cikluri 

ligandebis kbilanebis mier. am simtkicis gamo kompleqsonebs 
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da platina (^&) eTilendiaminis kompleqsi [PtEn3]
4+.

xelatebis jgufs miakuTvneben agreTve Sidakompleqsur 

naerTebs, romlebSic centraluri atomi Sedis ciklis Semad
genlobaSi da ligandebTan warmoqmnis kovalentur bmebs (nebis

analizur qimiaSi udidesi gamoyeneba aqvs, rogorc gamxsnelebsa 

da damarbileblebs; xelaturi tipis organuli ligandebi 

warmoadgens metad mgrZnobiare da specifikur reagentebs gar­

damavali liTonebis kaTionebze. magaliTad, l. Cugaevis mier 

gamoyenebul iqna dimeTilglioqsimi, rogorc reaqtivi Ni2+ da 

Pd2+ ionebze.

izomeria koordinaciul naerTebSi

1. polimeria. polimeriis movlena imaSi mdgomareobs, rom 

arsebobs naerTebi, romelTa moluri masa imave Semadgenlobis 

umartivesi naerTis moluri masis jeradia; magaliTad, umar
tives formulas [Pt(NH3)2]Cl2 Seesabameba ori marili. maT So­

ris umartivess, monomers, aqvs moluri masa, romelic esadageba 

mocemul formulas. es aris yviTeli, wyalSi kargad xsnadi 

marili. gaormagebuli masis mqone nivTiereba mwvane ferisaa 

da wyalSi cudad ixsneba. misi formulaa [Pt(NH3)4][PtCl4]; igi 
miiReba:

[Pt(NH3)2]Cl2 + K2[PtCl4] → [Pt(NH3)4][PtCl4] + 2KCl
2. koordinaciuli izomeria _ dakavSirebulia ligandebis 

gadasvlasTan erTi kompleqswarmomqmnelidan meoreze, magaliTad,

H2C — H2N NH2 — CH2

OO C O

Cu

O C
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[Co(NH3)6][Cr(CN)6]		 [Cu(NH3)4][PtCl4]

[Cr(NH3)6][Co(CN)6]		 [Pt(NH3)4][CuCl4]

3. hidrataciuli izomeria. izomeriis am tips ganapiro­

bebs kompleqsnaerTis Siga da gare sferoSi wylis molekulebis 

sxvadasxvaoba, magaliTad, CrCl3(H3O)6 Sedgenilobis naerTi war
moqmnis sam izomers. esenia:

[Cr(H2O)6]
3+Cl3 _ iisferi

[CrCl(H2O)5]
2+Cl2 

.H2O _ mwvane

[CrCl2(H2O)4]
+Cl 

.2H2O _ muqi mwvane

4. ionizaciuri izomeria. izomeriis am tips ganapirobebs 

kompleqsnaerTis Siga da gare sferoSi ionebis sxvadasxvanairi 

ganawileba, magaliTad,

[Co(NH3)4ClNO2]
+Cl		  [Co(NH3)5Br]2+SO4

[Co(NH3)4Cl2]
+NO2		  [Co(NH3)5SO4]

+Br

5. stereoizomeria. am tipis izomerias ganapirobebs ligan
debis urTierTganlageba Siga koordinaciul sferoSi, magaliTad, 

[Pt(NH3)2]Cl2.

kompleqsnaerTebis saxelwodebebi

NH3

NH3

Cl

Cl
Pt

NH3

NH3

Cl

Cl
Pt



87

kompleqsuri kaTionis saxelwodeba gamoiTqmeba erTi 

sityviT, romlis dasawyisi warmoadgens uaryofiTi ligandis 

saxelwodebas, mas emateba SemaerTebeli ̀ o~, Semdeg xdeba neit
raluri ligandebis dasaxeleba, rogorc Tavisufali moleku
lisa. magaliTad,

[Co(NH3)4NO2Cl]NO3 _ qlornitrotetraamin kobalt (^^^)-
is nitrati.

anionebis dasaxelebac imave principiT xdeba, magaliTad,

K[Pt(NH3)Cl3] _ kaliumis triqloraminoplatinati.

biologiurad aqtiuri kompleqsuri naerTebis aR-
nagoba. liTonfermentebi. liTon-ligandis homeo-

stazis darRveva organizmSi.
xelatoTerapiis qimiuri safuZvlebi

cocxali organizmebis SemadgenlobaSi metad mniSvnelovania 

iseTi biologiurad aqtiuri nivTierebebis arseboba, rogoricaa 

liTonfermentebi, vitaminebi, hormonebi. isini warmoadgenen koor­
dinaciul naerTebs, sadac kompleqswarmomqmnelis rols asru­

lebs bioliTonis ioni, romelic Tavis uaxloes garemocvasTan 

erTad warmoqmnis klasters. uaxloes garemocvaSi igulisxmeba 

donoruli atomebi da zogierT SemTxvevaSi mTeli makrocikli. 

swored es klasteri warmoadgens bioaqtiuri nivTierebis aq­
tiur centrs. misi aRnagoba gansazRvravs biologiur aqtivobas.

cnobilia aTasobiT fermenti, romelic sxvadasxva tipis 

reaqcias akatalizebs. liTonfermentebiT warmarTuli reaqci­
ebi ZiriTadad or did jgufad iyofa: hidrolizuri da Jangva-

aRdgeniTi reaqciebi.

hidrolizuri reaqciebis warmmarTveli fermentebis Sed
genilobaSi Sedis bioliTonebi, romlebic mudmivi Jangvis xa
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risxiT xasiaTdebian. esenia: TuTia, kalciumi, magniumi, manganumi 
(^^), kobalti (^^)-ic. hidrolizuri reaqciebis dros ar xdeba 

eleqtronis gadatana da liTonis Jangvis xarisxis cvlileba. 

am dros mimdinareobs mxolod heterolituri meqanizmiT qi­

miuri bmebis rRveva da axlis warmoqmna.

Jangva-aRdgeniTi reaqciebis warmmarTveli liTonfermen
tebis SemadgenlobaSi Sedis: rkina, spilenZi, molibdeni, kobalti. 
swored isini warmoadgenen energiis wyaros mravalricxovani 
biologiuri funqciis realizaciisTvis. Jangvis procesi 

SeiZleba sqematurad ori gantolebiT Caiweros:

SH2 + O2 → S + H2O2
2SH2 + O2 → 2S + 2H2O

sadac, S  _substratis daJanguli, xolo SH2 _ aRdgenili 

formaa.

kompleqswarmomqmnelis bunebisagan damokidebulebiT icv
leba maTi biologiuri funqcia. magaliTad, kompleqsebi rkinis 

kaTioniT hemoglobinis, mioglobinis, citoqromebis safuZvelia; 

magniumis kaTioniT _ qlorofilis; rkinisa da spilenZis ione
biT _ citoqromoqsidazis safuZvelia.

bunebriv kompleqsur naerTebs Soris gansakuTrebuli 

adgili ukavia cikluri polipeptidebis safuZvelze miRebul 

makrokompleqsebs. maT aqvT gansazRvruli zomis Rru, romelic 

amogebulia ramdenime JangbadSemcveli jgufiT, romelTac 

axasiaTebs am Rrus Sesabamisi radiusis ionebis donorul-aq
ceptoruli meqanizmiT SeboWvis unari. aseTi saxis kompleqsebi 
ionebis gadamtanebia biologiur membranebSi da maT ionoforebi 
ewodeba.

ganvixiloT liTon-ligandis homeostazis (wonasworobis) 

darRveva organizmSi. organizmSi ganuwyvetliv mimdinareobs 

sasicocxlod aucilebeli biokompleqsebis (MBLB), romlebic 
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agebulia ̀ sicocxlis liTonTa~ kaTionebiT, anu bioliTonebiT 

(MB) da bioligandebiT (LB), warmoqmna da daSla:

MB + LB	     [MBLB]

organizmsa da garemos Soris mimdinare cvlis procesebis 

xarjze SenarCunebulia am wonasworobaSi monawile nivTierebaTa 
koncentraciebi gansazRvrul doneze da amiT uzrunvelyofilia 

liTon-ligandis balansi (wonasworoba). am wonasworobis 
gadaxra ama Tu im mxares iwvevs organizmSi metaboluri pro­

cesebis darRvevas da paTologiis ganviTarebas. liTon-ligandis 

homeostazis darRveva gamowveulia sxvadasxva mizeziT: a) or­

ganizmis mier bioliTonTa kaTionebis (MB) miuReblobiT an 

mcire raodenobis miRebiT xangrZlivi drois ganmavlobaSi; b) 

bioliTonTa kaTionebis mniSvnelovnad didi raodenobis miRebiT, 

vidre aucilebelia organizmis cxovelqmedebisaTvis.
es darRvevebi SeiZleba gamowveuli iyos daubalansebeli 

kvebiT an adamianis sacxovrebeli adgilis biogeoqimiuri Tavi
seburebebiT.

metaboluri procesebis ufro seriozul darRvevebs iwvevs 

organizmSi toqsikuri liTonebis (MT) an toqsikuri ligan­

debis (LT) moxvedra, zogjer ki organizmisaTvis aradamaxasi
aTebeli ligandebis warmoqmna (liganduri paTologia).

toqsikur liTonTa kaTionebiT _ kompleqswarmomqmnelebiT 

(Hg2+, As3+, Pb2+, Pb4+, Cd2+, Tl3+) mowamvla mravalvariantuli 

xasiaTisaa da gamowveulia maT mier cilebis sulfhidriluri 

jgufebis (_SH) blokirebiT an dnm-Tan da rnm-Tan, agreTve, 

membranis fosfolipidebTan maTi urTierTqmedebiT, an fermen
tebis aqtiuri centrebidan TuTiisa da spilenZis kaTionebis 

gamoZevebiT. yvela es procesi mimdinareobs toqsikur ligan
debTan mdgradi [MTLB] kompleqsebis warmoqmniT.

toqsikuri ligandebis moxvedram organizmSi rogorc Ta­

→←
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visufali, ise kompleqsuri ionebis saxiT, SeiZleba gamoiwvios 
mZime Sedegebi, magaliTad, simsivneebi, mutagenezi, nivTierebaTa 
cvlis darRveva da sxva paTologiebi.

liTonebiT mowamvlis SemTxvevaSi mimarTaven xelatoTe
rapias, anu sawamlavsawinaaRmdego saSualebis saxiT polidenta­

turi ligand-preparatebis gamoyenebas, romlebic toqsikur 
liTonebTan warmoqmnian mdgrad, wyalSi xsnad kompleqsebs 

da am saxiT gamoiyofian organizmidan. xelatoferapiisaTvis 

aucilebelia, rom toqsikurma liTonma organizmSi Seyvanil 

preparatTan warmoqmnas (MTLB)-ze ufro mdgradi kompleqsi 

_ (MTP), e.i. daculi unda iyos piroba:

K
umdg.

(MTP) < K
umdg.

(MTLB).

amasTanave, Seyvanilma ligand-preparatma bioliTonTa ka­

TionebTan ar unda warmoqmnas mdgradi [MBP] kompleqsi, raTa 

ar daSalos maTi kompleqsebi bioligandebTan _ [MBLB], e.i. 
daculi unda iyos kidev erTi piroba:

K
umdg.

(MBLB) < K
umdg.

(MBP).

amgvarad, xelatoTerapiisas ligand-preparatma efeqturad 
unda daikavSiros toqsikuri liToni mdgar [MTP]  kompleqsis 

warmoqmniT da ar unda gamoiwvios sasicocxlod aucilebeli 

[MBLB] kompleqsis rRveva.

liTonebiT mowamvlisas antidotad SeiZleba gamoyenebul 

iqnes: edta (eTilendiamintetraZmarmJavas ornatriummarili), 

magram didi doziT miRebisas am preparats SeuZlia kalciu­

mis ionebis mierTeba, rac iwvevs organizmis mravali funqciis 

darRvevas. amitom, tyviis, vercxliswylis, kadmiumis da uranis 

organizmidan gamoyvanis mizniT iyeneben preparats _ tetacins 
(eTilendiamintetraZmarmJavas kalciumnatriumiani marili), 

romelic kalciumis ionebisadmi dabali swrafviT xasiaTdeba. 
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tetacinis xangrZlivi miRebis SemTxvevaSi rekomendebulia rki­

nis preparatebisa da B12 vitaminis gamoyeneba, raTa Semcirdes 

am preparatis Tanamdevi moqmedeba, rac dakavSirebulia mis 

mier kompleqsebis warmoqmnasTan mniSvnelovani biokompleqsebis 

SemadgenlobaSi Semaval rkinasTan da kobaltTan.

xelatoTerapiisaTvis efeqtur preparatebs warmoadgenen:

aRniSnuli maxelatirebeli nivTierebebi (ligandebi) efeq
turad ikavSireben yvela toqsikur liTons da, amasTanave, or­

ganizmidan ar gamohyavT bioliTonebi.

sxvadasxva naerTebiT mowamvlisas universalur antidots 

warmoadgens natriumis Tiosulfati (Na2S2O3), romelic Seicavs 

Tiosulfat-ions, toqsikuri liTonebis mimarT aqtiur ligands.

amgvarad, xelatoTerapiis qimiur safuZvels warmoadgens 

ligand-mimocvliTi wonasworobis gadanacvleba [MTP]-s war
moqmnis mxares, xolo misi aucilebeli pirobaa is, rom [MBLB]-s 
mdgradoba meti iyos [MBP]-s mdgradobaze.

amJamad arsebuli sinTezuri preparatebis umravlesoba 

kompleqsuri xasiaTisaa an warmoadgens potenciur kompleqs
warmomqmnels, rig SemTxvevaSi, potenciur ligands. am nivTiere
baTa farmakologiuri efeqti ganpirobebulia maTi biologiuri 

aqtivobiT an metabolizmis (daJangvis, aRdgenis, hidrolizis 

da a.S.) produqtebiT. sinTezuri biokoordinaciuli naerTebis 

CH2 — CH — CH2

SH —  SH —  SO3Na

HOOC — CH — SH

HOOC — CH — SH
uniTioli sukcimeri

penicilamini

H3N  —  CH — COO_

      (CH3)2 — C   —   SH

+ 
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Seyvana organizmSi xSirad arasasurvel, zogjer ki mZime paTo
logiur movlenebs iwvevs, rac gasaTvaliswinebelia samkurnalo 

preparatebis gamoyenebisas.

liTon-ligandis homeostazis regulireba organizmSi nor
maluri mdgomareobis dros xorcieldeba nervuli, endokrinuli 

da imunuri sistemebiT.
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eleqtroqimia

eleqtroqimia aris fizikuri qimiis nawili, romelic Se
iswavlis ionuri sistemebis fizikur-qimiur Tvisebebs, agreTve, 
movlenebs, romelTac adgili aqvs fazaTa gamyof zedapirze 
da romlebSic monawileobs damuxtuli nawilakebi (ionebi da 
eleqtronebi).

eleqtroqimiur procesebs didi mniSvneloba aqvs cocxal 

organizmSi, qimiur mrewvelobasa da samkurnalo preparatebis 

teqnologiaSi. es procesebi safuZvlad udevs nivTierebaTa kvle
visa da analizis Tanamedrove meTodebs.

eleqtrolitebis xsnarTa eleqtrogamtaroba.
xvedriTi da eqvivalenturi eleqtrogamtaroba

nivTierebis unars gaataros eleqtruli deni, ewodeba 

eleqtrogamtaroba. ganasxvaveben eleqtruli denis gamtarebis 
or rigs.

pirveli rigis gamtarebis eleqtrogamtaroba ganpiro
bebulia eleqtronebis moZraobiT. meore rigis gamtarebSi 

eleqtroba gadaaqvs ionebs.

xvedriTi elgamtaroba (k-kapa) warmoadgens winaRobis (r  
_ ro) Sebrunebul sidides:

    (1),    Tavis mxriv         (2)

sadac  R _ saerTo winaRobaa (omi),  _ gamtaris sigrZe (sm), 
s _ gamtaris ganivkveTis farTobi (sm2).

xvedriTi elgamtarobis ganzomilebaa omi-1 sm-1.

xvedriTi elgamtarobis damokidebuleba xsnaris koncent
raciaze eqstremaluri xasiaTisaa da damaxasiaTebelia rogorc 

ρ = Rs
l

κ = 1
ρ
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susti, aseve Zlieri eleqtrolitebisaTvis. maqsimumis arseboba 
SeiZleba ase aixsnas:

orive saxis eleqtrolitebSi xsnaris koncentraciasTan 

erTad izrdeba ionTa koncentracia, rac iwvevs xvedriTi el
gamtarobis matebas. koncentraciis garkveuli mniSvnelobis 

Semdeg sust eleqtrolitebSi koncentraciis zrda iwvevs 

disociaciis xarisxis, xolo ZlierebSi _ ionTa moZraobis siC
qaris Semcirebas. amis Sedegad xvedriTi elgamtaroba mcirdeba.

xsnaris elgamtarobas axasiaTeben agreTve ekvivalenturi 

elgamtarobiT (l _ lambda), romelic tolia:

    (3)      l = k.V      (4)

sadac  C _ xsnaris koncentraciaa,  k (kapa) _ xvedriTi 
elgamtaroba,  V = 1/C_ ganzaveba.

ekvivalenturi elgamtaroba ewodeba 1 gramekvivalenti 

eleqtrolitis Semcveli nebismieri koncentraciis xsnaris 

elgamtarobas, romelic moTavsebelia erTmaneTisagan 1 sm-iT 

daSorebul eleqtrodebs Soris.

rogorc Zlieri, iseve susti eleqtrolitebis ekvivalen
turi elgamtaroba mcirdeba koncentraciis zrdisas (ganzavebis 
Semcirebisas). amasTan, am damokidebulebas (Zlieri da susti 
eleqtrolitebisaTvis) gansxvavebuli xasiaTi aqvs. susti 
eleqtrolitebis SemTxvevaSi l (lambda)-s mateba ganzavebisas 
gamowveulia disociaciis xarisxis zrdiT:

			   		  (5)

sadac  lv da av _ Seesabameba V ganzavebas, xolo l  da a  
_ zRvrul ganzavebas.

Zlier eleqtrolitebSi ki ganzavebisas adgili aqvs ionuri 
atmosferos simkvrivis Semcirebas, Sesabamisad, ionTa siCqareebisa 
da eleqtrogamtarobis matebas. Zlieri eleqtrolitebis el­

gamtarobis damokidebuleba koncentraciaze gamoisaxeba kol­
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rauSis formuliT:

		  l =  l  _ A 		 (6)

ionTa Zvradoba. gadatanis ricxvi

cnobilia, rom xsnarebSi ionebi uwesrigod moZraoben. 

eleqtruli velis arsebobis pirobebSi ionebis moZraoba mo
wesrigebuli xdeba, kerZod, dadebiTi ioni miiswrafvis  denis 

uaryofiTi polusisken, xolo uaryofiTi ioni _ dadebiTi 

polusisken. ionTa moZraobis siCqare miT metia, rac metia 

potencialis gradienti. ionis moZraobis absoluturi siCqare 

ewodeba erT-erTi eleqtrodis mimarTulebiT ionis moZraobis 

siCqares im pirobebSi, rodesac potencialis vardnaa 1 volti$sm. 
es siCqareebi aRiniSneba u+ da u_ -iT, Sesabamisad dadebiTi da 

uaryofiTi ionebisaTvis. ionTa Zvradoba warmoadgens absolu
turi siCqareebis namravls faradeis ricxvze:

			   l+ = Fu+  		   (7)

			   l_ = Fu_  		  (8)

sadac F _ faradeis ricxvia (96 500 kuloni), l+ _ dadebiTi 

ionis Zvradoba, l_  _ uaryofiTi ionis Zvradoba.

xsnaris ekvivalentur elgamtarobasa da ionTa Zvradobebs 

Soris Semdegi damokidebuleba arsebobs:

Zlieri eleqtrolitebisaTvis

			   l = l+ + l_  		  (9)

susti eleqtrolitebisaTvis

			   l = a( l+ + l_ )  	 	 (10)

sadac  a _ disociaciis xarisxia.
ganzavebisas izrdeba ionTa Zvradoba da zRvruli ganzavebis 

pirobebSi maqsimalur mniSvnelobas aRwevs. Sesabamisad izrdeba 

ekvivalenturi elgamtarobis mniSvnelobac. zRvruli ganzavebis 
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pirobebSi rogorc Zlieri, aseve susti eleqtrolitebisaTvis 
gvaqvs:

 =  + 		  (11)

(11) warmoadgens kolrauSis kanonis gamosaxulebas.

wyalxsnarebSi 250C ionTa Zvradobebis mniSvneloba 20 80 

sm$wm.volti farglebSia. anomaliurad maRali Zvradoba gaaCnia 

hidroqsoniumis (H3O)+ da hidroqsilis (OH_
) ionebs. H3O

+ 

Zvradobaa 349,8 sm2$wm.volti, xolo OH_
-is Zvradobaa 197,6 

sm2$wm.volti. am ionTa anomaliurad maRali Zvradobis mizezi 

SemdegSi mdgomareobs: eleqtrul velSi hidroqsoniumis H3O
+ 

ionsa da wylis molekulas Soris mimdinareobs protonis 

gadacemis procesi:

miRebuli H3O
+, Tavis mxriv, gadascems H+-s mis gverdze 

myof H2O-s molekulas da a.S. amasTan H+-is gadacema mimdina
reobs uaryofiTi polusis mimarTulebiT.

rac Seexeba hidroqsilis ions OH_
, aq piriqiT, wylis mo

lekula gadascems mas protons:

miRebuli wyali isev gadascems H+-s mis gverdze arsebul 

OH_
 da a.S. am SemTxvevaSic adgili aqvs protonis gadanacv­

lebas uaryofiTi polusis mimarTulebiT, rac iwvevs dadebiTi 

polusis mimdebare areSi OH_
-is koncentraciis zrdas.

amgvarad, orive SemTxvevaSi denis gadatana xdeba ara H3O
+ 

da OH_
-is ionebis moZraobiT Sesabamisi polusebisaken (Tumca 

amasac aqvs adgili), aramed, ZiriTadad, protonis gadaadgile

>

uaryofiTi 

nawilakiH+ > H+

uaryofiTi 

polusi
H+ >

H2O + OH— →  OH— + H2O
H+ >

+OH—
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biT uaryofiTi polusisaken. amasTan, protoni gaivlis mxo
lod wylis erTi molekulidan meoremde da ara mTel manZils 

kaTodamde. elgamtarobis aseT tips ewodeba estafeturi. 

estafeturi elgamtaroba da amis Semdeg anomaliuri Zvradoba 

wyalxsnarebSi axasiaTebs mxolod H3O
+ da OH_

-is ionebs, rac 

imiT aris gamowveuli, rom es ionebi warmoadgenen gamxsnelis 

disociaciis produqtebs.

eleqtrolitebSi eleqtronebis gadatana xorcieldeba 

rogorc dadebiTi, ise uaryofiTi ionebis saSualebiT. kaTionisa 
da anionis gansxvavebuli Zvradobis gamo maT gadaaqvT eleqtro­

bis gansxvavebuli raodenoba. ionis gadatanis ricxvi ewodeba 

mocemuli tipis ionebiT gadatanili eleqtrobis raodenobis 

fardobas eleqtrolitSi gavlili denis saerTo raodenobasTan.

          (12)                    (13)

sadac t+ da t_ _ Sesabamisad dadebiTi da uaryofiTi ionis 

gadatanis ricxvia; I+ da I_ _ maT mier gadatanili 

eleqtrobis raodenoba; I _ eleqtrolitSi gavlili 

denis saerTo raodenoba.

	  			  (14)

gadatanis ricxvebi SeiZleba asec gamoisaxos:

	 				    (15)

	

      				    (16)

eleqtroforezisa da relaqsaciis efeqtebi Zlier 
eleqtrolitebSi



98

Zlier eleqtrolitebSi ionuri atmosferos arseboba 

ganapirobebs mis damamuxruWebel gavlenas ionis moZraobaze. 

eleqtrul velSi centraluri ioni gadaadgildeba erTi 

mimarTulebiT, xolo misi ionuri atmosfero _ sawinaaRmdego 

mimarTulebiT. amave dros, ionuri atmosfero da centraluri 

ioni erTmaneTTan dakavSirebulia eleqtrostatikuri ZalebiT 

da TiToeuli maTgani cdilobs, eleqtrul velSi misTvis upi­

ratesi mimarTulebiT gadaadgilos meore. Sedegad muxruWdeba 
ionTa moZraoba eleqtrodebis mimarTulebiT, mcirdeba Zvradoba 
da, aqedan gamomdinare, eqvivalenturi elgamtaroba. am efeqts 
eleqtroforezuli efeqti ewodeba. bunebrivia, rac metia xsna
ris koncentracia, miT meti iqneba ionuri atmosferos simkvrive 

da misi damamuxruWebeli gavlena centraluri ionis moZraobaze.

ionuri atmosfero amuxruWebs centraluri ionis moZra
obas ara marto eleqtrul velSi, aramed velis gareSec. ioni 

uwesrigo moZraobis drosac gamodis Tavisi ionuri atmosfe
rodan da qmnis axal atmosferos. amis gamo irRveva ionuri 

atmosferos simetria, amasTan, atmosferos simkvrive metia 

moZravi ionis ukan, rac iwvevs ionis moZraobis Senelebas. am 

efeqts ewodeba relaqsaciis an asimetriis efeqti. vinis, debaisa 

da falkangagenis eqsperimentebiT naCvenebi iqna, rom eleqtro­

forezuli efeqti ~ 2-jer ufro Zlieria, vidre relaqsaciuri. 

SemdgomSi onzagerma gamoiyvana gantoleba, romelic iZleva 

eleqtroforezisa da relaqsaciis efeqtebis mniSvnelobis gaan­

gariSebis SesaZleblobas. aRmoCnda, rom onzageris gantoleba 

analogiuria kolrauSis gantolebisa:

l =  l  _ A                  (6)
onzageris mixedviT, A warmoadgens eleqtroforezuli da 

relaqsaciuri efeqtebis jams.

qsovilebisa da ujredebis eleqtrogamtaroba
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biologiuri obieqtebi xasiaTdeba rogorc gamtaruli, ise 

dieleqtrikuli TvisebebiT. sistemebi, romelTa SemadgenlobaSi 
Sedis ionebi, xasiaTdebian maRali eleqtrogamtarobiT (zurgis 
tvinis siTxe _ X = 1,8 sim$m, sisxlis Srati _ X = 1,4 sim$m) 
da avlens dieleqtrikis Tvisebebs. Zvali xasiaTdeba Zalian 

dabali eleqtrogamtarobiT (X = 5,0 × 10-7 sim/m) da avlens 

dieleqtrikis Tvisebebs.

ujredebisa da qsovilebis eleqtruli Tvisebebis gamokv
levas didi mniSvneloba aqvs maTi struqturisa da fizikur-

qimiuri Taviseburebebis Sesaswavlad.

ujredis citoplazma Seicavs didi raodenobiT ionebs da 

xasiaTdeba maRali eleqtrogamtarobiT, membranebi ki dabali 

eleqtrogamtarobiT, radgan isini agebulia lipidebisa da 

cilebisagan. amasTan dakavSirebiT, konduqtrometria farTo 

gamoyenebas poulobs medicinaSi. am meTodiT Seiswavleba fizi­

ologiuri procesebis mimdinareobaze damazianebeli faqtorebis 

(travmebi, damwvroba, gamosxiveba) gavlena. magaliTad, rodesac 

kvdeba qsovili, misi gamtaroba izrdeba, rac metyvelebs ionTa 

koncentraciis gazrdaze da, maSasadame, membranis ganvladobis 

gazrdaze.

es meTodi aseve farTod gamoiyeneba anTebiTi procesebis 

Seswavlisas ujredis doneze. anTebiTi procesebis pirvel  

stadiaze xdeba xvedriTi eleqtrogamtarobis Semcireba, rad
gan ujredi ijirjveba. bolo stadiaze  xdeba struqturuli 

darRvevebi, rac iwvevs membranuli SeRwevadobis cvlilebas da 

Sesabamisad izrdeba eleqtrogamtaroba.

galvanuri elementebi

galvanuri elementi ewodeba mowyobilobas, romelSic 
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eleqtruli deni miiReba qimiuri reaqciis xarjze. galvanur 

elementSi mimdinare procesebi warmoadgens Jangva-aRdgeniT 

reaqciebs, oRond Cveulebrivi qimiuri reaqciebisgan gansxvave­

biT, eleqtruli denis misaRebad Jangva da aRdgena cal-calke 

(sxvadasxva eleqtrodebze) unda mimdinareobdes.

galvanuri elementi Sedgeba 2 naxevarelementisagan, rom­

lebic erTmaneTTan SeerTebulia ̂  gvaris gamtariT. am gamtaris 

saSualebiT eleqtronebis nakadi gadadis ufro maRali eleqt­

ruli potencialis mqone naxevarelementidan ufro dabali 

potencialis mqone naxevarelementze.

ganvixiloT, ra procesebs aqvs adgili naxevarelementSi. 

vTqvaT, naxevarelementi warmoadgens liTonis Reros, CaSvebuls 

Tavisive marilis xsnarSi. liTonis Rerosa da xsnars Soris 

aRiZvreba garkveuli urTierTqmedeba. imis mixedviT, Tu ra 

Tanafardoba arsebobs xsnaris koncentracias, ionis hidrata­

ciis energiasa da liTonidan ionis gamosvlis energias Soris, 

adgili eqneba liTonis dadebiTi ionis gadasvlas liTonis 

Rerodan xsnarSi an, piriqiT, dadebiTi ionis gadasvlas xsnaridan 

liTonis Reroze. vTqvaT, liTonis Rerodan xsnarSi gadavida 

liTonis dadebiTi ionebi, liToni SeiZens uaryofiT eleqtrul 

muxts, xolo xsnarSi gveqneba dadebiTi ionebis siWarbe. liTo­

nis uaryofiTi muxtis zegavleniT xsnarSi arsebuli kaTionebi 

koncentrirdeba liTonis RerosTan, gansakuTrebiT liTonis ze­

dapirTan uSualod mimdebare fenaSi. xolo anionebi ganizideba 

liTonisagan, gansakuTrebiT Zlierad _ liTonis mimdebare 

fenidan. Sedegad aRiZvreba ormagi eleqtruli Sre da poten­

cialTa sxvaoba liToni_xsnaris gamyof zedapirze. liTonis 

bunebis, xsnaris koncentraciis da sxva faqtorebis zegavleniT 

potencialTa am sxvaobas, anu e.w. eleqtrodis potencials, sx­

vadasxva mniSvneloba eqneba sxvadasxva naxevarelementisaTvis 

(simartivisaTvis naxevarelements eleqtrods uwodeben).
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rogorc ukve aRiniSna, galvanuri elementi Sedgeba erT
maneTTan gamtariT SeerTebuli 2 eleqtrodisagan. vTqvaT, 

erTi eleqtrodia TuTia, CaSvebuli Tavisive marilis xsnarSi 

(ZnSO4), meore eleqtrodia spilenZi, CaSvebuli CuSO4-Si. Tu­

Tiis eleqtrodze mimdinareobs liTonidan xsnarSi kaTionebis 
gadasvlis procesi:

Zn = Zn2+ + 2e_
 			   (1)

spilenZis eleqtrodze adgili aqvs xsnaridan spilenZis 

ionebis gamoleqvas:

Cu2+ + 2e_
  = Cu		  	  

 (2)

Sejamebuli qimiuri reaqcia, romelic galvanur elementSi 
mimdinareobs, aseTia:

Zn + Cu2+ = Zn2+ + Cu		   (3)
Tu eleqtrodebs SevaerTebT ^ gvaris gamtariT, galvanur 

elementSi gaivlis deni. eleqtruli deni miiReba (3) qimiuri 

reaqciis xarjze. magram denis warmoqmnis aucilebeli pirobaa 

(1) da (2) reaqciebis calcalke, anu sxvadasxva eleqtrodebze 

mimdinareoba.

galvanuri elementis e.m.Z., Tu mxedvelobaSi ar miviRebT 

difuziur potencials, SeiZleba ganvixiloT, rogorc eleqt
roduli potencialebis sxvaoba:

E
galv.

 = E+ _ E_ 			   (4)

amgvari Caweris dros galvanuri elementis e.m.Z. dadebiTi 

sididea.

eleqtroqimiuri wredi arsebobs Seqcevadi da uqcevi. 

wredi Seqcevadia, Tu masSi denis sapirispiro mimarTulebiT 

gatarebisas TiToeul eleqtrodze da mTlianad elementSi 

mimdinareobs Tavdapirvelis Sebrunebuli procesi.

magaliTisTvis ganvixiloT galvanuri elementi:

(-) Zn | Zn2+ || Cu2+ | Cu (+)	 	 (^)
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am elementis normaluri muSaobis dros dadebiT polusze 

mimdinareobs ori procesi, uaryofiTze _ (1) reaqcia, xolo 

galvanur elementSi mimdinare jamuri procesia (3). Tu dens 

gavatarebT sawinaaRmdego mimarTulebiT, maSin TuTiis eleqt
rodze adgili eqneba TuTiis ionis aRdgenas, anu (1)-is Seb
runebul process:

Zn2+ + 2e_ = Zn	
		  (1')

spilenZis eleqtrodze warimarTeba (3)-is Sebrunebuli 

reaqcia, anu spilenZis daJangva:

Cu = Cu2+ + 2e_ 	
		  (2')

mTlianad galvanur elementSi ki adgili eqneba (3)-is 

Sebrunebul jamur process:

Cu + Zn2+ = Cu2+ + Zn	
	 (3')

amgvarad, ganxiluli (^) wredi principulad Seqcevadia. 

magram Seqcevadoba ar niSnavs imas, rom wredi Seqcevadad 

imuSavebs. galvanuri elementi Seqcevadad imuSavebs maSin, 

rodesac misi e.m.Z. usasrulod mcire sididiT aRemateba sawi­

naaRmdegod mimarTuli e.m.Z.-s.

garda Seqcevadi wredebisa, arsebobs uqcevi wredebi, 

romelSic denis sawinaaRmdego mimarTulebiT gatarebisas 

rogorc calcalke eleqtrodebze, iseve mTlianad galvanur 

elementSi, warimarTeba ara Tavdapirvelis Sebrunebuli, aramed 

sxva reaqciebi.

uqcevi galvanuri elementis magaliTia Semdegi:

(-) Zn | H+  | Cu (+)		  	 (^^)

eleqtrodis standartuli potenciali.
wyalbadis standartuli eleqtrodi

wyalbadis eleqtrodi warmoadgens moplatinebuli pla
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tinis firfitas, romelic CaSvebulia wyalbadis ionebis Semc
vel xsnarSi da imyofeba airadi wyalbadis atmosferoSi. Tu 

wyalbadis ionebis aqtivoba 1-is tolia da airadi wyalbadis 

wneva udris 1 atmosferos, aseT eleqtrods ewodeba wyalbadis 

standartuli (normaluri) eleqtrodi:

(Pt), H2 | H
+

P = 1atm.,	   aH+ = 1	
wyalbadis standartuli eleqtrodis potenciali miCne­

ulia 0-is tolad. igi gamoiyeneba sxva eleqtrodebis stan­
dartuli potencialis gansazRvrisaTvis.

nebismieri eleqtrodis standartuli potenciali ewodeba 

eleqtrodis potencials im SemTxvevaSi, rodesac xsnarSi ionTa 

aqtivoba 1-is tolia.

Tu mocemuli standartuli eleqtrodisa da wyalbadis 

standartuli eleqtrodisagan Sedgenil eleqtroqimiur wredSi 

eleqtrodi uaryofiTad imuxteba, mocemuli eleqtrodis stan­
dartuli potenciali iTvleba uaryofiTad. misi uaryofiTi 

potenciali ricxobrivad tolia wredis e.m.Z-isa (radgan wy­

albadis standartuli eleqtrodis potenciali CaTvlilia 

0-is tolad).

ganvixiloT magaliTi. SevadginoT wredi TuTiisa da wyal
badis normaluri (standartuli) eleqtrodebisagan

(-) Zn | Zn2+ || H+ | H2, Pt (+)
aZn2+ = 1	 aH+= 1, 	 PH2 = 1atm.

am wredSi TuTia warmoadgens uaryofiT, xolo wyalbadi 

_ dadebiT eleqtrods:

(-) Zn = Zn2+ +2e_

(+) 2H+ + 2e_ = H2
wredis e.m.Z. tolia 0,763 v-is. maSasadame, TuTiis eleqt

rodis (Zn | Zn2 ) standartuli potenciali uaryofiTia da 

udris (-0,763) v-s.
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Tu SevadgenT elements spilenZisa da wyalbadis standar
tuli eleqtrodebisagan:

(-) Pt, H2 | H
+ || Cu2+ | Cu (+), 

maSin am wredSi wyalbadi iqneba uaryofiTi, xolo spilenZi _ 

dadebiTi eleqtrodi:

(-) H2 = 2H+ + 2e_ 
(+) Cu2+ + 2e_ = Cu

elementis e.m.Z. udris 0,337 v-s. es niSnavs, rom spilenZis 

standartuli eleqtrodis potenciali udris +0,337 v-s.

I da II gvaris eleqtrodebi

^ gvaris eleqtrodi ewodeba naxevarelements, romelic 

Sedgeba Tavisive marilis wyalxsnarSi CaSvebuli liTonisagan 

da romelic Seqcevadia kaTionis mimarT. eleqtrodis Seqce
vadoba ganvixiloT TuTiis naxevarelementis magaliTze. vTqvaT, 

es eleqtrodi asrulebs uaryofiTi polusis rols (es im 

SemTxvevaSi moxdeba, Tu igi mierTebulia masze ufro dadebiT, 
vTqvaT, spilenZis eleqtrodTan). maSin TuTiis eleqtrodze 
mimdinareobs Semdegi procesi:

(-) Zn = Zn2+ +2e_ 	
		  (1)

Tu TuTiis eleqtrodi dadebiTia (anu igi mierTebulia 

masze ufro uaryofiT, magaliTad, Mg|Mg2+ eleqtrodTan), masze 

warimarTeba (1)-is Sebrunebuli procesi:

(+) Zn2+ +2e_ = Zn			    (-1)
^ gvaris eleqtrodis potenciali Semdegnairad gamoisaxeba:

E = E0 + RT / zF lna+		   (2)
sadac E0 _ eleqtrodis standartuli potencialia; z _ kaTi

onis muxti; F _ faradeis ricxvi (96 500 kuloni); a+ 
_ xsnarSi kaTionTa aqtivoba.
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^^ gvaris eleqtrodi Seqcevadia anionis mimarT. magaliTi
saTvis ganvixiloT vercxlis eleqtrodi. am eleqtrodSi ver­

cxli dafarulia Tavisive Znelad xsnadi mariliT (AgCl) da 
CaSvebulia advilad xsnadi marilis xsnarSi (KCl), romelsac 

gaaCnia saerTo anioni Znelad xsnad marilTan: Ag, AgCl|KCl.
vTqvaT, eleqtroqimiur wredSi vercxlis eleqtrodi da

debiTi polusis rolSia (anu igi SeerTebulia masze naklebad 

dadebiT eleqtrodTan), maSin masze mimdinareobs reaqcia:

(+) AgCl + e
_
   = Ag + Cl_		  (3)

Tu vercxlis eleqtrodi uaryofiTia (anu SeerTebulia 

masze ufro dadebiT eleqtrodTan), maSin masze mimdinareobs 

(3)-is Sebrunebuli reaqcia:

(-) Ag + Cl_ = AgCl 		
(-3)

^^ gvaris eleqtrodis potenciali Semdegnairad gamoisaxeba:

E = E0 - RT / zF ln a_	 	 (4)

^^ gvaris eleqtrodebs miekuTvneba agreTve kalomelis 

eleqtrodi Hg|Hg2Cl2|Cl_
. umetesad gamoiyeneba kalomelis 

eleqtrodi, romelic CaSvebulia KCl najer xsnarSi. kalome
lis najeri eleqtrodis potenciali (E

kal.
 = 0,2438 v 250C) 

didi stabilurobiT gamoirCeva, amitom mas iyeneben eleqtro
qimiur gazomvebSi.

red-oqsi eleqtrodebi da elementebi

galvanuri elementis yvela eleqtrodze mimdinareobs 

Jangva-aRdgeniTi procesebi. magram calke jgufSi aerTianeben 

im eleqtrodebs, romelTa potencialis ganmsazRvrel reaqciaSi 
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ar monawileobs martivi nivTierebebi _ airebi an liTonebi. 
maT uwodeben Jangva-aRdgeniT, anu red-oqsi eleqtrodebs. 
isini, rogorc wesi, Sedgebian eleqtronuli gamtarobis mqone 
inertuli nivTierebisagan (mag., platina), romelic CaSvebulia 

sxvadasxva daJangulobis xarisxis mqone nivTierebebis (Red, 
O ) narevSi. zogadad eleqtrodis sqema da masze mimdinare 

potencialis ganmsazRvreli reaqcia ase Caiwereba:

		  Pt|Red, O ;	  O  + ze_ Red

am jgufs miekuTvneba eleqtrodebi (naxevarelementebi), 

romelTaTvisac OX da Red formas warmoadgens ionebi, xolo 

potencialis ganmsazRvreli reaqcia ki mdgomareobs maTi mux
tis cvlilebaSi

magaliTisTvis ganvixiloT Jangva-aRdgeniTi eleqtrodi: 

Pt|Sn2+, Sn4+. rodesac es eleqtrodi galvanur elementSi 

uaryofiT poluss warmoadgens, masze mimdinareobs reaqcia:

(-) Sn2+ = Sn4+ + 2e_	 	 (1)

am reaqciis Sedegad miRebuli eleqtronebi gadaecema pla
tinis Reros, ris Sedegadac es ukanaskneli uaryofiTad imuxteba.

Tu mocemuli eleqtrodi dadebiTia, masze mimdinareobs 

reaqcia:

(+) Sn4+ + 2e_  = Sn2+	 	 (-1)

am reaqciis dros Sn4+ platinis Reros arTmevs eleqt
ronebs, ris Sedegadac platina dadebiTad imuxteba. rogorc 

vxedavT, red-oqsi eleqtrodSi metalis Rero warmoadgens 

mxolod eleqtronebis gadamcems, xolo potencialis ganmsazRv
reli reaqcia mimdinareobs xsnarSi sxvadasxva daJangulobis 

xarisxis mqone ionebs Soris.

red-oqsi eleqtrodebis potenciali zogadad Semdegnairad 
gamoisaxeba:
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ERed, Ox = E0
Red, Ox

 + RT / zF ln(aOx/aRed)	  (2)

Cvens SemTxvevaSi (2) Semdeg saxes miiRebs:

E = E0 + RT / zF ln(a(Sn4+) / a(Sn2+)	 	 (2$)

red-oqsi eleqtrodebisagan SeiZleba SevadginoT galvanuri 
elementi. aviRoT Semdegi red-oqsi eleqtrodebi:

SevadginoT wredi pirveli ori eleqtrodisagan. ̂  eleqt
rodi iqneba uaryofiTi, xolo ^^ ki dadebiTi:

(-) Pt|Cr2+, Cr3+ || Sn4+, Sn2+|Pt (+)
maTze mimdinareobs Semdegi procesebi:

(-) 2Cr2+ = 2Cr3+ + 2e_

(+) Sn4+ + 2e_  = Sn2+

----------------------------------------

2 Cr2+ + Sn4+ = 2Cr3+ + Sn2+

SevadginoT Jangva-aRdgeniTi elementi ^^ da ^^^ eleqtro
debisagan:

(-) Pt|Sn2+, Sn4+ || Fe2+, Fe3+|Pt (+)
eleqtrodebze mimdinareobs Semdegi procesebi:

(-) Sn2+ = Sn4+ + 2e_

(+) 2Fe3+ + 2e_  = 2Fe2+

----------------------------------------

Sn2+ + 2Fe3+ = Sn4+ + 2Fe2+

eleqtrodi potenciali, v

I
II
III

Pt|Cr2+, Cr3+

Pt|Sn2+, Sn4+

Pt|Fe2+, Fe3+

- 0,41
+ 0,15
+ 0,771
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eleqtruli denis qimiuri wyaroebi

batareebi, akumulatorebi, Tburi elementebi miekuTvneba 

eleqtruli denis qimiur wyaroebs.

batarea Sedgeba ramdenime mimdevrulad SeerTebuli gal­

vanuri elementisagan.

akumulatori ganvixiloT tyviis (mJavuri) akumulatoris 

magaliTze.

(-) Pb|H2SO4 | PbO2 , Pb (+)
akumulatoris muSaobis dros adgili aqvs denis warmomqm

nel Semdeg procesebs:

(-) Pb + SO4
2_ = PbSO4  + 2e_

(+) PbO2 + 4H+ + SO4
2_ + 2e_ = PbSO4 + 2H2O

jamuri reaqciaa:

(-) Pb +PbO2 + 4H+  + SO4
2_ (2H2SO4) = 2PbSO4  + 2H2O	 (1)

reaqciis Sedegad orive eleqtrodi ifareba PbSO4-is fe­

niT, anu orive eleqtrodi erTnairi xdeba, rasac Tan mosdevs 

e.m.Z.-is Semcireba da akumulatoris ganmuxtva.

akumulatoris Tavidan damuxtvis mizniT, masSi atareben 

dens sawinaaRmdego mimarTulebiT; orive eleqtrodze mim
dinareobs imis Sebrunebuli procesebi, rasac adgili hqonda 

akumulatoris denis wyarod muSaobis procesSi da jamuri 

reaqciac (1)-is Sebrunebulia:

Pb + SO4
2_ = PbSO4  + 2e_  = Pb + SO4

2_

PbSO4 + 2H2O = PbO2 + 4H+ + SO4
2_ + 2e_ 

--------------------------------

2PbSO4 + 2H2O = Pb + PbO2 + 2H2SO4		  (-1)

ganmuxtva-damuxtvis amgvari monacvleobis saSualebiT 

tyviis akumulatori sakmaod didi xnis ganmavlobaSi gamar
Tulad muSaobs.



109

Tburi elementebi warmoadgens eleqtroqimiur sistemebs, 

romlebSic mimdinareobs sawvavis an misi gadamuSavebis produq
tebis daJangvis reaqcia. 

magaliTisaTvis ganvixiloT wyalbadis wvis reaqcia:

2H2 + O2 = 2H2O			   (2)

am reaqciaze agebuli Tboelementi Semdegnairad aris 

mowyobili: 2 gazis kamera, romelTagan erTSi wyalbadia da 

meoreSi _ Jangbadi, erTmaneTisagan gamoyofilia naxevradSeR
wevadi tixriT; es tixari atarebs H+, magram ar atarebs H2 

da O2-s. eleqtrodebi dafarulia platiniT.

wyalbadis kameraSi platinis katalizatorze mimdinareobs 
reaqcia:

2H2  4H+ + 4e_	 		  (2a)
am reaqciaSi warmoqmnili wyalbadis ionebi naxevrad SeR

wevadi tixris saSualebiT gadadis Jangbadis kameraSi, sadac 

adgili aqvs Semdeg process:

4H+ + O2 + 4e_ = 2H2O		  (2b)
(2b) reaqciaSi monawile eleqtronebi Jangbadis kameraSi 

wyalbadis kameridan gadadis gamtaris saSualebiT, romelic 

aerTebs kameraTa platinis eleqtrodebs. eleqtronebis es ga­

dasvla ganpirobebulia imiT, rom (2) reaqciis DG<0, eleqtro
nebis nakadi ki warmoadgens eleqtrul dens, romelic gamoiyeneba 
ama Tu im mizniT. kerZod, zemoT aRwerili Tburi elementi 
gamoiyeneba kosmosur xomaldebSi.

minis eleqtrodi

minis eleqtrodis moqmedebis principi metad Taviseburia da 

mas ver mivakuTvnebT verc erT aqamde ganxiluli eleqtrodis 

tips. misi Tavisebureba imaSi mdgomareobs, rom minis eleqt
rodis potencialis ganmsazRvrel reaqciaSi ar monawileobs 

eleqtronebi. es reaqcia warmoadgens protonis mimocvlas or 

fazas Soris:
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H+
mina

H+
xsnari

minis elgamtarobas gansazRvravs kaTionebis gadaadgileba 

polimeruli siliciumis mJavas mimarT. minis eleqtrodi mzad
deba specialuri xarisxis minebisagan, romelSic elgamtarobas 
ganapirobebs H+-is gadaadgileba. amasTan, aseTi minis Txel 

afsks gaaCnia sakmarisi elgamtaroba imisaTvis, rom CaerTos 
eleqtrul wredSi.

minis eleqtrodis potenciali ganisazRvreba wyalbad-ionTa 

aqtivobiT minasa da im xsnarSi, romelSic igi CaSvebulia:

	 					     (1)

minis eleqtrodi warmoadgens minis mils, romelic bolov
deba Txelkedliani burTuliT. milSi Casxmulia AgCl-is sus
penzia HCl-is xsnarSi da CaSvebulia Ag-is mavTuli. amgvarad, 

minis milSi Cven praqtikulad gvaqvs qlorvercxlis eleqtrodi 
(Ag, AgCl); gansxvaveba imaSia, rom eleqtrodSi gvaqvs mJavas 

xsnari (HCl), gansxvavebiT qlorvercxlis eleqtrodisagan, 
romelic moTavsebulia KCl-is xsnarSi.

radgan minis eleqtrodis potenciali [ix. gamosax. (1)] 
damokidebulia xsnarSi wyalbadionTa Semcvelobaze, amitom misi 

saSualebiT SesaZlebelia ama Tu im xsnaris pH-is gansazRvra. 
SevadginoT eleqtroqimiuri wredi, romlis erT-erTi kompo
nenti iqneba minis eleqtrodi.

Ag | AgCl, HCl | mina || H+ A_ || KCl, Hg2Cl2 | Hg	 ^
      minis 	        sakvlevi      kalomelis

  eleqtrodi          xsnari         eleqtrodi

am wredSi minis eleqtrodi moTavsebulia gamosakvlev 

xsnarSi, romelic Tavis mxriv dakavSirebulia kalomelis eleqt

E
mina

 = E0
mina

  + RT
F

ln
(aH+)

mina

(aH+)
xsnari
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rodTan (nax. 1).

wredSi mimdinareobs Semdegi procesebi:

2Ag + 2Cl_   2AgCl + 2e_

Hg2Cl2 + 2e_  2Hg + 2Cl_

ris Sedegadac eleqtronebis nakadi miemarTeba vercxlis el
eqtrodidan kalomelis eleqtrodisaken. amis paralelurad 

adgili aqvs H+-is eqvivalenturi raodenobis gadasvlas minis 

eleqtrodidan im xsnarSi, romelSic moTavsebulia, anu sakv
lev xsnarSi.

galvanuri elementis e.m.Z ganisazRvreba misi Semadgeneli 

nax. 1. minis (a) da kalomelis (b) eleqtrodebisagan Sedgenili gal­
vanuri elementis sqema.
1 _ minis eleqtrodi; 2 _ HCl-is xsnari; 3 _ minis membrana; 
4 _ sakvlevi xsnari; 5 _ marilis bogiri; 6 _ kalomelis 
eleqtrodi.

1

2
3 4

5

6

f <

eleqtrodis potencialebiT. sabolood viRebT, rom

		  					     (2)

sadac (aH+)xsn. _ sakvlev xsnarSi H+ ionTa aqtivobaa.
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gardavqmnaT (2) gamosaxuleba. aRvniSnoT , miviRebT:

- b0ln(aH+)
xsn.

 = E0
elem.

 - E⊗
elem.

- 2,3b0ln(aH+)
xsn.

 = E0
elem.

 - E⊗
elem.

amgvarad, Tu viciT E0-is mniSvneloba da gavzomavT wredis 

e.m.Z.-s, davadgenT sakvlevi xsnaris pH-s.

minis eleqtrodis saSualebiT SesaZlebelia pH-is gazomva 
didi sizustiT 0,1 erT. pH. masze ar moqmedebs damJangvelebi 

da aRmdgenlebi. is Zalian Znelad iwamleba. amitom yvelaze 

ufro did gamoyenebas poulobs pH-is gamosaxvaSi, gansakuT
rebiT bioqimiur gamokvlevebSi.

klinikur praqtikaSi didi gamoyeneba aqvs minis eleqt

E
galv. elem.

 = E0
elem.

  + RT
F ln(aH+)

xsnari

E0
elem.

 - E⊗
elem.- ln(aH+)

xsn.
 = 

2,3b0

E0
elem.

 - E⊗
elem.

pH
xsn.

 = 2,3b0

rodis modifikacias, romelic saSualebas iZleva ganisazRvros 

sakvlev xsnarSi CO2-is Semcveloba.

xelsawyo warmoadgens sakvlev xsnarSi CaSvebul minis el
eqtrods. amasTan, minis eleqtrodSi aris ara HCl-is, aramed 
bikarbonatis xsnari, xolo minis milis daboloeba warmoadgens 

polimerul membranas, romelic SeRwevadia CO2-Tvis. sakvlevi 

xsnaridan membranis gavliT CO2 difundirebs minis eleqtrodSi. 
bikarbonatis xsnarSi adgili aqvs CO2-is hidratacias:

CO2 + H2O H2CO3
warmoqmnili H2CO3 Semdeg disocirdeba H+ da HCO3

_
 

ionebad, rac iwvevs xsnaris pH-is Secvlas. eleqtroqimiuri 

wredis e.m.Z-is saSualebiT SesaZlebelia bikarbonatis xsnaris 

(3)
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pH-is cvlilebis da, aqedan, sakvlev xsnarSi CO2-is Semcve
lobis dadgena.

minis eleqtrodi miekuTvneba ionseleqtiur eleqtrodebs. 
es iseTi eleqtrodebia, romlebSic potenciali ganisazRvreba 
membranasa da xsnars Soris ionTa ganawilebiT. amJamad Seqmnilia 

mravalnairi ionseleqtiuri membranebi. gansakuTrebiT farTo 

gamoyeneba hpoves im eleqtrodebma, romelTac axasiaTebT mkafiod 

gamoxatuli seleqtivoba _ K+, Na+, NH4
+, Ca2+, Ba2+, Mg2+, 

Cl_, J_, NO3
_, CN_, CO3

2_, organuli ionebis mimarT.



114

qimiuri kinetika da katalizi

qimiis mecnierebis erT-erTi mizania gansazRvros kavSiri 

nivTierebis agebulebas, qimiuribmis energetikul maxasiaTeb­

lebs da nivTierebis reaqciisunarianobas Soris, gamoikvlios 

sxvadasxva faqtoris gavlena qimiuri reaqciis siCqareze da 

Seiswavlos qimiuri reaqciebis meqanizmi. reaqciis mimdin­

areobis SesaZleblobaze msjeloben izoTermul-izobaruli 

(G) an izoTermul-izoqoruli (F) potencialis saSualebiT. 

kerZod, Tu ∆G=O, sistema wonasworobaSia, Tu ∆G<O reaqcia 
TavisTavad mimdinareobs; magram mxolod G da F izoTermuli 

potencialebis saSualebiT ar SeiZleba vimsjeloT reaqciis 

siCqaresa da mis meqanizmze.

qimiuri reaqciebis siCqares, siCqareze sxvadasxva faq­

torebis gavlenas da reaqciebis meqamizms Seiswavlis qimiuri 

kinetika.

qimiuri reaqciis siCqare

qimiur reaqcias Tan axlavs koncentraciis cvlileba. 

amitom reaqciis siCqares axasiaTeben romelime nivTierebis 

(sawyisi an saboloo) koncentraciis cvlilebiT drois er­

TeulSi, ucvleli moculobis dros:

				  
t
CV

∆
∆

±=
    (1)

misi ganzomilebaa:          ,  mag, moli/l.wm. an moli/l.wT.

			     

vTqvaT, reaqciis erT-erTi monawile nivTierebis sawyisi 

koncentracia Seadgenda 1 mmoli/l. xolo reaqciis dawyebidan 

5 wuTis  Semdeg gaxda 0,6 mmol/l, maSin reaqciis saSualo 

C 

t 
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siCqare drois am monakveTSi iqneba:

reaqciis siCqare SeiZleba gamovsaxoT grafikulad. Tu ab­

scisTa RerZze gadavzomavT dros t , xolo ordinatTa RerZze 

koncentracias C, maSin kinetikur mruds eqneba Semdegi saxe 

(1-0,4)
5

= 0,12 mmolo/l.wT.

(nax. 1 da 2)

   t
CV

∆
∆

=saS.

                    
α= tgVmy.

	

nax. 1, 2 reagentis koncentraciis damokidebuleba droze.

vTqvaT, moreagire A  nivTierebis koncentracia t1 droSi iyo 
C1, xolo t2 droSi gaxda C2 adgili aqvs koncentraciis Semci­

rebas (nax. 1). drois ∆t=t2-t1 SualedSi koncentraciis cvlileba 

Seadgens ∆C=C2-C1. reaqciis saSualo siCqare V toli iqneba: 

	    
t
C

tt
CCV

12

12

∆
∆

−=
−
−

−=saS

minusi niSani iwereba imitom, rom sawyisi A nivTierebis 

koncentracia iklebs. amasTan, miRebulia, rom siCqares unda 

hqondes dadebiTi niSani.

garda saSualo siCqarisa, arsebobs agreTve WeSmariti 
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an myisieri siCqare. igi tolia nivTierebis koncentraciis 

usasrulod mcire cvlilebisa (dc), drois usasrulod mcire 

monakveTSi (dt):

  dt
dcV =my

    (2)

misi gansazRvra Semdegnairad SeiZleba: kinetikuri mrudis 

Sesabamis wertilze gavavloT mxebi. am mxebis daxris kuTxis 

tangensi toli iqneba myisieri (WeSmariti) siCqarisa (nax. 2).

moqmed masaTa kanoni

homogenuri reaqciebis siCqare damokidebulia moreagire 

nivTierebaTa molekulebis dajaxebaTa raodenobaze droisa da 

moculobis erTeulSi. Tavis mxriv, molekulaTa dajaxebis al­

baToba proporciulia moreagire nivTierebaTa koncentraciebis 

namravlisa.

ganvixiloT reaqciis sqema:

aA + bB → pP + qQ
am reaqciisaTvis moqmed masaTa kanoni ase gamoisaxeba:

V = k[A]a [B]b         (3)
sadac k  aris reaqciis siCqaris mudmiva, a,b,p,q – reaqciis 

steqiometriuli koeficientebia.

mravali qimiuri procesi, romelsac udidesi gamoyeneba aqvs, 

miekuTvneba heterogenul reaqciebs. heterogenul sistemaSi 

reaqciebi mimdinareobs fazaTa gamyof zedapirze. rac ufro 

metia fazaTa gamyofi zedapiris farTobi, miT meti albaTobaa 

sxvadasxva fazaSi myofi moreagire nivTierebebis molekulebis 

dajaxebisa. amitom heterogenuli reaqciebis siCqare mudmivi 

temperaturis pirobebSi damokidebulia ara marto sxvadasxva 

fazaSi myofi komponentebis koncentraciaze, aramed fazaTa gam­
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yofi zedapiris farTzec (s), mag: reaqciisaTvis C + O2 → CO2, 
siCqare V = k × CO2 ×  S,

sadac k – reaqciis siCqaris mudmivaa, 20C  _ Jangbadis kon­
centracia, s _ fazaTa gamyofi zedapiris farTi.

aqtivaciis energia.

imisaTvis, rom moxdes qimiuri urTierTqmedeba, aucilebe­

lia moreagire nawilakTa dajaxeba, magram aRmoCnda, rom yovel 

dajaxebas ar mohyveba qimiuri gardaqmna. es niSnavs, rom elemen­

taruli aqtis CatarebisaTvis saWiroa garkveuli energetikuli 

barieris gadalaxva. gavarkvioT ra xdeba elementaruli aqtis 

mimdinareobis dros. moreagire nawilakTa dajaxebis Sedegad 

maTi kinetikuri energiis nawili gardaiqmneba potencialur, 

anu nawilakTa urTierTqmedebis energiad. qimiur reaqciaSi 

nawilakTa urTierTqmedeba gamoixateba reagentebSi arsebuli 

yvela an zogierTi bmis gawyvetasa da axali bmebis warmoqmnaSi. 

bmis Sesusteba-gawyvetis dros sistemis potencialuri energa 

izrdeba, xolo bmis Casaxva-warmoqmnas Tan sdevs potencial­

uri energiis Semcireba. arsebuli bmebis gawyvetis da axali 

bmebis warmoqmnis procesi erTdroulad mimdinareobs, magram 

procesis dasawyisSi ufro internsiurad mimdinareobs Zveli 

bmebis Sesusteba, vidre axali bmebis Casaxva; Sedegad izrdeba 

sistemis potencialuri energia da aRwevs maqsimums (nax. 3).

maqsimumis wertilSi Cven ukve aRar gvaqvs reagentTa 
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nax. 3. sistemis potencialuri energiis cvlileba elementaruli 

aqtis mimdinareobis dros

drois da moculobis erTeulSi, R _ airTa universa­
luri mudmiva.

(5)–is mixedviT, reaqciis siCqaris mudmivasa da aqtivaciis 

energias Soris arsebobs eqsponenturi damokidebuleba: rac 

metia aqtivaciis energia, miT naklebia k-s mniSvneloba; amave 

dros, rac metia T-mniSvneloba, miT metia H  (es gamowveulia 

imiT, rom temperaturis zrda iwvevs moreagire nawilakTa ki­

netikuri energiis zrdas).

areniusis gantolebaSi A aris dajaxebaTa saerTo rocxvi,     

    im dajaxebaTa wili, romelsac mocemuli temperaturisa 

da aqtivaciis energiis mniSvnelobis dros mohyveba qimiuri 

gardaqmna. Sesabamisad, A            iqneba efeqtur dajaxebaTa 

ricxvi. aqedan cxadi xdeba reaqciis siCqaris mudmivas fizikuri 

azri: k  tolia efeqtur dajaxebaTa ricxvisa.

H- - - -H

I- - - - -I

- -
 - 

-

- -
 - 

-
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molekulebi da jer kidev ar gvaqvs produqtTa molekulebi. 

arsebul reagentTa molekulebisagan warmoqmnili e.w. gardama­

vali (an saSualedo) kompleqsi,             ,  

romelSic Zveli bmebi (H-H) da (I-I) ukve gaqrobis piras aris 
misuli, xolo axali bmebi (H-I) jer kidev Canasaxovan mdgo­
mareobaSi imyofeba. am momentidan intensiurad mimdinareobs 

axali Canasaxovani kavSirebis (H-I) saboloo ganmtkiceba da 

Zveli kavSirebis (H-H) da (I-I) saboloo gawyveta. Sedegad 

mcirdeba sistemis potencialuri energia da miiReba reaqciis 

produqti (H-I).
pocentialur energias, romelic saWiroa energetikuli ba­

rieris gadasalaxavad, ewodeba aqtivaciis energia. aqtivaciis 

energia warmoadgens reagentebisagan warmoqmnili gardamavali 

kompleqsis Sesabamis potencialur energias.

nax. 3-ze gamosaxuli mrudi Seesabameba egzoTermul reaq­

cias. marTlac, reaqciis dasawyisSi sistemis potencialuri 

energia ufro maRalia, vidre reaqciis dasrulebisaTvis. gansx­

vaveba potencialuri energiis sawyis da saboloo mniSvnelo­

bebs Soris sistemaSi gamoiyofa siTbos saxiT (∆H=∆Qp>O),  
Sebrunebuli reaqcia iqneba endoTermuli da misi Qp=∆H>O.

endoTermuli reaqciis aqtivaciis energia tolia:

E
aqt.end.

 = E
aqt.egz.

 + ∆H      (4)

reaqciis siCqaris mudmivas damokidebuleba aqtivaciis ener­

giaze, temperaturasa da dajaxebaTa ricxvze gamoisaxeba vant-

hof-areniusis gantolebiT:

                    (5)

sadac k _ siCqaris mudmivaa, A _ dajaxebaTa saerTo ricxvi 

E
aqt

RT-
K = Ae

E
aqt

RT-
K = Ae

- E
aqt
/RT

e
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Tu misi mimdinareobis dros adgili aqvs mxolod erTi tipis 

elementaruli aqtis mravaljerad ganmeorebas. mag., reaqcia H2 
da I2-s Soris miCneulia martiv reaqciad:

H2 + I2 → 2 HI           (I)
es niSnavs, rom wyalbadisa da iodis molekulebis gardaqmna 

iodwyalbadis molekulebad xorcieldeba I elementaruli 

aqtis saSualebiT, yovelgvari saSualedo stadiebis gavlis ga­

reSe. martivi reaqciis meqanizmi Seesabameba mis steqiometriul 

gantolebas.

reaqcia rTulia, Tu misi ganxorcielebisaTvis saWiroa ori 

an meti elementaruli aqtis Catareba. ganvixiloT Semdegi 

reaqcia:

H2 + Br2 → 2HBr      (II)
miuxedavad imisa, rom I da II reaqciebi erTi SexedviT Zalian 

hgavs erTmaneTs da maTi steqiometriuli gantolebebi erTnairia, II 

gantoleba ar asaxavs Br2-sa da H2-s Soris mimdinare reaqciis 
meqanizms. es reaqcia aris rTuli, radikalur-jaWvuri procesi, 

romelic Semdegnairad mimdinareobs:

Br2 → 2Br	 		  (0)
Br + H2 → HBr + H	(1)
H + Br2 → HBr + Br	 (2)
H + HBr → H2 + Br		 (3)
2 Br → Br2	 		  (4)

elementaruli aqtebis erToblioba (0-4) warmoadgens II 

reaqciis meqanizms. II steqiometriuli gantoleba asaxavs ara 

reaqciis meqanizms, aramed mxolod imas, rom TiTo molekula 

H2 da 2Br -gan miiReba 2 molekula HBr.
Tu martiv qimiur reaqciaSi an elementarul aqtSi erTi 

nawilaki monawileobs, aseTi reaqcia (an elementaruli aqti) 

monomolekuluria. martivi reaqciis magaliTia:

roca qimiuri gardaqmna ori nawilakis monawileobiT 

mimdinareobs, aseTi martivi reaqcia (an elementaruli aqti) 
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martivi da rTuli reaqciebi. reaqciis meqanizmi.
reaqciis molekuluroba

arsebobs martivi da rTuli reaqciebi. reaqcia martivia, 

bimolekuluria:

2 HI → H2+I2
xolo Tu reaqciis warmarTvisaTvis saWiroa sami nawila­

kis dajaxeba, maSin es martivi reaqcia (an elementaruli aqti) 

trimolekuluria:

2NO + Cl2 → 2NOCl
martivi reaqciis molekuluroba Seesabameba reaqciis ste­

qiometrias. es ukanaskneli ki asaxavs martivi reaqciis meqnizms. 

rac Seexeba rTul reaqcias, mis molekulurobaze laparaki ar 

SeiZleba; molekuluroba axasiaTebs rTuli reaqciis meqanizmSi 

Semaval TiToeul elementarul aqts.

rTul reaqciebs miekuTvneba Seqcevadi, mimdevruli, para­

leluri, mimdevrul-paraleluri, SeuRlebuli da sxva reaqciebi.

reaqciaTa sistemas ewodeba mimdevruli, Tu erT-erT reaq­

ciaSi warmoqnili nivTiereba ixarjeba momdevno reaqciaSi.

A → P + (B)
P + (C) → D

reaqciebs ewodeba paraleluri Tu TiToeul maTganSi 

monawileobs erTi saerTo sawyisi nivTiereba mainc, magaliTad,

A → D
A + B → C

reaqciebi mimdevrul-paraleluria, Tu erT-erTi sawyisi 

nivTiereba monawileobs saSualedo produqtebis warmoqmnisa 

da gardaqmnis procesebSi.
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A + B → P1
P1 + B → P2

SeuRlebuli reaqciebi erTdroulad mimdinareobs:

A + B → M + N
A + D → P + Q

maTSi erTi komponenti saerToa (A), amasTan, erTi reaqcia 
A+B→M+N TavisTavad mimdinareobs, xolo meore A+D→P+Q 
TavisTavad ar mimdinareobs, aramed aRiZvreba pirveli reaqciis 

zegavleniT.

reaqciis siCqaris damokidebuleba reaqciaSi 
monawile

nivTierebaTa koncentraciaze. reaqciis rigi

CavweroT zogadi saxiT moqmed masaTa kanoni:

aA + bB → pP + qQ      (I)

(I) reaqciisaTvis moqmed masaTa kanoni ase Caiwereba:

[ ] [ ] BA nn BAKV =            (6)

sadac nA – reaqciis rigia A reagentis mimarT, nB – reaqciis 
rigia B reagentis mimarT.

reaqciis kerZo rigi A da B  nivTierebis mimarT (nA da  nB) 
gviCvenebs, reaqciis siCqare reagentTa koncentraciis romeli 

xarisxis proporciulia.

kerZo rigebis jams ewodeba reaqciis saerTi rigi:

n=nA + nB   (7)

rigi arsebobs mTeli, wiladuri da nulovani. Tu reaqciis 

rigi wiladuria, maSin es reaqcia aucileblad rTulia. magram 

piriqiT ar aris samarTliani: mTeli rigi SeiZleba hqondes 

rogorc martiv, iseve rTul reaqciasac.
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fermentebi

fermentebi nivTierebebia, romlebsac gamoimuSaveben cocxali 

organizmebi. maT aqvT katalizuri moqmedebis unari, e.i. SeuZli­

aT gazardon organizmSi mimdinare zogierTi qimiuri reaqciis 

siCqare. fermentul moqmedebazea damyarebuli `duRili~. es 

procesi cnobili iyo uxsovari droidan. Rvinis, Zmris, ludis, 

puris cxobis procesebi swored fermentuli reaqciebia. 

1857 wels lui pasteris mier damtkicebul iqna, rom sa­

fuaris fermentebi cocxali organizmia, xolo duRili _ 

fiziologiuri procesi. 1926 wlamde fermentebis qimiuri 

agebuleba ar iyo gamokvleuli. 1926 wels jeims samneris 

mier kristaluri saxiT miRebul iqna fermenti _ ureaza. igi 

aRmoCnda cila, romelic xels uwyobs Sardovanas katalizur 

gaxleCas. 

CO(NH2)2 + H2O  →  CO2 + 2NH3
zogierTi cilis molekulebi Seicavs mxolod polipep­

tidur jaWvs. aseT cilebs ewodeba _ martivi cilebi. cilebis 

umetesi nawilis SemadgenlobaSi ki, garda polipeptiduri 

jaWvisa, Sedis sxva molekulebic. mag., hemoglobini Seicavs 

polipeptidur jaWvs da oTx hems (hemi _ organuli ionuri 

naerTia). aseT cilebs ewodeba rTuli cilebi.

fermentebis umetesoba warmoadgens rTul cilas. isini 

Seicaven martiv cilas _ apoferments da erTi an meti raode­

nobiT sxva molekulebs an ionebs, maT kofermentebi ewodeba. 

zogierTi kofermenti warmoadgens liTonis ions, mag., karbo­

anhidraza, romelic adamianis sisxlis eriTrocitebis ZiriTadi 

Semadgeneli nawilia. mis apoferments aqvs molekuluri masa 

28000. apofermenti uerTdeba Zn2+ erT ions da warmoqmnis 

aqtiur ferments, romelic katalizatoris rols asrulebs 
32COH
-is dasaSlelad:                   .      magaliTis H2CO3         H2O + CO2

→←
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saxiT ganvixiloT fermenti _ amilaza, romelic Sedis ada­

mianis nerwyvis SemadgenlobaSi da xels uwyobs saxameblis 

gadamuSavebas. amilazas molekuluri masa 50000. kofermentis 

rols amilazaSi asrulebs Ca2+ ionebi. xSirad mravali fer­

mentisaTvis kofermentebis rols asrulebs vitaminebi an maTi 

warmoebulebi. 

fermentuli reaqciebis kinetika

organizmSi fermentebis monawileobiT mimdinare reaqciis 

siCqare aiwereba mixaelisis gantolebiT. davuSvaT, reaqcia mim­

dinareobs E–fermentsa da S-substratis sawyisi nivTierebis 
monawileobiT. am dros warmoiqmneba kompleqsi ES, romelic 

Semdgom SeiZleba daiSalos isev sawyis niTierebad an gardai­

qmnas reaqciis produqtad:

PEESSE
2

1

1
+→←+

→

−

;

fermentuli reaqciis siCqare gamoisaxeba gantolebiT:

					     (8)

sadac	    V
max
 = K

2
[E]

0

xolo  				    (9)

(8) gamosaxulebas ewodeba mixaelisis gantoleba, xolo 

(9)-s mixaelis-mentis mudmiva. KM-is fizikuri arsi aseTia: 

KM=[S], roca  

V =
Vmax

1 +
KM
S

KM =
K_1 + K2

K1

V =
Vmax

2
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fermentebis inhibitori – aris nivTiereba, romelic 

uerTdeba ferments da ukargavs mas katalizuri aqtivobis 

unars. inhibitori SeiZleba konkurencias uwevdes substrats 

an ar uwevdes. Tu inhibitori konkurencias uwevs substrats, 

es niSnavs, rom orive miiswrafvis SeuerTdes erTi da igive 

aqtiur centrs fermentis molekulaSi. 

Zlieri Sxamebi sikvdils iwvevs imitom, rom isini ain­

hibireben fermentebs, romlebic aucilebelia sasicocxlo 

procesebisaTvis. mag., HCN an H2S – organizmSi moxvedrisas 
warmoqmnian CN— da HS— ionebs. isini uerTdebian citoqromSi 
Fe3+-s. es ukanaskneli ki warmodgens ferments, romelic qsovi­

lis sunTqvas awesrigebs. misi katalizuri moqmedebis Sewyveta 

iwvevs qsovilebis sunTqvis darRvevas, rac cocxali organizmis 

sikvdiliT Tavdeba.



126

mikroelementebis roli cocxal organizmebSi.

s-, p-, d-elementebi

s-elementebi 

elementebs, romelTa atomebSi xdeba S orbitalebis Sevseba, 

ewodeba – s-elementebi. maT miekuTvneba perioduli sistemis 

I da II jgufis mTavari qvejgufis elementebi da agreTve He.
s-elementebis ionebis roli cocxali organizmebisTvis 

Zalze didia. isini monawileobas Rebuloben organizmis buf­

eruli sistemebis SeqmnaSi, uzrunveloyofen saWiro osmosuri 

wnevisa da membranuli potencialebis warmoqmnas. Na da K 

monawileoben nervuli impulsis gadacemaSi, xolo Mg da Ca 
Sesabamisi struqturebis warmoqmnaSi. 

Li _ miekuTvneba Seucvlel elements adamianis orga­

nizmSi. misi Semcveloba tolia 1.10-4 %; SedarebiT maRalia 

misi koncentracia kunTebSi. liTiumi organizmidan aZevebs Na 
da K, ris Sedegadac qsovilebSi izrdeba Li koncentracia. 
liTiumi garkveul gavlenas axdens kunTis ujredebSi Na da 
K transportirebaze, centralur nervul sistemaze da sxva. 

liTiumis koncentraciis gazrda Terapiul dozasTan 

SedarebiT, 0,8.10-6 mol/l-Si, iwvevs xelebis kankals, Tirkmlis 

paTologias (gamowveulia Na-is gaZevebiT da organizmis gauwy­
loebiT). 

Li Br _ damawynarebeli saSualebaa;

Li2CO3 _ fsiqozis mZime formebis samkurnalo saSualebaa.

Na _ saerTo raodenoba organizmSi 0,25%-ia. dRe-RameSi 

organizms sWirdeba 4-7 grami natriumi. Na moTavsebulia 

ujredSoris siTxeSi. is monawileobs nervuli impulsis ga­

dacemaSi, aregulirebs wnevas da pH-s, zrdis cilebis hidro­
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skopiulobas.

organizmSi natriumis koncentraciis Semcireba iwvevs 

osmosuri wnevis Semcirebas _ hipoosmia.

Na-is naklebobisas wyali iWreba eriTrocitebSi, Tavis 

tvinis ujredebSi, rasac mivyavarT hemolizTan, sisxlis Sedede­

basTan. iwyeba wnevis Semcireba, taqikardia, Tvalis kunTis spazmi, 

tvinis SeSupeba, centraluri nervuli sistemis darRveva. 

Na-is siWarbisas wyali gadmodis ujredSoris siTxeSi, ra­

sac axlavs SeSupeba, ujredi kargavs wyals da kvdeba. izrdeba 

arteriuli wneva (hipertonia).

Na2S2O3 x 5H2O _ gamoiyeneba F-, CN-, As+3, Hg+2, Pb+2 _ 

ionebis Semcveli sxvadasxva nivTierebebiT mowamvlis dros.

NaCl - 0,9%-ian xsnars izotonuri xsnari ewodeba, xolo 3,5 

da 10%-ians _ hipertonuli xsnari. maT iyeneben qirurgiaSi _ 

daCirqebuli Wrilobebis mkurnalobis dros safenebis saxiT. 

NaHCO3 _ gamoiyeneba gazrdili mJavianobis dros, wylu­

lovani daavadebebis, laringitis, diabetis, zemo sasunTqi gzebis 

kataris, stomatitis mkurnalobis dros. aseve, mJaviT damwv­

robisas, radgan gaaCnia tute reaqcia da misi moqmedebiT izr­

deba xsnaris fuZianoba. misi gamoyeneba iwvevs didi raodenobiT 

CO2-is gamoyofas, rac nawlavis lorwovan garss aRizianebs. 

amitom gamoiyeneba adsorbentTan (gaaqtivebuli naxSiri) erTad.

Na2SO4 x 10H2O _ safaRaraTo da sasaqmebeli saSualeba.

S-elementebidan organizmi ZiriTadad Seicavs: Na+, K+, 
Mg+2, Ca+2 ionebs.

K-is saerTo Semcveloba organizmSi 0,22%-ia; dReRamuri 

norma tolia 2-3 g. K-is ionebi, iseve rogorc Na-is, monawile­

obas Rebulobs nervuli impulsis gadacemaSi da uzrunvelyofs 

kunTis ujredis normalur agznebas. K+-ionebs Seicavs RviZli, 

Tirkmeli, guli, tvini, sisxli, da sxva.
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viciT, rom Na+-is ionebi moTavsebulia ujredSoris siT­

xeebSi, maSin, roca K+-is ionebi ujredSi 115 mmoli/l an 133-

140 g-ia.

K+-is Semcirebisas sisxlSi (hipokaliemia) xdeba nervul-

kunTovani moqmedebis da cilebis sinTezis daTrgunva; iwyeba 

cilebis daSla, kunTebis moduneba, daRliloba, gulis reva, 

gulis muSaobis ritmis darRveva, arteriuli wnevis momateba, 

SesaZlebelia dambla.

K+-is siWarbe iwvevs Tirkmelebis daavadebas, eriTrocitebis 

daSlas (hemolizi), fuZe-mJavuri wonasworobis darRvevas da 

gulis kunTis muSaobis specifikur darRvevas.

KBr da NaBr _ gamoiyeneba rogorc sedatiuri saSualeba. 

igi amuxruWebs Tavis tvinis qerqSi mimdinare procesebs. 

gamoiyeneba nevrasTeniis da nevrozis dros. am naerTebis didi 

raodenobiT miReba iwvevs mowamvlas, radgan Br-is ionebi nawi­
lobriv gardaiqmneba Br2 molekulad. is momwamvlelia.

KJ da NaJ _ gamoiyeneba Tvalis daavadebebis _ kataraqtis 

da glaukomis dros.

KCl _ gamoiyeneba gulis kunTis ritmis darRvevis dros, 

rac gamowveulia miokardis ujredis K+-iT gamofitvaSi. iyeneben 

hipokaliemiis dros, rac dakavSirebulia Sardmdeni saSuale­

bebis xangrZliv gamoyenebasTan.

Mg _ organizmSi mniSvnelovani elementia. dReRamuri 

dozaa 28 g. moTavsebulia ujredSoris da ujredis siTxeSi, 

kbilis emalSi, Zvlebsa da kunTebSi. organizmSi gvxvdeba Ta­

visufali da ionuri saxiT.

Mg-is naerTebi did rols asruleben centraluri nervuli 

sistemis regulirebaSi. monawileoben K+ da Ca+2 ionebis mi­
mocvlaSi.

Mg+2-is nakleboba iwvevs kidurebis zrdis Seferxebas.
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Mg+2-is siWarbe sisxlSi iwvevs Zilis SegrZnebas, grZnobis 

dakargvas, ConCxis kunTebis damblas. xolo Tu koncentracia 

>9 mmol/l-ze, adgili aqvs Rrma narkozs. didi raodenobiT 

miReba iwvevs organizmidan Ca+2-is gamodevnas.
MgO _ gamoiyeneba mJavebiT mowamvlisas da rogorc sasaq­

mebeli saSualeba. misi Warbi raodenobiT miReba iwvevs cxvi­

ridan sisxlis denas, muclis tkivils, xvelebas da sxva. 

MgSO4 x 7H2O _ inglisuri marili, gamoiyeneba rogorc 

safaRaraTo, Sardmdeni da naRvelmdeni saSualeba. damawynare­

blad moqmedebs nervul sistemaze. didi raodenobiT miReba 

iwvevs modunebas, sisustes, xolo Zalian didi raodenoba _ 

narkotikul efeqts. liTonuri Mg iwvevs mowamvlas, Rebinebas 

da Tmis cvenas.

Ca Semcveloba organizmSi 1050 g-ia da Zvlebis Semadgeneli 

ZiriTadi nawilia [Ca3(PO4)2]; Sedis sisxlis SemadgenlobaSi 

12 mmoli/l; sisxlis plazmaSi 4,5-5,7 mmoli/l. dReRamuri 

normaa 0,7 g.

Ca+2-is Semcvelobaze aris damokidebuli ConCxis simagre, 

Zvlis zrda. monawileobs ujredis cxovelmoqmedebaSi: nervuli 

impulsebis gadacemaSi, kunTis SekumSvis procesSi, areguli­

rebs gulis muSaobas, sisxlis Sededeba xdeba mxolod Ca+2-is 

Tanaobisas.

Ca+2 simcirisas adgili aqvs krunCxvebs, izrdeba nervuli 

da kunTovani sistemebis agzneba. 

Tu Ca+2 koncentracia daeca 2,5 mmoli/l-mde, SesaZlebelia 

gonebis dakargva da sikvdili.

Ca+2-is siWarbe iwvevs hipokaliemias, Ca+2 marilebis da­

leqvas.

CaCl x 6H2O _ gamoiyeneba sisxlis Sesadedeblad, bronq­

ialuri asTmis samkurnalod, antialergiulia. 

CaO _ gamoiyeneba stomatologiaSi.
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CaSO4 x 2H2O _ gamoiyeneba qirurgiasa da stomatologiaSi 

(TabaSiri).

CaCO3  _ gamoiyeneba saylapavi milis mkurnalobisas.

Ca+2-is yvela marili antialergiulia.

S _ organizmSi 0,16%-ia; dReRamuri doza 4-5 g-ia; Sedis 

aminmoJavebis, hormonebis, vitaminebis SemadgenlobaSi.

p-elementebi

p-elmentebs warmoadgens is elementebi, romelTa savalento 

eleqtronebi moTavsebulia P-orbitalze; es aris perioduli 

sistemis III-VII jgufis mTavari qvejgufis elementebi.

ganvixiloT zogierTi maTgani da maTi biologiuri roli.

B _ bors cocxali oraganizmi Seicavs 10-5 % (mas). misi 

dagroveba xdeba ZiriTadad filtvebSi – 0,37 mg, farisebr 

jirkvlebSi _ 0,30 mg; elenTaSi, RviZlSi, tvinSi, TirkmelebSi, 

gulis kunTSi. B-is siWarbe iwvevs nivTierebaTa cvlis moSlas 

da viTardeba enteriti (wvrili nawlavis anTeba). B-is naerTebi 
xasiaTdeba antiseptikuri da anTebis sawinaaRmdego TvisebebiT. 

aRsaniSnavia H3BO3 – boris mJava, romelic susti made­

zinficirebeli TvisebebiT xasiaTdeba. gamoiyeneba ofTal­

mologiaSi, otorinolaringologiaSi, dermatologiaSi.

Al _ alumini cocxali organizmisTvis Seucvleli mikro­

elementia, cocxali organizmi Seicavs 1,10-5 % (mas). Al-is dag­
roveba ZiriTadad xdeba sisxlis SratSi, filtvebSi, RviZlSi, 

TirkmelebSi da sxva. aluminis dReRamuri moTxovna Seadgens 

49 mg. igi monawileobs epiTeluri da SemaerTebeli qsovilebis 

agebulebaSi, romlebic mTeli organizmis masis 50%-s Seadgens; 
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Zvlis qsovilis regeneraciaSi, fosforis mimocvlaSi.

 Al(SO4)3 _ aluminis sulfati 0,001-0,1 doziT zrdis pan­

kreatitis fermentis aqtivobas. Al3+ ionis Semcveli preparatebi 

xasiaTdeba Semkvreli, anTebis sawinaaRmdego da antimikrobuli 

TvisebebiT.

Al(OH)3 _ aluminis hidroqsidi gamoiyeneba, rogorc garegani 

saSualeba dermatologiaSi.

KAl(SO4) 2 .12H2 O _ aluminis Sabi gamoiyeneba wyalxs­

narebis saxiT, rogorc Semkvreli, anTebis sawinaaRmdego da 

sisxlis aRmdgeni saSualeba.

C _ naxSirbads organizmi Seicavs 21,15 %(mas). bioqimiuri 

TvalsazrisiT igi ZiriTadi elementia cocxal samyaroSi. nax­

Sirbadi Sedis yvela qsovilisa da ujredis SedgenilobaSi da, 

agreTve, biologiurad mniSvnelovan naerTebSi: cilebSi (50,6-

54%), vitaminebSi, hormonebSi, fermentebSi da sxva. 

medicinaSi iyeneben naxSirbadis (IV) oqsidis (3-5%) narevs 

JangbadTan (95-97%). igi mastimulirebel gavlenas axdens 

sunTqvis centrze. am narevs iyeneben Sokis dros.

CO2-is Semcveli sasmelebi zrdis saylapavi milis sekre­

torul funqcias da sakvebis Sewovis unars. Txevadi CO2  oTa­
xis temperaturaze gardaiqmneba ~mSral yinulad~. am Tvisebas 

iyeneben histologiaSi qsovilebis gayinvisaTvis.

gaaqtivebuli naxSiri xasiaTdeba sxavadasxva airisa da 

toqsinebis kargi adsorbciis unariT.

Si _ siliciumis Semcveloba organizmSi aris 1 x 10-3% 
(mas). yvelaze didi raodenobiT Si-s Seicavs RviZli, Tirkmel­

zeda jirkvali, Tma da sxva. igi organizmSi xvdeba ara marto 

sakveb produqtebTan erTad, aramed filtvebis saSualebiT 

SiO2-is saxiT. siliciumi garkveul rols asrulebs epiTeluri 

da SemaerTebeli qsovilebis formirebasa da normalur funq­
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cionirebaSi; uzrunvelyofs mis simtkices, elastikurobasa da 

SeRwevadobas.

siliciumis karbidi gamoyeneba stomatologiaSi. Si-i da 
misi naerTebi gamoiyeneba orTopediaSi. Si cocxali organizmisT­

vis aucilebeli mikroelementia.

N _ azoti miekuTvneba araliTonur sasicocxlo element­

ebs, rogoricaa H, C, O, S, P; maT Seicavs adamianis organizmi 
masiT 97,4%; azotis wilia 3,1%(mas). Txevadi azoti efeqturi 

saSualebaa kanisa da lorwovani garsis daavadebebis mkurna­

lobisas.

N2O - gamoiyeneba qirurgiuli operaciebis dros, rogorc 

msubuqi narkozuli saSualeba.

NH4OH - niSaduris spirti Seicavs 9,5-10,5% NH3. igi 

farTod gamoiyeneba samedicino praqtikaSi, CasunTqvis dros 

aRizianebs zeda sasunTqi gzebis receptorebs da iwvevs cen­

traluri nervuli sistemis agznebas.

NaNO2 - spazmolituri saSualebaa; gul-sisxlZarRvTa 

gamafarToebeli, romelic moqmedebs nel-nela, 15 wT-is ganmav­

lobaSi da moqmedeba grZeldeba 1-2 saaTi.

NH4Cl - gamoiyeneba, rogorc Sardmdeni saSualeba. ukmari­

sobiT gamowveuli SeSupebis dros.

P-is Semcveloba 0,95%-ia organizmSi, dReRamuri norma 1,3 

g; fosforis 85%-s Seicavs Zvlebi, kbilebis Zvlovani qsovilis 

naerTebi. fosfori atf-is da sxva makroerguli naerTebis 

ZiriTadi Semadgeneli komponentia. P-is koncentraciis cvli­

lebasTan erTad izrdeba Ca-is koncentracia.
H3PO4 da misi marilebi monawileobs cilebis, cximebis, 

naxSirwylebis da vitaminebis mimocvlaSi; qmnis buferul sis­

temas, romelic aregulirebs qsovilSi pH-s.

denozintrifosformJava _ atf aris erT-erTi biologiu­
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rad aqtiuri nivTiereba. atf-is glukozasTan urTierTqmedebiT 

xdeba garkveulwilad energiis maragis gadacema. amitomaa, rom 

atf ujredebSi asrulebs energiis damgroveblis funqcias. 

amrigad, biologiur sistemebSi atf aris energiis universal­

uri wyaro.

fosfors didi raodenobiT (85%) Seicavs lulovani Zvlebi, 

kbilebi da sxva Zvlovani qsovili naerTis saxiT.

fosforisa da vitamin D-s ukmarisobis dros viTardeba da­
avadeba _ raqiti. P-is aucilebloba cocxali organizmisaTvis 

gamoixateba imaSi, rom Saqrebs da cximovan mJavebs ver iyenebs 

ujredi, rogorc energiis wyaros, Tu winaswar ar moxdeba am 

molekulebis fosforilireba.

Mg3(PO4)2 x 5H2O 

AlPO4 x n H2O           

NaH2PO4 Sardmdenia, iyeneben stenokardiis da hiperto­

niuli daavadebebis dros. 

NaH2PO4 

KH2PO4 

O _ Jangbads organizmi Seicavs 62,43% (mas), mozrdili 

adamiani normalur mdgomareobaSi iyenebs 264 nm3 wuTSi Jang­

bads. O monawileobs yvela saxis nivTierebaTa cvlaSi. Jangbadi 

21,5-23,5% raodenobiT Sedis cilebSi, fermentebSi, hormonebSi, 

vitaminebsa da sxva biopolimerebSi. Jangbads iyeneben medicinaSi 

Jangbadis ukmarisobis, filtvebis SeSupebis, HCN mowamvlis 

dros. 

F _ fTors organizmi Seicavs 10-5 %(mas); Sedis TiTqmis 

yvela organoSi. yvelaze mets Seicavs Tma da Zvali. organizmis 

dReRamuri moTxovnilebaa 1-2 mg; monawileobs Zvlis qsovilisa 

da kbilis emalis formirebaSi. 

hiperkaliemiis samkurnalod 

kuWis wvenis mJavianobis dasawevad
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F-organizmis normaluri zrdisaTvis aucilebelia; ukmari­

soba iwvevs anemias. sasmel wyalSi F arseboba aucilebelia. 

iyeneben kbilis kariesis profilaqtikaSi, Ciyvis samkurnalod.

Cl _ qloris Semcvleloba organizmSi aris 1.10-2%(mas). 

igi ZiriTadad araujrediseul siTxeSia. dReRamuri dozaa 4-6 

g; monawileobs sisxlis buferuli sistemebis warmoqmnaSi, os­

mosuri wnevis regulirebaSi, nivTierebaTa cvlaSi. gamoiyeneba 

sadezinfeqciod.

HCl _xels uwyobs saWmlis monelebas da Fe (II)-is ionis 
Sewovas. 

Br _ bromis Semcveloba organizmSi aris 10-4 %(mas). dRe­

Ramuri dozaa 0,821 mg. Sedis yvela organosa da qsovilis 

SemadgenlobaSi, farisebr jirkvalSi.

bromi zrdis centraluri nervuli sistemis SekavebiT pro­

cesebs; monawileobs sasqeso hormonebis biosinTezSi. gamoiyeneba 

nevrozis, nevrasTeniis mkurnalobisas.

J _ iodi monawileobs farisebri jirkvlis hormonebis 

metabolizmSi. igi Seucvlel rols asrulebs ZiriTadad 

farisebri jirkvlis funqcionirebaSi.

J-is ukmarisoba iwvevs sisustes, kanis gayviTlebas, sici­

vis SegrZnebas. J-is ukmarisoba gansakuTrebiT gavlenas ax­

dens bavSvTa janmrTelobaze, ver viTardebian fizikurad da 

gonebrivad. orsulobis dros ioddeficituri dieta iwvevs 

hipoTireoiduli bavSvis dabadebas (hipoTireozi _ farisebri 

jirkvlis funqciis daqveiTeba da amiT ganpirobebuli avadmyo­

furi mdgomareoba _ kretinizmi).

farisebri jirkvlis horminis siWarbe iwvevs organizmis 

dakninebas, nerviulobas, wonaSi daklebasa da oflianobas, rac 
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dakavSirebulia peroqsidazuri aqtivobisa da amis xarjze Tire­

oglobulinebis iodirebis gazrdasTan. hiperTireozi SeiZleba 

gaxdes farisebri jirkvlis simsivnuri daavadebis mizezi. mis 

samkurnalod iyeneben iodis radioaqtiur izotops, romelsac 

advilad iTvisebs farisebri jirkvlis ujredebi.

J-is siWarbe iwvevs nervul agznebas, wonaSi daklebas da 

oflianobas.

d-elementebi

d-elementebi mniSvnelovan rols asruleben biologiur 

sistemaSi, maT miekuTvneba yvela Tanauri qvejgufis elementi.

organizmSi Fe, Mn, Co, Mo, Cu, Zn, Ni mikroelementebis 

koncentraciis cvlileba ganapirobebs mraval daavadebas.

I jgufis Tanauri qvejgufis elementebi: Cu, Ag da Au. 
Cu _ saerTo Semcvleloba organizmSi 1.10-4 % (mas). dRe-

Ramuri dozaa 2-3 g. gavrcelebulia RviZlSi, tvinSi, Zvlis 

qsovilebSi. Cu-is Semcveloba principul gavlenas axdens 

wylisa da mineralebis balansze; Cu-Seucvleli elementia 

sisxlis warmoqmnis dros. Cu uerTdeba sisxlis Srats, cilis 

albumins da gadadis RviZlSi, xolo Semdeg brundeba sisxlSi 

cisferi cilis saxiT.

Cu-is koncentraciis gazrda iwvevs centraluri nervuli 

sistemis funqciis moSlas, vilsonis daavadebas.

dadgenilia, rom anTebiTi procesebis dros Cu-is Semcv­
eloba sisxlSi oTxjer izrdeba. es SeiZleba gamoviyenoT ro­

gorc testi _ organizmSi anTebiTi procesis dadgenis mizniT. 

CuSO4 _ zrdis organizmis imunobiologiur reaqtiulobas, 

antiseptikuria, Semkvreli. gamoiyeneba mowvis saSualebad, aseve, 

rogorc sasaqmebeli saSualeba TeTri fosforiT mowamvlisas;
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II jgufis Tanauri qvejgufis elementebi: Zn, Cd, Hg.
Zn _ rkinis msgavsad miekuTvneba Seucvlel mikroelement­

ebs. adamianis organizmSi misi saerTo Semcveloba – 1.10-3 %(mas). 

TuTia iolad ixsneba mJavebsa da Zlier tuteebSi kompleqsebis 

warmoqmniT; bevri fermentis Semadgeneli komponentia da monaw­

ileobas Rebulobs rig procesebSi.

organizmSi TuTiis Sewova xdeba nawlavis lorwovani 

garsiT, Semdeg gadadis sisxlSi (TuTiis tranportirebaSi 

monawileobas Rebulobs plazmis cilebi da eriTrocitebi). 

Zn-is ZiriTad masas STanTqavs RviZli, kuWqveSa jirkvali 

da Tirkmelebi. es organoebi xels uwyoben agreTve TuTiis 

gamoyofas. sisxlSi TuTiis Semcveloba mudmivia. organizmSi 

TuTiis Sewovasa da gamoyofas Soris arsebobs wonasworoba. 

dadgenilia misi yvelaze maRali koncentracia hipofizSi, ku­

WqveSa jirkvalSi, sasqeso jirkvlebsa da RviZlSi.

sisxlSi TuTiis Semcveloba damokidebulia asakze. axalda­

badebuli Seicavs yvelaze mcire raodenobiT, asakis Sesabamisad 

misi raodenoba izrdeba da 18 wlisaTvis xdeba stabiluri.

TuTiis Semcveloba sisxlis SratSi izrdeba hipertoniuli 

daavadebebis dros, xolo mcirdeba RviZlisa da Tirkmelebis 

qronikuli daavadebebisas. alergiis dros TuTiis Semcveloba 

izrdeba eozinofilebSi. moikardiT daavadebul adamianebSi 

icvleba TuTiis Semcveloba da amas iyeneben, rogorc tests 

avadmyofis mkurnalobisas. RviZlis cirozisa da rigi sxva da­

avadebebis dros SemCneulia TuTiis Semcvelobis cvlileba 

sisxlSi, magram cvlilebis meqanizmi dRemde ucnobia. 

mozrdili adamianis dReRamuri moTxovnileba TuTiaze daax­

loebiT 10-16 mg-ia. TuTiis saWiro raodenobas organizmi iRebs 

sakvebTan erTad. TuTiis Sewova xdeba wvrili nawlavis zeda 

Cu2O
CuO

Sedis baqteriociduli cementis SemadgenlobaSi.
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nawilSi da damokidebulia sakvebis cilovan Sedgenilobaze.

sakvebSi TuTiis ukmarisoba iwvevs organizmis normaluri 

zrda-ganviTarebis Seferxebas. iseT qveyanaSi, sadac ZiriTadi 

sakvebi produqti Tevzia, romelSic Zn-is Semcvleloba Zalze 

mcirea, naTlad igrZnoba bavSvTa ganuviTarebloba _ ~qondriska­

coba~. klinikurad aseTi adamianebi normalurad ar viTardebian, 

xdeba sqesobrivi momwifebis SeCereba. organizmSi ZnSO4-is 

damatebiT (20 mg dRe-RameSi), aRweven mniSvnelovan efeqts _ 

swrafad iwyeba organizmis normaluri zrda ganviTareba. 

organizmidan TuTiis 90% gamoiyofa ganavalTan erTad, 

xolo danarCeni _ oflisa da Sardis saxiT. dadgenilia, rom 

organizmSi Setanili da gamoyofili TuTiis raodenoba tolia.

Hg _ vercxliswyals adamianis organizmi dRe-RameSi sa­

Sualod 0,02_0,05 mg-is odenobiT iRebs. vercxliswyali zrdis 

organizmis imunobiologiur mdgradobas garemos moqmedebis 

mimarT. TviT vercxliswyals da mis naerTebs axasiaTebs maRali 

toqsikuroba. HgH(II)-is naerTebi ver laxaven sisxlsa da tvins 

Soris arsebul fiziologiur bariers, amitom maTi toqsikuri 

moqmedeba SeiZleba gamovlindes organizmis nebismier organoSi, 

garda tvinisa. amave dros, piriqiT, [HgCl]+ kompleqsuri ka­

Tionis kargi xsnadoba cximebSi apirobebs vercxliswylis 

dagrovebas tvinSi, sadac mis mier warmoqmnili mtkice bmebi 

iwvevs Seuqcevad daSlas. vercxliswyliT mowamvlis adreuli 

simptomia nervuli daboloebebis mgrZnobelobis dakargva. Sem­

deg adamiani siarulis dros kargavs koordinacias, metyveleba 

xdeba gaugebari; Semdegi stadiebia mxedvelobis, smenis dakargva, 

komuri (ugono) mdgomareoba da sikvdili. aRniSnul toqsikur 

moqmedebas amcirebs selenis araorganuli naerTebi.

garda aRniSnulisa, vercxliswylis zog naerTs aqvs samkur­

nalo daniSnuleba, iyeneben antiseptikur da parazitebis sawina­
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aRmdego saSualebad, aTaSangis samkurnalod da Sardmdenad. 

HgCl2 Zlieri sawamlavia, romelsac 1:1000 ganzavebiT iyeneben 

dezinfeqciisaTvis.

VI jgufis Tanauri qvejgufebis elementebi: Cr, Mo, W.
Cr _ mniSvnelovani elementia. misi kompleqswarmoqmnis un­

ari gansazRvravs biologiur aqtivobas. qromi dadebiT gavlenas 

axdens sisxlis warmoqmnis processa da fermentebis aqtivobaze; 

monawileobs nukleinis mJavebis struqturebis stabilizaciaSi. 

qromis naerTebi xasiaTdeba simsivnis sawinaaRmdego moqmedebiT.

Cr adamianis qsovilSi aris 0,02-0,04 mg/kg mSral nivTi­

erebaze, xolo saerTo Semcveloba mozrdili adamianis orga­

nizmSi 0,6 mg-ia; mamakacis sisxlSi _5,9-3,5 mg-ia, xolo qalis 

sisxlSi 4,6 mg. plazmaSi glukozis Semcvelobis proporciulad 

icvleba qromis koncentracia.

Cr-is ukmarisoba iwvevs zrdis daTrgunvas, sicocxlis 

xangrZlivobis Semcirebas; glukozis, lipidebisa da cilebis 

mimocvlis moSlas. iSemiuri daavadebis yvela stadias Tan 

axlavs organizmSi qromis ukmarisoba.

Mo (molibdeni) _ grovdeba RviZlSi, TirkmelSi da Sinagani 

sekreciis jirkvlebSi. dReRamuri moTxovnileba masze Seadgens 

0,15-0,3 mg. Mo aris zogi fermentis Seucvleli komponenti da 

aqtivatori. igi dadebiT gavlenas axdens hemoglobinis sinTezze. 

organizmSi Mo koncentraciis gazrda, normasTan SedarebiT, 
iwvevs Warbi SardmJavas warmoqmnas, Tirkmelebi veRar aswreben 

organizmidan mis gamitanas, saxsrebSi da myesebSi grovdeba am 

mJavebSi xsnadi marilebi, rac iwvevs saxsrebis tkivils. Mo 
deficiti organizmze uaryofiTad moqmedebs.

organoebsa da qsovilebSi molibdenis koncentraciis 

gazrda iwvevs sisxlSi mikroelementebis _ rkinis, spilenZisa 

da TuTiis koncentraciis Semcirebas. Mo aZevebs RviZlidan 

spilenZs, xolo Zvlebidan _ fosfors. arsebobs monacemebi Mo 
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kavSiris Sesaxeb vitamin C-sa da B12-Tan, TirkmelebSi 5-jer 

mcirdeba Mo Semcveloba vitamin C-s naklebobis dros.

Na2MoO4 zrdis sisxlis fagocitur aqtivobas (organizmis 

dacviT reaqcias).

(NH4) 2MoO4-s iyeneben, rogorc madezinficirebel saSu­

alebas `rbil~ pirobebSi atmosferuli azotis fiqsaciis 

reaqciebSi, rasac udidesi bioqimiuri mniSvneloba aqvs.

VII jgufis Tanauri qvejgufis elementi Mn.
Mn-is roli biologiur procesebSi Zalze didia, gansakuT­

rebiT, nivTierebaTa cvlaSi. mas yvelaze didi raodenobiT Seicavs 

filtvebi da kunTebi 0,02-0,08mg, RviZli 0,012-0,5mg. Tavis 

tvini, Tirkmelebi, elenTa, Zvlebi da sxva.

adamianis organizmi Mn-s Rebulobs ZiriTadad mcenareuli 

produqtebis saxiT, masze dReRamuri moTxovnilebaa 5-7 mg. 

manganumis Semcvelobis Semcireba iwvevs Zvlis qsovilebis 

degradacias.

MnCl2 da MnSO4-s iyeneben orsulebis da mSobiarobiT 

gamowveuli sxvadasxva saxis anemiis samkurnalod; simsuqnis, 

aTerosklerozis samkurnalod.

MnCl2 _ manganumis qloridi, koncentraciaze damokidebu­

lebiT, gansxvavebul gavlenas axdens centralur nervul sis­

temaze. 

KMnO4 _ kaliumis permanganati medicinaSi gamoiyeneba, 

rogorc garegani saSualeba. KMnO4-is 0,01-0,1%-ian xsnars 

iyeneben, rogorc gamosavleb da kuWis amosarecx saSualebas 

(mowamvlis dros); 0,1-0,5%-ian xsnarebs _ Wrilobebis mosa­

banad; 5%-ian xsnars, rogorc sisxlis aRsadgen saSualebas.

Mn-is Semcveloba sisxlSi izrdeba infeqciuri hepatitis, 

tuberkuliozis dros, xolo wylulovani procesebisas _ 

mcirdeba. Mn-is ukmarisoba adamianis organizmSi aRmoCenili 

ar aris. Mn-is minimaluri raodenoba, romelic aucilebelia 
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normaluri zrda-gamravlebisaTvis, ConCxis ganviTarebisaTvis, 

yovelTvis erTi da igivea. adamianis kvebis racionSi saWiroa 

5-10 mg/kg.

Mn-is didi raodenoba aris kakalSi, CaiSi. manganumi mcire 

raodenobiTaa xorcSi, Tevzsa da rZis produqtebSi.

Mn-is maRali koncentracia xels uSlisPP-is aTvisebas.

VIII jgufis Tanauri qvejgufis elementebi: Fe, Co, Ni, Ru, 
Pd, Os, Jr, Pt.

Fe _ cocxali organizmebis cxovelmyofelobisaTvis auci­

lebeli elementia. adamianis organizmSi misi saerTo Semcveloba 

– 1.10-5 % (mas). organizmSi arsebuli rkina asrulebs mafunqci­

onirebel, matransportirebel da maakumulirebel funqcias.

mafunqcionirebel rkinas miekuTvneba hemoglobinsa da fer­

mentebSi Semavali rkina.

matransportirebeli rkina warmodgenilia transferiniT, 

xolo maakumulirebeli _ sarezervo rkina-feritiniT.

hemoglobinsa da mioglobinSi, romelTa funqciaa Jangbadis 

gadaadgileba organizmSi, Fe inarCunebs daJangvis ricxvs (II). 
hemoglobinisa da mioglobinis saxiT mozrdili adamianis or­

ganizmi Seicavs mTeli rkinis 65%.

transferinebi rkinis SemboWveli nivTierebebia. maTi war­

momadgenlebia: laqtoferini (miiReba rZisgan), konalbumini 

(kvercxis cilisagan) da Sratis transferini. yvelaze farTod 

Seswavlilia Sratis transferini. is rkinis gadamtani cilaa 

elenTidan da RviZlidan Zvlis tvinSi, sadac specifikur ubnebSi 

xelmeored xdeba hemoglobinis sinTezi. adamianis organizmSi 

arsebuli yvela Sratiseuli transferini erTdroulad ierTebs 

mxolod 4 mg rkinas da yoveldRe Zvlis tvinSi gadaaqvs 40 

mg rkina. 

normalur pirobebSi, akumulirebeli rkinis didi nawili 

warmodgenilia feritinis saxiT, xolo danarCeni ki hemosideri­

nis saxiT. hemoglobinis daSlis Sedegad masSi arsebuli rkina 
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droebiT gadadis feritinSi, romelic Semdgom SeiZleba gamo­

yenebul iqnes hemoglobinis sinTezSi. organizmSi arsebuli Fe-
is raRac nawili feritinisa da hemosiderinis saxiT SeiZleba 

imyofebodes xangrZlivi drois ganmavlobaSi. es maragi SeiZleba 

gamoyenebul iqnes sisxlis dakargvis dros an nayofis ganvi­

TarebisaTvis fexmZimobisas.

feritinis funqciaa Fe (III)-is Senaxva aratoqsikur, xsnad, 
advilad misaRwevi formiT. feritini ZiriTadad grovdeba RviZlSi, 

Zvlis tvinSi da elenTaSi.

rkinaze organizmis moTxovnileba dRe-RameSi Seadgens 15-

20 mg. igi aqtiurad monawileobs cocxali organizmis Jangva-

aRdgeniT procesebsa da imunobiologiur reaqciebSi, romlebic 

aucilebelia zrdisa da sisxlis warmoqmnis procesebisaTvis. 

sunTqvis procesSi Fe roli is aris, rom qsovilebis ujredSi 

rkinis kompleqsuri naerTebi sunTqvis procesebis katalizs 

axdenen. aRsaniSnavia, rom Tavisufali rkinis Semcveloba sisx­

lis plazmaSi organizmis daavadebis bunebaze damokidebulebiT 

icvleba da koncentraciis cvlileba SeiZleba gamoviyenoT, 

rogorc ama Tu im daavadebis testi. magaliTad, infeqciuri 

hepatitis dros Fe-is koncentracia izrdeba daavadebis simZi­
mis proporciulad, xolo Tormetgoja nawlavis wylulovani 

daavadebis dros xdeba misi Semcireba.

rkinis Semcvelobis cvlilebis yvelaze farTo zRvrebi 

dadgenilia miokardis infarqtis dros. am dros xdeba Fe-is 
mimocvlis moSla. 

Cveulebrivi racionidan adamiani iTvisebs, mxolod 5-15% 

rkinas da es raodenoba mniSvnelovnad aris damokidebuli 

adamianis janmrTelobis mdgomareobazec.

kuW-nawlavis traqtidan Fe-is Sewova da misi raodenobrivi 
kontroli xdeba organizmis moTxovnilebis mixedviT. Sewova 

xdeba nawlavis lorwovani garsiT. Sewova wydeba, rodesac misi 

maragi sakmaod didia organizmSi.

hemoglobinis daSlis Sedegad naRvelSi rkinis Semcveloba 
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dRe-RameSi 1 mg aRwevs. SardiT gamoyofili Fe Seadgens saSua­
lod 0,2-0,3 mg dRe-RameSi, xolo saerTo raodenoba _ 0,6-1,0 

mg. es ar aris mcire raodenoba, radgan organizmi dRe-RameSi 

iTvisebs mxolod 1,0-1,5 mg-mde Fe-s.
rkinis balansis problema qalebisaTvis mniSvnelovnad 

ufro rTulia, vidre mamakacebisaTvis. problema dakavSirebulia 

orsulobasTan da mSobiarobasTan.

Co _ kobalti aris cxovelmyofelobisaTvis aucilebeli 

mikroelementi. aRsaniSnavia, rom Co-is Semcveloba adamianis 

organizmsa da cxovelur organizmebSi erTi da igivea, saSualod 

1,1 mg. adamianis organizmis dReRamuri moTxovnileba Co-ze 
Seadgens 0,05-0,1 mg. organizms Warbi Co Semcvelobis dros 

uqveiTdeba imunoglobuluri reaqciisunarianoba, irRveva piro­

biTad refleqsuri moqmedeba, ziandeba sisxlis warmomqmneli 

organoebi da sxva.

amJamad Co mniSvneloba adamianisaTvis, pirvel rigSi, gani­

sazRvreba vitamin B12-iT. igi monawileobas Rebulobs sisxlis 

(eriTrocitebis) warmoqmnaSi. mas, rogorc preparats, iyeneben 

avTvisebiani anemiebis mkurnalobisTvis da, SeiZleba iTqvas, rom 

igi am TvalsazrisiT xasiaTdeba yvelaze maRali fiziologiuri 

aqtivobiT. dRe-Ramis ganmavlobaSi 2 mg sakmarisia aRniSnuli 

avadmyofobis samkurnalod. B12 aris kobaltis erTaderTi komp­

leqsnaerTi.

samedicino praqtikaSi gamoiyeneba aqvs agreTve Co-is araor­

ganul marilebs _ Co(II) sulfats, Co(II) qlorids da sxva. 

kobaltis sulfats iyeneben orsulobiT da mSobiarobiT gamow­

veuli anemiebis samkurnalod. kobaltis qlorids kompleqsurad 

iyeneben mSobiarobis stimulaciisaTvis da mSobiarobis Semdgom 

saSvilosnodan sisxldenis dros.

Co-is preparatebs, magniumis preparatebTan erTad, farTod 
iyeneben sisxlZarRvebis anTebiTi daavadebis, RviZlis daavadebis, 



143

epilefsiisa da hipertoniuli daavadebebisas.

Co-is Semcvel Senadnobebs iyeneben stomatologiur praq­

tikaSi. Co-is mravalnairi gamoyenebis aspeqti migvaniSnebs mis 

mniSvnelovan rolze cocxali bunebis sinamdvileSi.

Ni _ nikelis ZiriTadi depoa RviZli, Tirkmeli da ku­

WqveSa jirkvali. misi preparatebi garkveul gavlenas axdenen 

sisxlis warmoqmnaze, kerZod, sisxlis morfologiur Sedgeni­

lobaze. Ni-s gansakuTrebiT didi raodenobiT Seicavs Cai (7,6 
mg/kg) da wiwibura (6,4 mg/kg). anemiis sxvadasxva formis dros 

sisxlSi Ni-is Semcveloba mcirdeba. leikozis mZime formis 

dros SeniSnulia nikelis koncentraciis mkveTri zrda sisxlsa 

da Zvlis tvinSi.

Ni iTvleba naklebtoqsikur elementad. misi raodenoba 

mcirdeba qronikuli koronaruli ukmarisobis dros. pirvel 

xanebSi nikelis koncentraciis mkveTri gazrda SeiZleba CaiT­

valos miokardis infarqtis diagnostikur testad.
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