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Kocra):(HH HllKOJIOBCKM 1 li <l>HJIHMeHa IIOIIOCKA 1 

1TeXHOJIOlliKO-MeTanypwKH cpaKyJITeT, rr.cp. 580, CKorrje, MaKep;oHHja 

H3BO.[( 

HHKOJIOBCKH, K. H IlonocKa, et>. (1998/99). C03,QaBaH>e, KOHBep3Hja H OTCTpaH)'BaR:>e 

aa a30THHTe OKCH.n;H. 1. ,Qen. Co3.r1aaaa.e H KOHBep3aja Ha a30THHTe OKCH,n;H. EKOJI. 3aUIT. 
)KHBOT. Cpe.Q. ToM 6, Bp. 112, 35 -44. 

Ep3HOT nopacT Ha CBeTCKOTO HaceneHHe, orpOMHHOT pa3BHTOK Ha TeXHliKaTa BO 
rrocnewraTe 30 ro.Qmrn H 3HaqajeoTo noKaqysaH>e Ha )!(J{BOTHHOT craH}:lap.Q nparem1 npe.Q ce 

CO 3roneMysaH>e Ha eHepreTCKHTe H cypOBHHCKHTe IlOTPe6H H IlpûH3BOAH O]:I Hajpa3.rnrqeg 
BH)l ro HccppJIBja BO npe,11ee nnaH npo6neMOT Ha 3ara,qysal:be ea qoseKosaTa oKomrna 11 
OilCTaHOKOT Ha )!(HBOTHHCKHOT H paCTiiTeJIHHOT CBeT. 

3ara,qyBalbeTO Ra B03J:IYXOT, BO,QaTa H TJIOTO, 6yqaaaTa H orpoMHaTa KOJiffqliffa Ha 

HeHCKOpHCTeHH HH.QYC TpHCKH OTila,QOUH ,QOae,qoa ,QO O'IHrJie,QeH KOHcp11HKT CO npHpO,QaTa. 
EnHa on eajonacHHTe rpyTIR Ha TOKCRqffH MaTepHH KOH Ha pa3.rmqea HatfIDI 

AOCileBaaT BO aTMOccpepaTa oco6eHO npeKY H3AYBHHTe aBTOMofümctrn racOBH H HHAYCTpHC
KHTe OTnawm racOBR Ha BliCOKOTeMneparypmne rrpo~eCH ce a30THHTe OKCH]:IH, KOH npeT
CTasyaaaT KOHTHffYHpaa liHTepec Ha HayqHHOT cseT. HeKOH acneKTH Ha apo6neMoT Ha 
a30THHTe OKCKAH I{e 6H)'laT AHCKyTHpairn BO OBOj H Hape,QHHOT TeKCT. 

Kliyqmt 360pOBH : a30TID:l OKCHAH, paMHOTe)f{a, KIDieTHJŒ 

ABSTRACT 

Nikolovski, K. & Poposka, F. (1998/99). Entstehung, umsetzung und wirkung von stickoxiden. I 
Teil" Ekol. Zast. Zivot. Sred. Vol 6, No 1/2, 35-44. 
Besonders in den letzten 30 Jahren wurde wiederholt darauf hingewiesen, dass der staendig 
zunehmende Bedarf modemer Industriegesellscbaften an Energie und Guetem verschiedeoer Art in 
vielen Faellen mit der Zuhname der Verschmutzung der Atmosphaere verbunden ist. 
Eine gefaehrliche Gruppe der toxischen Scbadstoffe sind die Stickoxide NOx, die mit den Abgasen 
der Verbrennungs- und anderer Hochtemperaturprozesse in die Atmosphaere gelangen. 
In der vorliegenden Arbeit wird ueber die Entstehung und Umsetzung von Stickoxiden, besonders 
Stickstoffmonoxid NO diskutiert. 

Key words: Stickoxiden, Gleichgewicht, Kinetik 



HmwnOBCKH, K. H nonocKa. <I>. 

1.0. H3BOPH H KOHTPO JIA HA r ACHJITE 3Ar A,[(YBA qu 

.D.eHec 36opyBaMe 3a "cMor", Kora 
BO npeHaceneHHTe HH.D;YCTpHCIŒ IIOApaqja 
,D;oafa .a;o o6pa3yBaH>e Ha oco6eHo ryCT 
B03Ayx. BaKBBTe "cMor" CHTya~ ce 3a 
Hac, nopaAH HeBoo6H'<IaeHo roneMoro HC
cpprryBaH>e Ha llITeTIIB MaTepHH BO B03.D;Y
XOT HajcHJTHO OIITOBapyBaH>e. HaBHCTHHa 
oBoj Hajnorn Haq]ffi Ha 3ara.a;yBaH>e Ha B03-
.a;yxOT .a;ocera He e cpeTHaT Kaj Hac BO eAeH 
no.a;onr BpeMeHCIŒ HHTepBan; HCTO TaKa He 
BO TaKBH KaTacrpocpaJIHH pa3MepH, KaKo 
Ha npHMep BO ,D;aJieqHaTa 1952 fOAHHa BO 
noH,D;OH, KOra BO TeKOT Ha e.C(eH 11 CMOf 11 

nepHon OA e,D;Ha He,D;ena yMpea 4.000 nyfe 
IlOBeie OA HOpMaJIHOTO BO HCTllOT BpeMeH

CKH npOCTOp. 
MefyToa 3aKaH)'BaFbeTo ocTaHyBa H 

noHaTaMY. 3a 1myCTpa1.vtja BO aTMoccpe
paTa Ha noc AHfenec eo rneecenITe ro
AHHH 6ea AHeBHO HccpprraHH no 700 TOHH 
a30THH OKCHAH, 2.500 TOHH jarneBOAOPOAH, 
8.000 TOHH jarneH MOHOOKCHA, 130 TOHH 

cyrrcpyp ABOOKCHA H HH3a APYrH rnTeTHH 
MaTepHH, AOAeKa caMo BO CA.I( BO 1963 
ro.a;mrn CTRrHaa BO aTMOCcpepaTa OKOJIY 23 
MHJIHOHH TOHH cyncpypeH ABOOKCHA. 

TipBO H OCHOBHO nparnaH>e BO pe

maBaH>eTO Ha npo6neMOTe: KOH ce H3BOpH
Te Ha Jara.a;yBaH>e H KOH ce IllTeTHHTe 

MaTepHH lliTO OBHe H3BOpH rH eMBTRpaaT? 
TiocrojaT TPH rnaBHH rpymr Ha 

3araAyBa'iR Ha aTMoccpepaTa: HH.D;YCTpHja
Ta, AOMaKHHCTBaTa li MaJIHTe CTOITaHCKH 
opramna~HH H coo6pa1<ajoT. CneKTapoT 
Ha lIITeTHHTe MaTepHH KOH rH eMBTHpaaT 
OBHe TPH H3BOpH Ha 3araAyBaH>e e orpo
MeH, HO He CHTe OA HHB HMaaT IlOAeAHaKOB 
y.a;en BO onrnToTo JaraAyBalbe . .I(oAeKa coc
TaBHHTe .a;erroBH Ha eMHCHjaTa OA AOMa
KHHCTBaTa H MaJrn:Te cronaHcIŒ opraHH3a
~ H coo6paK:ajoT MO>I<aT TOqJIO Aa ce 
HMeHyaaaT, .a;oTorarn nocrojaT CTOTH~H 

llITeTHH KOMIIOHeHTH KOH ce eMBTHpaaT 
Jae.a;HO CO HHAYCTpBCKHTe OTIIagHH racOBH 
H OA KOH noe.a;HHB ce yrnTe H He ce H,a;eHTH-

cp~aim. llpyra e rpyrraTa Ha peaKTHBHH 
cynCTaHI.(HH trae HeraTHBHO AejCTBO HaCTa
IIyBa AYPH OTKaKo THe ie AOcneaT BO aT
MoccpepaTa. HOBH CTOTHI..(H cyrrcraHJ.J.HH 
KOH He MO)l<aT µ:a ce npe~BHAaT Ke AOHece 
IIOHaTaMOllIHHOT HH.D;YCTpHCKH pa3BOj CO 

ycsojyBalbeTO Ha HOBH IIpOH3BOAH. 
TeUIKo e T)'Ka .a;a ce Ha6pojaT CHTe 

Mecra Ha nojaaa Ha Heno)J(eJIHaTa eMBcHja, 

HO AOMHHaHTHa yrrora m-paaT TepMoueH
TpamiTe Ha jarneH B HactJTa, rrpo~ec1ne Ha 
ra3HcpH1<auuja H 11pepa60TKa Ha jarneH, 
napmne KOTJIH H MeTanypWKHTe KOM6HHa
TH. roneM Aen OA OBHe HeilO)l(enHH cyn

CTaHL{H .C(OCneBa BO aTMOCcpepaTa H Henoc

pe.a;im OA peaKTopHTe, uesoBOAHTe, pe3ep
Boapiue, nyMnllTe, KoMnpecopHTe, noToa 
OA AecpeKTHTe BO HHCTaJia.IJ.HHTe H xaBap1rn, 
OA IJ.Bpcn1Te HJIH TeqHHTe OTIIa.C(OUH HTH. 

ÜTCTpaHyBaFbeTo Ha racmne 11 nap -
THKynapHHTe 3araAyBatrn rnaBHO ce OABHBa 
BO HeKOJIK)' rrpaBI(li: HaManyBaae Ha 

HKBHaTa KOHueHTpa~Hja BO OTITaAHHTe 
raCOBH HJIH OmllTO BO aTMOCcpepaTa no naT 

Ha TeXHHqKH rrpoMeHH Ha noe.a;HHR AeJIOBH 
Ha onpeMaTa HJIH Ha uenoKynHHOT TexHo
JIOlIIKH npouec; noro.a;eH H36op Ha cypoBH
HHTe KOH ce HAeHTHQJHJ<YBaHH KaKO rnaBHH 
HOCHTeJIH Ha lllTeTHHTe raCOBH H qecr~KH; 

H36op Ha JIOKa~u:jaTa, AOKOJIKY e BO nparn
aFbe HHAYCTpHCKa IIOCTpüjKa; BpeMeHCKa 
KOHTpona; H Henocpe.C(HO OTCTpaHysaae OA 
oTnagHHTe racoBB no naT Ha cpHJHqKo 11m1 
xeMHCKO Bp3yBaae. EapaH>eTo Ha coceMa 
HOBB TeXHOJIOillIŒ npo~eCH CO egHHCTBeHa 
~en 3a HaMaJiyBaH>e Ha KO.JIH'lliHaTa Ha 
racHHTe JaraAyBa'Ill He HJHeHaAyBa aKo ce 

BMa rrpe.C(BHA AeKa BO OApegeH 6poj Ha 
TeXHOJIOlIIKH npo~eCH caMO ype,D;HTe 3a 
IIpO'lliCTyBaH>e Ha OTITa.C(HHTe raCOBH Heon
XOJ{HH Ja 3ana3yBaH>e Ha AOHeceHHTe eKo

JIOllIKH HOpMaTHBH yqecrBysaaT H CO 30 % ' 
na H noBeKe BO BKYilHHTe HHBeCTHI.(HOHH 

BJIO:>K-yBaH>a, CO KOJIKY aneryBa H OCHOB
HaTa npo~ecHa onpeMa. 

2.0. A30TIIH OKCH)lH 

HajrorreM 6poj Ha HCIDITyBaFbaTa, 
KOH ce AO AeHec npeBJeMeHH BO pewaBaH>e 
Ha rrpo6neMOT Ha 3araAyBaae Ha aTMOC-
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cpepaTa ce ogHecyBaaT ceKaKo Ha eMHcH
jaTa Ha aJOTHHTe OKCH.JJ;H. ÜBoj roneM 
HHTepec Ha Hayq:HHoT caeT Ha npa nome.a; 



Co:inaaaR>e, KOHBep3Hja H OTCTpaH)'Baa.e Ha a30THKTe OKCH,[{H. I Aen 

3atJy,JzyBa. HHBHaTa TOKCErtrna IIpHpOAa H 

roneMHTe KOJIHq1rn11 KOH gocnesaaT BO 
aTMoccpepaTa He ce npH,,nrnaTa 3a Toa. 
ÜCHOBHHOT npo6JieM KOH THe ro HOcaT CO 
ce6e e HHBHaTa roneMa cra6IDIHoCT BO 
aTMOCcpepCKH ycnoBH H HHBHaTa ynora BO 
C03AaBal-beTo Ha OKCHAaHTH no naT Ha 
pea~HH CO APYfR KOMTIOHeHTH, oco6eHo 
jarneHOBOAOPOAFJTe, KaKO noCJie~a Ha 
IllTO cejasysa "cMor" -oT: 
NOx + CnHm + conqeea enepruja = 11 CMOf" 

YwTe noaei<e lllTO ecpeKTOT Ha 
aJOTHBTe OKCHAR BO C03J:(aBalbeTO Ha 
Il CMOr" e HajcHJJHO H3pa3eHO npli MHOry 
IDICKH KOHu;eHTpaizym Ha HCTHTe, llITO 3Ha-
1·UI AeKa creneHOT Ha OTCTpaffYBalbe Ha 
aJOTHBTe OKCHAH OA OTTiaJ:(HHTe raCOBH 
rpe6a J:(a 6Hge 3Ha"IllTeJIHO TIOBHCOK OTKOJI -
KY Kaj .npynne UITeTHH KOMTIOHeHTH. 

ÜA Apyra crpaHa yuITe o.a;aMHa e 
IT03HaTa UITeTHOCTa Ha aJOTHHTe OKCHAH 38 
nyteTo, )l(HBOTHHTe H pacreHHjaTa. TaKa 
cpH3HOJIOllIKH ecpeKTH Kaj nyfeTO ce 3a6e
Jie)KaHB npH H3JJO.>KYBaI-be Ha OC)'M'-IaCOBHO 
AejCTBO Ha aJOTeH MOHOKCHA CO KOHLI;eH

Tpan:Hja o.n: 3 ppm, a BO "cMor" CHTYau;HHTe 
HaA HeKOH rpa,n:OBH ce perHCTpHpaHH 

KOHI.J:eHrpan:HH Ha NO op; 1 AO 5 ppm. 
Og Me~HHcKa CTpaHa e yu.ITe noJ

HaTo H TOa AeKa TOKCH'IHHTe racOBH K8KBH 
llITO ce H a30THHTe OKCHAFJ, ce oco6eHO 
UITeTHH npH Bp3yaal-be co aepocomne, Ha 
KOH ni:e ce agcop6HpaHH H Ha lllTO ce 
AOJDKH nojaBaTa Ha JlOKaJJHH MHOry BHCOKH 
KOttn:eHTpau;irn BO rpaAHHTe anBeOJIH. 

2.1. BHAOBH H crpyicrypa na 330THHTe 

OKCHAJI 

ilpH pa3me,JzyBalbe Ha np111mHHTe 
3a C03):(aBaH>e Ha a30THHTe OKCHAJI Ka.KO H 
MepKHTe 3a HHBHO H36erttysalbe, O):(HOCHO 
OTcrpaHyBaH>e OA OTIIaAHHTe raCOBH noj
AOBHa TOtJ.Ka rpe6a }];a 6HJ:(e HHBHaTa KOM
IIJieKCHOCT. ilpHMapHH cpopMH Ha a30THHTe 

OKCHJJ:H 6HTHH 3a 3ara}];ysalbe Ha B03J:(YXOT 
ce a30THHOT MOHOKCHA, NO B aJOTHHOT 
ABOOKCHJ:(, N02. TioKpaj HHB KaKO IIOCTO
jaaa KOMilOHeHTa BO aTMOCcpepaTa BO Ma.JIH 
KOJIBtJHHH e rrpHcyreH ceKoraw H a30THBOT 
cy6oKCHA, N20. OcseH oaHe Il03HaTH ce 
yrnTe H CJieAHBTe cpopMH Ha a30THH OKCH
JJ:H, KOH MO)KaT .n:a HMaaT HeKaKBO BJIHjaHBe 
Bp3 npo6neMoT Koj ro paJrne,JzyBaMe: N102 

(NO) 2, N204 (N02h, N20s, N03 H N103. 
iloCTojaT H HH3a jommipaHH cpopMH KaKo: 
NiO\ N10-, NO+, NO", NO/, No2-, N20 /, 
N102-, N03-, N302·· Tue HMaaT AOAyrne 

BIDKHOCT Ja nJiaJMa ecrpa)l()'BalbaTa H He
KOH OA HHB KaKO MefyrrpOAYKTH BO rroegH
HH peal<Wfil Ha a30THHTe OKCHAH, HO HH
KaI<BO BJutjaHHe Bp3 3acpaAyBalbeTo Ha 
AOJTHHTe CJIOeBH Ha aTMoccpepaTa. 

NloJieKyJiaTa Ha a30THHOT cy6-

0KCHA, N20 e JIHHeapaa, co KHCJIOpOAHlfOT 
aToM Ha eAeH OA Kpaesine H pa3.IIB'IBH 
crpyKrypH KOH ce paJnHKysaaT caMo co 

eneKTpOHCKHOT pacrropeA. Pauling (1944) 
cMeTa AeKa HOpMarrHaTa cocroj6a Ha 
MoneeynaTa OArosapa Ha BH6pHpaH>eTo 

noMefy CTPYKTYPHTe (I) H (II) co Mana 
JacraneHoCT Ha APYfHTe Me30MepHH 
cpopMll, a OBoj 3aKJIYl.!OK ro noTBpp,ysaaT H 
cneKTpOCKOTICKHTe H eneKTpOH-p;HCppaK
LI;HOHHTe HCTp8)1()'Balba. 

+ + 

(I)N=N=O (II) N = N-0 

HeroBoTo npecycTBo BO aTMoccpe
paTa ce ,o:om1œ npe,o: ce Ha peaKu;Hja noMety 
a30TOT H 030HOT H 0)1. MHKp06HOJl01IIKHTe 
peaK~IDI. 

A30T ABOOKCH)J.OT N02 e MOnexyna 
CO HenapeH 6poj Ha BaJieHTHH eneKTpOHH 
(17) n e napaMarHeTeH, na roneM 6poj OA 
HeroB1ne peaK~I-rn: ce THrrHtJ.HH Ha oHne Ha 
CJio6o,romTe paJJ.HKamr. CnpeMa Wiener & 
Nixon (1957), MOJieKyJiaTa MY e HeJJHHeapHa 
H BO BHA Ha H30C~errapeH TpHarOJIHHK. 
Pauling ( 1948) ja rrpeAJJO>IGIJl cne):{llaTa 
pe30HaHTHa crpyKTypa: 

N N 
.:-;\ ~ Il\~. 

:0: :0: :0: :0: 

MoneKynaTa Ha aJoT TeTpaOKCHAOT 
HMa rrapeH 6poj Ha eneKTpOHH e e 
AHjaMarneTHa. IToTettn:HjaJIHO TyKa noc

TojaT TpH npo6JieMa, fürAejK.H CTpYKTypaTa 
Ha N104 He 6H MO)KeJia Aa 6H,n:e HCTa BO 
u;apcra, TetJHa H racHa cocroj6a. Mefyroa 

IDIKaKBa npoMeHa He ce jasyBa BO PaMaH 
cneKTapoT npH roneH:.e, a HHcppal.(pBeHHTe 

crreKTpH Ha u;BpcTHOT H racHHOT N20 4 ce 
HCTH. TpH crpyKTYPH no Wiener a. Nixon 
(1958) rpe6a crrpeMa Toa Aa 6BAaT 
pa3rneJJ;aHH: 
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'~ 

0 0 0 a 0 
\ Il I \ 1/ 

N-N O=N N=O o,o+N 
Il \ 'J ~ )<, 1 \ 

0 N b 0 

la, lb n m 
Kaj I MOJieKynaTa e rroBp3aHa CH

Me'TpH'-IHO co H-H BpcKaTa. Kaj la MO
ner<yJiaTa e paMHa, a Kaj lb ~eTe N02 

noBpIIIHHH ce HopManHH ewrn Ha ,rwyra. Kaj 
CTpyKrypaTa Il IlOCTOH rrpeMOCTyBaH>e H 
HeMa BHaTpeII.IHa poTaqHja. Kaj CTpyKTypa
Ta m BpcKaTa e HecHMeTpH'lIHa H nocrojaT 
gse BHa-rpeIIIHH poTan;HH. Bp3 6a3a Ha 
xeMHCKOTO H cpH3H'nCOTO OARecyBaH>e Ha 
MOJieKyJiaTa Ha N 20 4, ~enTupaHa e 
crpyKTypaTa la. 

NO rpynaTa rrpeTCTaBYBa eAHa OA 
Hajpa3Hoo6pa3HHTe JIHraHAH BOKOOPAHHa
THBHaTa XeMHja. rnaBHa IlpH'-Il'IHa 3a OBa e 
Taa IIITO NO MOJier<yJiaTa, Koja npH HOp
MaJIHH ycJIOBH ce Haofa BO racHa COCTOj6a, 
e MOHOMep H e cnpeMa TOa CTa6HJieH 
CJio6oAeH pag11Kan. CTpyKTypaTa e ofüNHo 
rrpeTCTaBeHa KaKO TpH-eJieKTpOHCKa BpcKa 
nnyc ABOJHa spcKa: 

:N=O: 

CaMo eAeH OA osne TPH eneKTpOHH 
e se3eH eneKTpOH, na crrpeMa Toa ae 
IIOCTOH OTcrarrysafbe OA npaBHJIOTO Ha 

OKTeT. Osoj HecrrapeH rt-eJieK-rpoH ja rrpaBH 
NO MOJieKynaTa crroco6Ha ga ce rroHecysa 
KaKO eneKTpOH-AOHopcKa H eneKTpOH
aKn;eIITOpcKa H e HOCRTeJI Ha 
pa3Hoo6pa3Ho xeMHCKO noHecysafbe Ha NO 
MOJieKynarn (Young & Sharpless 1962). 
To.KM}' osoj HecnapeH eneK-rpoH yKIDK}'Ba 
Ha TOa AeKa e B03MO)f(HO IlOCTOeH>e Ha 
YMepeHo CTafümeH AllMep (N0)2. Bo cor
nacHOCT CO Pauling ( 1948) MefyToa TpH
eneKTpOHCKaTa spcKa ja cra6HJIH3Hpa NO
MOJieKynaTa AO TaKOB CTeneH Aa TOilJIH
HaTa Ha AHMepH3aJ..01ja CTaHyBa HeraTHBHa. 

3a Hac AHMepoT Ha a30THHOT OKCHA 
e TOJIKY Ba>KeH lllTO TOj e HarnaceH KaKO 
HHTepMegHjapHa KOMilOHeHTa BO peaK.u;HH
Te Ha OKCHAaAHja Ha a30TliliOT OKCHA H ce 
yKa>KyBa Ha Heroso npHCYCTBO BO ropHHTe 
CJioeBH Ha aTMoccpepaTa. Toj H gpyrnTe 
noroneMH rpyirn (NO)x ce Béi)l(ffif naK BO 
xeMHJIYMHHHCQèHTHaTa peaKQHja N0-0 H 
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genysaaT Ha 3ro11eMYBaH>e Ha 6p3KHaTa Ha 
eMHT.HpaH>e Ha cseTmrnaTa. 

,[(HMepoT (N0)2 6eII.Ie OTKpHeH BO 
~pCT, Te'-leH H raceH 330TeH MOHOKCHA CO 
IlOMOill Ha MaraeTHH, KOllOpHMeTpHCKH H 
peHweHCKH HCJIBTysaH>a Bp3 6a3a Ha 
HHcppaqpseHHTe H PaMaH crreKTpHTe H 
MaceH crreKTpOCKOJICKH. 

3a crpyKTypaTa Ha (N0)2 IIOCTOjaT 
onpet.IHH MHCJieaa. Bo l.{Bpcra cpa3a (N0)2 
e HajsepojaTHO TparreJOlfAHO ~HKJIH'-leH 

N-N 
// ~ 
0----0 

a DO Te'!Ha H 3a HUC OA HHTepec racHaTa 
cpa3a ce HAeHTHcpiru;HpalUI ~c- H TpaHc-
06J1HK Ha (NO)i, npH II.ITO nosepojaTHO e 
AeKa qHc-06m1KOT e nocrafümeH. 

N-N 
if" ~o 

0 
~-~ 

0 

KosaneHTHHOT N20 5 HMa crpyKrypa 
Ha ):(Be HH-rporpyrm IIOBp3aHH HeJIHHeapHO 
CO KHCJIOPOAHHOT aTOM (Fateley et al. 1969). 

0 0 0 
~/ \ // 
N N 
Il Il 
0 0 

AOAeKa N103 ce jasysa BO ABe BepojaTHH 
CTpyKTypFI: 

0 0 N N 

' I N--N 
// \ / \ 

0 0 0 

" 0 
(1) (II) 

OA KOH rrocra6mrna e C'Tp}'KTypaTa ( I). 
KoHe~rno, KHTepecHo e Aa ce 3a6e

Jie)l(H AeKa Golo mg & Good ( 1970), MaceH 
cneKTpOCKOITCKH OTKpIDie HH3a "cluster"-H 
Ha NO FI N02, AYPH H TaKBH co MonexyncKa 
Maca OA 562, II.ITO op;roBap a Ha N1 50 22. 

2.2. Co3JJ;aeae,e ua a30THHTe OKCHJJ;H 

A.30THB.Te OKCH):(H ):(OcnesaaT BO 
aTMoc<PepaTa sorrraBHO npeKy oTITaAHHTe 
racoBH Ha npo~ec1ITe Ha coropyBafbe H 



Co3,nasaa.e, xmraep3Hja H oTcrpaeysaa,e ea a30THHTe OKCHJlH. I. ,nen. 

BHCOKO-TeMTiepaT)'PHHTe npou;ecu. H TIOK
paj roJieMHOT 6poj Ha CTa6Hmm THTIOBH Ha 
a30THH OKCHAlf, .a:aneKy HajroneM AeJI o.a: 
HHB (90-95%) OTnafa Ha aJOT MOHOKCHJJ;OT. 

CoJAaBaH>eTo Ha a30T MOHOKCHA ce 
BpIIIH rna:sHo npe1<y peaKizymTe Ha cyn
CTatt~ KOH co,a:p:>KaT a30T H KllCJIOpO)l;. 
Toa, npeJJ: cè, ce HJBe.a:yaa Ha TpH Haqmm: 

a) Co3,a:aBal-be Ha a30T MOHOKCHA no 
naT Ha OKCH,a:a~ja Ha aJOTOT O)l; B03JzyXOT 
cnpeMa pea~HJITe ,a;a,a:eHH BO Ta6enaTa 1. 

6) fpa)l;6a Ha NO rrpeKy peaKu;HH Ha 
pa,a:m<anHTe KOH co,a:p:>KaT a3oT, noce6Ho 
CN- paAW<a.JIHTe BO .a:enoBH Ha nnaMeHoT 
6oraTH co ropHBo: 

0 + CN <:::> NO + C 

u;) f pa.a:6a Ha NO npe1<y peaKD;HH Ha 
paJJIHqffH a30THH coe}\HHeHHja BO I..\BPCTJITe 
H Tel.JHHTe ropHBa npe1<y rpa,a:6a Ha 
HHTepMeA.HepH: 

Bo:iA.fX 
(N) <:::> (NX) <:::> NO + ..• 

f'opHBO Mefynpo,11,}'KT 

Ta6. 1 PeaKD;HB B KOHCTaHTH Ha 6p3HHaTa "K" 
Ha rpa,q6a Ha NOx 

Tab. l Bildungsreaktionen von NO» u. deren 
Geschwind igkeitskonstanten "k" 

Pe~aja (Reaktion) kc,1011 

l . Ni+O -+ NO+O 8.3 
2. NO+N -+ N2+0 4.6 
3. 02+N-+ NO+O l.l · 10-3 T 
4. NO+O-+ 0 2+N 2.5·104 T 
5. NO+O+M-+ N02 + M 3.8·10-22 

6. N02+H-+ NO+OH 49.8 
7. N02+0-+ N0+02 3.24 
8. NO+OH -+• N02+H 0.498 
9. N+OH-+ NO+H 6.6 

A 
+ 7.5 
+ 0.5 
+ 6.26 
+ 38.64 
+ 1.93 

+ 1.06 
+ 29.35 

Co3]l;aBal-beTo Ha NO MO:>Ke ]l;a ce 
O'IeKyBa npeA ce IIplI BHCOKH N- H 0-
noTe~HjamI H npH BHCOKH TeMTiepaTypH. 
3a HJiyCTpau;Hja Ha rpacpm<OT Ha Cn. 1 Bp3 
OCHOBa Ha KOHCTaHTHTe Ha paMHOTe:>Ka Ha 
pea~Te Ha coJ,a:aBaae H )l;eKOMll03~ja 
Ha noo.u.a;emmTe xeMBCKH npHMepou;H ce 
.a:ecpmœpaHH HHBHHTe no.a:patrja Ha cra6HJJ
HOCT. 11HaKy peaKu;RHTe Ha rpaA6a Ha 

a30THHTe OKCHWJ ce MHory 6p3H, TaKa Aa 
MO:>Ke Aa ce oqeKYBa ,a:eKa paMHoTe)l(HaTa 
COCToj6a ce TIOCTIITHyBa CKOpo ceKoraUI 
rrpe.a: HarryUITaH>e Ha racOBHTe Ha 30HaTa Ha 
BHCOKHTe TeMIIepaT)'pH. A TOa 3Hal.m ,a:eKa 
caMO CO npHMeHa Ha TepMO,D;HHaM.H'l{l(HTe 
MeTOAH Ha paMHOTe>Ka MO>KeMe .na ro 
npeABHWJMe coCTaBOT Ha roneM .a:en o.a: 
HH,IzyCTpHCKBTe OTrrawm raCOBH, lllTO MO)l(e 
,na npeTCTa:syaa ecpHKaCHO Opj')I<je BO 
HaManyaaH>e Ha CO.Iq>:>KIDlaTa Ha IIITeTHH 
KOMTIOHeHTH BO raCOBliTe npe1<y COOABeTeH 
H36op Ha pe)KHMOT Ha pa6oTa, a Bo npo~e
c1:1Te Ha coropyaaae Toa e sa:>KeH npeAyc
n os npe,a; npHMeHa Ha 6HJIO Koj Apyr Ha'lJHH 
Ha KOHTpOJJa Ha 3ara.a:yaal-beTo CO a30THH 
OKCH,ll,H. 

IloafajKH o.a: OBa BO TIOHaTaMOUI
HHOT TeKCT ce rrpeTcraeeHH MOX<HHTe xe
MHCKH pea~H TIOMefy paMHOTe:>J<HHTe 

KOMnoHeHTH H2, H20, 02, CO, C02, N2, 

NO 11N02: 

2 H2 + 02 +-+ 2 H20 (1) 
2 C0+02 +-+ 2C02 (2) 

N2+02 +-+ 2NO (3) 
2 NO+ 02 +-+ 2N02 (4) 
2N0+2CO +-+ N2+2 C02 (5) 
4NO +-+ Ni +2 N02 (6) 
N02+CO +-+ NO+C02 (7) 
2 N0+2 H2 +-+ 2H20+N2 (8) 

na Bp3 OCHOBa Ha HliBHllTe TepMO
AHHaMHtIKR CBOjCTBa npH OTilllT rrpHTHCOK 
o.a: 1 atm (Aa.a:eJm Ja 1myCTpau,Hja 3a NO H 
N02 BO Ta6. 2) no.a: npeTnocraBKa Ha 
IIOCTlffHyaaae TepMOAHHaMH'-IKa paMHo
Te:>Ka Ha H3Jie3 Ha OTna,a:HHTe raCOBH OA 
30HaTa Ha BHCOKH TeMIIepaTypH npH npoq
ecHTe Ha coropyaaae npeKy eAffo HTepa
THBHO peweHHe Ha e)l;eH HeJJHHeapeH 
CHCTeM Ha pasemœ: CO ocyM Hen03HaTH 
A06HeH e MO:>KHHOT COCTaB Ha OTna,a;m;rTe 
racoBH npH pa3JIH'iHH TeMTiepaTypH, 3a 
ycnosH Ha ABa npaKTH'-IHB CHCTeMB Ha 
HHA)'CTpHCKH OTIIaAHH raCOBB. IlpecMeTa
HHTe BpeAHOCTH ce rrpeTCTaBeHH BO Ta6. 3. 
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Cn. 1 Tio,qpat:tja Ha cra6HJIHocr Ha NOx np11MepoqHTe 
Fig. 1 Termodynamisches Zustandsdiagram des NOx Systems 
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Co3)laBalbe, KOKBep3Hja H oTcrpaH}'Ba&e aa a3oTHHTe OKCHWf. I. Aen . 

Ta6. 2 TepMowraaMHl.JKH cBojCTB a Ha NO H N02 

Tab. 2 Termodinamische Eingeschaften von NO u. N02 

Gas T (°K] ôG BT s CP 
298 6.568 - 4.815 50.35 7.075 
400 1.328 -0.726 52.454 7.250 
500 -4.002 1.749 54.089 7.405 

NO 600 - 9.481 3.454 55.452 7.550 
700 - 15.086 4.711 56.626 7.686 
800 - 20.801 5.683 57.661 7.814 
900 - 26.615 6.464 58.588 7.935 

1.000 - 32.516 7.107 59.430 8.048 
298 - 9.186 6.734 57.34 8.762 
400 - 15.169 8.289 60.069 9.774 
500 - 21.292 9.308 62.325 10.438 

N02 
600 -27.624 10.063 64.276 10.957 
700 -34.140 10.660 65.998 11.390 
800 - 40.818 11.152 67.544 11.764 
900 - 47.644 11.571 68.949 12.091 

1.000 - 54.604 11.935 70.238 12.378 

Ta6. 3 PaMHOTe)l(eH cocraB Ha racHaTa cpa3a BO CHCTeMOT C-H-N-0 
Tab. 3 Gleichgewichtszusammensetzung der Gasphase im System C-H-N-0 

lf3Jie3eB H2 vol% C02-14 vol% CO vol% 02 -1.0 vol% 
oTnaAeH rac 1 H20-8.0 vol % Ni-76.5 vol % N02 vol% N0-0.5 vol% 

TeMnepaT)'pa, °C 1.000 1.500 2.000 2.500 

H2 3.6· 10--0 0.003 0.111 0.723 

H20 8.000 7.996 7.844 7.019 

02 1.246 1.213 l.601 3.673 
CO 11.2· 10·6 0.0203 l.035 5.712 
C02 14.000 13.98 12.890 7.838 

Ni 76.750 76.69 76.100 73.53 
NO 0.008765 0.09675 0.4277 1.508 
N02 3.6·10--0 6. l ·10-' l.4·10-4 4.3· 104 

H3Jie3en H2 vol% C02-14 vol% CO vol% Oz-0.5 vol% 
OTD3AeH rac II H20-9.0 vol % Ni-76.0 vol % N02 vol% N0-0.5 vol% 

TeMncpaT)'pa, °C 1.000 1.500 2.000 2.500 
H2 5.4·10"6 0.004 0.142 0.847 
H20 9.0 8.994 8.799 7.852 

02 0.7466 0.728 1.217 3.356 
CO 14.5· 10·6 0.0262 1.173 5.853 

C02 14.000 13.970 12.730 7.678 
Ni 76.250 76.200 75.56 72.98 
NO 0.00677 0.0747 0.371 1.436 

N02 l .6·10-' 3.7·10-) l.2· 10-4 4.0·10-=<I 
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Bo Ta6. 3, HCTOBpeMeHO 3a OBHe 
gBa c.nyqaH e gageH H eKcnepHMeHTaJIHO 
H3MepeHHOT cocraB Ha OBHe OTTiagHH 
racoBH. 3a6eJie)KJ!HBO e go6poTo CJIO)K)'
BaH>e Ha npe3eHTHpamrre nogaTo~. 

2.3. KoHBep3Hja Ha 330TBHTe OKCHAH 

HacnpoTH roneMaTa 6p3HHa Ha 
C03p;aBaH>e rrpH BHCOKH TeMIIeparypH, pac
nafaH>eTO Ha aJOT MOHOKCHgOT npH no
HHCKH TeMnepaTypH e MHory cnopo, ,rzypH 
MO)Ke .a;a ce Ka)Ke .a;eKa NO npeTcTaBysa 
egeH y-ie6eH npHMep Ha MeTacra6HJIHo 
coegHHeHHe BO ycJIOBHTe KOH BJia.a;eaT BO 
aTMoccpepaTa. TaKa, 3a rroTrrOJIHO pacrra
faH.e Ha NO ao aTMoccpepaTa npH 25 °C 
rrpecMeTaHO BO O,I(HOC Ha peaKIJ;HjaTa 

2 NO ~ Ni + 0 2, (9) 
k = l.9· 108 exp(63. I/RT) [atm ·1s·1

] 

crropeg Howard et al. (1958) noTpe6Ho e 
BpeMe OA OKOJIY 10 ro,qHHH. 

ToKMY JaToa AYPH BO aTMoccpepaTa 
.a;oafa AO KOHBep3Hja Ha a30T MOHOKCHAOT 
AO HajIIJTeTHHOT a30TeH OKCHA. N02 
cornacHO peaKD;HjaTa: 

2NO + 02 ~ 2N02, (10) 
k20=5,5· 10-38 [cm6mor2s-1] 

Bo yCJioBH Ha paMHoTe)Ka HajroJieM 
.a;en o.a; NO 6H füm OKCHAHpaH no ropHaTa 
paBeHKa, MeryToa H oBaa paMHOTe)Ka ce 
,qocrHrnysa cnopo. TaKa Ha npHMep rrpH 
KOH~eHTpai~:aja Ha NO OA 100 ppm 6H 6mie 
noTpe6HH 100 qacOBH 3a .a;a 50 % OA NO ce 
OKCHAHpa AO N02. 

ÜKcn.a;a~jaTa Ha NO co 030H 
HacrrpoTH Toa e MHory 6p3a. Ilo OBaa 
peaKIJ;Hja crrope.a; Clough et al. (1967) H 
Clyne et al. (1964): 

NO + 03 ~ N02 + 0 2 (10) 
K=9,45· 10· 13 exp(-2,46/RT) [cm3mor1s-1

] 

1 ppm H3HCKysa 1.8 s Ja rre.a;eceT 
npo~eHTeH rrpeo.a; KOH N02. Tpe6a .o;a ce 
cnoMeHaT YIIJTe H cpoTOXeMHCKHTe peaK
~HH KOH no.a; BJIHjaHHe Ha COffqeBaTa CBeT
JIHHa Bo,a;aT KOH 3roneMysaH>e Ha KOHl\eH -
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Tpa~11jaTa Ha o30H, (Gaedtke et al. 1973; 
Harker et al. 1973): 

N02+hv~No+o (12) 
0 + 02 (Atmosfera) + M ~ 03 + M (13) 

EKcnepnMeHTaJIHHTe HCTpa)K)IBalha 
IIOKa)KaJie .a;eKa BliCOKHTe KOH~eHTp~HH 
Ha 030H Ha6Jbyp;ysaID:I Ha.a; roneMHTe 
rpa.a;oBH .a;elhe, Ho:K.e nataaT IIOBTopHo .a;o 
ttyJia. 

MHory rronorn npHMep Ha cpoTo
xeMHCKH pea~ ce pea~HTe Ha a30T HH
Te OKCHAH, npe.a; ce NO H N02 co pa3ID1Te 
jarJieHOBOAOPOAH IIITO HCTO TaKa CTIIT
ttysaaT BO aTMOCcpepaTa El KOH BOJ:(aT AO 
C03AaBaH>e Ha OKCHAaHTH, a TOKMy BO TOa 
ce COCTOH nocrojaHOTO HCTaKHysaH>e OA 
IIITeTHOCTa Ha a30THHTe OKCHAH BO OAHOC 
Ha .o;pyrn.Te 3ara.a;yaaqH KOH ce H IIOTOKCHll
HH H npHCYTHH BO 3Ha'lfHTeJIHO noroneMH 
KOJIHqHHH. IIITo e yulTe nonoIIIo .a;oceraw
HHTe HCimTyBaH>a IIOK3)KaJie .a;eKa KOJIH"IB
HaTa Ha C03A3AeHine OKCHAaHTH rrpeKy 
peaKqHHTe Ha a30THHTe OKCHAH H jarne
BOJ:(OpO.a;HTe IIOMHHyBa rrpeKy MaKCRM)'M 
npH MHOry HHCKH KOHU;eHTPaqHH Ha a30T
HHTe OKCHJ:(H (0.5-1 ppm), IIITO ycJIOBysa 
H3BHCTHHa IIOTpe6a OA .o;na6oKO rrpO'lfHCTY
Balbe Ha oTna,a;HHTe racoBH Ha NO. 

Ta6. 4 .a;aBa egHa 6pojHa npeTcTaBa 
3a CO,ll;p)l(JrnaTa Ha a30THH OKCHAH BO OT
naAHHTe racoBH OA pa3HH H3BOpH H HHB
HHOT y.n;en BO 3ara,rzyBalheTo Ha yp6aHaTa 
rpa.n;cKa cpe.n;HHa . 

O.n; Hea rrpoH3nerysa .o;eKa npH6-
JIIDKHo 75 % Ha NOx KOH CTHrHyBaaT BO 
aTMOccpepaTa Ha eAeH HOpMaJieH rpa.a; 
llOTeKH)'BaaT OA M06HJIHliTe H3BOpH H TOa 
npeTe)KHO o.a; coo6paK:ajHHTe cpe.a;crsa co 
6eH3HHCKH MOTOP (6e3 Brpa.n;eH KaTaJIH-
3aTop ). IlpHpOAHO, npou;eHeTHOT y.a;en ce 
MeHysa BO TeK Ha ro,a;HHaTa H .a;eHOT .H He 
Ba:>IGI 3a CHTe rpap;OBH H BO ceKoe BpeMe. 

Bo CJieAHOTO npo.a;on)KeHHe :K.e 
für.o;aT AJ:ICKYTHpam1 MeTO)lHTe 3a OTCTpaHy -
BaH>e Ha a30THHTe OKCHAH li HCTHTe 
cnope.a;eHH CO COilCTBeHH eKcnepHMeHTaJI
HH HCTpa)K)'BaH>a. 



Co3.nasaH:.e, KOHBep3Hja H OTCTp3HJBaH:.e Ha a30THHTe OKCHJ:(H. I. .n:en. 

Ta6. 4. CoAp>KHHa Ha Nûx BO OTIIa.[IHH racOBH OA pa3JIH1IBH H3Bopn 
Tab. 4. Stickoxid-Gehalte in verschiedenen Abgasen 

NOx 
Y.nerr BO Nûx -co.np-

KoaqeHTpaqHja BO ppt 
)KHHa BO rpa,llCKH 

B03llVX, vol% 
MOEHmIHH3BOPH 
l-h.llYBHH raCOBH OA MOTOpHHTe B03HJia: 

6eH3HHCKH MOTOpu 

- npa3eH o.n 10 
- 3a6p3ysaH>e 4.200 
- HOpManHO B03elbe 1.600 
- Koqelbe 20 

,lJ.H3eJ1 MOTOpH 
OKOJIY Yz OA Bpep;HOCTa 

Ha OTO-MoTopIITe 
CTAUHOHAPHH H3BOPH 
Ilpo~ecu na coropyea 11>e: 
- ByH3eHos nJJaMeH 20 75% 
- Ampy3HOHeH 6peHep 20 
- racHH fle'l!KH 15 
- Ile'!Ka 3a ToneH>e 30 
- BpcHep 3a eysalbe 50 
- Ilaoea KOTen - 45 MW 200 * nonyonTosaovsaa.e 
* DOJJHO OllTOBapyBal:be 900 
ÜHJJ;VCTPHCKH DPOl~ecu: 3.000 ( 50 % NO, 
- ÜTn<lJ1HH racoBR o.n: a6cop6ep 3a HN03 50 % N02) 
- Baj~osaH:.e Ha MCTaJIH Pa3rr. max. 2.000 
- PereHepa~Hja Ha KaTaJIH3aTOpH Pa3rr. max. 100 
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ENTSTEHUNG, UMSETZUNG UND WIRKUNG VON STICKOXIDEN. 
!TEIL. 

Kostadin NIKOLOSKI & Filimena POPOSKA 

Faculty for Technollogy and Metallurgy, Skopje 

SUMMARY 

Besonders in den letzten 30 Jahren wurde wiederholt darauf bingewiesen, dass der staendig 
zunehmende Bedarf moderner Industriegesellschaften an Energie und Guetern verschiedener Art in 
vielen Faellen mit der Zuhname der Verschrnutzung der Atrnospbaere verbunden ist. 

Eine gefaehrliche Gruppe der toxischen Schadstoffè sind die Stickoxide NOx, die mit den Abgasen 
der Verbrennungs- und anderer Hochtemperaturprozesse in die Atrnosphaere gelangen. 

In der vorliegenden Arheit wird ueber die Entstehung und Umsetzung von Stickoxiden, besonders 
Stickstoffmonoxid NO diskutiert. 
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