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CPABHUTEJIHA OIIEHKA
HA METOAUTE 3A U3PABHSIBAHE
HA OKUC/IMTEJHO-PEAYKIIMOHHU PEAKLIUMN:
HPEAUMCTBA U HEJOCTATDHBLHU

N. JI. AyxoB
Xumuxomexnonoeuuen u memanypeuder ynugepcumem — Coghus

Pe3rome. KoMeHTHpaHU ca MPEAUMCTBATa M HEJOCTATHIIUTE HA HAW-TIOMYISPHUTE
METO/IM 33 U3PABHABAHE HA OKHMCIIUTEIHO-PEAYKIHOHHHU (PEOKC) PEaKIliy, MOJKpene-
HU C MOJIXO/AIIU MPUMEPH. BBIPEKH HAKOM HEJOCTATHIU U OTPAHUYEHHS METOUTE Ha
EJIEKTPOHHUsI OaTaHC U MOJYPEaKIMUTE MOraT Ja ObJarT U3MOA3BaHU 34 U3PABHIBAHE
Ha roJisiM Opoil peoKC peakiuu. M3BeCTHO MPEIUMCTBO UMa METOABT HA EIIEKTPOHHUS
Gajanc, Thil KaTO MPH HETO HE € 3abDKUTEIHO (KAaKTO MPU METO/Ia Ha MOy PEAKI[HUTE)
peaknusaTa 1a IpoTHYa BhB BOIHA cpejia. Hali-yHuBepcaien € METOIbT Ha MATEPUATTHUSI
GajaHc, OCHOBAH Ha 3aKOHA 3a ChXPAaHEHHE HA Macara Ha BEIIECTBATa P XUMUYHUTE
peakuuu. MeToabT MOKe Ja ObJie M3MOJI3BAH 32 U3PABHSABAHE HA PEAKI[MH OT BCAKAKHB
THI. Y1o0HO € 1a Obje u3noia3Bana Moauduipanara Gopma Ha METO/A, KOSTO MO3BO-
JsiBa J1a ObJaT HAMAJICHH MATEMaTHYCCKUTE ONEpaIy U Ja ObJie ChKPATeHO BPEMETO
3a U3PABHIBAHE HA PEAKIIUUTE.

Keywords: redox reactions, oxidation number method, half reactions method, material
balance method

3a u3paBHABaHE HA OKUCIUTEITHO-PEIYKIIMOHHN (PEIOKC) peakIuyu Hal-9ecTo ce
M3MO3BAT METOANTE Ha €JICKTPOHHHMS OajlaHC U Ha nonypeakiuute. Hait-manko momy-
JsIpeH, Makap U Hal-yHHBEpcalleH, € METOIbT Ha MaTepuaHus OanaHc (anreOpudeH
METO[), ThI KaTo MPUIIOKEHUETO MY € CBBP3aHO C pelllaBaHe Ha CUCTEMH OT AIreOpUIHI
JIMHEHHH ypaBHEHUSI.

Lenra Ha HacTosmaTa paboTa € Ja aHaIM3upa Te3U METO/IU, KaTo TIOCOYH MTPEAHM-
CTBaTa M HEJIOCTATBIIUTE HAa BCEKH OT TSAX U 110 TO3W HAYHH JIa J1aJIe Bh3MOXKHOCT 32 H300D
Ha HaN-TOXOMSAIIMS METO/] 38 U3PABHSABAHE HA BCSIKA KOHKPETHA PEaKIUs.

Meton Ha CJICKTPOHHUSA 0ajaHc

MeToIbT Ha eNeKTPOHHHUSI OaTaHC ce OCHOBaBa Ha ()akTa, 4e B PEJOKC MPOIECUTE
OposT Ha OTAQJCHUTE OT PEAYKTOPA U MPUETUTE OT OKUCIUTENS SJICKTPOHHU TPsiOBa
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na Obae paBeH. 3a 1esiTa ce U3I0J3BaT CTEIIEHUTE HA OKUCICHUE Ha OKUCIIUTENS U
penykropa. CriopeJ HOMEHKJIATyPHUTE [IpaBUla Ha Mex1yHapoIHUs ChIO3 110 UUCTA
u npunoxHa xumus (IUPAC) ot 2005 1. cTeneH Ha OKHCIIEHNE Ha €IEMEHT CE 3aInucBa
¢ puMcKa ugpa KaTo ropeH AeCeH HHIEKC IPU CUMBOJIA Ha ejeMeHTa. [Ipu nonoxu-
TEJIHU CTEIICHU Ha OKHCICHHE KbM PUMCKaTa Iudpa He ce 100aBs 3HaK ILIIOC, a IIPH
OTpULATENIHU — IIpe] puMcKaTa nudpa ce nocrass 3Hak MuHyc. HyneBa cTenen Ha
OKHCJICHHE C€ 3alKcBa ¢ apadcka nudpa Hyla. AKO CbeAMHEHUETO ChIbpPKa SAHAKBI
aTOMH, KOMTO HE Ca CBbP3aHU C XUMHUYHA BPb3Ka, TE€3U aTOMM UMaT €JHAKBA CTECIICH
Ha okuciieHue. Hanpumep B K,Cr,O, cTenenTa Ha OKUCIIEHUE Ha JIBaTa aTOMH XPOM
e VI. XumMuuHaTa Bpb3Ka MEXIy €IHAKBH aTOMH HE BOAM JJO IPUHOC B CTEIIEHTA Ha
okucnenue. Hanpumep B nepokcugnara rpyna (—O—O—) creneHTa Ha OKUCIEHUE
Ha KUCJIOPOAHUTE aToMHU € —1, a HoHHuAT 3apsia Ha rpynara e 2— (0,>). WNonnwu 3apsu
ce 3anucBat ¢ apabcka nudpa KaTo JeceH TOPeH MHACKC MPU CUMBOJIA Ha €JIeMEHTa
WK IpynaTa. 3HaK IUII0C WIK MUHYC CE IIOCTaBs 3aAbJKUTEIHO ciel 3apsaaa ([ykos,
2009).

CreneHuTe Ha OKHMCIICHUE HE Ca PEaJiHy, a CaMO IPUBUIHU 3apsiid HA CbOTBETHUTE
aromu. ExcriepuMeHTanHo € 1oKa3aHo, ue 3apsaasT Ha P,O.* e Munyc yetupu, HO HsiMa
JI0Ka3aTeJICTBO, e peaHusAT 3apsaa Ha ¢pocdopa e 5+. Peannure 3apsau ce paziuyasar
3HAUUTEIHO OT IPUBUAHUTE, ONPEACICHU Upe3 CTENEHUTE Ha OKucieHue. ToBa e enun
OT HEeJIOCTaThLUUTE Ha METO/la. BbIpeku e cTeneHuTe Ha OKUCIEHUE UMaT hopMalieH
XapakxTep, U3I10JI3BaHETO UM I103BOJIsIBA UPE3 METO/Ia Ha CJIEKTPOHHUS OanaHe 1a Obaar
M3paBHSBAHH IOYTH BCUYKH PEAOKC peakuu. Tl KaTo METOObT ce Oa3upa Ha OanaHca
Ha OTJAaJICHUTE U IPUETUTE EIEKTPOHU, IIOHAKOIa € Bb3MOXKHO HA HAKOU €JIEMEHTH Ja
ObJaT MPUITMCBAHN HEXapaKTEePHHU 1 Jayke abCyp/IHY CTETIeHN Ha okucienne. Hampumep
B PEaKLUTA

1 I -1 A\ I VI v

\Y
Fe As S +HNO, —» Fe(NO,),+H,;AsO,+H,SO,+ NO, +H,0

¢ mornyHo na Obae mpueto, ue Fe u As B FeAsS mposBSIBat mepBa MOJIOKUTETHA CTEIICH
Ha OKHMCIIeHHe (Makap 4e 3a TSX TOBa He € THUIMYHA CTETNeH Ha OKHCIIEHHE), Thil KaTo
B cynuIuTE cspara MposBsBa CTeeH Ha okuciienrne —I1. B TakbB cirydait cxemara Ha
CJICKTPOHHHUS OajaHC €
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Fe'—2¢” — Fe™

As' —4e” > AsY H14] x1
ST_8e  —sV!
NY +1le” >NV }1 [¥14

KbMm 14-1e monexynu HNO,, kouTo yyacTBaT B peloKC peakuusTa, Tpsaosa qa Obaar
npubasenu 3 monekyan HNO,, yaactBamu B o0pasysane Ha Fe(NO,), n koeGuuuenThbT
cTaBa paBeH Ha 17. M3paBHeHaTa peakiys €

FeAsS + 17HNO, — Fe(NO,), + H,AsO, + H,SO, + 14NO, + 6H,0

Couusar pesynrar (14 otnanenu ot FeAsS enekrpona) 1mie Ob/ie HOCTUTHAT, aKo (IIPH
Cra3BaHe Ha EJICKTPOHEYTPAITHOCTTA HA CheiMHEeHUETO) Ha Fe, As u S Objar npunucanu
ChBCEM Pa3JIMYHU U HCOOMYAITHH CTEIIEHU Ha oKuciieHue — Haripumep Fell, As?, S-1I; Fel,
AsY, S1; Feo, As?, SO; Fe-l, Asl, SU; Fe I, As, SV u T.H. fIcHO €, 4e BbB BCUUKHU CIIy4au
cxemara Ha eJICKTPOHHHsI OaJIaHC 111e UMa ChIIUS BUJI.

[TomoGeH pe3ynTar — Bb3MOXKHOCT 32 U3PABHSIBAHE HA JaJIeHA PEaKIIUs Ype3 MPUTTHIC-
BaHE HA HEOOMYAlHU CTEIICHU HA OKUCIICHUE Ha JICMCHTUTE IIPHU CIIa3BaHE HA EJIIEKTPO-
HEYTPAIHOCTTA HA ChEJUHEHUETO, MOXKE Jla ObJIC MOCTUTHAT BUHATH KOTATO JIBA WA
MOBEYE €JIEMEHTA OT AaJICHO ChbEIUHCHUE YUaCTBAT B PEAOKC PEaKIIUs.

Herousim Opoii peakiuu He Morar jia ObJIaT U3PaBHEHU JIMPEKTHO Ype3 METO/a Ha
enektponHus Oananc. Peaxnusira ([Jadunosa et al., 2000)

NH,CIO, + C —“— CO+CL +N, + H,0

MOe J1a Ob/ie U3paBHEHA, aKo ObJIe MPEICTABEHA KaTo JIBE MTOCIEI0BATEIHO TPOTHYALIH
peaxiyu

2NH,CIO, —“— CL +N, + 20, + 4H,0
4C +20, — 4CO
Cren cyMupaHe Ha IBETE PEaKIIUH Ce ToTydaBa

2NH,CIO, +4C — 5400+ ClL, +N, +4H,0
Peakmusra (yxos, 2000)

KMnO, + H,S — K,S0, + K,S,0, + MnS + S + H,0
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CBINIO HE MOXKE Ja ObJle U3paBHEHA TUPEKTHO M TPsOBA /a ObJe pa3jienieHa Ha JBE pe-
aKIi1, KOWTO CIIe[] M3paBHABaHe aa ObaaT cymupand. EjqHara peakius u cxemara Ha
€JIEKTPOHHUS OaJlaHC ca JaJIeHH 10-/I0ITy:

VII o -II 0

KMnO,+H,§ —»KgO,+MnS+S +HO

Mn"" +5¢ —>Mn“}5><2

S — 8 — SV
10x1
ST- 2 > S

[Tpu Ta3m peakuus equn atom S(—II) ce mpesprmia B S(VI), a Bropu — B S(0). OcBen
TOBa ApyTH ABa aroma S(—II) He mMpOMEHST cTereHTa CH Ha OKUCIICHNE U 00pa3yBar JiBe
mosekyan MnS. CrnenoBarenHo koepunuenTsT npen H,S tpsoBa na 6bae 4. M3pashe-
HaTa peaxius e

2KMnO, + 4H,S — K,SO, + 2MnS + S + 4H,0

Bropara peaknus e

VIl I n-n o

I
KMnO,+H,§ — K,S:0;, + MnS + S +H,0
Cxemara Ha eJIeKTpOHHUS OallaHC €

Mn"" +5¢° —>Mn“}5><2

28— 8¢ — 28"
10x1
ST _ 2 — &

Tyx nBa atoma S(—II) ce mpespswmiar B S(II), a emun atom S(—I1) — B S(0). B gomsi-
HeHue Ba atroma S(—II) He MpOMEHAT cTeneHTa cu Ha OKUCIICHHE, KaTo 00pa3yBaT JBe
mosekyan MnS. Crnenosarenno koepuuneHtsT npea H,S e 5. M3paBHenara peakuus e

2KMnO, + 5H,S — K,S,0, + 2MnS + S + 5H,0
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v 0
Cwenunennero K,S,0, Moxe 1a Obe npencraseHo u no apyr Hadua: K, SO;eS.

Torasa enun atom S(—II) me ce npespue B S(I1), a 1Ba aroma S(—I1) — B S(0). OGmuUsIT
Opoii Ha OTIAJCHUTE SIEKTPOHHU OTHOBO I1ie OBb¢ 10 1 cxeMaTa Ha eJIeKTPOHHUS OaaHC
HSIMA Jla c€ IPOMEHHU.

CymMmara OT 1BeTe U3paBHEHH PEaKIny JJaBa U3PaBHEHOTO OOIIO ypaBHEHHUE

4KMnO, + 9H,S — K,SO, + K,S,0; + 4MnS + 28 + 9H,0

Hsikon ocobeHOCTH ITpH NpUIIarane Ha MeToJa Ha eIEKTPOHHMS OaJlaHC ca IIOCOYCHH
B myOnukarus Ha Atanassova & Dukov (2006) u Atanassova (2009).

MeTon Ha noJiypeakuuuTe

[Ipu mpunarane Ha METOAa PEIOKC ypaBHEHUATA C€ 3aIiCBaT B HOHHA (hopMma, cren
KOETO Ce ChCTABAT NOTypeakHUTe Ha OKKCIIeHUE U penykuus. [lomypeakuunTe BKIIOU-
BaT 4aCTUUTE, KOUTO MPOABABAT OKUCIUTCIIHU U PEAYKIUNOHHN CBOMCTBA U IIPUCTUTE
Y OTIIAJICHU OT TSIX €JeKTPOHH. B momypeakiuuTe yqyacTBaT U YaCTUIIUTE, KOUTO Xapak-
tepusupar cpenara (H*, OH-, H,0). Yactumure, kouTo He Morar ja ObAaT 3alucaHu
KaTo WOoHM (c1abu eNEeKTPONIUTH, Ta30Be, YTAlKH), CE 3amucBar kKaTto Mojekyau. Cien
CHhCTaBSHE Ha MOJyPEaKIUUTE TE CE YMHOXKABAT C MOIXOJSAIIN Koe(hUIIMeHTH, 3a /1a ce
nojrydyun 6anch Ha OPUCTUTE U OTAAACHU CJICKTPOHH, U CC CyMUpaT.

SIcHO e, ye MEeTOUTE Ha eIeKTPOHHUS OaJlaHC U TIOTYPEaKIMUTE CH MPUIINYAT, Thi
KaTo W B JIBaTa CIlydasi C€ ThpCH OallaHC Ha eleKTpoHuTe. Pasznukara e B TOBa, 4e npu
ChCTaBsIHE Ha TOJIypEaKIMHUTE CE U3I0I3BAT PEalHU 3apsiii HAa HOHUTE BMECTO (op-
MaJIHUTE CTETICHH Ha OKUCIICHHUE.

TpyaHOCTH P NpUIIaraHe Ha METOIa Ce MOSBSBAT IPH ONPEICIITHE Ha eIIEKTPOHHTE,
OTAaJaCcHU OT cna61/1 CJICKTPOJINTH, ITIOHECIKE OTHOBO TpH6Ba Ja C€ U3I10J13BaT CTCIICHU Ha
okucieHue. B peakiusrta

Cu,S + NO,~ — Cu + SO, + NO + H,0

otaaznenure ot Cu,S eleKTpoHH Morar Aa Obar onpesenenu ot cxemure: 2Cu!—2e- — Cul!
S-1—8e- — SVI(00mro 10 enexrpona). U B To31 ciay4aii, kKakTo pu peaknusiTta Ha FeAsS
n HNO,, me Ob1e nostydeH cbiust pesyirar (10 ornanenu enekrpona), ako Ha Cuu S
ObIaT MpUMICaHN HeOOMYallHU CTETICHH Ha OKuclieHne — HanmpuMep Cul u SO mimn naxe
Cu'u SV, a UMa 1 IpyTH BH3MOKHOCTH.
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I[BeTG MOoJypeakuu umMar Bujia

Cu,S +4H,0 — 10e-— 2Cu2* + SO 2+ + 8H* X3
NO, + 4H* +3e- — NO +2H,0 X 10

CJ'IG,Z[ YMHOXXaBaHC Ha MMOJYPCAKIUUTE C MOCOYCHUTE KOG(bI/II_II/IeHTI/I U CYMHUPAHETO
MM C€ IToJIy4daBa

3Cu,S + 10NO,~ + 16H* — 6Cu2* + 35S0, + 10NO + 8H,0

[Ipu 3anmcBaHe Ha peakiusITa B MOJIEKYy/THa (hopMa B JIsiBaTa U JISICHATa 4acT Ha pe-
akuusTa TpsioBa 1a Obaar nodasenu no 3 iona SO,2-. M3paBHeHaTa peakys UMa BHIA

3Cu,S + 10HNO, + 3H,80,— 6CuSO, + 10NO + 8H,0

ScHo €, UC NPCBPBHUIAHCTO HA U3PAaBHCHATA HOHHA pcakiug B MOJICKYJIHA (bopMa
IMMOHAKOIr'a BOAU A0 3aTpyAHCHUA, HO Hal-ChIIECTBCHUT HCOOCTAaThbK HA METOJa €, UC TOM
MOXE Oa 6’5,[[6 Impujarad caMo KOratro pe€akunudaTa nNpoTu4da BbB BOJAHA Cpcla.

Metoa Ha MaTepuaJaHusa 0ajaHc (aJaredpuyeH MeTo)

MeTonbT ce OCHOBaBa Ha 3aKOHA 3a ChXpPaHCHHE Ha Macara Ha BellecTBaTa MpH
XUMUYHUTE peakuuu, oTkput ot JlaBoasue npe3 1789 r. CnenoBaTenHO U3paBHEHATa
peakuus TpsiOBa 1a ChABPIKA PaBEH OPOIl aTOMHU OT BCEKH €JIEMEHT B JisIBaTa U JisicCHATa
cu yact. [Ipu mpunarane Ha MeToJla CTEXUOMETPHUUHHUTE KOSHUITMEHTH Ce MPECTaBsT
KaTo HEeM3BECTHH BENUYMHHU. Te Morar a ObJaT HaMepeHH Cliell ChCTaBsIHE U pelaBa-
HE Ha CHCTeMa OT JMHEHHM anreOpuyHHU ypaBHEHHs, JaBauu OanaHca Ha aTOMHTE Ha
BCEKH eJIeMeHT. MeTOobT MOXKe JIa O'bJIe M3ITON3BaH HE CaMO TPH PEIOKC PEaKIUH, HO U
TIPH PEAKINH OT BCAKAKBB THII, OT KOETO CJIe/IBa, Ue TOH € Hall-yHUBEPCATHHUAT METO/I.
[Tone3nocrtra Ha MeToa € oTOes3aHa B penuna myonukamuu (Jensen, 2009; Olson,
1997; Subramanian et al., 1995; Filgueras, 1992; Petkova, 2010). He3zaBucumo ot ToBa
METOJbT Ha MaTepHaiHus OajaHC He € ocoOeHo momynspeH. OCHOBHATa MMPUYHHA €
HEOOXOJMMOCTTA OT PelllaBaHe Ha CUCTeMa OT aireOpuyHM ypaBHEeHuUs (TIOHsIKOTa 5, 6 1
JlaXke IoBeue), KoeTo e TpyaoeMko u otHema Bpeme (Kolb, 1979; Campanario, 1995). 3a
na Obe m30erHar To3u mpooiieM, HeoT/IaBHa Oellle Mpe/IokeHa MoauduIupana Gopma
Ha MeToza Ha MatepuanHus 6ananc (Petkova, 2011), kosiTo mo3BosIsiBa a ObJie HaMaleH
OposT Ha aNTeOPUIHNUTE YPaBHEHUS Hall-4ECTO IO €HO Wi JBe. ToBa ce mocTura, Karo
HEU3BECTHU Ca HE BCUYKH CTEXHOMETPHYHU KOS(HUITUEHTH, & CaMO 4acT OT TAX (0OMK-
HOBEHO /1Ba WK TpH). OcTaHaIUTe KOCPHULUEHTH CE ONPEACIAT OT Te3H HEM3BECTHU
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Koe(hULMEHTH IIPH ClIa3BaHe Ha MaTepHraiHus OanaHc. ToBa naBa Bb3MOXKHOCT PEaKLHsATa
na ObJle M3paBHEHA Ype3 ChCTaBSHE HA €HO WK JBE areOpUYHU ypaBHEHUS, YUETO
peLIeHUe € MHOIO JIECHO.

Haii-uecTo B XUMHYHHTE peakuy OposIT Ha peareHTUTe U MPOAYKTUTE HA PEaKIHATa
ce pa3nuyaBa OT Opost Ha y4acTBAIINTE XUMHUYHH €JIEMEHTH C €INHHUIIA, HO NMa CITyJaH,
Koraro te ca paBHu. [IpuMepu ca mocodeHu 1mo-1o0iy:

3Cu + 8HNO, — 3Cu(NO,), + 2NO + 4H,0 (4 enemeHTa; 5 cChbeJUHEHU)
Ca,P, + 8Br, +8H,0 — Ca,(PO,), + 16HBr (5 enemenra; 5 cbenuHeHuUs)
Ca(ClO), + 2NaNO, — CaCl, + 2NaNO, (5 enemenra; 4 cbeANHEHUS)

Benuku peakiyu OT TO3U THI C€ M3PABHSBAT C €IMH HA0Op OT CTEXHOMETPUYHHU
KOC(DUIIEHTH.

[penumcTBara Ha Mmoaudunupanara GopMa Ha MeTOa Ha MaTepUaTHHUS OallaHC
NPOJIMYABAT SICHO MTPU U3PaBHSIBAHE Ha PEAKIIUATA

NH,CIO, + C —%— CO +CL + N, + H,0

Berne mokazano, ue Ta3u peakiys He MOXKe J1a ObJIe U3paBHEHA JIUPEKTHO Ype3 METo/Ia
Ha eJIEKTPOHHUS OanaHc. He Moxe na ObJie U3IM03BaH U METOIBT Ha MOJTYPECaKIIUHUTE,
THH KaTo peakiusTa He MPOTHYa BHB BOJHA cpesia. B chiioTo BpeMe T Moxke 1a ObJie
W3paBHEHA JIECHO ITPY U3M0JI3BaHe HAa MeToa Ha Matepuanuus Oananc. Axo va NH,CIO,
u C ObJIaT MPUITMCAHN HEU3BECTHUTE KOCPUIIMECHTH 2a U b, 3a 1a ObJie ClIa3eH MaTepH-
anuusT 6ananc, koepuuuenrure npexn Cl,, N, u H,O me O6bnar paBau Ha a, a u 4a, a
rkoepuieHTsT npen CO — Ha b. Torasa peakiusTa e npugpooue Buaa

2aNH,CIO, + 5C —“—5 bCO + aCl, + aN, + 4aH,0

HpI/I TO3U BHU/JI HA pCaKIUATa JIMIICBa CaMO 6aJ'IaHC’bT Ha KUCJIOPOJHUTE aTOMU, IIOpaan
KOETO € HEOoOX0AUMO Jia ObJIe ChCTABEHO CaMO €THO alireOpUYHO ypaBHEHUE, J1aBaIllo0
OaylaHC Ha TE3HW aTOMH, a UMCHHO

O: 8a=b + 4a, orxkbuero b = 4a.

Crnen 3amecTtBaHe Ha b ¢ 4a 1 ChKpalllaBaHe Ha ¢ U3paBHEHATa peaKkIus MpuI00nBa
BHJA
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2NH,CIO, + 4C —“— 4CO + CL, + N, + 4H,0

Koraro pasnukara mex 1y Opost Ha y4acTBaIIMTE B pEaKIUATa XUMUYHH ChETUHCHUS
1 Oposi Ha XUMHYHUTE €JIEMEHTH € JBE WM ITOBEYe, PEIOKC PEaKIUUTEe MOTaT J1a Obar
W3paBHSBAHH C HEOrpaHW4YeH Opoil HAaOOpH OT HEMPONOPLUOHAIHN CTEXUOMETPHUYHH
koepunueHT. ToBa ce IBJKM Ha (akTa, 4e B MOAOOHU pEaKIMH JBa MU ITOBEYC
CTEXMOMETPUYHH Koe(hUIMeHTa ca He3aBUCHMU ITapaMeTpH, T.€. T MOTaT Ja IpueMar
Pa3InYHU CTOMHOCTHU NPU CIa3BaHE HA YCIOBUETO BCHUKM KOC(HUIIMEHTH Jja UMarT Io-
JIOKUTEITHH cTOHHOCTH. Haif-uecTo pa3nukara Mexxay Opost Ha XUMUYHUTE CheTUHCHUS
¥ XUMUYHHUTE €JIEMEHTH € JIBe ¥ He3aBUCHMHTE ITapaMeTpH ca /IBa, HO ca U3BECTHH H
peaxiuu ¢ mo-rojisiM Opoii HezaBUCUMU napameTpu (Zahariev, 2013).

Peaknusra (CBupunos et al., 1978)

Na,S, + KMnO, + H,SO,— Na,SO, + K,SO, + MnSO, +S +H,0

BKJIIOYBA 6 XMMUYHU €JIEMEHTA U 8 cheJUHEHNUs. 3paBHABaHETO HAa PEAKLUATA 3aBUCH
OT /IBa HE3aBUCUMHU CTEXHOMETPUUHH KoeduienTa. Ako koepuuuenture npex Na,S,,
KMnO, u H,SO, ca cborBeTHO @, b U c, 3a Aa ObJe Clla3eH MaTepUaNHUAT OanaHc,

koedunuenture npeg Na,SO,, K,SO,, MnSO,, S u H,O me 6baar cvorBeTHO @, b/2, b,

da+2c-3b
= - wuc. Cnen BbBeXIaHE HA Te3U KOS(DUITUEHTH Ce TIOTyYaBa

aNa,S, + BKMnO, + ¢H,SO, — aNa,S0, + 2 K.S0, + bMnSO, + #4+2¢=3b 5, ;g o
HeI/I3paBHeH € cCaMoO 6p05[T Ha KI/ICHOPOHI;I/ITG aToMu, mopaan KOC€TO gﬂOCTaT’BlIHO aa
ObJIE CHCTABEHO €IHO ANTEOPUYHO YPABHEHHE

b

O: 4b +de=4a + 42 +4b + ¢, omxwero ¢ = da+2b.

3

B To3um cityuail He3aBHCUMHE MapaMeTpH ca KoePUIUEHTUTE ¢ U b, HO € Bb3MOXKHO,
aKO HEM3BECTHH KOC(UIIMEHTH Ce MPHIUIIAT Ha JIPYTH ChEIHMHCHUS, HE3aBUCHMUTE
napameTpu aa Obaar Apyru. Tyk yCIoBHe 3a IMoJydaBaHe Ha ITOJI0KHUTEIHU CTORHOCTH
Ha CTEXHOMETPHIHUTE KoeUIueHTH ¢ 4a + 2¢ > 3b. Axo Ha KOe(DUIIUEHTHTE a U b ce
MPUIIICBAT Pa3JIMYHU YMCIICHH CTOMHOCTH IPH CIIa3BaHE HA TOPHOTO YCIIOBUE, MOTAT Ja
OBbIIaT MOTyICHU HeOTpaHudeH Opoil HaOOPH OT HEMPOTIOPITHOHATHN CTEXHOMETPUIHHI

koedunmentu. Hampumep, ako e =1 u b =1, ¢ =2. ToraBa koe(DUIUEHTHT Mpe] csapaTa

da+2c-3b 5 o
—— =" =7 e Objae paBeH Ha — . Clie/l BbBEXKAHETO HA T€3M CTOWHOCTH U MIPUBEIK-
2
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JaHE€ KbM LECIIOYNCIICHHU KO€(1)I/II_II/I6HTI/I HU3paBHCHATa peaKlus nMa BuJaa
2Na,S, + 2KMnO, + 4H,80, — 2Na,S0, + K,S0, + 2MnSO0, + 5S + 4H,0

Jpyr HabOp OT CTEXMOMETPHUYHH KOS(PHULUEHTH MOXeE Aa ObJe MOIyUeH, ako a = 2

u b = 1. Torasa ¢ = Q, a KOC(UITMEHTHT TIPe] cspara Ie Ob/Ie paBeH Ha ﬁ Cren
3 6

MPEX0]T KbM IEIOYHCIICHN CTOWHOCTH U3paBHEHATa PEaKITusI uMa B
12Na,S, + 6KMnO, + 20H,SO,— 12Na,SO, + 3K,SO, + 6MnSO, + 35S + 20H,0

ITo amanoruyeH HaYWH MoraT na ObIaT MMOTyYeHH HeorpaHWdeH Opoit Habopwu OT
CTEXHOMETPUYHH KOC(PHUITHECHTH.

3a ma OpOaT CpaBHEHH TPUTE METOZA, TOpHATa PEaKIUs IIe ObJie U3paBHEHA MPU
M3II0JI3BAHE M HA METOANTE Ha MOTypeaklMuTe U Ha eJIEKTPOHHUS OanaHc.

B #ionHa (hopma Ha peaknusATa Ce 3alucBa IO CICTHUS HAaunH

S, +MnO,~ - Mn*+SO2>+S+H,0

Tbii karo HOHBT S;>~ MOXxe Aa Obae okucieH kakTo 1o SO, Taka u 10 S, noiype-

aKIMUTE UMaT BHJIA

MnO, +8H' +5¢” —>Mn’" +4H,0}5x22

S, +12H,0-20¢” —380,> +24H*
S —2¢” —38"

22%5

CJ'IG,I[ YMHOKCHHUC C [TIOCOUYCHUTC KOQ(i)I/I]_II/IeHTI/I " CyMHUPpaHC U3paBHCHATA peaKlusd €
108+ 22MnO,~ + 56H* — 22Mn2* + 1580, + 158 + 28H,0

SIcHO e, ue MeTObT J1aBa Bh3MOXKHOCT peaKiusATa Jia ObJie U3paBHEHA C eA1H HAa00p
OT CTEXUOMETPUYHH KOCPUIIMCHTH.

[Tpu u3paBHsIBaHE HA peaKIMATA IPU U3IIOJI3BAHE HA METO/IA Ha SJIEKTPOHHHUS OaTaHC
Tpsi0Ba 11a ObJe B3eTO IpeaBus, ue Na,S, chabprka Bepura oT cepHu atomu (S-'—S0—S-).
ToBa 1o3BoJIsiBa J1a OB/IAT CHCTABEHU TPU CXEMU Ha €ICKTPOHHHS OaJIaHC!

IIvpeu eapuanm
Mn'""+ 5" —Mn"}5x2

28" —2¢"— 28°
2|%x5
S - g
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W3paBuenara peakuus e
5Na,S, +2KMnO, + 8H,S0, — 5Na,S0, + K,SO, + 2MnSO, + 15S + 8H,0

Bmopu eapuanm
Mn'""+5¢” —Mn"}5|x8

2871 —2¢7— 28°
8|x5
S’ —6e” — SV

Peaknusra, u3paBHEHa ¢ BTOpU HA0OP OT KOEHULUEHTH, €
5Na,S, +8KMnO, + 12H,SO,— 5Na,SO, + 4K,SO, + 8MnSO, + 10S + 12H,0

Tpemu eapuanm
Mn'""+5¢” —Mn"}5|x14

S' —7¢ — 28V
S” —6e” — SV 114|x5
S'—lee—>§°

PCaKLII/ISITa, HU3paBHCHA C TPCTU Ha6op oT KOC(I)I/IL[I/ICHTI/I, €
5Na,S; + 14KMnO, + 16H,S0,— 5Na,SO, + 7K,SO, + 14MnSO, + 5S + 16H,0

Jpyru HaOOpH OT CTEXMOMETPUYHU KOe(PUIIMEHTH MoraT Ja ObJIar MoJy4YeHHu, ako
e/1Ha, IBE WJIM U TPUTE N3PABHEHH PEaKLUHU ObAaT yMHOKEHH C TPOU3BOIHU KOSPHIIU-
€HTH, CJIE/] KOETO a ce€ CyMUupaT. AKO Koe()UIIMEHTHTE Ha IbPBHsI BAPUAHT HA U3paBHE-
Hara peakius ObIaT YMHOKEHH IO JIBE, CJIE KOCTO MOMYUYCHUST PE3YATAT CE€ CyMUpa C
oCTaHaJIuTe JBa BapuaHTta (0e3 U3MEeHEHHE) ce TI0JyyaBa HOB BapUaHT

20Na,S, + 26KMnO, + 44H,S0, — 20Na,SO, + 13K,S0, + 26MnSO, + 45S + 44H,0

[lo anamorndeH Ha4YWH MOraT Ja 6’B,I[aT MOJIYy4YCHH HCOI'PAHUYCH 6p0f/'I BApHUAHTH.
CJ'IeI[OBaTeJ'IHO B TO3U cnyqaﬁ MCTOABT HA CIICKTPOHHUS OamaHc (MaKap n C MHOTO
JOIIbJIHUTCIIHA onepauHH) AaBa aHAJIOTMYCH PE3YyJTaT ¢ METOJAAa Ha MaTCpUaATIHUS Oa-
JIaHC, TBH KaTo II03BOJIsIBA Ja 6’B,I[aT MOJIYYCHHU PA3JINYHU Ha60pI/I OT CTCXUOMCTPUYIHHU
KOC(I)I/ILII/IeHTI/I, HO TOBA HC € Bb3MOKHO IIPpU APYT'U PEAOKC pCaAKIIUU.
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3akaouenne

HesaBrcuMo OT MOCOYCHHUTE OTPAHUYCHUS METOIUTE HA EICKTPOHHUS OaJlaHC U Ha
MOJTypeaKIUUTe MOTaT Ja ObJIaT U3IOJI3BaHU 3a JISCHO U ObP30 M3PaBHSBAaHE HA MHOTO
rojsiMm Opoil pefokc peakuuu. MeToabT Ha MaTepHUANIHUS OalaHC € YHUBEPCAICH U
MOJKe J1a ObJIe M3MOJI3BaH, KOTaTo MPUJIAraHeTO Ha JAPYTUTE JIBA METOJIA € 3aTPYIHEHO.
Moaudunpanara GopMa Ha METOAA € MO-YI00HA OT KJIIACHYECKUS METOJ, Thil KaTo
YCKOpSIBa U3PABHIBAHETO.
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A COMPARATIVE EVALUATION OF THE METHODS USED
FOR REDOX EQUATIONS BALANCING: ADVANTAGES AND
DISADVANTAGES

Abstract. The advantages and disadvantages of the methods for redox equations
balancing have been commented and supported by suitable examples. Although the
oxidation number method and half reaction method show some limitations, they can be
applied for balancing of a large number of redox reactions. The material balance method
(algebraic method) is the most universal method. It can be applied for balancing of all type
reactions. The modified form of the method permits to reduce considerably the algebraic
calculations and is suitable for complex redox reactions balancing.
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