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Abstract. The impact of external and internal nitrogen on plant residues decomposition was studied in a
series of long-term laboratory incubation experiments. Experiment A was conducted with corn leaves with
variable C:Nratios 22, 34, 47 and 62. C:N ratios in Experiments B and C were adjusted to 47, 32, 22 and 10 by
adding NH.NO: (Experiment B) or KNO: (Experiment C) to corn residues with initial C:N ratio of 62.
Mineralization rates of labile and recalcitrant carbon pools of plant residues were estimated by kinetics of
cumulative CO losses during one-year-long incubation simulated by the double exponential decay function.
The internal organic nitrogen was shown to effect the decay constant ofthe labile pool only, while the internal
inorganic N had impact on the labile pool size as well. Also, KNO: as an external N form influenced both k
value and the labile pool size. NH:.NOs affected all the parameters of the double exponential decay model
including second decay constant (k) of recalcitrant pool. Thus, mineralization of plant residues depends
significantly both on concentration and form ofavailable nitrogen.
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INTRODUCTION (Hobbie, 2000). N deposition inhibits lignin

The carbon-to-nitrogen ratio (C/N) is the decomposition through the repression of
key index of the litter quality which is widely phenoloxidase and peroxidase in
used to predict litter decomposition dynamics. basidiomycotes which mineralize lignin (Zak
Recently anthropogenic activity has increased etal., 2011). N stimulated the decomposition
nitrogen deposition in ecosystems and decreased gt the initial stages, while at the later stages N

the C/N ratio in litter (Gruber and Galloway, ,qgitionresulted in SOM stabilization and de-
2008). However, itis still discussed how the ni-  reaased soil respiration (Berg and

trogen affects the litter decay: does it inhibit or Meentemeyer, 2008).
stimulate the mineralization? We assume that along with the quality of
Decomposition rates are affected by the ihe carbon compounds (Kogel-Knabner,
chemical, physical and biological factors ofthe ), nitrogen source affects the plant resi-
environment, as well as the quality of the litter: 4,65 mineralization as well. Decomposition
nitrogen, Ca, lignin and polyphenols concentra-  r5t65 are expected to differ depending on offer
tions, C/N and ligninto N ratio (Larionovaetal., jnternal N concentration and external nitro-
1995, Semenov et al., 2004, Knorr et al., 2005, gen applied as fertilizer or depositions.

Berg, Meentemeyer, 2008, Zhang et al,, 2008, Eqyjjer response of litter decay rates and mi-
Hobbie et al., 2012). Advanced data are contra- . gpial community to multiply forms ofnitro-
dictory: there are evidences that nitrogen can gen enrichment were studied in sandy forest

both increase (Blagodatsky et al., 1993, gqjis (Hobbie et al., 2012). On results, both
Enriquez etal., 1993, Hobbie, 2000, Zhang etal., ¢ pstrate N and externally supplied N evalu-
2008, Cornwell etal., 2008, Weedon etal., 2009)  ated the initial decomposition rate, which cor-

and suppress (Bowden et al., 2004, Zak et al,, o sponded to higher activity of

2011, Thomas etal., 2_0_12) Iitt§r decompositio_n. polysaccharide-degrading enzymes. Later
Effect ofnitrogen addition varies between labile externally supplied N slowed decay rates, in-

and stable, low-lignin and high-lignin compo-  ¢reasing the slow fraction of litter and reduc-
nents. Nitrogen fertilization stimulates the de- ing lignin-degradative activity. The aim of

composition rate of the low-lignin litter signifi- i study was to compare the impact of min-
cantly more than that of the high-lignin litter ¢ra) and organic nitrogen sources on litter de-
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composition. The hypothesis was that the effect
ofadded (external) mineral nitrogen vs. nitrogen
inherited in plants (internal) on litter decay are
notequal.

MATERIAL AND METHODS

Experimental Design
Corn (Zeamays L.) was grown in sand-filled

pots at 27/150dC day/night temperature, with an
atmospheric humidity of 80 - 85 % and 16 h
photoperiod. The N treatments were as follows:
poor (from 0 to 8.4 mg N/kg of sand), moderate
(84 mg N/kg of sand) and rich in N (from 168 to
672 mg N/kg of sand). Moderate N fertilization
rate was equivalentto thatin Pryanishnikov mix-
ture: 0.24 g NH.NO: per kg of sand (Practical
guide ..., 2001). Other nutrients were applied at
the same rate for all the N treatments as in the
Pryanishnikov mixture. Plants were harvested 2
months after emergence at jointing stage (7
leaves), then we divided plant biomass into
roots, green leaves, yellow wilted leaves, stems,
dried at 25°C and milled it. C:N ratio in the yel-
low wilted corn leaves (hereinafter - corn leaves)
was 62, 47, 34, 22 depending on the nitrogen fer-

tilization rate.
The corn leaves were incubated in the mi-

crocosm (Pestryakov etal., 1990) in experiments
A, B, C at 22°C, 80 % WHC (water holding ca-
pacity of dried leaves was approx. 300 %). Each
sample consisted ofmilled corn leaves (.., mg),
mixture of HCI-treated-sand (900 mg) with illite
(100 mg). Samples in 5 replicates were placed
into 13 ml sealed vials and inoculated with 100 (|
of.... water: chernozem soil suspension and in-
cubated during 365 d. In experiment A corn
leaves with C:N ratios 22, 34, 47, and 62 were in-
cubated without N addition (treatments 22A,
32A, 47A, and 62A). In experiments B and C we
adjusted corn leaves with C:N 62 to C:N 47, 32,
22, and 10 by adding NH4NO3 (Experiment B,
treatments 47B, 32B, 22B and 10B) and to C:N
47 and 22 by adding KNOs (Experiment C, treat-
ments 47C, 22C). In total there were 50 samples
(10 variants by 5 replicates). On 50 day, on 200
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day and 365 day single replicate was seized to

determine Corg and Ntot amount.
COZ2Emission
Gas samples were taken at 1, 3, 5, 7, 10

day, then weekly or less within 365 days ofthe
experiment, after gas sampling vials were ven-
tilated and sealed. The concentration of CO

was determined by gas chromatograph
«Cristallucks»-4000 with a thermal conduc-
tivity detector. The gas mixture was separated
on a column of 3m length, filled with sorbent

Porapack-Q, at 50°C.
The respiration rate was calculated as the

accumulation of C O in the intervals between
the gas sampling. Mineralization of the or-
ganic substance (C ) was determined as the
cumulative emissions of carbon dioxide (C-
CO), calculated as a percentage ofthe initial
carbon (C :

Csbi= C-CO/C100 % )

Carbon andNitrogen Content
Organic carbon (Corg) and total nitrogen

(Ntot) content was determined by HCNS-
elemental analyzer Vario EL III
(«Elementar», Germany) in milled samples.
Amount of ammonia (N-NH4) and total inor-
ganic nitrogen (Ninorg) was determined in the
water extract (100 mg dry leaves per 40 mL of
water), with the colorimetric method using
phenol hypochlorite reaction (Kudeyarov
V.N. 1965). Amount ofnitrate-N (N-NO3 was
calculated as Ninorg minus N-NH
Concentration of organic nitrogen (Norg) in
plant tissues was calculated as Ntot minus
Ninorg.

DataAnalysis

In our experiment mineralization of corn

residues in the microcosm was best described
by double exponential model (Equation 2):

C (2)

where A - size ofthe labile pool, k and
k. - rate constants ofthe labile and recalcitrant
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carbon pool, respectively. Equation was approx- Internal nitrogen was presented by or-

imated using Marquardt algorithm. ganic (Norg) and both inorganic (Ninorg) (am-
Mean residence time was calculated as the monia and nitrate) forms (figure 1). Higher
reciprocal ofthe decomposition rate constant: rates ofN fertilization during the plant growth

MRT= 1/k (3)
StatisticalAnalysis
Data were analyzed by the program

Statistica 6.0. All data were expressed as the

mean of three replicates + Standard deviation,

except forthe first 30 days ofincubation (five rep-
licates + Standard deviation). A posteriori

groups comparison were analyzed using Tukey
test (P <0.01). Two-way AN OVAwas used to test
decomposition rates at differenttime intervals in

each experiment separately (P <0.01). Three-
way ANOVA was used to test the effects of C/N

(C/N 47 and 22), the nitrogen source (internal N,

external NH:NO; and external KNO3 and sam-
pling date (7 d, 90 d, 365 d) on cumulative CO

release (P <0.01).

RESULTS
Organic and Inorganic Nitrogen Content in

the CornLeaves

resulted in increase of all N forms content in
plantbiomass. The most prominent effect was
for nitrate, with an increase in NO -N content
from 0.04 % to 0.94 %, followed by ammonia
(0.008 % to 0.033 %) and organic N (0.572 %
to 0.982 %). Also, litters ofplants grown atdif-
ferent N fertilization rates demonstrated dif-
ferent C:N and organic N- to -mineral N ra-
tios. As C:N in leaves decreased from 62 to 22,
Norg:Ninorg declined from 12 to 1; in other
words, corn leaves with C:N 22 contained
equal amounts of organic and inorganic nitro-
gen. C:N ratios in plant material in the experi-
ments B and C were adjusted to the appropri-
atevalues asinthe experimentAby adding ex-
ternal nitrogen.

4 d Nitrate N
N Ammonia N
3 M Organic N
0
62 47 34 22 47 34 22 10 47 20 CIN

Plant residues (PR) ExperimentA PR + NH4NO3  Experiment B PR + KNO3
Experiment C

Figure 1 - The content of organic, ammonia and nitrate nitrogen in plant residues (PR), % of
dry biomass

Decomposition Dynamics ofCornLeaves During the early stage (days 0-7), the
The highest rates of CO. emission were ob- maximum decomposition rate of corn leaves
served within the first 20 days ofincubation (fig- with C:N 62was 1.2 % Corg per day while that
ure 2) when more than half of organic carbon for leaves with C:N 22 was as high as 2.8 %
(50-80 %) was mineralized. (experiment A). N addition increased the de-
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Experiment A

Experiment B

Experiment C

Figure 2 - Rates of the CO.-emission, as % ofthe Corg per day, by decay of plant residues (ex-
periment A), NH.NOs treatment (experiment B), KNOstreatment (experiment C) for 90 days

cay rate to 5.0 % and 7.1 % Corg per day at C:N
22 and C:N 10 for KNOs; and NH:NO3 respec-
tively (figure 2). After 20 days ofincubation, the
decomposition slowed down, with maximum
rate of 1.7 % Corg per day in NH:NO. treatment
followed by 0.4-1.0 % and 0.5-0.9 % Corg per
day in experiments A and C, respectively. After
30 days of incubation, the decomposition rates
decreased by one order of magnitude and did not

7 day
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differ significantly (P <0.01) between the ex-

periments anymore.
EffectofNitrogen on Cumulative Carbon

Losses atDifferent Time Intervals
Mineralization of corn residues de-

pended both on C:N ratios and N source
(P<0.01). The greatest effect of nitrogen rates
on cumulative carbon losses was found at the
initial stages ofdecomposition (days 0-7) (fig-

ure 3). 90 day
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Figure 3 - Cumulative carbon losses during the

corn residues decomposition for 7, 90 and 365

days of incubation. Indices (a-h) show statistically significant differences between the variants
(P <0.01)
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The C:N effect decreased with time irre-
spective of N source (internal N, external
NH:NOs or external KNO3J3. Therefore treat-
ments with different nitrogen concentrations re-
sulted in similar cumulative carbon losses by day
365. The low concentrations of external nitrogen
and the large concentrations of internal N re-
sulted in the same C O emissions. Namely, 7 day
cumulative carbon losses for the variants 22A
and 47C did not differ significantly (P <0.01).
Cumulative carbon emission between the vari-
ants 47B, 47C and 22A (P <0.01) were not signif-
icantly different from 90 days until the end ofthe
experiment (figure 3). By the end of incubation
(day 365 d) 33.5 % of corn leaves with C:N 62
were decomposed. At C:N 22 the percentage of
decomposed C enhanced to 53.1 %, 48,4 % and

65,9 % forthe 22A,22C and 22B treatments.
Nitrogen Effect on the Parameters of the

Double Exponential Decay Function
N source had a significantimpact on the size

oflabile pool A,: application ofboth ammonium
and nitrate forms of external nitrogen (NH:NO-

treatment) led to an increase ofthe labile pool
Aj by 1.9-2.2 times as compared to internal
organic nitrogen treatment (figure 4a),
whereas the presence of the external or inter-

nalnitrate enhancedA Isize only by :  times.
C:Nshift from 62 to 22 resulted in signifi-

cantincrease in labile pool from 26 % to 42 %
Corg (figure 4a), due to the equal content of

mineral and organic internal nitrogen in 22A.
Internal and external N affected not only

the labile pool size (A), butits decay constant
(k) aswell. C:N decrease by both internal and
external nitrogen amendments resulted in an
increase of k by 1.6-2.4 times (figure 4b).
Depending onthe rate ofN addition, meanres-
idence time oflabile pool varied from 14to 31

days.
In contrastto A and k, values of second

decay constant (k2 ofrecalcitrant carbon pool
were independent on C:N ratio, except those
for NH NO treatments (figure 4b). Addition
of NH NO accelerated mineralization of re-
calcitrant pool by 3.3 times, with decreasing
MRT from 8.7 to 2.7 years.

(b)
0.09
0.06

0.03

@)

60 ” experrn

™experin

2 mexperm
)
20 *

0
G
0 20 40 60
©

Figure 4 - Parameters of the double exponential decay model of com residues: (a) Al - the size
ofthe labile pool (% of Corg), (b) k1 - constant of the labile pool mineralization, d-1, (c) k2 -
constant of the recalcitrant pool mineralization, d-1, Variants: experiment A - plant residues,

experiment B - plant residues + NH.NO3 experiment C - plant residues + KNOs
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DISSCUSSION
Effect of Nitrogen on Cumulative Carbon

Losses at Different Time Intervals
Enhancement of both internal and external

N content led to increase of cumulative carbon
losses. Cumulative losses differed dramatically
inthe period of0 - 20 days, withmaximal C:N im-
pact during the first 7 days. It agrees well with
data by Zhang et al. (2014); the authors reported
significantly different effect ofNH4+ and N O on
litter decay rates in early mineralization stage
(days 0 - 15). Also, decline in C:N effect with
time was found in similar laboratory and field ex-
periments. This is in agreement with results ob-
tained by Moran et al. (2005), showing that total
soil respiration was higher with inorganic N-
treatment, although the difference was signifi-

cant (P < 0.05) only in first 60 days.
According to other authors (Semenov et al.,

2004), C:N ratio affected litter mineralization
during 56 d, and later the cumulative carbon
losses were not dependent on C:N. In contrast to
labile poolnitrogen addition led to the accumula-
tion of slowly decomposing organic matter pool
subsequently (Hobbie etal., 2012, Zhang et al.,
2014). This can be explained by changes in bio-
chemical properties of litter and shifts in its
exoenzymes activity due to inorganic N, which
increased the activity ofhydrolytic enzymes that
degrade polysaccharides, but reduced the activ-
ity of lignin-decomposing phenoloxidases

(Hobbie etal., 2012, Thomas etal., 2012).
Eventually, NH.NO. addition caused the

maximum litter mineralization. In contrastto our
results, Zhang etal. (2014) reported thatNO™" ad-
dition to soil enhanced litter mineralization

greaterthan NH4+addition.
Nitrogen Effect on the Parameters of the

Double Exponential Decay Function
Our results show that external nitrogen ac-

celerates decomposition more intensively than
internal. Addition of small amount of external
mineral nitrogen in situ led to the same carbon
losses as high concentrations ofinternal nitrogen
in corn leaves (figure 3). Differences in the im-
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pactofinternal vs. external nitrogen should be
reflected in the mathematical models simulat-
ing decomposition of soil organic matter,
since N source affects parameters ofexponen-

tial models.
Internal organic nitrogen increased only

the rate of decomposition of the labile pool
(k). The size ofthe labile pool was inversely
related to C:N ratio in corn residues and total
internal nitrogen. Our results are in accor-
dance with data by Hobbie et al. (2012),
wherein the leaves with an initially high
amount ofnitrogen pool contained greater la-
bile carbon pool vs. low nitrogen leaves.
Addition of external nitrate nitrogen in-
creased both the rate of decomposition k, and
the size ofthe labile pool (A). NH.NO: depo-
sition, along with the Al and k, increased de-
cay constant for recalcitrant carbon pool (k)

aswell.
The differences between internal and ex-

ternal N forms we explained by their contrast
roles in the nitrogen transformation cycle.
External nitrogen enters the microcosm in
completely available inorganic form that cor-
responds to the active fraction of inorganic
soil nitrogen (Semenov et al., 2001). Increase
of inorganic N resulted in its rapid immobili-
zation and growth of microbial biomass, i.e.
intensified utilization ofavailable C. Our data
on higher decomposition rates after applica-
tion ofinorganic N (figure 2) seem to support
this hypothesis. By contrast, internal organic
N is being exposed first to mineralization-
immobilization cycling, including
depolymerization ofplant proteins, amino ac-
ids mineralization and nitrogen immobiliza-
tion by microbial community. Nitrogen as-
similation by microorganisms coincides with
a fast stage of plant residues decomposition,
but its quantity is limited: only 11.7 % and
19.8 % of roots nitrogen (C:N 99) and the
above-ground nitrogen (C:N 55), respec-
tively, were immobilized by microbial bio-



mass in first 5 days of corn residues incubation
(Semenov et al., 2001). At the later stages of de-
composition nitrogen assimilation by microor-
ganisms was compensated by its mineralization

(Semenov etal., 2001).
Differences in decay rates atthe presence of

ammonium vs. nitrate may be attributed to un-
equal hydrolytic activity of enzymes and micro-
bial growth rate. As the ammonium and nitrate N
are quite rapidly, within a few days, immobilized
by microorganisms, ammonia nitrogen is more
favorable for soil microorganisms (Merrick,
Edwards, 1995). Ammonia nitrogen is directly
involved into the synthesis of amino acids and
proteins, and promotes rapid growth of microor-
ganisms and activation of enzymes that break
down polymeric carbon compounds. Unlike am-
monia, nitrate nitrogen is exposed to reduction
reactions before being involved into protein syn-
thesis. Nitrate reduction process occurs in the
presence of labile carbon compounds. Thus, a
portion of labile C pool is utilized on nitrate re-
duction that reduces microbial growth. Also,
there are losses of nitrogen in gaseous form dur-
ing dissimilatory nitrate reduction
(denitrification). Therefore addition of external
nitrate alone canresultin adecrease ofmicrobial
biomass, which would eventually become less
active due to nitrogen deficiency after N leach-

ing and gaseous losses during denitrification.
Thus, the nitrogen source and the form in

whichitisincluded into litter decomposition (or-
ganic, nitrate, ammonium) affect the carbon de-
cay constants and labile pool size. Therefore we
suggest that the models of the carbon cycle
should simulate N addition effect separately for
eachN form.
CONCLUSION

C:N ratio, either in plant residues, orin situ,

affects litter decomposition. CO release is

strongly affected by C:N during early stages
of decomposition (days 0-20), when C:N de-
crease resulted in higher decomposition rates.
Effect of the nitrogen source (internal N, ex-
ternal NH.NO; and external KNO3J3 did not
change with time, while that of C:N ratio de-
creased. Partitioning internal N pool between
organic and inorganic N forms also affects

plantresidues decomposition.
Also, C:N affects the parameters of the

double exponential model of plant decompo-
sition. Decay constants of labile carbon pool
are directly dependent on C:N in the range of
.. - 62, with decreasing impact athigh rates of
external (C:N 10) and internal (C:N 22) nitro-
gen. Litter decomposition depends not only
on C:N ratio, but on the source and form of
available nitrogen as well. Internal and exter-
nal nitrogen, added as KNOs; or NH:NO3 act
inthe same direction, butwith differentinten-
sity: the effect of external nitrogen is stronger
than that ofinternal; the impact ofammonium
is more pronounced than that of nitrate.
Increase of internal organic nitrogen content
accelerates the decay rate constant of labile
carbon pool (k1) only. External nitrate nitro-
gen increases both the labile carbon pool (A )
and k .Addition of NH NO affects all the pa-
rameters ofthe model describing the degrada-
tion ofplantresidues, including second decay
constant (k2 ofrecalcitrantpool.
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PE3IOME
A.K. KeutkuHa, A.A. JlapnoHosa, C.C. bbixosel,

BTMAHWE BHELWWHEINO W BHYTPEHHEIO ASOTA HA CTENEHb MWHEPANTN3ALUU
OCTATKOB KYKYPY3bl

VHCTUTYT hM3NKO-XMMUYECKNX N BMONOTMYECKNX npobnem noysosegeHns PAH
(IPCBPSSPAH), MywwuHo, Poccus, aqvia@mail.ru. Ten : +89269336403

BnvsaHWe BHELUHEro v BHYTPEHHEro a3oTa Ha pasfioKeHue pacTUTeNbHbIX OCTATKOB ObIO U3Y4YeHO B
XOfie CepUW [LONrOCPOUHbIX NabopPaTOpPHbIX IKCMEPUMEHTOB MHKybauuu. SKCNepuMeHT A NpoBOAUAM C
NUCTBAMMW  KYKYPY3bl C MepeMeHHbIM COoOoTHoweHueM C:N -22, 34, 47 n 62. KoathpuumeHtol &N B
akcnepumeHTax B u C gosogunu fo 47, 32, 22 n 10, nytem fo6asnenns NH.NO; (akcnepumeHT B) nnm KNO:
(skcriepumeHT C) B OCTaTKM KYyKYpYy3bl C UCXOAHBbIM COOTHOLUEHVEM &N 62. YpoBeHb MUHepasm3auum
NabunbHbIX W YCTOMYMBBLIX YINEPOAHbIX PE3EPBOB PAaCcTUTE/bHbIX OCTATKOB OLEHWMBANWCH MPW MOMOLL
KUHETVKWN KyMYNATUBHbIX noTepb CO. B TeueHMe OAHOMETHEN UHKybauun, MOAENMPYeMO C MOMOLLbHO
(hyHKUMW LBOVHOrO 3KCMOHEHLMANbHOMO pacnafa. BHYTPeHHWI opraHnyecKnii a30T MoKasas, YTo BAUseT
TO/IbKO Ha KOHCTaHTY pacnaza nabunbHOro pesepsa, B TO BPEMSA KaK BHYTPEHHWI HeopraHnyeckmii N Bamsiet
TaKkke Ha pasmep nabunbHoro pesepsa. Kpome toro, KNO; B KauecTBe BHeLHel (hopMbl N BAMAN Kak Ha
3HaueHue K , Tak 1 Ha pasmep nabunbHoro pesepea. NH NO noenusn Ha Bce napameTpbl MOLENW ABOVHOMO
3KCMOHEHLMaNbHOro pacnaja, B TOM 4uc/ie BTOPOl KOHCTaHTbl pacnaga (k9 yctoiumsoro cnos. Takum
06pa3omM, MYHepanu3aLmnsa pacTUTe/bHbIX OCTATKOB B 3HAUMTE/NbHON CTEMEHW 3aBUCUT KaK OT KOHLEHTpaLuu
Tak 1 oT (hopMbl JOCTYMHOrO a30Ta.

Kntouesble cnosa: CO2 NOCTOSIHHOE 3HaYeHue MuHepanusaumm, C: N, Ka4ecTBO OCTaTKOB, BHELUHUI U
BHYTPEHHWIA a30T

TYWIH
A.K. KeutkuHa, A.A. JlapnoHosa, C.C. bbixosel,

1K1 XX3HE CbIPTKbl A3OTTbL, XXYTEPI KANABIKTAPbIHBIH MUHEPANTAAPMEH
K¥HAPNAHYbIHA 9CEP ETY1
PFA TonbipayTaHy (u3nKa-XuMUANbLL XX3He 6UONOrnanbLy, Macenenep UHCTUTY T
(IPCBPSSPFA), MywwuHo, Peceii, agvia@mail.ru, Ten : +89269336403

LU0 XK3HE CbIPTKbl a30TThbIl, eMMAL Ka/iAbIKTapblHbIL, bigblpayblHa 3Cep eTyi ~3aK Mep3imMgik
3epTXaHa/bly, MHKYbauua Taxipnoenepi 6apbicbiHga 3epTreng® A Tawpubea C:N - 22, 34, 47 xaHe 62
aybicnanbl apakaTbiHacbiMeH XYTepi XarbipaktapbiHa XKYprisingi. B >xaHe C Taxipubenepinge &N
KoathpumumeHTTepi &N 62 HacTankbl apakaTbiHacneH XYrepi kangsiktapsiHa NH:NO: (B Taxxpn6e) Hemece
KNO: (C Taxipn6e) Kocy apkbinbl 47, 32, 22 x3He 10-raXeTro3lWas 6UMMALW Ka/lablKTapbiHbIL, T PaKChI3
X3He TepakTbl KeMIpTeK KOpfiapblH MuHepanjapMeH K¥HapnaHfblpy fAeuret Kocap/bl 3KCMOHEHTNK
bigblpay KbI3METLUL, KeMenmeH YArifneH4IpineTiH 6ip Xbingblk MHKY6auma wwge CO. KyMynsTuBTIK
LUbITbIH KMHETUKACbIHbIL, KeMeriMeH 6aranaHipl. ILKi opraHukanbik eMec N TApakcbI3 Wama MesiLlepiHe e
acep etce, imri OpraHMKa/blK a30T TpaKcbi3 LWama blAblpayblHbIl, KOHCTAHTbIHA raHa bIKMan eTeTiHiH
KepceTTi. CoHbiMeH kaTap, KNO: cbipTkbl miwiH N peTwae Kk MmaHiHe ge, NH:NO. T"pakcbi3 wwama
MeJiLepiHe fie, Kocap/bl 3KCMOHEHTNK biAblpay YAriCiHiL 6ap/blik enweMaepiHe, OHbIL iliHAe TepakTbl
Kabar biAblpaybIHbIL, eKiHLLT KOHCTaHTbIHa (K2 biknas eTTi.

Ocblinaiiwa, eciMgik KangblKTapblHbiL, MUHepangapMeH K¥HapnaHybl a30TTbil, WOrbIpAaHyblHaja,
OHbIL TYpiHe ge 6aiinaHbICTbl 60n1aabl.

KinTTi ce3gep: CO2 muHepangapMeH K¥HapnaHygbil TepakTbl MaHi, C: N, Kangbiktapgbiy
canachbl, iWKi X3He cbIpTKbl a30TCO2Z NOCTOAHHOe 3HauvyeHwe MuHepanusaumum, C: N, KayecTBo
OCTaTKOB, BHELLHWIi M BHYTPEHHWIA a30T
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