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Abstract. Humic substances form most of the organic
component of soil, peat and natural waters, but their structure
and properties very much differs depending on their source. The
aim of this study is to characterize humic acids from raised bog
peat to evaluate the homogeneity of humic acids isolated from the
bog bodies and study peat humification impact on properties of
humic acids. Peat humic acids (HA) have an intermediate
position between the living organic matter and coal organic
matter.
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|. INTRODUCTION

Humic substances (HS) are the most widely found organic
substances on the Earth. Humic substances are a general
category of naturally occurring, biogenic, heterogeneous
organic substances that can generally be characterised as being
yellow to black in colour, of high molecular weight and
refractory. Humic substances can be divided in three fractions:
a) humin is the fraction of humic substances that is not soluble
in water at any pH; b) humic acid (HA) is the fraction of
humic substances that is not soluble in water under acidic
conditions (below pH 2), but becomes soluble at greater pH; c)
fulvic acid (FA) is the fraction of humic substances that is
soluble under all pH conditions [1]. Humic substances form
most of the organic component of soil, peat and natural
waters, they influence the process of formation of fossil fuels,
and play a major role in the global carbon geochemical cycle
[1]. In the same time humic substances (at first humic acids)
may be regarded as a valuable substance which may found
manifold uses for different purposes [2] and their industrial
production and application is growing [3, 4]. Thus humic
substances are of great importance not only considering
processes in environment, but also as an important resource
and there is an increasing interest into studies of properties of
humic acids.

In the studies of humic substances still actual is the question
about dependence of their properties depending on origin. It
has been shown, that the structure and properties of humic
substances differ for humic acids of different [5, 6], but in the
same time, considering the great variability in natural organic
matter properties, the actual relationship is far from being
explained. Another open question can be related to the genesis
of peat and fossil carbon deposits and development of peat.
Character of transformation of living organic matter is very
complex object of study, considering the high variability of
the environmental conditions under which the living organic
matter is decaying, slow pace of the humification reactions
and the large number and structural differences in organic
molecules composing living organic matter. It can be
supposed that the humification conditions may have impact on
structure and properties of refractory intermediate
transformation products of living organic matter - humic

substances. From this perspective it is important to study
humification processes in the conditions where the
transformation of living organic matter could be studied in
relatively homogeneous and stable environment - in the bogs.

Peat is a light brown to black organic material formed under
waterlogged conditions from the partial decomposition of
mosses and other bryophytes, sedges, grasses, shrubs, or trees
[7]. The interest about peat properties is growing as far as peat
as substance supports and influences bog and wetland
ecosystems, but peat profiles can serve as an archive
indicating conditions in past environments [8, 9]. In form of
peat is stored significant amounts of organic carbon and thus
peat reserves play major role in the carbon biogeochemical
cycling and is of especial role considering the ongoing climate
change process [10, 11]. Industrial and agricultural uses of
peat are growing [3, 4] and significant amounts of peat are
mined industrially. Considering this, there is an increasing
interest into studies of peat properties diagenesis of their
properties. The humification in the peat take place in very
much differing conditions both at spatial scale, both under
temporally changing conditions (historically peat development
can last for many thousands years). During peat development
even at one special site major changes in vegetation,
temperature, amount of precipitations and correspondingly of
the bog hydrological conditions, land use changes in the basin
of wetland can take place [9, 12, 13], thus it might be expected
to find corresponding changes in properties of peat humic
substances, identifying molecular descriptors of organic matter
diagenesis process. However relations between peat properties
(especially in full peat profiles) and properties of peat humic
substances have been an object of very few studies [14-16].

The aim of this study is to characterize humic acids from
raised bog peat samples through appropriate chemical and
spectroscopic techniques: elemental and functional analysis,
UV, fluorescence spectroscopy, FTIR, ESR, 'H NMR, °C
NMR as well as degradation studies (pyrolysis-gas
chromatography/mass spectrometry Py GC/MS) to evaluate
the homogeneity of humic acids isolated from the bog bodies
and study peat humification impact on properties and structure
of humic acids.

Il. MATERIALS AND METHODS

Materials

Analytical quality reagents (Merck Co., Sigma — Aldrich
Co., Fluka Chemie AG) were used without purification. For
preparation of solutions, high purity water Millipore Elix 3
(Millipore Co.) 10 — 15 MQcm was used throughout the study.

Peat sampling and characterization

Peat profiles were obtained from well-characterized, typical
raised bogs [17, 18] — Eipurs, Dizpurvs and Dzelve. Studied
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bogs are located in lowlands, they are of similar origin (they
have developed due to ground paludification), although their
lithology is largely differing. Full peat profile were obtained
and cut into layers (Table 1). Peat samples were dried at
105°C, and then homogenized and sieved through a 1-mm
sieve. The analysis of botanical composition was performed
microscopically, using a Carl-Zeiss binocular microscope and
decomposition degree was determined [19]. Humic and fulvic
acid ratio (HA/FA) was determined as suggested by Tan [20],
but humification degree by Borgmark [21]. The *C dating of
peat samples was done at the Institute of Geology of the
Tallinn Technical University (Estonia). Carbon, hydrogen,
nitrogen and sulphur concentrations in the peat and humic acid
samples were determined by combustion-gas chromatography
technique, using an Elemental Analyzer Model EA-1108
(Carlo Erba Instruments). Ash content was measured after
heating 50 mg of each peat sample at 750 °C for 8 h.
Elemental composition was corrected considering the ash
content, and the oxygen amount was calculated as a
difference.

Isolation of humic acids

Humic acids were extracted from peat and purified as
suggested previously [20, 22]. Briefly, 100 g of air dry peat
was reacted with 2 L of 0.1 M HCI for 1 h. The slurry was
allowed to settle and the agqueous phase was decanted and
discarded. Approximately 1 L of H,O was added to the peat
mass and the resulting slurry was allowed to incubate for
30 min, after which the pH of the slurry was adjusted to 7 with
the addition of 1 M NaOH. This was followed by the addition
of a sufficient quantity of 1 M NaOH (done under N,), to
bring the total volume of the solution phase to 2 L and the
resulting slurry was stirred under N, gas. After 24 h the
alkaline slurry was filtered through glasswool and the particle
free filtrate was acidified to a pH 1, with the addition of 6 M
HCI. This solution was then allowed to settle then it was
centrifuged and the supernatant was discarded. The sediment
(which contained humic acid) was washed with distilled water
and repeatedly centrifuged discarding the supernatant. Solid
residue after centrifugation was then suspended in a mixture of
0.1 M HCI and 0.3 M HF, to remove mineral particles. This
treatment was repeated until the ash content was reduced less
than 2 %. Afterwards humic acid dispersion in distilled water
were dialyzed against water to remove chlorides and resulting
humic acids were lyophilized.

Characterization of humic acids

Elemental composition. Carbon, hydrogen, nitrogen and
sulphur concentrations in the peat and humic acid samples
(elemental analysis of C, H, N, S) were determined by
combustion-gas  chromatography technique, using an
Elemental Analyzer Model EA-1108 (Carlo Erba
Instruments). Ash content was measured after heating 50 mg
of each peat sample at 750 °C for 8 h. Elemental composition
was corrected considering the ash content, and the oxygen
amount was calculated as a difference. The Van Krevelen
graphical-statistical method was applied as used for the study
of the structure on the basis of elemental analysis data [6].
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Carboxylic groups and total acidity. An automatic titrator
TitroLine easy (Schott-Geridte GmbH) was used for measuring
carboxylic and phenolic acidity of each HA. The known Ca-
acetate method [20], based on the formation of acetic acid,
was used for determining the total number of carboxylic
groups. HAs (20 mg) were weighed into a 100 ml Erlenmeyer
flask and under N, 10 ml of the 0.2 M calcium acetate solution
were added. Samples were potentiometrically titrated to pH
9.0 with 0.1 M NaOH. To estimate the total acidity, 20 mg of
humic acid, were dispersed in 10 ml 0.1 M Ba(OH), solution,
which was then shaken overnight under N, atmosphere,
filtered and washed with water. The filtrate, together with the
washing solution, was potentiometrically titrated with 0.1 M
HCI down to pH 8.4 under N, flow.

Colloidal stability test. In coagulation tests [23], 0.2 g/L of
HA were used, increasing the amounts of coagulation
electrolyte (NaCl, up to 1 mol/L) at constant pH 3. Samples
were left for 3 days. The coagulation intensity were
determined with a HACH DR/2000 spectrophotometer,
measuring turbidity at 450 nm. The coagulation ratio were
calculated using the equation (1):

7 _ To0001—T1 ' )
Too1—T1

where T stands for turbidity and the concentration of

coagulation electrolyte is 0.0001 — 1 mol/I.

Hydrophobicity of humic substances. Hydrophobicity of
humic substances was characterized by their distribution
between the water and polyethylene (PEG) glycol phases
(PEG 20000, Fluka) [24] as the distribution coefficient Kpegny
(analogous to the octanol/water distribution coefficient K,).

UV-Vis spectral ratios. UV-Vis spectra were recorded on a
Thermospectronic Helios y UV (Thermoelectron Co)
spectrophotometer in a 1-cm quartz cuvette. The UV-Vis
spectral ratios E,/Ez and E./Eg [25], i.e. the ratio of absorbance
at 280 and 360, and 465 and 665 nm respectively, was
determined for 10 mg of humic acid solutions in 1000 ml of
0.05 M NaOH. Absorbance at 465 nm characterises presence
of humic substances formed after initial stages of living matter
decay, but absorbance at 665 nm indicate presence of well
humified organic matter.

I1l. RESULTS AND DISCUSSION

For the isolation of humic acids peat from 3 representative
bogs were studied, covering major lithological classes of
raised bog peat (Table 1.). Upper peat layers are common for
raised bog, but lower layers of peat profiles represent fen peat.
Peat decomposition degree changes from 10 % till 60 %, but
the age of the studied layers from < 100 C years till ~
9000 *C years. If in upper peat layers humification degree is
lower and correspondingly HA/FA ratio is < 10, then in more
decomposed peat this ration is >30, respectively peat humic
matter is dominated by humic acids, later selected as a major
object of studies.

Basic peat properties can be analysed using peat elemental
(C, H, N, O, S) composition (Table 2). The ash content in the
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studied bogs range between 1.11 % until >6 %. The C
concentration range from ~40 to 55 % and H from 5.4 to
6.2%, N from 0.5 to >2 %, S from 0.3 to 1.2 %. The
elemental composition of peat in the Eipurs Bog is
comparatively variable and reflects the changes in the peat
decomposition degree and peat type. C concentration in the
peat is increasing starting from the upper layers up to level of
53 %. Changes of N concentrations (increased in the upper
and lower horizons of the bog, but also demonstrating
increased values coinciding with the changes in the peat
composition and formation conditions) could be associated
with changes in the peat botanical composition and
decomposition degree. S concentrations are significantly lower
just in upper layer of the peat bog, but comparatively stable
along the peat column. At the same time the elemental
composition of Dzelves Bog is very much different and
largely reflects the peat column composition: the C content in
the upper layers is much lower (~ 45 %) and comparatively
uniform up to depth of 3.25 m, but then rapidly increases
reaching 55% for highly decomposed peat. The same trends of
changes reflect elemental ratios (O/C, H/C, N/C).

There was significant variation in elemental composition of
HAs within the peat profiles. Depending on the bog and the
intervals of changes, the elemental compositions of the studied
peat HAs were highly variable: C was 49-57%; H was 4.6—
5.7%, N was 1.6-2.8%, S was 0.5-1.5% and ash was 0.1-
1.2%. The O content, with range 32-42%, was determined by
mass balance. In general, C and H concentrations increased
with depth. N concentrations decreased with depth, but S
concentration was very variable down the profile. The

elemental composition of HAs from peat in Latvia is of
similar magnitude to those for peat HAs from other regions of
the world [14, 16, 22, 26, 27]. The peat HAs were analyzed
using van Krevelen graphs as frequently applied for studies of
HA and the C biogeochemical cycle. According to Orlov [28],
the index of atomic ratios O/C, H/C and N/C is useful in
identification of structural changes and the degree of maturity
of HSs obtained from different environments. The relation
between H/C atomic ratio and O/C atomic ratio of HAs of
differing decomposition degree — beginning with bog plants
up to brown coal, lignite and coal — reveals changes in the
associated elemental composition (Fig. 1). Figure 1 could be
considered a graphical representation of the humification
process, indicating the degree of maturity and intensity of
degradation processes such as dehydrogenation (reduction of
H/C ratio), decarboxylation (reduction of O/C ratio),
demethylation occurring during the decay of peat-forming
plants, and peat humus maturation continuing up to coal.

These changes are especially evident if atomic ratios of
peat-forming plants (Sector 3 in Fig. 1) are compared to the
atomic ratio of organic matter of a high decomposition degree
(low moor peat, coal) (Sector 3 in Fig. 1). From the point of
view of chemistry, peat HAs have an intermediate position
(Sector 5 in Fig. 1) between the living organic matter and coal
organic matter and their structure is formed in a process in
which more labile structures (carbohydrates, amino acids, etc.)
are destroyed, but thermodynamically more stable aromatic
and polyaromatic structures emerge.

1. TABLE
PROPERTIES OF PEAT USED FOR EXTRACTION OF HUMIC ACIDS
Peat location Peat - A
Bog depth from decomposition ﬁeat age, Peat bota}n_lcal Peat type Humification HA/FA
C years composition degree
surface, cm degree, %
Eipurs 0-25 10 70 Sphagnum fuscum Raised 0.49 5.95
135-170 30 1300 Cotton grass- Raised 0.84 25.53
sphagnum
230-240 23 2660 Sphagnum fuscum Raised 0.67 16.01
320-358 41 6830 Pine, wood Raised - 1.29 33.49
transitional

410-456 27 8800 Hypnum, sedge Fen 1.27 38.52

Dzelve 30-40 12 75 Sphagnum fuscum Raised 0.48 10.27
190-200 10 1940 Sphagnum fuscum Raised 0.38 6.80

310-320 12 2230 Sphagnum fuscum Raised 0.74 8.13

340-350 > 60 4810 Cotton-grass Raised 2.99 71.76

Dizpurvs 0-20 13 50 Sphagnum — cotton Raised 0.45 6.75

grass
240-260 37 2300 Sedge - pinus Fen 0.65 8.43
400-430 40 5740 Sedge - hypnum Fen 1.32 24.55
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2. TABLE
PEAT ELEMENTAL COMPOSITION
Bog v c H N S Ash orc HIC N/C
Eipurs 0-25 41.97 5.69 0.59 0.37 3.61 0.85 1.61 0.012
135-170 48.20 5.91 0.66 0.88 1.18 0.53 149 0.013
230-240 49.21 5.68 0.82 0.69 1.11 0.65 1.38 0.014
320-358 49.15 5.49 2.00 0.88 4.89 0.62 1.29 0.035
410-456 52.92 5.28 213 0.98 6.01 0.55 1.19 0.034
Dzelve 30-40
44,77 5.91 0.73 0.89 1.18 0.80 1.58 0.014
190-200 45.53 5.60 0.47 0.81 1.29 0.78 1.47 0.009
310-320 45.73 5.55 0.62 1.22 3.76 0.77 1.45 0.012
340-350 5553 6.20 1.23 119 5.82 0.48 134 | 0019
Dizpurvs 0-20 42.36 5.32 0.67 0.43 121 0.79 1.49 0.012
240-260 46.58 5.89 0.83 0.56 2.05 0.65 142 0.010
400-430 49.12 5.97 1.16 0.81 2.37 0.82 1.35 0.012
3. TABLE
ELEMENTAL COMPOSITION OF PEAT HUMIC ACIDS
Humic acid C,% H, % N, % S, % o/C H/C N/C
Eipurs HA 0.0 - 0.25 52.40 5.39 243 1.50 0.550 1.23 0.04
Eipurs HA 1.35 - 1.70 53.20 4.80 213 1.05 0.547 1.07 0.03
Eipurs HA 2.30 - 2.40 54.70 5.04 1.87 0.87 0.514 1.10 0.03
Eipurs HA 3.20 - 3.58 52.70 434 2.25 0.83 0.567 0.98 0.04
Eipurs HA 4.10 - 4.56 55.30 4.49 2.48 1.01 0.498 0.97 0.04
Dzelve HA 0.30 - 0.40 52.25 451 2.59 0.77 0.573 1.03 0.04
Dzelve HA 1.90 - 2.00 56.17 5.11 2.29 0.84 0.476 1.08 0.03
Dzelve HA 3.10 - 3.20 57.05 5.16 2.66 0.80 0.452 1.08 0.04
Dzelve HA 3.40 - 3.50 59.49 3.98 2.02 0.68 0.427 0.80 0.03
Dizpurvs HA 0.0 - 0.20 56.54 5.71 3.24 0.88 0.446 1.20 0.05
Dizpurvs HA 2.40 - 2.60 56.05 4.35 214 0.89 0.490 0.93 0.03
Dizpurvs HA 4.00 - 4.30 58.11 478 3.10 0.90 0.428 0.98 0.05
4. TABLE
FUNCTIONAL PROPERTIES OF PEAT HUMIC ACIDS
Humic acid r:g;: TOt?r: Eagigity, ArOH,g mmol Koo EJE: E,JE, Co;gt?ola_}ion
Eipurs HA 0.0 - 0.25 2.70 8.50 5.80 1.66 5.00 34 0.968
Eipurs HA 1.35 - 1.70 4.70 7.71 3.01 11.80 6.23 2.84 1.035
Eipurs HA 2.30 - 2.40 4.60 6.13 153 10.82 6.40 2.92 1.010
Eipurs HA 3.20 - 3.58 6.20 6.40 0.20 8.19 8.00 3.09 1.019
Eipurs HA 4.10 - 4.56 4.70 7.60 2.90 9.86 6.55 3.08 1.023
Dzelve HA 0.30 - 0.40 4.60 8.16 3.56 8.63 10.00 3.39 0.972
Dzelve HA 1.90 - 2.00 4.20 9.31 5.11 10.60 9.00 3.31 1.000
Dzelve HA 3.10 - 3.20 4.40 8.41 4,01 17.60 3.43 2,94 1.016
Dzelve HA 3.40 - 3.50 5.40 6.70 1.30 6.70 5.75 2.97 1.037
Dizpurvs HA 0.0 - 0.20 3.60 7.00 3.40 6.18 3.00 3.26 0.940
Dizpurvs HA 2.40 - 2.60 5.20 8.10 2.90 16.10 3.25 2.63 0.950
Dizpurvs HA 4.00 - 4.30 5.00 7.50 2.50 8.06 3.12 2.77 1.147
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Comparatively, the studied peat HAs are at the start of the
transformation process of living organic matter.

The dominant functional groups in the structure of peat
humic acids are carboxyl and phenolic hydroxyl groups. In
humic substances from peat, concentrations of carboxyl
groups and phenolic hydroxyl groups are lower (Table 1), than
in humic substances from other sources (waters, soils,
sediments) [2, 5, 6, 29].

Concentrations of carboxyl and phenolic hydroxyl groups
changes depending on the depth of peat from which humic
acids have been isolated: in upper layers concentration of
carboxylgroups is lower for all three studied bogs and total
acidity is determined by presence of phenolic hydroxyl
groups. Pattern of changes of concentration of carboxylgroups
demonstrates that carboxylic acidity is increasing with depth
of peat location and the humification degree. In general, the
concentrations of carboxyl groups correlate to the O/C ratio,
thus indicating that the dominant portion of the oxygen in
humic molecules is in form of carboxyl groups. An important
characteristic of humic acids is their ability to coagulate in
acidic environment or due to changes of ionic strength. We
have studied the changes in the ability of humic acids to
coagulate in the presence of increasing concentrations of
dissolved salt (coagulation test), and have found that peat
humic acid coagulation ability increases with depth of humic
acid within a peat profile (Table 4).
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Fig. 1. Van Krevelen (H/C vs. O/C atomic ratio) graph of bog plants (®); HAs
isolated from peat samples from bogs in Latvia (e); reference peat HA
and peat HA (*); soil HA (@); HA from different coals and lignite
(m), sedimentary HA (V) and aquatic HA (A).

Important information about basic structural differences of
humic substances can provide their UV spectra. The UV-Vis
spectra of peat HA examined are featureless, and they
monotonically decreases with increasing wavelength. The
ultraviolet spectra of humic acids from different peat layers
are similar, differing only slightly in optical density. The slope
of the adsorption curves as measured by the ratios of UV
absorbancy (Table 4) at 280 and 360 (E,/E;3) and 465 and
665 nm, (E4/Es) have been suggested to be related to the
condensation of aromatic groups (aromaticity), and also to
particle size and molecular weight [30]. Higher E4/E¢ ratios
measured for humic acids from deeper bog layers accordingly
to data in the literature suggest a lower degree of condensed
aromatic systems and smaller particle sizes or molecular
weights.

IV. CONCLUSIONS

Peat humic acids (HA) have an intermediate position
between the living organic matter and coal organic matter and
their structure is formed in a process in which more labile
structures (carbohydrates, amino acids, etc.) are destroyed, but
thermodynamically more stable aromatic and polyaromatic
structures emerge. Comparatively, the studied peat HAs are at
the start of the transformation process of living organic matter.
Concentrations of carboxyl and phenolic hydroxyl groups
changes depending on the depth of peat from which HAs have
been isolated: and carboxylic acidity is increasing with depth
of peat location and the humification degree.
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Maris Klavins, Oskars Purmalis. Augsto purvu huminskabju raksturojums

Humusvielas ir dabiskas izcelsmes organiskas vielas ar augstu molekulmasu, heterogénu uzbtivi un biologiski noturigas. Tas veido augsnes,
tdenu un daudzu fosilo oglekli saturo$o mineralu (kudra, sapropelis, briinogles) galveno masu uz Zemes un to Ipasibas varié atkariba no
izcelsmes. Humusvielas veidojas, sadaloties dzivajai organiskajai vielai, ka ari tas degradacijas produktiem, un dzivo organismu metabolitiem
reag€jot sava starpa un mijiedarbojoties ar vidé un dzivajos organismos eso$ajam neorganiskajam vielam. Augstie purvi ir uzkrajusi ievérojamu
apjomu organiska oglekla, saglabajoties salidzino$i nemainigiem apstakliem, tapéc no purviem izdalitu huminskabju izp&te var sniegt
prieksstatu par to uzbiivi, veidoSanos un transformaciju. Purvos huminskabju sastavu ietekmé kiidras botaniskais vecums un humifikacijas
procesi. Kiidras huminskabju sastava izpéte liecina, ka tas ir transformacijas vida starp kiidru veidojo$o vegetaciju un oglém. Huminskabju
veidosanas procesos vienkarSakie, nestabilakie savienojumi (oglhidrati, aminoskabes u.c.) sadalas un veidojas noturigakas struktiiras —
aromatiskie savienojumi. Pieaugot kiidras profila dzilumam un humifikacijas pakapei, izdalito kiidras huminskabju struktiira palielinas
karboksilgrupu, oglekla un slapekla koncentracija, bet samazinas fenolu hidroksilgrupu koncentracija. Tas liecina par humifikacijas procesu
ietekmi uz kudras huminskabém un to transformaciju no kiidru veidojosajiem augiem par stabiliem aromatiskiem savienojumiem.

Mapuc Knsisunabm, Ockap [ypmannc. XapakTepucTika ryMHHOBBIX KHCJIOT BEPXOBBIX 00J10T

I'ymuHoBble BemectBa (I'B) - 3TO HpHpPOIHBIE BBICOKOMOJEKYJSPHBIE, OHMOJIOIMYECKH YCTOIYMBBIE OPraHMYECKHE COCOUHEHMS C
reTeporeHHsIM cTpoeHreM. OHu 00pa3yloT Ha 3eMiie OCHOBHYIO MAacCy MOYB, BOJHBIX OPTaHHYECKHMX COSIMHEHHH M YIrIepoJocoIepiKalux
MUHEPAIbHBIX HCKOMaeMbIX (TOp, canporeinb, Oypblil yroib) 0 HX 0COOEHHOCTH BapbUPYIOT B 3aBUCHMOCTH OT HPOMCXOXK/EHHS. I'yMUHOBBIE
BeIeCTBA 00Pa3yIoTCs B MPOLIECCE PAa3IokKEHHUsT OTMEpIINX OPraHW3MOB, a TAKXKE MPOIYKTOB META0OIN3Ma )KUBBIX OPraHU3MOB B IIpoOLECCe
UX XKU3HEAeATeIbHOCTH. [IpH 5TOM 3TH BelIeCTBa B3aUMOICIHCTBYIOT MEXAY MEKIY cOOOW U ¢ HEOPraHMYECKUMH BELIECTAMH OKpYKaroreit
CpeJibl, BEIMOJHSS BAXKHYIO POJIb B TEOXUMHUYECKOM IHKJIE.

B BepxoBbIX 60JI0TaX HAKOIUICH CYIIECTBEHHBII 00BEM OpPraHHYECKOTr0 YIIIepo/ia, COXPAHIIONIMNCS B OTHOCHTENIHHO HEM3MEHHBIX YCIOBHSX.
ITosToMy 1o BBIAENEHHBIM W3 Topda ATUX OGONOT T'YMHHOBBIM KHCIOTaM MOXKHO ITOJYYHTH INpPEACTaBIEHHE O Mpoleccax o0pa3oBaHUS,
cTpoenusi u TpaHcopmanyu I'B. Ha xapakTepuCTHKH T'YMHHOBBIX KHCIIOT BIMSIOT OOTaHHYECKHiA cocTaB Topda, ero Bo3pact u pu3HIecKue
yCJIOBHS TIpoliecca ryMudukanuu. B npomecce 06pa3oBaHus I'yMUHOKHCIIOT TIPOCThIE, HECTAOMIIbHBIE COSeANHEHHs (YTII€BOIbI, aMHHOKHCIIOTHI
¥ JIp.) pa3lelsitoTesl B 00pa3yloT YCTOWYMBBIE CTPYKTYPBI — apoMaTHieckue coenunernsi. C Bo3pacTaHHeM TIIyOHHBI TOP(SHOTO mpoduis u
CTENeHN TyMHUKAIMKH B T'YMHHOKHCIOTaX YBEIMYMBAeTCS KapOOKCWIIbHAs TPyIIa, KOHLEHTPAlUM YIiepoAa M a30Ta, B CBOIO O4Yepe/ib,
CHIDKAeTCsl KOHIEHTpauys (EHOJIbHOH THIPOKCHIBHON IPYMIIbl. DTO YKas3blBAaeT O BIMSHHMHM Ipoliecca IyMHU(HUKALMH Ha TYMHHOKHCIIOTBI
Topda 1 UX TpaHCHOPMAIHIO B CTAOMIIBHBIE apOMATHYECKHUE COCTMHEHHS.
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