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Abstract. A powdery or compact, white to faintly yellowish brown sulphate
mineral forming coatings and crack or joint infillings was found in abundance in
Hieroglyphic beds, one of Flysch formations of the Northern Carpathians. Originated
by interaction of sulphuric acid produced by pvrite decomposition with kaolinite-
_rich sediments, this supergene mineral can be observed on dry slopes of the .out-
croping shales with sandstone and mudstone lenses or interlayers. The last men-
tioned permeable sediments are responsible for the seasonal strata- or valley-sources
cutpouring near the water-level of the artificial Roznéw dam-lake. The list of
accompanying minerals embraces gibbsite, allophane, gypsum, hydrated Fe and Mn
¢xides and in farther neighbourhood — jarcsite (in shales only). Basaluminite is the
1nost stable, less hydrated form of hydrobasaluminite, precipitation product of dilute
Al- and SO,4-rich and SiO,-poor solutions or a replacement product of earlier formed
ailophane and gibbsite. Gibbsite is also the final, stable link in the hydrolysis pro-
cesses of Al-sulphates.

INTRODUCTION

In the mineral world there are many examples of abundance under-
estimation. Basaluminite presents such a case. Known from only a few
occurrences in England, France, USSR and USA it is surely a much more
common mineral. The chief agents and environmental conditions are in-
cluded in the oxidation and hydration of pyrite in mildly wet climate
conditions to sulphuric acid and in the interaction of this acid with the
country rock, especially if composed of relatively Al-rich and acid- sol-
vable minerals, such as kaolinite. Kaolinite and pyrite as the source mi-
nerals for supergene hydrobasaluminite and basaluminite were reported
in nearly all cases: 1-0 by Hollingworth and Bannister (1950) — in si-
derite—chamosite mudstones (Inferior Oolite, J urassic) with allophane, hal-
loysite, aragonite, gypsum and Fe and Mn oxides, 2-0 by Pei—Lin Tien
(1968) — in shales of Cabannis formation (Middle Pennsylvanian) with
gypsum, allophane and iron oxides, 3-o by Sunderman and Beck (1969) —
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in residual clays of early Pennsylvanian age with hall_oysit(‘, al_]_ophan.e,
gibbsite and h}rdrated Fe and Mn oxides, 4-0 b__y.Fommyh (1965) =
secondary quartzites of pyrite deposits with k:_101'1mte, gypsum a.o. Mlltgn
et al. (1955) have confirmed the presence of illite and other clayey ma-
terial in the residual clays underlying pyritic Qhattapooga} shale (Upper
Devonian). Basaluminite occurs there in association with different Al, Fe

and Ca hydrated sulphates.

GEOLOGIC ENVIRONMENTAL CONDITIONS

It may be inferred from the only occurrence of basaluminite in the
Polish Flvysch Carpathians (1 km to NE from village Sienna, on the shore
of dam-lake Roznow) that a number of special factors are needed fpr the
formation of this mineral. One of the mosl important agents is the
adequately high content of pyrite in rocks, as Cviden(‘ed in some s_hale:f;
of the Hieroglyphic beds (Upper Eocene). The dp('ﬁlT}pOSltlon of pyrite is
the only possible source of strong acid — sulphuric acid. Equally ¥mpmjta.nt
seems to be the kind of clay mineral assemblage which besides illite
should comprise the most solvable and richest in alumina mineral —
kaolinite. It must be emphasized too, that the surplus content of car-
bonates in shales (calcite and magnesian calcite in examined rocks) will
minimize in high degree the action of sulphuric acid used for the neutra-
lization of alkali-earth carbonates favouring the basic Al-sulphate forma-
tion. Simultaneously, the decreasing acidity of solution favours the
coagulation of silica-alumina gel (at pH = 4 for allophane).

Not without significance are the hydrodynamic conditions of ground-
_waters occurring, e.g., in mildly wet climate. There are many signs of
drainage by valley- or strata-sources within slopes descending immedia-
tely to the dam-lake. Excessively vivid circulation of waters, as well as,
nuch restricted one are equally unfavourable. In the first instance rela-
tively easily soluble Al-sulphates could not be precipitated, and in the
second the division of silica gel and alumina salts will not take place.
Some influence on the diffusion and filtration gradients must be attri-
buted to the seasonal oscillations of water-level in the dam-lake. Not
without importance is the local continually changing humidity of air; the
temperature conditions are probably insignificant.

With the varying degree of dilution of ground-waters and their conta-
mination alter the pH and E;, parameters. The fissures in coarser grained
sediments, only some centimetres distant, belong to three mutually per-
pendicular systems and facilitate the permeation and deposition pheno-
mena, which are still active.

PHYSICAL AND CHEMICAL PROPERTIES

Microscopic examination. Powdery and compact or dense
varieties of white to faintly yellowish brown sulphate mineral with dull,
chalky luster appear both as coatings on walls of outcroping sandstone
and mudstone intercalations or as crack and joint infillings penetrating
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these rocks. Examined under microscope the air-dried material exhibits
always a microcrystalline structure of nodular or globular aggregates
composed of radially, feathery or sheaf-like ordered or disordered laths
and fibres. The sub- or euhedral, cleavable crystallites may reach up to
90, normally 20 um in length and 1—2 um in breadth, against usually noted
length up to 5 um. The globules with mosaic, disordered structure, up to
80—90 um in diameter originated from dehydration of hydrobasaluminite
prese}‘\{ed elsewhere in radially ordered, fibrous aggregates. Hydrobas-
aluminite was also observed as felt-like clusters of fibres penetrating
allophane accumulations (nests and veinlets). In the same form appear
gypsum crystals in rare examples.

The optic properties of basaluminite are uniform, characterized in
b.ulk by light grey interference colours, straight extinction, and negative
sign of elongation (n, ||to elongation) of fibers and laths. The refractive
indices measured in Na-light amounted.:

0, = LG 1,514 0,001 and n, = 1,523 +-0,001

These values are well comparable with those obtained by Hollingworth
and Bannister (n = 1,519), Tien (n = 1,520), Frondel (n = 1,525), Fominyh
(n = 1,520) and Sunderman and Beck (n = 1,512 to 1,517). Mean index
of refraction calculated by the Gladstone-Dale law (Tien, 1968) equals
1,539. The index of refraction of hydrobasaluminite from Sienna is much
lower, reaching only 1,482.

X-ray examination Powdered, air-dried samples of basalumi-
nite, gibbsite and allophane were separated and X-rayed in a Debye-
-Scherrer camera using Ni-filtered copper radiation or by the diffracto-
meter technique (Rigaku-Denki apparatus) with the same filter and radia-
tion. The X-ray patterns of examined basaluminite from Sienna were
tabulated (Tab 1) together with those displayed by Hollingworth and
Bannister (1950), Tien (1968), and Fominyh (1965). The coincidence of
d-spacings and intensities is quite remarkable. The reflections derived
from detrital quartz admixture, utilizable for verification of diffracto-
gram, were omitted. No other X-ray lines, bands or haloes of different
minerals were detected, proving high purity of studied specimen. In the
associated allophane the X-ray patterns of rare hydrobasaluminite, bas-
aluminite and common gibbsite are well discernable.

Thermographic and infrared adsorption data. The
presence of adsorbed water, constitutional molecular water or hydroxyl
groups affects the physico-chemical properties of minerals. These influen-
ces emerge from differential thermal curves and infrared absorption
spectra in much suggestive manner. As might be expected the basalumi-
nite possesses all the mentioned kinds of water.

In the differential thermal analysis of hasaluminite from Sienna (Fig.
1. curve C) the endothermic peaks at 135°, 180°, 220°, 320°—355°, and
960°C could be distinguished. They correspond well to the extrema at
1252, 170°, 220°, 355°, and 940°C recorded by Tien (Fig. 1, B) or at 1508,
990°, 340°, and 880°C given by Fominyh. They may be interpreted as
follows: dehydration aftfecting adsorbed and partly constitutional mole-
cular water has its maximum at 125—135°C, whereas the remaining part
of molecular water disappears at 150—180°C, simultaneously with the con-




Tableil
X-ray powder data for basalumirites

Ural Mts. ***

| Sienna Irchester * Crawford Co**

i d(A) Iil, d(A) Nzl % d(A) | /I, d(4) ‘ 1/1,
9,38 100 9,4 8 9,30 8 9,12 \ |
7,88 2 & ¥ 7,81 2 i — \
7,32 10 7,18 1 ‘ 7,30 5 % ( —
6.81 12 6,73 3 6,80 5 6,90 st Loy
5,90 20 5,92 5 5,90 6 5,92 la At 1
5,31 17 5,27 5 5,30 5 l 5,53 1 i
5,00 5 i - 4,99 3 1 — e
4,687 55 4,68 7 4,67 O ire a0 , 6
4,133 3 el i 4,13 Qi — &= ‘»‘
3,862 6 3,81 5 3,88 Bl — l == P
3,685 25 3,68 6 3,65 6| 3,66 | 3
3,618 k] vl ~ — = - vl
3,436 8 3,44 5 3,43 6 3,44 B
3,228 6 3,20 D, 3,22 3 = —
3,137 3 ad 3,14 %5 i —
2,945 4 2,90 3 2,94 4 2,93 1
2,830 7 2,82 3 2,83 4 2,82 1
2,714 9 2,71 4 o0, 5 2,7 3
2,549 3 e 4 2,55 1 1 : it
2,465 10 2,45 4 2,46 Ao 2,43 it 1
2,387 3 2,38 2 2,39 Ll Ll =
2,265 12 2,26 5 2,28 5l 1| D L
2,191 8 2,18 g 2,171 6 ‘] 2,185 \. 4
2,069 3 2,06 30 2,072 D | 2,06 2
2,034 5 2,02 3 2,036 S| 2,02 2
1,965 2 1,953 ) 1,963 3 | 1,957 1 |
1,387 20 1,380 6 1,386 Byl 1i8Gataly Drs |
Lade L LR 1,835 4 1,841 8 o |0ndsee )2
1,770 3 e 1,770 Al 1,767 ‘ pRgl
1,684 1 16784 4 2 1,682 10 e “
1817\ 4 1,616 4 1,623 LI 1562000 ilRs el
1,573 1 e i 1,571 il i il = ‘

| 1,468 2 1,462 D 1,4685 i) 1,461 ) il

* Lodge pits, Irchester, Northamptonshire, England (Hollingworth & Bannister, 1950).
#+ Crawford County, Kansas, USA (Pei-Lin Tien, 1968).
«+* Kaluginskoye ore district, Ural Mts. USSR (Fominyh, 1965).

version of basaluminite to meta-basaluminite with chemical formula
Al1,504(OH)y. It was primarily postulated by Hollingworth and Bannister
as being accomplished at 150°C (after X-ray data) or at 75° to 185°C accor-
ding to Tien’s opinion. Sunderman and Beck pointed out the stability of
meta-basaluminite until 200°C at which temperature it started to decom-
pose in amorphous material, losing contemporaneously the ability to rehy-
dration. The peaks at 220° and 340—355°C correspond to the dehydroxy-
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Fig. 1. Differential thermal curves of: basaluminite intergrown with gibbsite

and allophane from Hieroglyphic beds, Sienna, Carpathians (4); basalumi-

nite from Cabaniss formation, Kansas (Tien, 1968) (B); basaluminite, Sienna

(C); gibbsite, Sienna (D); allophane with a small amount of gibbsite,
Sienna (E)

lation, advancing in two stages. The last stage must be attributed to the
collapse of the octahedral, gibbsite-like(?) sheets. This view can be suppor-
ted by the similar dehydroxylation temperature of gibbsite (Fig. 1, D).
Samples heated by Tien to the temperatures between 200° and 1050°C
did not rehydrate to basaluminite within two months time. After Sunder-
man and Beck the poorly crystalline Al,O3 forms in the range 940—
1000°C, preceded by endothermic sulphate dissociation.

Infrared absorption spectrum of basaluminite from Sienna (Fig. 2, C)
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Fig. 2. Infrared absorption spectra of basaluminite (4) and heated (to 975°C)
basaluminite (B) from Cabaniss formafion, Kansas (Tien, 1968) in compa-
rison with spectrum of basaluminite from Hieroglyphic beds at Sienna (C)

-

in comparison * with analogous showed by Tien (Fig. 2, 4) from Crawford
Co, Kansas demonstrates a striking resemblance. The same absorption
bands assigned to water molecules with about 1630 cm~—!, and 2930 cm~!
wave numbers and similar sulphate absorption bands extending in the
frequency ranges of 570—650 em-! and 990—1180 cm—?! (Tien’s 580—670
and 1050—1200 cm~! ranges resp.) can yield further evidence of mineral
identity. Relatively strong v, band of water at 1630 cm~! is the result of
greater deficite of R3* (Al) ions (Kubisz, 1972, p. 31). The v, and v; bands
of H,0 could not-be recognized as they nearly coincide with OH~-stret-
ching band occupying here the region between 3200 and 3600 cm—1. The
sulphate bands with 990, 1050 and 1140 em-1 wave numbers may possibly
be attributed (Omori and Kerr, 1963) to S;0s, SO, and S,0; bands respec-
tively. These bands, as well as those in region 570—650 cm~! disappear
in basaluminite heated to 975°C (Fig. 2, B). Remembering Pei-Lin Tien’s
(1968, p. 73) statement, weak bands of water, e.g., in 1630 and 2930 em=t
in the heated to 975°C basaluminite, should indicate the content of some
secondarily absorbed water.

Chemical investigations. Three specimens of basaluminite
and accompanying minerals from Sienna were chemically analyzed for
major elements. The chemical composition of basaluminite from Sienna
(Mo, %, e, 1) corresponds to a rather pure representative, except for the
mechanical admixture of quartz (6,20 weight per cent) and simultaneously
precipitated gypsum (1,34%) or goethite hydrolysate (0,60%) impurities.
After recalculation (column la, Tab. 2) appears some surplus quantity of
alumina, as well as a deficite in water when compared with the corres-
ponding contents in the theoretical chemical composition of basaluminite:

o0 il D B S s i s SR e

Table 2
Chermical analyses of basaluminites
Components 1 la 2 2a 3 4 5 )

SI@ e veind i 6.20 — 2.4 = e i = 0.37
AL it il (44494 1d 8143 43.0 435 | 39.70 47.1 458 | 44.08
Fe Qi o 0.45 - 0.3 = = = o 0.07
@@y Al 0.44 — = — == —_ == -
SOgr il Foy oA 16.86 17.68 15.6 17.4 20.06 15.5 173 16.72
@ b e 31.56 33.89 38.7 39.1 39.94 37.4 36.9 38.58
Total 10000 | 100,00 | 1000 | 100.0 | 9970 | 1000 71000 | 99.82 |

1. and la. Specimen from Sienna, Carpathians, Poland; weight percentages pefore (1) and after
(1a) recalculation; H.O content by difference.
and 2a. Lodge pits, Irchester, Northamptonshire, England (Hollingworth & Bannister, 1950);
pefore (2) and after (2a) recalculation.
3. Mount Bernon Epernay, France (fide Hollingworth & Bannister, 1950); recalculated exclu-
ding 0.3% of caSOy. i ' :
4, and 5 crawford County, Kansas, USA (Pei-Lin Tien, 1968); recalculated excluding 1,4% SiO.,
1.0 Fe,Os, 2.4—1.0% Ca0, 0.1% MgO and 0.1% K.O.
6. Shoals, Indiana, USA (Sunderman & Beck, 1969); with 0.021% of P;05.

()

* bsorption spectra were obtained with Zeiss UR-10 spectrophotomet.er‘
using ’II‘{hlgr aprbisn? KBr pellet and 0,25—0,31% sample content. Tien applied Per‘klfl—
~Elmer (Model 52,1) spectrophotometer and KBr disks, containing about 0,3% sampie.
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e : Table 3
Chemical analyses of gibbsite and allophane ¢

Gibbsite Allophane

| Components R L A T
l Weight % |Weight %1 | Mol. ratio Weight % |Weight % | Mol. ratio
|— il & o LB con s, s
ES1O 78 210 ¢ 3.34 il i 12258 25.22 1.259
‘/\1:0:I W e 57.94 GRI IS ! | 3043 | - 3399 1
e Ose e n 1.37 s s [ Seoinil ot iy
oo B 0.67 — i i‘ 2.38 e =
SOl e o 043 — | — (543126 -— =
HOS sl et i 2.39 A8 | = | 22.13 s = 1
iu‘.o' AP0 G A 33.86Y 36,43 39243 | 16718 16.07° ik 6
= |
(R SR i <l LIS e e s i
| Total | 100.00 100.00 | | 10000 | 100.00

+ Recalculated excluding detrital quartz (3.34 weight %), goethite (1.83%), gypsum (0.92%),

11,0—105°C (2.39%) and surplus CaO (0.37%).
: Recalculated excluding geothite (3.36%), gypsum (7.01%) and surplus CaO (0 10%).
s H,Ot content by difference.

Al,0; = 44,0%; SO; = 17,2% and H,O = 38,8 weight per cent. The diffe-
rences may better be accentuated in form of molecular ratios AlyOs: SO; ¢
: H,O, amounting here: 2,152 :1:8,519, in place of theoretical 2:1:10
proportion. Similar anomalies may be found in other specimens as in col-
lected from Crawford Co (Tien, 1968). This is probably due to further
continuing dehydration of basaluminite — AL,SO‘,(OH)W-SHZO. 1t must be
emphasized that the admixture of gibbsite in basaluminite was not, as
yet, detected by X-ray and other methods. Though the basaluminite is
nuch more stable than the more hydrated equivalent — hydrobasalumi-
nite (Al;S()q(OH)wﬁ%lHy_O ?), there are some indications suggesting the
existence of less hydrated links in the dehydration process. This is espe-
cially possible in lowest humidity conditions, where meta-basaluminite
(A1,S04(0OH)10), obtained easily at 150°C, seems to be final stable variety.

The supplementary minerals in the paragenetic assemblage — gibbsite
and allophane, judging from the demonstrated (Tab. 3) chemical analyses
possess the identical mineral impurities of detrital quartz, goethite, and
gypsum. In allophane some iron and calcium may occur in ionic, absorbed
form. The same mode of occurrence can be implied in the case of SO; or
correctly SO% anion, though in some cases basaluminite or hydrobasalu-
minite admixture was detected by X-ray method. The molecular ratio
SiO, : Al,0; : Hy,O in allophane do not deviate much from normally noted,
taking into account surplus of silica connected with detrital quartz in un-
determinable amounts. The content of gypsum and goethite is considered
rather as hypothetical, hence the selection and quantitative determination
of separated minerals and their components was beyond the analytical
possibilities. ST 5. (Ll

GENETIC REMARKS

It has long been recognized by Bassett and Goodwin (1949) hat the
endeavour of basaluminite and hydrobasaluminite synthesis must fail. The
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sx_xprse’d relative positions of the solubility curves of b ini

gltébsrce (Fig. 3) in the immediate n'eighbo}{xrhood of theas\?flal‘tgxl'm;geleaéi
25°C) prove their stable state in contact with extremely dilute solutions
more Or less (resp.) acid. According to Bassett and Goodwin the formation,
of glbbsne is accelerated by the presence of sodium, while the crystalli-
zation of another polymorph — bayerite, favours the addition of ammonia.

H,0

_ ~BIBBSITE
_~BAYERITE

—~BOEKMITE

——-DIASPORE

/13“203;6303."'420

SQ—‘)/ Alp0q

Fig. 3. The solubility curves of basic Al-sulphates and Al-hydroxides in the part
nearest to the water pole. Modified after Bassett and Goodwin (1949)

The mentioned writers refer the coexistence of basic Al-sulphates and Al-
-hydroxide to the similarity of layer-lattice structures. The basaluminite
structure should be considered as derivative from gibbsite structure in
the same way the latter structure was derived from kaolinite structure.

Envisaging these circumstances, as well as the actually observed alter-
nation of allophane, gibbsite and basic Al-sulphate intercalations and nests
the replacement hypothesis becomes much suggestive. When the (hydro-)
basaluminite — gibbsite reaction might be considered as reciprocal, allo-
phane could not replace the basic Al-sulphate.

The relationship of the studied sulphates with the minerals felsénba-
nyite and paraluminite is doubtful and should be revised. The former
mineral, described by Haidinger and Krenner (1928), is optically and che-
mically almost identical with the basaluminite. The well developed cry-
stals and the paragenetic relations with stibnite and barite imply the ele-
vated temperature of water solutions.
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Tadeusz WIESER

BASALUMINIT W STREFIE WIETRZENIOWEJ OSADOW
FLISZOWYCH KARPAT

Streszczenie

W brzegu sztucznego Jeziora Roznowskiego, kolo wsi Sienna, zostal
znaleziony basaluminit w towarzystwie hydrobasaluminitu, gibbsytu (hy-
drargilitu), alofanu, gipsu, uwodnionych tlenkow Fe i Mn oraz, w dalszym
sasiedztwie — jarosytu. Basaluminit jest tam mineralem proszkowym lub
zbitym, bialym do jasno zéltawobrunatnawego, przy matowym, kredowa-
tym potysku. Tworzy on powloki lub wypelnienia szczelin we wktadkach
piaskowcowych i mutowcowych tworzgeych wespol z tupkami kompleks
warstw hieroglifowych (gorny eocen).

Powstanie basaluminitu wiaze sie¢ ze zrédlami warstwowymi, lub do-
linnymi, usytuowanymi tuz nad zmiennym zwierciadtem jeziora. Kwas
siarkowy z wietrzejacego pirytu i znaczny udziat kaolinitu w zespole mi-
perak’)w ilastych warstw hieroglifowych oto najwazniejsze czynniki sprzy-
jajace powstaniu basaluminitu i hydrobasaluminitu. Ten ostatni jest za-
pewne niezbednym ogniwem w procesie tworzenia sie basaluminitu na
drodze dehydratacji. Obu zasadowych siarczanéw glinu nie udato sie¢ zsyn-
tetyzowaé przez wytracenie z roztworu. Nalezy przypuszczac, ze sg to pro-
dukty zastapienia gibbsytu i alofanu (zawierajacego zawsze domieszke
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gibbsytu) za sprawg bogatych w kwas siarkowy wod gruntowych. Zasa-
dowe siarczany glinu mogg hydrolizowa¢ przechodzge w gibbsyt (reakcja
odwracalna).

Rozbiory chemiczne basaluminitow dowodza, ze mineraty te mogg za-
wiera¢ nadmiar glinki i wykazywaé rownoczesnie niedobor wody, wskutek
hydrolizy i dehydratacji w mniej uwodnione odmiany. Cechy fizyczne nie
ulegajg przy tym zmianom wykrywalnym metodami rentgenograficznymi,
termograficznymi czy absorpeji w podczerwieni. Mozliwa jest takze rehy-
dratacja mniej uwodnionych siarczanow w bardziej bogate w wode, jak-
kolwiek basaluminit wydaje si¢ by¢ stosunkowo wysoko stabilnym mine-
ratem, zwlaszcza przy niskich wilgotno$ciach i temperaturach klimatu
umiarkowanego. Chociaz znany tylko z mniej niz dziesicciu punktow wy-
stepowania, jest on zapewne, podobnie jak i hydrobasaluminit, znacznie
bardziej rozpowszechniony w przyrodzie.

OBJASNIENTA FIGUR

Fig. 1. Krzywe termiczne roznicowe: przerostow basaluminitu z hydrargilitem 1 alo-
fanem z warstw hieroglifowych, Sienna, Karpaty (A); basaluminitu z formacji
Cabaniss, Kansas (Tien, 1968) (B); basaluminitu, Sienna (C); hydrargilitu,
Sienna (D); alofanu z niewielka domieszka hydrargilitu, Sienna (E)

Fig. 2. Widma . absorpcy jne w podczerwieni basaluminitu (A) i basaluminitu ogrza-
nego do 975°C (B) z formacji Cabaniss, Kansas (Tien, 1968) w zestawieniu
2 widmem basaluminitu z warstw hieroglifowych w Siennej (C)

Fig. 3. Krzywe rozpuszczalnosci sasadowych siarczanow i wodorotlenko6w Al w po-
blizu punktu H,O, wediug Bassetta i Goodwina (1949, zmodyfikowane)

Taoeyw BHSEP

BA3AJIIOMUHUT B 30HE BBLIBETPUBAHUS ®JUUIEBBIX MOPOJL
B KAPITATAX

Peawome

[a cxJjone PoKHOBCKOIO BOJLOXPAHHJMLLA B paitono ¢. Cenna Oblyl Hal-
fen 6a3aJIOMHHUT B CONPOBOZK/ICHHI rupobas3a oM HHATA, ru6ocuTa (rul-
paprusIuTa), asnoana, runca, ruapooKHCIOn JKeJsie3a W Mapramila, a Takae
A HEKOTOPOM pPacCTOsIHIH SposuTa. I)/;lx:lmomnuu‘r [pEACTaBIsSIET 3/1eCh
MOPOIIKOOOPABHYIO HIIH IIOTHYIO Maccy Oeoro 1o CBETJIOKENTO-0ypoBaTOro
BeTa, ¢ MaTOBBIM, MEIOBBIM Gneckom. O 06pasyer KaeMKH HJIH BbIMOJHSIET
TpelHbl B HPOCAOIAX [leCUAHHKOB ¥ aJeBPOJITOB, KOTOPbIE COBMECTHO €O
CJlAHIlAME CJaraloT KOMIJICKC peporan(oBbIX C/0EB (BepXHUIT H01eH).

BasagoMuiur 00pasopajicst IO BUIMSIHHEM MEXKIVIACTOBBIX HJIH JIOJIHH-
HBIX HCTOUHHKOB, HAXO/LSIILMXCS BbIIIE MEepeMeHHOro 3epKasa BOJIbI B BOJLOX-
paHHIHLILC. OcnopHpIMH (hakTOpaMu, KOTOPBIE GaaronpusiTcTBOBaIN 00paso-
panuio OasaIoMHinTad | PLpoOa3aoOMIHHITA, OblI0 IpHCyTCTBHE CEpPHOH
KHesloThl, ofpasyloleics 3a cluer BRIBETPUBAHS [IHPUTA, 1L [IOBBIITEHHOC
cojiepaKane Kaojuuiura B KOMIIJICKCE DJIHHHCTBIX Mnuepzul(m"nepomu(bonui‘(
cioen. TuapodasanioMuHuT npeJicTaBIsIeT, BEPOSITIIO, 0053aTENbHOE llpO‘M'L-
JKyTOUHOE 3BeHO Ha TYTH o6pasosanus 0a3aJlOMUHHTA B rpouecce JlelH,;'.-
paranuu. He ypamnoch TMONYYNTh THX JABYX OCHOBHBIX cyabdaron amonmt—n.s:
fyreM cupTesa ns pacTBopa. Cuefyer mpenojararh, UTo O Npe/iCTaBasior
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NPOAYKT 3aMellenns ru66eHTa u adtodana (BCeraa coiepmaulero npumMech
ru66GCHTa) MOJL BJMsAHHEM TIPYHTOBBIX BOJL 06OrallenHbiX CepHOH KHCJIOTOM.
OcnopHble CYJb(aThl aJIOMHHHA BCAEACTBAC rHAPOJIH3A MOTYT NEepexojuTh
p ru66CuT (00paTHMas peaxins).

XyuMuuecKuii anain3 06a3ajiOMHHHTOB TOKA3bIBACT, UTO S5TH MuHepasibl
MOTYT COAEP/KATH HEKOTOPHIH M3JIHIICK rANHO3EMA TIPH OJLHOBPEMEHHOM He-
JOCTATKE BOABI BCJEACTBHE THAPON3A 1 JleriapaTaiii. ITpu srom Gusnuec-
KHe CBOJICTBA He H3MEHSIOTCS B TaKoil CTenenH, KOTopyio MOKIHO obHapy-
KHTH METO/lAMH  PeHTrenorpapuuccKimi, repMorpaduueckumMu  HiH NK-
-cniekTpamu norsoutetns. Boamokna Takike permapaTanng Memee rujpari-
SUPOBAHHDBIX ey ibBhaTop ¢ HX NEPEXOAOM B paztoct Gosee Goratpie Bojaoi,
xoTa 0a3aJIOMUHUT ABJAETCH (‘[)JHHIH'I(‘/ll»ll() CTabuAbLHBIM MHII(‘[JZIJI()M, 0OCco-
Genno B YCA0BHAX HeOOJIBIION BAAKHOCTH U HeOOALINUX TEMNEPATyp YyMe-
pertoro Kaumata. DBasamioMuHuT, Kak i ruApo6asaIIOMUHHAT, H3BECTEN 110
HECKOJMBLKHM MEeCTOHAXOMACHHAM, OJIHAKO, KakeTed, 410 OH Hogaee WUpPoKo
pacnpocrpanen B npupoe.
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