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LOESS LIKE LOAMS AS A SOIL FORMATION FACTOR
FOR LIGHT-GRAY FOREST SOILS IN THE CHEBOKSARY REGION
OF THE CHUVASH REPUBLIC

Abstract. Covering loess-like loams are widespread in the Chuvash Republic and serve as parent rocks. They
are heterogencous both in the course and in the depth of occurrence. A distinctive feature of loess like loams from
other overlying quaternary deposits is a sharp predominance in the granulometric composition of coarse dust
fractions ranging in size from 0.05 to 0.01 mm, the content of which is 40% or more. Their granulometric
composition varies from light loamy to clayey. Loess like loams, due to the peculiarities of their granulometric
composition, have relatively good water permeability and moisture capacity and are superior to original loamy and
clay parent rocks of the Permian and Jurassic systems in terms of these parameters. The content of moving forms of
phosphorus and potassium (according to Kirsanov) in loess like loams is from 15 to 75 mg/kg, of exchange
potassium - from 20 to 105 mg/kg. The soils formed based on them have a well-defined profile, the genetic horizons
of which are easily diagnosed in the soil section. Because soils formed on loess like loams have well-developed
genetic horizons, clearly manifested features of soil formation peculiar to each soil type, they occupy a central
subtype and are diagnosed as typical. However, soils formed on loess-like loams and clays have low erosion
resistance and marked as erosion threatening on soil maps.

Key words: granulometric composition, loess like loam, mineralogical composition, profile, chemical
composition.

Introduction. Covering loams, including loess like, are widespread in the northern and central parts
of Russia, including the Chuvash Republic. They come to the day surface, cover indigenous sedimentary
rocks with an almost continuous mantle and serve as parent rocks [ 1]

Soil-forming rocks, modifying in the process of soil formation and splitting along the soil profile, are
its main material (90-98% of the mass) and transfer their granulometric, mineralogical and chemical
compositions to it and directly affect fertility [2].

Covering loams belong to cover quaternary sedimentary rocks of problematic origin with an age of
fewer than 200,000 years (Middle Pleistocene). The eolian origin hypothesis of the covering loams in
recent years has become increasingly preferable. Its essence is that during the melting of glaciers (Central
Russian and Valdai Glaciation) fine earth (particles smaller than 1 mm) was blown from their surface by
strong winds, which was sorted by wind force, transported and deposited on the surface.

A distinctive feature of loess like loams from other covering quaternary deposits is a sharp
predominance of coarse dust fractions of 0.05 to 0.01 mm in the granulometric composition, the content of
which is 40% or more, which brings them closer to eolian soil - carbonate coarse-silt rocks of porous
composition, common in the southern part of Russia, Ukraine, Kazakhstan, Mongolia, China. Loess like
loams have an orange tawny color with various shades of straw or ochraceous. [3].
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The mechanical and agrochemical properties of loess like loams change when moving from west to
cast and from north to south. In the Cheboksary region, they fully cover the indigenous Permian and
Jurassic rocks; the thickness of loess like loams on the tops and upper parts of the slopes of the watersheds
is mainly from 1.0 to 3 m. In the lower part of the slopes of the watersheds, their thickness increases to
30m [4,5].

In the southern part of the Cheboksary region, in some places the thickness of loess like loams
decreases, and sometimes they disappear, giving away small areas to the eluvium of the upper part of the
Tatarian Stage of the Permian system or the Volga stage of the Jurassic system.

The study of soil composition is of considerable importance not only for the development of fodder
production but also in various sectors of productive animal breeding [6,7].

Methods of the research. The study region is located on the right bank of the Volga River. Drilling
operations were performed by the UGB-50M drilling rig following the document requirements
(SP 47.13330.2012, SP 11-105-97, RSN 74-88). The depths of soil horizons were studied in soil sections
by studying the morphological features of genetic horizons of the profile. The granulometric composition
was studied using the pipette method, the density of composition was studied using the sampler method,
the density of the solid phase was determined by the pycnometer method, the plasticity number was
defined by the difference in moisture content by weight at the limits of liquidity and rolling-out, and the
content of mobile phosphorus and exchange potassium was determined by the Kirsanov method.

The research results. The granulometric composition of loess like loams in the Cheboksary region
varies along with the extension from light loamy to clayey (table 1).

Table 1 — Granulometric composition of the main parent rocks of the Cheboksary region (fraction content, %)

Loessoid heavy loam (Studgorodok UNPK)
1.0-025mm | 025-005mm | 0.05-0.01 mm | 0.01-0.005mm |0.005-0.001 mm stéfhnalﬁl (l)f(s)sltﬁla;
0.1 10.5 45.6 9.6 5.9 284 43.9
Permian calcareous clay (Lapsarsky IAPC)
8.8 13.8 26.2 11.5 17.2 19.6 512
Jurassic calcareous clay (Kuibyshev IAPC)
0.7 37 21.6 4.5 5.5 64.0 74.0

In their granulometric composition, the content of the coarse and medium sand fractions of 1-0.5 mm
and 0.5-0.25 mm in size, respectively, is very small - often less than 0.1%; fine sand fractions from 0.25 to
0.05 mm in size content from 7 to 29%; fractions of coarse dust (0.05-0.01 mm) - from 40 to 57%,
medium dust (0.01-0.005 mm) - from 2 to 10%, fine dust (0.005-0.001 mm) - from 4 to 12 %, sludge (size
less than 0.001 mm) - from 10 to 35%.

Often loess like loams at a depth of 1.8 - 2.0 m or deeper boil from the addition of 10% hydrochloric
acid, i.e. they contain carbonates.

Eluvium of parent rocks of the Jurassic and Cretaceous systems, according to external features (color,
density, calcareousness), is sometimes similar to loess like loams and clays; however, they easily differ in
particle size distribution, namely, in the content of the coarse dust fraction of 0.05-0.01 mm in size. Loess
like loams are also heterogencous in depth, however, they are all united by a high content of coarse dust
(table 2).

It was noted that a powerful layer of Quaternary rocks, reaching 19.5 m or more, does not represent a
single homogeneous mass - it is heterogencous and includes 8 horizons, different in properties, in which
color, the content of physical clay, structure, inclusions change. As a result, on the peaks and slopes of the
watersheds, various Quaternary rocks can act as soil-forming rocks: loess like loams and ancient alluvial
sandy clays and sands. This also explains the slightly different physical properties, mineralogical and
chemical compositions of loess like loams in the Cheboksary region, which serve as parent rocks (table 3).
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Table 2 — Description of the geological section in the northern part of the Cheboksary region

No Index Morphological features of sedimentary rocks Depth of
occurrence, m
1 B (Qh) The illuvial horizon B is from da_rk brown with a brownish tint to brown, humid. 05-17
Loams are dark brown, brown, fissured, T
2 Parent rock. Loess like loam is medium in granulometric composition, brown and light
C (dQy) | brown in color, fresh, fissured, with a touch of light dust separately and cracked, dense, 1.7-2.0
dusty, with individual spots of humus. It does not boil.
3 D (prQ,) | The underlying parent rock. Loess like loam is heavy loamy, brown and orange tawny, 2.0-3.8
fresh, hard, silty, with glandular spots. It boils.
4 prQ Loess like loam is heavy loamy, humid, light brown or brown, dense, soft-plastic, silty, 3871
with individual weak spots of humus. It boils. o
5 a0 Loess like loam is dark brown, humid, heavy loamy, with gray spots, silty, plastic, with 71-12.6
P frequent layers of sand and sandy loam. It boils. ' '
6 20 The sandy loam is brown, humid, plastic, silty, with layers of sand and inclusions of 12.6-14.2
P calciferous cartilage (granitic subsoil). It boils. ' '
7 pdQ, The loam is brownish-brown, humid, dense, silty, plastic, with interlayers of sand and 17.4-19 5
clay. ' '
8 pdQ, Loam is brown, silty, soft plastic, with layers of sand. 19.5-22
Heavy loams and clays are gray, humid, with ferruginized spots, with frequent layers
9 53 . 22-23.5
of yellow fine and silty sand
Heavy loams and clays are reddish-brown, brown, hard and semi-solid, fissured, with
10 | (Psstv) | layers of gray and brownish-gray siltstone, brown sand with a thickness of upto 0.2 m, | 23.5 and deeper
with nests and punctures of white and light gray marl.
Note: * C (dQy) — integumentary upper quaternary Holocene deluvial loams; D (prQp) — Pleistocene loess deposits of
problematic genesis; aQp - Pleistocene alluvial deposits; pdQ, - mid-quaternary proluvial-deluvial deposits; J; — heavy loams
and clays of the Upper Jurassic system; P;s+v — Upper Permian clay of the Severodvinsk and Vyatkian stages.

Table 3 — Physical and chemical properties of sedimentary rocks of the section in the northern part of the Cheboksary region

Humidity, | Density, | Scidphase | Total | Plasticity Mobile phO(slphOIt‘usIgpd potassium
No Index % o Jem’ den51t3y, porosity, number, according to Kirsanov
r/cMm % % P,0s, mg/kg K,0, mg/kg
1 | B(Qh) 18 1.61 2.68 39.93 9 125 145
2 | CdQy) 23 1.61 2.71 40.59 12 98 105
3 | D(prQy) 19 1.62 2.71 40.22 9 54 85
4 | prQp 25 1.68 2.71 38.01 3 47 50
5 | aQ, 33 1.75 2.71 3542 9 32 45
6 | aQp 14 1.62 2.64 38.64 6 17 20
7 | pdQ, 18 1.74 2.73 36.26 12 26 55
8 | pdQ, 25 1.50 2.71 44.65 13 15 40
9 |5 27 1.53 2.71 435 11 11 55
10 | Psstv 29 1.52 2.71 4391 14 68 75

From the results of the analyzes in Table 3, it turns out that the density of the solid phase — the value
determined mainly by the mineralogical composition — practically does not change along the profile of
geological outcrops. However, relatively high values of the density of the solid phase concerning the most
common minerals (quartz, feldspars) indicate a significant presence of heavy fraction minerals (anorthite,
muscovite, biotite, hornblende, etc.), which indirectly affects the chemical composition of the rock and its
wealth with mobile forms of plant nutrients.

The content of mobile phosphorus and potassium (according to Kirsanov) in loess like loams is from
15 to 75 mg/kg, of exchange potassium from 20 to 105 mg/kg.

Loess like loams and clays generally have a similar mineralogical composition, in which quartz
prevails sharply. Its content in loess like loams is more than 80%; feldspars (orthoclase, microcling, albite,
plagioclase) - from 9 to 10%; heavy minerals (ilmenite, magnetite, hematite, garnet, zircon, rutile, biotite,
etc.) - from 0.70 to 0.9%.
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In such a way, among the primary minerals of the loess like loams, as in loesses, light fraction
minerals predominate - more than 99%.

The composition and content in the average loess like loam of primary minerals of the light fraction
(with a total content in the rock) of 99.23% are as follows: quartz - 81.9%, feldspars - 9.1%, weathered
minerals - 9.0% [4].

The composition of the primary minerals of the heavy fraction is quite diverse, but the total content in
the rock is small - 0.77%. Almost half of the heavy minerals are the epidote-zoisite group. Higher contents
of ilmenite and magnetite, leukoxen and garnet are noted.

The composition and content of the primary minerals of the heavy fraction in the loess like loam is as
follows: ilmenite - 14.6%, magnetite - 1.1%, hematite - 3.2%, leukoxen - 5.0%, hornblende - 13.6%, epidote
- zoisite group - 46.7%, zircon - 3.75%, gamet - 5.6%, distene + staurolite - 0.6%, rutile + titanite - 2.2%,
tourmaline - 0.3%, muscovite - 0.3%, biotite - 0.3%, picotite - 0.4%, rare - 0.8%, weathered -1.6%.

The total content of the heavy fraction of minerals in the rock is 0.77%. The composition of the
coarse and medium sand fraction (1-0.25 mm) in loess like loam is very small, and it almost entircly
consists of quartz and feldspars. Secondary minerals - clays - are represented in loess like loams by
widespread minerals: hydromica, montmorillonite groups and, less commonly, kaolinite mixed with
disordered mixed-layer hydromica-montmorillonite formations, which mainly together with amorphous
substances are part of fine dust and silt.

The weathered minerals consist mainly of grains of acidic and basic plagioclases, orthoclase and
microcline. They are highly corroded and difficult to detect under a microscope.

The mineralogical composition of loess like loam is reflected in its chemical composition, in which
silica predominates. The cation exchange capacity is 21 - 39.5 mg-¢q/100g. The amount of exchangeable
bases is mostly represented by calcium.

Carbonates in loess like loams are leached to one or another depth (1.2 - 2.5 m).

The acidity of the loess like loams depends on the degree of leaching of carbonates and varies from
medium acid to neutral.

It was established that loess like loams are non-saline; the amount of toxic salts is very low. The content
of gross forms of heavy metals and microelements in loess like loams ranges from: boron - 40-50 mg/kg,
copper - 23-25, zinc - 30-49, molybdenum - 3.0-3.20, cobalt - 7-12, manganese - 550-800 mg/kg (table 4).

Table 4 — The results of the water extraction of loess like loams, Cheboksary (2017-2019)

No Sampling point Sampling water extract Con_ductometer Dry residue, | The _number of
depth, cm pH reading, mSm/m % toxic salts, %
1 New town 120-145 7.98 0.69 0.274 0.0011
2 Berendeevsky forest 120-160 7.95 0.68 0.268 0.0010
3 Lakreevsky forest 118-150 7.92 0.65 0.258 0.0009
4 Red hill 94-105 7.29 0.49 0.105 0.0003
5 Water canal 150-400 7.80 0.69 0.246 0.0010

The heavier the granulometric composition of the parent rock, the smaller the pore size and lower the
filtration coefficient. When soil solutions are infiltrated, high molecular weight humic acids are retained in
thin pores, which creates conditions for their precipitation in the form of lime humates and concentration
in the upper part of the soil profile.

Therefore, soils formed under the same conditions, but with loess like loams of different
granulometric composition, will have different humus contents. The higher the content of physical clay in
the soil, the higher the humus content. The maximum amount of humus is found in soils formed based on
loess like heavy loams and clays (dark gray forest and chernozemic), and the minimum - in soils on light
and medium loess like loams (light gray and typically gray forest).

The calcareousness of the parent rock enhances the process of soil humification.

Light-gray forest soils are formed under conditions of a periodic leaching regime under a mixed
forest with herbaccous vegetation, based on leached sedimentary rocks, which are represented in the
Cheboksary region by loess like loams, ancient alluvial deposits, eluvium and deluvium of Permian and
Jurassic rocks.
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[MuneTka TOCUTIMEH TPaHYIOMETPISIIBIK KYPAMbBIH 3€pPTTEY, KaOATTApIAbIH THIFBI3IBEBI «OYPHKA» 9iCiMEH,
KaTThl (pa3a THIFBI3ABEFB MHKHOMETPHSUIBIK ToCiIMeH, KupcaH TocimMeH »KbUDKbIMAIBI (hocop KoHE anmMacyIibl
KaJMHIIH MOJIIEP] AaHBIKTAIIBL.

Uebokcaps! ayJaHBIHAAFBI KUBIPIIBIKTI-IANBIH/IBI KAOBIHHBIH TPAHYJIOMETPISIIBIK KypaMbl >KCHINT YHTAKTaH
naiFa AeHiH Kamtuapl. OmapaslH IPaHyJIOMETPISUIBIK KypaMbiaaa Memmepi 1-0,5 sxone 0,5-0,25 MM ipi skoHE OpTa-
Ia KyM MeJIepi colkeciHmme ore a3, kedinece 0,1%-man a3; memmepi 0,25-0,05 MM ycak kym memmepi 7-29%; ipi
mas mMemmepi (0,05-0,01 mm) — 40-57%, oprama mag (0,01-0,005 ymm) — 2-10%, ycak miag (0,005-0,001 mm) — 4-12%,
TyHOa (Memmepi 0,001 mM-aeH a3) — 10-35%.

Aranran romepak Typi 1,8-2,0 MM TepeHIikTE XoHE onaH api TepeHaikTe 10% Ty3 KBIMIKBUTBIH TAMBI3FAHAA
KaHHaWapl, KypaMbiHAa kapOoHarrap Oap. FOp xoHe Bop skyifeciHzeri >KbIHBICTICH (TYCI, THIFBI3ABIFBI, KapOOHAT-
TBUTBIFBI) KCHAC KHBIPIIBIKTHI YKOHC JTAMIIBI TOMBIPAKKA YKCAc 001adpl, anaiaa TPaHy TOMCTPHIBIK KypaMbl OOHBIH-
I1a OHAHM AKBIPATHUIABL, aTal aiiTkaHaa, ipi man 0,05-0,01 MM ke3meceni. KHbIPIIBIKTHI-IIAHBIHABI KA0BIH OIPTEKTI
emec, Oipak OyHBI KYPaMBIHAAFHI ipi mIaH OipiKTipei.

Kerxeivans! kamii skore (pochop Gopmanapsl Tomsipakra 15-75 mr/kr, ammvacyms! kamai — 20-105 Mmr/kr.
TombIpak TporIbal, TOMBIPAK KUBIHABICHIHAA TCHETHKAIBIK TOPH30HTTAP OHAM aHBIKTAmagsl. COHIBIKTAH OHBIH
JKETITTCH TEHETHKANIBIK TOPHU30HTHI 0ap, TOMBIPAK TY3UIyAiH Oeirinepl aHKbH KepiHic Oepexmi. bipak KUbIPIIBIKTHI-
IIAHBIHBI TOTBIPAKTBIH SPO3HAFA TOIMILIITT TOMECH KHE KapTaaa 3pO3HsFa KayilTi TOBIPAKKA KAaTa/Ibl.

barnak meH KHBIPIIBIKTHI-IIAWBIHABL TOIBIPAKTHIH MHHEPAXABI KypPaMbl YKCac, Keapl ©OackiM OOJasl.
KubIpmbIkTs! TOMBIPaKTa OHBIH Memepi 80 %; mama mmarsl (OpTOKIA3, MUKPOKIHH, albOUT, IDIarHOKIA3aap) — 9-
10%; ayblp MuHCpanaap (AIBMCHHT, MATHCTHT, TCMATHT, TPAHAT, TUPKOH, PyTHWI, OHOTHT koHE T.0.) — 0,70-0,9%.
OCBLIaiIna KHBIPIIBIKTHI- ITAWBIHIBIIA JKOHS OPMAH/IA JKCHLT (hpaKuma MHHSpATAaps! 0acsiM 99%.

Aypip (pakumsama OipiHIIITIK MHHEpPAT KYpPaMbl alyaH TYPJi, aJaiaa >KbIHBICTA KAJIIBI MOJIIEPl KeIl eMec
(0,77%). Aysvlp MHHEpammApIBIH KAPTHICBIH SHHUIOT-UOM3HT TOOBI Kypaiimsl. CanpIcThIpManbl TYpAC AamFaHIa
WIBMCHHAT KOHE MATHETHT, JCHKOKCEH >KOHE IpaHaT Meimepi 0ackiM. KHBIPIIBIKTHI-IIAWBIHABI TOMBIPAKTA AYBIP
(paknpsIsl OIPIHONIIIK MHHEPAT KypaMbl MeH Memmepi: mwibMeHuT — 14,6%, marsetur — 1,1%, remarur — 3,2%,
JMCHKOKCCH — 5,0%, MpIipenThl Kocna — 13,6%, smumoT-mou3ut 1008 — 46,7%, wupkoH — 3,75%, rpanar — 5,6%,
gucTeH + crasposmr-0,6%, pytun + Turanut — 2,2%, typmanuH — 0,3%, myckosut — 0,3%, 6notut — 0,3%, mUKOTHT
—0,4%, 0,8% — cupek ke3mecerinaepi, ypirai — 1,6%.

AypIp (DpakmisIsl MEHEPAIBIH KBIHBICTAFBI XKaImbl Memmepi — 0,77% . Ipi sxone oprama Kymas! (pakip
memmepi (1-0,25 MM), ox kebiHAe KBApITAH ’KOHE Jajia IIIATHIHAH TYpaasl. KHBIPIIBIKTHI TOMBIPAKTA CKIHIMIIK
MHHEpaizap — OaTmak ajayaH TYpJi: THIPOCTIOA, MOHTMOPHIUIOHHT TONTAPHI >KOHE CHPEK PETTEIMEICH THApO-
CFOTTI-MOHTMOPHJUIOHHTTI TY3LTC KOCHATBI KAOJIWHHUT, HETI3iHCH aMOPQHUHII 3aTTapMCH Oipre IMaH >KOHC HII
KypaMbIHA Kipesi.

KHBIPIIBIKTHI-IIARBIHABI KAMBIIFBLIAPABI COPTAH OacmaraH, yJIbl TY3 MOJMEPi 6T¢ a3. AybIp METAUI JKOHE
MHKPO3JIEMECHTTEP KUBIPIIBIKTHI-IMANBIHABIAA meKTemmi: 00p — 40-50 mr/Kr, Mpic — 23-25, MpIpbim — 30-49, Moamo-
1eH — 3,0-3,20, kobanmst — 7-12, mapraren — 550-800 Mr/kr.

Tyiiin ce3aep: TpaHy TOMETPHAIBIK KypaM, MHHCPOJIOTHAIBIK KypaM, PO(HIb, XHMHALIBIK KYpaM.

0. A. Baciumes', B. T. Cemenon’, K. Tysey6aes?, A. O. Bacimes’,
A. Capcembaera’, 3. T. EcemGexona’, I'. K. 3usiea’
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JECCOBHUIHBIE CYTVIMHKH KAK ®AKTOP IOYBOOBPA30OBAHUS CBETJI0-CEPBIX
JECHBIX NIOYB B YEBOKCAPCKOM PAHMOHE YYBAIICKOU PECITYBJIUKHA

Annotamms. [TOKpoBHBIC ICCCOBHIHBIC CYTIMHKA IIAPOKO pacmpocTpaHeHsbl B UyBarmckoit PecryOmuke u ciry-
’Kar Mmo4YBooOpasyomuMu mopogaMu. OHH HEOTHOPOJHBI KAaK MO NPOCTHUPAHMIO, TAK M MO TIIYOMHE 3aJCTaHHsL
XapakTepHbIM NPH3HAKOM JICCCOBUAHBIX CYTTIMHKOB OT APYTHX HMOKPOBHBIX YETBEPTHUYHBIX OTIOKCHHH SABIACTCH
pe3Kkoe mpeo0nasaHue B TPAHYJIOMETPHIECKOM COCTaBe (hpakumu KpymHOH mbimm pazmepoM ot 0,05 go 0,01 v,
coepkaHue KoTopoi cocrasmier 40% u Oornee, UTO COMIDKACT HX C JIECCaMH — KApOOHATHBIMHU KPYTHOITBLICBATHIMHA
MOPOAAMH MOPUCTOrO CJOKEHUS, PACIPOCTPAHCHHBIX B KOXKHOM yacTu Poccum, Ykpaunsl, Kazaxcrana, MoHrouu,
Kwuras. HGCCOBHZ[HBIG TOKPOBHBIC CYTTIMHKH UMCKOT )KeJ'ITOBaTO-KOpH‘IHeBBIfI UBET C PA3JAYHBIMA OTTCHKAMH ITAJIC-
BbIX HJIH 6ypOBaTO->KeJ'ITI>IX TOHOB
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'myOmHBI 3aleTaHus TMOYBCHHBIX TOPH30HTOB M3YYAINCh B IIOYBCHHBIX pa3pe3ax METOJOM H3YUCHUS
MOP(OIOTHUCCKUX MPH3HAKOB TCHCTHUYCCKHX TOPH30HTOB MPpOo(Qmid. ['paHyTOMETPHUCCKHH COCTAB HCCIACAOBAJICT
METOJOM IHUIETKH, IIOTHOCTb CIOKEHHS — METOJOM «OypHKa», IIOTHOCTh TBEPAOH (Pa3bl — MAKHOMETPHUCCKUM
METOJOM, YHCIO IUIACTHYHOCTH - IO PA3HOCTH BECOBBIX BIAKHOCTCH HA TPAHUIIC TECKYUESCTH M PACKATHIBAHI,
COJCpKaHHEe MOABIKHOTO (hocopa m 0OMEHHOTO Kammsa — MmerogoM Kupcanosa.

I'pany moMeTpHYECKHH COCTAaB JIECCOBHIHBIX CYIIMHKOB B UeOOKCApcKOM paHoOHE BapbuUpPyeTCs IO
TPOCTHUPAHUIO OT JETKOCYTIMHHUCTOTO 10 TIMHHUCTOTO. B MX rpaHyJIOMETPHYECKOM COCTABE COACP/KAHME (PpaKIHMH
KPYITHOTO W CPEAHEr0 mecka pazmepoM 1-0,5 u 0,5-0,25 MM COOTBETCTBEHHO O4eHD HEOOIbIIOE — yacTo MeHee 0,1%;
(pakmum MenKoro mecka pazmepoM ot 0,25 o 0,05MmM coaepskurcs ot 7 mo 29%; ¢paxmum kpynHOH meimm (0,05-
0,01 mMm) — ot 40 10 57%, cpemncti mermm (0,01-0,005 Mm) - ot 2 10 10%, Meakoi merm (0,005-0,001 Mm) — ot 4 10
12%, nna (pazmepom meree 0,001 mm) — ot 10 10 35%.

Yacto 7aeCcCOBHIHBIC CYTIHHKH Ha TinyomHax 1,8 — 2,0 M u Oonee BCkumaroT oT modasiacHua 10% comsHON
KHCJIOTBL, T.€. OHH COJCp)KAaT KapOOHATHI. DMIOBHH KOPCHHBIX IOPOA FOPCKOH M MEJOBOH CHCTEM IO BHEIIHHM
Mpu3HAKaM (IBET, MJIOTHOCTh, KAPOOHATHOCTH) WHOTJA OBIBACT MOXO)KHM HA JIECCOBHIHBIC CYTJTMHKH H TIJIHHBIL,
OJTHAKO OHH JIETKO PA3IHYAIOTCS IO TPAHY IOMETPUUECKOMY COCTABY, 4 HMCHHO TIO COJACP)KAHMIO (PPAKIIH KPYITHOH
meiH pazMepoM 0,05-0,01 mm. JleccoBuaHbIE CYTIMHKH HEOJHOPOIHBI M MO TJIYOWHE 3aI€TaHUS, OJHAKO HX BCEX
00BENHACT BBICOKOE COACPKAHUE KPYITHOH ITBLITH.

Coneprkanne noaBIKHBIX (hopM (ocopa u kamus (mo KupcaHOBY) B ICCCOBHIHBIX CYTIHHKAX COCTABJIACT OT
15 mo 75 wmr/kr, odbmeHHOTO Kamusa — ot 20 mo 105 mr/xr. [loussl, (GOpMHPYIOMMECS HA HUX, 00JATAFOT XOPOIIO
BBIPA’KCHHBIM NPO(HIEM, TCHETHUCCKHE TOPH30HTHI KOTOPOTO JIETKO AMATHOCTHPYIOTCSA B IIOYBEHHOM paspese. B
CBSI3W C TEM, YTO MOYBbIL, C(POPMHPOBAHHBIC HA JICCCOBHAHBIX CYTJIMHKAX, HMCIOT XOPOIIO PA3BUTHIC TCHETHUCCKUC
TOPH30HTHI, YETKO MPOSBILTIONINECS YEPThHI IIOYBOOOPA30BAHMS, XAPAKTEPHBIX I KAXKIOTO MOYBCHHOTO THUIIA, OHH
3aHAMAIOT IICHTPANBHBI IOATHII M JHATHOCTUPYIOTCS Kak THmmdHbIE. OJHAKO TMO4YBHI, CHOPMHPOBAHHBIC HA
JECCOBUIHBIX CYTIMHKAX M TJIMHAX HMCIOT MAIyI0 NPOTHBO3PO3HOHHYIO YCTOWYHMBOCTH W BBIACILIFOTCS HA
TIOYBCHHBIX KAPTAX KAK IPO3HOHHOOTIACHBIC.

JleccoBuaHbBIE CYTJMHKH U TJIMHBI B IIEJIOM HMCEHOT CXOKHH MUHEPAJOTHYECKUM COCTaB, B KOTOPOM PE3KO
mpeodmamact kBapu. CoacpikaHWe €r0 B JICCCOBHAHBIX CYTJIMHKAX coctaBisaeT Oonee 80%; MONCBBIX INIATOB
(opToKja3, MHKPOKIHH, aTbOWT, MIATHOKIA3E)) — OT 9 mo 10%; TSKEABIX MHHCPAJIOB (MIBMCHHT, MATHCTHT,
TEMATHUT, TPAHAT, IUPKOH, pyTHI, Onotut u 1p.) — ot 0,70 10 0,9%. Takum 0Opa3oM, cpeau NEPBUYHBIX MUHEPATIOB
JICCCOBHIHBIX CYTJMHKOB, KAK H B JICCCAX, PE3KO MPECOOIATAI0T MHHEPAITBI JISTKOH (ppakuuu — domee 99%.

CocTaB TICPBHYHBIX MHHCPATIOB TDKCIOH (DpaKIHH MOCTATOYHO PA3HOOOPA3CH, HO O0INCEC COACPKAHHC B
nopoae HeOompmoe — 0,77%. TlouTH TONOBMHY TSDKEIBIX MHHEPAIOB COCTABIIET TPYINA SMHAOT-LOH3UTA.
OTMevaeTca CPaBHHUTEIHHO BBICOKOE COACP/KAHWC WIBMCHHTA M MAarHeTHTa, JNCHKOKceHa W rpaHara. CocraB u
COCPKAHHC MICPBHYHBIX MHHCPATIOB THKEIIOH (DpAaKUHHU B JICCCOBHIHOM CYTIHHKC CICAYIONICS. HIBMCHUT - 14,6%,
marseTut - 1,1%, rematur - 3,2%, neikokceH - 5,0%, porosas odmanka - 13,6%, rpymma snuaoT-nousura - 46,7%,
IUPKOH - 3,75%, rpanar - 5,6%, aucreH + cragpomr - 0,6%, pyTuia + Taranut - 2,2%, typmams - 0,3%, MyCKOBHT
- 0,3%, ouotut - 0,3%, muxoTur - 0,4%, penko Bcrpeuaronmuecs - 0,8%, BeBeTpese -1,6%,.

O0mee comepkaHue TsDKEIOH (Ppakimm MuHEpanos B mopoac cocrasuaet 0,77% . ComepxaHue KpPymHO- H
cpemuemecuanor ppaxumm (1-0,25 MM) B TCCCOBHIHOM CYTIMHKS OUCHb HCOOIBINOS, M OHA IMTOYTH HECTHKOM COCTOUT
W3 KBapIa ¥ MOJIEBBIX [IATOB. BTOPHYHbIC MHHEPAIBI - TTHHBI - MPEACTABICHBI B JIECCOBH/IHBIX CYTIMHKAX ITHPOKO
PpacIpoCTpaHCHHBIME MHHEPAIAMHA: THAPOCIIOJAMH, I'PYIIIIAMH MOHTMOPHJUIOHATA M PEKE KAOIMHUTA C TIPHMECHIO
HEYNOPSIOUYCHHBIX CMEIIAHHOCIOHHBIX THAPOCIIOI0-MOHTMOPHITIOHATOBBIX 00Pa30BaHUM, KOTOPBIC, B OCHOBHOM,
BMECTE C aMOP(HBIMH BEICCTBAMH BXOAT B COCTAB TOHKOW ITBLTH U HJIA.

YCTaHOBIEHO, 4YTO IICCCOBHUIHBIC CYTIHMHKH HE3ACOJICHHBIC, CYMMAa TOKCHYHBIX COJICH OYCHb HHU3KAS.
Cozaep:kanne BaNOBBIX (JOPM TSDKEJBIX METANIIOB W MHKPOJIJIEMCHTOB B JICCCOBHIHBIX CYTJIHHKAX KOJEOIETCS B
mpeaenax; oop — 40-50mr/xr, Mmeap — 23-25, muHK — 30-49, MomubaeH — 3,0-3,20, kobameT — 7-12, mapraser — 550-
800MT/KT.

KmoueBnie cioBa: TPAHYIOMCTPHYCCKHH COCTAB, JICCCOBHOHBIN CYTIMHOK, MHHCPATOTHYCCKHH COCTAB,
mpouiIb, XHMHICCKUH COCTAB.
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