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CHAPTER 2

SOIL AS A NATURAL BODY

One day a colleague asked me why the alfalfa
plants on some research plots were growing so
poorly. A pit was dug in the field and a vertical
section of the soil was sampled by using a metal
frame. The sample of soil that was collected was 5
centimeters thick, 15 centimeters wide, and 75
centimeters long. The soil was glued to a board
and a vacuum cleaner was used to remove loose
soil debris and expose the natural soil layers and
roots. Careful inspection revealed four soil layers

The upper layer, 9 inches (22 cm) thick, is the
plow layer. It has a dark color and an organic
matter content larger than any of the other layers.
Layer two, at the depth of 9 to 14 inches (22 to 35
cm) differs from layer one by having a light-gray
color and a lower organic matter content. Both
layers are porous and permeable for the movement
of air and water and the elongation of roots. In
layer three, at a depth of 14 to 23 inches (35 to 58
cm) many of the soil particles were arranged into
blocklike aggregrates. When moist soil from layer
three was pressed between the fingers, more
stickiness was observed than in layers one and
two, which meant that layer three had a greater
clay content than the two upper layers. The roots
penetrated this layer with no difficulty, however.

Below layer three, the alfalfa tap root
encountered a layer (layer four) that was
impenetrable (too compact), with the root growing

['JIABA 2

[TouBa Kak 4acTh OKpY’KaroLIEH CpeIbl

OI[H&)KI[BI KOJJIeTra CIIPOCHII MCHA,
ImouemMy pacTCHUA JIOLCPHEBI Ha
HCKOTOPbIX ydaCTKax HCCICAOBAaHUA

pacTyT Tak IIoxo. SIma Obljaa BBIpHITA HA
MOJI€, U BEPTUKAIBHBIA YYaCTOK TIOYBbI
OoTOMpAJICA C TIOMOIIBI METAUIMYECKON
pambl. OOpazer; rpyHTa, KOTOPBIM ObLI
coOpaH, COCTaBIsUT 5 CM B TOJIIUHY, 15
CaHTUMETPOB B  WMMUPUHY U 75
CaHTUMETpOB B uHy. [louBa OblIa
HAaHECEHAa Ha IUIOLIAJKAa, M MBUIECOC
UCIIOJIB30BAJICS NI YAAJIECHUS Pa3joOMOB
IPYHTA W BBIBICHUS E€CTECTBEHHBIX
CJIOEB TMIOYBbI W KOpHEW. THIaTenbHbIN
OCMOTp MOKa3aJl YEThIPE CJI0SI TPYHTA.

Bepxauii cioit TommuHON 9 mgroiiMoB
(22 cm) mpencraBisieT coOOM CIIOM TITyTA.
OH WMeeT TeMHBIA LBET U COJEp)KAHUE
OpraHUYeCcKOro BeIIecTBa OOJbIINe, YeM
mo0oit npyroi cioit. BTopoi#t ciol, Ha
rryoune ot 9 no 14 mroiimos (ot 22 o 35
CM), OTJIMYAETCS OT MEPBOIO CJIOSI CBETIIO-
CeppIM IIBETOM H  0Oojiee  HHU3KUM
COZIEpKAaHUEM OPraHMYECKOrO BEIECTBA.
Ob6a ciost SBIAIOTCS TOPUCTBIMH U
MIPOHHUIIAEMBIMHU JIJISI IBMXKEHUS BO3/1yXa U
BOJIbI U pOCTa KOpHEW. B TpeTbeMm cioe Ha
riyoune ot 14 go 23 mroiimoB (oT 35 1o
58 CcM) MHOTME 4YacTHUIbl TOYBBI OBLIN
pacrionoxkensl B Ojok-arperatsl. Korma
BJI&)KHAs MOYBa M3 CJIOS TpH ObLIa CXKarta
MEXy TajbllaMU, HaOJIroanach OOJbIie
JIMTIKOCTH, 4YeM B cClosX 1 um 2, 4To
O3HAYaQJIO, YTO TPETUHM CJIOW HMeN
OoJiplliee COJEpKAHWE TJIMHBI, YeM JiBa
BepXxHUX cj0s. O HAKO KOPHU TPOHUKIIN
B 9TOT cJIoi 0e3 Tpy/a.

Huxe TpeTtbero ropu3oHTa MOYBbI KOPEHb
KpPAaCHOM  JIOLEPHBI  MOAXOAUT K
YETBEPTOMY TOPHU30HTY, KOTOPBIM ObLI




above it in a lateral direction. From these
observations it was concluded that the alfalfa grew
poorly because the soil material below a depth of
58 centimeters:

@created a barrier to deep root penetration,
which resulted in a less than normal supply of
water for plant growth during the summer, and

(2)created a water-saturated zone above the third |
ayer that was deficient in oxygen during wet
periods in the spring. The fact that the soil
occurred naturally in a field raises such questions
as: What kinds of layers do soils have naturally?
How do the | ayers form? What are their
properties? How do these layers affect how soils
are used? The answers to these questions require
an understanding that landscapes consist of three-
dimensional bodies composed of unique
horizontal layers. These naturally occurring bodies
are soils. A recognition of the kinds of soil layers
and their properties is required in order to use soils
effectively for many different purposes.

THE PARENT MATERIAL OF SOILS

Soil formation, or the development of soils that
are natural bodies, includes two broad processes.

First is the formation of a parent material from
which the soil evolves and, second, the evolution
of soil layers. Approximately 99 percent of the
world's soils develop in mineral parent material
that was or is derived from the weathering of
bedrock, and the rest develop in organic materials
derived from plant growth and consisting of muck
or peat.

Bedrock Weathering and Formation of Parent

HCIIPOHUIIAEMBIM  (CIUIIKOM IUIOTHBIM),
IpUYEeM KOPEHb, pPACTYIIUH HajJ HUM B
OokoBoM  HampaBieHun. M3  aTHX
HaOIIOACHUM OBUI ClI€JaH BBIBOJ O TOM,
YTO JIIOIEPHA IIOXO POCHa, IMOTOMY YTO

MaTephall IOYBbI HF)KE TIyOWHBI 58
CaHTHMETPOB:
(1) co3man Oapsep I TIyOOKOTO

IPOHUKHOBEHUSI KOPHEH, YTO MPUBEIO K
MEHBIIIEMY, YeM OOBIYHO, KOJIMYECTBY
BOJABI IS POCTa PACTCHHH B TEUCHUE
JeTa, u

(2) co3gana BOJIOHACHIIIIEHHYIO 30HY HaJ
TPETHUM TOPH30HT, KOTOpas B TECUCHUE
BJIQXHBIX IEPUOJOB BECHBI HCITBITHIBAJIA
nedunut kuciopoaa. ToT ¢akr, dYTO
TI0YBa €CTECTBEHHBIM 00pPa30M BO3HHKAja
B TI0JIC, BBI3BIBACT TaKHWE BONIPOCHI, Kak:
Kakoif 3 mOYBEHHBIX TOPH30HTOB OoJiee
mwionoponubii?  Kak  dopmupyrorcs
NOYBeHHbIE TOpu30HTHI? KakoBbl uX
cBoiictBa? Kak 3TM TOPU3OHTHI BIHSIOT
Ha TO, KaK Hcmoyb3yercs nouBa? OTBETHI
HAa 3TH BOINPOCH TPEOYIOT MOHUMAaHUS
TOTO, 4YTO JaHAmA(THl COCTOST U3
TPEXMEPHBIX  TEJN,  COCTOAIIUX W3
YHUKaJIbHBIX TOPU30HTAIBHBIX CJIOEB. JTa
€CTeCTBEHHasi cpella SBISETCS TOYBOM.
s TOTO, YTOOBI 3 PEeKTUBHO
UCIOJIb30BaTh TMOYBY [UJISl  Pa3IMYHBIX
neneit, TpeOyeTcss H3yYUTh CTPYKTYPY
MOP(OJIOTHH TTOYB M UX CBOHCTB.

MarepuHckas mopoja rno4s

[louBooOpazoBaHue B  OKpyKarolleu
cpene BKIIOYaeT B ce0s JBa HIMPOKHX

nporecca.

Bo-niepBbix, 3TO o0pa3oBaHue
MAaTEpPUHCKOM MOPOABI, K3 KOTOPOIO
pa3BuUBaeTCs  IOYBa, U, BO-BTOPBHIX,
HBOJIIOLIMSI  TIOYBEHHBIX  TOPU3OHTOB.
[Tpubnu3urensHO 99 MPOLIEHTOB
MHUPOBBIX OYB pa3BUBaeTCs B
MHUHEPAJIBHOW  MAaTEPUHCKOM  TOPOJE,

KOTOpBIE OBLIM WU OBUIM MOJYYEHBI U3




Material

Bedrock is not considered soil parent material
because soil layers do not form in it. Rather, the
unconsolidated debris produced from the
weathering of bedrock is soil parent material.
When bedrock occurs at or near the land surface,
the weathering of bedrock and the formation of
parent material may occur simultaneously with the
evolution of soil layers.

Where a single soil horizon, the topsoil layer,
overlies the R layer, or bedrock. The topsoil layer
I s about 12 inches (30 cm) thick and has evolved
slowly at a rate controlled by the rate of rock
weathering. The formation of a centimeter of soil
in hundreds of years is accurate for this example
of soil formation.

Rates of parent material formation from the direct
weathering of bedrock are highly variable. A
weakly cemented sandstone in a humid
environment might disintegrate at the rate of a
centimeter in 10 years and leave 1 centimeter of
soil.

Conversely, quartzite (metamorphosed sandstone)
nearby might weather so slowly that any
weathered material might be removed by water or
wind erosion. Soluble materials are removed
during limestone weathering, leaving a residue of
insoluble materials.

Estimates indicate that it takes years to form a foot
of residue from the weathering of limestone in a
humid region. Where soils are underlain at
shallow depths by bedrock, loss of the soil by
erosion produces serious consequences for the
future management of the land.

BBLIBETPUBAHUS KOPEHHBIX TMOpOJA, a
OCTaJIbHBIE dbopmupyroTcs u3
OpraHUYECKUX MAaTEepUAJIOB, COCTOSIIHNX
U3 Tepepocuux (BBIMEPIINX) PACTEHUM,
U3 rpsizu win Topda.

BriBeTprBaHME BEpXHETO CJIOS TOYB U
dbopmMupoBaHUE MAaTEPUHCKON TTOPOJIBI

[ToBEpXHOCTHBIM CJIOW MOYB HE SIBJISETCS
MAaTEPUHCKOM TMOPOJIOM, NOTOMY YTO B
HEM He 00pa3yroTcs ciou mouBbl. Ckopee
BCEr0, HEKOHCOJUIUPOBAHHBIA MYCOD,
oOpa3yroluiics TNpud  BBHIBETPUBAHUU
KOPEHHBIX MOPO/I, SBJISECTCS MATEPUHCKUM
Marepuasiom  1ouBel. Korma  mousa
oOpa3zyeTcsi Ha TOBEPXHOCTH CYIIH WU
BOJIM3M HEE, BBIBETPUBAHHE KOPEHHBIX

nmopoaq u  oOpa3oBaHUE  HMCXOIHOTO
Marepuaia MOTYT MPOUCXOAUTH
OJTHOBPEMEHHO C DJBOJIIOIMEH  CJIOEB
ITOYBBEI.

['me oaWH TOPU3OHT TIOYBBI, CJIOM

BEPXHETO CJIOS MOYBBI, TEPEKPBIBAET CIOU
R wnu kopennyro nopony. Bepxnuii cioi
MOYBBI TOJIIMHOW OKoJio 12 mroiimMoB (30
CM) ¥ MEIJEHHO pa3BHUBACTCSI CO
CKOPOCTBIO, KOHTPOJIUPYEMOUN CKOPOCTHIO
BBIBETPUBAHUS TOPHBIX OpOJ.
@opMHpPOBAaHUE CAHTUMETpPA IOYBBHI 3a
COTHM JIET SIBJISIETCA TOYHBIM IJI 3TOTO
puMepa MoYBo0OPa30BaHUS.

Ckopoctu (hopMuUpOBaHHsST MATEPUHCKOTO
Marepuaiga OT MPSIMOTO BBIBETPUBAHUS
KOPEHHBIX TOpPOJ CHUIIBHO BapbUPYIOTCH.
CnabolleMeHTUPOBAHHBIM TIECYAaHUK BO
BJIQXKHON cpelie MOXKET pa3BajUThCS CO
CKOpOCTBIO caHTUMeTpa 3a 10 ner m
OCTaBUTH | CAHTUMETP MOYBHI.

C Ipyroi CTOpPOHBI, KBapIUT
(MeTaMOp(pU30BaHHBII MECYAHUK)
mOOMU30CTH  MOXKET  BBIXOJAWTH  TaK

MEJIJIEHHO, YTO JIF0OOW BBIBETPUBIIHICS
MaTtepuana MOXET ObITh yJlalieH BOJIOW WU
BETPOBOM 3PO3UEN. PacTtBopumbie
Marepuanabl  YAQISIOTCA  BO  BpeMs




Sediment Parent Materials

Weathering and erosion are two companion and
opposing processes. Much of the material lost
from a soil by erosion is transported downslope
and deposited onto existing soils or is added to
some sediment at a lower elevation in the
landscape. This may include alluvial sediments
along streams and rivers or marine sediments
along ocean shorelines. Glaciation produced
extensive sediments in the northern part of the
northern hemisphere.

Four  constrasting  parent  material-soil
environments are shown in Figure 2.3. Bare rock
Is exposed on the steep slopes near the
mountaintops. Here, any weathered material is lost
by erosion and no parent material or soil
accumulates. Very thick alluvial sediments occur
in the valley. Very thick glacial deposits occur on
the tree-covered 'ateral moraine that is adjacent to
the valley floor along the left side. An
intermediate thickness of parent material occurs
where trees are growing below the bare
mountaintops and above the thick alluvial and
moraine sediments. Most of the world's soils have
formed in sediments consisting of material that
was produced by the weathering of bedrock at one
place and was transported and deposited at another
location. In thick sediments or parent materials,
the formation of soil layers is not limited by the
rate of rock weathering, and several soil layers
may form simultaneously.

BBIBETPUBAHUSI  M3BECTHSIKA, OCTaBIIAA
OCTaTOK HEPACTBOPUMBIX MaTEPUATIOB.
OteHkH MOKa3bIBAIOT, 9TO IS
0o0pa30BaHMs OCTATKOB OT BBIBETPUBAHUS
W3BECTHSKA BO  BJIAKHOM  pPErHOHE
TpeOyroTcs ronbl. B Tex ciywasx, koraa
MOYBBl TOACTHJIAIOTCS Ha HErIyOOoKon
riyOuHe KOPEHHBIMU TOPOJAMH, MOTEPs
MOYBBI  BCJEJICTBUE OPO3HH  CO3JaeT
CEpbe3HbIE TOCIENCTBUS NI OyaylIero
YIPaBIICHUS 3EMJICH.

Marepuainbsl MaTEpUHCKOM Mapo;Ibl

BriBeTpriBaHue W dpo3ust - JBa
CONMYTCTBYIOIIUX U TMPOTUBOMOJOKHBIX
nporecca. bompinas yacTth MaTepuala,
MOTEPSIHHOTO U3 TIOYBBI B PE3yjbTaTe
9PO3UHU, TPAHCIOPTUPYETCS BHU3 IO
CKJIOHY U OCQXX/JIAaeTCsl Ha CYIICCTBYIOIIUX
MOYBaxX WU JO0ABIAETCS B HEKOTOPBIN
ocaJlok Ha Ooysiee HU3BKOM ypOBHE
gaamadra. IOTO  MOXKET BKIIOYATh
AJTIOBUAJIBHBIE OTJIOKEHUS BIOJb PYYbEB
U pEeK WIM MOPCKHE OTJIONKEHHUS BIOJb
OeperoBoii JTMHUM oOKeaHa. OlejeHEeHUE
MOPOAMIIO  OOUIMPHBIE OTJIOXKECHHUS B
CEBEPHOI YaCTH CEBEPHOTO MOTYIIAPHSI.

UYeTblpe MpOTUBOMOIOKHBIC TOYBCHHBIC
cpenbl Mmokazanbl Ha pucyHke 2.3. I'osbie
CKaJlbl BBICTaBJICHBI Ha KPYTHIX CKJIOHAX
BO3JI€ TOPHBIX BEpIIMH. 3]1eCh JIOOOU
BBIBETPUBIIMIICS MaTepuail TepseTcs B
pe3yibTare 3p03uH, 51 HHUKAKOU
POAUTENBCKUM MaTepuan WA No4YBa HE
HaKaruiMBawTcs. B nonuHe BcTpeuaroTcs
OYECHb TyCThIE aJUTIOBUAJIbHbBIE
oTiiokeHus. OUeHb TOJICThIE JIETHUKOBBIE
OTJIOXKEHHUSI BCTPEUAIOTCS HA MOKPBITON
JepeBbsiMU  OOKOBOM MOpEHE, KOTopas
MPUMBIKAET K JHY JOJHUHBI BJIOIb JIEBOU
cTopoHbl.  [IpomexyTouHas  TOJIIMHA
MAaTEPUHCKON Mapojbl MOSBISIIOTCS TaM,
rJ€ JEpPEeBbS PACTYT HHKE OTOJICHHBIX
TOPHBIX BEPIIMH M  BBIIIE TYCTHIX
AJUTIOBUAJIBHBIX M MOPEHHBIX OTJIOKEHUH.
bonpmiass yacTh ~ MHUPOBBIX  TOYB




SOIL FORMATION

Soil layers are approximately parallel to the
land surface and several layers may evolve
simultaneously over a period of time. The layers
in a soil are genetically related; however, the
layers differ from each other in their physical,
chemical, and biological properties. In soil
terminology, the layers are called horizons.
Because soils as natural bodies are characterized
by genetically developed horizons, soil formation
consists of the evolution of soil horizons. A
vertical exposure of a soil consisting of the
horizons is a soil profile.

Soil-Forming Processes

Horizonation (the formation of soil horizons)
results from the differential gains, losses, transfor-
mations, and translocations that occur over time
within various parts of a vertical section of the
parent material. Examples of the major kinds of
changes that occur to produce horizons are: (1)
addition of organic matter from plant growth,
mainly to the topsoil; (2) transformation
represented by the weathering of rocks and
minerals and the decomposition of organic matter;
(3) loss of soluble components by water moving

o0Opa3oBanachk B OTJIOXKEHHUSIX, CTPYKTYpa,
KOTOpO Obla MOJIydeHa B PE3yJbTaTe
BBIBETPUBAHUS KOPEHHOW IIOPOJIBI B
OJIHOM MECT€ U ObUI TPAaHCHOPTUPOBAH U
OTJIOKEH B JApPYyroM wmecte. B TONCThIX
OTJIOKEHUAX WIA MCXOAHBIX MaTepHaiax

dbopMupoBaHue  CIIOEB  TIOYBHI  HE
OTPaHUYHBACTCS CKOPOCTBIO
BBIBETPUBAHUS  TOPHBIX  TOPOJ, U
HECKOJIbKO  CJIOGB  TMOYBBI  MOTYT

00pa30BBIBATHCS OJTHOBPEMEHHO.
OOPMHNPOBAHUE I1OYUBbI

[TouBeHHBIE TOPU3OHTHI MPUOITUZUTEIHHO
napajuiesibHbl  TTOBEPXHOCTH  3eMJIM, U
HECKOJBKO TOPU30HTOB MOTYT
HBOJIIOIIMOHUPOBATH  OJHOBPEMEHHO B
TEYECHUE OTIPEJICIICHHOTO nepuojaa
BpeMeHH. CJIoM B TOYBE T'CHETUYECKH
CBSI3aHBI; OJIHAKO OHU OTJIWYAIOTCS JPYT

OT Jpyra 1O CBOMUM (DU3HUYECKUM,
XUMHYECKUM u OMOJOTUYECKUM
cBOICTBaM. B TepMUHOJIOrMY OYBHI CIIOU
Ha3bIBAIOTCS Topu3oHTaMH. [lOCKOIBKY
TIOYBBI KaK  ©CTeCTBEHHbIE  Teja
XapaKTepU3yTCs TCHETUYECKU
Pa3BUTHIMU TOPU30HTAMH,

TI0OYBOOOPA30BAHNE COCTOUT U3 IBOIOLINN
NIOYBEHHBIX TOPH30HTOB. BeprukampHas
OKCHO3MIMSI  TIOYBBI, COCTOSAIICH W3
TOPU30HTOB, IPEICTaBISET coboit
pO(HIIb TOYBHI.

[Iporiecchl TOUYBOOOpPA30BAHMS

[l'opuzoHT (hopMHupOBaHHWE TOPU3OHTOB
TIOYBHI) SIBIISICTCS pe3ynbTaTOM
mudepeHIranTbHbIX HACBIIICHUH,
NOTEPb, TpaHchopManu u
TPAHCIIOKAIMA, KOTOPBIE MPOHUCXOISIT BO
BpEMEHU B Pa3IMYHBIX JacTAX
BEPTUKAJIBLHOTO  y4acTKa  HCXOJHOTO
matepuana. [I[pumepamMu OCHOBHBIX BHJIOB
W3MCHCHHM, KOTOPBIC TPOUCXOIAT TMPHU
(GbOpMHUpPOBAaHUN TOPU3OHTOB, SBIISIOTCS:
(1) noGaBneHre OpPraHMYECKOro BEIIESCTBA




downward through soil carrying out soluble salts;
and, (4) translocation represented by the
movement of suspended mineral and organic
particles from the topsoil to the subsoil.

Formation of A and C Horizons

Many events, such as the deposition of volcanic
ash, formation of spoil banks during railroad
construction, melting of glaciers and formation of
glacial sediments, or catastrophic flooding and
formation of sediments have been dated quite
accurately. By studying soils of varying age, soil
scientists have reconstructed the kinds and the
sequence of changes that occurred to produce
soils.

Glacial sediments produced by continental and
alpine glaciation are widespread in the northern
hemisphere, and the approximate dates of the
formation of glacial parent materials are known.
After sediments have been produced near a
retreating ice front, the temperature may become
favorable for the invasion of plants. Their growth
results in the addition of organic matter, especially
the addition of organic matter at or near the soil
surface. Animals, bacteria, and fungi feed on the
organic materials produced by the plants, resulting
in the loss of much carbon as carbon dioxide.
During digestion or decomposition of fresh
organic matter, however, a residual organic
fraction is produced that is resistant to further
alteration and accumulates in the soil. The
resistant organic matter is called humus and the

B pe3yJabTaTe POCTa PACTCHHM, TJIABHBIM
oOpa3oMm, B BepxHUH cJIOH mouBbI; (2)

npeoOpa3zoBaHue, MpeACTaBICHHOE
BBHIBETPUBAHUEM  TOPHBIX  TIOPOJ U
MUHEpaJIOB u pazyioKeHuEeM
opraHuuyeckoro Bemecta; (3) moteps
pPacTBOPUMBIX ~ KOMIIOHEHTOB  BOJIOM,
JIBWKYLIEUCA BHU3 4Yepe3 TMOYBY C
pPacTBOPUMBIMU COJIIMU; u 4)
nepeMeIeHue, MpeCTaBICHHOE

ABMJKCHUCM B3BCHICHHBIX MHWHCPAJIBHBIX
U OPraHNYCCKUX YaCTUIl U3 BCPXHCTO
CJIOs IOYBEI B HEAPA.

®opmupoBanue ropu3oHToB A u C

MHorue coObITHS, TaKHE KaK OTJIOXKEHHUE
BYJIKAHWYECKOTO0 Memja, o0pa3oBaHue
I'PYHTOBBIX Oeperon BO BpeMs
CTPOUTEIIBCTBA JKEJIE3HOM I0POTH, TasiHUE
JEHUKOB M O00pa30BaHUE JIETHUKOBBIX
OTJIOXKEHUH  WIM  KaracTpoduueckue
HaBOJIHEHUS U 00pa30BaHME OTJIOKEHUH,
ObUIM  JaTUPOBAaHbl JOBOJIBHO TOYHO.

N3yyass mouBbl  pa3HOro  BO3pacTa,
IMOYBOBEIbI BOCCO3/1aJIu BUIbI u
MMOCJICIOBATEIBHOCTD W3MCHCHUH,
MPOU30LIECIIINX B IOYBAX.

JIGIHUKOBBIE  OTJIOXKEHMS, BBI3BAHHBIC
KOHTHUHCHTAJIbHBIM u ATBIIUNACKUM

OJICZICHEHHMEM, IIHPOKO PACIPOCTPaHCHBI
B CCBECPHOM IMOJYIIAPUH, M H3BECTHBI
IPpUOIU3UTEIBHBIE JaThl  00pa30BaHUS
JICTHUKOBBIX MaTCpPUHCKUX mapoj. [locie

00pa3oBaHUd OTJIO)KEHUU BOIM3U
OTCTYHAIOLIErO JEISTHOTO dbponTa
TeMneparypa MOKET CTaTh
OJIaronpUsITHON TSt MOSIBJIICHUS
pacrenuid. HMx poct nOpuUBOAUT K

N00aBJICHUIO OPraHUYECKOTO BEIIECTBA,
0COOEHHO K J0OABJICHUIO OPraHUYeCKOro
BEIllECTBA HA WJIM OKOJIO TOBEPXHOCTHU
nouBbl. JKUBOTHBIE, OakTepuu U TPUOKHU
MUTAIOTCS OPTAaHUYECKUMH MaTepuaIaMu,
MPOU3BOJMMBIMH  PACTCHMSIMU,  4YTO




process is humification. The microorganisms and
animals feeding on the organic debris eventually
die and thus contribute to the formation of humus.
Humus has a black or dark-brown color, which
greatly affects the color of A horizons. In areas in
which there is abundant plant growth, only a few
decades are required for a surface layer to acquire
a dark color, due to the humification and
accumulation of organic matter, forming an A
horizon.

The uppermost horizons shown in Figures 2.1
and 2.2 are A horizons. The A horizon in Figure
2.1 was converted into a plow layer by frequent
plowing and tillage. Such A horizons are called
Ap horizons, the p indicating plowing or other
disturbance of the surface layer by cultivation,
pasturing, or similar uses. For practical purposes,
the topsoil in agricultural fields and gardens is
synonymous with Ap horizon.

At this stage in soil evolution, it is likely that
the upper part of the underlying parent material
has been slightly altered. This slightly altered
upper part of the parent material is the C horizon.
The soil at this stage of evolution has two
horizons- the A horizon and the underlying C
horizon. Such soils are AC soils; the evolution of
an AC soil is illustrated in Figure 2.4.

OPUBOIAUT K noTepe 00JIBIIIOTO
KOJIMYECTBA YIJIepoJa B BHUJIEC JIUOKCHUIIA
yriIepoaa. OnHako BO BpeMms
nepeBapuBaHus Wi pazNoxKeHus
CBEXKETO OpraHUYeCKOro  BeIIeCcTBa
oOpa3zyeTcsi oOcTaToyHasi oOpraHuvyecKas
dbpakuusi,  KoTtopas  yCcToW4YMBa K
JadbHEUIUM U3MEHEHUSAM u
HakammBaeTrcss B mnouBe.  CTolKoe
OpraHUYeCcKoe  BEIIECTBO  HA3bIBACTCS
TYMYyCOM, a TpolecC - TyMU(DUKAIIUEH.
MukpoopraHnu3Mbl u KUBOTHBIE,
MUTAOIINECS] OPTaHUYECKUM MYCOpPOM, B
KOHEYHOM HUTOre TOTHOAIT U, TaKUM
00pa3oM, CIIOCOOCTBYIOT OOpa30BaHHIO
rymyca. ['yMyc wuMeeT 4YepHbIM WU
TEMHO-KOPUYHEBBIA I[BET, 4YTO CHJIHHO
BIUSET Ha IBeT TopuzoHTa A. B
obiacTax, rue HaOmomaercs OOWIBHBIN
poCT  pacTeHuid, TpeOyeTrcss  JIUIIb
HECKOJIBKO JECSATUIICTHIA, YTOOBI
ITOBEPXHOCTHBIM CIIOW MPUOOPET TEMHBIN
[BET WU3-3a YBIAXXHEHUS U HAKOILJICHUS
OpraHUYeCcKOro BEIECTBa, 00Pa3yroIIero
TOPU30HT A.

CaMpble BepXHHUE TOPU3OHTHI, MOKa3aHHBIE
Ha pucyHkax 2.1 u 2.2, sBIAIOTCA
ropuzoHTamMu A. I'OpHU30HT A Ha pUCYHKE
2.1 Obu1 mpeoOpazoBaH B CJIOM ILIyra
MyTeM 4YacTOW BCMAIIKA M 00pabOTKH
nouBbl. Takue ropu30HTHI A HA3bIBAIOTCS
ropuzoHTamMu Ap, T/A€ p 00O03HAYaeT
BCIIAXMBAHUE WM JAPYroe HapylleHue

ITOBEPXHOCTHOT'O cros pu
BBIpAlllMBAaHWM, BbIIACE CKOTA  WIIH
AHAJIOTUYHOM  HKCHOJIb30BaHWU.  Jlid
MIPAKTUYECKUX LEJNEed BEPXHUM CIIOU

MOYBBI Ha CEIHLCKOXO3SMCTBEHHBIX MOJSIX
U B cagax SBISICTCI  CHUHOHHMOM
ropu3oHTa Ap.

Ha »r1oli cTagum 5BOJIOIUM IIOYBHI,
BEPOSITHO, YTO BEPXHSAS YaCTh OCHOBHOIO
HCXOJHOTO Marepuajia OblIa Clerka
W3MEHEeHa. JTa CJIerka HW3MEHCHHas
BEPXHSSI YAaCTh HCXOJHOTO MaTepuaia -
ropu3oHT C. IlouBa Ha »3TOW CTaauu




Formation of B Horizons

The subsoil in an AC soil consists of the C
horizon and, perhaps, the upper part of the parent
material. Under favorable conditions, this subsoil
layer eventually develops a distinctive color and
some other properties that distinguish it from the
A horizon and underlying parent material,
commonly at a depth of about 60 to 75
centimeters. This altered subsoil zone becomes a
B horizon and develops as a layer sandwiched
between the A and a new deeper C horizon. At
this point in soil evolution, insufficient time has
elapsed for the B horizon to have been
significantly enriched with fine-sized (colloidal)
particles, which have been translocated downward
from the A horizon by percolatng water. Such a
weakly developed B horizon is given the symbol
w (as in Bw), to indicate its weakly developed
character. A Bw horizon can be distinguished
from A and C horizons primarily by color,
arrangement of soil particles, and an intermediate
content of organic matter. A soil with A, B, and C
horizons is shown in Figure 2.5.

During the early phases of soil evolution, the
soil formation processes progressively transform
parent material into soil, and the soil increases in
thickness. The evolution of a thin AC soil into a
thick ABwC soil is illustrated in Figure 2.4.

DBOJIIOLIMM MMEET JBa TOPU30HTA -
TOPU30HT A M HWXKENEKAIIUN TOPU30HT
C. Takue mOYBBI SBISAIOTCS MOYBAMH
IIEPEMEHHOIO0 TOKa; OBOJIIOLUSA TpPyHTa
IIEPEMEHHOI0 TOKa IT0Ka3aHa Ha PUCYHKE
2.4,

dopmupoBanue b ropu3oHTOB

Henpa B nouBe AC coCTOSAT U3 TOPU30HTA
C U, BO3MOXHO, BEpXHEH dYacTu
HCXOJHOTO Marepuania. ITpu
0JIarONPUSATHBIX YCIIOBUSIX 3TOT
MOJATIOYBEHHBIN CJIOM B KOHEUHOM HTOTE
npuoOperaeT  XapakTEepHbIM I[BET U
HEKOTOPBIC JIPyTHEe CBOMCTBa, KOTOpHIE
OTJIMYAIOT €ro OT TOopH30HTa A WU
OCHOBHOTI'O HCXOHOIO Marepuana,
00blyHO Ha TuyOmHe ot 60 g0 75
CAaHTUMETPOB. JTa U3BMEHEHHAs 30Ha HEP
CTAaHOBUTCS TOPU30HTOM B u pa3BuBaeTcs
KaK CJIOM, 3aKaThlil MEXIy A U HOBBIM
6onee rimyookum ropuzonrom C. Ha stom
JTane  dSBOJIOIMU  [OYBBl  IPOILIO
HEJ0CTaTOYHO BPEMEHHU JJIsi TOrO, YTOObI
ropu3oHT B ObLT 3HAYNTENTHFHO OOOTAIICH
MEJIKUMH  (KOJUTOMJHBIMHM) YaCTUIIAMH,
KOTOpBhI€ OBUTM TMepeMelIeHbl BHH3 OT
FOpPU30HTa A TIEPKOJMUPYIOUIEH BOIOM.
Takoli cmabo pa3BUTHIE TOpPU3OHT B
o0o3HauaeTcsi cUMBOJIOM W (Kak B Bw),
YTO YKa3blBA€T Ha €ro ciiado pa3BUTHIN
xapaktep. ['opusonTr Bw  MOXHO
OTJIMYUTH OT ropu30oHTOB A u C, mpexne
BCETr0, MO IBETY, PACIOJIOKEHUIO YaCTHI]
MOYBBI U TPOMEKYTOUYHOMY COJIEPIKAHUIO
opranuueckoro BemnjectBa. IlouBa ¢
ropuzontamu A, B u C mnokazaHa Ha
pUcCyHKe 2.5.

Ha panHHuUX »Tanax »BOJIOUMHU TMOYBbI
MPOLECCHI MO4YBOOOpa30BaHUs
MOCTENEHHO TPAHC(HOPMUPYIOT UCXOIHBIN
Marepuaa B MOYBY, U TOJIIMHA MOYBbI
YBEIMYUBACTCS.  DBOJIIOLUA  TOHKOIO
rPyHTa MEPEMEHHOI0 TOKa B TOJICTBIN
rpyHT ABwC nokasan Ha pucyHke 2.4.




The Bt Horizon Soil parent materials frequently
contain calcium carbonate (CaCO 3), or lime, and
are alkaline. In the case of glacial parent materials,
lime was incorporated into the ice when glaciers
overrode limestone rocks. The subsequent melting
of the ice left a sediment that contains

@)ymestone particles. In humid regions, the lime
dissolves in percolating water and is removed
from the soil, a process called leaching. Leaching
effects are progressive from the surface down-
ward. The surface soil first becomes acid, and
subsequently leaching produces an acid subsoil.

An acid soil environment greatly stimulates
mineral weathering or the dissolution of minerals
with the formation of many ions. The reaction of
orthoclase feldspar (KAISIO 3) with water and H+
is as follows:

2 KAISIOs + 9H,O + 2 ©

((')1'1']1(‘)(‘.] a SC:)

+ 2K+ + 41 ,Si0,

(silicic acid)

= II4AIzsi209

(kaolinite)

The weathering reaction illustrates three impor-
tant results of mineral weathering. First, clay parti-
cles (fine-sized mineral particles) are formed-in
the example, kaolinite. In effect, soils are "clay
factories. Second, ions are released into the soil
solution, including nutrient ions such as K +.
Third, other compounds (silicic acid) of varying
solubility are formed and are subject to leaching
and removal from the soil.

Clay formation results mainly from chemical
weathering. Time estimates for the formation of 1
percent clay inn rock parent material range from
500 to 10,000 years. Some weathered rocks with
small areas in which minerals are being converted
into clay are shown in Figure 2.6.

Many soil parent materials commonly contain
some clay. Some of this clay, together with clay
produced by weathering during soil formation,
tends to be slowly translocated downward from

Hcxomupie  MaTtepuanbl  IMOYBEHHOTO
ropu3onta Bt gacto coxepxkat xapOoHAT
kanpius (CaCO 3) wunm  u3BecTh U
ABIAKOTCS  IIEJIOYHBIMU. B ciydae
JICTHUKOBBIX ~ MCXOIHBIX  MaTEPHAIIOB
U3BEeCTh OblIa BKJIIOYEHAa B JieJ, KOrna
JICTHUKU TIEPEKPhIBATM  W3BECTHSIKOBBIC
nopoasl. Ilocnexyromee TasiHue Jbaa
OCTaBUJIO 0CAJIOK, KOTOPBIN COJAEPIKUT

(3) wyactumel kamHA. Bo  BIaKHBIX
pernoHax W3BECTh  PAacTBOpPSACTCS B
NIPOCAYMBAIOIICHCS BOJIE M YAAISETCS W3
MOYBBL. JTOT  TPOIECC  HAa3bIBACTCS
BBIIIEIAYNBAHUEM. DddexTo
BBINCTAYUBAHUSL  TIPOTPECCUPYIOT  OT
MOBEPXHOCTH  BHM3.  [loBepXHOCTHas
NOYBa CHadYaja CTAHOBUTCS KUCIOTHOM, a
B pe3ynbTaTe BBIIIICJIAYNBAHUS
oOpa3zyeTcsi KUCTIOTHAsI Helpa.

Kucnass mouBeHHass cpena 3HAYUTEIBHO
CTUMYJIUPYET BBIBETPUBAHHE MHUHEPAJIOB
WIM  pacTBOPEHHE  MHUHEPAIOB  C
oOpa3oBaHHEeM MHOTMX HOHOB. Peakius
nosieBoro mmara oprokiasa (KAISiO 3) ¢
BojioM U H + sBnsieTcst cnenyromen:
Peakiusi BBIBETpUBaHUS HILTIOCTPUPYET
TPU BaXKHBIX PE3yJIbTaTa BBIBETPUBAHUS

MUHEPAJIOB. Cnauvana o0OpasyrTcs
TJIMHUCTBIC YACTHUIIBI (Menkue
MHUHEpaJIbHbIE  YacCTWIlbI),  HaIpuUMep
KAOJIMHHUT. ITo CyTH, TTOYBBI
MPEICTABIISIIOT coboif «TJIMHSHBIE
3aBOJIbI». Bo-BTOpBIX, VIOHBI

BBICBOOOK/TAIOTCSI B TTIOYBEHHBIN PACTBOD,
B TOM YHCJI€ MUTATEIbHbIE HOHBI, TaKUE
kak K +. B-tpeThux, o0pasyroTcs apyrue
coeAMHEHUs  (KpeMHHUEBash  KHCIIOTa)
pa3IMYHOM  PacTBOPUMOCTH, KOTOPBIE
MOABEPTralOTCA  BBIIIEIAYUBAHUIO u
ynaienuto u3 nouBbl. OOpa3oBaHue
[JIMHBl TPOUCXOJUT B OCHOBHOM H3-32
XUMHUYECKOro BbIBeTpuBaHUA. OIleHKH
BpeMeHu  jana  QopmupoBanus  1-
MNPOLIEHTHOTO  HCXOJAHOTO  Marepuana
TJIMHUACTOW TTOPOoJbl BapbupyroTcs oT 500




the A horizon to the B horizon by percolating
water. When a significant increase in the clay
content of a Bw horizon occurs due to clay trans-
location, a Bw horizon becomes a Bt horizon

Thin layers or films of clay can usually be ob-
served along cracks and in pore spaces with a 10-
power hand lens. The process of accumulation of
soil material into a horizon by movement out of
some other horizon is illuviation. The t (as in Bt)
refers to an illuvial accumulation of clay. The Bt
horizon may be encountered when digging holes
for posts or trenching for laying underground

pipes.

Alternating periods of wetting and drying seem
necessary for clay translocation. Some clay
particles are believed to disperse when dry soil is
wetted at the end of a dry season and the clay
particles migrate downward in percolating water
during the wet season. When the downward per-
colating water encounters dry soil, water is with-
drawn into the surrounding dry soil, resulting in
the deposition of clay on the walls of pore spaces.
Repeated cycles of wetting and drying build up
layers of oriented clay particles, which are called
clay skins.

1o 10000 ner. HekoTopble BBIBETPECHHBIE
nopoAbl ¢ HEOOJIBIIMMHU y4YacTKaMH, B
KOTOPBIX MUHEpaibl IPEBpPAlIAIOTCS B
IJIMHY, TOKa3aHbl Ha pHCyHKe 2.6.
MHorue uCXOJIHbIE MAaTepHUalibl TIOYBBI
OOBIYHO  CcOJAEpX aT HEMHOrO  TJIMHBI
Hexortopass 4acTh 3TOM TJIMHBI BMECTE C
[JAHOM, TMOJy4aeMOM B  PE3yJbTaTe
BBIBETpUBaHUS  NOpu  (HOPMUPOBAHUU
MIOYBbl, HMEET TEHJACHIMIO MEIJICHHO
NEpEMEIAThCS] BHU3 OT TOPU30HTA A K
ropu30HTY B mytem npocaunBaHusi BOJBI.
Korna IPOUCXOAUT 3HAYUTEIBHOE
YBEIIMYEHUE  COJAEPKaHUsS  TJIMHBI B
ropu3zoHtre Bw wu3-3a nepemenieHus
[JIMHBI, TOPU3OHT Bw  cTaHOBUTCH
ropu3oHTOM Bt

ToHKME CIIOM WU TUICHKU TJIMHBI OOBIYHO
MOKHO HaOJt0/1aTh BIOJb TPEIIUH U B
MOPOBBIX MPOCTPAHCTBAaX € nmomMomibo 10-
KpaTHOM  pydyHOW JmH3bl.  IIpouecc
HAKOIUICHHUsSI TOYBEHHOrO Marepuaia B
TOPU30HTE TPU JBWKEHHHU 3a IMPEHeibl
KaKoro-mbo Apyroro ropu3oHTa - 3TO
wuno3ua. T (kak B Bt) oTHocuTca K
WUIIOBUAJIBHOMY  CKOIUIEHUIO  TJIMHBIL.
['opuzonT Bt MoXeT BcTpedarbes MpH
PBITBE SIM JUISI CTOJIOOB WJIM TPAHILIEH JJIs
MIPOKJIAJIKU TTOJ3EMHBIX TPYO
UepenoBaHue MNepHOJOB YBIAXKHEHUS U
CYLIKH TMPEJCTaBISIETCS HEOOXOAUMBIM

sl IICPpEMCIHICHUA TJIMHEBL. C‘-II/ITaCTCH,
qTo HCKOTOPLBIC HJaCTHUIIbI TJIMHBI
PacCCuBarOTCA, Koraga cyxasd [104YBa

CMayuBaeTCs B KOHIIE CYyXOT'O CE30Ha, U
YaCTUIIBl TJMHBI MUTPUPYIOT BHHU3 B
MIPOCAYMBAIOIICIICA BOJIE B TEUYCHHUE
BIIAXHOTO ce30Ha. Korma nHucxoasmas
MEPKOJIUPYIONIAas BOJIa MOMAIaeT B CYXYIO
MOYBY, BOJIa OTBOJIMUTCS B OKPYKAIOIIYIO
CyXyl0 TMOYBy, 4YTO TMPUBOAUT K
OTJIOKCHHUIO TJIMHBI Ha CTEHKAX MOPOBBIX
npoctpaHcTB. [loBTOpsOIMECS ITUKIIBI
CMauMBaHUs W CYIIKH OOpa3ylT CJIOU
OPUEHTUPOBAHHBIX TJIMHUCTBIX YacCTHII,
KOTOpPBIE HAa3bIBAIOTCSA TJIMHSAHBIMU




Many studies of clay illuviation have been
made. The studies provide evidence that thousands
of years are needed to produce a significant
increase in the content of clay in B horizons. An
example is the study of soils on the alluvial
floodplain and adjacent alluvial fans in the Central
Valley of California. Here, increasing elevation of
land surfaces is associated with increasing age.
The soils studied varied in age from 1,000 to more
than 100,000 years.

The results of the study are presented in Figure
2.7. The Hanford soil developed on the floodplain
Is 1,000 years old; it shows no obvious evidence
of illuviation of clay. The 10,000-year-old
Greenfield soil has about 1.4 times more clay in
the subsoil (Bt horizon) than in the A horizon.
Snelling soils are 100,000 years old and contain
2.5 times more clay in the Bt horizon than in the A
horizon. The San Joaquin soil is 140,000 years
old, and has 3.4 times more clay in the horizon of
maximum clay accumulation as compared to the A
horizon.

The three youngest soils (Hanford, Greenfield,
and Snelling) are best suited for agriculture be-
cause the subsoil horizons are permeable to water
and air, and plant roots penetrate through the B
horizons and into the C horizons. Conversely, the
impermeable subsoil horizon in San Joaquin soil
causes shallow rooting. The root zone above the
impermeable horizon becomes water saturated in
the wet seasons. The soil is dry and droughty in
the dry season.

Water aquifiers underlie soils and varying thick-
nesses of parent materials and rocks. Part of the
precipitation in humid regions migrates com-

HIKypaMHu.

MHorue VCCJIEI0OBAHUS TJIUHSHOU
WUTI03UKM ObUTU caenanbl. VccienoBanus
MOATBEPK/IAIOT, 4TO HEO0OXOIUMBbI
TBICSIYUM  JIET  JUISI  3HAYUTEIBbHOTO
YBEIWYEHUS  COJECp)KaHUsI  TJIMHBI B
ropuzoHtax B. Ilpumepom  Moxer
CITYKUTh U3y4YeHUe MOYB Ha
aJUTIOBUAJIBHOW MOWME M MNPUIETAIOLINX
aJTIOBHANIbHBIX OosioTax B LleHTpanbHOi
nonmHe Kamudopuuu. 31ech yBeandeHue
BBICOTHl MOBEPXHOCTU 3€MJIM CBSI3aHO C
yBEJIIMUEHUEM Bo3pacta. Bospact mnous
BapbupoBaics ot 1000 xo 100 000 ner.
Pe3ynbTatsl cciaeoBaHus NPeICTaBICH
pl Ha pucynke 2.7.IlouBe XnsHbopnaa,
pa3Butoil Ha mnoiime, 1000 ser; 310 He
MOKA3bIBAET OYEBUIHBIX JOKA3aTEJIbCTB
wutroBraruu ruHel. [lousa ['pundunna,
Bo3pacT kotopoit 10 000 net, conepkut B
1,4 paza Oompllle TIMHBI B HEApax
(ropuzonT Bt), ywem B ropuszoHTe A.
CuexupiM mouBam 100 000 ner, u oHH
comepkar B 2,5 paza OoJblle TJIMHBI B
ropusonte Bt, yem B ropusonre A. [louse
Can-Xoakun 140 000 5eT, 1 B TOPU30OHTE
MaKCUMaJIbHOT'O HAKOIUICHUS TJUHBI B 3,4
paza OOJbIIEe TJIHMHBI MO CPAaBHEHHUIO C
TOPU30HTOM A.

Tpu cample Mosoabie MOuBHl (X3HOPI,
I'pundung u CHEUIMHT) JydIle BCETO
NOAXOASAT MJIA CEIbCKOrO  XO3SICTBa,
OTOMY YTO TOPU30HTHI HEIp
NPOHUIIAEMBI JUJII BOJBI W BO3AyXa, a
KOpDHU pPAacTEHUW MPOHUKAIOT  4Yepe3
ropuzoHTel B u B ropuszontsr C. U
HA00OpOT, HENPOHUIIAEMBIII TOPU3OHT
Henp B nouBe (CaH-XOakWH BBI3BIBAET
HernyOokoe ykopeneHue. KopHeBas 30Ha
HaJ HEMPOHUIIAEMbIM TOPU30HTOM
CTAHOBUTCS BJIA)KHOM BO BJIAXKHOE BpPEMs
roga. llouBa cyxas wu 3acyuuuBasi B
CyXOH CE30H.

BonoHocHbIE TOPU30OHTHI JIEKAT B OCHOBE
MOYB U PA3IUYHON TOJIIIMHBI UCXOIHBIX
MaTepuaJoB M TOPHBIX mopona. Yactb




pletely through the soil and recharges underlying
aquifers. The development of water-impermeable
claypans over an extensive region results in less
water recharge and greater water runoff. This has
occurred near Stuttgart, Arkansas, where wells
used for the irrigation of rice have run dry because
of the limited recharge of the aquifer.

The Bhs Horizon Many sand parent materials
contain very little clay, and almost no clay forms i
n them via weathering. As a consequence, clay
illuviation is insignificant and Bt horizons do not
evolve. Humus, however, reacts with oxides of
aluminum and/or iron to form complexes in the
upper part of the soil. Where much water for
leaching (percolation) is present, as in humid
regions, these complexes are translocated down-
ward in percolating water to form illuvial accumu-
lations in the B horizon. The illuvial accumulation
of humus and oxides of aluminum and/or iron in
the B horizon produces Bhs horizons. The h indi-
cates the presence of an illuvial accumulation of
humus and the s indicates the presence of illuvial
oxides of aluminum and/or iron. The symbol s is
derived from sesquioxides (such as Fe 2 O 3 and
M203). Bhs horizons are common in very sandy
soils that are found in the forested areas of the
eastern United States from Maine to Florida.

Formation of O Horizons

Vegetation produced in the shallow waters of
lakes and ponds may accumulate as sediments of

0CaJIKOB BO BJIQYKHBIX peruoHax
MOJTHOCTBI0 MUTPUPYET 4YEpe3 MOYBY H
nepe3apsikaeT HIKEJIEKAIIUE BOJOHOCHBI
€ TOpu30HTHI. Pa3BUTHE BOAOHENPOHUIIAE
MBIX TJUHSHBIX TOPIIKOB B OOIIMPHOM
pEruoHe  TPUBOJUT K  MEHBIIEMY
MOTIOJIHEHUIO BOJbI U OOJIBIIIEMY CTOKY
BOJIbI. DTO Mpou3onuio okono tyrrapra
, ImTat Apkan3ac, rae KOJIOALIBI,
UCIIOJIb3YEMbIE /IS OpPOLICHUSl puca,
HCCSIKJIM M3-3a OTPAHUYEHHOW MOIMUTKU
BOJIOHOCHOT'O TOPU30HTA.

l'opuzonr Bhs MHuorue  ucCXoaHbIE
Marepuanbl JJs MeCcKa COJAEpKaT OYEHb
Majlo TJMHBI, W TJWHA TIOYTH HE
obpasyercss B HUX B  pe3yjibTaTe
BBIBETPUBAHUA. Kaxk CJICJICTBHE,
IJIAHACTAs WIUTIO3US HE3HAYWTEIbHA, H
ropu3oHThl Bt He pa3BuBatorcs. OpgHako
TyMYyC pPEarupyeT ¢ OKCHUJIAMU AJIFOMUHUS
U / wWiIMm Kejleza ¢ oOpa3oBaHHEM
KOMIUIEKCOB B BEPXHEH YaCTU TOYBBHI.
Tam, 1€ NPUCYTCTBYET MHOT'O BOJBI IS
BHIIIICTAYUBAHUS  (TICPKOJISIIIAK), KAk,
Harpumep, BO BIAXKHBIX PErMoHax, 3THU
KOMIUIEKChl ~ TI€peMEIIaloTcsi BHU3 B
MEPKOJIUPYIONIEH BOJIC, obOpazys
WJUTIOBUAJIBHBIE CKOIUICHUSI B TOPU3OHTE
B. NmmroBuanbHOE HAKOIUIEHHE TyMyca U
OKCHUJIOB QJIOMHHHS M / WIM KeJie3a B
ropuszonte B cosmaer ropuzontsr Bhs. H
YKa3bIBACT HA HAJWYHUE WUTIOBUAIBHOTO
CKOIUICHUSI TymMyca, a S YKa3bIBa€T Ha
MPUCYTCTBUE WJUTIOBHAJIBHBIX OKCHJIOB
amoMuHUA W / unan kene3a. CHMBOJ S
MOJy4YeH W3 CECKBHOKCHIOB (TaKUX Kak
Fe 2 O 3 u M203). T'opuzontsr Bhs
pacnpoCTpaHEHbl B OYE€Hb IE€CYAHBIX
MIO0YBaX, KOTOPBIE BCTPEUYAKOTCS B JIECHBIX
paiioHax BocTouHOM yacTu COeTMHEHHBIX
[IITatoB oT mTata MaH 10 PIOPHUIBL.

®opmupoBanue O ['opu30HTOB

PactutensHOoCTh,  mpoOM3BOJAMMAs ~ HA
MEJIKOBOJIb€ 03€p W TPYJOB, MOXKET




peat and muck because of a lack of oxygen in the
water for their decomposition. These sediments
are the parent material for organic soils. Organic
soils have 0 horizons; the O refers to soil layers
dominated by organic material. In some cases,
extreme wetness and acidity at the surface of the
soil produce conditions unfavorable for decom-
position of organic matter. The result is the forma-
tion of O horizons on the top of mineral soil hori-
zons. Although a very small proportion of the
world's soils have O horizons, these soils are
widely scattered throughout the world.

SOILS AS NATURAL BODIES

Various factors contribute to making soils what
they are. One of the most obvious is parent mate-
rial. Soil formation, however, may result in many
different kinds of soils from a given parent mate-
rial. Parent material and the other factors that are
responsible for the development of soil are the
soil-forming factors.

The Soil-Forming Factors
Five soil-forming factors are
recognized:
parent material, organisms, climate, topography,
and time. It has been shown that Bt and Bhs
horizon development is related to the clay and
sand content within the parent material and/or the
amount of clay that is formed during soil evo-
lution.

generally

HAKaIJIMBaThCd B BUJE OTJIOKEHUN Topda
¥ HaBO3a M3-3a HEJOCTAaTKa KUCIOpOoJa B
BOJAE U1 MX  pPasNioKEeHus. ITu
OTJIOKEHUS ABIIIOTCS HCXOHBIM
MaTepHalioM JUIsl OpPraHUYeCKUX IOYB.
Oprannueckue  nouBsl  umerwoT 0
ropu3oHTOB; O OTHOCUTCS K CIOSIM
IOYBBl, B  KOTOpPbIX  MpeoliagaroT
OpraHMYecKue Marepuanbl. B HEKOTOPBIX
cly4yastX  KpailHssi ~ BJ@XHOCTb U
KUCJIOTHOCTh Ha TIOBEPXHOCTH IOYBbI
CO3/al0T YCJIOBUS, HEOJIAronpuATHbIE AJIs
pPa3NOKEeHUsI  OPraHUYECKUX  BEILECTB.
PesynbraTom sBisiercss oOpa3zoBanue O
TOPU30HTOB Ha BEPIIMHE MHUHEPATbHBIX
TOPU30HTOB  TMOYBBL.  XOTA  OYEHb
HEeOOJbIIas YacTh MUPOBBIX MOYB MMEET
O TOpPU3OHTBI, ATH TOYBHI IIMPOKO
paz0pocaHbl O BCEMY MUPY.

[TO4YBbI KAK
ECTECTBEHHBIE OPI"AHbBI

Pazianunbie  (akTOpel  CIIOCOOCTBYIOT
TOMY, YTOOBI TIOUBBI OBLJIN TAKUMH, KaKHE
oHM ectb. QOmuuM U3  HauoOoee
OYEBHIHBIX  SIBIISIETCS MaTepUHCKas
MaTepHall. dopMupoBaHHe [IOYBHI,
OJIHAKO, MOXKET MPHUBECTH K IOSBIICHHIO
MHOTHX Pa3Jd4YHbIX THIOB TIIOYB U3

JTAHHOTO HCXO/HOTO Marepuania.
MarepuHckast mapoja u Apyrue GpaxTopsl,
KOTOpPbIE OTBETCTBEHHBI 3a PpPa3BUTHE

MIOYBBI, SBJISIOTCA TMOYBOOOPA3YIOIIUMHU
dbakropamu.

[TouBooOpa3zyromiue hakTopbl
[IaTp  MOYBOOOpA3YIOLIKX

SIBIITFOTCSI OOIIETIPU3HAHHBIMH:
MCXOHBIN MaTepHall, OpTraHU3MBlI,
KmuMat, Tomorpadus u Bpems. beuio
MOKA3aHO, YTO pa3BUTHE ropu3oHTa Bt u
Bhs cBs3aHo ¢ comepxkaHWEM TIWHBI U
NecKka B HMCXOJHOM Martepuane u / Win
KOJIMYECTBOM TJIWHBI, KOTOpas
o0Opa3yeTcst BO BpeMsl DBOJIIOINH TTOYBHI.

(baxkTopoB




Grass vegetation contributes to soils with thick A
horizons because of the profuse growth of fine
roots in the upper 30 to 40 centimeters of soil. In
forests, organic matter is added to soils mainly by
leaves and wood that fall onto the soil surface.
Small-animal activities contribute to some mixing
of organic matter into and within the soil. As a
result, organic matter in forest soils tends to be
incorporated into only a thin layer of soil, result- i
ng in thin A horizons.

The climate contributes to soil formation through
its temperature and precipitation components. If
parent materials are permanently frozen or dry,
soils do not develop. Water is needed for plant
growth,  for  weathering, leaching, and
translocation of clay, and so on. A warm, humid
climate promotes soil formation, whereas dry
and/or cold climates inhibit it.

The topography refers to the general nature of
the land surface. On slopes, the loss of water by
runoff and the removal of soil by erosion retard
soil formation. Areas that receive runoff water
may have greater plant growth and organic matter
content, and more water may percolate through the
soil.

The extent to which these factors operate is a
function of the amount of time that has been
available for their operation. Thus, soil may be de-
fined as:

unconsolidated material on the surface of the

TpaBsiHas pacTUTEIBHOCTH CHOCOOCTBYET
00pa30BaHUWIO  TMOYB C  TOJCTHIMHU
TOpU30OHTAaMU A HU3-3a OOWJIBHOTO POCTa
TOHKMX KopHed B BepxHux 30-40
CaHTUMETpax TIOYBHI. B Jecax
OpPraHUYECKOE BEIIECTBO I00ABISIETCS B
NIOYBY B OCHOBHOM 32 CUET JIUCThEB M

APCBCCUHEI, KOTOPBIC magaaroT Ha
MMOBCPXHOCTH ITIOYBBI. I[CHTCJ]BHOCTB
MCJIKHUX KHUBOTHBIX CHOCO6CTBy€T

HEKOTOPOMY CMELIMBAHUIO OPTaHUYECKUX
BEIIECTB B IOYBE W BHYTpU Hee. B
pe3ynbTaTe OpPraHuYecKOoe BEIIECTBO B
JIECHBIX MOYBAX HMMEET TEHACHIUIO
MOIaJIaTh TOJILKO B TOHKMM CJIOM NOYBHI,
B pe3yJbTaTe 4Yero oO0pa3yloTcsi TOHKHE
TOPU30HTHI A.

Knumar crocoOcTByeT (hOpMUPOBAHUIO
IIOYBBI yepes ee KOMIIOHEHTBI
TeMIEepaTypsl U 0caakoB. Eciau ucxonnsie
Marepuabl ITOCTOSHHO 3aMOPOKEHBI WU
Cyxue, MO4YBbl HE pa3BuBarorcs. Bona

HeoOXoauMa IS pocTa  pPacTEHUH,
BBIBETPUBAHUS, BBIIIEJIaYBAHUS 5
nepeMeIIeHnsl TJIWHBI W TakK Jiajiee.

Tenublid, BIaXHBIA KIUMAT CIIOCOOCTBYET
(GbopMHUpPOBAHUIO TIOYBBI, B TO BpPEeMs Kak
CyXol ®W / WIM XOJOJHBIA KIUMAT
MIPEISTCTBYET 3TOMY.

Tomorpadust oTHOCHTCS K  OOmIEH
IIpUpOAE  MOBEPXHOCTM  3ewu. Ha
CKJIOHaX IMOTeps BOABI M3-3a CTOKA H
yAaJI€HUe  IOYBBI  IYTEM  3PO3UHU
3aMeJUISIOT 00pa30BaHKUE MOYBBI. PalioHBI,
KOTOpBIE  MOJYYalOT CTOYHBIE BOJBI,
MOTYT UMETh OOJBIINI POCT PACTCHHUA U
COAEpKAHUE OPraHWYECKUX BEUIECTB, U
OOJNbIIE BOJBI MOXET MPOCAYUBATHCS
yepes NoYBYy.

Crenenb neiicTBus 3TUX (HAKTOPOB
3aBUCUT OT  KOJIMYECTBA  BPEMEHH,
JNOCTYHOTO Jiii uX paboTsl. Takum
00pa3om, 1MoyBa MOKET OBbITh ONpeJiesieHa
KakK:




earth that has been subjected to and influenced by
the genetic and environmental factors of parent
material, climate, organisms, and topography, all
acting over a period of time.

Soil Bodies as Parts of Landscapes

At any given location on the landscape, there is a
particular soil with a unique set of properties,
including kinds and nature of the horizons. Soil
properties may remain fairly constant from that
location in all directions for some distance. The
area in which soil properties remain reasonably
constant is a soil body. Eventually, a significant
change will occur in one or more of the soil-
forming factors and a different soil or soil body
will be encountered.

Locally, changes in parent material and/or slope
(topography) account for the existence of different
soil bodies in a given field, as shown in Figure
2.9. The dark-colored soil in the foreground
receives runoff water from the adjacent slopes.
The light-colored soil on the slopes developed
where water runoff and erosion occurred.
Distinctly different management practices are re-
quired to use effectively the poorly drained soil in
the foreground and the eroded soil on the slope.

The boundary between the two different soils
soils is easily seen. In many instances the bound-
aries between soils require an inspection of the
soil, which is done by digging a pit or using a soil

HCKOHCOJ’II/II[I/IpOBaHHBII\/'I Marcpuagl Ha

IOBEPXHOCTH 3eMIIH, KOTOPBIN
IOJIBEpraJICs u TIOJIBEpraJics
BO3JICCTBUIO TCHETHYCCKUX (PAKTOPOB U
(dhakTopoB OKpYyXKaroIei cpebl
OCHOBHOTO MaTepuaa, KJIIMara,

OpraHu3MoOB W Tomorpaduu, U BCE OHU
NEWCTBOBAIIM B TEUYEHHE OIPEIEIEHHOIO
NIEPUO/IA BPEMEHU.

[TouBeHHBIE Tena KaK JacTH
nauamadgToB B mobom mecte nanamadra
€CTh OTpE/ICIICHHAs M0YBA C YHUKAJIbHBIM
HAOOpOM CBOWCTB, BKIIOYas BHUABI U
XapakTep Tropu30HTOB. CBOWMCTBA IOYBBI
MOTYT 0CTaBaThCs JOBOJIBHO
TIOCTOSIHHBIMH OT 3TOTO MeECTa BO BCEX
HaIPaBJICHHUIX Ha HEKOTOPOM
pacctosann.  OOnacTh, B KOTOpPOH
CBOMCTBa ITOYBBI OCTAIOTCS JOCTATOYHO
MOCTOSIHHBIMHU,  TIPEJICTABISIET  COOOM
MOYBEHHOE TeJio. B KOHIIE KOHIIOB,
MPOU30MAET 3HAYUTEILHOE H3MEHEHHE B
OJTHOM WIn HECKOJIBKUX
ITOYBOOOPA3YIOIIUX dakTopax, u
BO3HHMKHET JIpyTasi I0YBa WU MOYBEHHOE
TEJO.

JlokanbHO, W3MEHEHHS] B HCXOJHOM
Marepuaie U / WiIn YKJIOHE (Tomorpadus)
OOBSICHSIOT CYIIECTBOBAHHE PA3TUIHBIX
MOYBCHHBIX TEJI B JaHHOM TIOJIe, Kak
nmokazaHo Ha pucynke 2.9. Tlousa
TEMHOTO IIB€Ta Ha TIEPEAHEM IIJIaHE
MOJIy4aeT CTOYHBIC BOJIBI C MPUJIETAIOIINX
ckioHoB. CBeTyasi mMoYBa Ha CKJIOHAX
pa3BUBANACh TaM, TJ€ MPOUCXOAMI CTOK
Boabl u dpo3usa. Jns sddextuBHOTO
WCIIOJIb30BAHMS IIJIOXO JIPEHUPOBAHHOMN
MOYBBl  HA  TEpPEIHEM  IUIaHe |
OPOAMPOBAHHOW  TOYBHI HA  CKJIOHE
HEO0OXOTUMBI COBEpIIEHHO  pa3HbIE
METOJIbI YIIPABIICHUS.
['panuna  mexnay
MOYBaMH  TIOYB
MHOT'HX
OYBaMU

IBYMS  pa3HBIMHU
xopomo BuAgHAa. Bo
CIy4astX  TPaHHIBI  MEXIY
TpeOyIOT OCMOTpa TIOYBHI,




auger.

How Scientists Study Soils as Natural Bodies

A particular soil, or soil body, occupies a
particular part of a landscape. To learn about such
a soil, a pit is usually dug and the soil horizons are
described and sampled. Each horizon is described
in terms of its thickness, color, arrangement of
particles, clay content, abundance of roots,
presence or absence of lime, pH, and so on.
Samples from each horizon are taken to the labo-
ratory and are analyzed for their chemical,
physical, and biological properties. These data are
presented in graphic form to show how various
soil properties remain the same or change from
one horizon to another (shown for clay content in
Figure 2.7). Figure 2.10 shows soil scientists
studying a soil in the field. Pertinent data are
presented by a researcher, using charts, and the
properties and genesis of the soil are discussed by
the group participitants.

Importance of Concept of Soils as Natural Bodies

The nature and properties of the horizons in a soll
determine the soil's suitability for various uses. To
use soils prudently, an inventory of the soil's
properties is needed to serve as the basis for mak-
ing predictions of soil behavior in various situa-
tions. Soil maps, which show the location of the
soil bodies in an area, and written reports about
soil properties and predictions of soil behavior for
various uses began in the United States in 1896.
By the 1920s, soil maps were being used to plan
the location and construction of highways in
Michigan. Soil materials that are unstable must be

KOTOpasi BBIMTOJHSICTCSI TTyTEM PBIThS MBI
WJIH UCTIOIh30BaHUS IOYBEHHOTO TITHEKA.
Kak ydeHble W3y4aloT TOYBHI Kak
IPUPOJTHBIE TEa

OnpeneneHHass TOYBa, WJIM TIOYBEHHOE
TENO0, 3aHUMAET OINpPEJCICHHYI0 YacTh
nanamadra. YrtoObl y3HaTH O TakoM
MoYBe, OOBIYHO BBIPHIBAIOT sIMYy |
ONMKCHIBAIOT W OTOMPAIOT TIOYBCHHBIE
TOPU30HTHI. Kasxiprit TOPU30HT
OMKCHIBACTCSI C TOYKH 3PCHHUS  €TO0
TOJIITUHBI, 1BETA, PACIIOJIOKCHHUS YaCTHII,
coJlepKaHWS TJIMHBI, OOWJIUS KOPHEH,
HAJIMYUS WM OTCYTCTBHS m3BecTH, pH un
tak aanee. [IpoObl U3 Kaka0ro ropu3oHTa
JOCTABIAIOTCS B JlabopaTtopuio U
aHAIM3UPYIOTCS  HAa  TpEeIMET  HX
XUMHYECKHUX, buznyecKux U
OMOJIOTHYCCKUX CBOWCTB. OTH JIaHHBIC
npeJcTaBlieHbl B Tpaduueckor ¢dopwme,
4yToOBl  MOKa3aTh, KaK  pa3IUYHbIC
CBOICTBA MOYBBI OCTAIOTCS HEM3MEHHBIMU
WIH U3MEHSAIOTCS OT OJHOTO TOPU30HTA K
apyroMy (moKazaH JUisl  COJEpXKaHUs
IMHBI Ha pucyHke 2.7). Ha pucynke 2.10
MIOKAa3aHbI TIOYBOBE/IbI, U3YYAIOIINE TIOUBY
B TOJIEBBIX YCIOBHSIX. COOTBETCTBYIOLIUE
JTAHHBIE TPEICTABICHBI UCCIIEIOBATEIIEM C
UCIIOJIb30BaHUEM JHarpamMmM, a CBOMCTBA U
T€HE3NC [IOYBBI 00CYyKIarTcs
y4aCTHUKAMU TPYTIIIbI

BaxHOCTH KOHIIEIIIIMH TOYB KakK
MIPUPOJTHBIX TEI

[Ipupona u cBOWMCTBA TOPHU3OHTOB B
IIOYBE OMPEACIISIIOT MPUTOJHOCTH ITOYBBI
JUTA pa3id4dHbIX 1eser. s pasymHOro
HCTOJIb30BAHUSA MOYB HEOO0X0 UM
WHBEHTapU3aIus CBOMCTB TTOYBHI,
KOTOpast  MOCHYXWUT  OCHOBOM IS
MIPOTHO3UPOBAHUS TOBEJICHUSI TOYBBI B
pa3MuuYHbBIX  cuTyanusax. [louBeHHBIE
KapThl, Ha KOTOPBIX MOKa3aHO
pACIIOI0KEHUE TTOYBEHHBIX TE€J B JAHHOM
pailloHe, ¥ TIHUCBMEHHBIE OTYETHI O
CBOMCTBax TTOYBBI 5 MPOrHO3aX




removed and replaced with material that can with-
stand the pressures of vehicular traffic. The scene
in Figure 2.11 is of section of road that was built
without removing a muck soil layer. The road
became unstable and the muck layer was eventu-
ally removed and replaced with sand.

SUMMARY

The original source of all mineral soil parent ma-
terial is rock weathering. Some soils have formed
directly in the products of rock weathering at their
present location. In these instances, horizon for-
mation may be limited by the rate of rock weather-
ing, and soil formation may be very slow. Most
soils, however, have formed in sediments resulting
from the erosion, movement, and deposition of
material by glaciers, water, wind, and gravity.
Soils that have formed in organic sediments are
organic soils. The major soil-forming processes
include: @® humification and accumulation of
organic matter, (2) rock and mineral weathering,
(3) leaching of soluble materials, and (4) the
eluviation and illuviation of colloidal particles.
The operation of the soil formation processes over
time produces soil horizons as a result of differen-
tial changes in one soil layer, as compared to
another.

MOBEICHUA TMOYB A  Pa3IuYHOTO
HWCIOJIE30BaHUA Ha4YaJIICh B
Coenunennbix Illtatax B 1896 rogy. K

1920-m roiam KapThI IOYB
UCIOJIb30BAIUCH A TUIAHUPOBAHUS
MECTOMOJIOKEHUS. U CTPOUTEIBCTBO

aBTOMOOWJIBHBIX JOpor B Muuurane.
HecTtaOuibHble TMOYBEHHBIE MaTepHallbl
JOJKHBI OBITh yJaJ€Hbl M 3aMEHEHBI
MaTepHUaIaMH, KOTOpbIE MOTYT
IIPOTUBOCTOSITh Harpy3kam
aBTOMOOMIBHOTO nBMKeHHs. CueHa Ha
pucynke 2.11 - 3TO y4yacTok J0porw,
KOTOpBI OBLI MOCTPOEH 0€3 yaaleHus
IpsA3HOro cyosi mnousel. [lopora crana
HECTaOWJIbHOM, W CJOW TIpsi3u ObUT B
KOHEYHOM MTOT€ YyAal€H M 3aMEHEH
IIECKOM.

Kparkoe nznoxenue

[lepBoHavyanbHbBIN UCTOYHUK BCEX
MUHEpaJbHBIX MOYBEHHBIX MAaTEpUaJIOB -
BBIBETPHUBAHUE TOPHBIX OPO/I.
Hekortopeie mouBbl  chHOPMHPOBATIUCH
HEIOCPEACTBEHHO B IPOAYKTaxX
BBIBETPUBAHUS TOPHBIX TMOpPOA B HX
HBIHEIITHEM MECTONOJIOKEHUU. B 3THX
ciydasx  (GopMHUpOBAaHHME  TOPU30HTA
MOXXET OBITh OTPAaHUYEHO CKOPOCTHIO
BBIBETPUBAHUSL TOPOJBI, a OOpa3oBaHUE
MIOYBBI MOKET OBITh OYEHb MEJJICHHBIM.
Opnnako OobIIast 4acTh MOYB
obOpa3oBanach B OTIIOKEHHUSIX B
pe3yabTate »>po3ud, NEpPEMELICHUS U
OCaXJIeHUsI ~ Marepuaia  JIEIHUKAMU,
BOJIOM, BeTpoM U rpaButanuei. [loussl,
KOTOpbIE chopMHUpOBATUCH B
OPraHUYECKUX OTJOXKEHUSX, SBISIOTCA
opraHuyeckumMu nouBamMu. OCHOBHBIE
MO4YBOOOPA3YIOIIHNE MPOIIECChHl BKIIOYAIOT:
(1) YBIIA)KHEHUE 151 HAKOIUJICHHE
OPraHu4eCKOro BEIIIECTBA, (2)
BBIBETPUBAHUE  TOPHBIX  MOpPOA U
MHHEPAJIOB, (3) BBIIIEJIAYMBAHUE
pacTBOpUMBIX  MaTepuaioB u  (4)
AIIIOMPOBAHUE U OOJyUYEeHHE KOJUTOMIAHBIX




The master soil horizons or layers include the O,
A, E, B, C, and R horizons.
Different kinds of soil occur as a result of the
interaction of the soil-forming factors: parent ma-
terial, organisms, climate, topography, and time.
Landscapes are composed of three-dimensional
bodies that have naturally (genetically) developed
horizons. These bodies are called soils.

Prudent use of soils depends on a recognition of
soil properties and predictions of soil behavior
under various conditions.

YaCTHII. Paborta POIIECCOB
IOYBOOOPA30BAHMS C TEYEHUEM BPEMEHU
CO3/laeT  TOYBEHHBIE TOPU3OHTHI B
pe3ynbTaTe ¢ depeHunaIbHbIX
U3MEHEHUI B OJHOM CIIO€ TIOYBBI TI0
CPaBHEHHIO C JPYTUM.

OCHOBHBIE TOPU30HTHI WJIM CJIOM IOYBBI
BKTIOUaroT ropu3oHTsl O, A, E, B, C u R.
PaznuuHble BHIBI TMOYB BO3HHUKAIOT B
pe3ynbTaTe B3auMOICHCTBUS
MOYBOOOPA3YIOIMINX (PAKTOPOB: MATEPHUHC
KOr0 MaTrepuala, OpraHu3MOB, KJIMMAra,
Tonorpaduu 1 BpEMEHHU.

[Te3axku COCTOSAAT U3 TPEXMEPHBIX TEN,
KOTOpBIE HMEIOT €CTECTBEHHO
(TeHEeTUYEeCKHU) pa3BUTHIE TOPU3OHTHI. ITHU
TEJa Ha3bIBAIOTCS ITOYBAMH.
brnaropazymHoe UCHOJIB30BAaHUE TIOYB
3aBUCUT OT MPHU3HAHMS CBOWCTB MOYBHI U
MIPOTHO30B ITOBEICHUS ITOYBBI B
pPa3IMYHBIX YCIOBUSIX.
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