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Pabo4ynin y4yeOHbIM NNaH — NO CyTHU, 3TO TEXHONOrMYecKaa MapLUpyTHaa KapTa
y4yeOHoro npouecca.
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Bonpoc: «Kto a?
YTo A1 ymero?
[ae mory npurogntbCca?»

 TpebyeT oTBeTa Ha BOMNPOCHI:
«Kakon obpas noysbl Mbl U3yHaem?»
«YTO 9 3Ha No NOYBOBEOAEHUID?»
«Hemy MeHs yuunn o noyese?»

«' oe moryTt npurognTbCcs Mowu
YHUBEPCUTETCKME 3HAHNSA O NOYBE?»



DBOMNOLUNSA U pacnpocTpaHeHUe
noys no B.B.[Joky4yaeBy
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CneacrTBus OT paccyXaeHumn

Hlazan M.3. "ilacu (apaux)". 1911 xoncm, macno.
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1928 xoncm, memnepa

[JoKy4yaeBCcKoe noyBoBefeHne, Kak MUPOBO33peHMe U
domnnocoduna npupoasbl, - NPeKpacHbIN UHCTPYMEHT
ANA NOHUMaHUA pacrnpocTpaHeHus1 NoYB.
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Jlapuonoe M. "Coadam na kone”. 1910-11 xoacm, macno. I'TT

Ho Ha AaHHLIN MOMEHT MOHOTEOpPEeTUYHOro
no4ysoBeneHUs, 6e3ycnoBHO, ABNSAETCA TOPMO3OM
ANA pa3BuTna LM poBOro, pac4eTHoro,

KOHCTPYKTUBUCTCKOIo NOHMMaHuUA No4Bbl



PexXnmbl
BJ1A>XHOCTU MOYB




PeXXnum BNaXHoCT NouBbIl —

COBOKYMHOCTb BCEX
KOINMNYECTBEHHbIX U
KayeCTBEHHbIX MU3MEHEHUN
BNa)XHOCTU B NMOYBEHHO-
PYHTOBOW TOJLLE C TeYEHUEM
BPEMEHMN.



BOOHbIA PEXXUM NMOYB

*— COBOKYMHOCTb ABNEHUN,
onpenenaroLlmx NoCcTynrneHune,
nepeaBumKeHue,
pacxogoBaHME U USMEHEHUE
doU3NYECKOTO0 COCTOAHUSA
NOYBEHHOW Bnaru.



banaHc —
Koriu4yecmeeHHoe
8blpa)keHue pexuma roys.

 PEXXUM — ycnoesusi desmesnibHocmu, pabomesi,
cyuwjecmeosaHusi 4ye20-51ubo.

e BAJIAHC — coomHoweHuUe 83aUMHO c8si3aHHbIX
nokasameusel Kakou-nubo desimesnibHOCMuU, rpouecca.




[1MOTHOCTb MOYBbLI



3HayeHue
NJIOTHOCTU NMOYBLI




[1na pac4yeToB 3anacoB BELLUECTB

s BbanaHcoBble eanHUUbI: T/ra, Kr/M?

3anachbl Bellectsa (3B) B Tonuwie noysbl (h,
CM) paccyuTbIBalOTCA NO CcoaepPKaHuto
Bellectsa (C, r/r) n no nnoTHocTy (p,,
r/cm’)

3B=C-h-p, [r/cm’]



1 I;T0THOCTSH 1TOYB ONpEACHSIIOT B
€CTCCTBEHHBIX YCIOBUIX

HUIRHAPOM OOPEACICHHOIO 00beMa
(V), BBIPE3AIOLIET0 U3 MOYBBI MacCy
HCHaPYILICHHOHN MOYBBI, CyLIaT (7 )

PaccuuThIBarOT IIOTHOCTH IIOYB:

144/

5y VS

l




1 I;T0THOCTSH 1TOYB ONpEACHSIIOT B
€CTCCTBEHHBIX YCIOBUIX

HUIRHAPOM OOPEACICHHOIO 00beMa
(V), BBIPE3AIOLIET0 U3 MOYBBI MacCy
HCHaPYILICHHOHN MOYBBI, CyLIaT (7 )

PaccuuThIBaIOT IMIOTHOCTH ITOYB

144/

5y VS

l




XHOCTD ITOYBBbI

Hununap
C METKOM .




KonnyecTtBeHHOE BblpaXeHne BoAHOIO
PEXUNMaA MNMOYBbIl — 6anaHc 800HbIl noYyseHH:bIL.

e BoaHbIN pexnm — BaXxHbIN akTop,
onpeaensaroWmMn TMN No4BoodpasoBaHuUs.

* Twunbl BOOHOrO peXxmnma nous: amgubuarbHbIU,
apuUoOHbIN, 80003acmoUHbIU (borromHbIU),
8bINMOMHOU, 0eCyKmuU8HO-8bINMOMHOU,
uppu2alUoHHbIU, MepP310MHbIU, HEMPOMbIBHOU,
ocywumerbHbIU, Nago0Ko8kIU, nepuoouvecKu
80003aCMOUHbIU, Nepuoou4YecKU rMpomMbI8HOU,
MPOMbIBHOU, MPOMbIBHOU CE€30HHO-CYyXOoU

(casaHHosbIU) N AP.



BoaHbin 6anaHc noyB U ero
cocTaBnsaLwme

e Alcnonb3oBaHMe 6asfiaHCOBbIX €AUHULL.

* TpaHcnuMpauma pacTeHUN COCTaABMNAET
10 me H,O c nucra paCTeva
nnou_laubro 12.5 cM? 3a 3 MUH.

. Paccuutatb TpaHcnupauuio
B CM BOOHOIO ClosA 3a CYTKM.




PeweHue

e 10 mr coctaBnsiet 0,01 r unu 0,01 cm’ BOAbI.

B cm BogHoro cnos 3ato coctasut 0,01 cm® /
12,5 cm? =0, 0008 cM BOAHOroO CrioAl.

e JTO KONTIMYECTBO pacTeHune TpaHCNMpupoBano
3a 3 MuH. 3a 1 yac — B 20 pa3 6onblue — 0,016
CM BOAHOrO CJiof, a 3a 12 yacoB (Tak Kak
pacTeHue TpaHCcnMpupoBasrio B OCHOBHOM B
cBeTnoe Bpems cyTok), 0,192 cm BOoagHOroO
CJ10f1 3a CYTKM.

e OTBeT: TpaHcnupauua coctasuTt 0,192 cm
BOAHOrO CJ10S1 3a CYTKM (cnepyeTt OKpyrinuTb A0
0,19 cm BOogHOro cnos).



JNieMeHTbl BOAHOro pexumma
NOYBbI:

° BNUTbIBaHUe,
e hunbTpaumA,
° KanunnAapHbIN NOOABLEM,

* CTOK HUCXOASLIMNU, MOBEPXHOCTHLIN U
OoKkoBOM,

° ucnapeHwme,
e decykuus,
* 3amep3aHue,
e OTTaMBaHue,
* KOHOeHcauus BoAabl.



3agada

* Paccyntartb 3anac Bnaru [cm
BOAHOIO Ccnosdl B 25-
CaHTUMETPOBOW TOrILLLE MOYBHI,
eCrin ee BINaXXHOCTb
cocTasngaet 25,5%, a
NNoTHocTb 1,24 a/cm’.



PeweHue

Mcnonb3yem YpaBHEHMNE ansi
pacyeTa 3anacoB BOAbl B KOHKPETHOM
Cflo€ MNO4YBbl, HO C VY4YETOM, UYTO
BMaXXHOCTb B YCNOBUM  3ajauu
BblpaXeHa B %, a Heobxoanmo B 1/T:

3B=25,5/100 x 1,25= 7,905 cM BOZHOTO
CJIOA.

Omeem: 7,91 ¢cM BOIHOIO CJI01.



Soil Water Relationships



Soil Properties

o Texture

— Definition: relative proportions of various sizes of
Individual soil particles

— USDA classifications
« Sand: 0.05-2.0 mm
e Silt: 0.002 -0.05 mm
» Clay: <0.002 mm

— Textural triangle: USDA Textural Classes
— Coarse vs. Fine, Light vs. Heavy
— Affects water movement and storage

« Structure
— Definition: how soil particles are grouped or arranged
— Affects root penetration and water intake and movement



*Field Capacity (FC or efc)

—Soil water content where gravity drainage becomes
negligible

—Soil is not saturated but still a very wet condition

—Traditionally defined as the water content corresponding to
a soil water potential of -1/10 to -1/3 bar

‘Permanent Wilting Point (WP or ewp)

—Soil water content beyond which plants cannot recover
from water stress (dead)

—Still some water in the soil but not enough to be of use to
plants

—Traditionally defined as the water content corresponding to
-15 bars of SWP



Available Water

* Definition
— Water held in the soil between field capacity and
permanent wilting point

— “Available” for plant use

 Available Water Capacity (AWC)
- AWC =0__ - Gwp
— Units: depth of available water per unit depth of
soll, “unitless” (in/in, or mm/mm)

— Measured using field or laboratory methods
(described in text)



Soil Hydraulic Properties and Soil Texture

Table 2.3. Example values of soil water characteristics for various soil textures.*

-~ Soil texture

Coarse sand : 0.05
Sand . 0.07
Loamy sand , 0.07
Sandy loam : 0.08
Loam : 0.10
Silt loam : 0.12
Silty clay loam : 0.22
Clay loam : 0.25
Silty clay : 0.27
Clay : 0.28

*  Example values are given. You can expect considerable variation from these values within
each soil texture.




» Fraction available water depleted (f,)

— (6., - 8,) = soil water deficit (SWD)
— GV = current soil volumetric water content

* Fraction available water remaining (fr)

- (0, - ewp) = soil water balance (SWB)



 Total Available Water (TAW)

TAW = (AWC) (R))
— TAW = total available water capacity within the plant
root zone, (inches)

— AWC = available water capacity of the sail,
(inches of H,O/inch of soil)

— R, = depth of the plant root zone, (inches)
— If different soil layers have different AWC's, need to
sum up the layer-by-layer TAW's

TAW = (AWC,) (L,) + (AWC,) (L,) *+ ... (AWC,) (L)
- L = thickness of soil layer, (inches)

IR subscripts represent each successive solil layer

[Error on page 26 of text: change SWD 1 TAW ]



(a) Early in irrigation event

| 7 wetting front

S «—— Horizontal movement

Vertical movement PR
due to capillarity

due largely to gravity
(b) Late in irrigation event

//\/
i

wetting front

Figure 2.8. Wetting patterns early and late in furrow irrigation water application.



Water Infiltration
Def’n.: the entry of water into the soil

 Soil texture

* Initial soil water content

» Surface sealing (structure, etc.)

 Soil cracking

* Tillage practices

» Method of application (e.g., Basin vs. Furrow)
» Water temperature



Cumulative Infiltration Depth vs. Time
For Different Soil Textures

FINE SAND

SLOPE APPROACHES
STEADY-STATE RATE
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Infiltration Rate, depth/time

Fine Sand

Fine Sandy Loam Steadyv State or

' Basic Infiltration Rate
Silt Loam

————— — — = W ——————————— -

e ——— . - - - — - > - — N e - -

Elapsed Time or Opportunity Time

Figure 2.9. Infiltration rate vs. opportunity time.




Water Infiltration Rates and Soil Texture

Table 2.4. Basic infiltration rates for stationary sprinkler systems. (Adapted from Pair, 1983.)

Soil Texture Minimal Surface Sealing Some Surface Sealing
inh inh
Coarse sand 0.75-1.00 0.40-0.65
Fine sand 0.50-0.75 0.25-0.50
Fine sandy loam 0.35:0.50 0.15-0.30
Silt Joam 0.25-0.40 0.13-0.28
Clay loam 0.10-0.30 0.05-0.25




Soil Infiltration Rate vs. Constant
Irrigation Application Rate

Constant Application Rate Sprinkler System

Potential Runoff

Infiltration Rate

d

+— Time When Surface Ponding Occurs
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Soil Infiltration Rate vs. Variable
Irrigation Application Rate

Variable Application
Pattern of Moving
Sprinkler System

Potential
Runoff

N
Infiltration ‘/<
Rate

/

+— Time When Surface Ponding Occurs \

>

Elapsed Time



Depth of Penetration

» Can be viewed as sequentially filling the
soll profile in layers

* Deep percolation: water penetrating
deeper than the bottom of the root zone

* Leaching: transport of chemicals from the
root zone due to deep percolation



Water Storage in Layered Soil Profiles

SOIL LAYER I

after = after irrigation
before = betfore irrigation

Stored
irrigadon
water

SOIL LAYER I __




USDA Textural 100

Triangle 90 #

cloy Ioo

v

loam

' V

PAN
(o)
-
Percent by weight Sand

clay loam




* Bulk Density (pb)

— p, = soil bulk density, g/cm?®
— M, = mass of dry soil, g
— V, = volume of soil sample, cm®

» Typical values: 1.1 - 1.6 g/cm’

+ Particle Density (p,)

— p,, = soil particle density, g/cm®
— M_ = mass of dry soil, g
— V_ = volume of solids, cm®

- Typical values: 2.6 - 2.7 g/cm3



 Porosity (@)

» Typical values: 30 - 60%



Water in Soils

 Soil water content

— Mass water content (6 )
— 6 = mass water content (fraction)

— M, = mass of water evaporated, g
(224 hours @ 105°C)

— M, = mass of dry soil, g



* Volumetric water content (0 )

— 0,, = volumetric water content (fraction)

— V= volume of water

— V, = volume of soil sample

— At saturation, 6, = ¢

- 0,=As6_

— As = apparent soil specific graV|ty P./P,, (P,
= density of water = 1 g/cm®)

— As = p_, numerically when units of g/cm® are used
» Equivalent depth of water (d)
— d = volume of water per unit land area = (6 AL)/A=0 L

— d = equivalent depth of water in a soil layer
— L = depth (thickness) of the soil layer



Volumetric Water Content & Equivalent Depth

(cm’)

o
B
paanee

” R Equivalent Depth

WET WEIGHT
OF SOIL (9)




Volumetric Water Content &
Equivalent Depth

Typical Values for Agricultural Soils

Soil Solids (Particles): 50%

Very Large Pores: 15%
(Gravitational Water)

Total Pore
Space: 50% Medium-sized Pores: 20%
(Plant Available Water)

Very Small Pores: 15%
(Unavailable Water)




Water-Holding Capacity of Soil

Coarse Sand Silty Clay Loam

Dry Soil

Gravitational Water

Ly
Available Water ——— |




Soil Water Potential

» Description
— Measure of the energy status of the soil water

— Important because it reflects how hard plants must
work to extract water

— Units of measure are normally bars or
atmospheres

— Soil water potentials are negative pressures
(tension or suction)

— Water flows from a higher (less negative) potential
to a lower (more negative) potential



Soil Water Potential

« Components

— y, = total soil water potential

-, 5 gravitational potential (force of gravity
pulling on the water)

— y_ = matric potential (force placed on the water
by the soil matrix — soil water “tension”)

— Y _ = osmotic potential (due to the difference in
salt concentration across a semi-permeable
membrane, such as a plant root)

— Matric potential, ¢_, normally has the greatest
effect on release of water from soil to plants



» Soil Water Release Curve
— Curve of matric potential (tension) vs. water content

— Less water — more tension

— At a given tension, finer-textured soils retain more water
(larger number of small pores)

Field capacit
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Matric Potential and Soil Texture

The tension or suction created by small capillary tubes
(small soil pores) is greater that that created by large
tubes (large soil pores). At any given matric potential
coarse soils hold less water than fine-textured soils.

Height of capillary
rise inversely related
to tube diameter



“

Example 2.4

Given a soil with the following characteristics, calculate the depth to which 4 in. of infiltrated
water would penetrate.

Layer Depth O 0,
(in)
1 0-12 0.34 0.20
2 12-30 0.40 0.33
3 30+ 0.30 0.24

Using Equation 2.12:

SWD, =(0.34-0.20) 12 in. = 1.7 in.
SWD, = (0.40 -0.33) 18 in. = 1.3 in.
3.0in. (1.7 in. + 1.3 in.) is required to fill the first two layers

The remaining water is: 4.0 in. - 3.0 in. = 1.0 in.

To find the depth penetrated in the third layer (L;), use the same equation, but solve for L; when
SWD; =1.01in.:

1.0

- =67 i
Ls ©30-023) o7 ”

The depth from the surface penetrated by a 4-inch application is then:
12 in. + 18 in. + 16.7 in. = 46.7 in. (about 4 feet).



Soil Water Measurement

» Gravimetric
— Measures mass water content (6 )
— Take field samples — weigh — oven dry — weigh
— Advantages: accurate; Multiple locations
— Disadvantages: labor; Time delay

* Feel and appearance
— Take field samples and feel them by hand
— Advantages: low cost; Multiple locations
— Disadvantages: experience required; Not highly accurate



Soil Water Measurement

* Neutron scattering (attenuation)
— Measures volumetric water content (6 )
— Attenuation of high-energy neutrons by hydrogen nucleus

— Advantages:
« samples a relatively large soil sphere
 repeatedly sample same site and several depths
* accurate

— Disadvantages:
* high cost instrument
* radioactive licensing and safety
* not reliable for shallow measurements near the soil surface

* Dielectric constant
— A soil's dielectric constant is dependent on soil moisture
— Time domain reflectometry (TDR)
— Frequency domain reflectometry (FDR)
— Primarily used for research purposes at this time



Soil Water Measurement
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Soil Water Measurement

* Tensiometers
— Measure soil water potential (tension)

— Practical operating range is about O to 0.75
bar of tension (this can be a limitation on
medium- and fine-textured soils)

* Electrical resistance blocks
— Measure soil water potential (tension)

— Tend to work better at higher tensions (lower
water contents)

* Thermal dissipation blocks
— Measure soil water potential (tension)
— Require individual calibration



Water Reservoir

Variable Tube Length (12 in- 48 in)
Based on Root Zone Depth

Porous Ceramic Tip

Vacuum Gauge (0-100 centibar)



Electrical Resistance Blocks & Meters
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AmMdunbunanbHbIN TUN BOOHOIO
peXxuma no4s

* — BOAHbIN PEXUM, KOTOPbIN (POPMUPYETCH
B MOCTOAHHO 3aTONMJEHHbLIX y4acTKax

OEenbT peK, MOPCKNX U O3ePHbIX
MenKoBOoAMN NN B Nepnoanyecku
3aTonnsgeMsblX MPUNMBHLIMU BOgaMWU
MaHrpoBbIX 3apocngax. [1o4YBbl B TAKMX
YCNOBUAX HAXOOQATCA B NOCTOAHHOM
nepeyBraxHeHUN.



ApugHbIU TN BOOAHOIO pexXunma
noyB
* — BOAHbIN PEXUM, BCTPEYAEMbIN B
NONYNyCTbIHAX N NYCTbIHAX.

B TeyeHue roga Bna)HOCTb BCEro

NOYBEHHOro npodounsa bnmnaka arnaxHocmu
3aes0aHUs.



BonosactonHbin (60NOTHLIU) TUN
BOAHOro pexunma noys

* — BOJHbIN PEXUM, XapaKTePHbIN Ans O0NOTHbIX
NoYB aTMOCAEPHOro yBnaXxHeHua (npwu
OTHOLLUEHUN KonndecTBa 0CaakoB K MCNapsMOCTU
> 1) NN HEKOTOPbIX DONOTHBLIX MOYB NPYHTOBOIO
yBNaXHEHUA.

 BnaXHOCTb NOYBbLI B TEYEHUE BCEro roga
COOTBETCTBYET 3HAYEHUAM [10/THOU
g8r1a20EMKOCmMU W NULLb B OTAENbHbIE rodbl B
3acyLunmnBble nepuoabl CHMXaeTca Ao
HauMeHblweu 8riacoémMKocmu.



BbinoTHOM TN BOAHOro pexuma
nouys

* — BOAHbLIN PEXUM NOYB, KOTOPbLIN HabnogaeTcs nNpu
npeobrnagaHnm ncnapsieMocTu Haa ocagkamMmu
(OTHOLLEHME OCaaKOB K ncnapsiMocTun << 1).

« Co3sngaeTtcsa B TEX 3acyLUnmMBbIX obnacTtax, rae rogoBas
ncnapaemMocTb 3Ha4YNTENBHO NMPEBbLILLIAET roAoBYIHO
CYMMY OCalKOB, HO 2pyHMo8ble 800bI NOAXOAAT ONU3KO
K AHEBHOW NMOBEPXHOCTU, TaK YTO UX KarusnsapHas Kauma
OOCTUraeT NOBEPXHOCTU NOYBLI (XOTS Obl NEPNOANYECKN)
n Bnara noapepraetcst pusnyeckomy ncrnapeHuto
(BbINOTEBAET).

 Bo3HuKkaeT Bocxoadalwmm Tok Bnarn. Ecnu npm atom
cTeneHb MMUHepanusauun rpyHTOBbIX BOA BbICOKas, TO
nocrie ncnapeHuns Bnarm B BEpPXHeM ropusoHTE NoyYBbl
MOryT HakannmBaTbCsa 8000pacmeopuMsbie corsu.



[1eCyKTUBHO-BbINOTHOMU TUN
BOOHOIO peXXuma nou4s

— TakoW BOAHbIV PEXMM, MPY KOTOPOM, B OTNNYME OT 8bIIMOMHO20 muna
800HO20 pexxuma, KanunnspHasi Kama rpyHToOBbIX BOA, HE AOCTUraeT
NOBEPXHOCTU, a NepexsaTbiBaeTCs BCacbIBaOWMMKN Bnary KOPHAMU pacTeHNN
N ucnapsieTca TpacnnupaumMoHHo. bnnsok 8eInomHoMy murly 600HO20 pexxuma
11048, HO rPYHTOBbLIE BOAbI M UX KanunnapHasa Kanma 3arneratoT riyoxe.
Pacxoq Boabl NPOUCXOAUT 3a CHET NoTpebrieHna KOPpHAMU pacTeEHU BRaru nu3
KanunnsapHon Kanmbl. [109TOMYy Haxogdawmecs B rpyHTOBLIX BOgAX COSn
HaKanMBaroTCs He Ha NOBEPXHOCTM NOYBLI, @ HA HEKOTOPOW rMybuHe B
noyYBeHHOM Npodousie — B 30He nepexsaTa Bnarn KOpHAMU. [1eCyKTUBHO-
BbINOTHOM TN BOAHOMO peXxuma noys CKragblBaeTcs U3 AByX Nepnoaos.
[Mlocne BeceHHero cHeroTasgHMs U ooubHbIX BECEHHE-NETHUX O0XAEN
NoYBbLI MPOMaYMBAOTCS 40 YPOBHS NMOYBEHHO-TPYHTOBLIX BOA. B 3TOT nepuon
npeobnagaeT HUCXoasALWwwmn Tok Boabl. [1o Mepe NoAchbIXaHUs NoYBbI
HUCXOOALLMN TOK CMEHSIeTCA BOCXOASALLUM.

[ToyBbI C TAKMM TUNOM BOAHOMO PEXMMA XapaKTepm3ytTCs BbICOKOW
BMaXHOCTbIO B HIDKHENW YacTu Npocuns. BepxHas YyacTb NOYBEHHOTO
Npodonns NETOM MOXET UCCYLLIATbCS A0 TaKoW BAAXHOCTU, KOTOpasi MeHbLUE
griaxHocmu 3a8s10aHuUsl.

[eCyKTUBHO-BbINOTHOM TWM BOAHOIO pPeXuMa XapakTepeH ans
NonyruapoMopdHbIX NoYB (NyroBo-4epHO3EMHbIX, NYroBO-KaLLUTaHOBbLIX U Ap.).



UppurauyMoHHbIN TUN BOAHOIO
peXxxuma noys

* — BOAHbIN PeXMM, KOTOPLIN CO3aaEeTCH
MCKYCCTBEHHO, npu nonuee no4ys. OTnn4yaeTc
4aCTON CMEHOU HUCXOOSLWMX N BOCXOAALLINX
TOKOB BoAbl. ONTMM3aums BOAHOIo pexunma
NoYB OOCTUraeTcqa B pesynbrate MCKYCCTBEHHOIO
N3MEHEHUSA BOOHOIO pexnma noys.

* [1pn aTOM y4YnUTbIBAETCA KakK U3nornornvyeckme
OCODEHHOCTU CENbCKOXO3SIMCTBEHHbBIX PACTEHUMN,
Tak 1 0COOEHHOCTU NOYBEHHO-KNMMATUYECKNX
YCIOBUW 30HbI.



PacuyeTbl NONIMBHOU 1 OPOCUTESTbHOU HOPMbI

3agada

*TpebyeTtca nonntb ceposem. PacyeTHbIN Ccnou
100 cm, KOTOPbIM COCTOUT U3 CIIOEB C
pPa3NNYHbIMU MITOTHOCTSMU NOYBbI:

*0-40cm — 1.1r/cm>, 40-80 — 1,34r/cm®
80-100cm — 1,41r/cm3.

* Tekywmne (NpeanosiMBHbIE) BMaXXHOCTU 3TUX
cnoesB 15, 20 u 18%, a HB — cCOOTBETCTBEHHO
28, 26 n 24%.

* Onpengennutb HOPMY NOSINBA.



PeweHue:

Paccuutaem HeobxoaMmoe KonmyecTso BoAbI

ANA yBenU4YeHUs BIaXXHOCTU OT UCXOOHOU A0 HB
B KaXXJOM crioe.

Oedonuunt Bnaru B crioe 0-40 cm coctasut (28-15) x
1,1x 40/ 10 =57.,2 mwm;

ans 2-ro cnos (26-20)x1,36x40 /10= 32,16 mwm;
Ona 3-ro cnos (24-18)x1,41x20 / 10=16,92mm.

Omeem: HopMa nonuea dyaeT ABNATLCA CyMMOW
NeMULIMTOB BCEX CINOEB U paBHa
57,2+32,16+16,92=106,28 MM BOOHOIO Cnos unu

okono 1063 M>/Ta.



Mep3noTHbIN TUN BOAHOIO
pexxnma noys

* — BOAHbIN PEXUM NOYB, XapaKTepHbIX ONS
PANOHOB, B KOTOPbLIX pacnpocTpaHeHa
MHOrOS1IETHAA Mep3rioTa (eeyHas
mep3noma). ['pu nocteneHHOM
OTTanBaHWM MNO4YB CBEPXY BHU3, HaA
OTCTynawLlen rpaHnLen Meps3noro cnos
obpasyeTcs BOOQOHOCHbLIN TOPU3OHT —
Mep3noTHaa NoYBEHHAA 8epPX0800Ka.



HenpomMbiBHOM TUN BOAHOrIO
pexxnma noys

* — BOAOHbLIN PEXUM, XapaKTepHbIN ANna pauoHOoB, rae
cpefHsa4a rogoBas cyMmmMma 0CaaKoB CYLLEeCTBEHHO MeHbLUe
cpedHeNn rogoBon ncnapsaemMocTun (OTHOLLIEHNE 0CaaKoB K
ncnapssmoctu < 1). NpomaymBaHme NOYBEHHOWN TOSLLMU
OCYLLECTBNSAETCS NMALLb HA HEKOTOPYIO rMy6unHy (06bIYHO
1-2 M, He Bonee 4 M), HUXKe KOTOPOW HaxoauTcs
HenpomMaynBaeMbin CIION C MOCTOSAHHOW HU3KOM
BNa)XHOCTbIO, BNIN3KON K 8r1axkHoCmu 3a8s10aHUsl
(MepTBbIN FOPU3OHT UccyeHusa). K oceHun
npomMadnBaemMbI FOPU3OHT OObLIYHO UCCYyLLIAeTCs a0
BMa>XHOCTW 3aBaaaHus. [lpumepom noyB C
HENPOMbIBHLIM TUMOM BOAHOIO peXxuma MOryT CIy>XUTb
4YepPHO3EMbI CTEMHON 30HbI, Bypble NONYNYCTbIHHLIE U
cepo-0ypble MYyCTbIHHLIE MOYBHbI.



OcywutenbHbIN TUN BOAHOIO
peXXuma no4s

+ — BOOHbLIN PEXUM, XapaKTepPHbIN
0151 UCKYCCTBEHHO OCYLLEHHbIX
No4B, NMEBLLUMNX N3ObITOYHOE UNN
nepmnoan4veckm n3dbITOYHOE
nepeyBrnaXXHeHWe, T. €. DOMOTHbIX
N 3a00N0YEHHDbIX.



[TaBogkoBbLIM TUN BOOHOIO
peXxunma no4ys

BOOHbLIU PEXNM,
CBOUCTBEHHbIN NOYBaM,
nepunoanyecku
3aTaniMBaeMbIX PeYHbIMU,

CKJTOHOBbIMA, A0XOEBbIMW
NI MHbIMIA BOOaAMMW.




[MepnoanyecKkn Boao03aCTOUHbIN
TN BOAHOro pexuma noy4s

* — BOAHbIN PEXNM, HAbNMogaemMbin B OONOTHbIX
no4yBax rPYHTOBOIO YBMNAXHEHUS, KOTOPbIM
CBOMCTBEHHbI CE30HHbIE KOonebaHmnst ypoBHSA
rPYHTOBLIX BOA, NPW 3TOM BI1IaXXHOCTb MO4YBb
N3MEHAETCH OT NOSMTHOU A0 HAaUMEHbLUEN
B1aroeMKOCTMW.

B otaenbHble roabl BAaXXHOCTb BEPXHEIO
TOPU3OHTA MOXXET CTAHOBNTBLCA HUXKE
HaMMeHbLLEWN BNaroeMKOCTM.



[Mepnogn4vyeckm nNPpoMbIBHOU TUN
BOOHOIoO peXxxmma noys

* — BOOHbLIN PEXNM, KOTOPbIN YCTaHaBNMBAETCH
Npu OTHOLLEHUN ocagKoB K ucnapamoctu 0,8
—1,2. XapaKkTepHO nepuogmnyeckoe CKBO3HOE
npomMadmBaHme NOYBEHHO-TPYHTOBOU TOSLLN,
00ObI4HO ogHOoKpaTHoe. CKBO3HOE rnpomMavymBaHue
No4YBbl N30bLITOYHbLIM KOSIMYECTBOM OCaKOB
Habnogaetcsa 1-2 pasa B TE4EHUE HECKOSbKUX
ner.

 [lepmnoagnyeckn NnpomMbIBHON TUMN BOAHOIO
peXxnuma no4s NpucyLl, HanpumMmep, Nnoysam
BITaXXHbIX TPOMNYECKNX CaBaHH.



[fpoMbIBHOU TUN BOOAHOroO
pexxnma noys

— BOJHbIN PEXNM, pacnpoCTpaHeHHbIA Ha TEpPPUTOPUSIX, Fae cymma
rOA0BbIX 0CaKOB 3HAYNTENBHO NPEBbLILLIAET KONMYECTBO BOAbI,
ncnapsitoLencs u3 noYBbl (OTHOLLEHME 0CaAKOB K ncnapsiMocTtu > 1).
XapakTepHo exerogHoe (0AHOKpaTHOe UM MHOFOKpaTHOE) CKBO3HOEe
npomMadnBaHne NoYBEHHO-TPYHTOBOW TONMLM 0 FPYHTOBLIX BOA,
KOTOpPOE NPOUCXOaUT NPENMYLLIECTBEHHO BECHOWN, BO BPEMS
CHeroTasiHus:.

[Mpy NPOMBIBHOM TUME BOAHOMO pPeEXMMa NOYB HUCXOASLLIME NOTOKU
Bnarn npeobnagarT Hag BocxoaswmMn. B ycnoBusax TaeXHO-NecHoOm
30HbI NPMBOAUT K pa3BUTUIO 110030/1006pa3osameribHO20 rpouyecca v
ebileria4usaHusl.

[MpeBbllEHME KONMMYECTBa OCAAKOB Ha[ UCNapsieMOCTbIO U brnnskoe
3aneraHue rpyHToOBbIX BOA UIM Nioxas BOAONPOHULIAEMOCTb
MOYBEHHO-TPYHTOBOM TONLWM dOPMUPYET OOMOTHBLIN NOATUMN BOAHOIO
pexnma.

[MpOMBIBHOM TN BOAHOIO peXXmnMa xapaktepeH, Hanpumep, ans
OOMNOTHbLIX N NOA30NINCTO-00OTHbBIX MOYB.



PeXxum BNa)XHOCTu noYBbLI

— COBOKYIMHOCTb BCEX
KONMNYECTBEHHbIX U
KayeCTBEHHbIX U3BMEHEHUN
BITA>XHOCTU B NMOYBEHHO-
PYHTOBOW TOSLLE C
Te4YeHNEeM BPEMEHMN.
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Bonpoc 1.

Kaknm obpa3om

KakoB BK/1aj B
MacconepeHoc
MPEUMYLLIECTBEHHbIX MyTEN
JBWKEHUs Bnarun?
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NMocnouHoe pacnpeaeneHve nNJoTHOCTU
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BbiXxoAHble KpuBbleé MOHOB XJ1I0pa
M KaZing oqHOro 3 CeKTopoB JimamMeTpa
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Tomou3onjiersl ¥ BLIXOIHbIE KPMBbIE TEMIIEPATYPbI
IMOYBbI J€PHOBO-IIOA30JIUCTON MOYBHI (u1youHa 20 cm).
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[ Bonpoc?

Kak npoucxoanT nepeHoc
B/1arn U pacTBOPEHHbIX
BELLECTB B OT/AE/IbHbIX

reHeETNYeCKUX ropn3oHTax u

UX coyeTaHusx?

O61beKkT uccnenoBaHuN:

Cepbie NoYBbI
BnagMmMuUpcKoro onoJsibA.

MeToAabl uccnenoBaHus

JlabopaTopHble
¢punbTpaLMOHHbIE
3KCMNEePUMEHTDI.

© N 0 W a O

1"
13
15
17
19
21
23
25




Cxema nabopaTtopHoro
PUNbLTPALIMOHHOIO 3KCNepuMeHTa
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[MoyBEHHbIN
MOHOJINT-KOJIOHKa
[MopLMOHHBIN c60p
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Cxema nabopatopHoro
buUNbTPALIMOHHOIO 3KCNepuMeHTa

OKpalunBaHue Kpaxma/iom
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o

W ~N O W a

11
13
15
17
19
21
23

£
25

MOHOIUT ropu3oHTa Anax

PacnpepeneHusa KkpaxmanbHon CoBnageHue 30H copouum

F'opusoHmarsnbHbie cpe3bi

30HbI copbuumn BewecTBa
(kanunHaa meTka,
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ABWXEeHUA Bnaru
(KpaxmanbHaa MmeTka)

30HbI NpenmyLlecTBeHHoro 7

U 30H nNpenmMmyuwieCTtBeHHOro
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[NouBeHHble KOJIOHKU-MOHOJIUTDI

d=16cM
h=24cm
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BbiXOo4HblE KpunBbi€ NOHOB KaJind U XJjiopa
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KonnyecTBo 3/71eMeHTOB, BbIHECEeHHbIX
c dunbTpaToM, (% OT NOCTYNMUBLLErOo)

(o)
80

70 -
60 -
950 -
40 -
30 -
20 -
10

61

o4

45

39

926

46

74

69

O CI-
O K+

0

Anax

Anax-Ah-EB

Ah-EB



BbiBOA

o GOpMUPOBAHMNE MPENMYLLIECTBEHHbIX MYTEN
XapaKTepHO ANs BCEX MOPU3OHTOB. bbICTphble
NpoLIecCbl NeEpPEHOCA BAarn U paCTBOPEHHbIX
BeLLleCcTB 06yC/ioB/IEeHbl HE TOSIbKO
CBOWCTBaMM OTAENbHbIX FOPU3OHTOB, HO U
X B3aMMHbIM PaCrosiIoXKeHUeM.
Bnaronposopasuwme nytn, cOopMmnMpoBaHHbIE
B OIHOM FOPU30HTE, SINLLb YAaCTU4YHO
NepexoasT B APYromw.




2 Bonpoc

“Kak GdopMUpPyOTCS
rpenMyILLIECTBEHHbIE MyTU
[IBVDKEHUS BJiaru B
roJOBOM UMnKe?

O61beKT uccnenoBaHuA:
AEepPHOBO-NOA30JIUCTbIE
noyBbl namMmeTpos MI'y

MeToAabl

nconeaoBaHuA.

MeTtoa 6onbLunx
JIN3NUMETPOB,

MHOIOJIETHUWN SKCNEPUMEHT




C6op punbmpayuoHHbIX 600

JINSUMETPbI MI'Y
Mnowaab: 8 M2
rny6buHa: 1,75 m
MOLHOCTb NOYBbI: 1,5 M
MOBTOPHOCTb BAPUAHTOB: 4
Hayvyano akcnepuMeHTa:
1961r.
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CxemMa cTpoeHusi MoaeNibHbIX
AEepPHOBO-NOA30J/IUCTbIX NOYB B
nnsmmMmertpax NouseHHOro
CcTauuoHapa MI'y




BapuaHTbl uccriegoBaHus

1 BAPUAHT:
Fny6okuMM naaHTax —
[epHoBO-noa3onucras
NerkorJinHucTas

2 BAPUAHT :
Bcnawka no MocosioBy —
[lepHOBO-NoOA30/IMCTaA
cpeaHecyrMHUCTas




fopoBass AMHAMMKaA 3/1EMEeHTOB BoAHOro 6anaHca
AEepHOBO-MOA30JINCTbIX NMOYB
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MHoroneTHee COOTHOLLUEHME CTOK/OCaaKnu B CE30HbI
rogoBoro umkna. BapuaHt 1.

CToK /ocapku
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I'vaporepMuyecKu pesKuM MOYB B MEPUO/

BCCCHHCI'O CHECIOTAsIHHUA .
a) - NM3nMeTpUYEeCKUN CTOK, MM/HYac 1 TemnepaTypa Bo3ayxa Ha BbicoTe 1 m oT

NOBEpPXHOCTU NOYB NIU3UMETPOB, °C;

0) - nsonneTbl oTHOCUTENbHOMU BraXHocTu (% ot HB) n rmy6uHbI npomep3aHusA Nouys .
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IOVMHaMuKa NTM3MMEeTPUYECKOro CToka m
TeMnepaTtypbl IM3mMmeTpuyeckux nous, 2005 r.
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OuHamMuka K B KOJTIOHOYHbIX 3KCNepuMeHTax

BhbIxoaHbIe
KPUBbIE KAJUS U
KO3(PpUIMeHT
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BbixoaHble KpuBbl€ NOHa KaJ1uda
- mous MI'Y




[AnHaMuka cogeprxaHma nancrom ppakumm B
OTAEeJIbHbIX FOPU3OHTAaX UCcieayeMbiX NOUB
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FYgaley

)

MbI AOMKHbI OPUEHTUPOBATLCA Ha co3paHue
TeXHONOrn4yecKoro oopasa no4ssbl,
oOpa3a, KOTOpPbIX NO3BONMUT onepupoBaTtb Unudpamu,
pacyeTamMmu, Konu4yectBeHHOU MHhopmaumeu.







