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Hpel(CTaBJ'IﬂeTCH MareMaru4ecKasi MOJ€Jjib, OIMUCHhIBAONIAasA KPYIIIOrOAUYHYHO JUHAMUKY 3aIlacoB TIOYBCHHOM BJIaru B
Macirabe CellbCKOXO3SHCTBEHHOTO MOJsl JCKaJHbIM 1IaroM [0 BPEMEHHU. HpOBOZ[I/ITCH CpaBHCHUE paCCUHUTAHHBIX
3aracoB BOAbI B METPOBOM CJIO€ IOYBbI C UBMEPEHHBIMU Ha aI‘pOMeTeOpOJ'IOFPI‘{eCKOﬁ CTaHLWU. HOKaBaHO, YTO YUCJICHHAA
CXEMa, OpUCHTHUPOBaHHAA Ha CTAaHAAPTHYIO arpOMETEOPOIOrHIECKYIO I/IH(l)OpMaL[I/IIO, obecrieyrBaeT JOCTaTOYHYIO JUIA
IMIPAaKTUKU TOYHOCTb MOHUTOPHUHIA BJIaro3amnacoB B KPYIIIOTOAUYHOM PEXKUME.

KiroueBeble cioBa: 3anacsl nousenHoul enazu, MOHUMOPUHS KIUMAMA.

Jlns neneit papabaTeiBaeMOl B HACTOSIIEE BPE-
Ma B I'Y «BHUNCXM» cuctemsl KpyriIOrOANYHO-
r0 MOHHTOPHHTA YCIOBHUH YBJIAXXHEHUS IOCEBOB
CEIIbCKOXO3SHCTBEHHBIX KynbTyp [1] HeoOxommma
MOJIeNb, KOTOpasi MO3BOISIET PACCUMTHIBATh TUHA-
MUKy BJIaro3anacoB MOYBBI U CBSI3AHHBIX C HUMHU
3JIEMEHTOB BOTHOro OanaHca HENpPEphIBHO B Te4e-
HUE rojia ¢ IeKaJHbIM I1aroM 1o Bpemenu. Kpyrio-
TOAWYHBIN pacyeT 3JIeMEHTOB BOJHOro OajaHca 1o
CPaBHEHMIO C PaCUETHBIMU CXEMaMH, IPUTOAHBIMU
JIUIIb JUIS TETIOrO Iepruoja roja, TaKMMH, HaIllpH-
Mep, Kak [2,3], 3HauuTeNnbHO YCIOKHSIET 3a1auy U
10 3TOW MPUYMHE, TO-BUIUMOMY, TAKOH MOAXON HE
WCIIOJIb30BAJICS PaHEe.

Pa3pabateiBaeMas ynCIIeHHAS CXeMa MPEAroia-
raeT HelpephIBHOE MOJETNPOBAHNUE TOJIOBOTO THA-
POJNOTMYECKOTO HUKIA. [ KIMMaTH4EeCKUX YCIOo-
Buil Poccun 510 03HaYaeT MOIENUPOBaAHKE POLIEC-
COB NIpOMEP3aHMs U OTTAauBaHUA MOYBBI, HAKOILIE-
HUS CHETa, a TarKe MporeccoB GOpMHUPOBAHUS CTO-
Ka TaJIbIX BOJ. MoaennpoBaHue THAPOIOrH4eCKOro
LMKJIA B XOJOAHBIN IEPUOJ roia, KOraa B OCHOBHOM
MIPOMCXOJUT HAKOIIJIEHUE 3a11acOB TOYBEHHON BIIarHy,
MO3BOJISIET, B YaCTHOCTH, ONPENENUTh 3amachl Mpo-
JTYKTUBHOM BiIarM K HadaJly BECHBI. DTOT IOKa3a-
T€Jb, KaK U3BECTHO, SIBJIIETCS BaXKHEUIIINM AJIsI TIPO-
THO3UPOBAHMS YPOXKAWHOCTH O3UMBIX 3EPHOBBIX
KYJIBTYp Ha TEPPUTOPUHN YEPHO3EMHOM 30HBI Poccum.

TeopeTndeckne U MPaKTUYECKUE BOIPOCHI MO-
JeTUPOBaHMSI YHEPrOMAccOOOMeHa B CHUCTEME IO-
YBa — pacTeHue — atMoc(epa HEOAHOKPATHO pac-
CMaTpHBaJIMCh MHOTUMHE aBTOpamu [4,5,6].

[Ipennaraemas cxema pacuera pexrMa yBIaX-
HEHMSI TIOCEBOB CENIbCKOX03HCTBEHHBIX KYJIBTYp OC-
HOBBIBAETCS HA UCIIOJIb30BaHNH 0aJaHCOBBIX ypaB-
HEHHMH — 11 3a11acOB BO/IbI B CHEXXHOM TIOKPOBE U B
METPOBOM CJIO€ MOYBBEL. Moaenupyrorcs mporec-

Chbl HAKOIIJICHUS BOABI B CHC)KHOM ITOKPOBC, UHTCH-
CHUBHOCTb TasdHHUA CHCTA, UCIIAPCHHUE C ITIOBCPXHOCTHU
IMMOYBbI U JUHAMHUKA BJIaro3amnaCcoB B MCTPOBOM CJIOC
IIOYBBI.

ypaBHCHI/IC, OIIHCBIBAIOIICC TUHAMUKY 3aIl1aCcoB
BOJIbI B CHCXKHOM IIOKPOBE, IPECACTAaBUM B BUJIC:

VIt oy [1- SR AV

e V!,V I*! - 3amacel Bombl (MM) B CHEKHOM
MIOKpOBE Ha KoHel Tekyiuel (j) u cnenyromeit (j+1)
nekaznpl, RI*™ - ocaxku 3a nekamy (mwm), S!- moms
KUIKHX 0CalKoB, AV,' - HHTCHCUBHOCTb TasHUs
cHera (Mm).

WHTEHCUBHOCTH TastHUS CHETa OIMPEIEISIeTCs O

bopmyre:

AVp”l, eciu AVpj+1 <V

VI, ecmu AVpj+1 >V

IJI€ NIOTEHIINAIBLHOE TASTHAE CHETa Aij B CBOIO O4e-
Pelb, BBIYUCIIAETCS CIEMYIONMM 00pa3oM:

a-10(T 7+ AT), ecauT "™ + AT 20;
0, eciu T 4+AT <O0;

31ech T1- cpenHss JeKaaHas TeEMIIEpaTypa BO3MY-
xa (°C), a - koapdument crauBanus (Mm/°C), AT -
koHcranTa (°C).

B nanHoil pacuerHOl cXxeMe MPUHUMAETCS, YTO
JIOJIST )KUJTKUX OCaJIKOB ITPOMOPIIMOHATBHA TEMITepa-
Type BO3ayXa:

AV fjJrl —

j+1
AV =

j+1 .
1 eciu T >T 00
j+1 j+1 j+1 .
S =aT'"™+B, ecu T, <T'"<T .;
j+1
0, eciu T <Ton
rne o, f3, T, ., T, - HEKOTOpbIE KOHCTAHTHI.

ypaBHeHI/IC OamaHca BOJbI 111 MCTPOBOI'0 CJIOA
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noussl (W) 3anumiem B Buze:

WE W/

Wit =wi - EJ" +|1-

max max

3pece W1 uW - HEKOTOpBIE KOHCTAHTBI (MM),
KOTOPBIC PACCUYUTHIBAIOTCS C YY4E€TOM BOTHO-(PU3H-
YECKHMX CBOWCTB MOYBHI (ITOTHON U HAUMEHBIIICH BJIa-
TOEMKOCTEH M BIKHOCTH 3aBSAAHUSA), EOj+1 - Mak-
CHMaJIbHO BO3MOXHOE HcTapeHue (HCmapseMoCTh),
KOTOPOE OIPEENIeTCs 0 MOAU(DUITMPOBAHHOM Op-
myne H.H. MBanoga [7]:

j
E) =0,06(25+T’ )2% ,
H
e d’- cpennuii ieKaHbIi IeDUIUT BIaKHOCTH BO3-
nyxa (M6), E/, - maceimaromas ynpyrocts BoasHo-
ro mapa (M0), 3aBUCSAIIAsA OT TEMIIEPATYPHI BO3IY-
xa:

17,47+
T +239

[Ipennonaraercsi, YTo cUCTEMa YUCICHHOTO
MOHHUTOpPWHTA Baro3anacoB moussl gist ET PO Oy-
JIeT peau30BaHa B HECKOIBKUX BapHaHTAaX, B TOM
qycie U AJ1s ToJiel, 3aJaHHbIX Ha (UKCUPOBaHHOM
HEpEeryIspHOH CETH THAPOMETEOPOIOTHUECCKUX
cranimid (CMC) — 6e3 IpOCTPaHCTBEHHOTO OCPE-
HEHWUS.

B nanHOM citydae paccMaTpuBaeTcs CXema It
3aJJaHHOM CEeTH CTaHIUH, MPU ATOM IS PacyeToB
WCIIONB3YIOTCA JACKaIHbIEe 3HAUCHUS CIIECHYIOUINX
METEOPOJIOTMYECKHUX TapaMEeTPOB: OCAIKOB, TEMIIe-
paTypbl U AeUIUTa BIKHOCTH BO3AYXA.

[TapaMeTpbl YUCIIEHHOM CXEMBI UIACHTU(PHUIIHPO-
BaJINCH (KaInOpOBaIMCh) HA OCHOBAaHHH HaOMIIOZIE-
HUI 32 BJIQYKHOCTBIO TIOYBHI Ha MOJIAX C 03MMOMH TIIiie-
gunei Ha IMC T'uraat PocToBckoil o0nacTu B Te-
yeHue 1971-1986 rr. [louBeHHBI TOKPOB — TSHKENO-
CYDIMHMCTBIN IpeaKaBKa3ckuil uepHo3em. Ha puc.
1 npencraBneHbl pe3yAbTaThl ABYX YUCIEHHBIX JKC-
MIEPUMEHTOB, IPOBEACHHBIX ITOCIIE TPEABAPUTEIHLHOM
KaJHOpOBKM MapaMeTpoOB MOAEIH BOTHO-TEIIOBO-
ro pexuMma. OTH JaHHbIE O3BOJAIOT CAENATh BbI-
BOJl O JIOCTaTOYHO BBICOKOH CXOAMMOCTH Paccyu-
TaHHBIX U U3MEPEHHBIX 3HAYEHUH 3a11acoB MPOIyK-
TUBHOW BIIaT'W B METPOBOM CJI0€ TIOUBHI. B mepBom
aKcriepuMeHTe (puc. la) Biaro3amnacel OYBbI OJHH
pa3 B Tl KOPPEKTUPOBAIUCH — 331aBaJICh PABHbI-
MU (aKTHIECKUM 3HAYCHUSIM Ha 1aTy BO30OHOBIIE-
HUS BEreTalll O3MMBIX 3€PHOBBIX; B 3TOM ClIydae
pacuerHas cxema Mo3Bojmia BocupousBectd 81%
JUCTIEPCUH TPOAYKTUBHBIX BJIar03aracoB METPOBO-
IO CJI0Sl TOYBBI HA MaTepHuajiax HaOMIOAeHUH, BKITIO-
varonmx 134 mmepenust (ko3P PUIIHEHT KOppeIsSILIT
r=0,90).

EJ" =6,11exp

SR 41—

VVj

AV fj +1

max

Bo BTOpOM skcniepumente (puc. 16) Obu1 peanu-
30BaH HEMPEPLIBHBIM PEXUM pacdera TUHAMUKH
BlIaro3anacoB B TeueHue 16 jer Oe3 exxeromHoro
3aJJaHHs HAYaJIbHBIX YCIOBHMA. DTO HEOOXOIMMO TSI
3aJauyd OLEHKU BIMSHHS U3MEHEHHH KIMMara Ha
CTeNeHb apUHOCTH TEPPUTOPUH U, B KOHEYHOM HTO-
re, Ha MPOLYKTUBHOCTh CEITLCKOIO XO3SHCTBA.

PacderHas cxema B 3TOM cllydae MO3BOIHIA
BocrpousBectu 74% mucnepenn (r = 0,86). bimzoctsb
oreHok kodddumentos koppersiuuu (0,90 u 0,86)
IUIsL TIEPBOTO M BTOPOT'O PACUETOB MOATBEPKAAIOT
JOCTATOYHYIO IJIsl IPAaKTUYECKOTO MCIIOIb30BAaHU
TOYHOCTBH PAacueTHOW CXEMBbI B KPYIIIOTOAMYHOM
pexume. OO0 3TOM CBUAETEIBCTBYET TAKKE OTCYT-
CTBUE KaKUX-THOO MPOSBICHUN HEYCTOMYHWBOCTH
(HarpuMep, BO3MOKHOTO HAKOTUICHHS OLTHOOK) JUTst
CTOJIb JUIUTETBHOTO PACUETHOTO MEPUOa, PABHOTO
576 nexamam (16 ner). B menom, kak MOKa3bIBalOT
NpUBEIECHHBIC BBIIIC PE3YAbTAaThl PacueToB A
PocroBckoit obmacTy, yncneHHas cxema Uit (hUK-
CHPOBAHHOM CETH I'MAPOMETEOPOIOTMYECKUX CTaH-
LU IpY NCTIOJIB30BaHUY CTaHAAPTHOH AJIS arpome-
TEOPOJIOTHYECKUX PAcueToB HH(OpMALK — JIeKal-
HBIX 3HaYEHHUH 0CaJIKOB, TEMIIEPATYPhI U IeQUIINTA
BJIAJKHOCTH BO3/yXa — 00€CIIeYBaeT JOCTaTOUHYIO
JUTS IPAKTHKH TOYHOCTh MOHUTOPHHTA BiIaro3arna-
COB B KPYIJIOTOIMYHOM PEXHUME.

s oleHKH BIUSHHS MU3MEHEHUH KiMMara Ha
BOJHO-TEIJIOBOM PEXKHUM MOCEBOB CEIHCKOXO3SH-
CTBEHHBIX KYJBTYp, YTO BXOAMUT B KpYrT 3ajad, pe-
[IaeMBIX C MOMOILIBIO pa3padaThIBAEMON CHCTEMBI
MOHHUTOPHUHTA, HEOOXOAWMBI pacuyeThl JTUHAMUKH
BJIaro3amacoB MmouBbl Ha mporsbkeHuu 30-50 jer.
Takolf HeNpephIBHBIA YHCIEHHBIN 3KCIEPUMEHT C
JIeKaIHBIM IIArOM MO BPEMEHH ObLI OCYLIECTBIICH
Ha marepuanax Haomonenuii 'MC 'urant Poctos-
ckoit obmactu ¢ 1966 mo 2006 rr. Pacuers!, npose-
nennbie 3a 40 ner (1440 nexa), moka3aau XOPOIIHit
pe3yabTaT: Ko3QQUIIMEHT KOPPESILUU MEXKIY pac-
CUMTAaHHBIMU U M3MEPEHHBIMH 3aracaMu MPOIYK-
TUBHOM BJIar'M B METPOBOM cJI0€ 1ouBHI paseH 0,78.
Ha puc. 2 npexncrasiieHsl pe3yibTaThl COMOCTaBIIe-
HUSA PAaCCUMTAHHBIX CPEIHEMECSYHBIX 3HAUCHHH
BJIa)KHOCTH ITOYBHI ¢ (DaKTHUECKMMHU 3HAYCHHUSIMU 38
nepuoz ¢ 1966 mo 2006 rr.

TexHoJ0russ MOHUTOPUHTa M3MEHEHUH KIIMMaTa
JUIS CEITBCKOTO XO3AHCTBa, a TaKKe MEepeyeHb Oc-
HOBHBIX arpOKIMMAaTHYECKHUX MOKa3aTeen sl Mo-
HUTOpUHTA MPHUBE/ICHA B MeToauke [8].

B Tabnuue npencraBieHbl 3HAYEHHUS] HEKOTOPBIX
METEOPOJIOTMYECKUX MapaMeTPOB, BXOAALINX B CHU-
CTEMY MOHUTOPHHIA BOJHO-TEIUIOBOTO PEKHUMa
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Puc. 1. CpaBHeHue paccuutanHbix (W) n dpaktnyeckux (WF ) Bnarosanacos noysbi nog 03vimon neHnLen
Ha TMC 'vraHT PocToBckon obr. ¢ 1971 no 1986 IT.: a) BapuaHT C eXXErogHbIM NPUCBOEHNEM HaYvasbHbIX

3Ha4eHui BnaxxHocTv nousbl (N =134, r = 0,90); 6) BapmaHT 6€3 eXxerogHoro NpucBOEeHUs
HavanbHbIX 3Ha4YeHU BriaxxHocTu noysbl (N =576, r = 0,86).

MTOCEBOB CEITbCKOXO3SAMCTBEHHBIX KYIBTYP: CPEIHE-
MecsYHas TeMIlepaTypa BO3AyXa CaMOro TEIIOTro
M CaMOro XOJIOAHOI'O MECALEB roa — U U SHBa-
ps1, CyMMa OCaJIKOB U 3artachl MPOAYKTUBHON BIaru
B METPOBOM CJIO€ TTOYBHI 32 JICTHE-OCEHHHE MECS -
LI

Ha puc. 3 B kauecTBe mpuMepa mokasaresnei
arpoKIMMaTHYECKOr0 MOHUTOPHHTA TIPUBEIICHA MHO-
TOJICTHSISI AMHAMUKA 3aIMacoB MMPOJAYKTUBHOM BJIaru
B cioe nouBbl 0-100 cM B mapTe u B ceHTSOpE,

paccyMTaHHBIX 10 MaTepuanaM HabmogeHnit IMC
T'uraur ¢ 1966 no 2006 rr. DTH JaHHBIE TO3BOJISIIOT
CYIUTB O TEHICHIINY U3MEHEHUS YCIOBUM yBIaXKHE-
HHUS IOCEBOB CEIbCKOXO35IUCTBEHHBIX KYIBTYp 3a
nocaenaue 40 et

U3 puc. 3 Buano, uto Ha [MC ['uranT, ycnous
KOTOpOW XapakTepHbl i rora PocToBckoit oOmac-
TH, 00ECIIEUEHHOCTh IIOCEBOB BJIATOM BECHOM, Ha
MOMEHT BO30OHOBJICHUS BETETAIIMH 03UMBIX 3€PHO-
BBIX KYJBTYp U OCEHBIO, BO BpEMs CEBa, HE CHUXKA-

1612



MeTon pacyeTa AMHaMUKN Brnaro3anacoB NMo4Bbl

250 -

N
o
o

0-100 cm, M

li i"il‘ b

A‘I ,\ » Ill\ll% i il

u;r
V

H

al

o
—o
—

IBHOU Briarv B Crioe rnoYBbI

[y

o

o
I

o
o

3anacbkI npoayKmm

1 7 13 19 25 31 37 43 49 55 61 67 73 79 85 91 97 103 109 115 121 127 133 139 145 151 157

MNMopsaakoBbIN HOMEP MecsiLia OT ceHTAOpA 1966

Puc. 2. MHoroneTHss AMHamMmKa cpeaHeMecsivHbIX 3HaveHuii paktudeckmx (W, ) u paccumtaHHbIX (W)

3anacoB NPoAyKTMBHOW BMarn B METPOBOM CI10€ MoYBbl MO NOCEBOM 03VMMOM MLLEHULbI Ha
"MC l'vranT PocToBcko 06r. (1966-2006 rT.)

Tabnuua. 3Ha4yeHMs1 napamMeTpOB arpoOMeTEOPONOrMYECKOro MOHUTOPUHIa
Ha T'MC luranT PocToBckon obnacTtu

Temnepatypa CyMMa 0CaaKOB 33 MecsiLy, MM Bnarozanacbl MeTpoBOro cnos
Mog BO3JyXa, rpag. ’ NoYBbI, MM
nionb fiIHBapb MIOHb MIonb CeHTAOpb MIOHb nonb CeHTAOpb

1967 23,0 -3.2 52 14 22 82 40 22

1968 23,5 -44 14 23 28 39 28 36

1969 21,6 -10,1 108 25 26 88 81 28

1970 26,1 -3,7 88 36 4 102 44 94

1971 24,9 -16 57 28 30 62 51 29

1972 25,5 -14,1 74 52 87 71 65 29

1973 22,1 -8,3 89 37 19 121 95 73

1974 21,9 -6,9 84 67 81 118 95 80

1975 24,2 -14 14 104 31 41 67 36

1999 25,9 -0,2 31 88 2 49 63 30

2000 25,1 -2,0 121 24 44 119 78 73

2001 27,5 -0,2 77 4 72 116 48 58

2002 26,6 -4,3 77 41 65 71 46 72

2003 22,5 -13 56 65 45 47 66 73

2004 22,0 0,5 51 56 21 97 79 80

2005 24,0 15 24 37 80 71 52 42

2006 22,5 -9,9 69 33 39 100 60 50
C€TCsl. BOJ’ICC JACTAJIBHBIC OLIEHKN U3MCHCHHS CTCIIC- Takum 06pa30M, MHOTOJICTHEC KPYITIOTOAUYIHOC
HU apUAHOCTHU KIIMMATa Tpe6y}0T ).IaJ'H:HefIIHPIX HcC- MOACINPOBAHUC THUAPOJIOTrMYCCKOro UKJIAa OTKPLI-
CJ'ICZ[OBaHI/If/’I. BAaCT BO3BMOKHOCTH PCAJIbHOT'O y4€Ta Ha6J’IIOI[a€MBIX
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Puc. 3. [JuHamuka cpegHemMecsYHbIX 3anacoB NPoayKTUBHOM Briar B METPOBOM Croe
NoYBbI NOA NOCEBOM 03UMOM niueHuubl Ha TMC TuranT
PocTtoBckow obnacTtu B MapTe 1 B CEHTADOpe

1 OXKHJaC€MBIX B OmmKamie JACCATUIICTHUA U3MCHEC-

HUil KIMMaTa Opyu pa3paboTke CTPATeruy PasBUTHA -

arpONnpOMBIIIIICHHOTI'O KOMIIJICKCA Poccumn.
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METHOD OF CALCULATION OF THE SOIL MOISTURE SUPPLIES
DYNAMICS FOR THE SYSTEM OF THE YEAR-ROUND
AGROMETEOROLOGICAL MONITORING

© 2009 S.E. Varcheva

Federal State Institution «National Research Institute of Agricultural Meteorology»:
e-mail: s.varcheva@mail.ru

The mathematical model describing the year-round dynamics of stocks of soil moisture on a scale of agricultural field with
decade step on time is represented. Comparison of the calculated water-supplies in a meter layer of soil with those
measured at the agrometeorological station is conducted. It is shown that the numerical scheme using the standard
agrometeorological information provides sufficient for practice accuracy of monitoring moisture supplies in the year-

round regime.

Key words: stocks of a soil moisture, climate monitoring.
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