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Abstract. The question of remote monitoring of rice irrigation systems as an example of a complex water management
system is studied. Information on the key characteristics of rice agrocenosis is used for controlling the process of rice
cultivation to improve rice yields and to save water resources.

Key words: monitoring, rice irrigation systems, Earth remote sensing, microwave radiometer

MepeiTh Ha CTpaHuLy C MOHOW Bepcuen»


https://rucont.ru/efd/522706
https://rucont.ru/efd/522706

MepeiiTn Ha cTpaHuLy C NOJSIHOM BepCUen»

KOMITJIEKCHBI ASPOKOCMHWUYECKHUH MOHUTOPUHI BOJIOXO3AMCTBEHHbBIX CUCTEM 59

BBenenue

PasBuTHe cesbCKOX035HCTBEHHOTO MPOU3BOACTBA
TpebyeT MOCTOSSHHOW Y HaNeXKHOH 3alllUThl OT 3a-
CyX M HaBOOHEHHWH W B TpeoOaafamolledl CTeneHd
omnpenesisieTcss yMeJbIM TNpPUMeHeHHeM OpOCHTeNbHON
Mesnnopauuu. OOBEKTHBHBIH XapakTep AHUCTAHIMOH-
HOIO MOHHTOPHHIA HMMeeT pellaiollee 3HAUeHHe MJIs
NoBBILIEHUS] 3(PPeKTUBHOCTH ympasJjeHus. [Ipu stom
yeM Ha OoJsiee paHHeH CTafWH MNPOU3BOACTBA OyreT
MPUHSITO MPaBUJBHOE pelleHHe, TeM OoJiblliee 3HaYe-
HHe OHO OyfeT UMeTb /51 SKOHOMHYEeCKHX MoKaszaTe-
qeii. [lpakTuueckn Bce arpoTexHUYECKHEe MeEpOTpHS-
TH$1, HarpaBJieHHblE HA TOBBILIEHHE TJIOAOPOAUS TIOUB
¥ KOPPEKLHIO TEKYIIero pasBUTHs BayKHEHILIUX CeJb-
CKOXO3SIUCTBEHHBIX KYJIbTYP, MOTYT ObITb ONTHUMHU3H-
pOBaHbl 1O pe3ysbTaTaM IpeaBaPUTENbHOTO TeMaTH-
YeCcKOro aHa/n3a AaHHBIX OUCTAHLHUOHHOTO 30HIUPO-
Banus 3emsu ([133). Ilpu nmpoBeneHUM omepaTHUBHO-
ro MOHMTOPHHTA arpo3KOCHCTEM, OPHEHTHPOBAHHOIO
Ha OLIeHKY COCTOSIHUSI CeJbCKOXO35UCTBEHHBIX KYJb-
TYP U THAPOTEXHUYECKUX COOPYKEHHH, BaXKHBIM SB-
JsieTcss BbIOOpP ONTHMAaJIbHBIX CPOKOB ITOJyYeHHs JH-
CTaHIIMOHHOW W OMOPHOH HH(popMauru. B HaubosbLiel
CTeTeHH 3TO OTHOCHUTCS K OCHOBHBIM TOBAPHBIM KYJb-
TypaM: 3€pHOBBIM KOJIOCOBBIM, B OCOOEHHOCTH K pH-
Cy, O3UMOH MILIEHHIe, U MOACOJHeUHUKY. OnTumasb-
Hble CPOKH IpOBeIEeHHS MOHHUTOPHHIrA INPSMO CBfi3a-
Hbl ¢ OHOJIOTMYECKUMH OCOOEHHOCTSIMM pPOCTa M pas-
BUTHSl PacTeHUH YyKas3aHHBIX KyJabTyp. HanHbie 133
¥ pe3yJbTaThl HX TEMATUYeCKOI'0 aHAJM3a COCTABJISIOT
UH(OPMALMOHHYIO OCHOBY TE€XHOJIOTMH He3aBHCHMOI0
00bEeKTHBHOTO MOHHUTOPHHTA psiia MapaMeTPOB CeJb-
CKOXO35ICTBEHHOr0 IPOHU3BOJACTBA, HENOCPeICTBEHHO
CBSI3aHHBIX C PAJIMOMETPUUYECKHMH CBOHCTBAMH arpo-
LIeHO30B. JTa TeXHOJ/OTHs HauboJjee pesy/bTaTHBHA
MpU KOHTPOJIE CTPYKTYpbl CEBOOGOPOTOB, MOCEBHBIX
nJiomaael, arposKo/I0rHueckoro COCTOSIHUS, ypoxKah-
HOCTH BaKHEHIINX CeJbCKOXO3HCTBEHHBIX KYJIBTYP.

HUcxogHble MoJOXKEeHUd

BonoxossiicTBeHHasi cucTeMa — 3TO COBOKYII-
HOCTb CBfI3aHHBIX MexX1y co60H 0ObeKkTOB, NpegHa-
3HaUeHHBIX [J/151 obeclieuyeHHusl PaLHOHAJNbHOIO HCIOJb-
30BaHHUsl U OXpPaHbl BOOHBIX pecypcoB. K HUM oTHOCAT-
csl THAPOTEXHUYECKHEe U BOJOIPOBOJHbIE COOPY2KEHHUS,

a TaKXKe CeJIbCKOXO3SHCTBeHHble YIOfibsl, 3aHHMalo-
mye orpoMHele Tepputopud. CesbCKOXO035HCTBEHHAS
NesTeJbHOCTb — 3TO CEKTOP 3KOHOMHKH, NMOTpebssi-
IOIIMH OCHOBHOH 00BEM BONHBIX PECypcoB (Ha HYK-
Ibl CeJbCKOro xo3siiicTBa ucnodabsyerces a0 70-90 %
Bcell motpebssieMoit Bombl). OCOGEHHO BEJMKO BOMIO-
notpebJ/ieHHe TPU BO3IEJNbIBAHHH pHca (OHO Ha mops-
IOK Bbllle, 4eM I[pHU MNPOHU3BOACTBE APYTHUX 3JAKOBBIX
KyabTyp). [Ipu mpousBoacTBe prca Boia UCIOIb3YeTCs
He TOJIBKO AJis1 o6ecredeHrss TpeOyeMod Bjard B Ioy-
Be, HO U KaK HHCTPYMEHT YIIPaBJIEHHUS €€ TelJOBbIM
pexKUMOM, K KOTOPOMY BeCbMa UyBCTBUTeJIbHA JaHHAs!
KysabTypa. KoHTposib ¥ ymnpaBjeHHe BOAHO-TENJOBBIM
pPEeXKUMOM pPHCOBBIX OPOCHUTEJBHBIX CHCTEM — BaX-
Hasi WHXKEHepPHO-TeXHHWYecKas 3anada, 3h(eKTUBHOE
pelleHHe KOTOPOH JOCTHIraeTCsl MCIOJNb30BaHHEM Me-
TOLOB U CPEICTB a9POKOCMHUECKOI0 30HAMPOBAHHS.
[To uToram MHOrOJIETHUX HAay4YHO-TIPOU3BOACTBEH-
HbIX paboT IO HCIOJb30BAHHIO NUCTaHLMOHHBIX pa-
IUO(U3NUEeCKUX MEeTONOB [/ KOHTPOJS MPOHU3BOA-
CTBEHHBIX IPOLIECCOB M COCTOSIHHSl CeJIbCKOXO035H-
CTBEHHBIX W BOJOXO035HCTBEHHBIX OOBEKTOB IpPHU yda-
CTUM aBTOpa JAHHOH paboThl OBLIM pa3pabOTaHBL
MeTOAMKH M TEXHOJIOTMH, KOTOpble NpPHBeJH, B 4acT-
HOCTH K MOBBILIEHHIO 3(P(PEKTUBHOCTH MPOU3BOACTBA
puca B KpacHonapckom kpae. Peub uuet o MeTonnkax,
OCHOBAaHHBIX Ha HCMOJb30BaHUU paauomerpoB CBY-
u UK-nuanasoHoB: onpeneseHHs BJIAXKHOCTH TMOYBHI,
YPOBHS 3aJleraHusi [PYHTOBBIX BOI, MUKpopesbeda mo-
BEPXHOCTH, COJIEHOCTH W TeMIepaTypbl OPOCHTENbHON
BOZbI, 6MoMacchl pacteHui. HaydHblM pyKoBoauTe eM
3TUX paboT Obl1 3aBenytolui Jgadopatopuein NP
PAH, n.T.H., npodeccop, aaypear [ocynapcTBeHHOH
npemuu CCCP (1985 r.) A. M. llyTko.
OpraHu3allMOHHO MOHHUTOPHHT CeJIbCKOXO3SHCT-
BEHHOTO MPOM3BOACTBA MO HaHHBIM JI33 mpencras-
JiseT co60H MHOTOYPOBHEBYIO CHUCTEMY HH(OpMalU-
OHHOTO OOecreueHUsi, BKJIOUAIONLYI0 B ceOsi mporpam-
MHO-annapatHble KOMILJIEKCHl TpHeMa, MepBHYHON
006paboTKH M TeMaTW4YeCKOro aHaiu3a aaHHeix [133,
MH(POPMALMOHHO-aHAJUTHUYECKHEe  aBTOMAaTU3UPOBAH-
Hble CHUCTeMbl C KaHa/jaMM CBSI3U M OaHKaMH JaHHBIX
U cUCTeMbl cbopa U mepenayd ONOPHOH UHGpOPMALIUU.
PaccmoTrprm naHHBIE Tpouecc, B 4acTHOCTH, Ha
npuMepe MpousBoicTBa puca B KpacHomapckoMm Kpae.
[TpuHuunuanbHO BaXKHOe 3HAYeHHE [J/151 MPOU3-
BOACTBA pHUCa HWMEIOT COMepXKaHWe BJArd B MaXOTHOM
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Puc. 1. CTpykTypHasi cxeMa KOMIJIEKCHOTO a9POKOCMHUYECKOT0 MOHHTOPHHTA

CJ0e TIOYBBl M ypPOBEHb 3ajieraHust T'PYHTOBBIX BOJ
(YI'B) B mepuon Hauajia MojieBbIX paboT, B YCJOBHSX
MOJIHOTO OTCYTCTBHUSI PACTUTEJNbHOCTH. [laHHBIN MOKa-
3aTejb He TOJIBKO XapaKTepH3dyeT OHO M3 IJIaBHBIX
YCJIOBUH MPOM3PACTAaHUSI CeMSIH, HO U JaeT BO3MOXK-
HOCTb PAlLMOHAJBHOI'0 MCIOJb30BAHHUS CeJbCKOXO035H-
CTBEHHOH TeXHUKH. MHOrojieTHHEe HCCAe0BAHUS TO-
Kas3ajd MNPUHIUNHAJBHYI0 BO3MOXKHOCTb TOJyUeHHSsI
CPaBHHUTEJbHBIX OLIEHOK BJIa’KHOCTH MOBEPXHOCTHO-
ro CJIOSi TIOUBbl MO JAHHBIM JUCTAaHLMOHHBIX H3Me-
peHH CIeKTpaJbHOH SPKOCTH M3JIy4YeHHs] B BUIAUMOM
u HK-nuanasonax npu m0CTaTOYHOH OZHOPOAHOCTH
TMOYBbI 10 MEXaHUYECKOMY M XHMHYECKOMY COCTaBy.
Bosee ycroiiunBasi koppessinusi Mexay u3Jayda-
TeJbHBIMM M THAPO(PU3UYECKHUMH XapaKTepUCTHKAMH
nouBorpyHToB Habmonaercs B CBY-nmamasone, uto
Jexxut B ocHoBe CBY-papnosiokallMoHHOro MeTozna
(maccuBHOrO M akTHBHOrO0). OMHAKO H3-3a CJ0XKHOCTH
TeXHUUYECKOH peasin3yeMOCTH aHTEHHBIX CHUCTEM C BBI-
COKHMM paspelleHHeM B NaHHOM [AHara3oHe [J/s1 KOCMU-
YeCKHX almnapaToB HCIIOJNb3yeTCsl TOJbKO anmaparypa

aBHalUMOHHOTO 6asupoBanHus. Mckitouenue cocrapis-
tor PCA — uHTepdepoMeTpbl, KOTOpPbIE B HaCTOsIIEE
BpeMsi He B IOJTHOH Mepe MPHUCIOCOO/eHbl AJIs pelle-
HUS 3a/1a4 OTpefieJieHNst THAPOJOTUIECKHUX U (PU3UKO-
XMMHUECKHUX XapaKTePUCTHK CeNbCKOXO035HCTBEHHBIX
nosei. [laHHas mnpobGsaema mnpeacTaB/seT OOJbLIOH
Hay4yHO-NPaKTUUeCKUH HHTepec U TpelOyeT MNpoBene-
HUST KOMIIJIEKCHBIX MCCJIeIOBAHUH.

Borpoc aucTaHIMOHHOTO OmpeneseHus BJaXKHO-
cty nouBbl U YI'B mpu cenbckoxo3siicTBEHHOM MPO-
M3BOJACTBE B JIUTEpPAType OCBelleH MOAPOOHO, B YaCT-
Hoctu B paborax A.M.Illyrtko [1]. Mmeercss rak-
’Ke I0CTaTOYHOe KOJMUecTBO MyOJaUKaALUH M0 IUCTaH-
IUOHHOW OlleHKe OHOMacchl pacTeHWH, B UYaCTHOCTH
puca [2]. OmHako, Kak YTBEPXKIAWT CIHELHAJUCTbI-
PUCOBOABI, BaKHeHIlIed XapaKTEPUCTUKOH PUCOBOU
OpPOCHUTEJIbHOH CHUCTEMBI SIBJISIETCS MHUKpopesbed (ka-
UeCTBO MJIAHUPOBKH [OBEPXHOCTH) PHCOBOTO UeKa,
OT KOTOPOTO B MEPBYIO Ouepelb 3aBUCUT PACXOA BOJbI
¥ camoe ryiaBHoe — ypoxkait puca [3]. Y cienoBaresib-
HO, M0 MX KaTeropuyHOMY MHeHHI0, 6e3 orpeneseHust
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sToro nokaszaresnsi Mmonutopur POC He npexncraBiis-
eTcst 1esnecoobpasHbiM. J[aHHOE 00CTOATENBCTBO BHIHY-
JIMJI0O HAC OCHOBATEJbHO 3aHATHCS W3ydeHHeM Mpobiie-
Mbl B3aMMOCBSI3H PafMallMOHHBIX CBOHUCTB MOBEPXHO-
CTH TMOYBBl PUCOBOTO YeKa C ee MHUKPOpPesbedoM.

Pa3paboTka MeTOAUKHU OIpeneeHus
MHKpopeabeda pUCOBbIX UEKOB

Mukpopesibed MOBEPXHOCTH PHUCOBBIX YEKOB MPH-
HSTO XapaKTepru3oBaTh PSIOM BeJUYHH, Haubosee ya-
CTO M3 KOTOPBIX HCIOJb3YIOTCS caenytoiiue [3]:

— OTHOCHTeJbHasi MJollanb (B MPOLEHTaxX) ueKa
C OTKJOHEHUSMH «OTMETOK» [OBEPXHOCTH OT
cpelHed B ompeleseHHbIX HHTepBajax (Hampu-
Mep, Ha 5 cM);

— K03 duuneHT romgHoctH moss: 0 = n/N, rae
7 — KOJIMYECTBO BBICOTHBIX «OTMETOK», JIEXKAIINX
B npenenax +5 cMm, N — obliee KOJHYECTBO OT-
METOK B YeKe;

— KPUTEPUH Ne(PEeKTHOCTH MJIaHUPOBKH, PaBHBIH OT-
HOLIEHHIO CYyMMbl a0COJIIOTHBIX BEJHYHUH OTKJO-
HeHHH Ah; OTIeJbHBIX «TOYEK» YeKa OT cpeJHel,
MPEBbIIAKIINX TPUHATHIH Homnyck (£5 ¢M), K 00-
IL[EMY YHCJY TOYEK:

1 n
KD:NZMM- (1)
P

KosndecTBO TOUeK (MM OTMETOK) OmpenessieTcst
KOJIMUeCcTBOM KBaapaToB pasmepoM 20 x 20 M> B Kax-
JIOM YeKe, BHYTPH KOTOPbIX (C MOMOIIbI0 HHBEJIUpa)
ompeJesisieTcsl YPOBEHb TOPU3OHTA MOBEPXHOCTH (BBI-
COTHast OTMeTKa).

Jlnsg  XapakTepuUCTHKH MHUKpopesbeda BakKHO
3HaTb He TOJbKO BeJHYMHBI OTMeToK (h,), HO M ua-
CTOTY WX MOBTOPEHHS, T.€. BEPOSITHOCTb MX pacrlpene-
nenus. [IpakTHuecku 1/ BCeX NPUTOAHBIX IJIsl PHUCO-
CestHUs YeKOB IJIOTHOCTb pacrlipeesieHnst BePOSiTHOCTH
BEJHUUH h; TMpU OOMbLUINX 3Ha4eHUAX (n — 00) Onu-
CbIBaeTCsi HOPMaJIbHBIM 3aKOHOM:

p(h;) =

1 _(hi—he)®

—e 20 s
oV 2w

rae (h; — he, ) = Ah;, 0 — cTaHzapTHOe OTK/IOHeHHe
reHepaJsibHOM COBOKYITHOCTH (1N — 00).

(2)

OO611enpuHATHIM CIIOCOOOM KOHTPOJISI MHKpope-
Jibe(pa MOBEPXHOCTH PHUCOBBIX YEKOB B HACTOSILIEE Bpe-
Ms sIBJISeTCsl HMBeJMpHas cbhbeMKa [0 KBaapaTaM pas-
mepom 20 x 20 m?. CylmHOCTb 3TOrO MeTONa 3aKJIo-
yaeTcss B TOM, UTO Ha IJIOLlaAb 4YeKa Kak Obl Ha-
KJalblBaeTCsl TUIOTeTHYecKasl ceTKa C KBalpaTaMu
20 x 20 M2, BHYTpH KOTOPHIX (B LIeHTpe) CTaBUTCH HH-
BesiMpHas pedka. [lo mosoxeHUI0 3TOH pedKU orpese-
JISleTCSl YPOBEHb TOPU30HTA LIEHTPAJbHOH TOYKH KaxK-
IOT0 KBajpaTa, KOTOPbIH U NMPUHHUMAIOT 32 BBICOTHYIO
OTMeTKy Bcero kBazparta (h,;). 3aTreM BBIUHMC/ISETCA
cpelHee 3HauUeHHe 3THX OTMETOK, YTO OepeTcsl 3a 3Ha-
YeHHe cpeaHero ropusonra ueka (h,). Pasuuua (h; —
—hy,,) onpesesisieT OTK/IOHEHKHe YPOBHS FOPU30HTA i-TO
KBajpaTa OT CpefiHEH OTMETKH ueKa. 3aTeM CpenHss
OTMeTKa ueKa «IPUBsI3bIBAeTCs» K KaKOMY-JHOO0 Hero-
IBUXXHOMY OOBEKTy BHE PHUCOBOrO 4eka (Hampumep,
K OTOJIOBKY BOJIOBBIITYCKa) W HCIOJB3YyeTCs HJsi KOH-
TPOJisl B IpoLecce MJIaHUPOBOYHBIX padoT.

ITOT cnocob sIBJAsSETCS TPYAOEMKHUM U CJOXKHBIM,
U, IOMHMO TOT0, XapaKTepu3yeTcsl HEBBICOKOH TOUHO-
CTbIO, T.K. JaHHble U3MepPeHHUH B OOHOW CJay4YahHOU
Touke obobuiarTcs s Bcero kBagpara. [lo psimy
NPUUYKH (BKJIOYAsi YyKa3aHHble Bbille ¥ HEXBATKY Tep-
COHaJa) Mepesi CEBOM He TPeNCTaBJsSeTCs BO3SMOXKHBIM
BbI[IOJIHEHHE HUBEJIUPHOH CheMKH [J5l BCEI'O PUCOBOJ-
4ecKOro Xo3siicTBa. A BBIOOp YEKOB, Ille Bblpalll{Ba-
HUe puca He IpelcTaBJseTcs lleecoo0pasHbIM U Tpe-
OyeTcsl MpOBefeHHe MJIAHUPOBOUHBIX PaOOT, BBINOJHS-
eTCsl UCXOAS U3 JaHHBIX O NaJeHUH yPOKaMHOCTH 4ve-
KOB B MpeIIeCTBYIOLIHe Tofbl (1160 10 BU3YyaJbHBIM
OLIEHKaM).

[Io nToramMm MHOro/IeTHHX 9KCIepUMeHTaJ/bHbIX HC-
C/Je[0BaHUH HaM yna/noch pa3paboTaTb METONMKY OIl-
penesieHUs] MUKpopeJsbeda 10BepPXHOCTH PUCOBOTO Ye-
Ka ¢ nomortbio CBU-pannomerpuueckoro Merona [4].

BakHoll 0COGEHHOCTBIO KOMILJIEKCA 3KCIIepUMEH-
TaJbHBIX PabOT MO HccaenoBaHUIO B3auMocBsizn CBY-
U3JlydyaTeJIbHBIX ~XapaKTepUCTUK W  MHUKpopesbeda
TIOBEPXHOCTH PHUCOBBIX UEKOB SIBJISIETCSI CUHXPOHHOCTb
U3MepeHHH BceX TeOo(pU3NYeCKHX M paJHuOMeTpHyec-
KHX XapaKTepUCTHK, TaK KaK MOCTaBJeHHas LeJb J0-
CTHraeTcs Jullb Hyaronapst HabJ/IOAEHHUIO 32 TIOBEIEeHU-
eM 3THX MapaMeTPOB Ha KaXKJIOM ydacTKe («TOYKe»)
B [IpoLiecce IUHAMUKH BbICbIXaHHUS (HCCYIIEHHSsT) OUBBI.

Hasemuble paboThl BKJHOYAJH H3MEPEHUS C IIO-
MOILIbIO MePeABHAKHON PaJHOMETPHUECKOH yCTaHOBKH,
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cozepKalled paguoMeTpel ¢ pPabGoOuMMH  BOJHAMH
2 U 6 cM, KOHTAKTHble U3MepPEHHS BJa’KHOCTH TOUBHI
U HHUBEJIUPHYIO ChEMKY.

B xaxnom yeke HazeMHble paboThl HaUHWHAJIWCh
C TPOBeJNEeHWs] HUBEJUPHOH CBEMKHM IO KBaJpaTaMm
20 x 20 M2 [l HAXOXKAEHUsS 3HAUYEHHUS «cpenHeHd oT-
MeTKH» TOBEPXHOCTH UeKa, M0 OTHOIIEHHIO K KOTOPOH
OTpeNesITIOT OTKJIOHEHHS] YPOBHSI TOPH3OHTA 3JeMeH-
TapHbIX ydacTkoB (Ah,). Tlpu 3TOM MapuipyTe 1BH-
JKEHUSl «peedHHKa» (orepatopa, yCcTaHaBJHBAIOIIEro
HUBEJHPHYIO peHKY) MpPOKJadblBAIOTCS TaKUM 00Opa-
30M, UTOOBI TOUKH HUBEJUPHOH CbeMKH MPOXOAUJH MO
cepefivHe «Jly4el» CaMOJIETHOTO JIBYXCaHTUMETPOBOTO
pamroMeTpa. 3aTeM B OJMKaliledl OKPeCTHOCTH 3THX
TOYeK C MOMOIIbI0 HA3eMHOH MepeBHAKHON paluOMeT-
pPHUYECKOH YCTAHOBKH HM3MepsieTCsl MHTEHCUBHOCTH H3-
JIy4eHHUs1 Ha IBYX BosiHaX (2 U 6 cM) U GepyTcsi mpooObl
MOUBbI Ha BJIAaXKHOCTb. ONHOBPEMEHHO C 3THM TPOBO-
aunachk camosietHass CBY-papnomerpuyeckasi cbeMka
(na BosHax 2, 18 u 30 cM) ¢ MaKCHMaJbHOH HeTa/lb-
HOCTBIO (BBICOTA MMOJIETa camoJseTa-naboparopun AH-2
cocraJsiao 50-80 m).

Takum o6pasom, ObLIM MOJYyYeHBl [IJi KaxKAO0TO
3JIeMEHTapHOTO Y4acTKa PUCOBOrO 4eKa OJHOBPEMEHHO
LaHHble 00 MHTeHCHBHOCTH u3nydeHus (17 unau )
HAaA=2cM, A=6¢cm A =18 cm, A = 30 om,
0 BJaxkKHOCTH mouBhl B cj1oe 0-5 cm u 15-20 cm u 00
ypoBHe ropusoHta (touHee Ah;).

CormocraByieHHe JAHHBIX MO TPeM CHHXPOHHO W3-
MepeHHBIM MapaMeTpaM MO3BOJUJIO HaM clesiaTh Ta-
KHe BBIBOJIBI:

— B3aMMOCBSI3b MEXAY MHUKpOpesabedOoM MOBEPXHO-
CTU M BJIaKHOCTbIO MOUBBI Ha IyyOHMHaAx OoJiee
15-20 cm mpakTHYeCcKH OTCYTCTBYET HE3aBUCHMO
OT JaThl MOJIMBA,;

— B TIOBEPXHOCTHOM cJjioe mouBbl (0-5 cm) Baax-
HOCTb YCTOHUHBO KOpPEJUPYyeT C yPOBHEM TO-
pH30HTa ydacTKa moJisi (rae H3MepsieTcsi BJaXx-
HocTb). [lpuyem »3Ta CBSI3b ocjabeBaeT Kak
C yBeJHUEHHEM YBJIAXKHEHUsS B CpPeAHEM IO
YyeKy OT 3HayeHHs HOPMaJbHOH BJIArOEMKOCTH,
TaK W C JAJHTEJbHBIM HCCYLIEHUEM IOYBHI;

— Ha0J/07aeTcs B3aMMOOJHO3HAYHasl CBSI3b MexX-
ny uHTeHcuBHOCTbI0 CBY-usnmyuenns Ha BoJHax
2 1 6 cM 4 ypoBHEM TOPHU30HTAa Yy4acTKOB IIO-
JIS1 JIALIb TPYU OIpefie/IeHHbIX 3HAauUeHUsX cpefHel

BJIAXKHOCTH B CKHH-CJIO€ MOYBBI (I/151 HaHHOH ).
OnTUMyM 3TOH BeJUUHHBI GJH30K K 3HAYEHHIO
HaHWMeHbIlIeHd BJIArOEMKOCTH.

OMnupuueckas 3aBucumocth Az ot Ah ags
3JIEMEHTApHOr0 y4yacTKa MPH ONTUMAJbHOM 3HaYeHHH
CpelHeH BJIaXKHOCTH MO 4YeKy UMeeT BHI:

Az, = K,, In(1 + Ah;), (3)
rre K,, — Ko3pQUUMEHT 3aBUCALIEH OT MJIOTHOCTH
rpyHTa (MOuBbI) B Yeke.

['pachuk sTOH 3aBUCHMOCTH Aasl 3HaueHHH K, =
=0,8;1,0; 1,2 npencraBsen Ha puc. 2.

0.200- 2%

| 1,2
(‘),150 170
0,100 K, =08

\
0,050

\
0,00 Ah
—0,1 0 0,1

—0,100

7

\
—0,200

\
—-0,250

Puc. 2. I'paduk 3aBucumoctt Az ot Ah npu pasubix K,

Ha ocHoBe 3Toii 3aBUCHUMOCTH HaMu ObLJIH II0O-
CTPOEHBI KapThl MUKpPOpesbeda AJs YeKOB Ha MJIOIa-
o okosio 1000 ra mo pesysnbratam camoJsetHoid CBY-
pagvoOMeTPUYeCKOH CbeMKH B Te4YeHHe OJHOTO JHS.
CormnocraB/ieHHe 3THX KapT C AaHHBIMM BBIOOPOUHBIX
HUBEJUPHBIX CHEMOK 10KA3aJ0 UX yIOBJETBOPUTEb-
HYI0 COBMeCcTHMOCTb. [IpuMep Takoro cpaBHeHHUS I10-
Ka3aH Ha puc. 3.

OnbITHO-NIPOU3BOACTBEHHbIE PaAbOTHl, MPOBEIEH-
Hble C y4acTHeM aBTopa B pucocoBxo3e «C/aBsIHCKHH»
CnassHckoro pakioHa Kpacnomapckoro kpas B 1985-—
1991 rr. yGenuTenqbHO J0Ka3ajd 3SKOHOMHYECKYIO
M 3KOJIOTHYECKYIO 11eJ1eCO00pPa3HOCTb HMCIMOJb30BAHHUS
Npe/0KeHHOH MOHUTOPHHIOBOH CHCTEMbl B TEXHOJO-
THH BO3JEJbIBAHHS PHCA: TOBBIIIEHHE YPOXKAHHOCTH
coctaBusio 10 20 %; SKOHOMHS BOMbl, HCIOJb3yeMOH
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['pamauuu OTKIOHEHUN
CpEeIHEero ypoBHeH, cM

Puc. 3. CpaBHeHMe JaHHBIX caMoOJIeTHOH (a) M HUBeJHpPHOH (6) ChEMOK MHKpopesbeda PHCOBBIX UEKOB pa3MepoM
200 x 300 m? (mocse KOMMbIOTEPHOE 06PaBOTKH)

Ta6muua
Koutpoaupyemsriii Bpems Ilorpemnocts | Pemenue no ynpasaenuto TII b ekt
napaMmeTp H3MepeHus U3MepeHUNn Ha POC OT HCIOJb30BaHUS
YT'B-1 Jo cesa u mnoc- <15% Bribop crocoba 3atomnsenusi, npo- | [IpenorBpauienue 3abo-
YT'B-II Jie yOOpKH ypo- THO3 COCTOSIHHS MOA3EMHBIX BOJ JIaYMBaHUS U 3aCOJEHUS
xKas
BnaxkHocTb Jlo cesa < 10% Omnpenesenre Hayaja noJeBbX pa- | [loBblleHHe ypoxKaiHO-
60T, CPOKOB BCNALIKK M CeBa MH- | CTH U pallMOHAJbHOE HUC-
IMBUYaJbHOTO JAJIi KaXKI0T0 YeKa | 0Jb30BaHHe TEXHHUKH
MuxkpopeJbed Jo 3atonseHus < (£3 cm) | OnTuMH3alUMs JIAHUPOBOUHBIX pa- | [ToBbllleHHe — KadyecTBa
60T, uckiaoueHue nedexkTHbx de- | POC, 3KOoHOMHS BOJBI,
KOB M3 PUCOBOro 060poTa CHHKEHHe 3aTpaT
Bapuanusi Ttewmne- | o cesa +1 K OueHKH TOTOBHOCTH 4eKOB K ce- | Onrumusanus npo-
parypsl (1T")mo ye- BY MHAHMBUIYaJbHO U BO3MOMKHOTO | JOJKHUTENBbHOCTH
Kam crocob6a 60pbObI ¢ cOpHAKaMU 6e3 | BereTaluu
rep6bULUI0B
Buomacca I B nauane ¢asbl <10% Onpenesenre 103l MOAKOPMA U pe- | DKOHOMUS  YLOOpeHHH
KyILEeHHUs JKHMa OpOLLIeHHUs ¥ COXpaHeHWe MOUBEH-
HbIX PECypcoB
Buomacca I1 B Hauane Tpy6- <10% Omnpenesnende 1036l MOAKOPMOK | DKOHOMHS  YHOOpPEHHH
KOBaHHUs U TIpeloTBpallleHHe 3a0o/eBaHUs | U SIOXHMHKATOB, OXpa-
pPaCTEeHHH MEePUKYJIAPO30M Ha OKpyXKarolled cpefbl
Buomacca II1 B ¢dase moJou- < 10% [Tporuos ypoxkas rno yekam MunHuMH3aLUsg  T0TepPb
HO-BOCKOBOH ypoxass 1npu  ybopke
CIIeJIOCTH 3a CYyeT OMNTHMaJbHOH
10cJe10BaTeJbHOCTH

y6OpPKH 10 YeKam
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175l opolleHusi, — 10 15%, siIOXMMHKAaTOB M YH00-
pernit — okoso 10%. Cienyer OTMETHTb, 4TO yKa-
3aHHBIH TOJNOXKUTENbHBIN 3(D(EKT NOCTUTHYT OTYACTH
6Jsiaroapsi OIHOBPEMEHHOMY MPHMEHEHHIO CPEACTB JI0-
KaJIbHOW aBTOMAaTHU3allMH MPOLIECCOB BOAOpacIpeee-
nust Ha POC [6].

TexHosornueckue 0CHOBBI U 3(P(PEKTUBHOCTh HC-
M0JIb30BaHUSI MOHUTOPUHTOBOH CHUCTEMbI [JIST TIPOU3-
BOJICTBA pHCa MPEACTaBJEHbl B TabJHLE.

B 3akJjiodeHue cieyeT OTMETHTh, YTO C YUETOM
COBPEMEHHOTO Pa3BUTHS KOCMHUecKHX cpeacts 33,
HaBUTALWK U CBSI3U OTKPLIBAIOTCS BCE HOBbIE BO3MOXK-
HOCTH JJI1 opraHusauuu 6osee 3p(EeKTUBHBIX CUCTEM
[1eJIeBOT0 MOHHUTOPHWHTA B TECHOH CBfI3U C TEXHOJO-
ramMu TPOU3BOACTBA B KaXIoH cdepe. DTo B MoJ-
HOH Mepe KacaeTcsi WU BO3MOXKHOCTeH CITyTHUKOBBIX
TUTIEPCIIEKTPOMETPOB, YCTAHOBJIEHHBIX HA OTeYeCTBEH-
HBIX KOCMHMYECKHX armapaTtax MpupoaopecypCcHOro Ha-
3HaYeHHUsl /I arpoNpOMBIIIJIEHHOTO CEKTOPa 3KOHO-
MHKH [7].
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