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AMULTI-WAVE METHOD FOR DETERMINING THE PHOSPHORUS CONTENT
IN SANDY SOIL BASED ON THE RESULTS OF MEASURING MOISTURE
AND SOIL ABSORPTION COEFFICIENT

Turkan N. gizi Amirova
National Aerospace Agency, Baku, Azerbaijan Republic

Humar S. gizi Aliyeva
National Aerospace Agency, Baku, Azerbaijan Republic

Abstract. The moisture content of the soil significantly affects the results of spectral methods for determining
various organic substances present in the soil. Well-known studies of the effect of sandy soil moisture on the
results of spectral measurements of the absorption coefficient in the spectral range 0f 225-2550 nm, conducted to
determine the amount of phosphorus in the soil, allowed us to compile a calibration model for predicting phosphorus
in sandy soil based on measurements of the spectral characteristics of the soil. Absorption spectra of sandy soil
with different values of moisture and phosphorus content were determined, in which water absorption lines at
wavelengths of 1450 nm and 1940 nm are clearly visible. At the same time, with an increase in moisture content, an
increase in the value of the absorption coefficient is observed. At the same time, with an increase in soil moisture
content, the curves obtained at different values of phosphorus content in it differ less and less. The values of the
correlation coefficients between the absorption coefficient and the phosphorus concentration over the entire
wavelength range A = 225+2550 nm were determined. It was found that the highest values of the correlation
coefficient are observed in soil with minimal moisture content, in the wavelength range of 1900-2500 nm. The above
results were used to predict the amount of phosphorus in the soil. On this basis, a method was proposed to
determine the concentration of phosphorus in the soil, which has an error due to the inaccuracy of determining the
correlation coefficient and the absorption coefficient. To eliminate this drawback, the use of multi-wave techniques
is proposed in this article. A two-wave method for determining phosphorus in sandy soil is proposed, a block
diagram of the algorithm for implementing the two-wave method is compiled. It is shown that when using a two-
wave method for determining the phosphorus content in the soil, the total random error decreases by a factor of /2.
It is noted that when using the m-number of wavelengths in calculations and measurements, the corresponding
random error will decrease by a factor of y/m. A general algorithm for the implementation of the multiwave method
has been compiled
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MHOI'OBOJIHOBASI METOAUKA OIIPEAEJIEHUSA COAEPKAHUSA ®OCPOPA
B IIECOYHOM IMOYBE HA BA3E PE3YJIBTATOB U3BMEPEHUSA BJIAXKHOCTH
N KOO PUNUEHTA ITOTVIOIEHU A TIOYBbI

Typkan Hazum reizel AMupoBa

HarronansHoe a3pokocMHUYECKOE areHTCTBO, T. baky, A3zepOaiimkanckas Peciyonuka

Xymap Cabup rei3sl AnueBa

HarronansHoe a3pokocMHUYECKOE areHTCTBO, T. baky, A3zepOaiimkanckas Peciyonuka

AnHoTanusi. Biiarocoziep)xaHue Io4BbI CYIIIECTBEHHO BIMSET HA PE3YIIBTAaThI CIIEKTPAIBHBIX METO/IOB Opee-
JICHUSI pa3JIMYHBIX OPraHUUECKUX BEIIECTB, UMEIOIUXCS B TIOUBE. I3BeCTHBIE NCCIIEJOBAaHHS BIMSHUS BIAYKHOCTH
TIECOYHOM MOYBBI Ha PE3yIIbTaThl CIIEKTPAIBHBIX H3MEPEHHH KOA((PHUIMEHTA TOTJIONIEHHS B CIIEKTPAIbHOM JIara-
30HE 225-2550 HM, IPOBOAMMBIX IS ONIPECICHHUS KonuecTBa (hocdopa B IIOYBE MO3BOJIUIIN COCTABUTH KaJIMOpa-
LIMOHHYIO MOJIEINb sl Tipesicka3anus ocopa B mecouHoi ouBe Ha 0a3e M3MEPEHHH CIEKTPaIbHBIX XapaKTepuc-
THUK ITOYBBI. BBUTH OTpeiesieHbl CHeKTPhI ONIOMEHHUSI IECOYHOM TTOYBBI C PA3THYHBIMH 3HAYSHUSIMH COJICPIKAHHS
Biard u Gocgopa, B KOTOPBIX OTYCTIIMBO BUIHBI JIMHUH MMOTIIONICHUS BOIBI Ha JuinHAX BOiH 1450 HM 1 1940 HM.
[Tpu aTOM C yBEIMYEHUEM BJaroconepaHusi HaOMonaeTcsl yBelnueHne 3Ha4eHus1 K03 QuUIeHTa MorIomeHHsI.
BmMmecre ¢ TeM ¢ pocTOoM BIaroconep)KaHus MOYBbl KPUBBIE, ITOJYUYSHHBIE TIPH Pa3HBIX 3HAUSHUSX CONEpPKaHUS
(docdopa B Hell paznuuaroTcs Bee crnadee. Beutn onpeeneHpl 3Had4eHNS KO3 GUIIMEHTOB KOPPEIISIIIAN MEKIY KO3 (-
(PUIMEHTOM TIOTJIONIEHHS W KOHILIEHTpalue Gocdopa BO BceM quana3oHe JIHH BOIH A = 225+2550 um. Beuio
00HapyXeHO, 4To Harbolee BRICOKHE 3HaYeHHsI k03¢ (GUIMEHTa KOPPEISIY HAOII0IAI0TCs Y TIOYBBI C MUHUMAJTb-
HBIM BJIarocojepxaHueM, B ooactu i BoH 1900—2500 HM. BeimensnokeHHbIC pe3ybTaThl ObLTH UCTIONIB30Ba-
HBI C LIEJIBIO MTPeIcKa3aHus KonuecTBa Gocdopa B mouse. Ha 3Toit 0cHOBE OBLI MpeyioKeH METON IS OTIpeziesie-
HUSI KOHIIEHTpanuu# Gocgopa B 1ouBe, KoTopasi 001aJaeT NOrpeIHOCTHIO N3-32 HETOYHOCTH OnpeeIeH st Koapdu-
LHeHTa Koppessuy U kodddunmenta abcopOimu. J{ist ycrpaHeHus 3Toro HeiocTarka B HaCTOSIIIEH CTaThe MpeJyIo-
YKEHO IPUMEHEHHE MHOTOBOIHOBBIX METOJIMK, JIBYXBOJIHOBBIH METO/ orpeaeseHus (Gochopa B NECOYHOMH NOUBE,
cocTaBiieHa 0JI0K-CXeMa aJIrOpUTMa peann3aliiy IByXBOIHOBOr0 MeTo/a. [TokazaHo, 4To pH HCIOIb30BaHUH JABYX-
BOJTHOBOM METOIMKH OIpeeNeHus coaepkanus Gochopa B IOUBE CyMMapHas ciiydaiiHasi TOrpelTHOCTh YMEHb-
maercs B +/2 pa3. OTMeUeHO, YTO MPHU UCIIOIb30BAHMH /M-KOJIMYECTBA JUIMH BOJIH HPH pacyerax U U3MEPEHHsAX
COOTBETCTBYIOIIAS CITy4aiiHasi HOTPELIHOCTh YMEHBIIUTCA B +/m pa3. CocTaBiieH OOLINHA aNropuT™M peain3aluu
MHOTOBOJIHOBOT'O METO/Ia.

KaroueBble cioBa: nomionieHue, BlIarocoaepxanue, necoyHas mousa, KoHueHTpauus pochopa, moqsa.
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BBenenue

Kak ormedaercs B paborax [5; 6], Binaro-
coziep;KaHue IMOYBBI CYIIECTBEHHO BIIUSIET HA pe-
3YJIbTaThl CIICKTPAJIbHBIX MCTO0B OIIPCACIICHUA
Pa3INYHbIX OPraHNYCCKUX BCIIECTB, UMCIONIUX -
¢S B MouBe. BimsgHue B1a)xHOCTH Ha PEIYIBTATHI
CHEKTPaIbHBIX METOJIOB ompeneneHus pochopa
B TOYBE OBLIO MCCIICNOBaHO B padotax [1; 3; 4; 7.
B yacTtHOCTH, B pabote [2] ObUIO HCCIEIOBAHO
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BJIMSTHHE BIIAYKHOCTH TIECOYHOM TIOYBBI Ha pe3YJlb-
TaThl CIEKTPAILHBIX H3MEPEHUH KO3 QP UIreHTa
TIOTJIOIICHHS B CIIEKTPAJIbHOM JHama3one 225—
2550 HM, TPOBOIUMBIX JIJISI ONPENETICHUS KOJH-
gyectBa Qocdopa B nouse. Llenpio uccienosa-
HUH, TPOBOJAMMEIX B 3TOI padore, ObLIO cocTaB-
JIeHWE KaTnOpalnOHHON MOJIENH, CITyXKatlen st
npezackazanus Gocopa B MECOUHON MOYBE HA
0a3e U3MepeHUH CIIEKTPAILHBIX XapaKTEPUCTHK
MIOYBBI.
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W3moxuM BKpaTIie OCHOBHBIC PE3Y/ILTATHI,
nojy4eHHsle B padore [2].

1. BeuIu onpeneaeHsl CIEKTPBI MOTJIONIE-
HUSI TICCOYHOM MTOYBHI C Pa3IUYHBIMU 3HAYCHH SI-
MH cojfiepKaHus Biaru u pocdopa. B kauecTe
npuMepa Ha pucyHke 1 MpuBeICHBI KPUBBIC 3a-
BHCHUMOCTH KO3(D(PHUIIMECHTA ITOTIOMICHUS OT JJTH-
HbI BOJIHBI ITPH Pa3HBIX 3HaUeHUAX Gocdopa npu
Biiarocoaepxanuu 4 % (a); 8 % (b) u 12 % (c¢).
Kak BUIHO M3 NpHUBENCHHBIX IPa(pUKOB, B HUX
OTYETJIMBO BUJIHBI IMHUH TOTJIOIIEHHUS BOJbI HA
nmuaax BoH 1450 am u 1940 um. [pu sToMm ¢
YBEIMYCHHUEM BJIATOCOACPKAHUS HAOII0IaeTCs

TIOTTIOI{EHHE

T
1500 2000 2500

ANHHA BOJHEL HM

IIOTJIOIEHHE

YBEIWYCHUE 3HaYeHHUs K0 PHIIMEeHTa ITOrITOoIIe-
Husg. BMecte ¢ TeM ¢ pocToM Biarocojepxka-
HUS TOYBBI, KPUBBIC MOYYCHHBIE TP Pa3HBIX
3HAUEHUAX comepkaHus Gpocdopa B HEH pasiiu-
JaroTcs Bce crabee.

2. Beun onpenenensl 3HaUeHUS KOAQOUIH-
CHTOB KOPPEJSALUU MKy KO3P(HULIUESHTOM 10~
IJIOIIEHHsT ¥ KOHIeHTpanuel ¢pocdopa Bo BceM
Jrarna3oHe JuH BoH HM. COOTBETCTBYIOIIHE
rpaduKu MPUBEICHBI HA PUCYHKE 2.

Kak BuITHO 13 TpaKOB IPUBEICHHBIX HA
pucynke 2. Haubomnee Bbicokue 3HaueHHS KOI(]-
(duIeHTa KOppeNsluy HaOIONAETCsl Y TIOYBBI C

T T T T T

(b) 1000 1500 2000 2500
AJHHA BOJTHEL HM
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MOTNOI{EHHE
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500 1000

(c)

1600

2000 2500

ANHHAa BOJMHEL HM

Puc. 1. CexTpbl MOMIOIIEHH s TOYBEI IIPU Pa3HbIX comepkanusx Gpocdopa
npu BaaxkHoct (a) 4 %; (b) 8 %; (¢) 12 %
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K03} HULHEHTE KO PPEIALIHE

v
1000

500

1500 2000

AJMHHA BOJHEL HM

Puc. 2. I'pacduku 3aBucuMocTH K03 PUIMEHTA KOPPEISLUH OT JUTUHBI BOITHBI
IIPU Pa3HBIX 3HAYCHUSIX BIAarOCOAEPKAHUSA
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MHHHAMAJIbHBIM BJIATOCO/IEPKAHUEM, B 00JIACTH
e BoH 1900-2500 M. BeIen3noxeHHbIC
Pe3yABTaThl OBUTH HCITOTB30BAHBI C LIENBIO TPE/I-
CKazaHMs KomudecTBa Gochopa B mMouse.

Brorunciaenus MpEACKa3aHHbIX BCIWMYUH
¢dochopa B moUYBE OCYLISCTBIAIOCH B CIEAYIO-
LIEH [TOCIIEA0BATEIBHOCTH:

1. Omnpezenenue BIarocoepKkaHus MOYBBL.
JloBeneHue yBIaXKHEHHOCTH 110 YPOBHS 4 %, 1100
8 %, mu6o 12 %;

2. Onpexaenenue o rpadukam, NpeacTap-
JICHHBIX Ha puUcyHKe | 3HaueHus koddpunnenTa
IMOrIOMICHUA IIpU 33):[3HHOI7[ BCIIMYUHE TJINHBI
BOJIHEI \;

3. Onpenenenne 1Mo rpadukam, MpeacTas-
JICHHBIM Ha pHC. 2 K0P PUITHEHTA KOPPEISIIAHN JITst
3aZ[aHHOI71 BCIIMYMHBI JJIMHBI BOJITHBI U BEJIMYHUHbBI
Biarocoaepxkanus rae C = (4, W).

Brruncnenne copepkanus dochopa B mo-
uge P 10 dopmyie:

P, =C(A, W) A2, W). )

Bwmecte ¢ TEM, BBIIICU3JIOKCHHAA MCTOJUKA
ompenenenus P o061aaaeT OTHOCHTENBHO He-
BBICOKOU TOYHOCTLIO M3-3a BIUAHUA CIIydYaUHBIX
MOPEIIHOCTEN B OMpPEAEIEHUN TaKUX IoKa3aTe-
neit kak W u A. [{nsg ycTpaHeHUs STOro HEmo-
CTaTKa Jajee pacCMaTpHUBAETCS BO3MOXHOCTh

IMIPUMCHCHUA MHOI'OBOJIHOBBIX METOJUK.

MaTepH aJIbl U METOAbI

PaccmoTpum mpeaiaraeMyro JABYXBOJHO-
BYIO METOMKY ONIpENeIeHus P . AITOpUTM pe-
aM3aliy yKa3aHHOW METONKN MOXKET ObITh U3-
JIOXKEH B BHJIC MTOCJICIOBATEIIbHOCTH CIISTYFOIIMX
oreparym:

1. V3mMepeHue BIarocoiepKaHusi TOYBBIL.
JloBeneH e BIarocoIepkarusi 10 OTHOTO U3 YPOB-
Heit (4 %; 8 %; 12 %).

2. BI6op [utiH BOJH 4, ; 1 /12J. i,j=(1, n).

3. [IpoeeneHue ko3 hGHUIMEHTA TTOTTIOICHHSI
1o Wo)s Ay jp W).

4. Onpenenenre ko3(hGUIIEHTOR KOPPEIs-
wnn C(4, ,, Wy); C(4, 7 w,).

5. Beruncnenne copepxkanus ocdopa B
MOYBE:

A(

_ Al W) )+ Al WO, )

BBIUI,j
/ 2
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6. OmpeneneHre CUCTEMaTHIECKOH U CITy-
YalHOM MOTrPelIHOCTEN B BUJE:

_ 5(/11;)4'5(;{2;),

52[’1_ == 5 (2)
_ 5(%)"'6(12;')
T 7 @)

e 6(A,,), 6(7»2],) — CpEIHUE 3HAYCHUS CUCTEMaTH-
YECKON MOTPEIIHOCTH MO MPOBEACHHBIM CEPHIM
M3MEPEHUHN Ha JUIMHAX A, U 7»2],; o(h)s 0(7»2],) — co-
OTBETCTBYIOII[HE CTyYaifHbIE MOTPEIIHOCTH IO MPO-
BEJIEHHBIM CEPUAM M3MEPEHMH Ha JUIMHAX BOJIH A ;
u 7»2],.

7. OnpesienieHie mapsl UIMH BOJH 45 A,
MpU KOTOPBIX JIOCTUTAeTCsl MakcUMallbHas Be-
nuuuHa P TO €CTh

BbIY ,)°

PBBN[,/‘ =max— {Pm,mi,j}; i’ ] = 1’ n.
8. Ompenenenue conepxkanue Gocdopa B
no4se P, B Ka4ecTBe

P =P

0 BBIY i)

bnok-cxema anroputma peanusanuu AByX-
BOJTHOBOT'O METOJIa, OMTMCAHHOTO BBIIIE ITOKA3a-
Ha Ha pUCyHKe 4.

Kak cnenyer U3 BBIIEU3IOKEHHOTO, TPU
WCTIOJIb30BaHUH JIByXBOITHOBOH METOIMKH OITpe-
neneHus conepxkanus ¢pocdopa B MoUBe CyM-
MapHas ciiydaiiHasi IOrPeIIHOCTh YMEHbIIaeT-
csl B /2 pa3. JIorHuHO MpeanoaokKuTh, YTO TPH
WCIIOTBb30BAHUH /-KOJTMYECTBA JJIUH BOJH MPH
pacyerax U H3MEPEHHSIX COOTBETCTBYIOIIAS CITy-
yaiiHas TOrpelIHOCTh YMEHBIIUTCS B Jm pas.
B aTOM ciydae anropuTMm peanuzaniid MHOTO-
BOJIHOBOI'0 METOJIa MOXKET OBITh TpEACTaBIICH
B BUJIE CIIEIYIOIICH MOCIe0BaTeIbHOCTH MPO-
BOJIMMBIX OIEpaIii:

1. M3MepeHue BIarocoiepKaHus MOYBEI
W,. JloBenienue BIarocoaepkaHus 10 OJHOTO U3
ypoBHEH (4 %; 8 %; 12 %).

2. ITpoBenenune n3mepeHuit KoaguireHTa
TIOTTIONICHUSL:

A ) A W) A W)..o AR, 7, ).

m,z %

3. Onpenenenue k03 GUIHESHTOB KOoppe-
TSN

(. )y, o} (2, ,)...C(A

m,z?>

W,).
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4. Berunciienue conepxxanust Gocdopa B
oyYBe:

e =~ 2 1 Al W)- €4, 7, )

IIpu »TOM 1714 yNpOIIEHNS 3aIIUCH BTOPBIE
UHJIEKCh] HE YKa3aHBbI.

5. OnpeneneHue cUCTEMaTU4ECKON U Clty-
YaiiHOM MOIPEIIHOCTEN:

Z zm:lazz
Jm

[Tpu sToM 3(A)) 1 3()))-cuCTeMaTHIECKHE
Y CIIy4aiHbIE COCTABJIAIOININE MMOIPEITHOCTH OTI-
peneneHus K03 OUIMEHTA ITOTIOIMIECHHUS Ha JIJTH-
HE BOJIHBI A,

6. OmnpeneneHre MHOXKECTBA IJIUH BOJH

2 _
Oy =

{j,[ }; =1, m, IPH KOTOPBIX JOCTUTACTCSI MAKCH-

MaJibHas BeJIM4YUHaA PBLIq.max'

7. Onpenenenue coaepxanus ¢pochopa B
I04YB€ B BHUJIE:

P() :Pablq.nmx'

TakuMm 00pa3zoM, Ha OCHOBE JJAHHBIX, MTPH-
BEJICHHBIX B pabore [2], mpeioxKeHbl BYXBOJ-
HOBBIC U MHOT'OBOJTHOBBIC METOJIMKH OIpe/ierne-
HUs pocdopa B TIOUBE, YU THIBAIOIIIE BIAr0co-
Jiep>KaHue TIOYBHI.

3akjaoyeHue

[TpoaHani3upoOBaHbl UTOT'H PAOOT IO U3yYe-
HHIO BJIMSIHUS BIIATOCOICPKAHHS TOUBBI HA PE3YJTh-
TaThl I3MepeHust KO3(Q(HUIMEHTA TTOTTOICHUSI B 3a-
BHCHUMOCTH OT JUTMHBI BOJIHBI, & TAKKE HA PE3ylTh-
TaThl omnpeneicHus ko3 (OUIIMEHTa KOPPEIALUT
MEXIy coziepkanreM ¢ocdopa B TIouBe U Kodd-
(HITEHTOM TOIVIONICHUS Ha PA3HBIX JUTMH BOJH.
Ha ocHOBe yKa3aHHBIX PE3Y/IBTAaTOB MPEITIOKCHBI
JIBYX BOJTHOBBIE i MHOTOBOJTHOBBIE METOIMKH OTIPe-
JeneHust cofepykanus Gocdopa B IECOUHOM TOYBE
B 3aBUCHUMOCTH OT BJIAarOCOJCPIKAHHUS MOYBBI.

Havano

i=(1m);=(1n)

Hamepenne
BNa®HOCTH TOYBEH

Wy, = {496, 8%, 1296}

OnpegencHue
Eo3p D HIHEHTOR
KOpPENALKH

Hamepeuun
A(d, D) r A4, 0

Bruncnenue
P

BEM.LT

P

BRI, T

Bubop
= max[P

m:r‘:,t',j]

P, =

B

BRI,

Puc. 4. briok-cxema aJropurMa peajm3aln AByXBOJIHOBOI'O METOda A

]i; j'2]'; j'3/("' j'mz’

tnei,j, k,...z=1,n
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