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AHHOTaLuA. Lienb nccneioBaHmns — BbISBUTL CBA3M MeX/Y arpoXMMMUYeCKMMU OKa3aTensMy naxoTHOro cnos (CoepxaHue rymyca, noABIXHO-
ro gocdopa, 06MeHHOro Kanus, 3HaueHnsMu pH 06MEHHOI KNCNOTHOCTM), MONEBOIF BAAKHOCTbIO 1 CNEKTPaNbHbIMI XapaKTepucTMkamm noys
ANS OLLEHKY CTeNEHN 3POAMPOBAHHOCTM B ycnoBusx Yysawickoi Pecnybankm. UccnesoBanuns BbinonHeHbI Ha 5 nonuroHax (14 touek) ¢ fepHoBo-
MOA30AMCTLIMM, CEPBIMU NECHBIMA NOYBAMM U BbILLENOUEHHLIMU YePHO3EMaMM 1 X IPOAUPOBAHHLIMI Pa3HOBUAHOCTAMM. ArpoXxvMUYeckue
napameTpbl onpeaensnu craHaapTHoiMu Metogamu no FOCT 26213-91, noasuxHble docdop u kanuii no FOCT P 54650-2011, pH 06meHHOiA
kucnotHoctn no FOCT 26483-85, cnekTporpaMmbl pericTpupoBany NopTaTMBHLIM cnektpopaguometpom «FieldSpec Hand Held 2» Ha otkpbl-
TOil pacnaxaHHoii MOBePXHOCTU. [ins onpeAeneHns fOCTOBEPHOCTM Pe3ynbTaToB NPUMEHEHbI KOPPENSLMOHHBIA U PerpeccuoHHbIA aHanu3bl.
Moka3aHo, 4T0 C yBenMYeHneM CTeneHin 3poANPOBAHHOCTI NOYB YMEeHbLUAKTCA cofiepXaHue rymyca v nokasatenu pH(KCI). Ha cnektporpam-
MaXx BbIAENATCA ABa YCTOAUMBLIX MAKCUMYMa; UX OTHOLUeHMe R1/R2 cTaTMCTUYECKM 3HAUUMO CBA3AHO C FYMYCOM M NOKa3aTensiMmm 06MeHHoil
kucnotHocTv pH(KCI) 1 MoXkeT paccmaTpuBaThes kak 3KCMPecc-MHAMKATOP 3P03NOHHBIX NPeo6pa3oBaHmii Npyu COBMECTHOI MHTEpRpeTaLyni ¢ Sp-
KoCTbio R2 1 nonoxeHvem B penbede. MonyyeHHble 3aBUCUMOCTY TpebyIoT BepudMKaLMK Ha paclunpeHHoil Bblbopke.

KntoueBbie cioBa: arpoxumuueckue nokasaTenu noys, rymyc, nonesas BaxHoCTb, CNEKTPOMETPUS, CNEKTPa/IbHbIE MH/EKCbI, 3P031S N0UB

bnarogapHocTy. ABTOpbI NPU3HaTeNbHbI COTPYAHNKAM McnbiTaTenbHoro nabopatopHoro LieHtpa npu ®Ib0Y BO «YyBaluckuii arpapHblil yHu-
BEPCUTET» 3a BbIMONHEHUE NabOPATOPHLIX aHANN30B MOYUBbI.
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Abstract. The aim of the study is to identify relationships between the agrochemical indicators of the arable layer (humus content, mobile
phosphorus, exchangeable potassium, and pH values of exchangeable acidity), field moisture, and spectral characteristics of soils in order to
assess the degree of erosion under the conditions of the Chuvash Republic. The studies were carried out at five test sites (14 sampling points)
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on sod-podzolic soils, gray forest soils, leached chernozems, and their eroded varieties. Agrochemical parameters were determined according
to GOST 26213-91, mobile phosphorus and potassium according to GOST R 54650-2011, and the pH of exchangeable acidity according to GOST
26483-85; spectrograms were recorded with a portable FieldSpec Hand Held 2 spectroradiometer on an open, ploughed surface. Correlation
and regression analyses were used to assess the reliability of the results. It was shown that humus content and pH(KCI) values decrease with
increasing degree of soil erosion. Two stable maxima are distinguished in the spectrograms; their ratio R1/R2 is statistically significantly related
to humus and exchangeable acidity pH(KCI) and can be considered a rapid indicator of erosional transformations when interpreted jointly with
the brightness of R2 and the position in the relief. The obtained relationships need to be verified on an extended sample.

Keywords: agrochemical soil properties, field moisture, spectrometry, soil degradation, spectral indices, soil erosion

Acknowledgments. The authors sincerely thank the personnel of the Testing Laboratory Center at Chuvash State Agrarian University for their
support in carrying out the laboratory analyses.

For citation: lakimovich D. N., Vasyukov S. V., Sirotkin V. V., Vasiliev 0. A. Identification of spectral indicators of soil erosion based on field
spectrometry data (A case study of the Chuvash Republic). /zvestiya of Saratov University. Earth Sciences, 2026, vol. 26, iss. 2, pp. 94-101 (in Russian).
https://doi.org/10.18500/1819-7663-2026-26-2-94-101, EDN: FJGEWS

[. H. Akumosunyd v ap. OrnpefeneHne CrnekTpasbHbIX UHANKaTOPOB 3P03UM M0YB

This is an open access article distributed under the terms of Creative Commons Attribution 4.0 International License (CC-BY 4.0)

BBepeHne

3eM/IM  Ce/IbCKOXO3SIICTBEHHOTO Ha3HaueHUsi
Yyparickoii PeciyOnuKy OTHOCATCS K UMCTy Hau-
bosmee spoavpoBaHHBIX B Poccun: 6Gonee 80%
MallHy T0JBep)KeHO BOJHOM 3po3uu. Pacnamika
CKJIOHOB W HeJOCTaTOuHasi [0/ MHOIOJIETHUX
TpaB B CeBOOOOPOTe yCUIMBAIOT Aerpajaliuio MoyuB,
a IOYBEHHO-3PO3MOHHOE KapTUPOBaHUe, BbIITO/IHEH-
Hoe B 1990-x rT., TpeOyeT akTyaymm3auuu. B atmx
YC/IOBUSIX TePCHEeKTUBHBI CIEKTpa/bHble T0AXO-

Abl K OWarHOCTUKE COCTOAHHA IIaXOTHOI'O CJiod.

K HUM OTHOCATCS Kak [UCTaHLIMOHHBIE METOZbI
(cnytHuKOBBIe fAaHHBIe, BITJTA), Tak W Ti0JieBbIe
CTIeKTpOMeTpUYecKue u3MepeHHs. B Hacrosieit
paboTe uCro/b30BaHA UMEHHO TOJIeBasi CIIEKTPO-
MeTpHsl, KOTOpasi TI03BOJIsIeT OIlepaTHBHee YTOUHSTh
TOYBEHHO-3PO3UOHHbIE KOHTYPHI.

IpakTryeckasi 3HAUMMOCTh CTMeKTpajbHbIX Me-
TOZIOB CBfi3aHa C TeM, UTO OL[eHKAa COCTOSIHUS
CeNTbCKOXO3SICTBEHHBIX 3€Meflb OIMHMpaeTcsl Ha ar-
poxuMuUeckure nHAUKaTopsl rogopoaus (pH(KCI),
cofiep)kaHue Tymyca, 06ecriedeHHOCTb TIO/[BHKHBI-
mu popmamu P u K 1 fp.), KOTOpble U3MEHSIIOTCS

B 3aBHCUMOCTH OT penbe(ba N CTelleHnM CMBITOCTH.

[To maHHBIM MCCIEJOBaHUM, CHeKTpaibHble Xapak-
TEPUCTUKM MaXOTHOTO CJI0Si MOTYT OTPa)kaTb TaKue
V3MeHeHUsI ¥ UCII0/b30BaThCsl /ISl YTOYHeHUs TI0U-
BEeHHO-3D03MOHHBLIX KapT [1]. B pykoBogactBe ®AO
CTIEKTPOCKOTIUSL B BUJVIMOM, OJTIDKHEM W CpeJHEM
VH(paKpacHOM JMara3oHaX paccMaTpUBaeTcsl Kak
OBICTPBIM, SKOHOMHUHBIM ¥ Hepa3pyIIIaroIiui MeTo/
aHaJ3a ToYB, TI03BOJISIIOIIMI OLIeHUBAaTh Psifi UX (-
3UYeCKUX U XUMHUYeCKUX CBOUCTB. JTO NOATBEP>Ka-
€T TepCIeKTUBHOCTb TMPUMEHEHUs CIeKTPaJbHbIX
METO/IOB /I/Is AUArHOCTUKYU 3PO3UOHHO 00y CIOB/IEH-
HBIX M3MEHeHUH MaxoTHOro cios’.

0630p nuTepatypbl

Ucnonb3oBaHre MeTONOB AMCTAaHLIMOHHOTO
30H/IMPOBaHUs Ha Tepputopuu UyBarickoii Pecry6-

JIVKY IJIS1 peleHurs: po0sieMbl SpPO3UH TIOUB CTajIo
TIPUMEHSITBCSI CPAaBHUTE/IBHO HEIaBHO, BO BTOPOU
nonosrHe 2000-X IT., ¥ MMEKTCS OIpejeseH-
Hble YCIeXd B DPa3BUTHM JAaHHOTO HaIpaB/IeHUSI.
[IpuMeHeHMe CIIEKTPOTrpaMM [Jisi W3yueHUs] UHTeH-
CUBHOCTM BOZHOM 5pO3UM MOYB Ha TEPPUTOPUU
Uysamickoi Pecrniyb/iiku ObIJIO OTMEUYeHO BIIepBbIE
B 2010 r.,, ¥ mosyueHHbIe pe3y/bTaThl OB COMO-
CTaB/IeHbl C pe3y/lbTaTaM{ [eTajbHbIX [OYBEHHO-
arpoxyMHUYecKux rapameTposB [2, 3].

YpoBHM cofepxkaHusi rymyca, ¢ocdopa, Ka-
mus u nokasatenss pH(KCI) B maxoTHoMm ciioe
MOYB W3MEHSIIOTCS B 3aBUCUMOCTH OT THMa IIOY-
BOOOpa30BaTe/IbHBIX TIPOLIECCOB, OKY/ILTYPEHHOCTH,
CTpoeHUsI TIpou/s U CTeNeHU SPOJUPOBAaHHOCTHU
Y MOTYT SIBJISITBCST UHAWKATOpaMH 3PO3HMOHHBIX T1PO-
1jeccoB. Pesnbed — OCHOBHas IpUYMHA BOJHOM
5po3UM U BapbUPOBAHUSl arpOXMMHUECKUX IOKa-
3aTesleld B 3POAMPOBAHHBIX PA3HOBUIHOCTSAX IIOYB
Ha UHTEHCUBHO 00pabaThiBAeMOM 3eMeIbHOM yuacT-
ke [4], ocobenHo rymyca [5, 6]. V3MeHUMBOCTb
XapaKTepUCTHK perbeda OKa3bIBaeT OOJBbIIOe BIHsI-
HUe Ha YpOXalHOCTb [4-9] 1 ueTKo oToOparkaeTcs
¢ nomo1bto L poBeix Mozesnell penbeda [10]. Kak
rokasaHo B [11], cmekTpomeTpuuecKre XapaKTepu-
CTUKU TIOYB BOCTOUHOM YacTh Pycckoil paBHUHBI,
BK/IFOUasi MCCeAyeMblli PeruoH, [JeMOHCTPUPYIOT
YETKYH0 3aBUCUMOCTbD OT CTeNeH! UX 5pOAUPOBAHHO-
CTU, UTO TOJIHOCTBIO COIVIACYeTCsl C MOMyYeHHBIMU
B HallleM UCC/Ie/0BaHUY JJaHHbIMU. «MeTozuKa To-
JIeBOM CTIEKTPOMETPHIN», PaHee TIPUMeHSIBLLAsICS 1/1sT
OLIeHKU TIOUBEHHBIX TapameTpoB [12], moaTBepu-
J1a cBOO 3¢ (PeKTUBHOCTD U B yCI10BUsIX UyBallickon
PecriybnvKy, 4TO MOAYEPKMBAET YHUBEPCAIbHOCTh
JAHHOTO TOAX0Ja.

HoBu3Ha paboOThI COCTOUT B TOM, UTO AJIs
HEeCKOJIbKUX PaCIpPOCTPAHEHHBIX B PeTHOHE THUIIOB
TIOYB MTPOBE/IEHO COTIOCTaB/IeHNe MTapaMeTPOB CIIeK-
TPOTpPaMM C arpoXUMHUYeCKUMU ITOKa3aTesMH U Mo-
JIO)KeHeM Ha CKJIOHe B e[JUHOM II0JIeBOM [v3aiiHe

1 PyKoBO/ICTBO M0 aHa/NM3y TIOUB C MCTIO/Ib30BaHUEM BUAMMON U 6/mikHell uHppakpacHoi (vis-NIR) u cpesHeii uHbpakpacHoi
(MIR) criekTpockoruu / TIpoi0BOMBLCTBEHHAs U CeJIbCKOX03siCTBeHHAst opranu3anys O6bearHeHHbIx Haupit, Pum : ®AO, 2022. 31 c.
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(5 nmonuroHoB, n = 14). 3t0 no3BosieT chopMyarupo-
BaTh [IPOCThIE MHTEPIIpeTaLMOHHbIE OPUEHTUPHI [/
3KCIIPeCC-OLeHKH COCTOSIHUS NTaXOTHOIO CJIOS U BbI-
6opa y4acTKOB [Ijis1 IeTa/IbHOTO 06C/e[0BaHMsL.
Lenb uccnenoBaHust — BBIABUTb CBA3U MEXAY
arpoxvMHUYeCKUMH TI0Ka3aTe/sIMU [1aXOTHOIO CJI0s
(rymyc, pH(KCI), P, K), mosieBoii B/Ia>KHOCTHIO
Y IapaMeTpaMH CIIeKTporpamMm (B TOM 4HMC/le HH-
JnekcoMm R1/R2) B 3poupoBaHHbIX Pa3HOBHUAHOCTSIX
OCHOBHBIX THITOB TI0uB UyBariickoi Pecrybnvku st
3KCIIpecc-OLieHKU 3pO/iIPOBAHHOCTH I10YB.

MaTepuanbl nmetoAbl

Krnaccudukaiuro crerneHn 3poJupOBaHHOCTH,
OCHOBaHHYH Ha M3MEeHEeHHWH MOLHOCTH MOJAMIaX0T-
HBIX TOPU30HTOB, BbInoHsiu o C. C. Cobosne-
By [13], a u3MeHeHUs cofep>XaHUsI B TTaXOTHOM CJIO€e
rymyca — o M. H. 3acnaBckomy [14]. [TouBeHHbIe
npobwr otoupam ¢ rmybunasl 0—40 cm. I'ymyc ompe-
gensmi o TOCT 26213-912, nogsuskubie docdop
U Kamiii — mo OCT P 54650-20113; moka3sare-
i pH obmenHo# kucimotHoctH (ganee — pH(KCI))
usmepsii Ha pH-metpe mo TOCT 26483-85* (ca-
MOCTOSITe/IbHO), BI&XHOCTb — I'PaBUMETPUUECKU —
no F'OCT 28268-89° (caMOCTOSATe/LHO).

CriekTpasbHble U3MepeHHs BBIMOJHSIN M0pTa-
TUBHBIM criekTpoMeTpoM «FieldSpec® HandHeld» 2
(ASD Inc., CHIA), c kanmubpoBkoii 1o Geyomy
pedepency (1 kanubpoBKa Ha TOUKY). [TaHHBIH MTpU-
60p OTHOCUTCS K TTpubopaM BUAUMOTO U OJTH)KHETO
nHdpakpacHoro auamnasoHa VNIR (325-1075 Hwm;
+18M; < 3 BM npu 700 HM; mnone 3peHus
25°). Tlo cnekTporpamMmaMm BbIZIe/IIJIM [Ba Hau-
Ooslee BBIPA)KEHHBIX JIOKAMBHBIX MakcuMyma (R1
u R2), paccuuteiBam uHzAekc dopmbl R1/R2; sp-
kocTb R2 (DN) ucrnosnb3oBanu Kak XxapakTepUCTHKY
obmero ypoBHsl curHana. [yisi COMOCTaBUMOCTH
CTeKTpabHbIX KPUBLIX MPUMEHSTH HOPMUPYIOLIee
otHorieHre R1/R2, yMeHbIarol[ee BIUsHUE 00ITIei
OCBEIIEHHOCTH U MaciiTaba cUrHasa.

[ToneBble nccne0BaHYs BBITIOJIHEHBI HA 5 TI0-
nvroHax Yysarickoii Pecniybnuku (n = 14): Mop-
rayucKkuii M. 0. (JepHOBO-II0J30/IUCThIE TIOYBHI,
3 Touku), Yebokcapckuii M. 0. (CBeT/I0-cephle jiec-
Hble, 3 Touku), KaHamickuii M. 0. (cepbie JiecHbIe,
3 Touku), BypHapckuii M. 0. (TEMHO-cepble Jiec-
Hble, 2 TOUKU), BaTbipeBcKuii M. 0. (BbILLe/I0UeHHbIE
yepHO3éMbI, 3 TOUkM). B mpezenax Kak[oro Tio-
JIMrOHA TOYKM pacrofaraid rno npohuio CK/IOHa
(npuBOZOpa3en — CpeJHSIS/HWKHSSL 4acTh), UTO
TO3BO/IMJIO COTIOCTAaBUTh CIeKTpajbHble W arpo-
XUMHUYECKHe TI0Ka3aTeju C pebeHON TO3UIren

U CTeNeHbI CMBITOCTH. [10IMrOHBI Ha TEPPUTOPUM
Yygariickoii Pecryb/vke TipeficTaBeHbl Ha puc. 1.

YcnoBHble 0603Ha4eHNs

AIMVHUCTPATUBHbIE MPaHULIbI
[ PervioHanbHble
[] PaiioHHble

O MonuroHsl nccneposaxmns
® Cronuua (Yysawckas Pecnybnuka)

Puc. 1. Kapra-cxema pacrojio)KeHusi IIOJIMTOHOB MHCCIle-

noBaHuit Ha TeppuTopuu UyBarickoit Pecnybnuku: 1 —

Mopraymickuid, 2 — Yebokcapckui, 3 — KaHarckui, 4 — Byp-
HapCKui, 5 — BaTbIpeBCcKUit MyHHULUIIAIBHBIE OKPYyTa

Pe3ynbTaTbl U MX 06CYyXAEHUE

Ha BBIOpaHHBIX 3eMe/TbHBIX YYaCTKaX C Pa3/iiy-
HBIMH TUIAM{ TI0YB ¥ UX 3POAUPOBAHHBIMH pas-
HOBU/IHOCTSIMH U WCII0/Ib30BaHKEM CIIEKTPaIbHOM
CbeMKHU ObUTH TIPOBe/IeHbI TOUBEHHO-arpoXuMuye-
CKUe WCC/Ie[|OBaHMsl, BKI/IIOUAIOIIME YTOUHSIOLIYIO
JIMarHOCTHKY 1 0TOOp MOUBEHHBIX 1Mpob. MHdopma-
LIUsT O 3eMeJIbHBIX YYaCTKax W pe3y/IbTaThl UCCiieo-
BaHUI Mpe/icTaB/ieHa B Tabm. 1.

HanHble, TipuBeieHHbIe B Tabs. 1, moka3biBa-
0T OKHJaeMble Ppasduusi MeXAy THUIIaMU TIOUB
Y TIO3WLUAMU penbeda: B Oosiee 3pOAUPOBAHHBIX
BapyaHTaxX HaOJIOaeTcsT TeHJeHLUST K CHIDKEHUIO
cofiep>kanusi rymyca v uamenenuto pH(KCI), Torza
Kak B/I&)KHOCTb OTPaKaeT TeKYIIe YC/IOBUS YBIIaXK-
HEeHUs U MOXKeT BapbUPOBaTh BHYTPH MOJIMTOHA. JTH

2T'OCT 26213-91. [Touskl. MeTozs! Orpe/ie/ieHUs OpraHAUecKoro Beiectea. Bees. 01.01.93. M. : M31-Bo cranzapTos, 1992. 8 c.
3TOCT P 54650-2011. TTouBsL. Orpe/ie/ieHre MOABUKHbIX coeiuHenuii hocdopa u Kaaus o Metogy Kupcasosa B MosibyKaluu

LQUHAO. Beeg. 01.01.2013. M. : Crangaptunagopm, 2019. 12 c.

“TOCT 26483-85. TTousbl. TIpHroToR/eHye COMeBOM BLITAXXKH U omnpesesienue ee pH 1o metony IIMHAO. Baeg. 01.07.86. M. :

W3p-Bo cravpapros, 1986. 7 c.

ST'OCT 28268-89. ITouBkl. MeTo/ibI OMpeie/ieHns BAa)KHOCTH, MAKCMMa/IbHOM TUTPOCKOMMUeCKOM BIaYKHOCTH M Ba)KHOCTH yCTOM-
YUBOTO 3aBsijaHus pacteHunid. Beea. 01.06.90. M. : U3a-Bo cra”gaptos, 1990. 12 c.
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Tabauya 1
Pe3y/ibTaThl AAHHBIX BJIAXHOCTH U arpOXMMHYeCKHX 00C/1eJOBaHUH HUCC/Ie/[yeMbIX YYaCTKOB
Ne Tun nous Touku npobooTbopa OKCIo3ULKs I'ymyc, | ®ocdop,| Kammit, pH Bnax-
n/m
CKJIOHA % MI/KT MI/KT (KCI) | HOCTB,
%
HepHoBo-nioazomucras | [IpuBogopaszgen FOro-3anaznxas 1.7 27 45 44 15.3
2 | OepHoBo-nioz3onuctasi | CK/IOHOBBIM yuacTok | FOro-3anagHast 1.7 38 68 4.3 12.3
cnabocmeITast
3 | OepHoBo-nioz3onuctasi | CK/IOHOBBIM yuacToK | FOro-3amagHast 1.6 64 55 4 10.8
cpefiHeCMBbITast
Caetno-cepasi iecHasi | [IpuBogopaszen Oro-3anasnas 1.4 25 54 5 15.8
5 | CBemio-cepas yiecHasi | CKJIOHOBBIN ydacTok | FOro-3anagHas 1.4 39 79 4.5 13.0
HaMmbITast
6 | Ceemio-cepas siecHass | CK/IOHOBBIM yuacTok | FOro-3anagHast 1.5 149 71 3.9 11.8
HaMmbITast
7 | TunuuHo-cepas necHas | [IpuBopopasgen FOro-BocTounas 2.4 66 185 5.8 14.6
cabocMblITast
8 | TunmuHo-cepast necHast | CK/I0HOBBIN yuacTok | FOro-Bocrounas 2.3 71 187 4.6 14.5
cabocMbITast
9 | TunuuHo-cepas necHas | CK/I0HOBBIN yuacTok | FOro-Bocrounas 2.3 168 168 4.2 13.0
CUJIbHOCMBITast
10 | TemHo-cepasa necHas | [IpuBogopaszen FOro-3anazgxas 4.6 144 384 5.7 16.0
TPYHTOBO-T/IeeBaTast
11 | TemHo-cepas necHass | Ck/oHOBBIM yuacTok | FOro-3anazHas 3.5 83 193 5.7 14.5
TPYHTOBO-T/IeeBaTast
cnabocMbITast
12 | YUepHoseMm Brllenoues- | [Ipusogopaszgen IOro-3anasxas 7.6 1000 1786 6.5 20.3
HBIN
13 | UepHosewm Belienoues- | CK/I0HOBBIN yuacTok | FOro-3anazgHas 6.1 759 424 6.4 17.0
HbIH C11a00CMBITHINA
14 | YUepHoseM BhlijenoueH- | CK/I0HOBBIN yuacTok | FOro-3anazgHas 2.9 596 745 6.1 14.5
HbIH C11ab0CMBITHIN

3aKOHOMEpPHOCTH HCIO0J/Ib30BaHbl Jjajiee [/l COIO-
CTaBJIeHUsI C TTapaMeTpaMH CIIeKTPOTPaMM.

B mosieBbIX yCIOBUSIX BBITIOJHSTUCH CTIEKTPO-
MeTpUUECKHe W3MEPEHUsI OTKPBITOH MOBEPXHOCTU
MOYBBI C UCIIO/b30BaHWEM I10PTaTUBHOIO CIIeK-
TPOpaJMOMETPa; B pe3y/jbTare ObLIA TOCTPOEHBI
crieKTporpaduueckie KpUBBIE TI0 KaKAOMY WC-
cnefyeMoMy ydacTKy. Pe3ynbTaTbl TipecTaB/eHbBI
Ha puc. 2 (mo ocu abcuucc — [JIMHA BOJIHBI, HM,

10 OCU OpAMHAT — CreKTpajbHas sipkocTh, DN).

B crekTporpaMMme Ka)KZOTO THIA TIOYB HWMEIOTCS
CrieKTpasibHble JIMHUK He 3pOJUPOBAaHHOM U 3pO-
JUPOBaHHbIX Pa3HOBUJHOCTEH H3yuyaeMbIX THUIIOB
T0YB, TIpe/CTaBIeHHBIX Iapa/lIellbHBIMU CIIEKTPO-
rpaguuecKMU KPUBBIMH: B OOJBIIMHCTBe Tpadu-
KOB IO TBEP)KAAeTCsl, YTO SPOAUPOBAHHOCTE TIOUBBI
YBEJINUUBAETCS CO CHUKEHHEeM SIPKOCTH.

AHanus criekrporpaMm (CM. puc. 2) mokasai
Ha/lMure [BYX YCTONUMBBIX MAaKCHMYMOB CITEK-
TPa/IbHOM SIPKOCTH Y Pa3iuuusi Me>Xy TUTIaMU TI0UB
Y UX 3POJJUPOBAaHHBIMU Pa3HOBUJHOCTSIMU. B Liesiom
TIpY yBe/IMYeHHUH I'yMYCUPOBAaHHOCTH TIOUB U CHIDKe-
HUSI UX CTeTIeHH CMBITOCTH HabJII0/IaeTcsl CHIDKeHMe

leorpagpus

SIPKOCTH U U3MeHeHe (JOPMbI KPUBBIX, UTO OTpaka-
€T COCTOSIHUE MaXOTHOI'O CJIOS.

[Tono)xeHMe MakKCUMYMOB BapbUpyeT MeXAy
TUINAMU TI0YB: [/151 IePHOBO-TIOA30/IUCTHIX U CBET/IO-
CepbIX JIECHBIX IT0YB NMHKH HaO/IOaIuCh MpruMep-
HO B obsactet 540 n 720 HM, [JIs1 THIIMYHO-CEPBIX —
okono 580 u 720 HM, A7 TEMHO-CEPBIX — OKOJIO
600 u 740 HM, A/ BBILLEOUYEHHBIX UePHO36MOB —
B auanasoHax 540-580 u ~760 uMm. B Oosiee cBet-
JIBIX (C/1ab60TyMyCHpPOBAaHHBIX) TIOUBAX BTOPOM THK
YacTo ZOMUHHUPYET Hajl TIePBbIM, TOT/Ia Kak B Oosee
TEMHBIX TI0UBaX COOTHOLIEHUEe MaKCUMyMOB MOKET
ObITh 0OparHbIM. CrielyeT y4WTHIBaTh, UTO Ha ab-
COMOTHBIM ypoBeHb sipkocTd (DN) cyiecTBeHHO
B/IUSIOT BI&KHOCTb IIOBEPXHOCTH, arperaTHoe CO-
CTOsIHUe, KOJIMYeCTBO MeJIKO3éMa U paCTUTebHbIX
ocratkoB. [lo3ToMy B WHTeprpeTanyd OOBeIVHSI-
s f1Ba mopxoza: uHzaekcel popmel (R1/R2), meHee
YYBCTBUTE/IbHbIE K aMIIUTY[e, U SIPKOCTb R2, OT-
paKaroLyro o0 ypoBeHb curHana. COBMeCTHBIH
aHasu3 1103B0oJIsleT 0T/IMYaTh U3MeHeHUs], CBI3aHHble
MPEeNMYIL[eCTBEHHO C «TI0TeMHeHHeM» TT0UBHI (POCT
ryMyca, YBJIa)KHEHHE), OT U3MeHeHH# (hOpPMBI CIIeK-
Tpa, KOTOpbIe MOTYT OBITH CBSI3aHBI C TiepepacIipe-
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JlelleHVeM B Hell yacTUL| MeJIKO3eMa, OpraHnyeCcKUX
OCTaTKOB U arpoXMMHUUeCKHX I10Ka3aTesiei.

[ KomMuecTBEHHOM WHTepIipeTaliu CIiek-
TPOrpaMM IO Ka)KAOMy 00pasIy orpejesisyid 3Ha-
YyeHUs! B [IByX Haubosiee BBIPa)KEHHBIX JIOKA/TBHBIX
makcumymax (R1 u R2) u paccumTthiBanu Tpows-
BOJ/Hble UH/IEKChbl. B KauecTBe OCHOBHOIO MHJEKCa
WCNOMb30Bav oTHOLeHWe R1/R2, mOCKO/MBKY OHO
Xapakrepu3syet JOpMy CIIeKTpa ¥ YaCTUIHO HUBEJH-
pyeT pasnuus B aMIVIUTY/le, CBsi3aHHbIe C OCBeILlEH-
HOCTBIO ¥ OOLUM YPOBHEM OTpaKeHUsl. BennunHb
otHotienni R2/R1 v uK iy /TTUKy,x TPUMEHSTIOTCS
Kak [I0TI0JIHUTe/IbHble KOHTPO/IUPYIOLIUe MoKa3are-
. CoriocTaB/ieHHbIe Pe3y/IbTaThl TIOMeBBIX U 1abo-
paTopHBIX paboT NpuBeAeHb! B TabI. 2.
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Puc. 2. Cnekrporpadryeckre KpuBble 3pOJUPOBaHHBIX pas-

HOBHMJHOCTEH TOYB: d — [JePHOBO-TIOA30/MCTast, 6 — CBET/IO-

cepasl JlecHasl, 8 — TUITMUHO cepasl JIeCHasi, 2 — TeMHO-Cepast
JiecHast, 0 — YepHO3€eM BBIII{e/IOUeHHBIH

CratucTrueckyro 06paboTKy BBIMOIHS/IA B BU-
Jle KOppeJsILIMOHHOTO U perpecCcMoHHOrO aHasu3a.
[ oLeHKM NUHeHHOW CBSA3U MEXIY CIIeKTpasib-
HeiMu uHAekcamu (R1/R2) u arpoxumuueckumu
TIOKa3aTe/ssMU paCcCUUTHIBAIU KO3 HUIIeHT Koppe-
qsimyu [TupcoHa ¥ COOTBETCTBYIOLME p-3HaueHUsi
(ypoBeHb 3HauMMoCTH p < 0.05). [17151 BU3yanu3aluu
3aBUCHUMOCTEH U OIIeHKU 10 00bSICHEHHON BapHa-
LMW CTPOW/IY JIMHeliHble MOJilelli BUja y = a-x+b
Y TIPUBOMIA KO3(GUIMEHT JeTepMUuHaLuu R?.

IMo 14 HabmofeHUsIM TIOCTPOEHBI JIMHEWHbIe
3aBUCHMMOCTHM arpoXUMHYeCKUX ToKa3aresell OT UH-
nekca R1/R2. HaubGosee BbIpa)keHHbIe CBSI3U TIO-
nyvensl ans pH(KCI) (R? = 0.6946) u rymyca
(R? = 0.6984). s Bnaxuocty, dochopa u Ka-
JIUSI CBSI3b TIOJIOXKUTEJIbHAsl, HO MeHee yCTONuuBast

HayuHbivi oTgen
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Tabauya 2
3HaueHHA IPKOCTH B IEPBOM H BTOPOM MakcuMyMax criekTporpammel (R1, R2; DN) u npousBoanblie uHjeKchl (R1/R2)
Ne ipo6ooTbopa Kop, R2 R1/R2
CIeKTPOrpaMMBbl
1 38 4600 8700 0.5287
2 40 4700 8900 0.5281
3 34 4800 9400 0.5106
4 53 4300 7200 0.5972
5 47 3600 5800 0.6207
6 51 3500 5500 0.6364
7 62 6000 8300 0.7229
8 56 6300 8600 0.7326
9 58 6200 8000 0.7750
10 29 3500 3250 1.0769
11 25 2700 2500 1.0800
12 17 4700 4550 1.0330
13 12 1550 1450 1.0690
14 21 5000 4600 1.0870

(R? = 0.41-0.43), uTO yKa3bIBAeT HA BKJIAJ, JIOKA/Ib-

HOW HEOAHOPOJHOCTH U COMYTCTBYIOLUX (aKTOPOB.

YpaBHeHUs! TMHEWHOW anmnpoKCUMAaLUU UMeloT BUJ:
pH(KCl) = 3.4298-(R1/R2) + 2.4301 (R?> =
= 0.6946); rymyc = 7.119 - (R1/R2) — 2.556 (R* =
= 0.6984); BnaxxHocts = 6.9812 - (R1/R2) + 9.1434
(R? = 0.4289); kamuit = 1192.3 - (R1/R2) — 595.54
(R? = 0.3434); hochop = 896.17 - (R1/R2) — 460.77
(R? = 0.4185). Takum obpaszom, R1/R2 06bsacHS-
eT 3Hauumyto oo Bapuanuu pH(KCI) u rymyca,
a [isl 37IeMEeHTOB MUTAHKUS U B/IA)KHOCTH CBSI3b OCTa-
eTcsi ymMepeHHOU. [1pu NpuKiaZHO# WHTEepIIpeTaluu
uHzekc R1/R2 nenecoobpa3Ho pacCMaTpHBaTh COB-
MeCTHO C SIPKOCThbIO BTOpOro Makcumyma R2 (DN)
Y TIOJIO’KEeHHEeM TOUKH B pefnbede: B TPaH3UTHBIX
Mo3uluaX uaile HabmogaioTcss 6osee  ymopso-
YeHHBbIe TPEHZBI, TOTAA KaK B AaKKyMY/ISSTUBHBIX
BO3MOJKHBI JIOKa/IbHble aHOMaJIuM, CBSI3aHHBbIe C I1e-
peyBIaKHEHHEM HJTH Tiepepactipe/ie/ieHHeM MeJTKO-
36Ma. 3aBUCHMOCTb MEXJy CIleKTporpaduyeckuMu
KPHUBBIMU U COOTBETCTBYIOIIMMH arpOXUMIUe CKUMU
TI0Ka3aTe/sIMUA XOPOILIO BhIpPa)KaeTcCsl HaXOXKAeHHeM
Ko3¢duimenTa Koppemsiu (r) (tabm. 3). Koppesns-

I[[UM PaCCUUTaHbI C UCTIOb30BaHUeM KO3 duiireHTa
ITupcoHna.

[To faHHBIM, TIPUBEAEHHBIM B Tabsl. 3, UH/EKC
R1/R2 nambosnee TecHo cesazan ¢ pH(KCI) u co-
Jlep>kaHueM rymyca, Torja Kak cBsisu ¢ (ocgopom
Y Ka/iieM BbIpa)keHbl yMepeHHO. JTO [103B0JIsIeT pac-
cMmarpuBatek R1/R2 Kak crieKTpasibHBINA MpeiruKTOp
rapaMeTpoB, Haubosee YYBCTBUTE/NBHBIX K 3PO3H-
OHHBIM TTpe06pa30BaHUSIM IAXOTHOTO CJI0sI (TIpesKze
BCEro rymyca U KucjaoTHocty). CopepkaHue rymy-
ca TpajULMOHHO paccMaTpuBaeTCsl KaK OCHOBHOM
KO/IMUeCTBEHHBI! [T0Ka3aTe/Ib S5POIMPOBAaHHOCTH Ma-
XOTHBIX IIOYB, ITIOCKO/JBKY CMbIB BepXHMX IOpH-
30HTOB COTPOBOXK/AETCS yMeHbIIeHHeM 3arlacoB
OpraHMueckKoro BelljecTBa. B npakTuueckux mkaaax
rpajiaLuii A1l Y4epHO3EMOB CHWKEHHe r'yMmyca B Ia-
XOTHOM CJI0e COOTBETCTBYeT Iepexoy K Oosee BbI-
COKOU CTelleHH 3p0SUPOBaHHOCTH (B 4aCTHOCTH, 15
TSDKETOCYIVIMHUCTBIX UepHO3EMOB 3HaueHUs < 5%
OTHOCSIT K O4YeHb CHU/IbHO3POUPOBaHHBEIM). B sTOM
KOHTEKCTe BbIsiBJileHHass CBA3b R1/R2 ¢ rymycom
1 pH nozep>xuBaeT HUCI0/Ib30BaHKe CIIEKTPA/IbHBIX
VH/IEKCOB KaK 3KCIIpeCcC-MH/AWKaTOpPOB COCTOSHUSA
nouBkl. [lo wIKane rpajaluil BblaxaHHOCTU (3poO-

Tabauya 3
Koppe/ifiijoHHBIH aHA/IW3 COOTHOLIEHHs TUKOB M arpOXMMHYeCKHX NoKa3are/iei MouYBbI
R1/R2 I'ymyc Dochop Kamuit pH(KCI) BnaxHocTb

R1/R2 +1.0 +0.79 +0.67 +0.60 +0.85 +0.62
T'ymyc +0.79 +1.0 +0.86 +0.82 +0.82 +0.83
dochop +0.67 +0.86 +1.0 +0.88 +0.73 +0.71
Kanuit +0.60 +0.82 +0.88 +1.0 +0.69 +0.76
pH(KCI) +0.85 +0.82 +0.73 +0.69 +1.0 +0.81
BraxHOCTB +0.62 +0.83 +0.71 +0.76 +0.81 +1.0
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[JVUPOBAaHHOCTH) AJIi TUMWYHBIX W BBILEI0YEHHBIX
YepHO3eMOB I10 COZieP)KaHHI0 TyMyca B MaxXOTHOM
crioe AJIsl TSPKeMOCYT/IMHUCTBIX OTHOCSTCS K OueHb
CWIbHO3DOAUPOBaHHBIM TIPU COJIepXKaHUM MeHee
5%; K CUIBbHO3pOAMpPOBaHHBIM — 5.0-5.9%; cpen-
HEe3poUpPOBaHHBIM — 5.9-6.9%; crnabo3poaurpoBaH-
HBIM — > 6.9%. B cpefiHe CyI/IMHUCTBIX YepHO3eMax —
K OYeHb CWJIHO3POAUPOBAHHBIM — < 4.5%); CHJILHO-
poAupoBaHHbBIM — 4.5-5.4%; cpeaHe3pOAUpOBaH-
HbIM — 5.4-6.3%; cnabo3pofupoBaHHBIM — Oosee
6.3% [15].

[ns xamus u ¢docdopa NpoCcTpaHCTBEHHAs
HEO/HOPOJHOCTh YCH/IMBAETCSl arpoTeXHOJIoTrHye-
CKUMH (hakTopamu (BHeCeHHe yI00peHuH, pa3nuus
1o o6paboTKe), MO3TOMY CIEKTpa/lbHbIe WHZEKChHI
OTPaXKAIOT 3TH IEMEHTHI MeHee OHO3HauHO. B pam-
KaX MEeTOZIMKH HX Ije/ieco00pa3Ho MCI0/IB30BaTh Kak
BTOPOCTeIIeHHble T10Ka3aTe/ld, a OCHOBHOe BHUMa-
Hue ypensath cesske «R1/R2 — rymyc/ pH(KCI)»
Y penbeHON MO3ULMU.

OrpaHuueHHsl UCC/IEJOBaHUS CBSI3aHBI C He-
60/bIIIM 00BEMOM BBIOOPKU (1 = 14), Ce30HHOH
HM3MEeHUYMBOCTBIO BIKHOCTUA U COCTOSTHHS TIOBEpX-
HOCTH, a TaKXeé HeOZHOPOAHOCTHIO CKJIOHOBBHIX
yciioBuid (MUKpopesibed, pacTUTeNbHbIE OCTaTKH,
JIOKajibHast akKyMYJIsILUsi/3po3usi). [Jisi TIOBbILLIEHUS
YCTOWUMBOCTH BBLIBOIOB HEOOXOAUMBI PacIIUpeHue
BLIOOPKH U TIOBTOPHbBIE U3MEPEHUS B pa3HbIe MepHO-
[IbI rOJia C YUETOM THIIA ITOUBBI U MTO3UL[UU B pesibede.

Ipy 1oYBeHHO-3PO3MOHHOM CheMKe B yC/I0BH-
SIX OZJHOTO XO3fHCTBA C OJHOPOAHOU MoYBo0Opa3y-
10111eli TIOPO/ION OIHOTUITHBIMU arpOTeXHUUe CKUMH
M arpoxvMHUYeCcKUMU TIpUeMaMM HCIOIb30BaHUE
CTIeKTPOMETpa MO3BOJIUT 3HAUWTE/bHO YMEHBLIUTh
006BbeM mosieBbIX paboT U MOBBICUTH TOYHOCTh yCTa-
HOBJIEHUSI TIOUBEHHBIX KOHTYPOB.

3aKnoyeHune

1. TToka3aHo, 4TO mapaMeTpbl CIIEKTPOrpamMm
B COYETaHMU C arpoXMMHUUECKHMMM I10Ka3aTessiMU
(npexxzie Bcero rymyc u pH(KCI)) moryT ucriosnb-
30BaThCsl KaK MHMKATOPbI 3PO3MOHHLIX TIpeobpaso-
BaHWM MAaXOTHOTO CJIOST HAa TeppuTopun YyBalickou
Pecrry Gk,

2. Nnpekc dopmel R1/R2 aemoHcTpupyeT cTa-
TUCTUYECKH 3HAUMMYIO TIOJIOKUTE/IbHYI0  CBSI3b
¢ pH(KCI) u cozeprkaHueM rymyca 4 Mo>keT [ipuMe-
HAATBCS [/11 UX OPUEHTUPOBOUHOMN OLIeHKH B pPaMKax
HCCJIeJOBAHHOM BBIOOPKHU.

3. Haubonpluii ~ TIPUK/IAZHOM  TIOTEHITMAs
R1/R2 nposiBnisieTcs Npyd COBMECTHOM aHaJIU3e C SIp-
KOCTBIO R2 v TPUBSI3KOM K 371eMeHTaM pesibeda, uto
TI03BO/ISIeT OT/IMYaTh Oosiee OFHOPOAHBIE TPaH3UT-
HbIe yUaCTKU OT 30H BO3MOKHON aKKyMYJISILIUM.

4. Vicrionb30BaHUE CTHIEKTPOMETPUU 11eJ1eCo00-
pasHO pacCMaTpuBaTh KakK BCIIOMOTraTe/IbHblI METO/,
JIOTIONTHSIIOIIME TIOUBEHHO-arpOXUMHUecKre 00cie-
JIOBaHHUS Y TMOBBIIAIOLINN ONepaTHBHOCTb YTOUHe-
HUS1 KOHTYPOB CMBITBIX TTOYB.
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5. [ns BnaxxHoCTH Kanusi U Qocdopa BbisiBe-
HbI TIOJIOKWTE/IbHBIe, HO MeHee YCTONUMBbIe 3aBU-
cumocTy oT R1/R2; yTo oTpakaeT BK/1a/ JTJOKaTbHOU
HEOIHOPOHOCTH 1 COMYyTCTBYIOIIKX (haKTOPOB.

6. B cknoHoBBIX ycnoBusax R1/R2 cnenyer vH-
TepIIPeTUPOBaTb COBMECTHO C MOJIOKEHUEM B peJibe-
(e u sipkocTbio R2 (DN): B TpaH3UTHBIX TIO3ULIUSAX
varrie HabmomaoTcs Gosiee yropsioueHHbIE TPeH-
[bl, @ B aKKYMY/ISATHBHBIX BO3MOYKHbI JIOKa/bHbIE
aHOMaJInu.

IMonyueHHbIE 3aBUCUMOCTH TPeOyroT Bepubu-
Kallu¥ Ha pacIUpPeHHOH BEIOOPKE U MPHU MOBTOPHBIX
M3MepeHHUsIX B Pa3Hble TIePHO/bI TOAA M MOTYT OBbITh
WCII0/Ib30BaHbl TIPY TJIAHUPOBAHUM YTOUHSIOLLIUX
TOYBEHHBIX 00C/Ie0BaHUI U BEIOOPE YUaCTKOB [Jist
JieTanusaly IoUBeHHO-3PO3UOHHBIX KapT B Mpejie-
JlaX CeJTbCKOX03MCTBeHHBIX TIPeITIPUSITUM.

[y pa3sBUTHSL [aHHOTO HarpaB/ieHus Heob-
XOVIMO TIpY TIO[TOTOBUTENBHBIX paboTax 3apaHee
OTpe/le/IUTh HOBBIE TIOJIUTOHBI W YBEJIUUYUTH KO-
JIMYECTBO TOUEK HAOJIOeHUsl [JIs OTpe/e/eHuns
XapakTepa B3auUMOCBsi3ell MeX[y CcrieKTporpadu-
YeCKUMU KPUBBIMH UM Pa3MYHbIMU TapaMeTpamMu
H3y4yaeMbIX TOYB.
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