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METOA AMCTAHUMOHHOIO U3MEPEHUS COAEPYKAHUA XJIOPODUIIIA
C KAJIMBPOBKOM MO OBLLEMY COAEPXAHUIO DOCDOPA
B 3AIPA3HEHHbIX O3EPAX

THE METHOD FOR REMOTE MEASUREMENTS OF TOTAL CHLOROPHYLL CONTENT
WITH CALIBRATION FOR TOTAL PHOSPHORUS IN POLLUTED LAKES
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MmerTp.
The phenomenon of eutrophication in shallow wa-
SlBneHne 3BTPOUKALMM HErNyGOKOBOAHBIX BORO-  ter basins is widely studied at present using the

€MOB B HAacTosiLLlee BPEeMs LUMPOKO MCCeayroT npu . . .
- P P Ay P methods of remote sensing. The modeling of major

MOMOLLM CPEACTB [AMCTAHLMOHHOIO 3OHAMPOBAHMS. L .
MOBENMPOBAHME OCHOBHBIX KAYECTBEHHBIX NOKa3aTe- qualitative parameters of shallow water basins allows

neit HernyBOKOBOAHBIX BOLOEMOB NO3BONSET MPOBO- carrying out calibration and validation of the results
AMTb KanMBpoBKY M Banmpaumio pesynbtatoe cnyTtHu-  of satellite remote sensing of lakes subjected to an-
KOBOrO 30HAMPOBAaHMS BOAOEMOB, nopasepxeHHbix thropogenic pollution. This study deals with the ob-
aHTponoreHHomy 3arpssHeHnto. CcopmynmposaHa M jective of utilization of field measurement results with
PELUeHa 3aAaqa MPUMEHEHUA pesynbTaToB HATYPHbIX  the purpose of remote sensing data verification. It is

SKCNEANLIMOHHBIX MSMEPEHMM B LIENIX NPoBEPKM AO- proposed to use the results of spectrophotometric

CTOBEPHOCTH [aHHbIX AMCTAHLMOHHOTO 3OHOMPOBA- ts of total bhosoh tent i +
Hus. [pepnaraeTcs mMeTop, UCMOMb30BaHMs pesynbTa-  leasurements ol 1otal phosphorus conient in water

TOB n3mepeHus obliero kommuectsa cocopa B  for calibration and validation of the results of two-
BOLE C MOMOLLbIO crneKkTpodoTomeTpa B uensx Ka- channeled remote measurements of chlorophyll in
MMBPOBKM M BanMAaLMM Pe3ynbTaToB [ByXKaHanbHblx  water. The mathematical substantiation of the pro-
AMCTAHUMOHHBIX WU3MEpEeHuH xnopodunna B BOAE. posed method is presented. The LANDSAT satellite
Manoseno matemarnueckoe oBocHOBaHHE MPEANO-  1oasurement data is used for the substantiation. The
>KeHHoro meTopa. [ins obocHoBaHMs Npepnaraemoro . . . iy
satellite data is processed using the unconditional

MeTofAa MCMOoSb30BaHbl [aHHble, MOflyYeHHble CO - Rt ,
cnytHuka LANDSAT, ans oBpaBoTku KOTOPbIX MC- variation optimization method. It is shown that the

nonb3syertcs meTtogsl 6e3ycnoBHoi BapuaumonHoi — Proposed modification of the existing method ena-
ontummusaumm. MokasaHo, uTo npepnaraemas mopu-  bles to simplify its realization since the procedure of
(prKaLms M3BECTHOTO METOAA MO3BOMSET ynpocTuTb  multi-wavelengths spectrophotometric measurement
€ro peanusaumto, T.K. NPouenypa NpoBeAeHUs MHO-  of chlorophyll in the water is substituted by one

rOBOMHOBOrO CMEKTPOMOTOMETPUHECKOrO M3Mepe- .
poc P P wavelength spectrophotometric measurement of to-
HUsi XNOPOMUNNa B BOAE 3aMEHSETCS Ha OJHOBOMHO-
tal content of phosphorus.

BO€ CMEeKTPOMETpUYecKoe uamepeHue obliero co-
AepraHus dpocdopa.
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Rt
BeepeHue Hble BeuiecTBa [2]. [ns u3amepeHUs KOHLLeHTpa-

M3secTHo, uTo 3BTpodbuKaums Bopobaccei- LMM B3BELUEHHbIX TBEPAbIX HacTWL, LUMPOKO MC-
HOB TECHO CBsi3aHa C yBenuyeHMemM 6MoMmaccbl  MOMb3yHOTCS [AHHbIE TaKMX CMAYTHMKOBBIX CMEK-
dutonnavktoHos [1]. MMpu 3atom cpepctea gu- TpopapruomeTpos, kak MSS, TM, SPOT, a tak-
CTaHUMOHHOIO 30HAMPOBAHMS MO3BOMAIOT OCY- K€ AaHHble BOPTOBbIX KOMOPUMETPOB M MHMPa-
LLECTBUTb KOMMYECTBEHHYIO OLEHKY M MOLENU-  KPAacHbIX cnekTpopaguomeTpos [3].

pOBaHME OCHOBHbIX KA4YeCTBEHHbIX MOKa3aTteneu LiBeTHble opraHMyeckmMe pacTBOPEHHbIE B BO-
HernybOKOBOOHbIX BOOAOEMOB, MOABEPXEHHbIX A€ BelecTBa (BOAOPOCNTM, OFBHOKMETOYHblE Op-
QHTPOMOreHHOMY BO3AENCTBUIO. raHu3mbl, copepKalme xnopodunn M ppyrue

B HacTosee Bpems meTogpl CMYTHUKOBOrO  MUIMEHTbI) MOryT 6biTb M3MEpeHbl MeToAamM
OMCTAHLUMOHHOrO  30HOMPOBAHMS aKTMBHO MC-  PEerMcTpaumu paccesHHOro M3rny4vyeHus oT KneTokK
nonb3ytoTca Ans UMccnepoBaHus Takux nokasarte- [4, 5]. KoHueHTpauus xnopodpmnna — MMrmeH-
neun 3arpsisHeHus BofoBacCeNHOB, KaK B3BELUEeH- TOB (PMTOMMAHKTOHA, COCTOSLLEro B OCHOBHOM
Hble OCaKM M MYTHOCTb, KOHLEHTpaums xrno- M3 xnopodwmnna a, b n ¢, moxer 6biTb onpepe-
podmnna, uBeTHble OpraHM4YecKkMe pacTBOPeH- JleHa MeTOoAAMM [OMCTAHUMOHHOIO 30HAMPOBA-
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HMsI, B YaCTHOCTM MyTEM M3mepeHus dnyopec-
LLeHTHOro M3ny4YeHus xnopodmnna Mof BO3[en-
CTBMEM COIHEeYHbIX ny4en [6].

O6beKTbl U MEeTOAbI MCCNIeROBaHHS

Llenblo uccrnepoBaHui siBnsieTcs paspaboTka
HOBOrO MeToAa [AMCTaHUMOHHOIrO M3MEepPEHHs
copepiaHus xnopodmnna C KanMbpoBKOM Mo
obemy copgeprxaHuto cocdopa B 3arpsisHeH-
Hbix o3epax. OB6bEKTOM McCrnepoBaHus SBMSHOT-
Cs 3arps3HeHHble 03epa, NMPEeAMETOM McCrepo-
BaHMS — METOJ, [JMCTAaHUMOHHOTO M3MepPEHMs
KOHUEeHTpaummn xnopodmnna. [lpoaHanmauposa-
Hbl OBa MeTofa M3mepeHus KoHueHTtpaumm Chl,
NPeAnNOXeHHbIX Pa3HbIMM aBTOPAMM, OCYLLLECTB-
neHa MHAPOPMALIMOHHAsS ONTMMM3AUMS ITMX Me-
TOOOB M MOKa3aHO, Kak Ha 6ase onTMManbHbIX
PEeXMMOB (PYHKLMOHMPOBAHUS 3TUX METOAO0B
MOXHO CHMHTE3MPOBAaTb HOBbIM MeETOf, M3mepe-
Hus Chl, obnaparolmi HOBbIM KayeCTBEHHbIM
OTNIMUMEM OT NpeapifyLLMX METOLOB.

Pe3ynbTatbl M MX OBCYyXKAEHME

BHauane paccmoTpum nepBbiM MeTop, M3Mme-
peHus xnopodmnna B O3epHbIX BOAAx, Mpenno-
»eHHbi B [7]. CornacHo 3aToMy MeTofy, KOH-
LeHTpauuto xnopodmnna a B 0O3epax MOXHO
M3MEPUTb C MOMOLLbIO KaHanos B; u B, cnek-
TpopapmomeTpa, yctaHoBneHHoro B LANDSAT.
OrTHoweHne BTOpoOro (CMHEro KaHana) K nepso-
My (3eneHOMy) KaHamy XOopoLlO KOpPpPEensMpo-
Bano C pe3ynbTaTaMu MONeBbIX U3MEPEHUM KOH-
LeHTpauumM xmnopodmnna & B O3EpPHbIX BOAAX
(puc. 1).

BkpaTue paccMoOTpMM BO3MOXHOCTb  WH-
POPMALMOHHON ONTUMM3ALMKU BbiLLIEYKAa3aHHOIO
meTtopa. Kak BMgHO M3 xapakTepa perpeccmoH-
HbIX NMWHWM, NMPUBEOEHHBIX Ha pucyHKe 1, umeer
MecCTO crepylollee OrpaHUYMTENIbHOE COOTHO-
LeHne

yi(x)dx, =C, (1)

X1 min

By
Cy = const; x; = —=.
By
Ins nposepeHns MHPOPMALMOHHON OMTUMM-
3auMM NPEeanonioXXMM, 4TO MPOBOAMTCS Cepus
usmepennin Chl, B nonesbix ycnosusx. MNpu aTom
MEXAY KOSMHYECTBOM MPOBOAMMbBIX M3MEPEHHM
N v BenuuuHOM X; MMeEeTCcs NUHeMHas 3aBuCH-
mocTb, a mexay N u koHuentpaumen Chl, —
HeKoTopasi (PYHKLMOHANbHas 3aBMCMMOCTb, Of-
TUManbHbIM BMO, KOTOPOM criegyeT ycTaHoBuTb. C
YyY4ETOM BbILLECKA3aHHOrO, a TaKXe MpPUHSB BO
BHMMAaHWE KpuTepui onTnmmsaumm B Buge Lllen-
HOHOBCKOrO KOMWYecTBa MHAOPMaLMM, 33pady
ONTUMM3ALMM MATEMATHHECKM CPOPMYNUpyem
cnepyolwmm obpasom: crnepyeT BbIHYMCAWTL Of-

roe

TMManbHyto dyHKUMo y,(x;), npu KoTopoi Kpu-
Tepui ONTMMM3aLMM B BUAE pyHKLMOHaNa
M, =

x, -log, [chlaf (xl)} dx, 2)

poctur 6bl MaKCMManbHOM BEerMYMHbI, TAE WH-
pekc f o3HauyaeT npoBepeHue Monesbix M3Mepe-
HWHM.

C yuetom Bbipaxkenun (1) m (2) cocrasum
MOMHbIM BAPMALMOHHBIM PYHKLMOHAN, Mnopnea-
UMM ONTUMMU3aLUU:

X max

xhwn xlrmr\
3
My = j x| -logy [ ehlar (x1)]dx + - J. chlaf(xl)dxl.( )
X X

Lmin min

OTMETUM, 4TO MPU PELLEHMM BbILLEU3NIOMKEH-
HOM 3apayu onTMMM3auuM Mo MeTopy Junepa
MOMy4YeHO CrepyroLLee BbiparKeHue

2Cy - x
e Loty ()] = 2058, g
!
rae AX] = X max — X1 min-

PaccmoTpum BTOpOM MeTop, M3MeEpPEHMs
Chl a B o3epHbix BOgax, MPEQMOXEHHbIM Ha
paborte [8]. Metop, npegnaraembii B [8],
3aKMoYaeTcs B CNeAyOLLLEM:

1. C nomowpto cnektpodotomeTpa (Mo-
penb DR 2800-HACH°C) onpepensetcs o6-
wee KonuyecTBo dpocdopa B Boge TP.

2. Bblumcnsetcs koHueHTtpaums Chl a_, vc-
nonb3ys Bbipaxenus (5) u (6):

logio(chly.)=1,449 -log o(TP)-1,136,(5)
logio(chlye )=1,583-log|o(TP)—1,134.(6)

Pesynbrat Bblumcnenuns Chl,. npuHumaetcs
B KayecTBe HA3EeMHOro BaNMAAaLMOHHOrO 3Ha-
yenus Chl,, rope uHAEKC ¢ o3HavaeT pesynbTaTt
B6OpPTOBbLIX U3MEPEHUN.

3. CocraBnsitoTcs cKateporpamma m pe-
rPEeCCHMOHHbIE NMUHWMM 3aBMCMMOCTM pPe3ynbTa-
TOB CnyTHMKOBbIX M3meperun Chlys oT Bblumc-
neHHbix BenmumH log,(Chl, ). CootseTtctBytO-
LMe rpadpmKM NoKasaHbl Ha PUCYHKe 2.

MpoBepeM MHPOPMALMOHHYIO OMTMMM3A-
UMIO 3TOro MmeTofa nofobHo TOMY, Kak 3To
6bINO CAENaHO MPUMEHUTENbHO K MNEPBOMY
meTtopay.

Kak BugHO M3 xapaktepa nuHum 1 u 2,
NPEeACTaBNEHHbIX Ha PUCYHKE 2, MMEET MEeCTo
cnepytoulee orpaHUuMTENbHOE YCrNoBME

y2(xp )dxy = C, (7)

2min

rae C, =const;xy =logio(chl,. ) vy =chlpg.
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Puc. 1. Ckareporpamma M perpeccHOoHHbIe JHHMH 3aBHCHMOCTH PE3YIbTaToB
nonesbix Hameperi Chl, 1 6OPTOBbIX H3MeEPEH, MPOBEJEHHbIX CIEKTPOPIFHOMETPOM,
ycraHoBneHHbIM B Landsal B KavecTBe OTHOLUEHMSI CHrHana KaHana
B, K B,: 1 — perpeccHoHHasi IMHHS MeXAY AaHHbIMH,

B3STbIMM B TOT )€ feHb, 2 — C [JaHHbIMH, B3ATbIMM C MHTEPBAIOM 2 fHS;

3 — C AaHHBIMM, B3ATbIMM C MHTEPBANOM 10 fHeH

AHanoruyHo Bbipaxkenuro (2) Kputepun on-
TMMM3aLUMK B JAHHOM Cry4yae MmeeT Buf,

2max

My = Xy -logy [CthS(X2 )]dx2'(8)

2min
C yuyeTtom BbipaxeHui (7) n (8) cocraensetcs
MOSHbIN BaAPMALMOHHBIM DYHKLMOHAN B BMAE

XZIHU\ x;’/ml\
My = J‘ xy -logs [chips (xp )]dxy + I va(xy Jdxy. )
X X

2min 2min

PeweHne BTOPOM ONTMMM3ALMOHHOM 3amauM Mo
meToay dunepa pano crnepytoliee BbiparkeHue

2CH - x
log [chips (X7 )]:%’

)

(10)

rae AX) = X2 pmax = X2 min-

[ns cuHTe3a npepgnaraemoro HOBOro MeTopna
onpegenenns Chl, poctatouyHo nposecTH cOB-
MECTHbIM aHanu3 MomnyYeHHbIX Bblpa)keHui (4) u
(10). PasymHo npegnonoutb, 4TO pesynbrart
nonesbix KanMbpoBoUHbIX U3MepEeHHH

10g2 [Chqu(xl)} npu yCrnoeuu NpPOBEAEHMs

M3MepeHVIﬁ B HMOEHTUYHbIX YCIOBUAX 6y,u,eT XO-
powo coBnapatb C pe3ynbTataMn CNYTHUKOBbIX

usmepenmin  [0g9 [CthS (x2 )], T.e. umeeT
MECTO PaBeHCTBO
Chlaf(xl)ZCths(X2). (11)

B atom cnyuae, ucxops u3 Bbiparkenwn (4),
(10) m (11), nonyumm

2C,-x, 2C,-x,
2 2 (12)
AXx; Ax;
U
Ci-By _Cp logio(chlye )

5 5 - (13)
By -A(By /By)"  Alogyo(chly.)
M3 Bbipaxkenus (13) oKoH4aTenbHO MOMyuYum
MCKOMOE BbIPAXXEHWe, MO3BOoNsoLULEee MPOBO-
OMTb KanMbpoBOuHYO Mpoueaypy no npegnara-
eMoMn MmeTogmKe

B
A(2J~C2 logyo(chly )
By _\ B — (19
By Cy-Alogyo(chlye)
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Puc. 2. Crareporpamma m perpeccuoHHble it 3aBHCHMOCTH Chiys
OT BbIYMCIIEHHBIX BemymH log,,(Chl, ). Lingppamm yrazaHei:
1 — C yyeTomM pe3ynbTaroB BbIYMCIIEHHbIX MO ghopmyne (5); 2 — no ghopmyne (6)

3aknioyeHue
Takum 0b6pasom, KaK BMAHO M3 BbIPAXKEHMs
(14), pesynbtat uamepenun Chl, nonyyeHHbIN
npu oueHke oTHowleHus B,/B; moxeT 6biTb OT-
KanMbpoBaH no pesynbtatam usamepenus TP ¢
ucnosnb3oBaHueM ypasHeHun (5), (6) v (14), npu

Hann4imm OadHHbIX (o] 3HA4YeHHUsax
B 2

A[B—zJ :Cy,Cy:Alogyo(chly, ).
1

OTmeTuM, 4To npepnaraemas moguduKaLms
MeTopa, paccMoTpeHHoro B pabote [7], 3a-
Knroyarowiasics B MCMOMb30OBaHMM pPe3ynbTaTos
usmepeHuss obuiero kKonudectsa docdopa B
BOAE C MOMOLLbIO CMEKTPOPOTOMETPA B Lensx
KanMbpoBKM M BanMaauun pPe3ynbTaToB ABYXKa-
HarnbHbIX U3MEPEHUM, MO3BONSEeT YNPOCTUTb M3-
BECTHbIM MeTopf, T.K. HeOH6XOOMMOCTb NpoBepe-
HMS MHOrOBOSIHOBOrO  CMeKTpodoToMeTpHye-
CKOro M3MepeHusi xriopodmnna B BOAE 3aMeHs-
eTcs Ha OfHOBOMHOBbIE CMEKTPOMETPUYECKOE
namepeHune obliero copeprkanus docdopa.
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KmoyeBble crnoBa: cocHa keppoBas cubupckas,
CTBOJ1 AepeBa, Kopa CTBOJIa, MAaTEMATUYECKAash MO-
Aenb, Mo4esibHOe 4epeBo.

YcTaHoBNEHbI 33aKOHOMEPHOCTH  (POPMMPOBAHMS
KOpbl CTBOMOB COCHbI KeppoBsoi cubupckoi. Kopa,
hopmMMpYOLLasCsS Ha CTBOMax, He TOMbKO BMSIET Ha
X POPMY, HO U ABMAETCS OQHUM U3 (PAKTOPOB, OKa-
3bIBAIOLUMX BMMSHME Ha COPTMMEHTHYIO M TOBapPHYHO
CTPYKTypbl pgpeBoctoeB. O6bEKTOM MccresoBaHMs
SBNANMCb [PEBOCTOM COCHbI KEAPOBOM CMOMPCKOM B
MpuaHrapckom necHom panoHe. Llenb pabotbl —
ycTaHoBneHMe ocobeHHOCTEN (DOPMMPOBAHHS KOpbI
Ha PasfMyHbIX y4acTKax CTBOMOB AMs COBEPLUEHCTBO-
BaHWS METOOMK MOCTPOEHUS M YTOUHEHMSI Pspa TaK-
cauMoHHbIx HopmaTueos. CHop [paHHbIX OCyLLeCcTB-
nancs MeTopoMm 3aknagku npobHbix nnowapen. bbiu
3anoxkeHbl Tpu npobHble nnowaaM, Ha KOTOpPbIX
cpybnenbl u obmepenbl 104 mogenbHbix pepesa.
MpoaHanusnpoBaHbl M COMOCTaBMEHbl [aHHble MO
06beMy KOpbl COCHbl KegpoBOW CMBMPCKOM, nony-
YeHHble M3 LUeCTM MCTOYHMKOB, NpoBegeHa ux oTbpa-
koBka. [ns aHanusa ocobeHHoCTEN POPMMPOBaHMS
KOpbl B Pa3nuuHbIX YacTsX APEBECHbIX CTBOSIOB Bbinn
MCHMCIIEHBI BEMUUMHBI «KO3PMLMEHTA KOPbI», onpe-
[ernsemMoro Kak OTHOLleHWe pamuameTpa cTsona 6es
KOpbl K AMameTpy ctBorna B kope. HarigeHbl cpegHue
3Ha4YeHUs «KO3(PPMLMEHTA KOPbI» Ha Pa3fIMYHbIX OT-
HOCUTEMbHbIX BbICOTAX CTBOMOB, COOTBETCTBYIOLLMX
[ecsaTbIM [OMSM BbICOTbI CTBOMA. DTM AaHHble Mo-
CMY>XWMNU OCHOBOM [AnNsl MOMyYEHMs MAaTEMATMUECKOM
Mopenu, MoO3BOMAIOLLEN MPOrHO3UPOBAaTh BEMUUMHY
«KO3(PPULMEHTA KOPbI» HA OTAEMbHbIX Yy4vacTKax
CTBOMOB pasnuyHoro guametpa. PaccumntaHa Bcromo-
ratenbHas Tabnuua Ans nonyyYeHusi BenmumHbl KO3d-
durupeHTa. Pesynbtartel pabotbl Bbinm comnocTasneHs!

C.1. LLleBenes
S.L. Shevelev

tOPMMHPOBAHMUE KOPbl COCHblI KEAPOBOM CUBMPCKOM

THE FORMATION OF PINUS SIBIRICA BARK

C aHarnoruyHbIMM XapaKTEPUCTMKAMM Al CTBOJOB
nUcTBEeHHUUbI cubupckon. OKasanocb, YTO M3MeHe-
HMSI KO3(PPULMEHTA C YyBENMUEHMEM OMaMeTpa CTBO-
fla MMEKT OfHY TEeHOEHUMIO — YBEMMYEHUE [OMM
LPEBECHHbI M CHUXKEHME [onm Kopbl. B 10 ke Bpems
C NpPoOBMXKEHMEM MO CTBOMY OT KOMIS K BepLumHe
OTHOCHTErbHasi OoNs KOpbl B AMAMETpe CTBOMa BO3-
pactaeT. XapakTep M3MEHEHMs WHOMBMAyaneH pns
KaXkaomn nopogsl.

Keywords: Pinus sibirica, tree trunk, trunk bark,
mathematical model, model tree.

This study deals with the determination of the
regularities of the formation of Pinus sibirica trunk
bark. The bark being formed on the trunks influences
their shapes and is one of the factors effecting the
assortment and commodity structure of tree stands.
The research targets were the Pinus sibirica stands of
the Priangarskiy forest area. The research goal was
the determination of the formation features of the
bark at different trunks parts with the purpose of
improving the techniques of development and speci-
fication of inventory standards. The data were col-
lected by the technique of sample plots assigning.
Three sample plots were assigned; 104 model trees
were cut and measured. The data on the bark vol-
ume of Pinus sibirica obtained from 6 sources were
analyzed, compared and culled. To analyze the for-
mation features of bark at different trunk parts, the
values of "bark coefficient” were calculated; it was
defined as the relation of the trunk diameter without
bark to the trunk diameter with bark. The average
values of "bark coefficient” at different related trunk
heights corresponding to the tenths of the trunk
height were determined. These data became the
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