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MpusedeH Kpamkuli cpasHUMENbHbIU aHanu3
npumeHsieMbix MemoOuk onpedeneHusi nnowadu
JluCMbe8 U3yyaeMbix pacmeHull: Memod HaHece-
HUSI KOHMYpPO8 NIUCMbE8 Ha MUIUMemposyto by-
Magzy, Memod 8biceqeK, Memod npoMepos, nnaHu-
mempuyeckull Memod. Packpbimbl ux 00CMOUH-
cmea U Hedocmamku: Memod HaHeCEHUsi KOHMy-
po8 nucmees Ha mMunnumemposyo bymazy — me-
mo0 MOYeH, HO 04eHb NPOOOIKUMENIEH NO 8pe-
MeHu, Memod ebiceyex — memod ydobeH u doc-
mamoyHo bbicmp, 0OHaKO HENPUMEHUM K HEKOMO-
pbIM Kyibmypam U uMeem noepewHocmu, Memod
npomepog — docmynHait, bbicmpsil u npocmod, ¢
6onbWUMU  no2PeWHOCMAMU UMepeHul, niaHu-
mempuyeckull Memod — MoyHbIl U yOObHbIU Me-
mo0d, mpebyrowuli Hanu4yus CroxHo20 00p020-
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cmoswez2o obopydosaHusi. PaspabomaHa memo-
OuKa YCKOpeHH020 onpedeneHus nnowadu suc-
mogoll  NOBEPXHOCMU  CeslbCKOXO3SLICMBEHHbIX
Kynbmyp ¢ ucnosb3oeaHuem ckaHepa. Cymb Me-
moda: Ha ckaHep Knademcs nnomHasi npospayHas
nnexKa, Ha nieHKy packnadbiearmes UCMbS UC-
cnedyemo20 pacmeHus, NOBEPXHOCMb KOMOPbIX
domkHa bbimb npedsapumesnbHO npocywena. Jlu-
CMbS NIOMHO NPUXUMaKOMCS K CMeKIy 3KCNOHU-
poBaHUs  KpbIwKOU cKkaHepa. Jlucmosble nna-
CMUHKU CcKaHupytomces. [lonyyeHHbIl pe3ynbmam
coxpaHsiemcss 8 eude bOUHapHO20 U30bpPaXeHus
(OsyueemHo20, uUHo20a Ha3bleaeMoz0 YepHo-be-
nbim). - [MonydeHHoe 6uHapHoe u3obpaxeHue 3a-
epyxaemcsi 8 npoepammy  APFill - Ink&Toner
Coverage Meter, 3anyckaemcs pacdem nnowadu
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3aN0MIHEHUS lucCma YepHuIamu U no ucmeyveHuu
KOPOMK020 NPOMEXYymKa epemeHu uccredosa-
menb nofyyaem nokazamesib 3anofiHEHUs no-
8EPXHOCMU JluCMa YepHUnamu, BbIPaxeHHbIl 8
npoueHmax. [anee nymem pacyemog no npedsno-
JXeHHoU memoduke nonydaem nnowjadb CKaHUpo-
8aHHbIX flUCMbes. Mcnonb3ys paspabomaHnHyto
memoduky uccredosamesnib nosy4yaem 803MOX-
HOCMb OUeHUMb nowadb NOKPLIMUS CMpaHuubl
opmama A4 nucmesamu uccredyemol Kynbmypbl,
a darnee aKkcmpanonuposamb NoMyYeHHble 0aHHbIe
0ns onpedenieHus UCMOBOU hogepxHOCMU pac-
meHul, homoCUHME3UPyWUX Ha onpedeneHHol
nnowadu nocesa. lNpednazaembili Memod no3go-
ni5em 6bicmpo U MOYHO NPOBOOUMb U3MEPEHUS,
npu amom He mpebyem Hanu4yus OopPO20CMOs-
wie20 Hay4Ho2o 0bopy0o8aHUs Unu COXHbIX hpo-
2pammMHbIX cpedcms, Ymo denaem e20 docmyn-
HbiM 015 nrvbo2o uccnedosamens, neped Komo-
pbiM cmoum 3adaya nposedeHust USMEPEHUS Nio-
wadu 1ucmogoli N0BEPXHOCMU.

Knioyeebie cnoea: nnowads nucmses, Memo-
Ouka onpederieHus, nhnaHumempuyeckuli memoo,
memod KoHmypos, Memo0 8bICeYeK, KOMNbMep-
Hasi mexHomo02us, homoCcCUHMemuYecKull nomeH-
yuarsn, UHMeHCUBHOCMb (homocuHMe3a.

The short comparative analysis of the applied
techniques of determination of the area of leaves of
the studied plants is provided, i.e. the method of
drawing contours of leaves on graph paper, the
method of carvings, the method of measurements,
the planimetric method. Their merits and demerits
are revealed: the method of drawing contours of
leaves on graph paper is exact, but is very endur-
ing, the method of carvings is convenient and ra-
ther fast, however is inapplicable to some cultures
and has errors, a method of measurements is
available, fast and simple, with big errors of mea-
surements, a planimetric method is exact and con-
venient method demanding existence of the difficult
expensive equipment. The technique of the accele-
rated determination of the area of a sheet surface
of crops with use of the scanner is developed. The
method essence: the dense transparent film is put
on the scanner; on a film leaves of the studied plant
which surface has to be previously dried are dis-
played. Leaves densely nestle on exhibiting glass a
scanner cover. Sheet plates are scanned. The re-
ceived result remains in the form of a bitmap (bich-

romatic, sometimes called black-and-white). The
received bitmap is loaded into the APFill Ink&Toner
Coverage Meter program, calculation of the area of
filling of a leaf with ink is started and after a short
period the researcher receives the indicator of filling
of a surface of a leaf with ink expressed as a per-
centage. Further by calculations for the offered
technique we receive the area of the scanned
leaves. Using the developed technique the re-
searcher has an opportunity to estimate the area of
a covering of the page of the A4 format leaves of
the studied culture, and further to extrapolate the
obtained data for definition of a sheet surface of
plants, photosynthesizing on a certain square of
crops. The offered method allows to take quickly
and precisely measurements, thus does not de-
mand existence of the expensive scientific equip-
ment or difficult software that makes it available for
any researcher whom the problem of carrying out
measurement of the area of a sheet surface faces.
Keywords: leaves surface, determination me-
thods, planimetric method, method of contours,
method of carvings, computer technology, photo-
synthetic potential, photosynthetic intensity.

BeegeHue. lNpn npoBeeHUn HayyHbIX Wcche-
[0BaHWIA, CBA3aHHbIX C onpeaeneHuem buonornye-
CKOrO MOTeHUMana pacTeHWid, WX CPaBHUTENbHON
NPOAYKTUBHOCTUN B KOHKYPCHOM COPTOMCMbITAHWM,
WHTPOAYKLMM PacTeHWi, arpOHOMUYECKON U 3KOJIO-
rmyeckon 3heKTMBHOCTM paspabaTbiBaeMblx ar-
poduToCHUCTEM, HEOOXOAMMBIM YCroBUEM 060CHO-
BaHWS NEpCreKTUBHOCTM WX WCMONb30BaHWS B
npaKkTUKe CeNbCKOXO3SMCTBEHHOrO MPOM3BOACTBA
SBNSETCA M3y4YeHne nnoLjaan NUCTbeB U onpeae-
NeHMe MOLLHOCTM aCCUMMUMSLMOHHOIO annapata
“3y4aeMblX pacTEeHWN.

Hay4yHas ueHHOCTb onpeferneHus 3Toro noka-
3aTens cBs3aHa C onpeaeneHueM (hOTOCUHTETH-
4eckoro mnoTeHuWana W YMCTOil MPOAYKTUBHOCTY
(HOTOCUHTE3A, YTO SABMSETCSH OCHOBOW OLIEHKM Npo-
AYKTUBHOCTM M3y4aeMOro pacTteHust 1 paspaboTku
TEXHOJIOTUYECKMX MPUEMOB Er0 BO3LESbIBAHMS.

MpUMeEHsiEMble B HaCTOsILLEE BPEMS METOAMKM
onpegeneHns nnowaan MCTOBOM MOBEPXHOCTY
SBNAOTCH [OBOMBHO FPOMO3OKUMM U CBS3aHbI C
ANUTENbHOCTBIO MPOBEEHNS 3TOTO UCCNEA0BaHMS.
Bmecte ¢ Tem, npu GonbLwiom obbeme mccnenosa-
HAN  TpebyeTcs CKOPOCTb M BbICOKAS TOYHOCTb
aHanu3os.
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Mpn paspaboTke meToga YCKOPEHHOro onpese-
neHns  (HOTOCMHTETMYECKOro noTeHumana 6bin
npuBeseH KpaTkuii 0630p CyLLEeCTBYIOLWMX METOAMNK
onpeaeneHns nnowaan NMCTOBON MOBEPXHOCTU U
NPEANOXeH HOBbIN pa3paboTaHHbIA METOA NpoBe-
[iEHs 3TOT0 aHanM3a, NO3BONAOLLNIA 3HAYUTENBHO
YCKOPUTb W 0BnerynTb NpOLECC M3YYeHUs 3TOro
nokasarens.

Lenb uccnepoBaHusi: [aTb CPaBHUTENbHYHO
OLLEHKY 9(PdeKTUBHOCTM U TOYHOCTM METOLaM on-
pefeneHns Nrowagum NUCTOBOM  MOBEPXHOCTM
CEMNbCKOXO3ANCTBEHHbIX KyNMbTyp W paspaboTtaTtb
HOBYKO METOAMKY YCKOPEHHOrO OnpefeneHns nno-
Waau acCUMMNSLMOHHOMO annapata, (POTOCUHTE-
TMYECKOrO MOTEHUMana W WHTEHCUBHOCTM (hOTO-
CUHTE3a.

3agaum uccnepoBaHus:

1) paTb aHanu3 MPUMEHSIEMbIX  METOAO0B
onpegdenexHns MnoLaanm nUCTOBOA  MOBEPXHOCTM
pacTeHui;

2) W3NOXMTb METOAMKY YCKOPEHHOro onpege-
NeHns nnoLaam MCTOBON NOBEPXHOCTY PACTEHUIA.

AHanus meTodoB onpeaeneHus nnowaau
NUCTLEB PacTeHNI

B HacToSALWMA MOMEHT CyLLECTBYET HECKOSbKO
METOAOB OMpeAeneHns nnowagn JMCTOBOM Mo-
BEPXHOCTM pacTeHui.

1. HaHeceHue KOHMypog snucma Ha MUumIu-
memposyto bymazy

OTOT MeToA onpefeneHus nnoLwaan IMcToBow
NOBEPXHOCTM BeCcbMa TOYEH, OAHAKO OH MpPOZOs-
KUTENeH no BpeMeHu. CoXHO onpeaennTb BpeMs
00paboTKkM Kaxaoro nucTa, Tak Kak Ha 9To BNMSET
pasMep W CMOXHOCTb NNUCTa UCCNeayeMOn KynbTy-
pbl, @ B CMy4ae U3MEPEHNs nnoLiaam NUCTLeB pac-
TEHWUI, UMEIOLLMX MESKME NINCTBA, 3TOT METOo CTa-
HOBUTCS TPYAHONPUMEHUMBIM.

2. Memod npomepos

/3 kaxgoit npobbl METOAOM CRy4alHOW Bbl-
Gopku BbibupatoT no 10 3eneHbIX NUCTLEB, B3BE-
LUMBAKOT UX W ONPEAENsIoT nnowais MeTogoM u-
HeWHbIX u3mepeHuin no anuHe ([) v HanbonbLuen
wupuHe (WW). Mnowaab M3MepeHHbIX nnUCTbeB (S)
paccyuTbIBaOT Mo opmyne

Szﬂcpchpxo, 7xn,
rae n —4ncrno n3mMepeHHbIX NNCTbEB.

[laHHbIA MeToq NoaxoauT ANst 3epHOBbLIX U ApY-
X KyNnbTyp C JIMHENHOM ¢hopMoi cTbeB [1, 4].

OyeBMAHO, YTO TOYHOCTb MONyYaEMbIX Pe3ynb-
TaTOB OCTABNSIET XenaTb NyuLlero, K TOMy e Me-
TOA SBNSIETCH HenpuemnumbiM Ans GonblLnHCTBa
CEMNbCKOXO3ANCTBEHHBIX KYNbTYP.

3. Memod ebiceyek

[laHHbIN  MeToL LWKMPOKO NPUMEHSETCH MNpu
onpeaeneHun nnowaan NucTbes Ans GonblnH-
CTBa CeJIbCKOXO3ANCTBEHHbIX KynbTyp. [ng npose-
[EHUS U3MEPEHU 3TUM METOLOM OTBMpaloT cpes-
Htoto npoby — 10-15 pactenmin (N), BeicTpo cpesa-
0T IUCTbS U ONPEAEnsoT ux cbipyto Maccy (My).
CKrnagblBaloT NNUCTbS CTONKaMW 1 LEeNatoT CBEPIIOM
BbICEYKW OnpeaeneHHoro gnametpa, no 5-10 wryk
C 0AHoro nncta. Bbiceukn 6epyT Tak, 4Tobbl B Npo-
Oy nomanu u NNacTUHKW NKCTa, WU LEHTparnbHble
xunku. OnpenensoT Maccy BCeX CbipbIX BblCEYEK
(Ms).

Mnowaab MMCTbEB C OQHOMO pacTeHNs onpeae-
NAT No opmyrne

M, xaxI14?
M, x N x4x10000 '

roe S — nnowadb NIUCTLEB OHOTO PacTeHus, M
Mn — nucTbeB B npobe, r; Mg — Macca BbICEYeX, T;
a — KONMM4ecTBO Bbiceyek, wt.; N — konuyectso
pacTeHuit B npobe, wrt.; [1 — aMameTtp cBepna, cM;
T — MaTemMaTnyeckas KoHcTaHTa = 3,14 [2, 4].

[laHHbIN MeTo ABNSETCH HECOBEPLLEHHbIM, TaK
KaK XXUIK1 NUCTa, nonajaroLe B BbICEYKM, 3HaYM-
TENbHO YyBeNnMuMBaKT MX Maccy. Kpome 3Toro,
Macca BbICeYeK, B3STbIX B pa3HbIX MeCTax nucTa,
OyaeT HeOAMHAKOBOW W3-3a PA3NUYHON UX TOMLK-
Hbl Yy OCHOBaHMS M BEPXYLWKWU. YBAAAHWE NUCTb-
€B Takke BbI3bIBAET NOTPELIHOCTM B U3MEPEHMUSX.
NucTba, B3aTbie nocne goxas, byayt umeTb 3a-
BbILLEHHY0 Maccy.

4.  [lnaHumempuyeckuti Memod [5]

CpepHuin obpasel npobbl NUCTLEB B3BELUMBAIOT
W packnagblBalT Ha ABWKYLLENCA NeHTe anek-
TpOHHOro npubopa — nnaHumeTpa. Mpubop BblgaeT
nnowagb NNUCTbeB B KBaApaTHbIX CaHTUMETpaX.
OTOT MeToZ NO3BOMSET U3MEepPUTL NNoLadb NUCTb-
€B JOCTaTO4HO BbICTPO M TOYHO.

[naHUMEeTPUYECKMN METOL LOCTaTOYHO TOYEH,
ofHako Heobxogumoe obopyaosaHue Ans npose-
OEHUS U3MEPEHNA TUM METOLOM 3a4acTylo SBNS-
€TCS NONPOCTY HEAOCTYMHbIM.

PesynbTatbl uccnegoBaHus. PaspaboTaHHbiin
HaMu MeTo[ YCKOPEHHOro onpeaeneHus nnowaam
NUCTbEB COYeTaeT B cebe NonoXmTenbHbIE CTOPO-
Hbl K&XZO0ro W3 BbllenepeyncneHHbIX METOA0B, OH
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He TpyZOeMoK W JOCTyneH nogasnsowemy 6omnb-
LUMHCTBY uccneposatenei. MeToa OCHOBbIBaeTCS
Ha ucnonb3oBaHuu nporpaMmmHoro cpeacrtaa APFill
Ink Toner Coverage Meter 5.8. lMporpamma no3eo-
NAET y3HaTb 3anOfHEHNE CTPaHWLbl YepHUIaMn 1
CpeaHUi LUBeT Mo NMCTY O neyaTy Ha MpuHTEpe.
MporpaMma MOXeT MocuMTaTh 3anofiHeHWe nucTa
npu neyatn ¢ To4HocTbio 40 1 %. Takum obpasom,
nccnegosatesb NONyvyaeT BO3MOXHOCTb OLEHUTb
nnowagb NoKpbITUS cTpaHuubl dopmata A4 nu-
CTbSIMW MCCNeayeMon KynbTypbl, a farnee aKcTpa-
nonMpoBaTh NOMy4YeHHbIE JaHHbE ANs onpeaene-
HWS NIUCTOBOM MOBEPXHOCTW pacTeHwid, npouapac-
TaKOLWWMX Ha ONpeAeneHHoN nnoLaan nocesa.

APFill Ink Toner Coverage Meter sBnsetcs
yCroBHO GecnnaTHbIM NporpaMMHbIM 0becneyeHu-
em. becnnatHas nuueH3ns LEenCTByeT B TeyeHue
30 AHen nocre ycTaHOBKW, Nocre nporpamma Tpe-
ByeT npuobpeTeHns NNaTHON NULEH3MNN.

[MopsiaoK NPOBEAEHNS U3MEPEHUIA:

1. Ha ckaHep knagetcs NnoTHas npo3payHas
nrnexKa.
2. Ha nneHky packnagblBatoTcs NUCTbs UC-

CreflyeMoro pacTeHus, MOBEPXHOCTb  KOTOPbIX
[0MKHa ObITb NpeaBapuUTENbHO NPOCYLLEHa.

3. JlncTbs MNOTHO NPUXMMAOTCS K CTEKNy
9KCMOHMPOBAHMS! KPbILLKOI CKaHepa.

HokymenT Bes nmeri [1] -

4.  JlnctoBble NNACTUHKN CKAHWUPYHOTCS.

5. T[lonyyeHHbIn pesynbTar CoOXpaHseTcs B
Buae buHapHoro n3obpaxeHns (4BYLBETHOTO, MHO-
roa Ha3blBaemoro YepHo-6enbim). [ins npoBeaeHus
aTon onepauumu ucnonb3osancs ABBYY  Fine
Reader.

6. [lonyyeHHoe 6uHapHOe n3obpaxeHue 3a-
rpyxaetcs B nporpammy  APFill Ink&Toner
Coverage Meter, sarpyxaetcs pacyeT nnowlagu
3anonHeHns NucTa YepHUnamn, 1 no UCTEYEHUM
KOPOTKOTO MpOMEXyTKa BPEMEHW WcCregoBaTerb
nony4yaeT nokasaTerlb 3anosiHEHUS MOBEPXHOCTM
NNCTa YepHUNamm, BbIpaXeHHbIN B NPOLEHTaX.

7. [anee nytem pacyeTtoB no NpeasioKeHHOM
MEeTOAMKe noryyaeM nnowadb CKaHUPOBAHHbIX
NUCTHEB.

S=1IA

roe S — nnowaab CkaHMpoBaHHbIX NNUCTLEB; | — no-
kasaTenb 3anofiHeHWs fmMcta  YepHunamu, %;
A - nnowagp A4 (297-210 mm?).

[Mpumep: B npumepe He ByayT onucbiBaTHCS
NYHKTbI Nopsiaka paboTsl ¢ 1 Mo 4, Tak Kak OHK Aoc-
TaTOYHO NPOCTbI U HE HY)XAAKTCS B MOSCHEHUM.

[TyHKT 5. Tlony4YeHHbIN pe3ynbTaT CoXpaHseTcs
B Buge OuHapHoro wm3obpaxeHws (4BYLBETHOTO,
MHOrOa Ha3bIBAEMOro YepHo-6enbim) (puc. 1-5).

Asbik gokymenTa: Odrioprnenme gokyme

Pe,a.a»cmpyewn KoMK

B .

Coxpanute

PacnosHats Pycckuii n anrauniic -

WETEN Mpasxa Bug [Jokyment Crpannua  OBnacte  Cepenc  Crnpaska
Hogas zagaya...
LisetHoii
B CkanupoeaTe cTpasmUL., Ctrl+K
Pegaktnposats
] Orkpeits PDF unn usoBpakenue... Ctrl+0
D Hogeiit gokyment FineReader Ctrl+N
Pazgenwnte gokyment FineReader...,
[ Omepbits gokymen FineReader... Ctrl+ Shift«N
E CoxpanwuTe gokyment FineReader... Ctrl+5Shift+5
3akpeiTe gokymenT FineReader Chrl+W
CoxpaHnTe AOKYMEHT Kak 3
Mepeaate AoKyMEHT B »
@ CoxpannTe cTpannuel kak nsobpaxenna.., Ctri+Alt+S
OTnpaenTe No 3NekTPOHHOI No4YTe 3
Mevate »
Mocnegnuii gokyment FineReader
Bbixog

W30BEPAMEHWE . PacnosHate crpaHuuy @ AHanws cTpaHnLsl P

'
,"\\“/’l

Puc. 1. CoxpaHeHue pesynbmamos cKkaHUposaHUsi
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Puc. 2. lNony4eHHbIl pe3ynsmam

CMYK MpouenT 3anonxenus (*.PS;*.PDF)
RGB *.PS:*.PDF)

RGB MpoueHT 3anonHeHuns NW
RW

Azbik uHTEpdeEiica ’

Onuwm...

@, Mpuobpectu nporpammy on-line
4 Mpoeepute 06HOBAEHNS

? TMomou...

D

< O nporpamme...

| 8 3akpoims

e
o 2 ==

Puc. 4. Pac4ém nnowadu nokpbImusi cmpaHulbl TUCmbamu
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Pacver crpsan

s

Puc. 5. lonyyeHHbIl pe3ynbmam

[anee pacyeT nnowagn nNUCTbeB BedETCA Mo
npeanoXeHHon Bblle dopmyne: 27,25 % - (297 x
x 210) = 16995,825 mm? = 169,95 cm?.

BbiBogbl. [lpeanaraembini MeTog NO3BONSET
BbICTPO 1 TOYHO NPOBOAUTL U3MEPEHUS, NPU 3TOM
He TpebyeT HanmuuMs LOPOroCTOALLEro HayyHoro
obopydoBaHMA  MAM  CNOXHbIX  MPOrpaMMHbIX
CPEeACTB, YTO AenaeT ero LeHHbIM U akTyanbHbIM
ansa noboro uccnenosatens, nepes KoTopbiM CTo-
WT 3aava NpoBedeHWs M3MepeHus nnowagu nu-
CTOBOW MOBEPXHOCTY.
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