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Abstract. The paper is dedicated to chlorophyll fluorescence
induction (CFI) and CFI data analysis methods. CFI is
radiation of chlorophyll in red spectrum of light, that arise after
lightening chlorophyll in blue spectrum. The received curves
are called the Kautsky curve. It is one of the methods of
monitoring state of plants. Chlorophyll fluorometers are devices
that used for CFI measurement. The analysis of chlorophyll
fluorometers market shows that manufacturers of chlorophyll
fluorometers gives massive range of devices for different
purposes for laboratory and field conditions and even for
conducting measurement in water environment. It allows to
accumulate enough amount of data and as result its facilitates
implementation of method in industrial plant cultivation. There
are suggested the classification of modern chlorophyll
fluorometers on base of grouping them on functional features,
common design decisions and purposes. Criterion of automatic
determination of sensitive CFI parameters to influential factors
was proposed. There are suggested to use coefficient of
determination of quadratic regression. It allows to automate
searching such parameters. Efficiency of criterion was
demonstrated on experimental data. Method for data
dimensionality reduction of digitalized curves of chlorophyll
fluorescence induction that was previous discretized using
exponential scale was suggested. It consists of restoring lost
data using polynomial piecewise approximation of curves and
Sfurther using principal component analysis method. Method of
forming input data for neural network for determination of
water deficit was proposed. It consists of normalization
digitalized values of CFI using z-score and further division by
appropriate time ticks when initial values of CFI were received.
1t allowed to improve the quality of neural network learning.
Key words: data anslysis, chlorophyll-fluorometers, classification.

Anomauin. 'V cmammi nasedena riacugixayis xnopogii-
@nyopomempis, npunadie 0is gumiprosants iHOyKyii ¢uyopec-
yenyii xaopoghiny. Taxosr nodaui Oeaxi memoou O aHANIZY
OMPUMYBAHUX 810 HUX OQAHUX.
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Qunn-ghnyopomempos, npubopos 01a usmepenus UHOYKYUU
@nyopecyenyuu xaopogpuina. Taxowce npedcmagienvl HeKOMo-
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Beryn. [Hmykmis duayopecueHiis xiopodiry
(I0X) — me BUmMpOMiHIOBaHHS XJOpOQimny B uep-
BOHOMY CIIEKTpi CBiTJa, 1[0 BHHUKA€E TPH OCBIT-
JICHHI XJIOpO(UTy JKUBOI POCIMHU B CHHBOMY
cnektpi cBitna. I®X — ne oamH i3 cnocoOiB cmo-
CTepexeHHd 3a cTaHoM pociuH [1]. Jms Bumipro-
BaHHA [®X BHKOPHUCTOBYIOTH CIICHialIbHI TPUJIAIH,
TaK 3BaHi xJ10podin-hayopomMeTpu.

I. Knacugikauis xaopodin-gpayopomerpin

Bukonanmii anamiz pwHKY XJ0podin-diryo-
pPOMETpIB Ta iX OCHOBHHX HapameTpiB MOKa3ye, IO
Ha JaHW{ yac BUPOOHHKH XJI0podin-(ayopomeTpis
HAJAf0Th 3HAYHWN aCOPTHMEHT MPHIIAIIB Il Pi3Hi
moTpeOn s 1abopaTopHUX, IOIHOBUX YMOB 1
HaBiTH JI1 BUMIpPIOBaHb y BOAHOMY CEPEIOBHIII.
CyuacHi x710po(hin-gryopoMeTpru pO3BUBAIOTHCS B
HalpsAMKy iHTerparii y 1iX CKIajg JTOJaTKOBHUX
CCHCOpIB Ui BUMIPIOBaHHs ITapaMeTpiB HaBKO-
JHUIIHBOTO CEPEJOBHUINA: TEMIIEPaTypH, IHTEHCHB-
HOCTI OCBITJICHHS TOIO. 3arajoM CydYacHi XJIOpO-
¢in-payopomeTpu MokHA Kinacu(iKyBaTH 3a PSIOM
O3HaK sIK NPUHOWAN OCBITJIIEHHS  XJOpodiny,
CIEKTPalbHI XapaKTePUCTUKH, MOOLIBHICTB, Killb-
KICTh CEHCOpiB Ha 0a30BHH OJIOK, PO3TaIIyBaHHS
CCHCOpIB Ta CEepelIOBUIIC BHMIPIOBaHHS. 3amporio-
HoBaHa Kiacu(ikaimis (ayopomMeTpiB 3a JaHUMH
O3HaKaMHM MoKa3zaHa Ha puc. 1.
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Xnopodin-cnyopomeTpu
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PUC. 1. Knacudikaris xiopodin ¢piryopomerpis

I1. Homyk ingpopmaTuBHUX NapameTpiB IPX

[Ipu anmanmizi BBy (axktopa Ha KpuBy 1PX
OpPUHHATO  3acTOCOBYBath  rpadiuHuii  cmocid
aHalizy 3 JOMOMOTOI0 MENFOCTKOBUX Ta JIiHIHHUX
Jgiarpam, IO € JOBOJII TPYJOMICTKHM IPOIECCOM.
AHami3 B OCHOBHOMY IOJISITA€ Y TIOHIYKY YYyTJIMBUX
napametpiB kpuBoi IDX [2], ski migmanucs 3MiHi
I Ji€f0 BIUIMBOBOTO (haKkTopa. AHANI3 KOXKHOL
3aJIeKHOCTI MOTPIOHO MPOBOAMTH OKPEMO, OYAyI0UH
rpagiky 3a BCiMa mapaMeTpamMH i pi3HUMH JHSIMU
eKCIIepuMeHTy. byno O moIiibHINIEe 3aCTOCOBYBATH
NPOCTUI KPUTEPiH IIBUAKOTO aBTOMATHYHOTO BH3-
HaYeHHsI YyTIUBOCTI TOTO Y IHIIOTO MapameTrpa 10
Iii BIumBoBoro (hakTopa.

3 MeTOor0 3MEHIIICHHSI Yacy IOITYKy HapaMeTpiB
I®X, uyrnuBux [0 BIUIMBaKO4oro ¢akropa, mpu
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KITBKOCTI JOCTIIHUX TPYT POCIMHHUX 00 €KTIB 11 > 3,
SK KPUTEPill MPOIOHYETHCS BUKOPHUCTOBYBATH KOE-
¢ilieHT aeTepMiHaiii MOJIHOMHOT perpecii Apyroro
MOPSIIKY:

F(x)=h, +bx+bx’,

Jie X — 3HaUeHHs apaMeTpa BIUIMBOBOTO (aKkTopa.

[Mapamerp mnpuiiMaemo 3a iHGOPMAaTHBHHUH,
AKIIO Koe(]ilieHT aeTepMiHalii R> >k, ne k —
3HAYeHHA, TIPU SIKOMY IapamMeTp BBaKAETHCS
indpopmaTuBHUM. Ha puc. 2 mokaszana perpeciiiHa
MOJEIb 3MiHU mapaMerpa Fm (MakcuansHUN piBEHb
I0X) Big xonmnenpamnii NaCL y po3duHi, B SKOMY
MTOMITIICHO JIUCTS POCIIUHHU.
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y=-19,857x% + 82, 143x + 2600
R*=0,8678

Fm

2750
2700
2650
2600
2550
2500
2450
2400

PUC. 2. 3nauenns Fm npu pisaux konuentpauisx NaCl

I11. 3MeHIIeHHSI PO3MIPHOCTI TaHUX

B ocranHi poku npu NpUHAHATTI YIIPaBIiHCEKAX
piIeHs CTOCOBHO POCITHHHHX 00’€KTIB 3acTOCO-
BYIOTh HEHPOHHI MEpexi.

OpHietro 13 3ama4, sfKa BUHUKAE TIPU BUKOPH-
CTaHHI iX, € 3MCHIICHHS PO3MIPHOCTI BUMIipSHHUX
naHux. B po0oti [3] mochmimxeHo METOAW 3MEH-
IICHHS PO3MIPHOCTI JAaHUX Tepeia Mojadeo iX Ha
BXOAM HEHpOHHUX Mepex. Halikpamii pesynbratu
[0Ka3aB METOJ TOJIOBHMX KOMIOHEHT. OCKIIbKH
ceHcopu [DX Bke TMMOYATKOBO BHJAIOTH JaHi
JQUCKPETH30BaHI B Yaci 32 CTENEHEBOK IIKAJIO,
TO BimOyBa€eThCS BTpaTa MeBHOI iHPOPMATHBHOCTI.
B 3B’s13Ky 3 IIMM ITPONIOHYETHCA:

1) 3mifiCHUTH KyCKOBY-TIOJiHOMiaJbHY amlpoK-
CHUMAIliI0 yCiX KpWUBHUX. J[7I IIHOTO TPOITOHYETHCS
BUKOpDHUCTATH TMoOJiHOMH 9-ro cremneHs. KinbkicTh
MOJIIHOMIB CJiJ] mMiAOUpaTH TaKUM YUHOM, 00
R > 0,99 nns xoxHoOro momiHoma. [Ipu npomy Bu-
OupaeTbcs MPHUOIM3HO OJJHAKOBA KJIbKICTh 3HAYCHb
JUTSL aITPOKCUMAIIiT TOTIHOMAaMU;

2) po3paxyBaTH Ha OCHOBI OOYHCIEHHX
MMOJTIHOMIB HOBI 3HAa4YeHHSA i3 CTAIMM KPOKOM
JUCKpeTH3allii

N =t,—t,
Ie ty Ta t; — yac 3[iHCHEHHs BUMIPIOBAaHb IEPIIUX

IBoX 3HaueHb [dX-ceHcopamu;

3) BUKOpHCTaTH Ui 3HWKEHHS PO3MIPHOCTI
OTPUMAHMUX JTAHUX METO]| TOJOBHUX KOMIIOHEHT Ha
YUCIIOBUX JaHWX 3 HOBUM pPIBHOMIPHUM KPOKOM
TUCKPETU3AIIIT.

[lepeBipky pe3yNbTaTUBHOCTI METOAY 3JiM-
CHEHO Ha TMpHKIani 3ajmadi kiacudikamii BUIIB
POCIIMH TUISIXOM TOPIBHSIHHS PE3yJIbTATIB TECTY-
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BaHHsS HaBYCHHX HEHPOHHUX MEpPEeX Ha BEKTOpax
c(hOpMOBaHHX 3 TOJOBHUX KOMITOHEHT ITOYaTKOBUX
3Ha4YeHb BHUJIAHUX CEHCOpaMH Ta HOBHX 3HAYCHHSX,
OTPHMaHHUX 32 JIOTIOMOTOI0 3arpoNOHOBAHOTO Me-
tony. B pesynbrati 100 moBropHux HaBuanb HM
BCTaHOBJICHO, IO 3aIPONOHOBAHHUU CIIOCIO T03BO-
JIT€ CKOPOTUTH [UI BHOpaHOl BHOIpKH TaHUX
MiHIMaJIbHO HEOOXiHY KUIBKICTh TOJIOBHUX KOMIIO-
HEHT 3 6 110 4.

Ha puc. 3 nokazaHo pe3ynbTaT HaBYaHHS 3a
PI3HOIO KiJIBKICTIO TOJIOBHMX KOMITOHEHT. SIK KpH-
TEpiil SKOCTI HaBYAHHS BUKOPUCTOBYBAalach 4acTKa
XHOHUX PO3Mi3HaBaHb (HEBIAMOBIIHICTB).
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KinbKicTb ronoBHUX KOMMOHEHT

PUC. 3. Pesynprar Kimacuikamii pociuH B 3aJ€KHOCTI Bix
KIJIBKOCTI B3ATHX TOJIOBHHUX KOMIIOHEHT 13 3acTo-
CyBaHHSM 3aIIPOIIOHOBAHOTO METOY 1 6€3 HhOTO

IV. MeToa ¢popmyBanHs BXiqHuX 3HaYeHb HM

Inma 3anava, ska BUHHUKAE MPH BUKOPUCTAHHI
HEHPOHHMX MEpPEX € IOKpAIICHHS pPe3yJbTary
HaB4aHHA. [lokpaiuTy pe3ysibTaT HaBYaHHS J103BO-
Js€ HOpMallizamis 3a JOMOMOTOI0 IIeHTpaii3arii
3HAYCHHS HABKOJO CEPEIHBOTO (Z-OIliHKY) 3 IIO-
JANBIIUM TIOJIOM OTPUMaHUX HOPMaIi30BaHHUX
3HaY€Hb Ha BIAMOBIAHI IM YacoBl BIMIIKH, B SKI
Oymu 3HAITI MOYaTKOBi 3HaueHHs [DX.

Hopmanizariisi npoBoauThes 3a GOPMYJIIOLO:

5 = Nik =Xk

ik
6xk

Ie X, — HopMaJi3oBaHe 3HaYeHHsS (IyopecleHLii B

b

i-My PAZAKY k-TO CTOBITYHKA, X, — CEPEAHE 3HAYCHHS
k-ro cToBmIS, Sxk — CTaHJAapTHE BIIXWICHHS

3HadyeHb [OX B k-My cTOBMII.
Jlami giamMo Ha BiIIMOBiAHI YacOBI BiIJIIKU:
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X, X,—X
~ ik ik k
X =

tik 6 xk tik

Pe3ynpTaTUBHICTD 3allPpONOHOBAHOTO METOAY
MiATBEPIDKEHO pe3yibTaTaMHU HAaBYaHHS Ta TECTY-
BaHHSI HEHPOHHOI MepeXi Ha TpHUKIaAl 3amadi
BU3HAYEHHsS BOAHOTO nedinuty 3a xpuBumu [DX.
Meton mOKa3aB MOKpAIIEHHS SKOCTI HaBYaHHS
HEHpOHHOI Mepexki Ha 3 % TMOPIBHIHO 3 HEWPOHHOIO
MepeKero, 10 HaByayacs JIMIIe Ha HOPMaJli30BaHUX
JaHuX.

BucnoBku. B crarrti 3anpornoHoBano: 1) xma-
cudikallio cyd4acHHX XJIOpodindayopomeTpiB Ha
OCHOBI TpYITyBaHHS X 3a BJIACTUBOCTSAMH (YHK-
HiOHYBaHHS, CIUIBHUMUA KOHCTPYKTOPCHKUMH Pi-
LIEHHSIMU Ta [IPU3HAYEHHIM;

2) KpuUTepii aBTOMATUYHOTO BH3HAYEHHS YYT-
JIUBUX TIapaMeTpiB 1HIYKIIT (IayopecueHIii Xiopo-
(himy mo BILTHBOBUX (PaKTOpiB, MO JO3BOJISIE aBTO-
MaTH3YBaTH MPOIIEC MOIITYKY TAKHX MapaMeTpiB;

3) MeTo 3HIKEHHS PO3MIpPHOCTI AaHUX OLU}-
POBaHHX KPUBHUX IHIYKIIT (DIyopecueHIii XJIopo-
¢ty monepaHbO0 TUCKPETH30BAaHUX 33 CTEIIEHOBOIO
LIKAJIOI0;

Computer means, networks and systems. 2019, N 18

4) wmeron GOpMyBaHHS BXIIHUX  JIaHHX

HEHpPOHHOI Mepeki Uil BU3HAYEHHS BOJHOTO
nedinury.
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