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AKTYAJIbHI TTPOBJIEMUA ABTOMATH3ALIIT TA IHOOPMALIMHUX TEXHOJIOTTHA. Tom 16. 2012
VK 519.254
O. I'. bait0y3, M. I'. CunopoBa

Jninponempoecoxuil nayionanvruui ynigepcumem im. Onecs I'onuapa

I'PYITYBAHHS ITYHKTIB I'TJPOXIMIYHOTI'O
CIIOCTEPEKEHHA 3A CXOXKICTIO XIMIYHOI'O
CKJIALY BOIH 3 YPAXYBAHHAM YACOBHUX 3MIH

3anpononoBaHo iHdopMauiliHy TeXHOJIOril0 BU3HAYEHHSI TIPyN CXOMKHUX
00’€KTIB 32 CYKYNHICTIO JOC/Ii/IKYyBAHHX O3HAK, BPAXOBYIOUH iX 3MiHM y 4aci.
Po3pod.ieHo o0unca0BAIbHI cXeMH Ta MporpamMHe 3a0e3nedYeHHs ISl aHATI3Y
JAaHHUX rigpoxiMiYHOro MOHITOPHHTY.

KiouoBi cioBa: xnacmepnuil aumanis, 2iOpoXiMiuHuil MOMIMOpUHE, HACOSI
pAou, inghopmayitina mexHonozis.

Ipensoxkena UHPOPMAUUMOHHAS TEXHOJOrHSI  ONpeNeIeHHs] TPy
MOXO0KHX 00HEKTOB M0 COBOKYITHOCTH MCCJIEYEMbIX MPU3HAKOB, YYUTHIBASI HX
BpeMeHHbIe H3MeHeHHMsl. Pa3paGoTaHbl  BBIYMCIUTEIbHbIE CXeMbI U
NporpaMMHoe o0ecmeYeHHe JUIsi AHAJAM3A JIAHHBIX THAPOXMMHYECKOro
MOHHMTOPHHIA.

KiiioueBble C€0Ba: KIACMEPHbLL AHAAU3, 2UOPOXUMUYCCKUU MOHUMOPUHZ,
6peMeHHble PAObl, UHDOPMAYUOHHASL MEXHOLOUSL.

Information technology for determining groups of similar objects on the
set of the studied features taking into account their changes over time has
been proposed. Computational schemes and software for data analysis of
hydrochemical monitoring has been developed.

Key words: cluster analysis, hydrochemical monitoring, time series,
information technology.

Beryn. 3a mpomecom BumoOyTKy Ta 30aradeHHsS 3ali3HHX Py,
YHACHIIOK  3HAYyHOTO  TEXHOTEHHOTO  HABAHTAKCHHS  3MIHIOIOTHCS
TiIPOXIMiYHI TpoLlecH BOAHUX 00’€KTiB. TOMy aKTyaJbHUM € MPOBEICHHS
TiIPOXIMIYHOTO MOHITOPDUHTY 3 METOI 30€peKEHHs, NOIIIIIEeHHS 1
crabimizamii SKOCTI MOBEPXHEBHX BOJ I 3a0€3MEUYCHHS ONTHUMAIbHHX
YyMOB  (YHKIIOHYBaHHS C€KOCHCTEM Ta TMiJABHINCHHA C(QEKTHBHOCTI
MPUPOTHO-TOCHIOAAPCHKOTO  KoMIuiekcy.  OcoOimBO  CKIagHUM €
TiIPOXIMIYHUA MOHITOPHHT BOJHHX OO’€KTIB y paiioHaX 3 MiJBHIICHUM
TEeXHOTCHHHM HaBaHTAXKCHHSIM.

OpHe 3 OCHOBHHX MiCIb Yy CHCTEMi TiApPOXIMi4HOTO MOHITOPHHTY
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3aliMae OOTPYHTYBaHHS ITyHKTIB CIIOCTEPEKEHB, 00’ €MIB 1 TEPiOIUIHOCTI
rizpoximMiuaux BuUnpoOyBaHb. lle Moke OyTH BHpINIEHO Ha MiACTaBi
TiApOXiMiYHOTO pafOHyBaHHS TepuTOpiil. BUKOpHCTOBYIOUH paiiOHyBaHHS,
MOXKHa JO TEBHOI MipH YHi(iKyBaTH BOJOOXOPOHHI 3aXOAM B MeXax
BUJIJIGHUX TPYyN Ta paiioHiB. Bu3HAuMBIIM NpIOpPUTETHI BOIOOXOPOHHI
3aX0AM Uil OJHOTO pailoHy, IUIaHyBaTH 1 BIPOBaKYBaTH iX AJs BCi€l
BuaiIeHol rpynu [1].

IMocranoBka 3agaui. MeToro poOOTH € BH3HAYEHHS TPYNH ITyHKTIiB
CIOCTEPEKEHHS, 10 XapaKTEePHU3YIOTHCS CXOKUM XIMIYHMM CKJIaJIOM BOJIU
p. Iarynens mno6mmsy BAT «lleHTpanbHOro ripHu40-30aradyBajibHOTO
KOMOIHaTy» 3a JOCTI[PKyBaHUMH KOMIIOHEHTaMH JUI TIPaBHIBHOTO
IUTAaHYBaHHS TIPUPOJOOXOPOHHUX 3aXO0/iB Ta KEPYyBaHHS SIKICTIO BOJ PIUKH.
[Ipo6u Bomu BinOmpanmces y 5 MyHKTax CIIOCTEPEKEHHS: cenunie TepHiBKa,
cTBOpH Oanok: Maxna Jlo3oBarka, Bennka Jlo3oBarka, 3aBepTaHa, miBHIUHA
gactrHa KapadyHiBCEKOTO BOZOCXOBHINA. AHAJIi3 IPOBOAMUBCS 3a BMiCTOM
roNIOBHUX i0HIB y Boai piuku Iuryneus: HCO;, CI°, SO, Ca*", Mg™,
Na' Ta MmiHepajisalielo MpOTArOM HACTYMHMX pokiB: 1993-1995, 1997,
2001, 2003, 2005-2007. IlpencraBUMO IOCHi/KyBaHi AaHI y BHIJISII
HACTYMHOI  CTPYKTYpPH X ={xijt},i=1,_N, j=1,p,t=1,T. TobT0 Maemo N
00’€KTiB, sIKi XapaKTepHU3YIOTHCS p 03HAKAMH, 3HAUEHHS SKUX 3MIHIOIOTHCS
npoTsAroM 7' MOMEHTIB 4acy, X;;, — 3HAYEHHs j-TO NOKa3HUKa i-ro 00’ €KTa B

MOMEHT Yacy ¢. HeoOXiqHO BHAUUTH TPYIH 00’ €KTIB, CXOKUX MK cO0010
3a ycimMa J0CIiKYBaHUMH O3HaKaMH y 331aHOMY TIepioJii CIIOCTEPEKEHb.

TakuM 4MHOM, METOIO POOOTH € PO3pOOKA TEXHOJIOTII, SIKa T03BOJIHUThH
BUJIUITMTH TPYIH 00’€KTIB, CXOKHUX MK COOOO 3a yciMa JTOCHiPKyBaHHUMHU
O3HaKaMH, IO 3MIHIOIOTBCS Yy 4Yaci Ta BpaxyBaTH 4dacoBi 3MiHH
JIOCII/PKYBaHHUX ITOKAa3HHUKIB.

OcHoBHEIT MaTepiai. MeToau KIIacTepHOTO aHallizy, IO J03BOJIIOThH
BUSIBUTH TPYIH CXOXUX MiX cO00F0 00’€KTIB HE MOXHA SBHUM BHTIIIOM
3aCTOCYBATH JI0 BUPIIICHHS IMOCTABIICHOT 3a/1a9i, OCKUTBKHU B SIKOCTI BXiTHOT
iHpopMmarii BOHM BUKOPHUCTOBYIOTH MATPHIIO  «O0’ €KTH-O3HAKID»

X ={x;},i=LN,j=Lp, ie x; — KOHKpETHC 3HaYCHHs, a HC YaCOBUH

ij
psia, SK y HamoMy BHUOAanKy. ToMy B HaHii poOOTI MPOMOHYETHCS
TEXHOJIOTiS BUIAUICHHS TPYN 00’ €KTIB, CXOXKHX MK co00i0 3a Habopom
03HAK, fKi 3MIHIOIOTBCS Y 4Yaci, 0 IPYHTYETHCS HA METOJaX KOJIEKTHBHOI
KJacTepu3alii Ta CKJIQJAEThCS 3 HACTYNHUX ETalliB: BU3HAYCHHS TPYI
00’€eKTIB Ul KOKHOIO MOMEHTY 4acy f, MmoOyJaoBa Y3roKeHOI MaTpHil
MoI0HOCTI, OTPUMAaHHS y3arajJbHIOIYOT0 PO3B’ 3Ky 3aadi.
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Busnauenns epyn 00’exmig. IlpenctaBuMo BUXITHI HaHi Y BHIIAII
rpymi  gBoBuMipHMX  Matpums X ) = {xi(jt)} d=LN,j=1,p,t=1T.
OkpeMo OO0 KOXHO{ 3 HHX 3aCTOCOBYEMO BiJOMi METOAM KIIACTEPHOTO
aHaiizy [2—6] mys BU3HAYCHHS CTPYKTYpPH NAHUX Yy IEBHHH MOMEHT dacy.

To6T0, oTpMaemo Habip yrpynyBans G, = {gl(t),gg),. .. ,g,((’)} t=1T , e

g/~ cmmcok 06’€KkTiB, WO MNOTpamUIM OO i-r0 KIacTepa B t-My
YIpYyIyBaHHi, kK — KUBKICTh KilacTepiB. BaxIIBO IPOBOJUTH OIIIHKY SIKOCTI
Ta BUOIp HaHOIIBII BIPOTIJHOTO PE3yNbTAaTy KiIacTepH3allii, o0 KOXKHE 3
yrpymnyBaHb (G, HalKpalle BiIOBiAAI0 CTPYKTYpPi JOCHIIKYBaHUX JaHUX.

Ilobyoosa y3200xcenoi mampuyi nodionocmi. Ha 0CHOBI OTpHMaHOTO
HaOOpy yrpynyBaHb OYAYEMO Y3TO/DKEHY MATPHIO MOAIOHOCTI 00’ €KTIB

S= {Sij;i,j =1,N}, ne N — KUIBKICTb 00 €KTIB, §;;— 4acTora BiIHECEHHS

[-T0 Ta j-r0 00’€KTIB 0 OAHOTO KiacTepa.
[Mpouec mOOYymOBM MOXHA NPEACTABUTH y BHUIIIAI HACTYIHOTO
ANTOPUTMY:

1. Creoproemo marpuio S ={s;; =0;i,j =L N}.

2. Posrnsimaemo mo uepsi yrpynyBauHsi G, :¢t=1,T. Skmo i-it Ta j-i

00’€KTH BIIHOCATBCS /10 OJHOTO KIACTepa B MOMEHT £, TO s;; 30LIbLIYEMO

Ha OUHUILIIO.
3. 3BOoOMMO eNEeMEHTH MATPHIll IMOAIOHOCTI 10 OAMHWUYHOI IIKaIH

S, PR
ijo..o._ .
S={s; =—T 31,/ =1, N}. Ham Omikde 3HAYCHHs s;; A0 ONMHMII, TUM

BHUIIa HMOBIPHICTh BiJITHECEHHS 00’ €KTIB i Ta j IO OJTHOTO KJIACTEPY.
Ompumanusi  y3d2aibHIOIOH020 — KOJIEKMUBHO20 — po36’ssky. s
OTPUMAHHS  MiJICYMKOBOTO  y3araJbHIOIOUOr0 PO3B’SI3KY  HEOOXiITHO
BUIIUTATH TPYIH 00’ €KTIiB HA OCHOBI 00UYHMCIICHOT MaTpuIl oioHoCTI. s
I[LOTO 3aCTOCOBYEMO Tpad)oBHil aNrOPUTM HAHKOPOTIIOrO HE3aMKHEHOTO
nuisixy. B gxocti Marpuili  OIM3BKOCTI  BUKOPHUCTOBYEMO MATPHITIO

§'={sj;=1=s;;i,j=1,N} . Tobro unm Ginbite nonibHi 06’extn i Ta j 3a

MaTpHIero S, THM MEHIIA BiCTaHb MXK HUMHU y Marpuiti S’ .

PosrnsiHeMO pe3ynbTaTH 3apoIIOHOBAHOI TEXHOJIOTII 3aCTOCOBAHOI 10
JAHUX TigPOXIMIYHOTO MOHITOPHHTY, IO TPOBOAUTHCS KpHBOPI3EKOIO
Te0JI0TO-TiAPOreoIoriyHo0 mapTiero 1o p. [arynens (Kpusodac).

3a MOCTaHOBKOIO 3aBIAaHHS MAaeMO JEB’SATh 0araTOBHUMIpHHX BHOIpOK
«IIYHKTH CIIOCTEPEXXEHHS — IOCIHIKYBaHI KOMIIOHEHTH», KOXHa 3 SKHX
BiIMOBia€ TeBHIM aaTi BigOOpy mpoO BoaM 3 pivuKH. 3a JIOMOMOTOI0
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METOZIB KiIacTepHOro aHamizy (iepapxiuamx, K-cepemnix, rpadosoro,
Forel) ta TtexHomorii omiHkKd skocTi [7-9] Ta WiABUIIEHHS CTIHKOCTI
pe3yabTatiB [6; 10] OTpUMyEMO YIpyIyBaHHS CX0KHUX MiXK CO00I0 00’ €KTIB
JUIS. KOXKHOTO OKPEMOTO MOMEHTY 4acy. J{i1s 3BeAeHHs JaHUX JI0 €MHOTO
MacuITady mornepesHbO MPOBOMMO CTaHAAPTU3ALIIIO.

Ha puc. 1, 2 npexacrasneni po30uTTs, 1o Bianosinarots ganum 2001 ta
2007 pokiB. 3a cTaHOM BOJIM BifiOpaHMX NMPOO IYyHKTH CIIOCTEPEKEHHS
posmoinuucsa Ha 2 rpyny HacTynHuM guHoM: y 2001 poui mo mepmroro
kiacy yeifimum c. TepriBka, Mama Jlo3oBaTka, g0 apyroro — Bemmka
JlozoBarka, 3aBepTaHa, MBHIYHA YacTHHA KapauyHIBCHKOTO BOJIOCXOBHIIIA;
y 2007 pori B mepmuii kmactep BuauieHo ¢.TepHiBKa, APYTHA MiCTUTH yci
11111 00’ €KTH JOCIIHKEHHS.
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Takuii minxin BH3Ha4Yae€ yrpylmyBaHHS NYHKTIB CIOCTEPEXECHHS Ha
MEBHY ATy, IO T03BOJISE aHATII3yBaTH 3MIHU CXOXKOCTI 00’ €KTIB 32 YacoM.

Jlns BU3HAYEHHS 00’€KTIB CXOXKHX Mk COOOH Ha BCHOMY YacOBOMY
MPOMDKKY CIIOCTEPSIKEHHS 3a BCIMa JOCHTIDKYBAaHMMH IOKa3HUKAMU
OJTHOYACHO 3 METOI0 BiJIoOpakeHHs 3arajibHOI KapTHHU Nepeliry MeBHUX
TiIPOXIMIYHMX TIPOIECIB y BOAI PIYKM 3aCTOCOBYEMO 3alPOIIOHOBaHY
TEXHOJIOTIF0 YacoBOI KJacTepu3amii. 3a pe3ysibTaTaMd aHamizy OyJo
BUJIIJIGHO JIBI TpynH O0O’€KTiB: Tepiia CKJIAJAETBCS 3 MYHKTY
CrocTepekeHHs y ¢. TepHiBKa, JApyra MICTHTh BCi IiHIN 00‘€KTH
JOCHIDKEHHS.

ITpoBenemo KIacTepHUH aHANI3 32 JTAHUMH NPEACTABICHUMH y BUIIIALI
MaTPUI «ITyHKTH CHOCTEPEKEHHS — 3HaYeHHS (DIKCOBAHOTO MOKAa3HHUKA Y
gaci», TOOTO BH3HAYMMO IIYHKTH CIIOCTEPEXKEHb, SKi € CXOXHUMH MiX
co0010 Ha JIOCIIPKYBAaHOMY YacOBOMY MPOMIDKKY 32 OJHHMM 3 ITOKa3HHUKIB.
OtpumaHi pe3yabTat (MpH BHOOPI Oy Ib-sIKOTO MMOKa3HUKA) CITIBIAJAIOTH 3
pe3yibraraMi [pPOJEMOHCTPOBAaHHMHU  3alPOIIOHOBAHOKD  TEXHOJIOTIEI0
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4acoBOI KJacTepu3alii, mo MmATBepIKye 11 agekBatHicTh. Ha puc. 3 — 4
MPECTABIICHO TiarpaMy PO3CiIOBaHHS 00’ €KTiB 3a 3HAUEHHIMH MTOKa3HHUKIB
HCO;™ (puc.3) Ta Ca®* (puc.4) y uacoBomy aiama3omi.

B
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Puc. 3. PesyabraTu Ki1acrepusauii Puc. 4. PesyabTaTu Ki1acTepu3auii 3a
- 2+
3a 3HaYeHHsAMHU nokazHuka HCO; 3HAYEeHHSIMU NMoka3Huka Ca

OTpuMaHe MOIUIEHHS Ha KJIACTEPH, 32 TyMKOIO (haxiBLiB 3 MPEIMETHOT
o0xacri, BIAMOBIAa€ IiMCHIN TiMPONOTiIYHIN Ta TiAPOXiMivHIN cuTyamii Ha
nmociimxyBaHiil ginsHMi p. [arymens. o KapagyHiBchKkoro BogocxoBuina
moMaeTbess Bofa KaHanoM «JlHimpo — Iarymems». HaiiGimpmmit BrmuB
I[LOTO KaHaIly BiJI3HAYA€ThCSl Ha BEPXHiil JUISHII, 1[0 BUBYAETHCS, a CamMe B
paiioni cenuma TepHiBka. Hikde 3a Tedi€ro, BIUIMB THITPOBCHKOT BOJIH Ha
(hopmyBaHHS XIMIYHOTO CKJIaqy BoaW y piumi [Hrynens MeHmmH, Oinbmmi
BIUIMB HaJla€ TipHUYO-30aradyBaibHUN KOMOiHAT (inpTpariiiHi BTpaTH 3
T1IPOTEXHIYHUX CIIOPYA KOMOIHATY, MIIHHS XBOCTOCXOBHIIA Ta 1HIII).

BucHoBkn. Y paHiii po0OTi 3alpOMOHOBAHO TEXHOJOTIIO BHILUICHHSI
Tpyn 00’€KTIiB, CXOXKUX MiK 0000 32 HAOOPOM O3HAK, IO 3MIiHIOIOTHCS 32
gacoM. Po3poOiieHo 0OYHNCITIOBaNbHI CXEMH Ta CTBOPEHO IIPOTpamMHe
3a0e3neyeHHs, e JO3BOJMIO BUDIIIUTH NPUKIAAHY 3a1ady BH3HAYCHHS
TPYyT IYHKTIB CIOCTEPEKEHHS, [0 XapaKTEPU3YIOThCSI CXOXKHUM XIMIYHUM
CKJIaZIoM BOIW y p. IHrynemnp 3a IOCITIPKyBaHUMH KOMIIOHEHTaMH JUIs
MPaBUJIBHOTO IUIAHYBAaHHS NPUPOJOOXOPOHHUX 3aXOMIB Ta KEpyBaHHS
SKICTIO BOJ PIYKH. 3alIpOIIOHOBAaHA TEXHOJIOTis MOXKe OyTH 3aCTOCOBaHa 1 B
IHIIUX TMPEIMETHUX Tally3sX Uil BUJAUIEHHS TPYI CXOXHX OO €KTIB 3
ypaxyBaHHSIM YaCOBHUX 3MiH JIOCIIJDKyBaHUX O3HaK.
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