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IepeMeHHBIMI BMECTO MeTo/la HalMeHbIINX KBaJpaToB
U KJIACCHYECKOT0 MeTojia pobacTroil perpeccun. Vcemeno-
BaHa MHOKECTBEHHAsI PETPECCUOHHAS MOJEJb € MCIIOIb30-
BaHMEM HEYeTKUX YMCceJI, KOT/a 3aBUCUMasl M He3aBUCHMAs
[epeMeHHbIe SBJIAIOTCS TPEYTOJAbHBIMU HEYETKUMHU YNCITIAMU
U OllCHKU I1apaMeTpoB yerkue uucaa. [Ipu paccmorpenun
TabJl. 2 BUJHO, YTO OIEHKH [apaMeTPOB PErpeccuu, ToJy-
YeHHBbIE METOJOM HEYeTKOW POoGACTHOI perpeccun MMeioT
TOT JK€ CaMbIll 3HAK ¥ MOUTH Ty K€ BEJMUNHY, KaK OIeHKH,
[oJiydeHHble pobAaCTHBIMEU MeToJaMu. BecoBast marTpuila
onpejenserca U3 (QYHKIUU NPUHAAJIECKHOCTH OCTATKOB.
BsBemennbiii MeTOJi HEYETKUX HAMMEHBIIUX KBAJPaTOB
MpUMeHseTCs, UCHOIb3ysl BecoBylo Marpuily. Hederknii
POBACTHBIN PETPECCUOHHBIN METOL MOXKET aBTOMATHYECKN
onpenensaTb BbIOpochl. Takum 06pasoM, BO3MOKHOE Hera-
TUBHOE BJIMsSHME BbIOPOCA Ha MOJIEJb MUHMMU3UPOBAHO.
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HEMITKMHit POBACTHMHA PETPECIHHMA AHANI3 [ANA HEYITKHX
BXIAHUX TA BUXIAHHX BAHKX

Y MHOKMHHOMY perpeciiHoMy aHamisi Iyske BasKJIMBUN aHasi3
nanux. Ko Habip JaHUX Ma€ BUKU/M, BUKOPUCTOBYIOTh POOACTHI
MeroAn oilinku napamerpis. Koan Bxigwi gawi wewitki i wabip
MAaHUX Ma€ BUKHUIHM, BaroBa MaTPHUIlI BU3HAYAETHCS IO BiIHO-
menHio 10 (yuxuii npunanexnocti. Hewitka pobactHa perpecist
JOCJIKYETHCS 3aMiCTh TIJIbKM METO/y HaliMEeHIINX KBaapatis abo
TiJIbKM POOACTHUX METOJIIB.
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AHARITHYHMX CUCTEM MOAENHBAHHA

EKONOrIYHO HEBE3NEYHUX CHTYALIH

Posensnymi memodonoziuni acnexmu MOHIMopuHzy oH0BUX KOHUEHMPAYIL MOKCUUHUX 3a0PYOHeHD
8 eKon0zZiuHUX 00 €Kkmax i euxudax mexnonoziunux cucmem. Ipoananizosano ocooau8ocmi GUAGIEHHSL
npiopUMemHUxX napamempie Cmany HasKoOIUUHH020 NPUPOOH0Z0 CePed0BULA i3 3ACMOCYBAHHIM MEMO -
0i6 Mamemamuunozo Mooes08anHs. 3anponoHo8ano NPUHUUNU no6y006U IHPOPMAUITHO -AHATTMUYHUX
Mmodenetl npu cmeopenni iIMIMmayiitHux cucmem, KOmpi 6UKOPUCMOBYIOMb 6 3a80AHHAX YNPABHIHHS Pi3-

HOMAHIMHUMU eKOJLOZIUHUMU CUCTNEMAMU.

Kmouosi cnosa: ex0/102iu0 Hebesneuni cumyauyii, iMimauitini cucmemu, inQopmayitino -anarimuuna
MOo0en, Mamemamuune MoOeI08anHs, NPiopumemni napamempu.

1. Becryn

[Tpuposani KOMILJIEKCH PO3IJISAAIOTL SK CHOKHBAYiB
AHTPOIIOTEHHUX BILIMBIB BiJl TeXHIYHUX 00’€KTiB 6e3ro-

cepeanbo i/abo omocepeAKoBaHO yYepes iHIN eJeMeHTH
TeXHoJoriunoro cepegosuina. besmnepeuno, mo ausa Hop-
MaJIbHOTO (DYHKIIOHYBAHHSI IPUPOAHOTO 00’ EKTY BEJIMUYIHA
TaKNX HaBaHTa)kKeHb He TIOBUHHA IePeBUIYBaTH 3HAUEHHS,
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IO JIOTYCKAEThCS HOPMAaTUBHUMHM JoKymeHTamu. OTIliH-
Ka HaBaHTa)KCHHs Bijl 3a0py/AHEHb MMOB’sI3aHA 3 TTOHATTSIM
ACUMIJISIIHOT €MHOCTI TIPUPOAHOTO 00’ E€KTY, MOKIUBOCTI
po3citoBaHHS, celMMeHTallil | po3KiasaHHs 3a0pPyAHEHb, 110
xapakrepusye iioro. 3abpysHeHHsI B MOJ€eJi PO3TJISialoTh
SIK HETaTUBHI Pecypcu, KOTPi BUPOOGJSAIOTH TOCIOAAPCHKI
00’€KTH i CHOXMBAIOTH HABKOJUIIHIM NPUPOIHUM Ccepe-
nosuiem (HIIC).

¥ ocuoBi Gyab-skoro BucHoBKy mnpo cran HIIC, npu-
POZIOOXOPOHHUX PillleHb i CAHKIIN JIEKUTh iH(pOpMAaIllis,
OTpUMaHa B OCHOBHOMY 3a JIOIIOMOIO TUX abo iHIIMX
aHaJMiTHYHUX MeTo/iB. /locTOBipHiCTh OTPUMAHUX JaHUX
BU3HAYa€ 6araTo B YOMY a/eKBATHICTH €KOJOTIYHUX €KC-
neptu3 i nporxosis. TexHiuHi i mporpamHi 3aco6u BUKO-
HyioTh GyHKII mepenadi indgopmailii Mixk ejremMeHTaMu
CUCTEMM €KOJIOTIYHOTO MOHITOPUHTY. 3BMUYAHHO BUHUKAE
HEeOOXIIHICTD CTBOPEHHSI HOBMX MaTeMaTHYHUX METOJIB
MO/IEJIIOBAHHS €KOJIOTIYHUX CHUCTEM.

TakuM YWMHOM, /Il BUPilleHHs HAHOIIbII akTyaabHUX
3a/1a4 €KOJIOTIYHOTO MOHITOPUHTY MPU3EMHOTO IIapy aTMO-
cdepu Ta KOHTPOJIIO €KOJOTiTHOTO CTaHy HAaBKOJIHUITHBOTO
cepejloBHINA DU BUHUKHEHHI €KOJIOITY4HO Hebe3ImeyHmx
cutyarliii Ha piBHi Micta abo periony HeoOXiHO PO3POLJIATH
HOBI alrOpUTMU iH(MOPMATTiTHO-aHATI TUYHUX CUCTEM Ta BijI-
HoBijHi crerianizoBani nporpamui sacobu. Came po3BUTOK
[[bOTO HAMPSMKY OOIPYHTOBYE aKTYalbHICTH Ii€l poOOTH.

2. Axaniz niTepaTypHUX KAHUX
i nocTaHoBka nmpo6nemMu

3a ocTaHHilf yac KiapKicTh mporpam 3 MoHiTopunry HIIC
pisko 3pocia. Pospobka mpoekTiB BeaMKoMaciTabHUX
MpOrpaM YacTo TOB’sS3aHa 3 TPYAHOIAMH, OCKIJIBKU BOHU
BPaXOBYIOTh BEJIUKY KimbKicTh apamerpiB. OCHOBHY pPOJIb
B JIaHOMY BUIIQJIKY BiZIBOAATH PO3POOI MATEMATUYHIX MOJIE-
geit (MM) g onmcy eKoJIOTIYHUX CUCTEM <«TeXHOJIOTiS —
HaBKOJIMIITHE cepejpoBuiie» [1, 2].

CxJtaiHICTh CTBOPEHHSI TAaKUX MO/jleJiel] TToJIsITae, mo-Tep-
1e, B TOMY, 0 MiX PisHUMHU 06’€KTaMU i aHTPOIOTEHHIM
3a0pyIHEHHIM iCHY€e 0e3J1i4 HeOpAUHAPHUX 3B sI3KiB, 06JIK
SIKUX CKPYTHUH MpU aHaji3i AisapHOCTi. A mo-zmpyTe, itme
B TOMY, 1110 IPUPO/IHI €KOJIOTTUHI CUCTEMHU 1 CUCTEMHU, CTBO-
peHi JIOMHOIO, BUBYAIOTHCA PI3HUMU HAYKOBUMM JIUCITUILI-
Hamu [3]. MM, nobymoBani 3a HaciKaMu eKCIIEPUMEHTIB,
BUKOPUCTOBYIOTb JIJISI OIITUMAJIbHOTO TIPOEKTYBAHHS TEXHO-
JIOTTYHUX 06’€KTIB 1 KOHCTPYIOBAHHSI CHCTEM aBTOMATHYHOTO
yupasJints o6’exkramu [4].

OmuuM i3 TakWX TPUKIAAIB € PO3TISAL KOMIT IOTEPHOL
nporpamu SimplexWin. Ilporpama mnpusHauena [Jist Bu-
pillleHHsI 3aBAaHb JIHIHHOTO TTPOTPaAMyBaHHS 1 MPOIOHYE
aBTOMATH30BaHe BUPIIIEHHS ONTUMI3alliiiHNX 3a/1a4 Ha OC-
HOBi cummiekc-merony [5]. Jlannit Metoj mifxoauTh st
BUPIIIEHHS IHPOKOTO KOJa 3aBAaHb 1 € JJOCUTh IPOCTUM
y BUKOPUCTAHHI, TOMY MOKe OyTH PEKOMEHAOBAHUU st
BUPIIIIEHHS 3aB/IaHb, OB’ SI3aHUX 3 TIOITYKOM OIITUMAaJIbHOTO
€KOJIOTO-YIIPaBJIiHCHKOTO PillleHHS.

losoBHOIO TIEpeBaroio CUMILIEKC-METOY € OTo yHiBep-
canbHicTh [6]: Oymab-saKy 3afaqy JiHIHHOTO TporpaMyBaHHs
MO’KHA 3 JIETKICTIO PO3B’S43aTH, K 3a J0IIOMOIOI0 IPOrpam-
HOTO 3a0e3IeveHHs], TaK i BPy4YHY. AJie SIKIIO CTBOPEHHS
i 0OUHCIIEHHST CUMILIEKC-TabJIUIb POOUTHCST «BPYUYHY», Ha
3aBajli MOJKe cTaTu 00PaxXyHOK, a/Ke [IPU BEJIUKIii KiJTbKOCTI
oOMeskeHb 4Yepe3 HEYBaKHICTb MOXKHA OTPUMATH XUOHUIL
pesyabrar. Tomy BuxopucraHHsi mporpamu SimplexWin

JOCUTh CYTTEBO MMOJIETTIUTh 3HAXO/KEHHS ONTHUMAJIbHOTO
piteHHsI.

Pesysbratul po3s’si3ky 3ajad y AaHiil nmporpami BUBO-
nsithest B cepeosuiiie MS Excel i mpencraieni y Burisii
MOCJIIOBHOCTI TabJIMIIb, SIKi MICTATD KiHIIEBY BiANOBib [7].
[Iporpama Takosx nigTpumye (HYHKIII0 3aBaHTaKeHHS 1 36e-
pekeHHs AaHuX y dailir, Ma€ TOBHY MiATPUMKY 3BUYAITHUX
npo6iB. Ille opHiE CYTTEBOIO IEPEBArOK € MOKJIUBICTDH
il 3acToCyBaHHS 1IPU PO3B’A3yBaHHI CUCTEM JIHIHHNUX PiB-
HIHb (3 N KiJIBKICTIO PIBHSHbL i HEBIZIOMUX).

[Tporec omepskanns emnipuunoi iHGopmariii B nepeBask-
Hill GiJIBITOCTI BUTIAAKIB OB I3aHMI 13 BUMipaMu, 0OTsIKe-
HUMU OXuOKaMu. Y I[bOMY BUIAIKY AOUIJIBHUM CIIOCO-
60oM 06pPOOKH MaTeMaTHYHUX JaHUX € MoOyaoBa Mojeeii
anpokcumaliii. 3azBuyaii BUKOPUCTOBYIOTh allPOKCUMAIIIIO
3a MeTozioM Haiimenmunx ksajparis (MHK) [8]. 3a num
MPUHIIMIIOM OOYI0BaHi MO perpecii, o MOKYTh Oy TH
BUKOPUCTaHI /171 pO3paxyHKY ycepeaHeHHsI B MM, 30kpema,
npu CcTBOpeHHI BUPOOHMYMX (YHKIINA, Mojesell IporHo-
3yBaHHS PO3BUTKY i (DYHKIIOHYBaHHS €KOCUCTeM. Takoxk
3IHCHIOETBCS TIONIYK PIlIeHHS 32 JOMOMOTOI0 TPOTPaMu
Visual Basic st Touroro mizbopy napameTpiB HeJiHIHHOTO
piBusinnst [9]. Hafiyacrime gani MOKyTb OyTH OMpaItboBaHi
3a JI0TIOMOrofo BOYAOBaHUX (DYHKIHH JiHiiHOT i momiHO-
MiasnbHOI perpecii. HasiBHicTb JiHiNHOI 3a/1e3KHOCTI B 3a/1a4i
TAKOK JI03BOJIUThH YCIIIIHO BUKOPUCTOBYBATH (HOPMYJIH
JiHiitHOTO HabMMKeHHs. SIKIINO AaHi, AKi HOBUHEH 06pOOUTH
JOCJITHUK JI7TST TTIOAQIIBIION TOOYIOBU €KOJIOTO-MaTeMATHIHOT
MOJIeJTi, He MOKYTh OyTH 3aI0BIJIBHO OIPAIbOBAHI JKOIHUM
3 BHUIIE3a3HAYEHUX METO/IB, IX IIPEe/CTaBIAIOTh Yy BUTJISIL
TabJIuIl, 0 3HAXOAUTH 34 JOTIOMOTOI0 METO/AIB iHTEpIIO-
JIANT 3HAYEHHS I TOYOK, sKi BiACyTHI y maniil Bubipii.
SIkuo 'y 3amadi mOTPiGHO TPOCTO ATNPOKCUMYBATHU JaHi
Ta moOyaAyBaTH rpadik-MPOrHo3 eKOJOTIYHUX MOKa3HUKIB
6e3 BiOOpaKeHHS TIPOMIKHUX JAaHUX, AOLIIBHO CKOPH-
CTaTHUCh BJACTUBICTIO Aiarpamu 3 106YM0BU JIHIT TpeH-
na. Jliarpama Oyie BimoOpakaTu He TLIbKHM camy JIiHis,
a it dopmysy perpecii i koedilieHT AeTepMiHOBaHOCTI.
Ocranniii mokasye, HacKiJbku m06pe PiBHAHHS perpecii
onncye (akTHUUHY €KOJIOTIYHY CHUTYaIlilo.

[Tpw 11bOMY HAHGIIBIT TPOCTUM, TOCTYITHUM Ta YHiBEp-
CaJIHUM € BUKOPUCTaHHs TabinuHoro nporecopa MS Excel,
IO JIACThb MOMKJIMBICTD 3aCTOCOBYBATHM MaTeMaTH4YHE MO-
JIeJIIOBAHHA CUCTEM Pi3HOI CTPYKTYPHOI opraHizaiiii mpu
HEeBHCOKOMY PiBHI oIlepamiiiHOl CKJIQJHOCTI, IO € TyKe
BKJIMBUM IIPU BIIPOBA/KEHHI TaKMX CHCTEM €KOJIOTiu-
HOTO MOHITOPUHTY Ta PO3PaxyHKy 30UTKiB Bin (axropis
MPUPOAHOTO Ta TEXHOTEHHOTO XapakTepy, 1O JiI0Th y Ha-
BKOJIMIITHBOMY CEPE/IOBUIILI.

3. 06’ckT MeTa i 3aBAAHHA BOCHIZMEHHA

O6’exm docnidncenns — indopmaniiHo-aHATITUYHI cH-
CTEMH.

Mema docuidxcenns — NpOaHATI3yBaTH MOMKJIUBOCTI
indopMaIiiHo-aHaMITUYHUX CUCTEM 3 BUKOPUCTAHHSIM Ma-
TEeMAaTUYHOTO MOJIETIOBAHHS TPHW CUCTEMHIH A1arHOCTUTII
€KOJIONIYHO Hebe3IeuHnX CUTyalliil.

3aBjlaHHsl, HAa BUPIMIEHHS SKUX CHPSIMOBAHO POOOTY:

— po3pobKa eTariB MOJETIOBAHHS €KOJOTIYHO Hebe3-

MeYHUX CHUTYallili;

— aHaJIi3 MOXKJUBOCTEW peasizallii MaTeMaTU4HOTO

MOJIEJIIOBAHHS CUCTEMM 32 JIOTIOMOTOI0 KOMIT'IOTepHO-

opieHToBaHUX 3acO0biB.
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4. Pozpobka eTaniB MofEenOBaHHA
exonoriyHo He6eameuHux cuTyauii
HA MPUHLMNAX CHCTEMHOTO MiAXoAy:
MaTepianu Ta METOAU AOCHiAMEHE

BassinBIUM € yCBIZIOMIIEHHSI, 1110 3aCTOCYBAHHSI KOMIT'T0-
TEPHO-OPIEHTOBAHUX 32C06IB Ta IPOrPaM JACTb 3MOTY OiJIbII
ranboko i pisHOGIYHO MiAIATH A0 BHUpIiNIEHHS TPOOJIEM
€KOJIOTTYHOrO0 MOHITOPHHTY, a came:

HIUPOKOTO CIIEKTPY MeTO/iB aHauxizy. HeoOXiaHicTh Bu3HA-
YeHHs CJII0OBUX i HaBiTh (oHOBMX (HAHO, MiKO, HEeMTO)
KOHIleHTpalliii enemenTiB B 06’ekrax HIIC 3 gocraTHbOO
TOUHICTIO i CeJIEKTUBHICTIO, a TaKOK 301JMBIIEHHA BIUMOT /[0
MPOJYKTUBHOCTI aHaJi3y BUKJIMKAJIU PO3BUTOK i BJIOCKO-
HaJIEHHS 1HCTPYMEHTATbHUX AHATITUIHUX METOJIiB.
[Ipuknax yuacTi cykymHOCTI Pi3HUX cucTeM y (opMmy-
BaHHI ekoJioTiuHOI iHdopmalii mokaszanuit Ha puc. 1.

— O03HANOMUTH 3 MOXKJUBOCTSIMU KOMII'T0-
TEPHOTO MOJE/JIOBaHHA €KOJIOTIUHUX Ipo-

‘CT])_\,-’KT_\,F]):’I 1 BMacTHROCTI eKOJIOriYHOI iHpopMaLii ‘

11eCiB;

— NpeACTaBUTHU 00 €KT AOCIIIAKEHHS, MLIs-
XOM aHaJli3y BUSIBUTH HOTO MPUYNHHO-HA-
CJIJIKOBI 3B’I3KU Ta B3aEMO3aJI€sKHOCTI;

BumiprosaHHa
KiNBKOCTI
irdopnmarii

4{ IH(opMALIIFHO-MOIIYK0BA CHCTeMA ‘

— CYTTEBO 3MCHIINTU YaC PN PO3PAXYHKY

€KOJIOTO-MaTeMaTHYHUX TTapaMeTpPiB MOCTaB-
JIEHOI 3ajadi; |

TrdopMATIFIHO-AHATI THCHA CHCTEMA }7 HopMATHBHA

JOKYMeHTALTL

— edeKTUBHO BUKOPUCTOBYBATH MaTeMaTHy-
Hi METOJM ONTHUMI3allil Ta MPOrHO3yBaHHSA

y mporieci TomyKy eeKTHBHIX eKOJIOTO-YI-
paBiinchkux pimenb (MatLab, Simplexwin,

Bk oHaHHA
AHAJITHYHIX BHMIipiB

Bubip ycTaTKYBaHHA, peXIMIB poSoTH,
MeTpOJIOTiTHIIK XApaKTepHcTHK

Torawin, MathCad 2000, STATISTICA, naket
SPSS, MS Excel Tommo);

— CIIPOTHO3YBaTU JMHAMIKY Ta PiBeHb Mali-

T} opMALIiiTHO-TT0OCiYHA CHCTeMA }7

CHCTeMIH T ITPHMEI
TIPHIHATTA PillleHEb

Gy THBOI 3a0PYIHEHOCTI IOCIIIKYBAHOI €KO-
CUCTEMHU Ta OIIHUTU JTOCTOBIPHICTH OTPHU-
MaHUX pe3yJbTaTiB.

Ocranne noTpeGye 1MiJIecnpsIMOBaHOTO BIIPO-
BA/KEHHS BIJNOBITHUX KOMII'IOTEPHO-OPi€H-

KomMruiekcHi eKo0JI0T ivHi
inATALIFHI Mo el

IIpoLiecH IpoeK TYB AHHS,
BHPOGHILITE A, YIIPABJIIHHA

TOBaHWX 3ac00iB i mporpam MareMaTHYHOTO
MOJIEJTIOBAHHS, SIKi 3yMOBJIIOIOTH (hOPMYyBaHHS
JOCTaTHBOTO PiBHA iHopMamitHuX yMiHb [8]
i TOKJIMKAHI BJIOCKOHAJUTU IIPOIEC MOHITOPUHTY €KOJIO-
rivHux 06’€KTiB.

BukopucToByBajii KOMII'IOTEPHO-OPi€HTOBaHI 3ac001 —
tabmmunuii porecop MS Excel. Ichye Tpu criocobu Bukopu-
cranHs MS Excel mis anpokcumaiii nokasHukis 3abpyte-
HOCTI €KOCHCTEMU Ta 11 MOHITOPUHTY: MOKJIUBICTD ITPOBOAUTHI
JUHIHHUN perpeciiiHuil aHami3 3a A0MOMOroW BOYIOBAHUX
byuxniit JUHEWH, JITPOIIPUBJ, TEHAEHIIVA Ta
POCT, a takox 3a gonomoroio incrpymenta PETPECCUSA
I[TAKETA AHAJIN3 JTAHHDBIX; nepeTBopeHHsT HeTiHITHIX
PIBHSIHB Yy JIHINHI 3 OAAJIBIINM BUKOPUCTAHHSM BOYIOBAHUX
dyHKI perpecii, BUKOpUCTaHHS HagOyl0B.

ITporpama STATISTICA € mpoayKTomM HOMIGHUM [0
nakera SPSS i mae cxoxi ¢dyHKIIT Ta nUIsSxu 3acrocy-
Banms. IIporpaMa BKJIIOYAE MUPOKWI Habip aHATITUIHUX
npoleayp i MeToziiB i Mae moAaTKOBi OJIOKM: JiHiliHI Ta
HesiHITHI Moztesti, Data Mining, anasis moTy:XKHOCTI, aHai3
MPOIIeciB, TJIAHYBaHHS €KCIIEPUMEHTIB Ta iHIII.

Buxopucranns ¢yukuiit perpecii ass anpoxcmmaritii
JAHUX JIa€ 3MOTY MAaKCUMaJbHO TOYHO CIIPOTHO3YBATH I10-
TpibHI MOKa3HUKM, TOOTO aNMpPOKCUMAaIliss Ha OCHOBI Bizo-
MoI iH(dOpMAaIl PO AOCHIAKYBaHWiT €KOJOriuHui 00 €KT,
JI03BOJISIE 3MOJIeIIOBaTH MaibyTHIO fioro moseminky [10].

5. PesynnTaTH aHanizy MoKMHBOCTER
peanizayii MaTEMaTHYHOr0 MOJENIOBAHHA
CHCTEMM 33 JONMOMOrold KOMMN OTEPHO-
opieHTOBaHKX 3acobis

O6’eKTH €eKOJIOTIYHUX MOCJHIKEHb JOCTATHBO Pi3HO-
MaHiTHI 3a BJIACTUBOCTSMM i BMMAaraloTb 3aCTOCYBAaHH:A

Puc. 1. Yyacts cysynHocTi pisHux cucteM y bopMyBaHHI ekonoriyHoi iHdopmanii

[Ipu BupimenHi MUTaHHS NPO Te, SIKi KOMIIOHEHTHU
Tpeba BKIIOUUTH, a SIKi BUKJIIOUUTH, BAKJIUBUM MiDKYyBaH-
HSIM € YMCJO 3MIHHUX, gKe HeoOXigHo BKjoount B MM.
BusnauuTtu 4wucio BUXiIHUX 3MIHHUX, IK [PaBUJIO, He
BAXXKO, AKIIO MoOpe MpompamioBaTd NMUTAHHS PO I
i NpU3HAYEHHS JOCJiKeHH. TpyaHOIli BUHUKAIOTH IPH
BHU3HAYCHHI IPIOPUTETHUX BXITHUX 3MIHHUX i 3MIHHUX CTaHY,
SIKi TO3BOJISIIOTH OTpUMATu OaskaHWil Pe3yJIbTar.

3a METOJIOM CKJIa/laHHs PiBHAHD ((QYHKIIOHAJIBHUX 3a-
aexmocreit F, f) MM ix mominsgiors #a dopmaiabii (em-
mipuyuHi, perpeciiini) i nedopmanbui (anamituuni). [Ipu
o0y 10Bi emnipuunux (perpeciiinux) MM cTpykrypa QyHK-
MioHAJTBHUX 3ajiexkHocTell F, [ 3aa€Thcst Ha OCHOBI JIESKUX
opmasbHUX MipKyBaHb, II0 HE MAlOTh 3B’A3KY 3 OIMUCOM
TEXHOJOTIYHOTO 06 €KTY.

B nporteci BuBenenns pisHgub MM noBoauThes 3aCTO-
COBYBaTH Psiji NPUIYLIEHb, HANPUKJIAL, PO CTaH 00JiKy
nesIkuX (HisuKo-XiMiuyHUX, GiOXiMIYHUX 1 IHIIMX MPOIECIB,
1[0 MPOTIKAKTh B TEXHOJIOTTUHOMY 00’€KTi. BHaci0K 116010
ckiraganaio MM mepenye TpyaomicTkuil etam (isudHOTO
MOJIEJIIOBAHHS /IS BU3HAYEHHS, HAIPUKJIAA, PiBHAHb Ki-
HETHKHU 1 OIIHKW 3HAYYNIOCTI MBUAKOCTEH IMX IPOIIECiB.

[TpUHIIMIIOBUM € I0JTAHHS CYTIEPEYHICTD MiK TPOCTOTOIO
i Tounictio MM — peajibHy TEXHOJIOTIUHY CHCTEMY Heob-
Xi/IHO CIIpOILyBaTH J0 THX Iip, IOKM 1€ He NpusBeje /10
icroTHOl BTpatu TouHOCTI. Ilic/is1 BUABIEHHS KOMIIOHEHTIB
xoHKpeTHOI MM cmif BusHAUNTH (YHKIIOHATBHI 3B 3K
MiXK HUMU 1 3HaYeHHSI BUKOPUCTOBYBAaHUX IapaMeTpiB. Bu-
HUKAIOTh TpoOIeMu, AKki Bumaraioth pimenus. ITo-neprre,
MOske OyTH BaKKO i/a00 HEMOKJIMBO KiJTbKICHO BU3HAYUTH
a00 BUMIPATH IedKi 3MiHHI, BasKJIMBI A OIIHKH TIOBe-
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JIHKM TEXHOJIOTIYHOI CUCTEMH, [0 Ma€ BIHOIIEHHS ][0
eKoJIoTiuyHoro MoHiTopuHTY. [lo-pyTe, CIiBBiIHOIEHHS MiXK
KOMIIOHEHTAMK 1 3MIHHUMHU MOXYTb OyTU HEBU3HAYEHU-
mu. Ilo-Tpere, HeobxigHa Ham iHdopMmalisa i 9Mca0Bi gami
MOKYTh Oyt abo BiacyTHiMH, a60 6YyTH B HENPHUIATHOMY
JUIST BUKOPUCTAHHS BUTJIS/IL.

3astexxHo Bif puitHATHX puryenb MM omnucn ogHOTrO
i TOrO K TEXHOJOTIIYHOro 00’€KTy MOKYTh MaTh pi3HMii
BULJIAA ab0 PO3PIsHATUCA CTPYKTYpamu (GyHKIii F, [ amis
00’ekriB pisHoro Tuiy. OcobJMBO 1€ CTOCYEThCS Hedop-
ManbHuX MM, siki MicTsATh pisHy iHbopMalio 1po 06’eK-
TH 1 TIPOIIECH, IO TIPOTIKAIOTh B TEXHOJOTIYHUX 00’€KTIB,
30KpeMa JUUIsl ONTUMI3allii iX pekuMiB pobOTH, yIIpaBIiHHI
i TPOEeKTyBaHHSI.

Hedopmanbpai MM TexHosoriunux 06’€KTiB, K npa-
BUJIO, HEJNIHINHHI, 3HAXO/KEHHS X HaOMMKEHUX BUPIIIEHD
y = f(x,a.) 3a3BUYail 3A1ICHIOETHCS YNCETbHUMEI METOIAMU
i3 3aCTOCYBAaHHAM KOMIT IOTEPHOTO TIPOTpaMyBaHHs. Tpyno-
MiCTKiCTD TaGOPATOPHUX TOCTIKEHB TPOTIECIB i BUBEACHHS
PiBHAHD CTPUMYIOTh BUKOpHUCTaHHS HedopmanibHux MM.
Ax BapiaHT BUKOPUCTOBYIOTH iH(MOpMaIiliHO-aHATITHIHE
mozemoBannst (IAM), nmpocrexyioun 3B’I3K1M MiXK yXBaJrio-
BAHNMU YTIPABIIHCBKUMHU PIilIEHHSIMM 3 peasiidallii rocro-
JAPCHKUX 3aXO/iB 1 HaCTiKaMU peasizailii TakuxX pilieHb
st HITIC. Ile mo3Bosisie 3acTOCOBYBATH JaHi MOJEJi TIPU
CTBOpEHHI iMiTallifHUX cucTeM, KOTPi BUKOPHUCTOBYIOTD
B 3aBJAHHSAX YIPaBJIiHHS €KOJOriYHUMU cuctemamu [6].

Hasenemo mpukiaz 3azmaui, ska JIETKO PO3B’SI3YETHCS
3a JomomMoroio tabaudnoro mpoiecopa MS Excel.

AzMiHicTpallis JIiCOBOTO TOCIOAApCTBAa NPUITHSANA Pi-
MIEHHS PO HeOOXIAHICTh CTPaxyBaHHsI Ha BUMAOK TTOKEXKi
3epHOCXOBHIN. 3 METOI0 BH3HaueHHS Tapudis 1mo BUOIp-
i 3 JecsITM BUTAJKIB TMOXKEX IMPOaHadi3yiTe 3alIeKHICTh
BapTOCTi 30MTKIB Bifl TOXKeKi 3a/JeKHO BiJg BiacTami 10
HaOIKI0T TToKexkHOT crammii (tabma. 1).

Tabmuua 1

BapricTs 36uTRKIB Big noMesi 3anesHO Bif BiACTaHI 40 NOMEsHOI CTaHLIT

Newmman- |\ 4 | 5 | 5| 4|5 6|7 |8]|8]10
Ky

JaransHa
cyma
36uTKiB,
THC. TPH.

262|17,8(31,3|231|27,5|360(14,1 (223|196 |31,3

Bigcrann
[0 Ha-
Grmeguoi 34118461123 |31(55|07|30]|26]|4,3
TIOMEXHOT
cTaHLii, M

MoJaMBUM BapiaHTOM BUKOPHUCTAHHS KOMII'IOTEPHUX
TEXHOJIOTIH y Tpolieci eKOJOTIYHOTO0 MOHITOPUHTY TaKOXK
€ maket SPSS st Windows. /lana mporpama T0CUTDb YHiBEp-
casibHa i MPOTIOHYE MUPOKUN Habip Mpoteayp A1 eHeKTUB-
HOTO TIPOTHO3YBAHHS YHMCJIOBUX 3MIHHUX, aHAJi3y YaCOBUX
pAaiB, MJIaHYBaHHA YIPABJIIHCHKUX PillleHb.

[Tory:xHMM IHCTPYMEHTOM aHai3y YaCOBUX PSAIIB i Ipo-
THO3yBaHHS B IiomMy € Moayab SPSS Trends, xotpwuii mo-
3BOJISIE aHAJII3yBaTH iH(OPMALLi0 PO MUHYJIE 1 TepegdadaTu
MaiibytHe. {aHuil MOAYJb BUKOPUCTOBYE Taki IPOIELy-
pu OLliHKM, K aHasmi3 boxkca-/[»keHkiHca /1 HECe30HHUX
i OHOMIPHUX MOIeJIeld; TPOoteAyPH 17t 00POOKHU CE30HHIX
CKJIQJIOBUX; OIIHKY /10 YOTHPbOX MapaMeTpiB y ABAHAIATH
PIBHUX MOJIEJIIX eKCIIOHEeHI[IaJbHOIO 3IJI/KyBaHHs; Pi3Hi

perpeciiiai Metoau (perpecisi TpeH/a, perpeciitHi Mozesi
3 aBTOPErpeciiHUMU MOMMUJIKAMU TIEPIIOTO MOPSJIKY); PO3-
KJIaJl YaCOBMX PA/iB HAa TAaPMOHIYHI CKJIAZOBi. 3a3HAUYNMO
takox, mo SPSS ana Windows mae winuii psa rpadivnux
MOJKJIMBOCTEH, 1110 /J03BOJISIE Bi3yaJbHO OILIHUTH OTPUMaHi
YUCJIOBI Pe3yJsbTaTH aHaji3dy i MPOrHO3y AaHuX. Takoxk
MaHUi TporpaMHKil 3aci6 AOIIIBHO BUKOPUCTOBYBATH JIJIsI
3a/1a4, MOB’SI3aHUX 3 AUCKPETHUM CTATHUCTUYHUM PO3IOJIi-
JIOM BUOIpKH.

[locutb yacTo 1npu po3B’s3yBaHHI €KOJOrO-MaTeMaTny-
HUX 33/1a4 3 [OAJIbBII0K MOOYI0BOI0 CIPOIIEHUX TPOTHOC-
TUYHUX MOJIeJIell TOBEAIHKN TOTO YH iHIIOIO €KOJIOTIYHOTO
MOKazHUKa 9 00’eKTa B IJIOMy HeoOXijHe 4iTKe Haoy-
HO-Bi3yasbHe ySABJIEHHS OTPUMAaHMX pe3yJbraTis. B mbomy
KOHTEKCTI 3aCTOCyBaHHsI TporpamMHux 3aco6is Gran 2D
i Gran 3D € n0cuTh JIONIJIBHUM i 3aC/IyTOBY€E Ha yBary.

3okpema, Gran 2D Moske OyTH BUKOPUCTAHWI IJIsT TTO-
GymoBu pizHOMaHiTHUX rpadikiB i diryp Ha mwIONUHI, Ta-
KOK TIporpamMa Mac BOymoBami (QyHKINI A1 06YMCICHHS
BU3HAYEHUX I1HTETPAJiB, MOXIJHUX, TIJOIL MOBEPXOHb Ta
BificTanedl i KyTiB Mixk nmpamumu. B cBoio uepry, Gran 3D
J03BOJISIE OyyBaTH TPUBUMIPHI 306paskeHHs i mpe3eHTartii
i Mae GLIbII PO3UIMPEH] IHCTPYMEHTH 1010 T€OMETPUYHUX
orepaliiii 3 irypamu it 06unCIeHHs BUBHAYEHUX MOABIHNX
i mOTpifiHUX iHTerpasiB (BUKOPUCTOBYIOTHCS JIJIsI 3HAXO-
JUKEHHST TIEBHUX €KOHOMIYHUX TOKa3HUKIB).

6. O6rosopexHs MoNMBOCTEH peamizauii
MaTEMaTHYHOT0 MOJEMOBAHHA
CHCTEMM 33 JONMOMOroH KOMN WOTEPHO-
opieHTOBaHKX 3acobis

Heo6xiaHO 3a3HAYNTH, 1[0 BUKOPUCTAHHS KOMIT'HOTEp-
HUX TEXHOJIOTIH Ta MaTeMaTHMYHOTO MOJIEJIOBAHHS CIIPUSIE
HiBUIIEHHIO e(heKTUBHOCTI IIPOBE/IEHHST OLIHKU Hebe3neu-
HOCTi €KOJIOTIYHUX CHUTYyallilf, a came:

— BUKOPHUCTAaHHS KOMIT'IOTEPHO-OPIEHTOBAHUX 3ac00iB

TOJIETTIY€ ONPAIFOBAHHSI CTATUCTUYHOTO Marepiaiy, To0-

TO BUKOHaHHsSI 00uucJenb, modynoBa rpadikis, BusHa-

YEHHS Ta OLIHIOBAHHS IIAPAMETPIB PO3IOINY POOUTHCS

KOMIT'IOTEPOM aBTOMATHYHO Ta IPAKTUYHO MUTTEBO;

— JIOCTIHUKN MalOTh 3MOTY OiJibllie 4acy TpPUALIATH

BUBYEHHIO CYTHOCTI €KOJIOTIYHMX SIBUII, IX BJIACTHBOC-

Teil i NPUIMHHO-HACTIAKOBUX 3B’SI3KiB, 110 e(heKTUBHO

BIUIMBAE Ha AKICTb MOHITOPHUHIY;

— 3a pesyJbTaTaMM IPOBEJEHOr0 ONUTYBAHHS cepejl

JIOCJTITHUKIB, BUKOPUCTAHHS iH(MOPMAIIITHUX TEXHOJIOT1ii

Ta BMiHHS e(heKTUBHO BUKOPHUCTOBYBATH Pi3HOMaHITHE

crelfiasizoBare nporpaMmue 3ab6e3ne4eHis € HeoOXiTHIM

[pU TIPOBEEHHI MOHITOPUHTY €KOJIOriYHUX 00’€KTiB

i cucrem.

B ocHoBi 1100y10Bu TAM Jie5KUTh MOHATTSE (DYHKI[OHYO-
YOro eJIeMEHTY, a TEXHOJIOTIYHEe Cepe/OBUINE PO3TJSAI0Th
K CYKYIHICTh TaKMX €JIEeMEHTIB, B3a€EMO3B’SI3aHUX MiXK
co6or0 3 BuxogoM Ha 00’cktu HIIC. [l HOpMaibHOTO
dbyHKIiOHYyBaHHS eJleMeHTy HeoOXifHo, mob mnapaMeTpu
Horo cTaHy, XapaKTepusyouu BUPOOHUIITBO i CIIOKUBAHHSI
HUM PeCypCiB, He BUXOJMJIN 32 TIeBHI ialla3oHy 3HAYCHHS.
[Ipu 1bOMY MOCTYJIIOIOT, IO HOPYLUIEHHS PEKUMY POOOTH
(GYHKITIOHYI0YOTO eJIeMeHTY O3Ha4ya€ BUXiJ HOTO 3 Jamy.

Crpykrypy IAM mpencrasisiors y Burisai rpada. [lo-
Oy0Ba MOJIeJIi OUYUMHAETHCS 3 MOCJAIAOBHOrO 00JIKY BCix
€JIEMEHTIB OB sI3aHUX 3 eJleMEeHTaMU, BUOPAHUMU SIK <I[E€HT-
pasibHi», i TPUBA€E 0 BUXOJY HA 3B'430K i3 30BHINIHIMU
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yuHHUKaMU. BiockonasnerHs ingopMaliiitHiux cxem 1mpu3Bo-
JUTH 110 HAHGIAbIT eheKTUBHOTO BUKOPUCTAHHS OTPUMY-
BaHoI iH(opMalii /g yXBaJeHHs YIPABJIIHCbKUX PillleHb.
IAM peKkOMeHAYIOTh K 3acib AT OMTUMIzaIlii yXBaJTeHHI
pillteHHs1 3 BUOOPY TEXHOJIOIIYHOTO YCTATKyBaHHSI 3 MiHi-
MmasbHOlo zielo Ha HIIC.

7. BucHoBkx

Y pesyabraTi NpoBeieHUX AO0CJi/IKEeHb:

1. 3aiiicHeno ¢hopMyBaHHS eTalliB MOJENIOBAHHS €KO-
JIOTIYHO HeOe3MeYHNX CUTYAIN HA IPUHITMITAX CUCTEMHOTO
MiZXOAY 32 PaxyHOK PO3POOJIEHHSI METOAOJOTIYHUX OCHOB
BUpILIIEHH 3aBlaHb OaraTOKpUTEpiadbHOI ONTHMIzalii 3a
CYKYIHICTIO KPUTEPiiB TOYHOCTI i (izuyHoi pocToBipHOCTI
MOJIeJTei.

2. PoarisgnyTi MOXJIMBOCTI peasisaiiii MaTeMaTH4HO-
O MOJIEJIIOBAHHS CHUCTEMHU 3a JIOTIOMOTOI KOMII'IOTEPHO-
opierToBanux 3aco6iB. Tak, HaBefeMO TPUKIAL 3a/1a4, sKi
MOJKJINBO PO3B’SI3yBATH 32 JOINOMOTOIO Pi3HUX MPOrPAMHUX
3aco06iB (Tabmmunoro nporecopa MS Excel, makery SPSS
st Windows, Gran 2D Ta iH.), 110 Ja€ 3MOTY TP HEBH-
COKOMY PiBHI orepartiifHoi CKIaJIHOCTI 3/[IIICHIOBATH €KOJIO-
TYHUH MOHITOPWHT Ta PO3paxyHOK 30WMTKIB Bia (axkTopis
[PUPOJIHOTO Ta TEXHOTEHHOTO XapakTepy, 10 Ji0Th y /10-
BKIJIJTI.
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AHANK3 COCTOAHKA PASPABOTOX HHPOPMALIMOHHO-
AHANMUTHYECKHUX CHCTEM MOJAENHPOBAHHA 3JKONOTHYECKH
ONMACHO# CHTYALMH

Paccmorpensr MeTososorndeckne acteKThl MOHUTOPUHTA (Ho-
HOBBIX KOHIIEHTPAI[UI TOKCHYHBIX 3arPA3HEHUI B 9KOJOTHYCCKUX
06beKTax 1 BBIOPOCAX TEXHOJIOTHYECKHX crcTeM. [Ipoananisnposa-
HBI OCOOEHHOCTH BBISIBJICHUST TIPHOPUTETHBIX TTAPAMETPOB COCTOSI-
HUA OKPY’Kalomell MPUPOIHON Cpefbl ¢ MPUMEHEHHEM METO0B
MaTeMaTHYeCKOTo MojennpoBanus. IIpesmokensl TPUHIMIBL T10-
cTpoenus MHGOPMAIMOHHO-aHATUTUYECKUX Mojeieil npu cosja-
HAN WMUTAIIMOHHBIX CHCTEM, KOTOPbIC MCIIOJAb3YIOT B 3aJaHUAX
YIIPaBJIEHNs 9KOJOTMUECKUMHU CHCTEMaMHU.

Kmouesre cnoBa: 5KOJTOTMYECKN OMACHBIC CUTYyaIUd, UMU-
TAI[MOHHBIC CHCTEMBI, MH(MOPMAIMOHHO-aHATUTHYCCKAS MOJICIID,
MaTeMaTHYeCcKoe MOJETNPOBAHNE, TPUOPUTETHBIC apaMeTphl.
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