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BU3HAYEHHA CTYIIEHA KOM®OPTHOCTI EKOJIOI'TYHOI'O

En

Ru

CEPEJOBHUIIA 3A OPAUHAJIBHUMH HIKAJTAMUA

To determine the degree of ecological environment comfort many indicators,
such as bioclimatic indicators, temperature, humidity, seismicity, bogs, the ability
of the soil and waterways to cleanse itself, the presence of blood-sucking insects,
are used. The scale is set for each of the indicator to compare the individual
regions on the basis of a number of quantitative indicators. The generalized
(integrated) measure of comfort can be used in evaluating the joint action of
various factors that degrade the ecological environment in addition to conventional
values or individual levels. The generalized comfort index is defined by using
values or performance levels of individual comfort considering weight factors or
informativity coefficients.

Very often integral indicator of comfort is defined as the average ratings of
certain parameters. But this definition is associated with the following
disadvantages. Firstly, the scale of the integral index is discrete-verbal numerical
scale and there is no way to decide at intermediate values of the integral index with
different combinations of ingredients. Secondly, the scale of the integral index is
conditional numerical scale, i.e. the level of comfort in scores determined
arbitrarily, as some indicators show ordinal properties and are distributed only
equivalence relation and order. Therefore, aggregation of such indicators in the
integral index operator must be intended only for ordinal values, i.e. algebraic
summation can not be used. The paper presents the ways of aggregating of the
ecological environment individual comfort indicators in the integral index, due to
which a decision on the general level of environmental comfort using the scale
with fuzzy linguistic variables is taken.

Considering the bioclimatic comfort ordinal scales in order to improve the
accuracy of the generalized level of bioclimatic comfort, the use of carrier
aggregation suggested - median secondary Walsh was proposed in the paper. For
the final decision at various combinations of individual comfort indicators the
scale with fuzzy linguistic variables is used.

B pabore mnpencraBien cnoco® oOBbEAMHEHUS OTAENbHBIX TOKa3aTenei
OMOKIMMATHYECKOM  KOM(POPTHOCTM B OOOOLIEHHBIH  MOKa3aTelb  C
UCTIOJIb30BAHMEM MEAMAHBl Y OlIlla ¥ HEYETKOW HIKaIbl 0000IIEHHOTO TOKa3aTes
komdopTtHOoCcTH. IIpoBeneHo cpaBHeHHE OOBEIMHEHHS C HCHOJIb30BAHUEM
cpemHero apu(METHYECKOro, MeAWaHbl W MeAWaHbl YOJIla, TTOKa3aHbI
IpPEeUMYIIecTBa  HCIOJB30BAaHUS ~ MEAMaHbl  Yoilma TMpH  ONpeleseHuN
MHTETPATBHOTO IMOKa3aTelsl OMOKIMMATHIECKOH KOM(POPTHOCTH.

Y HTVY «Kuiscokuii nonimexuivnuii incmumym im. Izops Cikopcbko2o», kagedpa ingopmayiiino
BUMIPIOBANILHOI MEXHIKU
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Beryn

3a yMOBU BU3HAYEHHS CTYIEHSI KOMGOPTHOCTI €KOJIOTIYHOTO CepeIoBUIIa
BUKOPUCTOBYEThCSI 0araro IOKa3HMUKIB, Yy TOMY YHCI OlOKJIIMaTH4HI
MOKa3HUKH, TEMIEpaTypHl TMOKa3HUKU, BOJIOTICTb, OMAad Ta iX PEXKUM,
TPUBAIICTh OE3MOPO3HOr0 Ta OMATIOBAIBHOTO IEPIOIB, CHJIAa BITPY, COHSYHA
paniaiis, CelCMIYHICTh, 3a00JI0UEHICTh, 3/IaTHICTh IPYHTIB Ta BOJHUX apTepiil
JI0 CaMOOYMIICHHS, HAasBHICTb KPOBOCHCHHMX KOMax ToIIo. (s KOXHOro 13
MOKA3HUKIB BCTAHOBJIOETHCS IIIKala, 00 Ha OCHOBI pSAAY KUIbKICHUX
MOKa3HUKIB MOXKHa Oyio O TOpIBHIOBAaTH MDK COOOI0 OKpeMi pErioHwu.
Oco0nuBe 3HaYeHHsI KOM(OP-THICTh MPUPOJHUX YMOB MAa€ ISl pPEeKpealiitHux
pailioHiB. Y pa3l OI[IHKM CyMICHOi Aii PI3HMX (AKTOpPiB, L0 MOTIPIIYIOThH
EKOJIOTIYHE CepeoBUIle (HAMPUKIAJ, KOHIEHTpAIll pi3HUX MIKIJIUBUX
PEYOBHMH y BUXJIOMHUX Ta3aX aBTIBOK a00 BUKHUIB IPOMUCIOBUX MIIIMPUEMCTB)
KpIM OKpEeMHUX 3HadeHb a00 YyMOBHHUX PIBHIB MOXE€ BHKOPHUCTOBYBATHCH
y3araJibHeHUN (IHTerpajbHUM) TMOKAa3HUK KOM(MOPTHOCTI. Y3araJlbHEHU
MOKa3HUK KOM(OPTHOCTI 3HAXOASITh BHUKOPUCTOBYIOYM 3HAUY€HHA ab0 pIBHI
OKpEeMHX IMOKa3HUKIB KOM(POPTHOCTI 13 YpaxyBaHHSIM BaroBux KoeQilieHTiB abo
koedimieHnTiB  iHpopmatuBHOocTi  [1]. Tomy mpouemypa  oTpuMaHHs
IHTETpaJIbHOTO TIOKa3HUKA CKIIAA€THCS 3 HACTYITHUX €TalliB:
— BHM3HAYEHHS KUIbKOCTI CYTTEBUX IMOKA3HUKIB,
— BCTAHOBJICHHS LIKAJIM JJIS OL[IHIOBAHHS iX 3HaY€Hb a00 PIBHIB,
— BHM3HAYEHHS BaroBUX KOe(IIi€HTIB OKPEMUX MOKA3HUKIB,
— 00’e€HAHHS OKPEMUX MOKA3HUKIB KOM(POPTHOCTI B IHTETpaIbHUI MOKA3HUK.

Tak, Hanpuknan, y [l1] iHTerpaJibHUN TOKAa3HUK OIOKIIMAaTUYHOI
koMpopTHocTi 1, BHU3HA4arOTh 3a cymMOr0 OaliB O10KJIIMAaTHYHOI OLIIHKU 32

dhopmyIioro:
-1

n n
Ty, = ZKin),. 'BBK,. ) ZKin),. (1)

ne K., — koedirieHT 1HHOPMATUBHOCTI, By — OaJ1 KJIIMAaTUYHOI OLIIHKU i-TO

nokazHuka (i = 1 ... n),

Ane dopmyna (1) notpedbye yaoCKOHAJIEHHS, TaK K IIKATH ¥ OKpEeMHX
MOKA3HUKIB ¥ 1HTErpajibHOr0 TMOKa3HUKA CKJIAJAIOThCS 13 YMOBHUX OaliB, IO
BIJINOBIJIAI0Th BepOaJIbHUM PIBHAM KoMdopTHocTi: 1 6an — «uckomdopt, 3
oamu — «Cybxombopt», 5 6aniB — «Kombopt». CritamoBUMu NMOKa3HUKAMU Y
dopmyni (1) BuUCTymaroTh OIIIHKM TEIJIOBOi [ii a00 BIUIMBY, MAaTOT€HHOCTI
METEOYMOB 1 TMOTEHIaTy caMoouuleHHs: aTtMochepu. DopMyBaHHS IIKAIH
IHTErpaJIbHOTO TMOKa3HWKa OlokiaiMaTuyHOi KoMmdopTHOCcTi 3a (1) HaBeneHO B
Tabm. 1.

ITpu popmyBanHi mkanu kombopTtHOCTI 32 (1)
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CHCTEMH

n n -1 n
M = > Koy Boe | D Kiy, | =20 By 2)
i i i=1
n -1
ne p =K, ZKin)_ — BIgHOCHI KoedirieHTn iH(QOpMaTHUBHOCTI abo
HOPMOBAaHI BaroBi KoediIlieHTH CKIaAHKUKIB hopmynu (1).
Tabauysa 1.

dopMyBaHHS MKW IHTETPATLHOTO TTOKA3HUKA OI[IHKA
010KJIIMaTUYHOT KOM(POPTHOCTI

Orinka Orinka Ominka [HTerpanbHMil TOKa3HUK
TEIJIOBOT JTii MaTOT€HHOCTI MOTEHII ATy O10KTIMaTUYHOT
METEOYMOB CaMOOYMIIICHHS KOM(OPTHOCTI
atMochepu banu BepOanbna
XapaKTEPUCTHKA

Kopcrka Bucokuii piBens|Huspkuit mnoren-| 1 |«Jduckompopt»
TEIJIOBA Jlisl [ TaTOr€HHOCTI 1iasn
JOaTHUX  abo|MEeTeoyMOB CaMOOYHIIICHHS
BiJl"€EMHUX (1 oan —|armMochepu
TEeMIEPaTyp «duckomdopt») |(1 oain —
(1 6an — «/uc- «InckomdopT»)
KoMdopT»)
[TomipHa Cepenniit piBenb | CepenHiii 3 |«Cybxombopt»
TEIJIOBA Jlisl [ TaTOr€HHOCTI MOTEHII1AJT
IoJaTHUX  ab0|MEeTeoyMOB CaMOOYHIIICHHS
B1JI’ €EMHUX (3 6amu — «Cy6-|aTmochepu
TeMreparyp KOM$pOopT») 3 Oanu —
3 Oanu — «CyoxroMdopT»)
«CyOxoMdopT»)
TennoBuii Husbkuii piBens | Bucokuit 5 [«KomdpopT»
KOoM$popT MaTOreHHOCTI MTOTEHITI AT
(5 0amiB ~ —|METeoyMOB CaMOOYUIICHHS
«Komdopt») (5 OGamm  —|atMocdepu

«Kombopt») (5 OaiB —

«Kombopt»)

VY poborti [1] mpuitHATI OJHAKOBI BaroBi KOE(ILIEHTH CKJIAIHUKIB, IO
BUIHO 13 Tabn. 1. Takum YWHOM IHTErpaJibHUNH TMOKa3HUK KOM(OPTHOCTI
BU3HAYAETHCS SIK CEpelHE apu(PMETHYHE OILIHOK OKPEMHUX MOKa3HHUKIB. Ajie
KopucTyBaHHs (Gopmyrnoro (1) moB’s3aHe 13 HacTynmHUMH Henonmikamu. [lo-
mepie, IKaja 1HTeTpaJbHOTO IMOKa3HMKA 1€ AMCKPETHa BepOajIbHO-YMCIIOBA
mKkana (tabm. 1 croBmmi 4, 5) 1 HemMae CHOCOOIB MPUUHSATTS PIMICHHS y pasi
OPOMDKHUX 3HAYEHb IHTETPAJbHOTO TIOKa3HMKAa 3a PI3HUX CHOJYyYEHHSX
ckianHukiB. [lo-mpyre, mkana 1HTErpanabHOrO MOKAa3HUKA 1€ YMOBHO-YHMCIIOBA
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IKajga, ToOTO piBHI KOM-(OPTHOCTI y Oajlax BHU3HA4Y€HI YMOBHO, TOMY IIO
OKpeMi TIOKa3HHUKH BIJIOOpaXaroTh OpAWHAIBHI BJIACTUBOCTI 1 Ha HHX
PO3MOBCIOIKYETHCS TUTHKH BITHOIICHHS CKBIBAJICHTHOCTI W mopsaaky. Tomy mmst
arperyBaHHs TaKuUX TIOKa3HUKIB Yy IHTErpaJIbHUM TOKa3HUK HEO0OX1JTHO
BUKOPHCTOBYBATH OTEPATOPH, MPU3HAUCH]I TITbKUA JJISI OpJUHAIBHUX BEJIHYMH,
T00TO anredpaiune migcymoByBaHHs (1, 2 ) He MOoke OyTH BUKOPHCTAHE.

ITocTranoBka 3agaui

Y po6oTi 3amporoHOBaHO CMOCOOM arperyBaHHs OKPEMHX MOKa3HUKIB
KOM(OPTHOCTI €KOJIOTTYHOTO CEPEIOBUILA Y IHTErPAJIbHUN MOKAa3HUK, 32 SIKUM
PUIMAETHCS PIIIEHHS PO y3araJlbHEHUI pIBEHb €KOJIOTTYHOI KOM(pOPTHOCTI 32
JIOIIOMOTOXO IIIKAJIH 13 HEYITKOIO JIHTBICTUYHOIO 3MIHHOIO.

Bu3sHa4veHHsI IHTerpajbHOr0 NOKa3HNKA KOM(OPTHOCTI 32 MeIIaHOI0

AJIEKBaTHOIO MPOIEYPOI0 BU3ZHAYCHHS PO3MIIIEHHS LICHTPY TPyIyBaHHS
JUIl  OpAWHAIBHUX BEJIMYUMH € MeiaHa. ToOTo 1HTerpaJibHUN TOKa3HUK
KOM(OPTHOCTI BUBHAYAETHCS SIK:

[T = Med (B} ), (3)

ne b, — PAHKOBAHWH Psi OKPEMHX TOKa3HUKIB KOM(OPTHOCTI.

OTpuMaHHS 1HTETPATILHOTO TMOKa3HUKAa KOMQOPTHOCTI 3a JUCKPETHOIO
IIKAJIOI0 PiBHIB KOM(OPTHOCTI MPOLTIOCTPOBAHO Y Ta0. 2.

Tabauys 2.
Bu3zHaueHHs 1HTErpagbHOTO PiBHSA KOM(POPTHOCTI 382 OKPEMHUMHU MOKa3HUKaAMU

Pan>xoBaHi OIIHKY CKJIAIHUKIB [HTerpanpHuit mMoka3HUK KOMGOPTHOCTI

1,1, 1

1,1,3 1 6am — «/luckomdbop»

1,1,5

1,3,3

1,3,5

33 3 3 6anmu — «Cyoxomdopt»

3,3,5

1,5,5

3,55 5 6aniB — «Komdopt»

5,95

®dopwmyna (3) A03BOJIsIE MPUUHATH PIIICHHS PO PiBEHH KOM(POPTHOCTI 3a
JTMCKPETHOIO MIKaJI0K KOMGOPTHOCTI y pa3i HEMapHOi KiIJTLKOCT1 CKJIAIHUKIB. 3a
YMOBU TIApHOI  KIUJIBKOCTI MOTPIOHI  JOJATKOBI TpaBuUjia BU3HAYEHHS
IHTErpaJIbHOTO PiBHS KOM(OPTHOCTI.
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Henonikom meniaHu € ii HU3bKAa TOYHICTh y TOPIBHSAHHI 13 CEpeIHIM
apu(MEeTHYHUM, IO MPUBOAUTH IO PI3HUX OI[IHOK 32 YMOBU OJHAKOBOi CyMH
OaniB, Hampukiaa, psmok med(l, 3, 3)=3 simnosimae «CyOkoM(OPTHOMY»
piBHIO, a psmok med(1, 1, 5)=1, BimHOCHTBCS 10 piBHS «JuckoMbopTHUID». Y
pe3yJibTari, 3a Majdy KUIBKICTh OJIMHMYHMX TOKA3HUKIB MelllaHa Ma€ HU3BKY
TOYHICTH OITIHFOBAHHSI.

BuxopucTaHHs MIKaJIH 3 HEYITKOIO JIHIBICTUYHOK 3MiHHOIO

VY pa3i mapHOi KINBKOCTI CKJIQJHUKIB MediaHa MOXE BU3HAYaTHUCh 3a
MiBCYMOIO IIEHTPAJIBHUX CKJIQJHUKIB, II0 MPUBOAWTH IO MPOMIKHHUX 3HAYCHD
piBHSA KOM(OPTHOCTI y 0Oanax, y TOH 4ac SIK BUCHOBOK IOJA€THCA Y TPbOX
BepOabHUX Tpajauisix. ToAl TOIMIBHO BUKOPUCTOBYBATH KAy 13 HEYITKOIO
JIHTBICTUYHOIO 3MIHHOIO 13 TPUKYTHUMHU (YHKIISIMU Halle)KHOCTI (puc. 1).

4 JIK CK K
1
0,75 — | |
05|——+— | |
0,251 — | | | |
| | | | | >
1 15 2 2.5 3 3.5 4 5 bamu

Puc. 1. lllkana 13 HEUYITKOW JIHIBICTHYHOW 3MmiHHOO JIK —
«uckompopt», CK — «Cyodkombopt», K — «KombopT»

JUist MiIBUILIEHHSI TOYHOCTI arperyBaHHs 31 30€peXEHHSM BiJIHOLICHHS
NOPSJIKY 3alpONOHOBAHO BUKOPUCTaTH MeniaHy Yomma [2]. VYV pasi
3aCTOCYBaHHSA MeAiaHu Youa A BUOIPKM OI[IHOYHHUX EJIEMEHTIB Xi,..., X,

n-(n+1)

1
oynyrore N = HOBUX BUIIAJKOBHMX BEIMYHUH Y, = E(Xm + X ) ,m<1 (ix

HA3MBAKOTL cepenHiMu Yomma). A W =med(Y,,....Y,) — Mexmiana Youmua.

Cepenni Yodia po3UIupIoTh PO3ALIBHY 3/1aTHICTh, Y pe3yJIbTaTi 4Oro Me/IiaHa
VYouniia € O1Ip1I YyTIAMBOIO, Ma€ BUILY €(PEKTUBHICTh Y MOPIBHIHHI 13 MEI1aHOO
1 TOMY J03BOJISIE OLIbII TOYHO BU3HAYUTH 1HTETpaIbHUN MOKA3HHUK.

[Ipu BuUKOpuCTaHHI MeliaHW Youua sl BU3HAYEHHS Y3arajJbHEHOTO
piBHS Ol0KIIMAaTUYHOI KOMMOPTHOCTI TabJ. 2 TmpUiiMae HACTyMHUN BUTJIIS
TabJ1. 3:

Tabauus 3.
[TpuifHATTA pillIeHHs TPO y3aradbHEHHUN PiIBEHb
010KJIIMaTUYHOT KOM(POPTHOCTI 32 MEI1aHOI Y OJIIlIa
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PamxoBani PamxoBani

) . Meniana [HTerpanpHuil MOKa3HUK
OLIIHKH cepenHi :
: Yomma KOM(pOPTHOCTI
CKJIaJTHUKIB Yomnma
1,1,1 ,1,1,1,1, 1 Juckombopt

1,5 Huckomdopt|0.75, Cybxomdopt|0.25
Huckomdopt|0.5, Cyoxomdopt|0.5

2,5 Huckomdopt|0.25, Cyoromdbopt|0.75
3 Cyb6kompopTt

Cyb6kompopTt

3,5 Cy6kompopt|0.75, KomdopT|0.25

Cy6komdopt|0.5, KomdopT|0. 5
4,5 Cy6komdopt|0.25, Komdopt|0.75
3) Komdopt

GWkRr| wwkr k| kPP
AT | WwWwww |k
OO Owow|ow
GWkRr | wwkrkr| kPP P
GORWI WWNN [P PP
ORW WWWN PR
GOa|hwWwWwW|wWN P
oMWl WOWNER
O aawaraw|owkE
w

Hanpuknan, nns psagy (1, 3, 3) (taba. 2) cepenni Yodia J0piBHIOIOTh
(1,2, 2, 3, 3, 3) i memgiana Yomma W=2,5, mo 3a IIKaJOK i3 HEYITKOIO
JIHTBICTUYHOIO 3MiHHOIO puc. | BianmoBigae piBHIO «Jluckomdopt»|0.25,
«CyOkomdpopt»|0.75.

VY pesynbTaTi Ui OIIHOK OAMHUYHMX MOKA3HUKIB SIKOCTI OTPUMAHMX 32
Tabn. 1 Oyno BHU3HAYEHO KOMIUIEKCHHM TMOKAa3HUK SIKOCTI 3a JOMOMOTOIO
cepeanroro apudmeruynoro (1), menianu Ta Memaianu Yomma. Sk 6auumo i3
Tabn. 4. Meniana YoJjua A03BOJs€ OUIBII TOYHO BU3HAYUTH Yy3arajabHEHHI
piBeHb  OIOKJIIMAaTWUyHOI  KOM(OPTHOCTI 3  BUKOPHUCTAHHSM  HEYITKOI
JIHTBICTUYHOI 3MIHHOI.

BucHoBKkHn

YpaxoByrouu OpAMHAIBHICTh IIKal Ol1OKJIIMATUYHOI KOMQOPTHOCTI 13
METOI0  MIABUIICHHS  TOYHOCTI  BHU3HAYEHHS  y3arajlbHEHOTO  PiBHA
OloxmMaTHYHOi KOMGOPTHOCTI Yy poOOTI 3ampoNOHOBAHO BUKOPUCTAHHS
orepaTropa arperyBaHHid — MeiaHd cepeanix Yomma. g npudHATTA
OCTaTOYHOTO pIIMIEHHS 3a PI3HUX CIOJYyYEHHSX OKPEMHUX TOKA3HUKIB
KOM(OPTHOCTI BUKOPUCTAHO KAy 13 HE-UITKOO JIIHTBICTUYHOIO 3MIHHOIO.
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