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METO/I ABTOMATHU3AIIIl PO3PAXYHKY TA BI3YAJIIBALII IHIEKCY
3ATAJIBHOI'O 3ABPYJHEHHSA MICTA

Yoockonaneno memoo pospaxymky ma eizyanizayii iHOeKkcy 3a2anvbHo20 3a0pyOHeHHsA micma 3i
CKIA008UMU 3 3A0PYOHEHHS NOGEePXHEe8UX I NIO3eMHUX 800, amMMOCpepHo20 Nnosimps ma IPYHMI8 Hd
OCHOGI KepigHo2o Hopmamuenozo Ookymenma «Opeanizayis ma 30ilCHeHHS CcnocmepedjceHs 3d
3a0pyOHeHHAM nOGepXHeaUX 600». PoOpMANi308aH0 OeMATbHUL AN2OPUMM 3ACMOCYBANHA MEMODY.

Oxapaxmepuzogano 3acobu asmomamusayii po3paxyHky ma 6izyanisayii iHOeKcy 3a2anbHO20
3ab6pyonenocmi micma. 3anponoHosami YOOCKOHANEHHA Memoody anpobo8aHo Npu pPO3PAXYHKY md
sizyanizayii inoekcy 3a2anvHo2o 3a06pyonenns micma Kpusutl Pie.

Knrouosi cnoea: exonoziunuil MOHIMOPUHZ, [HOEKCY 3A2albHO20 3a0pYOHEHHs, 2e0iHQOPMAayitiHi
cucmemu, 8i3yanizayis.

IMocranoBKka Mpo6JieMH Ta aKTYaJbHICTH A0caixKkeHHs. Ha naHuii 4ac HAKONMUYYETHCS TOCUTh BEJIUKA
KIJIbKICTh JTAHUX MOHITOPUHTY SIKOCTI Pi3HUX CKJIQJIOBHMX JOBKIULISA (BOJ, aTMOC(epHOro mosiTps, rpyHTiB). Lli
JaHi 3a0e3nedyioTh JOCHTH JETaJbHE IPEICTABICHHS EKOJOTIYHOTO CTaHy MiCIb, B SKHX IPOBOISTHCS
CIIOCTEpE)XEHHS, ane i1 (opMyBaHHS IHTErpaJbHUX OLIHOK SKOCTI HAaBKOJHIIHBOTO CEPEIOBHINA HEBHOL
Teputopii (MicTa, 00IacTi TOIIO) HEOOXITHO PO3paXOBYBATH iHIACKCH 3aralbHOTO 3a0pyaHeHHsA. Ha croromHi €
MeBHA KUIBKICTh METOAWYHMX HANpalfOBaHb, IO (OPMATI3YyIOTh PO3PaxXyHKH OKPEMHX CKIJIAQJIOBHX IHAEKCY
3araipHOTO 3a0pyAHEHHS, aje BIACYTHIH METOA BH3HAUCHHS IHIEKCY 3aralbHOTO 3a0pyAHEHHS TEPHUTOPIi.
bepyun 10 yBaru To#t (akT, 110 BXiJHMMH JAHUMH JUIsI PO3PAXYHKIB € JOCUTHh BEIUKA KUIBKICTH TaHUX
MOHITOPHHTY, & CaM aJITOPUTM PO3PaXYHKY Mependadyae q0CTaTHRO BEJIMKY KUTBKICTh PO3PaXyHKIB, aKTyaabHUM
€ TakoX po3poOKa MmiAxomiB Juisi aBroMaTm3amii [1] pospaxyHky Tta Bisyamizaiii iHIEKCY 3arajibHOTO
3a0pyJHEHHS TEPUTOPII.

PesyabTaTu pociimkenns. J{ns Oyap-skoi TepuTopii B 3aralbHOMY BUIAAKY PO3PI3HSIOTH TaKi OCHOBHI
CKJIa/IOBI HABKOJIMIIHLOTO CEpPEIOBHUINA: TIOBEPXHEBI BOJIM, MiJ3eMHI BOU, aTMochepHe NoBiTps, IpyHTH. Lle Ti
CKJIQJIOBI, JUIA SKMX 3a3BHYAil NMPOBOISTHCS PETYJSpHI CIIOCTEPE)KEHHS B MEXax JEp)KaBHOTO MOHITOPUHIY
JOBKLIIS. Pe3ynpraT came IMX CHOCTEpeXeHb € BUXIAHUMH JaHUMHU JUIA PO3PaXyHKY iHJEKCY 3arajJbHOTO
3a0pyIHCHHS MICTa YH 1HIIOI aIMiHiCTPaTUBHOI TEPUTOPIi.

Ha manmit wac it po3paxyHKy koeirieHTa (iHOEKCY) 3arajlbHOTO 3a0pyAHEHHS MMOBEPXHEBUX BOJ
0(iiifHO 3aTBEPHKCHOIO € METOIUKA PO3PaXyHKY Koe(illieHTa 3a0pyTHEHOCTI IPUPOTHIX BOI, sIKa HAaBEJCHA B
KH/ 211.1.1.106 «Oprani3aris Ta 3miiiCHEHHS CIIOCTEPEXEHb 3a 3a0pYIHEHHSIM IOBEPXHEBHUX BOJ (B cHCTeMi
MinekopecypciB)». JlaHy METOAMKY MOXXHa BHKOPHUCTOBYBATH 1 JUIS PO3paxyHKy KoedilieHTa 3a0pyqHEHOCTI
Mi3eMHUX BOJ, ocKiibku HopMatuBu (I'IK) 1uis mij3eMHUX Ta TOBEPXHEBUX BOJI € €IMHUMHU.

bepyun 1o yBaru BiACYTHiCTh Ha TepHTOpil YKpaiHun O(iliiiHO 3aTBEpIKEHUX METOJAMK PO3PaAXYHKY
Koe(DilieHTIB 3a0pYAHEHOCTI aTMOC(hepH Ta IPYHTIB, MPOIMOHYETHCS MPOBOIUTH PO3PAXYHKH 32 aJITOPUTMOM,
HaBegenum B KHJ[ 211.1.1.106. Jlanuii anroput™M He CHUPAETbCs Ha cCrelu(iky PO3MNOBCIOKEHHS
3a0pYAHIOIOYMX PEUYOBHH B IOBEPXHEBUX BOJAX, TOMY MOXKE OYTH 3aCTOCOBAaHMM 1 JUIsl IHIIMX CKJIaJOBHX
JIOBKIJIJIS, TAKMX K IPYHTH Ta aTMoc(epa.

Koedoimient 3a6pynaeHocTi (K3) € y3aranbHeHNM TOKa3HUKOM, IO XapaKTEePH3Ye PiBeHb 3a0pyIHEHOCTI
CYKYITHO 332 HH3KOIO ITOKAa3HHKIB SKOCTi, sIKi Oaratopa3oBo BUMIpsHI y KUIBKOX IYHKTaxX (CTBOpaX, MOCTax)
CIIOCTEPEXEHD [16].

Bemnunna K3 xapakrepusye kpaTHicTh nepeBuineHHss HopMaTuBiB y yactkax I'IK. Hampukian, K3 = 1,2
O3Hauae, MO0 HOPMOBAHI IOKA3HUKHU SKOCTI 06’ €KTa (peTioHy, MISHKH) y cepeausomy B 1,2 pasa (a6o Ha 20 %)
nepesuiytoTs [ JIK. IHmmMu coBaMu, SKicTh BOJM Y IbOMY BUIAAKY y 1,2 pasa ripiie 3a HOpMAaTHBHY.

Bynp-axi 3Hadenns K3, 1m0 mNepeBHINyIOTh OJWHHINO, CBiMYaTh NPO TMOPYIICHHS [iIOYUX HOPM.
Toroxnicts K3 oxuaumi o3Havae, mo A AaHOTO 00’€KTa BCi HOPMOBAHI MOKA3HHUKH SIKOCTI B YCiX MyHKTaxX
(cTBOpax, mocrax) CIOCTEPEKEHb MPH BCiX BHMIPIOBAHHAX MPOTATOM JOCIIIKYBAaHOTO TEPioay BiANOBIZArOTH
JIiF0YUM HOpMaM. 3Ha4eHb MEHIIIe OJMHUII KOedillieHT 3a0pyIHEHOCTI puiiMaT HEe MoXe [16].

Koediuient 3aranpHoro 3a0pyIHEHHS MiCTa NOBHHEH PO3PAaXOBYBAaTHCS 3 ypaxyBaHHSM HACTYITHUX
JIaHUX MOHITOPHHTY:

- JJaHUX MOHITOPHHTY SIKOCTi IIOBEPXHEBHX BOJ] Y CTBOPAX PETYJIIPHOI MEpeKi MOHITOPUHTY;

- JJaHUX MOHITOPHHTY SIKOCTI ITiI3EMHUX BOJ] y CBEPAJIOBUHAX;

- JJaHUX MOHITOPHMHTY I'PYHTIB Y IIOCTIHHHMX TOYKax Bi0OpY mpoo;
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- JJaHUX MOHITOPHMHTY CTaHy arMoc(epH y CTallilOHapHUX IOCTaX CHOCTEPEKEHb Ta MOCTIMHUX MOCTax
Ha MiANPUEMCTBAX.

Jns KOKHHX 3 HaBEJCHHX BHILNE CYKYIHOCTEH JAaHHX MOHITOPHHTY IIPOBOIHUTECA PO3PaXyHOK
KoedimieHTa 3a0pyAHEHOCTI 32 HACTYITHAM aJIITOPHTMOM.

1. 3uauenns K3 BupaxoByroTscst 3a popmynamu [2]:

Lin  gxuo TAK, nopyuweno (C,;, > TAK)

— Jrix, 1
¥ijn 1)
i, awwo TAK, 3a00B0ALHAE (CE_,-“ =T ,EH{J,
Je | — MOpsIAKOBHI HOMEp MOKAa3HWKA; | — TOPSAKOBUI HOMEp MyHKTY (CTBOPY, MOCTY) CIOCTEpPEXEHb; N —

MOPSIKOBUI HOMEP BIMipIOBaHb 3a MEPioJ 4acy, 0 aHANI3YIOTh (KBapTaj, PiK TOIIO).

2. Jlns pedoBUH, HOPMATUBH SIKUX BHMAararoTh IOBHOI iXHbOI BincyTHocti. s koxHoro 3 Hux y (1)
3amictb ['JIK = 0 HeoOXiHO MiACTABISITH TE 3HAYESHHS KOHLIEHTPAILIL1, SIKe I11e MOXKe OyTH BUSBIICHO 3a HAHOLIbII
YYTIIMBOIO METOJAMKOIO BUMIPIOBaHHS JJaHOT PEYOBHHH, TOOTO HalMEHIIIA 3 MEK HOTO BUSIBIICHHSI.

3. ®opmyna (1) npupaTHa JUIS TUX HMOKa3HUKIB sikocTi, At sikux ['JIK 3a7ae BepXHIO HOMYCTUMY MEXKY
(To0TO TE 3HAa4YeHHS, IO HE MOXKHA IEPEBUILYBATH). SIKIIO X HOPMYETHCS HIDKHS Mexa (HamnpuKiaj, s
MOBEPXHEBUX Ta MiJ3EMHHMX BOJ JJISI PO3YMHEHOI'O KHCHIO 1 BOJHEBOro mokasHuka pH), To y Bumagky ix
MOPYIICHHS PO3paXyHOK KpaTHOCTI mepeBuineHHs (yijn) BemeThes 3a iHmmuMu popmymnamu (2) [2]:
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4. Inst pO3YMHEHOTO KHCHIO B TIOBEPXHEBHX Ta IJ3€MHUX Bojax 3HaueHHs B3 (Bucoke 3a0pynHenHs) Ta
EB3 (ExctpeManbHO BHCOKE 3a0pymHEHHs), 3rigHO 3 momaTkoM 2 €MK (€xmHe MiXBiIOMYE KEpiBHHITBO 3
oprasizarii Ta 3AiiICHEHHsI Iep>KaBHOTO MOHITOPHHTY BOJ), JOPiBHIOIOTH 3 MF/,Z[M3 Ta 2 MF/,Z[M3 BiamosigHo. J{s
pH B moBepxHeBUMX 1 MiA3eMHHX BOJAax THMYacoBO (10 BcTaHOBIeHHs KputepiiB B3 ta EB3) MoxHa
BUKOPHUCTOBYBaTH y (2) 3Hauenns EB3i =6 oxn. pH ta B3i =4 ox. pH [2].

5. Jlns TOBEpXHEBHX BOJ, OepydH 10 yBarW Te, IO BOAHUN O0’€KT MPHU3HAYCHO JUIS KIIBKOX BHIIB
BOJIOKOPHCTYBaHHs, Mpu po3paxyHKy K3 ciig BpaxoByBaTH Ti HOPMATHBH, SKi BHCYBAalOTh HAWOLIBII BHCOKI
BUMOTH JI0 SIKOCTI BOJY. 3BHYAifHO TaKMMH € HOPMATHUBH SKOCTI BOJAM Uil BOAOMM pHOOroCHoOAapChKOro
npusHadeHHs. [lepesik NpOMHUCIOBUX IUISTHOK pUOOTrOCHOAAPCHKUX BOJHUX 00’€KTIB (X YaCTHH) 3aTBEP/KEHO
nocranoBoro Kabinery MinicTpiB Vkpainu Bim 27 tpaBHs 1996 p. Ne 552. Tlpm pospaxynky K3 BomHHX
00’ekTiB, MO HE € pubOOrocmomapchkuMH, MOTPiOHO BHKOpucToBYyBaTH [JIK mns 00’€KTiB rocmomapchbKo-
MOOYTOBOTO BOJOKOPUCTYBAaHHA Ta KYJIBTYPHO-TTOOYTOBOTO BOJOKOPUCTYBaHHSA (200 iHIN HOPMH, OQIIiiHO
BCTaHOBJICHI /IS JAaHOTO 00’ €KTA).

5. MigpaxyHok K3 3a BciMa moka3sHUKaMu sl OYAb-IKOTO MYHKTY (CTBOPY, ITOCTY) 3AIHCHIOETECSA 32 (3)
[2]:
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Je | — KimbKiCTh MOKa3HUKIB SIKOCTI BOJIH, 110 BUMIPsHI y j-My cTBOpi; N — 3aranbHa KijbKiCTh BUMIPIOBaHb.

6. Otpumani uncioBi 3Ha4eHHs K3 103BONISIIOTH OLIHUTH CTaH 32 PiBHSAMH 3a0pyIHEHOCTI TAKMM YHHOM
(tabn. 1) [16].

)

Tabauys 1
Oyinka cmany 3a pienusamu 3a6pyOHeHoCi
3navenns K3 1 1,01...2,50 2,51...5,00 5,01...10,00 Binbmie 10
PiBenp HesabpynHeni Crabko [TomipHo . Hdyxe
. . . . Bpyani .
3a0pyaHEHOCTI (4ucTi) 3a0pyaHeHi 3a0pyAHEHI OpynHi

7. dnst Bu3HaueHHs 3aranbHoro K3 HeoOxinHO 3HalTH cepenHe 3HaueHHs K3 3a myHkTamu (cTBOpamu,
MOCTaMHu).
8. BaranpHuit KoedinieHT 3a0pyTHEHOCTI PO3PAXOBYETHCS TAKUM YHHOM:
K33a2 = BxK3nos.6 + BK*xK3nios.6 + BxK32 + 3xK3a, 4
ne K3nos.¢ — xoedimieHT 3a0pyIHEHOCTI TOBEPXHEBUX BOJ; K3nid3.6 — Koe(illieHT 3a0pyIHEHOCTI Mia3eMHUX
Bof; K32 — koedimieHT 3abpymHeHocTi TpyHTIB; K3a — koedimieHT 3abpymHeHocTi atMocdepu; [ — Baru
CKIIQJIOBUX KoedillieHTa 3a0pyTHEHOCTI.
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Cyma Bcix Bar moBwHHa OyTH piBHa 1. 3a BIACYTHOCTI JaHHMX MIOJO IMEBHOI CKJIAJOBOI JOBKIILIS
(mampuKIia, MO0 IPYHTIB) HEOOXiJHO PO3MOIIIM Bark MiX TPOMA iHIIIUMH TaK, 100 B cyMmi Bee x Oyio 1.

Jis aBTOMaTH3amii po3paxyHKy Ta Bizyallizallil 3arajJbHOTO iHIEKCy 3a0pyIHEHHS MicTa IMPOIOHYETHCS
BUKOPUCTOBYBATH CYKYIHICTH HPOTpaMHO-iHGOPMAmiHHUX CKIAIOBHX, CXEMa B3a€MOJil SKUX HaBeJeHa Ha
pUCYHKY 1.

Basza maHuX MOHITOPHHTY Ma€ MiCTUTH Pe3yJIbTaTH CIIOCTEPEIKEHB 10 BCiX CKIIAJ0BUX JOBKILIL. Moaynb
pO3paxyHKy iHAekcy 3aranbHoro 3a0pyaHeHHs ([3A) mo3Bomse KOpUCTYBadeBi BHOpATH IyHKTH (CTBOPH, TIOCTH)
CIIOCTEPE)KEHb Ta TOKa3HHUKH, 3a SIKMMH 3/11HCHIOBATIMETHCS PO3PaxyHOK, BCTAHOBUTH MEPiOJ, a TAKOXK BKa3aTH
Baru JUisi KOXXHOI CKJIaJI0BOi JTOBKULIA (TIOBEPXHEBUX BOJI, III3EMHUX BOJ, IPYHTIB, aTMOC(hepH).

EnektpoHHa
KapTa
Mogaynb
gl PesynbtaTtn Moayse
po3paxyHKy I3A Bi3yanisau,ii

pO3paxyHKis

1 4

MosepxHi

Basa gaHux 3abpyaHeHHs

MOHITOPUHTY

Puc. 1. Cxema 63aemM00ii cCK1a006uUX npu agmomMamu3ayii po3paxyHKy
ma eizyanizayii indekcy 3a2anbHo2o 3a0pYOHeHHs Micma

Januit Momynp 3a0e3nedye po3paxyHOK 3aralbHOTO iHACKCY (kKoedirieHta) 3a0pymHEHOCTI MicTa, a
TaKOXX PO3paxyBaTH KOCQIi€HTH 3a0pyIHEHOCTI U KOKHOTO MYHKTY (CTBOPY, HOCTY) CIIOCTEPEKEHB, 3 STKUX
HasBHI JaHi.

PesynbraT po3paxyHKiB aBTOMAaTHYHO 3aHOCSATHCS JIO MAapaMEeTpiB IMYyHKTIB (CTBOPIB, IMOCTIB) Ha KapTi
reoindopmaniiinol aptu wmicra (TepuTopii). 3a KOXHOIO CKIIQJIOBOIO JOBKULIS 3 BUKOPHUCTAHHS MOJYJIs
Bizyanizauii OyIyeTbcsi IHTEPHOJNLOBaHA MOBEPXHS Yy BUMNIAAI MaTpUYHOI KapTH (4M OyAb-SIKOTO 1HIIOTO
tudposoro npeacrasienns) (puc. 2) [3].

Atmocdepa MoBepxHesi

BOAMU

MNig3emHi
BOAM

[700 W 20 703 W 140

300 @ a MW 2e (ol 170 @
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Puc. 2. [Ipuknao inmepnonbo8anux nosepxous 3a0pyOHeHHs
ons mepumopii micma Kpueuii Pie

Juns moOymoBu TMOBEpXHI 3aranbHOi 3a0pyZHEHOCTI MicTa HEOOXiZHO 3OIHCHUTH HaKIaJaHHS
PE3yIBTYIOUNX MATPHIIh MO BCiX CKIaMOBHX HoBKULIA (puc. 3) [3].

I 00 - 110

~ /Il 110 - 121
I - 1
I - 14
I v - 152
v/ 152 - 1.2
N 152 - 172

} I 12 - 182
[ 182 - 143
I 193 - 203

: 203 - 213
* 213 - 224
; 224 - 234
234 - 244

244 - 255

255 - 265

2B5 - 275

275 - 285

285 - 296

[ 29 - 205
I 205 - 216
I 215 - 227
I 2 - 2
Il 23 - 247
I 4+ - 258
Il 252 - 2k8

- Il 22 - 278
I 72 - 2

- Il 333 - 29
Il 23 - 409
Il <03 - 419
I 419 - 4

Puc. 3. [Ipuknao inmepnonbo8arnoi nosepxwi 3a2aabHo20 3a0pyOHeHH s
ona mepumopii micma Kpusuii Pie

BucnoBku. OTprMaB HopanblIMii PO3BUTOK METOJ PO3paxyHKy Ta Bisyauisalii iHIEKCY 3arajbHOTO
3a0pyAHEHHSI MiCTa, IUIIXOM YIOCKOHAJIEHHS aITOPUTMY PO3PaxyHKy Ta Bizyamisamii, a TAaKOX ITiJBHIICHHIM
piBHS aBTOMATH3aIlii JAHOTO TPOIIECY, IO 3a0e3Ieduye 3HAYHO BHIY OTIEPATHBHICTH IPH 3/iHICHEHHI 00YHCIICHb
Ta MPOCTOPOBOMY HPE/ICTABIICHHI iX pe3ysbTaTIB.

3anponoHOBaHi yIOCKOHAJCHHS METOMy ampoOOBaHO MpH PO3pPaXyHKY Ta Bi3yamizaimil i1HICKCY
3arayibHOTO 3a0pyaHeHHs Micta Kpuswuii Pir.
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3arps3HEeHUs ropoa

Kryzhanovskyy Y., Doroshenko V. Method of calculation of automation and visualization index of overall
pollution of the city

VK 681.51

Meron aBTOMATH3alMU pacyeTa W BHU3YAJIU3allMd HHAeKca o0umero 3arpsisHeHust ropoaa / E.H.
Kpu:xanosckuii, .B. /laBbi1oBa

Y COBEpIICHCTBOBAH METO]] pacieTa M BH3YAIHU3allMU HHICKCA OOIIEro 3arpsi3HCHUS TOPOa U3 COCTABIISIOIIUME
O 3arpsI3HCHUIO MMOBEPXHOCTHBIX U MOJ3EMHBIX BOJ, aTMOC(EPHOro BO3AyXa U IOYB HA OCHOBE PYKOBOSIICTO
HOPMATHUBHOTO JOKyMeHTa «OpraHu3aiys U OCYIICCTBICHUE HAONIOJCHUI 3a 3arps3HCHUEM MMOBEPXHOCTHBIX
Boa». DopmManu3oBaHO JETANBHBIN aNTOPUTM MPUMEHEHUS METO/IA.

OxapaKTepr30BaHBI CPEACTBA ABTOMATH3AINH PacdeTa W BU3yaH3alliid HHACKCAa OOIMIEro 3arpsA3HeHHs TOpoa.
[IpemnoskeHHBIE YCOBEPIIEHCTBOBAHMS METOa allpoOMPOBaHBI IIPU pacdeTe W BU3YaIH3aldN MHICKCa 00mero
3arpsi3HeHus ropoga Kpusoii Por.

KiaueBpble cjI0Ba: 3KOJOTMYECKW MOHHTOPWHI , WHAEKCAa OOIIEro 3arps3HCHHs , TeOMH(OPMAIMOHHEIC
CUCTEMBI , BU3YaIIN3aITH .

V]IK 681.51

Method of calculation of automation and visualization index of overall pollution of the city /
Y.Kryzhanovskyy, |.Davidova

The method of calculation and visualization of the overall pollution index constituents in the city of pollution of
surface and groundwater, air and soil from the governing regulatory document "Organization and carrying out
observations of surface water contamination™. Formalized detailed algorithm of the method.

Characterized automation index calculation and visualization of general contamination of the city. Improvements
approved method for calculation and visualization of the overall index of pollution of the city of Krivoy Rog.
Keywords: environmental monitoring, the overall index of pollution, geographic information systems,
visualization
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