BICHHUK XHTY Nel(76), 2021p. IH’KEHEPHI HAYKH

V]IK 662.6/.9 : 502/504 + 004.9 https://doi.org/10.35546/kntu2078-4481.2021.1.3
T.®. KO3JIOBCbKA

KpemeHuynbkuil 150THUI Konemk XapKiBCbKOr0 HAI[IOHAJIBHOTO YHIBEPCHTETY BHYTPIIIHIX cripas, M. Kpemendayk

ORCID: 0000-0002-6106-5524
H.I. HAJIbOTOBA

KpemeH4ynbKuil 150THHUH Koemk XapKiBCbKOro HAI[IOHAJIBHOTO YHIBEPCUTETY BHYTPIIIHIX cripas, M. KpeMenuyk

ORCID: 0000-0003-3243-202X
B.1. [TAHYEHKO

KpemeHuyLbKuil T50THHH Kolemk XapKiBCbKOro HAI[IOHAJIBHOTO YHIBEPCUTETY BH YTPIlIHIX cripaB, M. KpemeHuyk

ORCID: 0000-0002-4729-4435
I.B. IPOTOMEPEIIBKA

KpemeHuynbkuiil 150THHH Koemk XapKiBCbKOr0O HAI[IOHAJIBHOTO YHIBEPCUTETY BHYTPIIIHIX cripaB, M. KpeMenuyk

ORCID: 0000-0001-8296-9816

IIJISIXW 3ABE3INEYEHHS EKOJIOTTYHOI BE3NEKH MICIIb 35EPITAHHS
MMAJTBHO-MACTUWJIBHUX MATEPIAJIIB AEPOITIOPTIB

YV oaniti pobomi pozensanyma moxcaugicms CmeopeHHs cucmemu MOHIMOPUHEY CIAHY KOMNOHEHMIE
HABKOIUWHBO20 TNPUPOOHO20 Cepedosuya — ammocgeprHozo noeimps, TPyHmMie i nid3eMHO20 600HO20
cepedoguwya — Ni0 uaAc 3A8aHMAdCEHHA, NEPEeKAuy8anis, 30epieanHs NATbHO-MACUTLHUX Mamepianie Ha
Mepumopisx aeponopmié npu exkchiyamayii 6epmonimHo20 mpancnopmy. 3a0ns Yvo20 3anponoHOGAHUL
asmomamu308anuil KOMIIEKC 3abe3neueHHs eKono2iyHoi be3nexu, npuoamuull 01 i0CATiOKO8Y6aAHHA Di6HI8
3a6pYOHenHs. AMMOCPepHO20 NOGIMps, IPYHMIE, NIO3eMHO20 B0OHO020 Cepedoguud Nid Ydac NepeKauyeaHHs,
30epieanHs NAIbHO-MACMULLHUX MANEPLALi8, MONCIUBO20 IX NOMPANJISIHHS 00 IPYHMIS, d NOMIM — 00 NIO3EMHUX
B000HOCHUX 2OPUSOHINIS. 3 ypaxyeauHam KinbKiCHUX i AKICHUX XAPAKMEPUCMUK NAlbHO-MACMUIbHUX
Mamepianié 6U3HAYEHO NOKAZHUKU WKIOIUB020 GNIUGY NPU GUNAOKOGOMY HAOXOONCEHHI NANbHO-MACMULLHUX
mamepiania 0o CKIAOOBUX HABKOTUUHBbO2O NPUPOOHOZ0 cepedosuyd. Busnaueno, wo 0inbus cymmeeoeo eHecKy
V piseHb exono2iuHoi Hebesneku 000aiomb [OHU BAJICKUX Memaié YHACTOOK [HMEHCUBHO2O MEXHO2EHHO-
XiMiuHO20 3a0pYyOHeHHsT mMepumopit aeponopmie I npuie2iux 00 Hux OLIAHOK. Ycmawnoeneuwi cmynei
€KONO2IYHO20 pPUBUKY NpU  306AHMAdICEHHI, NEPeKaqy8anHi, 30epicaHHi NATbHO-MACMUILHUX MAMEPIAnie.
Pesynomamom odocnidxcens cmag nioxio 00 MOHIMOPUHEY U YNPAGHIHHA MEXHOLEHHO-EKONOZIYHUM DUSUKOM |
€KON02IUHOI0 0e3neKoI0 CKIA008UX HASKOTUUWHBOZO NPUPOOHO20 cepedosuuld, po3podieHa CMpYKMypHa cxema
asmomMamu308an020 KOMNIEKCY 3abe3neyents eKoa02iuHoi besnexu nosimpaHo2o ma 600H020 cepedosulyd, AKa
301licCHIOE  MOHImMOpUHe ma IHpopmye npo cman GIONOGIOHUX KOMHOHEHMIE HABKOIUWHBO20 HPUPOOHO20
cepedoguwa Ha Mepumopisx aeponopmie npu exkcHIyamayii 8epmonimno20 MpaHcnopmy 3a 00Nnomo2010
cucmemu mobinvrozo 38’ a3ky (Global System for Mobile Communications GSM).

Kniouoei crosa: nanvno-macmunvhi mamepiany, exono2iuna 6esnexka, eKor02iuHUll pusuK, aeponopmu,
MOHIMOpUHe, A6MOMAMU306aHA CUCTEMA.

T.®. KO3JIOBCKAZ

Kpemendyrckuii neTHbli Komtemx XapKkoBCKOro HallMOHAIBHOTO YHUBEPCUTETa BHYTPEHHHUX e, I'. KpemeHuyr

ORCID: 0000-0002-6106-5524
H.U. HAJIETOBA

Kpemendyrckuii netHblii kKomtemk XapKkoBCKOro HallMOHAIBHOTO YHUBEPCUTETa BHYTPEHHUX 1€, T. Kpemenuyr

ORCID: 0000-0003-3243-202X
B.1. ITAHYEHKO

Kpemendyrckuii neTHbli Komtemk XapkoBCKOro HAllMOHATBHOI'O YHUBEPCHTETa BHYTPEHHUX Ael, T. KpemeHuyr

ORCID: 0000-0002-4729-4435
A.B. IPOI'OMEPELIKAA

Kpemendyrckuii JIeTHBIH KoIemk XapKkoBCKOTO HAIIMOHAIBHOTO YHHBEPCHTETa BHYTPEHHUX Jel, T. KpeMendyr

ORCID: 0000-0001-8296-9816

YTHU OBECIIEYEHUS 9KOJOTMYECKOM BE3ONMMACHOCTH B MECTAX
XPAHEHUSA TOIIVIMBHO-CMA30OYHbBIX MATEPHUAJIOB ADPOIIOPTOB

B Oannoii pabome paccmompena 603MONCHOCHb CO30aAHUS CUCTEMbI MOHUMOPUHEA COCMOSHUA
KOMHOHEHMO8 OKpYJicarouell NPpUpPooHoll cpedbl — ammochepHoco 8030yXd, SPYHMOS8 U NOO3eMHOU 800HOU
cpeodvl — npu 3azpy3Ke, NepeKauKe, XpaneHuu MONIUSHO-CMA30YHbIX MAMEPUATIO8 HA MEPPUMOPUSIX AIPONOPIIOS
npu axcnayamayuu epmonémuoeo mpancnopma. Ilpednosicen asmomamusupo8antvlil KoOMnieKe obecneyenus
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IKOA0SUHECKOU 6e30NACHOCTU OISl OMCIEIHCUBAHUS. YDOGHEU 3ACPAZHEHUs AMMOCHEPHO20 8030YXd, SPYHMOG,
NOO3EMHbIX B0OOHOCHBIX 20PU3OHMOS NPU 3A2pPY3Ke, NePeKauKe, XPAHEHUU MONIUGHO-CMA30UHbIX MAMEPUALOE,
B03MOJICHO20 UX NOCMYNJIEHUSL 8 2PYHM, 4 3ameM uYepe3 Nod3eMHbvle 600bl 8 NOGepXHOCmHble 600Hble caou. C
VUEmOM KOAUYECHGEHHBIX U KAYECBEHHbIX XAPAKIMEPUC MUK MONJIUGHO-CMAZ0UHBIX MAMEPUATO8 YCIMAHOBNEHDL
noKazamenu peoOH020 GIUAHUSL NpU  CAVUAUHOM NOCMYNIAEHUU MONIUGHO-CMA30UHBIX MAMEPUdnos 8
cocmagisiouue OKpysCcaroujeis npUPooHoll cpeobl. BulsicHeHo, umo HaubonbUWULl 6KIA0 8 YPOBEHb IKOI0SUUECKOl
ONACHOCMU  BHOCA  UOHBL  MAJCEALIX MEMAI08 6CACOCMEUe UHMEHCUBHO2O MEXHOLEHHO-XUMUYECKO20
3a2PAZHEHUs.  MEPPUMOPULl  A3PONOPMos U  NPULeAioWux K HUM YYACMIKOS. YCmaHoneHvl CcmeneHu
IKOAOSUUECKO20 PUCKA NpU  3a2py3Ke, NEPeKauuéanuy, XPaHeHUU MONIUGHO-CMAZ0UHbIX MAMEPUALO8.
Pesyrvmamom uccredosanuii cman nooxo0 K MOHUMOPUHEY U YAPAGLEHUIO MEXHOSEHHO-IKOIOSUYECKUM PUCKOM
U IKONOSUHECKOU OEe30NACHOCIbI0  COCMAGTAIOWUX — OKpYdcaroweil.  npupooHou  cpedvl.  Pazpabomana
CMPYKMYPHAsL  cXeMd — agmoMAmu3upO8aAHHO20 KOMNIEKCA 00eCneyeHus 9KON02UHecKol Oe30nacHocmu
6030VWIHOU U  GOOHOU Cpedbl, OCYWECMEIIOWE MOHUMOPUHE U  UHPOPMUPOBAHUE O COCMOSHUU
COOMBEMCMBYIOUJUX KOMNOHEHMOG OKPYJNCAiowell NpupooHol Cpedbl HA Meppumopusix asponopmos npu
IKCHIyamayuu 6epmoaemHo20 MpPaHCcRopma ¢ noMowsio cucmemot moounvroul cesasu (Global System for Mobile
Communications GSM).

Knrouesvle crosa: monausHo-cmazounvle MAmepuaibl, 9KOI02UHECKas OEe30NaACHOCHb, IKOIOSUYECKUL
PUCK, A3PONOPMbl, MOHUMOPUHE, A8MOMAMUZUPOBAHHASL CUCEMA
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WAYS TO ENSURE AIR AND WATER SECURITY AT AIRPORT FUEL
AND LUBRICANTS STORAGE

This paper considers the possibility of creating a system for monitoring the state of the components of
the environment - atmospheric air, soil and underground water environment - during loading, pumping, storage
of fuel and lubricants on the territory of airports during the operation of helicopter transport. An automated
complex for ensuring environmental safety is proposed for monitoring the levels of pollution of atmospheric air,
soils, underground aquifers during loading, pumping, storage of fuel and lubricants, their possible entry into the
ground, and then through underground waters into the surface water layers. Taking into account the
quantitative and qualitative characteristics of fuel and lubricants, indicators of harmful effects have been
established in case of accidental intake of fuel and lubricants in the components of the environment. It was found
that the greatest contribution to the level of environmental hazard is made by heavy metal ions due to intensive
technogenic and chemical pollution of airport territories and adjacent areas. The degree of environmental risk
during loading, pumping, storage of fuel and lubricants has been determined. The research resulted in an
approach to the monitoring and management of technogenic and ecological risk and ecological safety of the
components of the natural environment. A structural diagram of an automated complex for ensuring the
environmental safety of the air and water environment has been developed, which monitors and informs about
the state of the corresponding components of the environment in the territories of airports during the operation
of helicopter transport using the mobile communication system (Global System for Mobile Communications
GSM).

Key words: fuel and lubricants, environmental safety, environmental risk, airports, monitoring,
automated system

IMocTanoBKa npodaeMu

HesBakaroun Ha CyTTe€Be TMaHiHHA OOCSTIB TPOMHUCIIOBHX BHPOOHHWIITB, a, BIIOBIIHO, BUKHIIB B
aTMoc(epHe MOBITPS 1 CKHUIIB Y IPUPOAHI BOIM 3a0pyIHIOIOUNX PEUOBHH, HaJMIpHE XiMiduHe 3a0pyJHEHHS BCiX
CKJIaIOBUX HABKOJHMIIHBOI'O IMPUPOAHOIO0 CEPCAOBHINA 3AJIUIIACTHCA HpO6J'IeMOIO JJIs1 BCTAaHOBJICHHS piBHiB
eKOJIOTiYHOi HeOe3NeKH, 0COOIMBO y 30HaX 30epiraHHs, NepeKadyBaHHS, TPAHCIIOPTYBAHHS, 3aBaHTKECHHS Ta
pO3BaHTaXEHHS mNadbHO-MacTWibHUX MatepianiB  (IIMM). ToMmy BuBYEHHS 3MIH y KOMIIOHEHTax

28



BICHHUK XHTY Nel(76), 2021p. IH’KEHEPHI HAYKH

HaBKOJIMIIHHOT'O IPUPOIHOTO cepeaoBua mix aieto IIMM, ocobnmBo y palioHax aepornopTiB i Ha MPHIETIINX 10
HUX TEPUTOPISX, € AKTYaJIHHOI0 HAYKOBO-TIPAKTHYHOIO IPOOIEMOIO.
AHaJIi3 0CTaHHIX J0CTiTKeHDb i myOsikanii

CyvacHi Meronu i 3aco0M €KOJIOTIYHOTO MOHITOPHHIY KOMIIOHEHTIB HaBKOJHIIHBOTO MPHUPOIHOTO
cepenosuma (HIIC) [1-5] mo3BonsitoTh aBTOMAaTHYHO (GOpMYBaTH JAaHI MPO CTaH aTMoc(epHOro MOBITPS,
BOJIOHOCHHMX TOPHM30HTIB, IPYHTIB. AJie HEOOXiJHICTh ypaxyBaHHS BHCOKOI'O PIiBHsI €KOJIOTIYHOI HeOe3Ireku
BUIIAIKOBUX aBapiiHUX 3a0pyAHEHb 1 HEraTHBHOTO BIUIMBY OIOCEPEIKOBAHMX YHWHHUKIB TpH (OpPMYyBaHHI
3axO0/iB i3 3a0e31eUeHHs eKOJIOTIYHOI Oe3IeKH Ta 3HMKEHHS! CTYIEHIB €KOJIOTIYHOr0 PU3HKY [6] 00YMOBIIOIOTH
HEOOXIJHICTh PO3POOKU aJbTCPHATHBHHUX 1 BJIOCKOHAJICHHS ICHYFOUHMX MOJENICH ONTHUMIi3allii eKOJOT1YHUX
pileHp TMpH HepekadyBaHHI, 30epiranHi, 3ampasieHHi [IMM y aeporopTrax mpu ekcInTyartanii BepTOIITHOrO
TPaHCIIOPTY.

@D opMYJTIOBAHHA METH JOCTiIAKEHHS

Meroto nociipkeHHsT € po3poOKa aBTOMATH30BaHOI CHUCTEMH MOHITOPHHTY CTaHy KOMIIOHEHTIB
HaBKoNMIIHbOro npupoanoro cepenosuina (HIIC) y paiionax aepomnopriB npu 30epiraHHi, nepeKadyyBaHHI
MaJIbHO-MACTUIILHUX MaTepiajliB 3a]y1s 3alIpaBKy BEPTOIITHOI'O TPAHCIIOPTY.

BuknageHHs 0CHOBHOI0 MaTepiany A0CTiZKeHHs

OCKUTBKM HAsBHICTh 3a0pYIHIOIOYMX XIMIYHMX PEUOBHMH 1 CIOJYK, PI3HUX 3a CTPYKTYypOK Ta
MOXO/KEHHSIM, B aTMOC()EPHOMY IOBITPI Ta NPHPOAHHMX TOBEPXHEBHX BOJIOHOCHMX TOPH30HTaX 3JIHCHIOE
HETaTUBHUH BIUIMB HA OTOYYIOYE CEpENOBHINE, TOMY IMONIYK IDISXIB BHSBJICHHS Ta IONEPEHKEHHS
3a0pyIHEHHS, a, OT)KE, YIPABIIHHS EKOJIOTTYHOI OE3MeKOI0 TepUTOpii, € BKpail BaKIMBHM 3aBaaHHAM [6—11].
st BUpILIEHHsI [LOTO MUTAHHS HEOOXiJTHE 3aCTOCYBaHHS CYKYIHOCTI OpraHi3allifHMX 1 TEXHIYHMX 3aXO[IiB,
TakuX SIK ieHTH(IKaIii 00’€KTIB 1 JKepea MOXIUBOro 3a0pyIHEHHS; KOHKPETH3allisi METOIB BU3HAYEHHS 1
Croco0iB 3HMKEHHsI PIBHIB MHJIOBOTO, ra3onoAiOHOr0 OpraHiyHOro 3a MPHPOAOID 3a0pYIHEHHS; BUSIBICHHS
pe3ynbTaTiB OTOXIMIUHOTO MEepPEeTBOPEHHS B aTMOC(EpHOMY MOBITPI 3aU1s BCTAHOBJICHHS JIOJaTKOBHUX JKEPEI
crie(iYHOr0 OpraHiYHOrO0 Ta30BOTO Ta aepo30JbHOrO 3a0pYJHEHHS; BHSBJICHHS JDKeped 3a0pyJHEHHs
HECTAaHJapPTHUMU OpPTraHIYHMMH Ta HEOPraHIYHUMH XIMIYHMMH pPEUOBMHAMH MPUPOJHUX IMOBEPXHEBUX BOJI;
BU3HAYEHHS CTYINECHIB TEXHOI'CHHO-EKOJIOTIYHOTO PU3MKY Ta HOro NMPUIHATHOrO 3HAUYEHHS Ul BCTAHOBJICHHS
PiBHsI eKosIorivHOi HeOe3eKkH BiJ| 3a0pyHEHHS HAaBKOJIMIIIHLOTO CEPEAOBHIIA; PAOHYBAHHS TEPUTOPIT 3aJIEKHO
BiJl CTYIICHIB BIJNOBIHOrO PHU3MKY; PO3MIILEHHS Ha TEpUTOPil 3 HAHOUIBIIOW IMOBIPHICTIO 3a0pyAHEHHS
TIOBITPs Ta TIOBEPXHEBUX BOJI 3aCO0IB JIJIsl BUMIPIOBAHHS PIBHIB 3a0pY/IHEHHS; 3aCTOCYBaHHS MEBHUX TEXHIYHUX
pitens aist 300py Ta aHanizy iHpopmarii o 3amipax; OTpUMaHHs IPOrHO3HOI OLIHKY MTOUIUPEHHS 3a0pyIHEHHS
B TIOBITpI Ta BOJOIMaX; MPUIHATTS BiJMOBIAHMX PIlLIEHb M[OA0 3HWKEHHS CTYIEHIB TEXHOT€HHO-EKOJIOTTYHOTrO
PH3HKY JI0 IPUHHATHOTO 3HAYESHHSI 3 BiINOBIIHUMY 3MEHILIEHHSIM PiBHIB €KOJIONYHOI HEOE3IeKH.

Y 3B’SA3Ky 3 BHILEOIMCAHUM aKTyaJbHOCTI HaOyBa€ CTBOPEHHS CHCTEMH YIPaBIiHHA DPIBHAMH
€KOJIOTI4YHOI Oe3TeKH Ta eKOJIOTIYHOr0 PU3KKY HpH 30epiranHi, nepekadyBanHi [IMM y paiioHax aeporopTiB i3
BEPTONITHUM TpaHcnopToM (puc. 1).

| OLIHKA HEBE3IEKH [« - - |A +0 HIKA PHSHIY < ===~ I
A |
| - - -’I Inentudikaris HeOe3meKn |

| Inentndikanis |

| Owinka 3anexHocTi "no3a-Biaryk" |

| A 4 | *

XapaKTepuCTUKA -
| OriHKa eKCrmo3uIii |
¥ . |
XapaKTepuCTHKaA PU3UKY
| PamxyBanus |
A 4 Y

-

A

| BcTaHoBIeHHS TPiOPUTETIB | ’I VipasaiHas ¢

| KonTpoas eMicii Ta excrio3uiii | | |

| MOHITOPUHT PU3HKY |

| VIPABJIHHSI l-~ | AHAJII3 PU3UKY [P Onina pusicy
1
1

IadopmyBanus |

Puc. 1. Cucn:ema_)m.pa.sn.i.lJHﬂ PiBHAMU €KOJIOTiYHOI 0e3MeKH Ta eKO0JIOriYHOro pU3NKy Nnpu 30epiransi,
nepexkauyBanii [IMM y paiionax aeponopTiB i3 BepTOIiTHUM TPaHCIIOPTOM
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Cruin 3a3HaunTH, OO0 Ha 3a0pyTHEHUX TEPUTOPIsAX, Yy OUIBIIOCTI BHUIAJIKIB, BHKOPHUCTOBYIOTHCS
IHCTpYMEHTAIbHI METOMHM JIOCII/DKCHHS TOBITPSHOTO Ta BOJHOI'O CEPEOBHUINA, SIKi TOTPEOYIOTh TEBHUX
7m1a00paTOPHUX YMOB, IO YHEMOXJIMBIIIOE IHIBHJKE pearyBaHHS Ha KPUTHYHE NEPEBUINEHHS KOHIEHTpAIlii
3a0pyIHIOIOYHMX PEYOBMH y TEBHUM NMPOMDKOK 4dacy. OpmHaKk, CTaH IPYHTIB Ha TEXHOT€HHO HaBaHTa)KEHHX
TEPUTOPIAX MOXKE OYyTH IHAMKATOPOM JUUISI OIIHKK PIBHSI CKOJOTIYHOI HEOE3MEKH IiJl BIUTHBOM PI3HOMAHITHUX
XIMIYHAX PEYOBUH HEOPTraHi4HOI i opraHiuHoi npupoau [12]. Okpim Toro, HanpukiIag, a1t 3a00py 3pa3kiB BOIH
HEeOoOXi1THO 3aJlyJaTy MEBHE YKCIIO CIIEIaliCTiB, 0 YIOBUIBHIOE MPOLeNypy. THM caMHM yTpadaeThest 4ac s
NPUAHATTA ~HEBIOKIAJAHUX Mi IIOAO 3HIKEHHS CTYNEHIB TEXHOT€HHO-EKOJIOTIYHOTO PH3HKY IS
HaBKOJIMIIHHOT'O CEPEIOBUIIA.

BimnosimHo 10 Metoauunux pekomennartiii [9, 10, 13] oriHka pU3HKy BIUIMBY IUTAHOBAHOI JisTBHOCTI
Ha IMIPUPOJHE CEPEAOBHIIE 3IIMCHIOETHCS NUITIXOM BU3HAYEHHS IOKa3HHWKIB TEXHOT'C€HHOTO PH3MKY — DHU3UKY
BIUIMBY 00’ €KTY YH TUIAHOBAHOI JisTHHOCTI HA KOMIIOHEHTH HaBKOJIMITHHOT'O CEPEIOBUIIIA B JIBA €TAIIH:

1) BCTaHOBIIOETHCS IPOTHO3HUH PiBEHb TEXHOI€HHOTO PU3MKY MPH MPOEKTYBaHHI (200 PEeKOHCTPYKIIii):

el
Ry = A-e®*™ @
1e Rij— pusuk K-ro eramy 3a j-MM KOMIIOHEHTOM HABKOJIHUIITHBOTO MPUPOIHOTO CepefioBuIna; A, B — KOHCTAaHTH,
4,99-10° i 7,577 Bianopinno; Dyj — BenMuMHa, 1110 BU3HAYAETHCS BiANOBINHO K-T0 eTamy po3paxyHKy PH3HKY 3a
J-MM KOMIIOHEHTOM, SIKa PO3PaxoBYETHCs 3a hopmyroro (2);

2) BHU3HAYAETHCS TOKA3HUK PU3UKY BIUIMBY KOXKHOI crenugiyHoi 3a0pyqHIOOYO] pPEYOBHHHM Ha

BiJITIOBIIHI KOMIIOHCHTH HABKOJIMIITHEOTO CEPEIOBHIIIA.

Dy =—e"" @

ne lyj — iHgexc 3a0pymHEeHHs 3a j-UM KOMIIOHCHTOM HaBKOJMIIIHBOTO CEepeloBHUINa s K-To eramy po3paxyHKy
pusuky [9].

VY naHOMy BHIAJIKy OCHOBHHMI KOMIIOHEHT 3a0pyInHEHHs — IpyHTH (Tadm. 1), a atmMocdepHe moBiTps i
BOZOHOCHI TOPU30HTH € ONOCEPEAKOBAHUMH.

Tabnuus 1
BuszHaueHHs1 injieKkcy 3a0py/AHeHHs IPYHTIB
Komnonent [epmmii eran (k=1) Jpyrwuii eran (k=2)
HABKOJIMIIIHBLOTO Buxinai nani Po3paxynkoBa Buxingui nani Po3spaxynkoBa

cepenoBuIla 3aeKHICTb lij 3aJIEKHICTD lyj

IPYHT ZC — cyMapHHi TIOKa3HHK Kc;— xoediLiieHT KOHIIEHTpaIIil

(i=3) 3a0pyAHEHHS [PYHTY 0,016 - Zc i-1 XiMi9HOT peYOBHHH, 0,016 - Kc;

1110 3a0pPYAHIOE TPYHT

1) Koeoimient konrentpaitii K.° KOKHOTO i3 HABEICHUX y PE3yJbTaTaX aHali3y XiMiYHHX €JIEMEHTIB
BU3HAYAIOTh SIK BiJHOLICHHS CepeIHbOI KOHIEHTpallii eneMeHTy Bubipku C;° 10 3Ha4EeHHS HOro perioHabHOro

¢dony Cy*:

e
Ke=Si (3)
Cd)
[oxa3HuK cymMapHOro 3a0pyAHEHHS BU3HAYAETHCS 32 MATEMATUIHAM BHUPA30M:
Z= 3K, (m— 1), (4
1

Je M — KimeKicTh eneMeHTiB i3 Kc > 1 — oTpuMaHi 3Ha4eHHS MOKAa3HHKAa CyMapHOrO 3a0pyIHEHHS IO3BOJIIE
OILIIHUTH piBEHb 3a0pynHEHHS AK HormycTumuii (Ze < 16), momipHO-HeOe3neunmii (32 > Z¢ > 16), HeGe3neuHmit
(32 < Z:< 128), abo nam3BuuaiiHo Hebe3neunuii (Zc > 128).

VY 3B’M3Ky i3 3a3HAYCHWM BHIIE HEOOXiTHO OKpeMO OIiHIoBaTH BIUMB Ha KommoneHTHn HIIC
opraniunux cknagoBux [IMM, npo 1o B jdiTepaTypi He Oya0 3HAWACHO BIANOBIAHUX MaHuX, okpiMm [11, 12]. ¥V
JaHOMY BUMAIKy ckiIanoBi [IMM moTpeGyroTh OKpEMOro JOCIiHKEHHS.

[NomepemHi po3paXxyHKH BIATIOBIAHO IO 3AJIKHOCTI (2) MO3BOMIN BU3HAYMTH TTOKA3HUKU PU3HKY BIUIHBY
KOXHOI crrenndivaoi 3a0pyaatotouoi peaouan [IMM, mo HaBeneHo y Tadm. 2.

Tabmums 2
IMoka3HNKH PU3UKY BILIMBY OKpeMHUX HeOe3nmeuynux ckiaagopux [IMM
Ha aTMoc(epHe MoBiTpH i IpyHTH

PedoBnHa K. Iy Dy
benzen 0,43 0,0012 -0,0395
Tonyen 0,05 0,008 -0,0371
ApOMaTHYHI KHCIOTH 0,059 0,00624 -0,0369
Hadtenosi xucnoru 0,23 0,032 —0,0506
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IMpomorkeHHs: Ta61.2

Hacwueni ByrneBotHi - 0,0125 -0,0372
[onmiapoMaTH9HI CHOIYKU 0,475 0,00285 -0,0378
Kapbou 0,067 0,00012 —0,0368
Kap6on (IV) okcun — 0,00078 —0,0371
Meran - 0,00092 —-0,000295

Cnia 3a3Ha4uTH, IO koaHA ckiaafgoBa [IMM He mama 3HaueHb Kc Oinbllle OJMHHIN, TOMI MOKAa3HUK
cyMapHOTo 3a0pynHeHHs cknaB Zc= 1,363. Pisenb pusuxy 3a supaszom (1) cranoButs 31,3-10? — abcomoTHO
Oe3neyHnid, TOOTO PO3TAIlIyBaHHS IUIAHOBAHOTO OO €KTY MISUIBHOCTI HE CTAHOBHUTHUME 3arpo3u Uil IPYHTIB
TEpUTOpii aePOMOPTIB 1 MPUIIEIIIO] 10 HUX TEPUTOPIi.

Ane nns atMocdepHOro IOBITPS BHACHIAOK JIETKOCTI OKPEMHUX pPEYOBHH, pPIBEHb EKOJOTIYHOI
HeOesnekn Moke OyTu 3HauHuM [14-16]. Jlnst mocmifkeHHs SKOCTI MOBITPSHOrO CEpeloBHINa Ta NPHPOTHUX
TIOBEPXHEBUX BOJI Y pailOHaX pO3TallyBaHHsS TEXHOTCHHHX 00 €KTIB JOLIJIbHE BUKOPUCTAHHS aBTOMAaTH30BaHUX
cucteM. Taki CHCTeMH He JHIIE BIUIMBAIOTh Ha SIKICTh TPOBENEHHS JIOCHI/DKEHHS, & W 3HAYHOI MipOro
BIUIMBAIOTh Ha IIBUJIKICTH 1 3pYy4YHICTh MPOBEACHHS MPOLEAYPH KOHTPOIIO JOCHIPKYBaHHX mapamerpiB. Jlns
pPO3pOOKM TaKUX CHCTEM, 30KpeMa, CHUCTEMH 3a0e3MEYeHHsS] CKOJOriyHOI OE3MeKH MOBITPSHOrO Ta BOIHOIO
CepeIoBUIa, MOXYTh OyTHM BHOpaHi HACTYITHI KPUTEpii: 3aCTOCYBaHHS CHUCTEMH JATUUKIB Ul BHUMIipPIOBaHHS
3a0pyAHIOIOYHX PEYOBUH; NUCTAHIIIHE YIPaBIIiHHI CUCTEMOIO JIATYKKIB; aBTOMAaTH4Ha 1 Oe3MpoBiaHa Tepeaaya
JIAaHUX BiJ] MICIIs BUMIPIOBaHHS A0 LIEHTPY 300py iH(opMalii; po3milieHHs] OAWHHIL BUMIPIOBAHHS B MICIISIX, 1€
HMOBIpHICTh 3a0pyIHEHHs € HAaWBHIIOIO;, HASBHICTh JUCIETYEPCHKOTO IEHTPY 3 aBTOMATHU30BaHHM DPOOOYHM
MiClIEeM OIepaTopa; BUKOPHUCTAaHHsI KaHaNiB SK MPSAMOro, TaK 1 3BOPOTHOTO 3B’s3Ky; ABOOIYHHMN OOMiH
iH(opMaIliero MiXk 00’€KTaMH BUMIPIOBAHHSI 1 TYHKTOM LIEHTPaJIi30BAHOTO CIIOCTEPEKEHHSI.

Ha mincraBi BWIE BHKJIAQIEHOI'O Ta 3alpONOHOBAHOIO MiJXOAY ILIOAO0 MOHITOPUHTY W YNpaBIiHHSI
TEXHOT€HHO-EKOJIOTIYHMM PH3MKOM 1 €KOJOTiYHOI O€3IMEeKOI CKIAJOBUX HABKOJMIIHBOTO MPUPOTHOTO
CepeIoBUIIa pOo3pO0JIeHa CTPYKTYpHA CXeMa aBTOMaTH30BaHOTO KOMILJIEKCY 3a0e3IeueHHs €KOJIOTIYHOT Oe3NeKH
MOBITPSIHOIO Ta BOAHOI'O CEPEJOBHINA, sIKa 3[IMCHIOE MOHITOPHHT Ta iH(GOPMYE NpPO CTaH BIANOBIAHUX
KOMITOHEHTIB HaBKOJIHUIIHBOrO mpupojaHoro ceperosuma (HIIC) Ha meBHii TepuTOpii 32 IONOMOrOK CUCTEMH
MobinpHOro 38°s13Ky (Global System for Mobile Communications GSM) (puc. 2).

CUCTEMA 350PY TA NEPEJJAUYI GSM-MOJIEM
IHeoPMAI [ ______ ABTOMATHU30BAHOTO KOMIUIEKCY 3a0e31ey eHHS
ekosoriuHoi 6e3nexu kommnonentis HIIC

Baoku xuBaennst ~220 B/12 B [ :
(U1 KO>KHOT MijicucTeMu OJIOK OKpeMuit)

OTpuMaHHs AaHUX [PY IPAMOMY 3aIlUTi, epeaaya
| iH(opMaLii 3a 10MOMOror MOOIIBHOTO 3B’ A3KY

Biloku oTpuMaHHS Ta NepeaaYi AaHUX
OTpHMaHHS METEOKIIMATHYHHX, EKOJIOTTYHUX JTAHUX !

HOBITPSHOrO 1 BOAHOTO CEPEIOBHILIA 4| RV20.T RR’SIRKY

[N |
JTATuuKW RUMINV DIRHIR XIMIYHOTO Ra0NVITHEHHS |
T T T
HEl . [ HE

TOBITPS MIPUPOJIHI BOAU IPYHTH

JlucneryepchbKuii HEHTP

Monyns oTpHMaHHS Ta epenadi JaHHX

ABTOMaTH30BaHE PoOOYE MiCIe OIepaTopa CUCTEMH eKOJIOTTUHOT
6esnexu HIIC

— Cucrema Bi3yamizanii —| ITigxmrouenns ITK

—| InTevuer I—

30ip naHux, aHai3, po3paxyHOK IMOMKMPEHH MIKiIJIMBUX PEYOBHUH Y MOBITPSIHOMY 1
BOJTHOMY CEpEIOBUILI i3 3aCTOCYBaHHSAM MaT MOJIeNiel 1 pO3paXyHKiB CTYIEHIB €KOJIOTTYHOTO
PH3HKY 33115 KapTorpadyyBaHHs 30H BiIlIOBiTHOT0 3a0pyIHEHHSL.

TIpuitHATTS pillieHb IOJI0 3HIKEHHS PIBHIB €KOJIOTTYHOT Oe3meKu

Puc. 2. CTpyKTypHa cxeMa aBTOMaTH30BAHOI0 KOMILIEKCY 3a0e3neyeHHsI eK0JIOTriYHoi 0e3nmeKkun
MOBITPSIHOr0 T2 BOAHOIO cepeAoBHINA i3 3acTocyBaHHAM GSM-mMonemy
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Jlo 6roKy OTpUMaHHS Ta Iiepesadi JaHWX BXOAWTH JEKIIbKa «IIiJICHCTEM» 3aJIeKHO BiJ TOTO, SKi Ta
ckinpkn KomroHeHTiB HIIC omiHoeThes Ta Ky iH(opMalio HeoOXifHO oTpuMmaru. Y HAIIOMY BUIAIKY
PO3TIISIAETHCS [B1 MiICHCTEMH HaBKOJIMIITHHOTO IPUPOAHOTO CEPEAOBHIA — aTMOC(EPHE MOBITPSI Ta TPUPOAHI
roBepxHeBi Boau. KoxHa Taka «ImiicucTeMa OKpeMo 3a0e3MedyeThes OJIOKOM >KUBJICHHS. Y Cl laHi 30MparoThCs
1 TepemalThCs 3a JONMOMOTror0 By3sa 3B’s3ky Ha GSM-monem, skuii mepemae iHdopmanito Ha TeledoH
orepaTopa 3a JOIMOMOIOI0 Sms-KoMmaHj 1 4epe3 «Moaynb oTpuMaHHS Ta mnepegadi ganmx» Ha [IK
«ABTOMaTH30BaHOTO POOOYOr0 MICIISI OIlepaTopay.

[lepenaua orpuMaHuX NaHMX 3a JOIOMOIOI0 SMs-KOMaHJ i yepe3 «Moaynb OTpUMaHHS Ta mepenadi
naaux» Ha [1IK «ABTOMaTH30BaHOrO poOOYOro Micusl ornepaTopa» BiOyBaeThCs MUIIXOM mnepenadi iHdopmarii
nipo crad HIIC y neBHuii npomixkok yacy (uacoBuid pexxum — 1), y pasi nepeBumienss ['JIK mkiumBux pe4oBUH
y HIIC (neOe3neunuii pexxuM — 2) i 3a JOMOMOTOIO BiJIIPaBKH SmMs-3anuTy i3 Tenedony Ta komanau i3 I1IK Ha
GSM-monem (3anmr-peskum — 3). Crinx 3a3Ha4yMTH, MO Uil HeOe3neyHoro abo aBapiifHoro pexumy, abo 3a
HAsSBHOCTI 3aJIMIOBUX BHKHIIB 1 CKUJIB € JOUIJIBHAM BBEACHHS MIAPSIKUMIB 3aJICKHO BiJl KOHIICHTpAIlil
3a0pyAHIOIOYHX XIMIYHUX pedoBHH y KomroneHTax HIIC.

Cuiz 3ayBayKUTH, 11O JI0 MTOIOHOT CHCTEMH MOXKIIMBE TiIKITIOYESHHS I0IATKOBUX «OJIOKIB OTPUMAaHHS Ta
nepenadi JaHUX», SKI MOXYTh PO3MIIYBAaTUCh Y PI3HUX MICISAX 3aJ€XHO BiJl HEOOXIAHOCTI OTpUMAaHHS
inpopmanii npo cran HIIC. Oneparop 3a 10MOMOrorw MoOiIEHOTO 3B’ 13Ky Bianpasisie 3anut Ha GSM-moznem 3
Meroro oTpuMaHHs iHpopMmanii npo craH HIIC y neBnuit wac. Hanpukian, sIKIo y mijicKCTeMHU MOHITOPHHTY
TIOBITPSTHOTO CEpelOBHINA 3afisiHI BCi CIOTH (aTYMKH BUMIpPY PIiBHIB XIMIYHOrO 3a0pyqHEHHs IOBITps Ta
0araTOKOMITOHEHTHI ra30aHaJli3aTopH), 1 MOXKJIMBE BUHUKHEHHS! HEOOX1JJTHOCTI MOHITOPUHTY Ta KOHTPOJIO PiBHS
IIYMOBOT'0 3a0pyAHEHHSI, TO CUCTEMa JI03BOJISIE T IKITIOYUTH BNOBIIHI IaTYMKK 10 BiibHOTrO cioty «HUBy, He
3MIHIOIOYH, THM CaMHM, KOH(ITypalii KOMIIEKCY Ta PO3IIUPIOIOYH HOTO MOXIIUBOCTI.

GSM-mo0em «Aemomamuzosanoco Komniekcy 3abesneuents eKon02iunoi be3neku nogimpsHozo ma
600H020 cepedosuuya». OCHOBHE NPU3HAYECHHS — BIANPABJICHHS Ta NPUIOM sms-KoMaH[. JaHuii MojeM Moxe
NPAIfOBATH SIK Y CHCTEMI, TaK i OKpEMO 3 MepcoHaNbHUM KoM totepoM. Tligxmouenns no I1K 3aificHoeThes 3a
nornomororo nopty RS-232 («Moxayns oTpuMaHHs Ta mepeaadi AaHux»). Ilpu npuitomi sms-komanan GSM-
MojieM nogae komanny Ha « HUBy». [lns BinnpaBku sms-komanagu GSM-MozeM Toliae 3aluT Ha BY30JT 3B’ SI3KY.
Bin 30upae nani 3 kouTposepiB «biaoky oTpumaHHs Ta niepenayi 1aHuX», SKi, Y CBOIO 4epry, 30MparoTh J1aHi po
cran paTyukiB. [Ticis moBHoOro 360py nannx GSM-MozeM Hajcuilae JaHi onepaTopy.

Cucmema 360py ingopmayii. JIo JaHOrO KOMIUIEKCY BXOJAWTH: OJOKH JKMBICHHS ITiZICHCTEM
€KOJIOTIYHOI Oe3leKH; JATYUKH BUMIPY PIBHIB XiMIYHOTO 3a0pyJHEHHs IOBITpS, NPUPOIAHUX BOJA, BOIOH Ta
0araTOKOMIIOHEHTHHX Ta30aHANI3aTOpiB; OJOK OTPUMaHHSA METEOKITIMAaTHYHUX, eKOJOTIYHUX  JaHUX
MOBITPSIHOrO Ta BOJHOTO cepenoBuina (MikpokoHTponepu). Cucrema 3HIMAae JaHi JaTYMKIB 1 mepenae ix Ha
By3os 3B’si3ky. [lpu mepeBumenHi ['/IK XiMiYHMX pPEYOBHMH CHCTEMa MOXKE BKIIOYATH 3aCOOM OIMOBILICHHS
HAceNeHHS SIK B ABTOMaTUYHOMY PEXHUMI, TaK i IPpH OTPHIMaHHI KOMaHIHU 3 By3Ja 3B SI3KY.

Byson 36’s13xy. Monynb npu3HaueHui is iepenadi komanz i3 mepexxi GSM, 300py JaHux i nepenady ix B
Mepexxy GSM. V naHiii cucremi By301 3B’SI3KY € KIIFOYOBOIO JIAHKOK, TOMY IO Yepe3 JaHHil MOIYJIb MPOXOASATh yCi
KOMaH]IH 1 iaHi ocHOBHOI cuctemu. OCHOBOIO BY3J1a 3B’S13Ky BUKOPHCTaHO MOTYxKHUIT KoHTponep ATXmegal28A3,
SKAH JI03BOJISIE KOMYTYBAaTH OO CEMH MOIYIIB IiJICHCTEM EKOIOriyHoi Oesnexy. Komimiekc mMae 3araybHy IIMHY
JKUBJICHHS.

Aemomamuzosane poboue micye onepamopa cucmemu 3a0esneuenHs exoaoeiunoi besnexu HIIC
Biutoyae B cebe [IK 3 moniTOpOM 17151 Bizyamizarii Ta mepenadi uepes Internet oTpuMaHuX JaHUX. 32 JOTIOMOT OO
JAHOTO OoONagHaHHSA BinOyBaeThcs 30ip HaHWX, iX aHAJI3, pO3paxXyHOK MOIMMPEHHs MKiammBux pedoBuH y HIIC
LUIIXOM 3aCTOCYBaHHS MaTEMAaTHYHUX MOJEJeH, a TaKOX PO3PaxOBYEThCS CTYIIHb TEXHOI'€HHO-EKOJIOTi4HOTO
pusuky. Ha oOCHOBI po3paxyHKiB 3a JONOMOTOI0 CHCTEMH Bizyamizamii TpadidHO 300pa)kyroTbCsS MO
pO3CifOBaHHSA XIMIYHAX PEYOBMH (IPOTHO3HA OIiHKA) Ta 30HU 3 BIONOBIAHAMHU CTYNCHAMH PHU3UKY. Y pasi
HeratuBHOro nporHody mist HIIC BHHOCHTBCA pilIeHHS MIOAO BiANOBIAHMX 3aXOiB 31 3MEHIIEHHS DPiBHIB
eKxororiunoi Hebesneku. [Ipu mepeBuIeHHI JONYCTUMHUX HOPMATUBIB YMICTY XiMIYHHX PEUYOBHH y KOMIIOHEHTAX
HIIC ny6nsoBana indopmarris yepes Internet Ta 3a gormomororo GSM-MoieMy HaIXOANUTH HA MiIIPUEMCTBA IS
peautizarii HeBiIKIaJHUX .

BucHoBku

OTxe, MPOIIOHOBaHA aBTOMATH30BaHA CHCTEMa 3a0e3MEUCHHST €KONOTIYHOI OE3MEeKH /1a€ MOXKIIMBICTB:
OTPUMYBATH HaHI MIONO TEMIIEPATypH, BOJOTOCTI TOBITPs, KOHIICHTPAIi IIKI[UIMBUX XiMIYHUX PEUYOBHH Yy
komnoHeHTax HIIC; o0poOist Ta cucTeMaTH3yBaTH OTPHMaHI NaHi, 3a JOMOMOTOI0 HHU3KH MaTeMaTHYHHX
MoJieNieii BU3HAYATH MTONTUPEHHSI IIKIUTMBUX AOMIMIOK v KomnoHeHTax HIIC; HamaBaTH mpOrHO3HY OLIIHKY TIPO
cTaH 3a0pyIHEHHS Ta BiANIPABIATH BiNOBIIHY iH(pOpMAIIiIO 10 JUCIIETYEPCHKUX ITYHKTIB a€POIIOPTiB; BHHOCUTH
pIIICHHS [IO0 YIPABIiHHS PIBHAMHU €KOJOTIYHOI OE3MEeKH Ta CTYNEHSIMH TEXHOT'€HHO-EKOJIOTIHHOI0 PH3HKY, a
SK HACNIJOK — IO3UTHBHO 3MIHIOBATH €KOJNOTIYHY CHTYallil0 Ha TEXHOTCHHO HAaBAaHTAXXKCHUX [UISTHKAX
AepoIOPTIB 1 MPHUIIEITINX JI0 HAX TEPUTOPISX.
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