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yin. Yepnsiesckas, 94, r. XapbkoB, YkpauHa, 61023

MO/IEJIA KAYECTBA OBHAPYKEHHU S SKOJOTMYECKOM OITACHOCTH IO PEAJILHBIM
JAHHBIM MOHUTOPUHI' A

HpeI[CTaBJ'IeHa O606H_IeHHa$I MaTeMaThu4dyeCKasd MOACIIb KadcCTBa O6Hapyﬁ<eHI/IH 9KOJIOTHUECKOW OITACHOCTH II0
PpCaJIbHbIM JaHHBIM MOHUTOPUHI'A 00BEKTOB. I[aHHaH MOJCIIb 6a31/1pyeTcsl Ha TaKUX BAXXKHBIX NTapaMeTpax 06Hapy)KeHI/IH
9KOJIOTMYECKOW OMACHOCTH KaK TCKYIIUEC AITIPUOPHBIC BEPOATHOCTU HAJIUYUA U OTCYTCTBUSA 9KOJIOTMYECKOM OMacHOCTH
Ha O6’BeKTe, CpeI[HI/Iﬁ PUCK 06Hapy)KeHI/ISI 9KOJIOTUYECKOU OIMaCHOCTHU, BEPOATHOCTU MPABUIIBHOTO U JIOKHOT'O
O6Hapy>K6HI/IH 9KOJIOTMY €CKOU OIIAaCHOCTH, a TAKXKC CTOUMOCTHU OLIHOOYHBIX peHIeHHfI, CBA3AaHHBIX C €€ IMPOIYCKOM U
JIO)KHBIM O6Hapy>KeHI/IeM. Ha ocHoge 0606].[16HH01>1 MOJCIN TMPCAT0KEHAa 4YaCTHas YIPOUICHHasa MOJCJIb KadyCeCTBa
O6Hapy>K6HI/IH 9KOJIOTHYECKOW  OIMAacHOCTH  T10 pCajibHbIM  JaHHBIM  MOHUTOPUHIA 00LEKTOB B YCIOBUAX
HEONPECACICHHOCTH, CBA3bIBAIOIAA cpez[Heﬁ PHUCK OIINOOYHBIX peHleHI/Iﬁ C BEPOATHOCTAMU IMPABUIIBHOIO U JIOXKHOT'O
O6Hapy>K6HI/IH 9KOJIOTHUECKOM OMacHOCTH. HaHHaﬂ MOZICIIb MOXET OBITH MCIIONB30BaHA Ha MPAaKTUKE JIA OIIPEACIICHUA
0a30BBIX TOKa3aTellell KadyecTBa 06Hapy>KeHI/IH JKOJIOTMYECKON OMaCHOCTH IO JIAHHBIM MOHUTOpHHIA 00BLEKTOB B

YCJIIOBUAX HCOMMPEACIICHHOCTH.

KirueBble cjioBa: MareMaTudeckas MOJACIb, Kad€CTBO 06Hapy>1<eHm{ 9KOJIOTUYECKON OIMacHOCTH O6’beKTOB,

JaHHBIC MOHUTOPHUHTIA.

IToctanoBka mpodaemMbl. BaxubeiM  (akTopom
obecrnieueHust 9KOJIOTUYECKON 0e30macHoOCTH
rocylIapcTBa SIBISIETCS  CIIOCOOHOCTH  CBOEBPEMEHHO
OOHapy)XMBaTh M NPEAOTBPAILATH OMNACHBIE COCTOSHHMSA
00BEKTOB TEXHOTEHHOM W TpUpOAHON cdepbl. ITo
SIBIIIETCS.  aKTyalbHOM M JOCTaTOYHO  CIIOXKHOM
MHOT'OIUIAHOBO# MPOOJIEMOM, UMEIOIIEH IKOIOTHYECKHI,
TEXHOJIOIMYECKUA U SKOHOMUUYECKUH acleKkTsl. bonbas
peTHOHallbHAsl ~ HArpy3ka  TEPPUTOPUM Y KpauHBI
MOIIHBIMM  NPOMBIIUIEHHBIMH M 3HEPreTHYECKUMU
oobexTami (B 2015 r. pynkimonrposaio 9919 oobexToB
TIOBBIIIEHHON OIIACHOCTH), HaJIu4Iue CTaporo
00opynoBaHus, UCIIOJB3yEeMOTro Ha o0BeKTax
TIOBBIIIEHHONH ONACHOCTH, OTCYTCTBHE CHCTEM PAHHEIrO
OOHapY)XeHUS ONACHBIX CHTYallidi IIOBBIMIAIOT PHCK
aBapuii M DKOJOTMYECKOH OMAaCHOCTH, YOBITKH OT
KOTOPBIX MOKHO CPaBHHUTb C Pa3MepOM HAIMOHAJIBHOTO
Oro/pKera cpeiHero rocyaapersa [1].

IIpu 3TOM BaXHBIM B PELICHUU pPacCMaTpUBAEMOI
mpobjeMsl  sBIeTCA  oOeclieueHHe HEe  TOJBKO
CBOEBPEMEHHOTO, HO H HAJEKHOTO (IJOCTOBEPHOIO)
OOHApYKEHUsI IKOJIIOTMYECKOH OINACHOCTH HAa OCHOBE
pCANbHBIX JAHHBIX MOHUTOPHHIA C LENBIO IPUHATHA
COOTBETCTBYIOINX S(G(GEKTUBHBIX BO3ACUCTBHN IS
ycrpaneHus yrpo3sl. Oco0oe MECTO TIPH STOM OTBOAMTCS
MaTEMaTHIECKMM MOJEISIM  KadecTBa OOHAPYKEHUS
3KOJIOTUYECKON OMACHOCTH.

AHanIu3 NoCJaeTHUX HCCIeTOBAHUN U MyOINKALMiA.
B OompmoM umcre TyONIHMKANWE, —OCBSIIIEHHBIX
mpobaeMaTHKe 00HAPYKEHHS SKOJIOTMIECKON OITACHOCTH
00BEKTOB M IKOJIOTHMIECKOTO PHCKA, OTMEYAETCS, YTO B
HacTosliee BpeMs B MPOrpaMMax MOHHUTOPHHIA
9KOJIOTHYECKOTO  COCTOSIHMSI ~ PAa3IIMIHBIX  OOBEKTOB
Je7aeTcss  ynop ~— Ha  TONyYeHWe  JaHHBIX  C
HCTIOJIb30BAHMEM TEXHUUECKUX M3MEPHUTENBHBIX CPECTB
JMCTAaHIIMOHHOTO HAOMIONCHUS B PEXHME PEaJbHOro
Bpemenu [2-5]. OanHako BO3HHKHOBEHHE JFOOOM

DKOJIOTHYECKONW OIMACHOCTH Ha peajbHbIX O0beKTax
SIBIISICTCST COOBITHEM CiTydaitHbM [6].

Ilo o510l mnpuyMHE mNOJNy4yaeMble C IOMOILLBIO
TEXHUYECKUX CPEACTB 3KOJIOTMYECKOr0 MOHUTOPHHIA
JAHHBIE O TEKYIIEM JKOJOTHYECKOM  COCTOSTHUH
OOBEKTOB M BO3MOXKHOM pPa3BUTHH HKOJIOTMYECKOM
OIIACHOCTH BO BPEMEHM U TIPOCTPAHCTBE, JOJKHBI
paccMarpuBaTbCsl B BHJE pealM3alMil  CIlydalHbBIX
npoueccoB. [lpu 3ToM pemienne 00 OOHapYKEHUH
9KOJIOTMYECKON ONACHOCTH 10 pEAIbHBIM JIAHHBIM
MOHHUTOPHMHIa HOCHT BEPOSITHOCTHBIM XapakTep. OTO
MOpOXJaeT TpoOJIeMy OLIEHKM KadecTBa  TaKOro
pemienus. HecMoTpst Ha 0co0yto BaxkHOCTS [7], mpobiema
OLIEHKM  KadyecTBa  pelleHus 00  OOHapyKeHUH
9KOJIOTMUECKOH OIACHOCTH TI0 pealbHbIM JaHHBIM
MOHHUTOPHHIA B JIuTepaType 9KOJIOTHIECKOH
HAIpaBJICHHOCTU JI0 HACTOSIIEr0 BPEMEHH MPAKTHUECKU
HE paccMaTpUBAETCS.

Bmecre ¢ Tem, B paborax [8-10] pa3BuBaercs
MO/IXO0J1, 0a3MPYIOIIMICS Ha NCTIOIb30BAHUU PE3YIHTATOB
KJIACCHYECKOM TEOpHH OOHApY)KEHHS TIPH DPEIICHUH
3aJadd  Ka4decTBa  OOHAPYKEHMS  YPE3BBIYAMHBIX
CHUTyalluii W 3aropaHuii Ha oObekTax. [l omeHKH
KadyecTBa  OOHApy)KEHHMs  3aropaHuMi  TOKapHBIMHU
W3BEIIATESIMH, Hapszy c TPaANUIMOHHBIMU
MOKa3aTeNsIMU M TapaMeTpamH, TNPEAIaracTcsi MCIIOoNb-
30BaTh U M3BEIIATENEil paboume XapaKTepPUCTHUKH M
XapaKTEePUCTHKU 0OHapyKeHHs, KOJIIECTBEHHO
XapaKTepH3YIOINEe KayecTBO OOHApPY)KEHHS 3aropaHui
W3BEIIATEISIMU B PA3JIMIHBIX YCIOBHUSIX MX IIPUMEHECHUSL.

PaszButiro KOHCTPYKTHUBHBIX HanpaBJICHUI
MOBBIIICHHS! ~ ONEPAaTUBHOCTH M JOCTOBEPHOCTH
OOHapy)KEHHS BO3rOpaHWH Ha OOBEKTaxX MOCBSIIICHEI
pabotsr [11-13].

ITocTaHoBKa 3a/1a4M U ee peuieHue. L{enbo padoTe!
SBIISIETCS paccMoTpeHue MoJenei KauecTna
00HAPYKEHHS HKOJIOTUIECKON OMACHOCTH 10 peabHbIM
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JTAHHBIM MOHHUTOPHWHTA Ha OCHOBE KITACCHICCKOMN 3a71auu
MIPOBEPKHU JBYX CTATHCTUUCCKUX THITOTE3.

BHe 3aBHCHMOCTH OT KOHKPETHOrO crocoba
MMOTYYCHUS MJAHHBIX 3KOJOTHMYECKOrO0 MOHHUTOPHHTA
penreHre 00 OOHAPYKEHHUH 3KOJIOTMICCKON OMAaCHOCTH
BBIHOCHUTCS HA OCHOBE CPaBHCHHS JAHHBIX C IMPUHITHIM
MTOPOT'OBEIM (JIOITYCTUMBIM) YpOBHEM. B cirydae oreHKu
JTUHAMUKHU YKOJIOTUYECKON OMAaCHOCTH TEKYIKE JaHHbIE
MOHUTOPHHTa  CPaBHHUBAIOTCS  C  HECKOJIBKUMH
ITOPOT'OBBIMHU 3HAYCHUSAMU, XapaKTEPU3YIOIIUMHU
COOTBETCTBYIONINE TOMYCTUMbIE YPOBHH OMACHOCTH.

Hanee mist orpenereHHOCTH OyAeM paccMaTpuBaTh
clnydail CpaBHEHHUS C OJHMM IIOPOTOM — KJIacCHYecKas
3alaya OOHAPY)KEHHsI 3KOJOTMYECKOW OmacHOCTH. B
9TOM cilydae pelieHrue MPUHUMAETCS MPHU JIBYX B3aUMHO
HCKITIOYAIOIINX YCIOBUSX, XapaKTePU3YIOUINX HATTUIHUE U
OTCYTCTBHE IKOJIOTMYECKON OIMAaCHOCTHU: «3KOJIOTMYecKas

OIIACHOCTB €CTb» — Hp, «3KOIOTMYECKOH OIaCHOCTU
HeT» — Hg. BcneactBue cmywaitHOro xapakrtepa

CHUTyallu ¥ pealbHbIX [JAaHHBIX JKOJIOTHYECKOTO
MOHHUTOPHHTA yKa3aHHBIE PelIeHHs OyayT NMPHUHUMATHCS
C omunOKaMu, TOCKOJIbKY HCTHUHHOE COCTOSIHHE
OMACHOCTH OCTaeTCs HEM3BECTHBIM. B 3TOoM ciryuae
penieHust 00 3KONOTMYECKOH OMAacCHOCTH MOTYT OBITh
TOJIBKO TIPEATIONIOKHUTENBHBIMU (B BHUJIE COOTBETCTBYIO-
IIAX THUIOTE3), & UMEHHO: «IKOJIIOTMYECKasi OMacHOCTh

* o *
€CTb» — Hy , «9KOIOrMIecKoi onacHocT HeT» — Hp. B

pe3yibTaTe TaKOro pEIUICHHS MOXHO MPEIIOKUTh
0000IIEHHYI0 CXeMy OOHApyXEHHsS JKOJIOIHYECKOH
OMACHOCTH MO pealbHbIM JAHHBIM MOHHTOPHHTA,
KOTOpast IMEeT BHJI, H300paXKeHHbIN Ha pUcyHKe 1.

DKoyoruyeckas
OIIACHOCTh 00BEKTA

DKOJIOru4ecKasi OIacHOCTh HMEET
mecTo (Tumore3a Hy)

DKOJIOrHYecKas OMacHOCTh
OTcyTCTBYeT (rHmoresa Hy)

* *

H; H;,

Ho

MHOKECTBO BO3MOKHbIX PEIIIEHUI

Pucynok 1 — O60061ieHHas cxema 0OHapy>KEHHSI SKOJIOTHIECKONH OMMacHOCTH

AHann3 cxeMbl Ha pUCYHKe | CBHUIETENbCTBYET O
TOM, YTO TpH OOHAPYKEHHH  IKOJIOTHYECKON
OIIACHOCTH IO JaHHBIM MOHUTOPHHIA BO3MOXKHBI KaK
ommOOYHBIE, TaK M  NPaBWIbHBIC  PELICHHS.
OummboyHbIe penieHrss BO3HUKAIOT B JBYX CIIydasx,
COOTBETCTBYIOIIMX  (DAaKTHYECKOMY OTCYTCTBHIO U
HaJIMIHIO 9KOJIOTMIECKOI OIIACHOCTH. Onu
Ha3bIBAIOTCS COOTBETCTBEHHO:

— JI0JICHOe  OOHAapydceHue, KOrna TPHHHUMAETCS
pelIeHne O HaJIMYUU SKOJIOTMYeCKOW ONMAacHOCTH IPU
ee (haKTHIECKOM OTCYTCTBHH;

—nponyck, KOrja TpPUHUMAETCS pelieHue o0
OTCYTCTBUM DKOJIOTHYECKOH ONAaCHOCTH TpH  ee
(haKTUIECKOM HaJIHIHU.

IIpu 5TOM CYIIECTBYIOT W JABa BHIa MPAaBHIBHBIX
pELICHUH, COOTBETCTBYIOIIMX TaKkke (aKTHIECKOMY
HAaJIMYMI0 U OTCYTCTBHIO JKOJOTHYECKOH ONACHOCTH,
KOTOpBIE COOTBETCTBEHHO HA3bIBAIOTCS:

— npasunvbHoe O0OHAapyXceHue, KOrna NPHHHUMAETCS
peleHne O HAJIMYMU JKOJIOTHYECKOH OMAacHOCTH IpU
ee (paKTUIeCKOM HaJIIIUH;

— NpasuIbHoe HeobHapyiceHtie, Korja
NPUHUMAETCS PEIIeHHe 00 OTCYTCTBUH IKOJIOTHIECKOM
OITaCHOCTH TIPHU €€ (PaKTHIECKOM OTCYTCTBHH.

Ilpu 5TOM KaKABIH M3 PACCMOTPEHHBIX BBILIE
ClTyJaeB XapaKTepu3yeTcs 0e3ycII0BHOM
BEPOATHOCTBIO, KOTOpasi B COOTBETCTBUU C TEOPEMOU

YMHOXKEHHUSI BEPOSTHOCTEH MOXKET OBITh NIPEACTABIICHA B
CIIeIyIOIIEM BUJIE:

BbesycnoBnas BEPOSITHOCTh MPaBUIHLHOTO
OOHAPY)KEHHUS IKOJIIOTHYECKOIH OTIACHOCTH
F>(Hl , Hl): P(Hl)P(Hl /Hl). 1)

besycrioBHasi BEpOSITHOCTh JIOKHOTO OOHAPYKEHUS
3KOJOTrMYECKON OITACHOCTH

P(HI'H0)= P(Ho)P(Hf/Ho)- @)

BbesycnoBHas BEPOATHOCTH NIPaBUIIBHOTO
HEOOHapyKEHH HKOIOTHUECKON OMacHOCTH

PHg Ho )= P(Ho P(HG /Ho ). ®)

Bbe3ycnoBHas BEpOATHOCTb MPOITYCKa 3KOJIOTMYECKOM
OIaCHOCTH

Py H)=PHOP(HS M), @

B Beipaxenmsix (1)—(4) P(Hy) u P(Hy) -
amnpPHOPHBIE  BEPOSTHOCTH HAJIWYUS W OTCYTCTBHS

*
9KOJIOTHMYECKOH omacHocTH Ha obwvekre, a P(Hq /Hy),
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P(Hy /Hy), P(Hg/Hg) u P(Hg/Hy) — cootser-
CTBYIOIIIME  YCIIOBHBIE  BEPOSTHOCTH  pEIICHUH,
BBIUMCIIEHHBIE B  IPEAIIOJIOKEHUH  (DAaKTHYECKOro
HaJIMYUsl M OTCYTCTBHS OSKOJOTMYECKOW OIaCHOCTH.
OOBIYHO 3TH  BEPOATHOCTH NPHUHATO  HA3bIBAThH
aroCTEpUOPHBIMHU.

Omnpenenuts 6e3ycrnoBHbie BepositHocTH (1) — (4)
MOXXHO, €CJIM M3BECTHBI allpHOpHBIE U allOCTEPHOPHBIE
BEPOATHOCTU. AIpHOpHBIE BeposTHOCTH P(Hy) n

P(Hy) B mnpuHIUNe MOTyT OBITH ONpENEIeHBI I10

W3BECTHBIM TIPEIBAPUTEIBHBIM CTAaTUCTUYECKUM MU
JpYTUM  JITaHHBIM O TpeanojaraéMoM  TeKyIeM
COCTOSIHUM OOBEKTOB M OKpYXKalomiedl cpeapl. OTH
BEPOATHOCTH  aKKyMYJUPYIOT  HMH(MOpMaLMIO O
MOSABJICHUH U OTCYTCTBUHM 3KOJOTMUYECKON OMacHOCTH
o0bexkToB B mpouutoM. Ecnu Takas uHbopmaums
OTCYTCTBYET, TO BO3HHMKAaeT TaK Ha3blBaeMmas
anpHropHasi TPYAHOCTh OOHAPYKEHHUS JKOJOTMYEeCKOU
OmMmacHOCTH. B 3TOoM ciyyae MOXXHO, MO-BHIMMOMY,
CUNUTaTh, YTO OTCYTCTBUE NI HAJTIUIUC 9KOJIOTHUECKOMH
OMACHOCTH Ha OOBEKTE SIBISETCS DPaBHOBEPOSTHHIM

P(H;)=P(Hp)=05. Takoe npeanonokeHne MOKHO

CUMTATh  CIPAaBEIIMBBIM  JIS  0CO00
00BEKTOB.

ATIOCTEpHOPHBIE BEPOSTHOCTH DEIIEHHH MOKHO
OIPENICIUTh HA OCHOBE OMIUPHUYCCKUX (DYHKIIHI
IUIOTHOCTH  PACIIPENECNICHHsI  BEPOSTHOCTEH 110
CTATHCTUYECKUM JIAHHBIM MOHHUTOPHHTA
9KOJIOTMYECKOM OMACHOCTH M HCIOIb3YEMBIM MOpOramM
npu npuHATUM pemeHus. Ilycte  pi(x) u po(X)

OITaCHBIX

MPE/ICTABISIOT  COOOM  IUIOTHOCTH — pacipe/esieHus!
BEPOSTHOCTH JAHHBIX SKOJOTHYECKOr0 MOHHTOPHHTA
JUISt 3aJJaHHOT'O BPEMEHHOTO UHTEpBaJa
COOTBETCTBEHHO B ClIydyae HAJIWYUA WU OTCYTCTBHUS
JKOJIOTMYECKOM oOmacHOCTH Ha o0bekre. Yacto B
KayecTBe apryMeHTa X B OJTHX pacHpeleleHUAX
MIOHUMAIOT HOpMHUpOBaHHOE 3HaueHne U cirygaifHBIX
JaHHBIX MOHHMTOPHHra II0 OTHOLICHHIO K CpPEOHEMY
3HAYEHHIO BO3MylleHuit o ,T.e. X=U/o.

bynem mosjarate, 4TO BEMUYMHA X OIPEAEIsIET

OTHOCUTENBHYIO BEJIHWYMHY IOpora OOHAapyXEHHUs
ONacHOCTH (WM OLCHUBAHUSI €€ COOTBETCTBYIOLIETO
YpOBHA). DTO O3HadaeT, 4yto BenmmumHa Xg =Ugq/o,
rae Uy — abcomoTHas BENUYUHA IT0pora 0OHaApyKEHHS.
C y4eroM DOTOro amoCTepUOpHBIE BEPOSTHOCTH,
XapaKTepHU3YIOILHe Ka4ecTBO OOHapYKCHUS
9KOJIOTMYECKOH OMAaCHOCTH, MOTYT OBITH OIPEISNICHBI B
COOTBETCTBHH C BBIPAKCHUSIMHU.

1. BeposTHOCTE  TPaBWIBHOTO  OOHAPY)KEHUS
9KOJIOTMYECKOH ormacHocTH D mpH 3aaHHOM IIOpore
Xy Oyzmer onpenensThCs BeTHINHON

P(H; /H)=D= j Py (X)dx . )

Xo

2. BepositHOCTB MpoITycKa 9KOJIOTTIECKON
omacHoctd D mpu 3agaHHOM THopore Xg Oyner
OIPEAEIATHCS BETUINHON

P(Hg/ Ho) =D = [ py(x)ox. (6)
0

3. BepositHOCTB JIOXKHOT 0 OoOHapyXeHHS
9KOJIOTMYECKON OMAacCHOCTH F Ipu 3alaHHOM IOpOre Xg

OyzmeT onpenensaThCs BETHIUHON

P(H IHy)=F = Ipo(x)dx . @)

Xo

4. BeposTHOCTb HeoOHapyKeHUsI
9KOJIOTMYECKON omacHocTH F  mpu 3amaHHOM TIOpore
Xog OyIeT ompenensaThes BETNYHHOM

IMpaBUJILHOT'O

P(HG 1 Ho) = F = [ po()dx. ®)
0

YuuTeiBas, 4TO HMHTErpayll OoT (YHKUWH IIOTHOCTH
BEPOATHOCTU B OECKOHEUHBIX MpefeNax paBeH CIUHUIIE,
st (5)—(9) Oyayr  chOpaBeUTHBBI  OYEBHIHBIC
COOTHOILEHUS:

D+D=1uF+F=1. 9)

Cnenyas (5)—(9), wu3 dyerblpex HapaMmeTpoB,
XapaKTePU3YIOIIHX Ka4ecTBO OOHapyXeHHS
9KOJIOTHYECKOH OMAaCHOCTH, HE3aBHCHMBIMH SIBJISIOTCS
Tonmeko D n F; D u F . Jlobas mapa 3THX BEUYHUH
MOXKET OBITh NPHHATA 33 HMCXOAHYIO XapaKTepPUCTUKY
KOJIMYECTBEHHBIX IOKa3aTelneld KadecTBa OOHApYKEHHS
(orleHMBaHUS YPOBHA) SKOJIOTHYECKOM OMACHOCTH IIO
JAHHBIM MOHUTOPUHIA.

Hampumep, mokazatenn xauectBa D uw  F
OOHApY)KEHHsS JKOJOTHYECKOW OMAaCHOCTH  SBISIOTCS
NPOTHBOPEUYHBBIMH. ECTECTBEHHBIM TpeOOBaHHEM MPH
OOHApY)KEHHH SKOJIOTMYECKON OMacHOCTH IO PealbHbIM
JaHHBIM ~ MOHHMTOPHMHIAa  sIBIIsieTcs  oOecnedeHue
MAaKCHMAJIBHOH  BEPOSTHOCTH D NPaBUIBHOTO
00HapYyKEHUS 1 MUHAMAIIFHON BEPOATHOCTH F J10)kHOTO
obHapyxkeHus. OOHAKO TPH pPEATU3YeMOM IOPOTOBOM
NPUHIMIE OOHAPYKECHHS OKOJOTHYESCKOH ONacHOCTH
YAOBIIETBOPUTH ~ OIHOBPEMEHHO OSTHM  TpeOOBaHHSM
HEBO3MOXHO. OOBSICHACTCS 3TO TEM, UTO IS YBEIHICHUSI
D (5) HeoOXomumMo yMeHbIIATh BEIWYMHY TIOpOra Xg , B

TO BpeMs Kak s ymenpmenuss F (7) BemmumHy mopora
HEOOXOIMMO YBEITHINBATb.

OOBIMHO  peanbHBIE  YCIOBUS  OOHApYKEHUS
9KOJIOTMYECKOH OIAaCHOCTH IO JAaHHBIM MOHHTOPHHTA
00BEKTOB XapaKTEpU3yIOTCS OONBIINM pPa3HOOOpa3HeM.
[TosToMy KauecTBO OOHapyXeHHUs IEeIecoo0pa3HO
paccmaTpuBaTh B CpeIHEM JUIS  COBOKYITHOCTH
BO3MOJKHBIX YCIIOBHII C Y4€TOM CTOMMOCTH OIIMOOYHBIX
peLeHuit.
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HYCTB CTOUMOCTH JIOKHOI'O O6Hapy)K€HI/I$I
9KOJIOTUYECKOM OIMacCHOCTH OIIPEACIIACTCA BEIIMYHMHON
e, a CTOMMOCTBH IIPOITyCKa — I"B . TOFI[EI CpeaHAd

CTOMMOCTh OIMMOOYHBIX pEIICHUH (CpeqHMA PHCK
00HAPY)KEHHS SKOJIOTUICCKON OITACHOCTH )

R =rzFP(Hg) + r5DP(Hy). (10)

VYunteBast (9) Belpaxkenue (10) Moxer OBITH
IPEJICTaBIICHO B BULIE:

R=rgP(H){1-[D-1pF]}, (10)

rae lg =reP(Hp)/rgP(Hp) - BecoBoit muoxkuTEND. U3

Beipakerust (10) crnemyer, 4ro B o0OmmeM ciydae
TIOBBILIEHHE KauecTBa OOHAPYKEHHs 3KOJIOTHYECKOM
OIACHOCTHM Ha 00beKkTe B cpenHeM (yMEHbIIEHHE
CpEeIHEro pHCKa) CBS3aHO C YBEIHYCHHEM BEIHYUHBI
D-IlgF, «xoropas 3aBHCHUT OT pealu3yeMbIX

nokaszaTeneil KadecTBa OOHApYKEHHS JKOJIOrMYECKOU
OIIaCHOCTH, allpUOpHbIX HAaHHBIX O HAJIWYUU U
OTCYTCTBUHM OJKOJOT'MYECKOW ONacHOCTH, a TaKke
CTOMMOCTH COOTBETCTBYIOLIUX OLIMOOYHBIX PEUICHUH.
Ecnu pemienue 00 OOHapy:KEHHH HSKOJIOTHMYECKOM
OIMMaCHOCTHU 110 pPECaJbHBIM JJAHHBIM MOHHUTOPWHTA
OCYIIECTBIISIETCS] C TOMOIIBI0 TEXHUYECKHX CPE/CTB,
TO Te CpelcTBa, U1 KOTOpbIX BeiawumHa D —IgF

Oyner umerh OoJjblliee 3HAUEHHE, OYAYT B CpeIHEM
obecrieunBaTh M JIydlllee KadecTBO OOHApYyKEHUs
9KOJIOTMYECKOH OMaCHOCTH.

Beipakenne  (10)  coBmectHo ¢ (5) —(8)
OIpe/IeyIsIIOT ~ O0OOLICHHYI0 ~ MOJeNb  KadecTBa
OOHapy)KEeHHS SKOJOTMYECKOH OIAaCHOCTH Ha OOBEKTe.
[Monyuennass o00OOLIEHHAs MOJAEIb TEOPETUUECKH
00OCHOBaHA M CBA3BIBAET TAKUE BaKHBIE IMApaMeTphI
OOHapy)XeHHS KaK allpuOpHBIE BEPOATHOCTU HATUYHS U
OTCYTCTBHUSI JKOJOTMYECKOW ONAcCHOCTH Ha OOBEKTE
(nadopmarnmio 0 MPOLLIOM 9KOJIOT HMIECKOH
OMAaCHOCTH), CpPENHUN pPHCK OOHApYKEHHUs, a TaKKe
peanu3yeMble IIOKa3aTelNd KadyecTBa OOHAPYKEHUS B
BUJE BEPOATHOCTEH MPAaBHIBHOIO M JIOKHOTO
OOHapy)XeHHS  OKOJIIOTMYECKOH  OMacHOCTH |
CTOMMOCTEH €€ JIOKHOT0 OOHApY)KEeHHS 1 POITyCKa.

Yacro B peambHBIX YCIOBUSAX MOHHTOPHHIA
SKOJIOTHYECKOW OIMaCHOCTH Ha OOBEKTe B TEKYIIUit
MOMEHT BpEMEHH OTCYTCTBYeT HH(OpMamus o ee
ucropun — P(Hg)=P(H;)=0,5. IIpu stom GniBaer
TPYAHO OLEHUTh W CTOMMOCTH (PHCK) OIIHOOYHBIX
pemieHuid. JleMcTBUTENbHO, KaK OLEHUTb IOTEPH,
CBSI3aHHBIE C JIOKHBIM OOHApY)XCHHEM H IPOIMYCKOM
3KOJIOTMYECKON OImacHOCTH Ha 00Bekre? Kak oneHuTh
KOJIMYECTBEHHO PE3yNbTAThl IIAHUKU CPEIr HaceJeHHS,
BBI3BAaHHOH JIOXKHBIM OOHApY)KEHHEM 3KOJIOTHYECKON
ONACHOCTH,  WJIM  TPUTYIUICHHA  OJUTEIBHOCTH

ABapUHMHBIX ¥ CIIacaTeJbHBIX CIYXO W Toapa3aeneHun?
B KakuxX eoMHHUIIAX MOXXHO HW3MEpPHUTh YeIOBeYECKHe
JKEPTBBI W Pa3pyIICHHS, BBI3BAHHBIE IPOIYCKOM
9KOJIOTMYECKOH OMAacHOCTH M €€ IOCIEICTBUSIMH?
OTcyTcTBHE JaHHBIX O CTOMMOCTH TIOTEPh B psizie
Clly4aeB TPUBOAUT K HEOOXOIMMOCTH IojaraTh, 4YTO
5 =T¢ =1. Ilpu »tux ycmoBusix lp=1 u Torma

00o6mienHas mozens (10) ynpormaercs

R=0,5{1-[D - F]}. (11)

Mogens (11) MOKHO TIPHHATH B KAa4eCTBE YaCTHOU
YIPOIICHHOM U UCTIONIE30BATh €€ MPU OPUCHTUPOBOYHBIX
pacueTax KOJHUUSCTBCHHBIX MOKa3aTesel kauectsa (D u

F) oOHapyxeHHs OSKOJIOrMYECKOH ONAcCHOCTH IO
peabHBIM TaHHBIM MOHHTOPHHTA OOBEKTOB B YCIOBHUSIX
HeonpeneneHHocTH.  [laHHas  Monenb — ompenaenseT
CPeIHHH PHUCK OT BO3MOXKHBIX OIIMOOK OOHApYXCHUS
SKOJIOTUUECKOW OMacHOCTH, KOTopbld, crnexays (11),
SIBJISICTCA d)yHKHI/IOHaJ'IOM COOTBCTCTBy}OLL[I/IX
IJIOTHOCTEW  pachpesiesieHUss BEPOATHOCTU  JAHHBIX
MOHMTOPHHIA U UCNONB3yeMOro nopora. M3 BelpaskeHus
(11) cnenyer, uro s 0OeCIeYeHUs! HyJIEBOTO CPEIAHETO
pUCKa TpU OOHAPYKEHHH SKOJIOTHYECKOM ONacHOCTH
(MaKCHMMaIbHOTO KauecTBa OOHAPYKEHHUS OMACHOCTH) Ha
00BbEKTaxX B YCJIOBHSAX HEONPENEIICHHOCTH pPa3HOCTh
BEPOSITHOCTEH MPAaBUIILHOTO M JIOKHOT'O OOHApYXKEeHHUS
(D wu F) DKOJIOTHYECKOM  OIMACHOCTH  HOJDKHA
CTPEMUTHCS K SANHHIIE.

BoiBoabl. Takum 00pa3oM, Ha OCHOBE H3BECTHOTO
CTaTUCTUYECKOro Imoaxona o0ocHoBaHAa 0000LIEHHAS
MaTeMaTuueckas MOJENb  KadecTBa  OOHApYKEHHUs
SKOJIOTUYECKOW OMacHOCTH TI0 peabHBIM JaHHBIM
MOHHUTOpPHHTa O00BeKTOB. [laHHAasg MoOJenb CBS3BIBACT
Takue Ba)KHBIE mapaMeTpbl oOHapyKeHHs
SKOJIOTHYECKOW OMACHOCTH KaK TEKYIIHe AamnpHOpHBIE
BEPOSITHOCTH HAJMYUsI U OTCYTCTBHSA DKOJIOTHYECKOU
OMACHOCTH Ha O0BEKTEe, CPEIHHN PHCK OOHAPYKEHHUS
SKOJIOTHUECKOW OMAacCHOCTH, BEPOSTHOCTH NPABUIIBHOTO
U JIOKHOT'O OOHApYKEHHUs SKOJIOTMYECKOH OMAcCHOCTH, a
TaKXKe CTOMMOCTH OLIMOOYHBIX PEIICHHH, CBSI3aHHBIX C
MPOIMTYCKOM W JIO)KHBIM OOHApPY)KEHUEM DKOJIOTUYECKON
OIIACHOCTH.

Ha ocHOBe 0000mEeHHONH MOAENH MpemIoKeHa
YyacTHasl YIpOIIEHHAass MOJENb KadecTBa OOHAPYKCHHUS
SKOJIOTHYECKOW OMacHOCTH TI0 pEalbHBIM JaHHBIM
MOHHUTOPHHTA 00BEKTOB, OMPEAEIISIONIAs CBA3b CPETHETO
pUCKa OMHUOOYHBIX pEIIeHHH, C BEPOSATHOCTIMHU
MPaBHILHOTO ¥ JIOKHOT'O OOHAPYKEHHUS HKOJIOTHIECKON
OMACHOCTH.  YTPOIIEHHAas MOJENb MOXET OBITh
WCITIONIb30BaHA HAa TPAKTUKE Ui OPHUEHTHPOBOYHOTO
OlpeNeNieHus] TIOKa3aTeleld KadecTBa OOHapyKECHHUS
SKOJIOTHYECKOW OMacCHOCTH TI0 pPEalbHBIM JTaHHBIM
MOHHTOPHHTA 00BEKTOB B YCIOBUSIX HEOMPEACTICHHOCTH.
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Bb. b. ITocnesios, B. A. AHIpoHOB

MOJIEJb SKOCTI BWABJIEHHS EKOJOITYHOI HEBE3NEKA IO PEAJIBHUX JAHUX
MOHITOPUHI'Y

IpencraBnena y3aranpHeHa MaTeMaTHYHA MOJENb SKOCTI BHSABJICHHS EKOJOTIYHOI HEOE3MEKH 3a pealbHUMH
JaHUMHU MOHITOPHUHTY 00'€KTiB. Mozenb, 110 MPOMOHYEThCS, 0a3yeThCsl HA TAaKMX BAXJIMBUX IapaMeTpax BUSABICHHS
€KOJIOTIYHOI HeOe3Mekn 00’€KTIB 332 pealibHUMHU JJAHMMH MOHITOPHHTY SIK MTOTOYHI amnpiopHi HMOBIpPHOCTI HasBHOCTI i
BIJICYTHOCTI €KOJIOTi4HOi HeOe3neku Ha 00'€KTi, CepelHill PU3HMK BHSBICHHS €KOJIOTIYHOI HeOe3neKkH, WMOBIPHOCTI
MPaBHJIBHOTO Ta IOMUJIKOBOT'O BUSIBIICHHS €KOJIOTiYHOI HEOE3IeKH, a TAKOXK BapTOCTi IIOMUIIKOBUX PillIeHb, MOB'sI3aHIX
3 MPOITYCKOM 1 MMOMUJIKOBUM BHsIBIIEHHSIM. Ha OCHOBI y3arajgbHEHOT MOJEJi 3alporoHOBaHa CIPOIeHa MOJIEINb SIKOCTI
BUSIBJICHHSI €KOJIOTIYHOI HEOE3MeKH 3a pealbHUMU JaHUMU MOHITOPUHTY OO'€KTIB, 10 BU3HAYA€ 3B'SI30K CEPEIHBOrO
PU3UKY NOMHJIKOBUX pillieHb, 3 BIPOTiIHICTIO MPAaBUIBHOTO 1 TOMMIKOBOTO BHUSIBJICHHS €KOJOTIYHOI HeOe3MeKu.
CrpormieHa Mozenb Moxe OyTH BUKOPUCTaHA Ha MPaKTHIL i OPIEHTOBHOTO BU3HAYEHHS 0a30BHX IMOKA3HHKIB SIKOCTI
BUABJICHHS €KOJIOT19HOI HeOe3Imeku 3a peaTbHIMHU JaHUMH MOHITOPHHTY 00'€KTiB B YMOBaX HE BH3HAYCHHSI.

Ki1040Bi c1oBa: MaTeMaTHIHa MOJIENb, SIKICTh BUABIICHHS €KOJIOT1YHOI HeOe3meKn 00'eKTiB, JaHi MOHITOPHHTY.

B. Pospelov, V. Andronov

MODEL OF QUALITY OF DETECTION OF ENVIRONMENTAL HAZARDS USING REAL DATA OF
MONITORING

Development of quality models of environmental hazard detection for real data monitoring in the form of the
problem of testing two statistical hypotheses. Well-known methods and the results of solving the problem of testing two
statistical hypotheses using in relation to the problem of detection of environmental hazard according to monitoring by
technical means. Propose a generalized mathematical model of quality environmental hazard detection. On the basis of
the generalized model have proposed the simplified model of the quality of detection of environmental hazards on the
monitoring data. The generalized model is based on the current priori probability of the presence and absence of
environmental hazards, on the average risk of environmental hazard detection, on the probability of correct and false
detection of danger, as well as the cost of wrong decisions related to the pass, and false detection. Simplified model
determines the relationship of average risk of erroneous decisions, with the probabilities of correct and false detection
of environmental hazards. The models can be used in practice for assessing and determining of basic indicators of the
quality of detection of environmental hazard according to monitoring real objects.

Keywords: mathematical model, the quality of detection of environmental hazards objects monitoring data.
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ASSESSMENT OF THE AIR POLLUTION AT THE INDUSTRIAL STATIONS
IN METROPOLITAN AREA OF BUCHAREST

The assessment of the level of NO, concentration in industrial stations Titan, Berceni and Drumul Taberei from
Bucharest urban area is the aim of this paper. The study has been performed for the all the four seasons: winter, spring,
summer and autumn, for year 2015. In this study it was take in consideration the variation of pressure, temperature,
meteorological parameters across the year. The measurement shows that the highest NO, concentrations occur in the
winter and autumn periods, due to unfavorable meteorological dispersion conditions and due to the traffic and operation of
thermal power plants in the cold seasons. These thermal power plants, in Bucharest, operate on natural gas, because plants
have been refurbished. Generally, the results show that the industrial stations are the main contribution when the NO,
exceed the limit value, according to Law 104/2011. This exceeded of limit value together with meteorological condition
and development of industry affect the human health, affect vegetation. This type of study of spatial and temporal
variability of pollutant concentrations allows evaluating the requirements of air quality models to represent the key effects.

Keywords: pollutants, spatial and temporal variability, industrial, meteorological conditions.

1. Problem statement and Analysis of the recent
researches and publications

Air pollution was first perceived as a local problem
in urban industrialized areas, hence taller smoke-stacks
for industries and power plants were a ready solution.

The largest source of pollution in most urban areas
is represented by the industrial sources and road traffic.
In urban areas, where the population is very numerous
and the traffic is relatively high, the exposure of people
to the concentrations related traffic is significant [1].

Industrial revolution represents the threshold from
which the level of pollution grew fast as a result of
increased energy needed for the production of steam
power engine. In the 19th century, coal became the
main used fuel causing a significant increase in smoke
and ash released into atmosphere [2].

Air pollution is mainly a wintertime problem
related to stagnant meteorological conditions during
synoptic high-pressure situations. Limit levels of NO,

in Romania are also defined in the Law 104/2011
which relates to air quality [3].

The aim of our paper is to assess the concentration
levels of NO, for year 2015 at industrial station

stations Titan, Berceni and Drumul Taberei from
Bucharest urban area. The characteristics of the site
and the data from industrial stations used were
presented in Section 2. The assessments of the level of
pollution taking account of meteorological data are
presented in Section 3. In final of the paper some
conclusions were presented.

2. Statement of the problem and its solution

2.1. Data

Bucharest is Romania's capital and at the same time
the largest city and the main political, administrative,
economic, financial, banking, educational, scientific
and cultural Centre in Romania.

The city of Bucharest is located in the southern part
of Romania, with a population of 1.92 million permanent
residents. The city is situated at an altitude of 60...90 m,
the rivers Dambovita and Colentina, 44°25'50" north
latitude (as Belgrade, Geneva, Bordeaux, Minneapolis)
and 26°06'50" east longitude (as Helsinki or
Johannesburg), about 60 km from the Danube, 100 km
and 250 km from the Carpathians to the Black Sea.

2.2. Characterizing of stations for measurements

In Bucharest area are eight automatic stations for
monitoring air quality. These stations are: 2 traffic
stations (Cercul Militar and Mihai Bravu), 3 industrial
stations (Titan, Berceni and Drumul Taberei), 1 urban
background station (Environmental Protection Agency)
and 2 regional background stations (Balotesti and
Magurele). Figure 1 present the distribution of the air
quality monitoring stations from Bucharest [4].

The study has been performed for evaluation of the
air quality at the industrial stations (Titan, Berceni and
Drumul Taberei) for all the four seasons: winter, spring,
summer and autumn, for year 2015. In this study it was
take in consideration the variation of pressure,
temperature, meteorological parameters across the year.

2.3. Characterizing of meteorological data

Bucharest climate is moderate continental, with an
average annual temperature 10...11°C; western and
southern influences explains the long and warm autumns,
of mild winter days of early springs. The average
monthly temperature records lowest in January, with an
average of -3 °C. Summer is very hot in July the average
temperature is 23 °C, sometimes even reach 35...40 °C.
Rainfall is low, averaging 585 mm per year, but higher
flow summer: the highest monthly average amounts of
rainfall in June (about 85 mm), and lowest in March
(15 mm).
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Figure 1 — The distribution of six measurement stations in Bucharest

Distribution of annual wind rose for three industrial wind direction is from North West and South East and
automatic stations is represented in figure 2, 3 and 4 [5]. from North to South East.

From the analysis of wind rose diagram for From the analysis of wind rose diagram for industrial
industrial Berceni and Titan stations the predominant Drumul Taberei the predominant wind direction is from

north-east to south-west.

Industrial Station Berceni
Annual Wind Rose

WIND SPEED

v (mis)

1 Il -1
88-11.1
57-88
36- 57
21- 36
05- 21
Calms: 22.85%

EEERE

Industrial Station
Titan
Anual wind rose

WIND SPEED

Vo (mis)

1 Il =114
88-11.1
57-88
36- 57
21- 36
05- 21
Calms: 41.62%

EEEEn

Figure 3 — Annual wind rose at Station Titan
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Industrial Station
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Annual wind rose
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=111
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Calms: 28.75%

Figure 4 — Annual wind rose at Station Drumul Taberei

3. Results and discussions

3.1. Description of power plant across from
industrial monitoring stations

Power plants are major sources of air pollution in
Bucharest, through the operation mode with liquid
fuels witch having a high sulfur content, spilling into
the atmosphere large quantities of SO,, NO,, CO,
CO,, dust, smoke, fly ash [6].

In this article the pollution sources is represented by
the power plants close to industrial monitoring stations
(Berceni, Titan and Drumul Taberei). This power
plants are: South Power Plant close to automatic
monitoring stations Titan, Progresu Power Plant close
to automatic monitoring station Berceni and Power
Plant Grozavesti close to automatic monitoring station
Drumul Taberei. These power plants works on natural
gas, and the resulting pollutant from combustion is
nitrogen oxides [7].

3.2. Analysis of NO, concentration measured at
automatic monitoring station in winter, spring, summer
and autumn

Titan industrial station is located in the east of
Bucharest. The following figures show the variation of
NO, concentrations measured at industrial automatic

station Titan (pollutions from Power Plant South,
residential sources (residential heating and traffic)).

Winter season (figure 5): limit value is exceeded in all
the winter months, the limit is 30 pug/md. It recorded large
increases in December and February; the amount goes up
to 280 pg/m?. For the spring season (figure 6), the highest
value is over 100 pg/m? and recorded in March, when it is
still cold, and people use wood, natural gas for heating.

In summer, the concentration values (figure 7) are
exceeded in particular due to traffic since plants produce
only hot water, and only used for heating the population.
In autumn (figure 8) NO, concentrations are exceeded,

due to the operation of power plant, concentration values
are up to maximum values up to 100 pg/m?.

Berceni industrial station is located in the south of
Bucharest. The following figures show changes in
concentrations measured at industrial automatic station
Berceni (pollution from Power Plant Progresu and from
residential sources).

NOx - Winter annual mean concentration(ug/m3) for Titan Industrial Station

30 ug/m3 - Limit value according to Law
10472011

i
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I
At
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Figure 5 — Winter annual concentration
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NOx - Spring|annual mean concentration(ug/m3) for Titan Industrial Station
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- ] 10472011
Cm J\
=
E""' 1 1 i
Y I IL
AN '
Y A P T PO Y B
NI \mf WA ERVIVAIING
n“ SES wbabdaiedafifa ol § ¥ & Sl b oo & b bbb
March ) April May
Figure 6 — Spring annual concentration
NOx- Summer annual mean concentration{ug/m3) for Titan Industrial Station
b 30 ug/m3 - Limit value according to Law
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Figure 7 — Summer annual concentration
NOx - Autumn annual mean concentration{ug/m3) for Titan Industrial Station
30 ug/m3 - Limit value according to Law
Ll 10472011
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Figure 8 — Autumn annual concentration

Analyzing the chart (figure 9) for the winter season,
the limit value is exceeded in December and February,
concentrations reaching up to about 200 pg/m?. For the
spring season (figure 10), the highest value is

Scientific and technical journal < TECHNOGENIC AND ECOLOGICAL SAFETY», No 3(1/2018)

140 pg/m?® and recorded in March. Also in March a few
values were not recorded, possibly due to downtime

analyzers. As we approach the summer concentrations of
pollutants decreases.
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NOx - Winter annual mean concentration{ug/m3) for Berceni Industrial Station
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Figure 9 — Winter annual concentration

NOx - Spring annual mean concentrationfug/m3) for Berceni Industrial Station

30 ug/m3 - Limit value according to Law
104/2011
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Figure 10 — Spring annual concentration

For the summer season (figure 11) records a few
peaks in value of nearly 100 pg/m3, these values are in
July and August in a few days, possibly from damaging
the analyzer or the increased flow of cars. In autumn
(figure 12) NO, concentrations are exceeded, due to
the operation of power plant, concentration values are
up to maximum values up to 100 pg/m?®.

Drumul Taberei Industrial Station is located in the
west of Bucharest. The following figures show changes
in concentrations measured at industrial automatic
station Drumul Taberei (pollution from Power Plant
Grozavesti and from residential sources (heating
population and traffic).

NOx - Summer mean concentration{ug/m3) for Berceni Industrial Station

30 ug/m3 - Limit value according to Law
10472011
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Figure 11 — Summer annual concentration
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NOx - Autumn annual mean concentration{ug/m3) for Berceni Industrial Station

30 ug/m3 - Limit value according to Law
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Figure 12 — Autumn annual concentration

The highest value of the concentration recorded in
December (figure 13), reaching almost 400 pg/m?, and
the major source of pollution is industrial sources
(Power Plant Grozavesti) and traffic. The area is
extensively circulated by cars passing to the west to
exit on the highway, but also because it is underground
and the number of cars, buses is higher.

For the spring season (figure 14), the highest value
is 200 pg/m?® and recorded in March. Also in March a
few values were not recorded, possibly due to

downtime analyzers. As we approach the summer
concentrations of pollutants decreases.

In the summer season (figure 15) a few peaks are
recorded in value in July because of traffic, and in
August the concentrations is decrease because a lot of
citizen going in vacation. For the autumn season
(figure 16) there was a statistically significant increase
concentration because in operation Power Plant
Grozavesti and traffic. The highest value recorded in late
November about 300 pg/m?.

30 ug/m3 - Limit value according to Law

NOx - Winter annual mean concentration{ug/m3) for Drumul Taberei Industrial Station
- 10472011
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Figure 13 — Winter annual concentration
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NOx - Spring annual mean concentration{ug/m3) for Drumul Taberei Industrial Station

30 ug/m3 - Limit value according to Law
104/2011
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Figure 14 — Spring annual concentration
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NOx - Summer annual mean concentration(ug/m3) for Drumul Taberei Industrial Station

30 ug/m3 - Limit value according to Law
10472011
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Figure 15 — Summer annual concentration
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Figure 16 — Autumn annual concentration

Conclusion. This paper presents an experimental
study about the sources of atmospheric pollution in the
metropolitan area of Bucharest and observations are
made based on computer programs developed by the
authors, a prediction in concentration of polluting
substance in a clearly defined geographical point. An
Access database was developed obtain the needed

information provided by automatic monitoring stations
which exist in given geographical areas, meteorological
parameters for both the pollutants and for NO,
concentrations in the atmosphere.

Analyzing graphical representations of measured
concentrations of nitrogen oxides from air quality
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industrial automation stations monitoring, power plants In conclusion, it is necessary to modernize
represents the main industrial source of pollution installation of power plants by replacing the pollution
during winter and autumn and in summer pollution filters in order to reduce pollution levels.
comes from traffic. Meteorological factors also play an important role,

Most pollution (pollution footprint) is represented since pollution is influenced by the thermal inversion
by power plant Grozavesti, followed by South and because of the existence of Dambovita River. Thermal
Progresu power plants. Traffic impact is greater in the inversion appeared in days when the water is cooler than
exit area of Bucharest, especially in the west and south. the air, and winds are weak.

REFERENCES

1. Fenger, J. Urban air quality [Tex] / J. Fenger // Atmospheric Environment. — 1999. — Ne 33. — P. 4877-4900.

2. Kyle, T. Atmospheric Transmission [Tex] / T. Kyle // Emission and Scattering, Pergamon. — 1991. — Firsr
Edition. — P. 300.

3. Law 104/2011 — Air quality. — Available: http://lege5.ro/Gratuit/gi2tqmjzgg/legea-nr-104-2011-privind-calitatea-
aerului-inconjurator.

4. Air guality monitoring network. — Available: www.calitateaaer.ro.

5. Balaceanu, C. A study of air pollution in the area of the industrial objective using the dispersion Model at Local
Scale [Tex] / C. Balaceanu, S. Stefan // Annals of Physics. Bucharest. — 2003. — P. 83-89.

6. Wayne, R. Davis. Air pollution engineering manual [Tex] / R. Davis Wayne // John Wiley&Sons Inc. — 2000. —
Second Edition. — P. 912,

7. Balaceanu, C. The assessment of the TSP particulate matter in the urban ambient air [Tex] / C. Balaceanu,
S. Stefan // Romanian Academy — Romanian Reports in Physics. — 2004. — Vol. 56. — Ne 4. — P. 757—768.

Cmamms Haottwna 0o peoaxyii 30.10.2017 p.

K. M. banauany, I'. Iopnaue . .
OIIHKA 3ABPYJIHEHHS IIOBITPS B PAUOHI TPOMUCJIIOBUX CTAHIIU METPOIIOJIITEHY B
BYXAPECTI

Meroro nmaHoro mocmimkenHs € ouinka piBus koHuentpauii NO, Bim mpomwucnoBux cranmiit Titan, Berceni u

Drumul Taberei B Byxapecri. JlocmimkeHns: 6ys10 BUKOHAHO TSl YOTHPHOX CE30HIB: 3UMa, BECHA, JIITO # ocitb 2015 p.
VY nociimkeHl BpaxoBaHi 3MiHM aTMOC(HEPHOTro THCKY, TEMIIEPATYpH i METEOPOJIOTIYHUX MapaMeTpiB BIIPOIOBXK POKY.
BumiproBanHs mokasany, o HaiiBuima kosueHTpauiss NO, cmocrtepiraeTbcst B 3UMOBHII 1 OCIHHIM mepionu, depes

HECIIPUSTIMBI METEOPOJIOTiYHI YMOBH i TIOYATOK eKCILTyaTalil TeIUIOBUX €JIEKTPOCTaHLiN B XonoqHui ce30H. Teruosi
eNeKTpocTaHIii B byxapecTi mnpaijforoTh Ha TPUPOAHOMY Ta3i, OCKUIBKH TiJIPHEMCTBA OylnM MOJAEPHI30BaHi.
PesynpraTi mokasanu, IO MPOMHCIOBI CTAaHII{ € TOJOBHUM JDKEPENIOM IIEpeBHINEHHS IpaHudHOro 3HadeHHI NO, ,

BcTaHoBieHoro 3akonom 104/2011. IepeBuiieHHs HOMYCTUMOTO 3HAYEHHS KOHIICHTPAIN] IIKiUTHBOTO KOMITOHEHTA Y
TIOBITPI MPH MEBHUX METEOPOJIONIYHUX YMOBaX BiJl MPOMHKCIIOBOCTI, 10 PO3BUBAETHCS, BILIMBAE HA 3/I0POB'S JIFOJJMHU 1
pociunHICTh. Criocid TOCHIPKEHHST MPOCTOPOBOI i 4acOBOi MIHJIMBOCTI KOHIGHTpallii 3a0pyJHIOIOYHX PEYOBHH
JI03BOJISIE OL[IHUTH MOJIEII SIKOCTI TOBITPS JUIsl OTPUMAaHHS KITFOUOBUX PE3YJIbTaTiB.

Karwuosi ciioBa: 3a0pyIHIOI0YI PEYOBUHHM, MPOCTOPOBA W 4YacOBa MIHJIMBICTh, MPOMHMCIOBI W METEOPOJIOTIHHI

YMOBH.

K. M. bBanauany, I'. Mopaaue . .
OIIEHKA 3AT'PA3HEHUSA BO3AYXA B PAUMOHE NMPOMBIIINJIEHHBIX CTAHIIMU
METPOHNOJMTEHA B BYXAPECTE

Ilenbro JaHHOTO MCCIEIOBAHMS SBILSIETCS OLCHKA ypoBHs KoHUeHTpaimu NO, OT IMpOMBINUICHHBIX CTaHImii Titan,

Berceni u Drumul Taberei B Byxapecre. MccienoBanue BEIIOTHEHO s YETHIPEX CE30HOB: 3MMa, BECHA, JIETO M OCEHb
2015r1. B wHCCIENOBaHWM YUTEHBI HM3MEHEHHs aTMOC(EPHOro [aBICHHS, TEMIEPATYPHl W METEOPOIOrHYECKUX
napaMeTpoB B TeueHHe rofa. M3MepeHust TOKa3all, 4To camas Bbicokast KoHienrpamus NO, HaOmogaercss B 3MMHMI

W OCEHHHH NEepHOIbl H3-3a HEOJArOoNpUSATHBIX METEOPOJIOTMYECKHX YCJIOBHH M Hadalla JKCIUTyaTalldH TEIUIOBBIX
AJIEKTPOCTAHIINI B XOJONHBIA Ce30H. TeIuioBBIe SMEKTPOCTAHIMKA B byxapecre paboTaroT Ha NPUPOJHOM Tase,
TIOCKOJIBKY TPENNPHATHS ObLTH MOACPHH3HPOBAHBI. Pe3ynbTaThl MOKa3alid, YTO MPOMBIIUICHHBIE CTAHIMH SBISIOTCS
OCHOBHBIM HCTOYHHKOM MpeBblieHus: npenensHoro 3Hauenuss NO,, ycranmosienHoro 3akonom 104/2011.

HPCBBIIHEHI/IC OpeaAcIbHOIO 3HAYCHUA KOHUCHTPALUMU BPEAHOIO KOMIIOHCHTAa B BO3AYXC IIPpU OMNPCACICHHBIX
MCTCOPOJOrMYCCKUX  YCIOBHUAX OT paBBPIBaIOIIICﬁCSI NPOMBIIUICHHOCTH, BJIMACT HaA 3J0POBbBE UYCIOBCKA H
PACTUTCIIBHOCTD. Cnoco0 HCCIICAOBaHUA HpOCTpaHCTBGHHOﬁ u BpeMeHHOﬁ HN3MCHYMBOCTH KOHHCHTpaIII/Iﬁ
3arpsAsHAIONINX BCHICCTB IMMO3BOJIACT OLICHUBATH MOACIN Ka4CCTBA BO3AyXa IS MOTYYCHUS KIIFOYCBBIX PE3YJIbTATOB.

KiroueBble ciioBa: 3arpsA3HsAIOIIME BCHICCTBA, MPOCTPAHCTBEHHAA U BPEMCEHHAA U3MCHYMBOCTH, MIPOMBIIIJICHHBIC U
MCTCOPOJOrNYCCKHUC YCIOBUL.
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M. M. 3aneprJIsiHHHIA, K. T. H., JIOII., JOII. Kad.
Onecbka HaliOHAbHA aKaAEMisl XapYOBUX TEXHOJIOTIH
Byn. Kanartha, 112, M. Oneca, Ykpaina, 65039

YTBOPEHHS ITNJTY HA HIATNTPUEMCTBAX I'AJIY 31 XUIIBOIIPOAYKTIB
I3MEHIIEHHSA MAJIOBUAIVIEHHSA

[IpoananizoBaHi OCHOBHI BHPOOHMWYI TpOLECH MiANPUEMCTB Taily3i XJIOONPOAYKTIB SIK JKepella YTBOPEHHS
3a0pyAHIOBAIEHUX pedoBuH. [10ka3zaHo, 0 TEXHOIOTIUHI MPOIECH MiIPUEMCTB CYIPOBOUKYIOTHCS BHIUICHHSIM TTAITY
y BUpOOHWYI NPUMIIIEHHSI 1 HaBKOJHIIHE CEPEJOBHILE 1 1€ HECHPHUATIMBO BIUIMBA€ Ha MIKPOKIIMAT i CaHITapHO-
TiTi€HIYHUN CTaH IEXiB MiAMPUEMCTB, CIIPUSE BUHUKHCHHIO HEOC3MEUHMX Ta IIKIJIMBUX BUPOOHUYMX (HAKTOPIB, IO
BIUIMBAIOTh Ha CTaH AOBKULIA 1 3/I0POB’S TMPAIIOOYMX. Y TOYHEHO CKIIaj i BIAacTUBOCTI muily. [lokazaHo, 1o 3 MeToro
3MEHILEHHSI aHTPOIOT€HHOI'0 BIUIMBY MiJNPHUEMCTB Taly3i XJIiOOHNPOAYKTIB Ha aTMOc(epHE NOBITPsS HEOOXiTHO
CTBOPUTH CHCTEMY, sIKa JO3BOJSE JIIKBIyBaTH NPUYMHM YTBOPEHHS MWITY. 3allpOIIOHOBaHI yYMOBU 3MEHIIECHHS

MMWIOYTBOPCHHS 1 TIMJIOBUIIICHHS.

Koarouosi cioBa: mun, 3a0pynHIOBaJIbHI PEYOBHHH, OYHMIEHHS aTMOC(EPHOro TMOBITPs, MOXKEXKHA W eKoyloriyHa

Oesmeka.

IToctanoBka mpooeMn. 3axucT aTMOC(HEpPHOro

HOBITPS  BiJl  3a0pyAHIOBAILHHX  MPOMHUCIOBUX
BUKUAIB — OOHA 13 HaHBaKIMBINIMX MPOOIeM
CY4acHOCTI.

Micra 3 NpOMHUCIOBHMHU O0’€KTaMU € IIEHTPaMH
HaWroCTPIlIMX E€KOJIOTIYHHUX MPoOJeM, 0e3 BHpIIICHHS
SIKNX HEMOJJIMBUH TIepexiJ] CyCHiIbCTBa JI0 CTAJIOro i
TapMOHIMHOTO PO3BHUTKY, 3a0e3MeYeHHs JOCATHEHb
COLIIAJIbHO-EKOHOMIYHOT ~ CTalbiIbHOCTI,  30epeneHHs
COPUATIMBOIO  HAaBKOJNMIIHBOTO  CEpeloBHINA 1
HPUPOAHOPECYPCHOTO ITOTEHIIATY.

B ocranHi JgecATWIITTS JAedani  BUpa3HILIMMU
CTal0Th HeraTuBHi HACJTI IKK MPOrpecyroUoi
ypOaHizauii: 3a0pyJHEHHs MICBKOrO CepeoBHIIa,
3pOCTaHHS BiJIXOJIB BUPOOHUIITBA, IiIBUILECHHS PiBHSI
3aXBOPIOBAHOCTI HACETICHHS TOLIO.

Y rtakux yMoBax Ui MIANPHEMCTB  ramysi
XJIIOOMPOYKTIB aKTyaJbHUM 3aBJAHHIM € 3JIIHCHEHHS
HEOOXIHUX 3aXOiB IIOAO0 3alo0iraHHs LIKIJJIMBUM
BUKHUZIAM B aTMochepy.

Bukuam Takux NWIONOMIOHMX MPOIYKTIB Y
HABKOJIMIIHE CEPEOBUIE HE TIIBKHA IOTIPUIYIOTh
CaHITapHO-TITIEHIYHUN CTaH BUPOOHUYUX IPHUMIIICHB,
COpusitoTh  30iiblIeHHIO  (akTopa  BHOyxO- i
MMOXKEeKOHEOE3MEeKH, aje 1 IOB’s3aHi 3 MPSIMHMHU
BTpaTaMH TOTOBOI Mpoxykiii. Tomy BHpoBamKeHHS
3aXOMiB 10 CKOPOYEHHIO BHUKHUAIB MHIJIOMOAIOHOTO
MPOAYKTY 3 BiANpPalbOBAaHMM TMOBITPSAM Ma€ Ui
MIIPHEMCTB 1 BaXXJTMBE EKOHOMIYHE 3HAYEHHS,
MPU3BOANTE N0 30iMBIICHHS TOBAapHOI MPOXYKINi 1
JOTIOMDXKHOTO TIPHOYTKY.

Y BHpIIIICHHI mpobaeMu 3HETIMITIOBAHHS
TEXHOJOTIYHUX BHUKHIIB BaXKJIIMBE MICIE HAJIEKUTH

VIOCKOHAJEHHIO HAasBHHX 1 CTBOPEHHA HOBHX
KOHCTPYKII  BHCOKOE(pEKTHBHUX  amapaTiB 3
VIOBIIOBaHHA  Iiy.  ICHyooWa K  IIpakTHKa

eKCIuTyaTallii 3aco0iB OYHINECHHS BiAMPAIbOBAHOTO
TIOBITPSL y pPsili BUPOOHWITB Tramy3i XJOOMPOIYKTiB
CBIIYUTH po HEBIANOBIIHICTE (akTHIHOI
e(EeKTUBHOCT] YJIOBIIIOBAHHS MMJIONOAIOHNX NPOIYKTIB
MIPOSKTHAM TIOKa3HUKAM 1 DPEAJbHUM MOKIHBOCTSM

OYMCHUX YCTAHOBOK, IO OB’ A3aHO 3 He):(OCTaTHiM
ypaxyBaHHSM TIpH PO3pOOLI YCTAHOBOK  OUYUCTKH
crenuiIHuX YMOB poboru BIAIIOBiAHOTO
TeXHOHOFi‘IHOFO YCTaTKyBaHHS.

Mix THM HEOOXiJIHO TaKOXX CTBOPUTH YMOBH JIs
3MEHILIEHHS MMJIOYTBOPEHHS 1 MAIOBUALICHHSI.

AHai3 ocTaHHIX JAocaikeHb 1 myOmikamii.
3HavHa yBara MpUAULIEThCS BUPILICHHIO i€l podieMu
y Hauiit kpaiui. Llinmii psg nocranoB Y psiny, NpUAHATHX
B OCTaHHI pOKM, mependavae 3iHCHEHHS HEOOXIITHHX
3aX04iB IIOAO 3amno0iraHHsd IIKiJUIMBUM BHUKHAIAM B
aTtMoc(epy, cBoeuacHe OYAIBHHLITBO OYHUCHUX CHODY,
MIIBUILEHHS SIKOCTI iX po0OTH, PO3pOOKY 1 OCBOEHHS
BUPOOHMIITBA  HOBHUX  BHJIB  IMJIOBJIOBIIIOIOUOTO
o0aTHaHHA.

Tak BixnoBigHo 10 3akoHy Ykpainu «IIpo oxopony
HaBKOJIMIITHHOTO TIPUPOTHOTO cepemoBuina» [1], 3akony
Vkpaiau «IIpo oxopoHy atmocthepHoro moBiTps» [2]
3a00pOHSETHCS BBEJICHHS B €KCILTYaTallilo 00’ €KTIB, 110
He 3a0e3MeueHi CydacCHUMH TEXHOIOTISIMU, CIOPYIaMH 1

YCTAaHOBKAMH [0 OYMIICHHIO BHUKHIIB JI0 pIBHS
rpaHUYHO  JIOMYCTUMHUX  HOPMAaTHBIB,  3acobamu
KOHTPOMIO 32  3a0pyIHEHHSM  HAaBKOJIHIIHBOI'O

cepenoBmINa, Oe3 3aBepIICHHs 3allPOEKTOBAHUX POOIT 3
OXOPOHH TIPHPOIM, O3ZOPOBJICHHS HABKOJIHUIIHBOTO

cepemoBuma. Y BHpINIEHHI NPaKTHYHUX 3aBJAaHb
palioHaIbHOTO  TPUPOAOKOPUCTYBAHHA 1  OXOPOHH
HAaBKOJIMIIHBOTO ~ CEPElOBUIA  HANAIOTh  JOIMOMOT'Y

HayKOBII Ta (axiBI HAyKOBUX YCTAHOB, sIKi OEpPYyTh
y4acTpb y po3poOmi 1 peami3amii KOMIUIEKCHHX
EKOJIOT1YHUX TIPOTpaM Ta MPOSKTHHUX POOIT.

Cepen HayKOBIIB, SKi BUBYAJIHN IMPOOIEMH, TIOB’ A3aH1
13 aHaNi30M Cy4acHOTO CTaHY €KOJIOTigHOI Oe3mekd Ha
o0’ektax ramy3i  XITIOOMPOAYKTIB 1  PO3POOKOIO
KOHCTPYKIIil amapatiB [UIS OYUCTKH IOBITPS BiI MY,
ciiyx 3asnauntu B. A. Batiyka [3], T'. K. Bonnapesa [4],
O. I. Tommanroka [5], O. M. [Izstmzio [6], €. A. J{murpuka
[7], B. M. lImangis [8, 9], Ta immmx 3 Om;eckKoi

HaIlOHAJBHOL aKazeMii XapuoBUX TEXHOJIOTH,
JIbBIBCBKOTO ~ JEP’KaBHOTO  YHIBEPCHUTETY  Oe3meku
KUTTENSUIBHOCTI,  KpeMeHuyIbKoro  HalioHaJIbHOTO

yHIBepcHUTeTy iMeHi Muxaiina OcTporpaacbkoro.

16 Scientific and technical journal « TECHNOGENIC AND ECOLOGICAL SAFETY», No 3(1/2018)



HayxoBo-texniunuii ;kypuan « TEXHOI'EHHO-EKOJIOT'TYHA BE3IIEKA», Ne 3(1/2018)

ISSN 2522-1892

VY pimeHHi mpo0iaeMu 3HEMMITIOBAHHS TEXHOJIOTIY-
HUX BHUKHIIB BJINBE MiCIe HaJCKHUTh YIOCKOHA-
JICHHIO HAsSBHUX 1 CTBOPEHHS HOBUX KOHCTPYKIIH
BHCOKOC(EKTHBHUX  IMJIOBJIOBIIOIOYMX  araparis.
IcHytoua >k mpakTHKa eKCIuTyartallii 3ac00iB OUHUIIICHHS
BiJNPallbOBaHOTO  TOBITPsS B  psiAl  BUPOOHHUIITB
Xap4yoBOi TPOMUCIIOBOCTI CBIJUUTH TPO HEBIAMOBI-
HiCTh  (aKTU4HOI  €QEeKTUBHOCTI  YJIOBIIIOBAaHHS
MTUJIONIOIOHUX TIPOAYKTIB NPOEKTHUM ITOKa3HUKaM 1
peaJbHUM MOXJIMBOCTSIM OYUCHHUX YCTAHOBOK, IIIO
TIOB’53aHO 3 HENOCTATHIM ypaxyBaHHSM IIPH PO3poOIi
YCTAaHOBOK OYUCTKH CIEIHU(IYHUX YMOB PpOOOTH
BiJITIOB1THOTO TEXHOJIOTIYHOTO YCTaTKYBaHHSI.

[lpore  BupimeHHs 1npobIeMu  ePEKTUBHOTO
YJIOBJIIOBaHHS 3a0pyIHIOBAIBHUX PEUOBUH YCKIIa/IHIO-
€ThCS BIJICYTHICTIO IMOBHOLIIHHUX BiomMocCTENR
CTOCOBHO (Di3MKO-XIMIYHUX 1 CTPYKTYpHO-MEXaHIYHHX
BJIACTHBOCTEH IMJIOBHIHUX NPOAYKTIB, PEKUMHHX
rapameTpiB 3alwIeHUX TMOBITPSHUX BHUKHIIB, JAHHX
Opo  ONTUMAaJbHI THIIKM  IHJIOBJIOBJIIOBAYIB ISt
KOHKPETHHX YMOB BHpOOHHITBa. KpiM TOro mpakTrka
noKazayua, II0 MEXaHIYHe MEePEHECEHHS HEeNoraHo
3apEKOMEH/IOBAHOTO Yy TIEBHUX YMOBaX OYMCHOIO
00J1aJHAaHHA Y 30BCIM HOBHX YMOBaxX Max<e JaTH HaBiTh
HETaTUBHUM pE3yNbTar.

IToctanoBKka 3aBJaHHSI Ta WHOro BHpilIeHHS.
BpaxoByrouu pe3yibTaTH MPUBEIECHOTO BUILE aHAII3Y,
METOI0 pOOOTH € PO3POOJICHHS 3aXOJIiB, HAIPABICHUX
Ha 3MEHIICHHS pIBHS EKOJOriYyHOI HeOe3leKku Bif

MIJIOBUX BHUKHIIB IMiINPHEMCTB Taiy3i XIiOOHNpOAYKTIB
IITSIXOM YIOCKOHAJIEHHS MIJIO0YMCHOTO 00JIaIHAHHSI.

Jisi  mocsiTHEeHHsT BKa3aHOi METH IIOCTaBJICHI Ta
BUpINIEH] Taki 3a1a4i:

— BUBUCHHS XapaKTEPHCTHK Iy MiHEpalbHOTO i
OpraHiyHOTO TIOXO/UKEHHS IJINPHEMCTB Taly3l Yy
3aJIeKHOCT] Bl BUILy BUPOOHUUOI JisTTBHOCTI;

— BCTAHOBJICHHS 3aKOHOMIPHOCTI PO3MOAUTY MUY Yy
cepeliHI BUPOOHMYMX NPHUMIIIEHb IiIPHEMCTB 1 3a iX
MeEKaMH;

— PO3pOOJICHHST KOHCTPYKINI amapartiB JUIsl OYHCTKU
TIOBITPS Bl MHITY, SIKI CIIPOMOXKHI BHCOKOE()EKTHBHO Ta
3 MiHIMaIGHHUMH  €HEepro- 1  MeTaJOBUTpaTaMH
BJIOBJTIOBATH JPiOHOAUCIICPCHI (ppaKIlii 3epHOBOTO MUITY.

Y 3B’S3Ky 3 HENOCTaTHIMH BIJIOMOCTSMH TIPO
JWICIIEPCHUI CKJIa] MUy MiJNPUEMCTB raiy3i Xiioo-
MPOAYKTIB, Oy/M MpOBeJIeHi 00CTEKEHHS IT°SITH eJIeBaTo-
piB (1 — Opecbkuii mopToBHii eneBarop, 2 — OnechbKuid
KOMOIHaT XJyibonpoaykriB, 3 — KymiHgopiBcbkuidi KoMOi-
Hat xibonpoaykTiB, 4 — bepesiBcbkuii 1 5 — [3Mainbeh-
Kdi eneBaTopu. Yci mignmpueMctBa Omechkoi 00JacTi).
3pa3ku BiIOMpanu y Pi3HUX TOYKAX ITMIOBHIAJICHHS
TEXHOJIOTIYHMUX CXEeM, BIiJ] HAIXO/KECHHA 3CpHAa Ha
MiANPUEMCTBA 10 3aBaHTAXKEHHA Horo y cwioc. Jlns
OLIBII MIMPOKOI MEPEBIPKU Pe3yNbTaTiB JOCIIDKEHHS 1
TIOPIBHSHHSI, BU3HAYAIN TAKOX MMOKA3HUKU KAOJIHOBOTO,
KBapIOBOro 1 OOpOIIHSHOTO MWy, IIO0 MAalOTh PIi3HY
CTYITIHb JAUCTIEPCHOCTI, MEIIaHHHI PO3Mip, 00’ eMHY Macy,
30JIbHICTB. Pe3ynbTaTi TociiikeHHs moani y Tadsmumi 1.

Tabnmnusg 1 — XapakrepucTuka ity

Cryninb
Ne HaiimenyBanHs 3onsHicts, | Bonoricts, | O6’emHa maca, | MeniaHuuit posmip, JWcriepeHocTi,
3/ | JOCHIIKYBAHOTO MY Z,% W, % ¥, wr/m® 50 , MKM S= @
A1
1 KaOJIIHOBHI 98,5 0,5 2480 — —
2 1-3epHoBHii 28,6 8,5 1660 8 2,00
3 2-3¢pHOBHI 28,5 8,5 1660 8 2,50
4 3-3epHOBHi 29,2 8,0 1670 10 2,50
5 4-3epHOBHI 28,4 8,5 1680 8 2,00
6 5-3epHOBHi 29,1 8,0 1660 8 2,50
7 KBapLOBHii 99,0 0,5 2500 8 3,80
8 OOPOIIHSHUI 0,5 13,4 1370 46 2,05
3pa3ku MWy, IO BHUKOPHUCTOBYBAIHCA B MiAMOPSAKOBYETHCA  JIOTAapU(PMITHO  HOPMAIBHOMY
EKCIIEPUMEHTAIBHUX  JOCHI/DKEHHSIX  JIO3BOJIMIN 3aKOHY PO3MOALTY.
OTPUMATH JaHi CHTOBOi 00JAacTi YACTHHOK MY BaxmmBo Oyno BCTaHOBHUTH  3aKOHOMIipHOCTI

Ooimprre 110 MM, sKuMX Yy BimiOpaHHX 3pa3kax
mictunocs Big 50 1o 95 % i omucyBanmcs piBHAHHIM

D=a+hs—ce ™, (1)

ne a, b, ¢, k — xoedimieHTH, sSKi BHU3HAYAIOTHCS
eKCIePUMEHTAIFHO Yy 3QJeXKHOCTI  Bim  MicIs
MMAIOBHIANICHHS, BHIY, BOJOTOCTI 1 Xapakrepy
TIoTepeIHpOI 00POOKH 3epHa.

VY migcuToBiit obnacTi (po3Mipm YacTOK MEHIIe
110 MxM)  aucmiepcHMH — CKJIQA  3pasKiB  MHITY

PO3TONUTY MY Y CepelrHi BUPOOHUYNX HPUMIIICHB
MATPIEMCTB 1 32 iX MeXaMU.

Y moBiTpi pobouoi 30HU BUPOOHUYHUX HPUMIIICHB,
KOHIIGHTpAIisl 36pPHOBOTO THIIy NTOBUHHA CKJIaJaTH He
outsie 4 MF/,HMB, GoporiHsHOro — 6 MF/,[[MS, OCKIJIBKHA
TaKMd TIJI  HETaTHBHO BIUIMBAa€ Ha  370pOB’s
00CITyrOByI040T0O TIepCOHaIy, € NPUYUHOIO
BUHUKHEHHS TTOXKEX 1 BUOYXiB Ha XIOOMpHiMaIbHIX
Ta 3epPHONEPEPOOHHX TiAMPUEMCTBAX, a IMOTPATDISIOUN
Y HaBKOJIMIIIHE CEepEeIOBHILE 3a0pyIHIOE HOTO.

YacTnHa  3€pHOBOrO MY  3HAXOIUTHCI Y
3B’3aHOMY CTaHi, TOOTO y 3BHYalHMX YMOBax He
BIIUTIIAETECA  BiJ TIOBEPXHI 3€pHA, 3aJATarovHy,
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HanpuKiIan, y 0opo3eHkax 3epHa Ta oOomoHkax. Ilpm
mpolecax  IepeMilleHHs 1  OYMIIEHHI  3epHa
BiIOYBa€ThCA  BIAMUICHHS B TOBEpXHI  3epHa
MiHEpaJIbHAX 1 OpraHiYHMX 4YacTHHOK. OcolinBoO
3Ha4HI 00CSTH YTBOPEHHS IHJIY CIIOCTEpIraloThcs HpH
MPOAYBaHHI  TOBITPSAM  Imapy 3epHa  (akTHUBHE
BEHTWIIIOBAHHS) 1 [TPU BUKOPUCTaHHI JJIsI TIepeMillleHHS
3epHa ITHEBMAaTHYHOTO TPAHCIOPTY 1 aepoxoinobiB).
VYTBOpeHa MUIoBa XMapa, 0 CKIAJAaeThCsl 3 BEIUKUX
YaCTUHOK (TI0JI0Ba, OOOJIOHKH 3€¢pHA), IIBHIKO OCIJac;
3HAYHO CTIHKIillla TWIOBa XMapa, IO YTBOpPEHa
JpiOHUMH, TIOBUTFHO OCIZaI0YMMU YaCTHHKAMH.

Banoi Bukumu mwty B atMocdepHe MOBITPS Bif
3CpHONEPEPOOHNX  MIANPHEMCTB 1 €JIEBaTOpPIB
CKJIAZIAIOThCS 3 CYMapHOi KIUIBKOCTI THITY, IO
BIIXOMUTHh BiJl TEXHOJIOTIYHOTO 1 TPAHCIOPTHOTO
yCTaTKyBaHHSL.

KinpkicTh maITy, M0 BiIXOMUTH BiJ TPAHCIIOPTHOT'O
Ta TEXHOJOTIYHOT'O YCTaTKyBaHHS, TOPIBHIOE CYyMapHii
KUTBKOCTI MUY, M0 HAIXOMUTh Y IHIOBIIOBIIIOBAYI
acrmipauifHuX Ta MHEBMOTPAHCIIOPTHUX YCTaHOBOK, SIKi
00CIyroByIOTH 11e 0OnaaHanHs [4].

KoHneHTpariro mamy y MOBITpI SIK€ BiJIBOJUTHCS
BiJl 00JIaIHAHHS €JICBATOPIB, IPUIMAOTh 3 TaOIHIII 2.

Tabmuns 2 — CepenHi 3HaYSHHs KOHIEHTpALI] MUY y TIOBITPI,
110 BiJXOJMTh BiJl Pi3HUX BHUIB 00JIaJJHAHHS €JIEBATOPIB

HaiiMmenyBaHHs 00J1aIHAHHS, 1110 3HETTMITFOETHCS .KOHHeHTpa.mH [THILY Y TIOBITPL, 3
1110 BiZIXOJMTH BiJl YCTATKYBAHHS, MI/IM
[TpuiiMaHHs 3epHa i3 3aTI3HUYHOTO TPAHCTIOPTY 1,3
Bammaku HOpi 2,0
HacunHi JIOTKH i ICHIIOCHUX TPAHCIIOPTEPIB 0,6
HacunHi JIOTKH HaJJICHUJIOCHUX TPaHCIIOPTEPiB 1,5
CKHJIHI KOPOOKH ITiICHIIOCHUX TPAHCIIOPTEPIB 2,0
ABTOMaTHYHI Bary, mijBaroBuii i HaJJBAroBuii OyYHKep, rOJIOBKH 12
HOpIit '

[ToBOpOTHI KpyrH, HaJicenapaTopHi OyHKepH 0,6
CKuIHI Bi3KH 0,7
JlaHiroroBi TpaHCIOpPTEpHU 0,8
[THeBMOTpaHCHOpTED BIAXOIIB 3,0
[ToBiTpsiHO-CUTOBI cenapaTopu 3,0

[oBiTpsi, 1m0 BUOAISETBCS  BEHTWIALIHHUMU
CHCTEMaMH, HepeA BUKHUAOM B aTrMmoc(epy MOBHHHO
OYMINATUCA BiJ MUIY 3 MaKCHMAaJbHO MOMJIMBOIO 32
TEXHIKO-€KOHOMIYHMX MIpKyBaHb MOBHOTOI. CTyIIiHb
OYHMILEHHS MOBITPS BiJl IHJTY BU3HAYAETHCS BUXOIIUH 3
JIOIYCTUMOr'0 3aJIMIIKOBOr0 BMICTY MWIIy Yy MOBITpi
MMCIIA OYHMIIEHHS, a TaKOX 3 TEXHIKO-€KOHOMIYHUX
MipKyBaHb (y TOMY BHIAJKy, SIKIIO ITMJI CTAHOBUTD
NeBHY I[IHHICTh 1 MOXe OyTH BHKOPHUCTaHHUH JUIs
KOPHCHUX IIJIEH, 10 MOBHICTIO a00 4aCTKOBO OKYIIa€
BUTPATH Ha OYUILCHHS ITOBITPS).

3MeHIIeHHS KITBKOCTI 3a0pyIHIOBATBHUX PEYOBHH,
o0 HAOXOMATh y JMOBKULIL 3 TMIANPHEMCTB Tary3i
XJTIOOMPOIYKTIB, Ta BCTAHOBJICHHS PIiBHS iX BIUIMBY Ha
JOBKULIS € aKTYaJIbHOIO MPOOIEMOIO CHOTOIEHHS, Ma€
eKOJIOTiYHe, COIiabHe Ta HAPOAHOTOCIIONAPCHKE
3HaueHHsA. Po3poONeHHS HOBUX TEXHOJOTiH 00poOKu
3epHOBHX MaTepialliB 3 BIOCKOHAJICHUMH Ta HOBUMH
METoZaMHA 1 3aco0aMM IIWJIOOYMINEHHSA J1O3BOJIUTH
CIOPOEKTYBaTH iX i3 3a34ajerib MPOrHO30BaHUMU
mapaMeTpaMd 1 € aKTyaJbHOI  HayKOBOIO i
NPaKTUYHOIO 3aJa4elo, BUPIMIEHHS SKOI CHPHATHME
3MEHIIEHHIO KUIBKOCTI TEXHOTCHHUX 3a0pyHHEHb,
MiIBUIICHHIO PIBHA EKOJOTigyHOi Oe3mekun 00’ €KTiB,
pEeTioHy Ta JepiKaBH.

HasBHiI mpuctpoi cucrem acripamii Ha TaHWA dac
MOpAJIBHO 3aCTapijid Ta TEXHIYHO 3HOIICHI 1 BXXKe HE B
3M031 3a0€3MEUNTH HAJICKHUHA CTYIIHb OYHUCTKH
MOBITPS Big MWIy, IO BHUKIMKAE MOTpedy IX
YIOCKOHAJIEHHA. BHHUKIIO TPOTHpiYYs: 3 OAHOTO OOKY

— CYITEBO MawTh OyTH TIiJIBHUINECHI HOTEHIIHHI
MOXKITUBOCTI CHCTEM OYHMCTKH, 3 1HIIOro OOKYy — 3pOCiiu
TPYIHOIII Yy peayizamii OUX MOXIMBOCTEH BHACIIIOK
eKCILTyaTalliiHIX MOXJIMBOCTEN araparypu.
VYCKIagHeHHsT CHUCTeM MWJIOOYMINEHHS MpH ORHOYAC-
HOMY I/IBUIIEHH] BUMOT 11010 e()eKTUBHOCTI X poOOTH
BUMarae TPUUHATTS MEBHUX Mip 1O  PO3poOii
BHCOKOE()EKTHBHHUX araparis muaioBiosieHns [8, 9, 11].

3a pe3yabTaTaMy aHANI3y JITEPaTYpHHUX JDKEpeNn Ta
MPaKTHYHOI OI[IHKM YMOB (OpMYBaHHS E€KOJOTIYHOT
HeOe3MeKkn MpH peaizalil TeXHOIOrIYHUX MPOIECiB Ha
3epHOBHUX eJIeBaTOPax, JIOBENEHO HEOOXIIHICTH
MIPOBENICHHS TPOIECiB OYUIIEHHS MOBITPS poOOYUX 30H
Bi 3€PHOBOrO WMy, MUIAXOM CTBOPEHHS HOBHX
KOHCTPYKIIi}l MAIOBJIOBITIOIOYOr0 001 THAHHS.

BigmoBimHO 1m0  mpOro  po3polieHO  HOBHUIA
YIOCKOHAJIGHUA  TPHUCTPIA IS BiAOKPEMITIOBAaHHSI
JIOMIIIOK 3 TIOBITPSHOTO CEPEIOBUINA, y SIKOMY IUIIXOM
BBEJICHHS IUKJIOHHOT'O TIPHCTPOI0 HA BXOIi MOBITPSHOTO
NIOTOKY 3aBaHTa)XyBaJlbHOIO KapMaHy IIHIiHAPUYHOTO
KOPITyCY,  IOAAaTKOBO  3a0e3IeYeHOro  HaCHITHOKO
(iTBTPYBATBHOIO 3EPHUCTOI0 3ACHIIKOI0 3 IITHEKOM 1
NPUBITHAM  MEXaHi3MOM Ui 1 TepeMilneHHS,
3a0e3Med4eH0 TMPAKTHYHO TIOBHE BiIOKPEMITIOBAHHSI
JNOMIIOK BiA Ta3iB, TiABWINEHA HANIWHICTH WpHU
eKcIuryatarii, Ta e(eKTHBHICTh OYHCTKA Ta30BHX
BHUKHUIIB Bijl 3a0pyaHioBansHux pedosuH [10].

Y CcTaHOBIIEGHO, 1O JOLIJIBHO 3aCTOCOBYBATH B SKOCTI
nepuiol CTyNeHi OYHMINGHHS LHMKJIOHH, a ApYroi —
¢inbTpu. MOoXIIMBE BUKOPUCTaHHS IMKIOH-(iIBTPIB.
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[TokazaHo, 10 3 METOI0 3MEHIIEHHS aHTPOIIOTeH-
HOTO BIUIMBY MiJNIPUEMCTB Tajly3i XJiOONPOAYKTIB Ha
aTMoc(epy HEOOXiTHO CTBOPHTH CHCTEMY, sKa
JI03BOJISIE JIIKBiyBaTH MPUYMHU YTBOPEHHs muy. Jlist
LBOTO CJiJ] CTBOPUTH YMOBH JUIi 3MCHIICHHSA
MTUJIOYTBOPEHHS 1 IMIOBU/IIIEHHS IIISIXOM:

— BUKODUCTaHHS HOBHX THIIIB TPAHCIOPTHOrO i
TEXHOJIOTIYHOTr'0 00JIaTHAHHS;

— repMeTu3artii 00JaTHaHHS,

—3aCTOCYBaHHSl ~ HOBOTO  THILY
JIOKAJILHOI acHipartii;

— CTBOpPEHHsSI e(eKTHBHHX CHCTEM YIPaBIiHHI
3HEMWIIOIOYNMHU YCTAaHOBKaMH.

Taka  cucrema  3HENWJIIOBaHHS  JIO3BOJIUTH
3MEHIIUTH  OOCATH  BHKUIIB  3a0pYIHIOBaJILHUX
PEUOBMH Yy HAaBKOJHIIHE TIPUPOAHE CEPEIOBUILE,
cTabiizye mapaMeTpu MIKpOKJIiMaTy 1 caHiTapHO-
TiTi€HIYHUH ~ CTaH  I[EXiB  MIANPHUEMCTB  Taiysi
XJIIOOMPOIYKTIB, 3a0e3MeunTh patioHanbHe
BUKOPUCTaHHS PECYPCHOT'O MOTEHITiaIy.

BucHOBKHM. AHam3 NWIy MiINPHEMCTB Tray3i
XJIIOOMPOMYKTIB  MOKa3aB, IO HOro BIACTUBOCTI
3ajmexxatb BiJl BUIY BUPOOHMYOI MisIIBHOCTI, a
KOHIICHTpAIIS Bifl 00JIaHAHHS, 1110 3HEIHITIOETHCS.

BcraHoBiieHO, 110 Ha  3alMICHICTh  TOBITPS
BUPOOHUYMX MPUMIILEHB IiIPHUEMCTB Taly3i, BIUIUBAE
repMeTn3aiisi TPaHCIIOPTHOTO 1  TEXHOJOTIYHOIO
oOyiaJiHaHHS, KOHCTPYKTHMBHE BHMKOHAHHS, CTaH 1
peXuMu  po0OTH POOOYMX OpraHiB  O0JaJHAHHS,
HasIBHICTh, PEKUMHU 1  €(EeKTHBHICTb  pOOOTH
acmipalifHuX CHCTeM, KyJbTypa BUPOOHHIITBA.

[IpoBeneHi AOCITIHKEHHST JO3BOJIMIN PO3POOUTH
amapatd Juls  OYMCTKM TOBITPS Bim muiy, sKi

o0JIagHaHHS

BUCOKOC(EKTUBHO Ta 3 MIHIMWIBHAMH €HEpro- i
METaJIOBUTPATaMU YIOBIIIOIOTh JpiOHOTUCTIEPCHI
(pakuii 3epHOBOTO MUITY.

3a pe3yabpTaTaMy aHaNI3y JITEpaTYpHHUX JDKEpeNn Ta
NPaKTHYHOI OIIHKM YMOB (OpMyBaHHS E€KOJOTIYHOL
HeOe3IMeKn TIPU peatizanlii TeXHOJNOTIYHUX IPOIECiB Ha
3CpHOBUX  €JIEBATOPax,  JIOBEACHO  HEOOXiTHICTH
3MIHCHEHHS  TOAANBUIMX  JOCH/DKEHb  IPOIECiB
OYHIIICHHS MOBITPS poOOYMX 30H BiJl 36PHOBOTO THITY, Ta
CTBOPEHHS HOBHX KOHCTPYKIIH IHIJIOBJIOBIIOIOYOTO
o0naHaHHS.

3aBaaHHA NOAAJIBLINNX JOCJHIIKEeHb i PO3pOOOK.
Bu3HaueHHS ONTHUMAaJbHUX MapaMeTpiB KOHCTPYKLIT
amapariB Jyisl YJIOBIIIOBaHHS 3a0pyIHIOBAJIbHUX PEUOBHH
3 TMOBITpS, IO BIJBOAWTBCSA BiJ TPAHCIOPTHOTO 1
TEXHOJIOTIYHOrO  OONaJHaHHS  MiJNPHEMCTB  Taiy3i
XJIIOOMPOTYKTIB.

Po3po0ieHHsT HOBMX BHIIB OOJaTHAHHS 1 METOIMKH
IH)KEHEPHOTO0  PO3paxyHKy 3HEMHWIIOIYMX  CHUCTEM
BUPOOHMYMX  TPUMINIEHb  XJIOOMpUAMaNbHUX 1
OOpOLIHOMENBHUX MIANPUEMCTB, SIKI O J103BONWIN
YIIOCKOHAJIUTH  CHUCTEMH  OXOpOHM  aTMocdepHoro
TIOBITpSI.

[Tomyk HailledekTUBHIIIMX 3aco0iB  OoOpoTHOM 3
3a0pyAHEHHSAM aTMOC(EpPHOro TOBITPS BHPOOHHYMX
NPUMIILEHb MiIPHUEMCTB Tay3i.

OOrpyHTYBaHHsI CXEMH aHalli3y aepoJMHAMIYHHX
MPOLECIB  BCEPEAMHI 3alpoOINOHOBAHUX ITHJIOBJIOBIIIO-
BadiB, sIKa JaCTh MOXKJIMBICTh BU3HAYUTU €(EKTHUBHICTH
BIJJOKPEMJICHHS TBEPJMX JTOMIIIIOK.

CTBOpEHHsI CHCTEMH MOHITOPUHTY TapaMeTpiB
aTMoc(epu y 30HI pO3TalllyBaHHS IIAINPUEMCTB Taly3i
XJIIOOMPOTYKTIB.
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M. Zatserkliannyi

FORMATION OF DUST IN ENTERPRISES OF THE BREAD INDUSTRY AND DECREASING OF DUST
FORMATION

The basic production processes of the enterprises have been shaken off bread products as sources of formation of
polluting substances. It is shown that the technological processes of enterprises are accompanied by the release of dust
into production facilities and the environment and this adversely affects the microclimate and sanitary and hygienic
condition of the shops of enterprises, contributes to the formation of hazardous and harmful production factors that
affect the environment and the health of workers. The composition and properties of dust are specified. It is shown that
in order to reduce the anthropogenic impact of enterprises, bread products have been dispatched to atmospheric air, it is
necessary to create a system that will eliminate the causes of dust formation. Conditions for reduction of dust formation
and dust emission are proposed.

Keywords: dust, pollutants, atmospheric air purification, fire and environmental safety.

M. M. 3anepkJIsiHHBII

OBPA30BAHMUE IIBIJIU HA TIPEAIIPUATUAX OTPACJIM XJEBOINPOAYKTOB U YMEHbBIIEHUE
NBIIEBBIIEJTEHUS

[Ipoananmu3upoBaHbl OCHOBHBIE MPOM3BOJICTBEHHBIE MPOIECCH MPEINPHATHI OTpacid XJIeOONPOAYKTOB Kak
HCTOYHHMKM OOpa30oBaHMs 3arps3HSIONMX BemiecTB. [loka3aHO, YTO TEXHOJOTMYECKHE IIPOLECCHl IPEANPHITHIA
CONPOBOJKAAIOTCS BBIZIETICHUEM TIBUTH B TIPOU3BOJICTBEHHBIE MOMELIEHUS U OKPYKAIOIYIO CPENly U ATO HEOIaronpusiTHO
BJIMSIET HA MHUKPOKJIUMAT U CAHUTAPHO-TMIMEHMYECKOE COCTOSHHE II€XOB MPEANPHUATHH, CIOCOOCTBYET 00pa30BaHHIO
OMACHBIX W BPEJIHBIX IPOU3BOJCTBEHHBIX (AKTOPOB, KOTOpBIE BIHMAIOT HA OKPYKAIOIIYID Cpeay M 3J0pPOBbE
paboraronux. YTOUHEHO COCTaB M CBOWCTBA MbUTH. [0Ka3aHO, 4TO C 11eNbI0 YMEHBIICHUS! aHTPOIIOTEHHOIO BIUSHUS
NpEeNNpUITUI OTPSICIN XJIEOONPOJYKTOB Ha aTMOC(EpHBIH BO3AYX HEOOXOJMMO CO3/IaTh CHCTEMY, KOTOPAas MO3BOJIHT
JIUKBUUPOBATh TPUYMHBI 00pa3oBaHWs NbUIM. [IpeayiokeHbl YCIOBUSI YMEHBIICHUS MbUICOOpAa30BaHUS U
NBUIEBBIICIICHHS.

KiioueBble c10Ba: NbUTb, 3arPsA3HSIONIME BELIECTBA, OYMCTKA aTMOC(EPHOro BO3/1yXa, MOXKapHAs M DKOJIOrHIecKast
0€3011aCHOCTb.
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I. T. Boraanos, x. iex. H., npod., pekTop

5. O. CuyikoBa, K. T. H., JIOIL., JTOI. Kad.
BepastHCHKMIA AepKaBHUI MearoriayHuid yHIBEpCUTET
Bya. lIminra 4, M. bepasucek, Ykpaina, 71100

C. O. Bam6oab, 1. T. H., ipod., 3aB. Kad.

B. B. Bam6ouin, 1. T. H., 11011., TpOd. Kad.

HanionanbHuii yHIBEpCHTET IUBIJIBHOIO 3aXUCTY YKpaiHH

By UepHumeBcrka, 94, M. XapkiB, Ykpaina, 61023

3ABE3NEYEHHS EKOJIOTTYHOI BE3IIEKA HAHOMATEPIAJIIB YEPE3 YIIPABJIIHHSA
SAKICTIO HAHOCTPYKTYP

AKTYyaJbHICTh JOCHIHKCHHS IMOSICHIOETHCSI THM, 10 Oubine 50 KpaiH BeIyTh JOCHIHKEHHS W pO3pOOKU B Tamysi
HaHOTeXHOJOriH 1 He MeHme 30 kpaiH MarTh CBOI HalliOHANBHI TMpOrpaMu B il ramysi. B miit poboti Bu3HaueHi
OCHOBHI €Tany >KUTTEBOTO IHUKIY IPOAYKTIB HAHOTEXHOJIOTiH i X BIUIMB Ha MOBKULISL. BCTaHOBIEHO eneMeHTH
CHCTEMH YIPaBIIiHHS SKICTIO HAHOCTPYKTYP, SIKi BiJIIIOBIIAIOTh 3a €KOJIOT1YHY 0e3MeKy HaHOIPOYKTIB 3aCTOCOBYBaHUX
y BHpO0ax MiKpOEJIEKTPOHIKM i (hOTOENEKTPUYHHUX TEPETBOPIOBaYax eHeprii. 3a0e3reueHHs! SIKOCTI HaHOCTPYKTYpP
3YMOBITIOE TTOJIOBXKEHHS TEPMiHY eKcCIuTyaTallii BUpOOiB Ha iX OCHOBI, TOOTO MOAOBKYETHCS )KUTTEBUIA LIUKIT TPOYKIIIT.
KpimM Toro, 3HMKYeTbCS WMOBIPHICTh BHAUICHHS HAHOYACTHMHOK Y JOBKULISA Yepe3 CTaOLTi3allif0 MOBEPXHEBUX
BJIacTHBOCTEW 3pa3kiB. [loJjaHO CTPYKTYpHI KOMIIOHEHTH PO3TOPHYTOI CXEMH CHCTEMH YIPaBIIiHHA TEXHOJIOIIYHUM
NPOIIECOM EJIEKTPOXIMIYHOIO PO3YMHEHHS! KPUCTAly. 3a/ladyaMy YIIPaBIIiHHS MPOIIECOM EJIEKTPOXIMIYHOTO PO3UMHEHHSI
KPHUCTAJTy € BCTAaHOBJICHHS TAKHX TEXHOJOTIYHUX PEKHMIB, MPU SKMX CTA€ MOXKIMBUM OTPHUMaHHS HAaHOCTPYKTYp i3
NPOrHO30BaHUMHU H MPOrpaMOBAaHUMH BJIACTHBOCTSAMH 3 ypaxXyBaHHSM 30BHINIHIX (hakTopiB.

KurouoBi cjioBa: exonoriuna Oe3neka, HAaHOMaTepialiv, yIPaBIiHHS SKICTIO, )KUTTEBUH UK.

IMocranoBka mpodaemu. 3akoH YkpaiHu Bifg
19.06.2003 p. Ne 964-1V «IIpo ocHOBH HalliOHAJIBHOI
Oesriekn YKpaiHU» HAroyomye, mo CTBOPEHHS HOBUX
TEXHOJIOTiH 1 BUPOOHUITB OOYMOBIICHO ITiIBUILCHHIM
BUMOI' 10 MarepiajiiB i BHpOOiB 3 Hux. [Ipu npomy
KOXEH TEXHOJNOIIYHUH MpoLec CyNpPOBOIKYETHCS
LIKIJUIMBUMH BUKUAMK B atmMocdepy [1] 1 yrBopeHHIM
BiJIXO/IiB 3 TIOJIAJIBIINM HAKOIUYEHHSIM Ba)KKHUX METAJIB
y IPYHTI Ta CTiYHUX Bozax [2].

Hapa3i  momiMepHi  CHHTETHYHI  MaTepiaiu
craHoBIATE npubmm3Ho  40...60 % 3aranpHOI MacH
BigxomiB [3], Omm3pko 10 % cknajgarOTh 1HXEHEpHi
nanomatepianu (ENM) [4], a KibKiCTh HAHOMATEpiaNliB
B MOOYTOBUX TOBapax IOCTiiHO 3pocrtae [S] i, micns
3aKiHYEHHS TePMiHY €KCILTyaTallii TaKk camo MOTparuIsie
y Bigxomu. 3a JEIKUMH OIIIHKAMH TPHOIH3HO
20000 1/pik HAaHOKOMIIO3UTIB BHBO3MThCS Ha 3BaJIMIIA
sk Bigxomm [6]. Jlo HaHOMAaTepiadiB TpaaWIiHO
BITHOCATH 00'€KTH, OIWH 3 XapaKTEPHUX PO3MIpPIB SIKHUX
nexuTh B iHTepBant Big 1 o 100 am. TobOTo mpakTuaHO
KO)KEH CHHTETHYHHI MaTepial MO)Ke MIiCTUTH YacTKH
HAaHOMETPOBOTO PO3MIpY.

Y CBOIO dYepry TOKCHYHICTb HaHOMATepialiB B
3HaYHIM Mipi TOB’s3aHa 3 TPHCYTHIMH B HHX
nomimkamu [7]. B cmiy ocobmmBuX XiMiuHHX 1
(GI3MYHUX XapaKTEepUCTUK HAHOMATEpialiB HACIiIKH
JUTst O€31eKH TOBKIJUIA B IeH 9ac Majio BUBYEHi [8].

Hebesneka HaHOMAaTEpialliB MOJATAa€E TAKOXK B TOMY,
I0 HAaHOYACTHHKH MOXYTh MaTd 3HAa4yHy KiJIbKiCTh
o0ipBaHMX 3B’S3KiB, SKi 3[aTHI MPUETHYBATH O cebe
BUTBHI paaukan [9].

Binsme 50 xpaiH BexyTh 1OCTIDKEHHS i po3poOKH B
raiy3i HaHOTeXHOJNOrid i He MeHme 30 KpaiH MalOTh

CBOI HalliOHaJIbHI Mporpamu B Wil ranysi. [Ipu upomy
ICHYIOTB NIPHITYICHHSI, [0 IIOTPAIUIIHHS HAHOYACTUHOK
B Olocdepy NPU3BOIUTH 10 HEraTHBHUX HACIIJIKIB,
NPOrHO3yBaTH SIKI Hapa3i He € MOXIIMBHUM 4epes
Hectauy iHpopmanii. JlocmigHUKK Big3HAYaIOTh, IO
TOKCUYHICTh HAHOMATEpiajiB B 3HAYHIN Mipi MOB's13aHa
3 NPHUCYTHIMH B HHX JOMIIIKAMH, a2 HE 3 CAMUMH
Mmatepiaiamu. OpHaK JO ChOTOAHI BIZIOMOCTI TIPO
HACIIiIKM HEKOHTPOJIbOBAaHNX BUKHIIB HAHOYACTHHOK B
HABKOJIMIIIHE [PHPOJHE CEPEIOBHILE 3AIHIIAOTHCS
JIOCUTh Mi3epHUMH. J[OCII/PKeHHS MoKa3aju, 10 came

TI  SIKOCTI  HaHOMartepiajiB, sKi  poOmaTh  ix
3aTpeOyBaHUMH,  MOXYTh ~ HECTH  HOTCHIIHHY
exojoriuny  3arpo3dy. CpOromHi €  BaKIHUBUM
BH3HAYUTHCh: ab0  3aCTOCOBYBATH  MOTEHLIHHO-

HeOe3meuHi martepianu, abo BiIMOBHUTHCH BiJl HUX Ha
KOPUCTh  EKONOTIYHO  YHCTHX H  JIOCTaTHBO
nmociimkeHnx. Hapasi cucteMHUI miaxin 3 BU3HAYEHHS
CTyHmeHs HeOe3MeKH TMPOAYKTIB  HAHOTEXHOJOTIH
MPOTATOM IX JKHTTEBOTO IMKIY BiACyTHiH. Takok He
BIJICYTHI J1OCi METOI¥ BU3HAUYCHHS IXHBOI HEOE3IEKH Ha
KOKHOMY €Talli, HEJIOCTATHhO JOCHI/DKECHI NHUTaHHSA
eKoJorigHoi Oe3meKH ix 3acTocyBaHHS. [IpHHIMITOBIM
MUTAHHSIM € pO3po0Ka CHCTEMH YIPaBIIHHS SKICTIO
HAHOCTPYKTYp SIK CKJIAaJOBOI CHCTEMH YIPaBIiHHSI
€KOJIOTI4HOI0 OE3IEeKOIO.

AHai3 ocTtaHHIX gocaimxKeHb i myOuikamiii.
Hebesmeka wHaHOMartepianiB momsarae B TOMY, IO
HAHOYACTHHKH MOXYTh MAaTH 3HA4YHy KIJIBKIiCTh
o0ipBaHMX 3B'S3KIB, SKi 34aTHI NMPUEAHYBATH OO cebe
BiNbHI pamukanu [9]. Matepianm 3 HaHOYACTHHKAMHU
MOXYTh MIiCTUTH ByrieueBi BomokHa [10], Byrmemesi
HaHOTpYOKM [11], HaHowacTMHKH KpemHezemy [12] i
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okcumu MetaniB [13]. Ilpu mocmiKEHHI €KOJIOTigHOI
Oe3IeKH TaKMX MarepiaiiB MICIs 3aKiHYCHHsS TEpMiHY
cyx0u aBTopamu podOit [6, 14] Oyma pospobGiiena
IHTEerpoBaHa cHcTeMa Uil JOCII/DKEHHS TEPMIYHOIO
PO3KJIalaHHs BYIJICEBHX HAaHOTPYOOK B KOHTPOJIHOBA-
HUX YMOBax NHpu Bucokux Ttemmeparypax — 800 °C i
Buie. OfHaK 3TiTHO 0araTopidyHUMH CIIOCTEPEIKEHHIMH
3a TOJIITOHaMH JICTIOHYBaHHS BIJIXOJIB JIOCIiTHUKAMH
BCTaHOBJIEHO, MIO TEMIlepaTypa B TOBILUI IMOJIrOHY
30epiraetbess Ha piBHi  20...80 °C  BigmoBimHO IO
mkepena [15] i BigmoBimHo mo [16] — 20...65°C, a
BOJIOTICTh B HaMOLIBIIOID MIpOIO 3alIeKUTh BiJl MOPH
poky i konuBaetkest 40...80 %.

Jlesiki aBTOpM BBaKaroTh, IO AJIsl 3a0e3MedeHHs
Oesriekl  HaHOMarepiamiB, MOTpiOHI  MeTomu  iX
iIeHTU(}IKAIT B SKOJOTIYHUX 1 OI0JIOTIYHUX CHUCTEMax
[17]. IIi MeTomu TIOBMHHI MaTH  MOXKIIUBICTB
cneuudivyHo 1IeHTU]IKYBATH HAaHOMATEPiaiH, OCKIJIbKH
OyJI0 JTOBENEHO, IO MOJEKYJIsIpHa i 00’eMHa (opma
MaTepialliB, IO MICTATh OAWH 1 TOW JK€ EIEMEHTHHM
npo¢inb, MATUMYTh Pi3Hi (i3UYHI 1 XIMIUHI BJaCTHBOCTI
[18, 19].

B po6Gori [20] aBTOpaMu mokaszaHo, 110 CTaHIAPTHI
TOKCHKOJIOTIYHI METOAM He MOXYTh OyTH 3aCTOCOBaHi
M0 BH3HAueHHS HeOe3nmeku HaHoMmatepiamiB. Lle
HOSICHIOETBCSL TUM, IO iX BJIACTHBOCTI OOYMOBJIEHI, He
TIJIBKM KOHIIEHTPALI€I0, a i crielu(iyHUMU KBAaHTOBO-
po3Mipuumu  BiaactuBocTsMu [21]. Takum yuHOM,
MOKHa CTBEPIDKYBATH, IO 0AaraTo BUCHUX BKa3yIOTh Ha

MIOTEHIIHY HeOE3MeKy MPOAYKTIB HAHOTEXHOJIOTIH JUIs
HaBKOJIMIITHHOTO CEPelOBHINaA 1 3710poB’ s iroanHu. Kpim
TOrO, CydacHa HayKa 30CEpEIKYETbCS Ha TaKuX
MUTaHHAX $K: SKUTTEBHH IMKI TOBapiB 3 HAa3BaHMX
MatepiamiB  [22, 23], MeToAMm OIIIHKKA  SKOCTi
HAHOCTPYKTYp [24], yTwii3amis HaHOMAaTepialiB i iX
noxigHux [25].

IlocTaHoBKa 3aBHaHHAA Ta §0oro BHUpIlICHHA.
MeTor0 poOOTH € BCTAaHOBJICHHS CJIEMCHTIB CHCTEMH
YIIPABJIiHHSA SIKICTIO HAHOCTPYKTYP, SIKi BiATIOBIafOTh 32
eKOJIOTiYHy Oe3leKy HaHONPOAYKTIB /sl BHPOOIB
MIKpOEJIEKTPOHIKH # (DOTOCIEKTPUYHHX IEPETBOPIOBA-
4iB eHeprii. Jist nocArHeHHS MeTH OyJIM TOCTaBJeHI i
BUpINIEH] Taki 3aBJIaHHS:

— BU3HAYEHHS OCHOBHHX €TaIliB XHTTEBOTO IUKIY
MPOIYKTIB HAHOTEXHOJIOTIH i X BIUTUBY HA JOBKLJLIS,

— BCTaHOBJICHHS OCHOBHHX (hakTopiB, SAKi
BIUIMBAIOTh Ha SIKICTh HAHOCTPYKTYD;

— BCTAQHOBJICHHSI E€JIEMEHTIB CHCTEMH YIPaBIiHHS
AKICTIO HAHOCTPYKTYp Ul YINpPAaBIiHHA EKOJIOI1YHOHO
0e3neKo HaHOMaTepiaiB.

Kummesuti yuxn nanomamepianis. IlpoBeneHHs
MOBHOTO  JIOCHI/DKEHHST 3 O€3MeKH 3acTOCyBaHHS
HaHOMaTepiaiiB ¥ X BIUIUBY Ha JOBKULIA 1 OpraHizm
JIIOIMHU € JIOBIOTPUBAJIMM 1 HAYKOEMHHM ITIPOLIECOM.
Jo Toro » HaHOMaTepiaJM MOXYTh CTaHOBUTH
HeOe3NeKy SIK B MpOoIleci iX BUKOPUCTaHHS, TaKk W BCIX
IHINKMX eTarax JKATTEBOTO IUKITY (PUCYHKY 1).

Bunobyrox i B
BI/I]{]]D%6H>I;HTBO ( BupobHuureo = VrakoBKa Ta
CUPOBHHM S HaHOMaTepiasiB 30epiranHs
H
NN
@ T\ O = ~ 0 “‘ ,
T T T 1 —
L 1 1 [ | 7
U | . ]
Tecrysanns i Tecrysanns i
B1IICOPTYBAHHA BIACOPTYBaHHA
B} Emﬂ P
KurreBuii muKa )
HAHOMATePIAJIIB TectyBanns i
B1IACOPTYBAaHHs
TectyBaHHS i T .
BI/ICOPTYBaHHs 1 €CTyBaHHA 1
E— BIICOPTYBaHHs
: ——
L oL l 2;1_‘ 7 \%
VYrunizauis BupoOis, Bukopuctanns BupoOis, BupoGHULTBO
110 MICTSITh III0 MICTSITh e BUPOOIB
HaHoMaTepiau HaHoMarepiam 3 HaHOMaTepianiB

Pucynok 1 — Cxema KHUTTEBOTO UKy HAHOMATEpialiB

Jis OIiHKM eKoNoriYHOi Oe3meKn HaHoMaTepialiB
CIiT BpaxOBYBAaTH CIEIU(IUHI OCOONMBOCTI KOXKHOI
cranii. Cranis «BunoOyTok i BUpOOHHIITBO CHPOBHHIY
XapaKTEePU3YEThCSI BUCHAKEHHSIM TIPUPOIHUX PECYPCIB,
HEOOXITHICTIO pO3POOKH POAOBHUII 3 OLITBII CKIIaJHUMH

TIpHAYO-TEONOTIYHAMHA ¥ TEXHIYHUMH  YMOBaMHU
OCBOEHHS, 3HAYHIM TIOPYIICHHSIM IPYHTOBOI'O TIOKPHBY.
Ilin «BupoOHHITBOM HaHOMaTepiamiB» PO3yMiEMO
Oe3mocepenHiit ix cuaTe3. BimMiTHOIO 0COOMMBICTIO i€l
cTafii € TMOTPAIUIAHHA y HAaBKOJNMINHE CEPETOBHIIE
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HaHOYACTHHOK, 3aCTOCOBYBAaHMX JUIS BHUTOTOBJICHHS
HaHoMatepiamy. Ti x cami cneuudiuHi 0coOIUBOCTI
HaHOYACTHHOK, SIK JIETIOUICTh, PO3YMHHICTH, B3a€EMOIS
3 MOBITPSIM 1 BOZIOIO TOIIO, MOTPEOYIOTH YBaru Ha craii
«30epiranas i nmakyBaHHs». OCKUIbKH, HAHOMATEpialn
Jaii iHTerpyloTh y BHpoOHM, To crazii «BupoOHUITBO
BUpOOIiB 3 HaHOMartepiamiB» W «BuxopucraHus
HaHOMaTepiaiBy MaroTh OyTH JOCIIIKEH] 3 TOUKH 30py
3a0e3MeueHHs SKOCTI M HAMIHHOCTI TMPOAYKTY, IO
Oe3rocepeIHbO BIUIMBAE Ha OE3MEKY Iij 4ac eKcIuryaTa-
mii. BaxmBicte nmocmiokeHHs cramli «YTwrizamig 1
BiJIXOJ1» OOTPYHTOBAaHA THM, IO B 0araThbox BHIAIKaxX
BHUpOOH i3 HAaHOMAaTepiaJlaMH MOTPAIUIIOTh Y BiJIXOJH,
SIKI PO3MIIYIOTh HA MOJIIrOHaX IX JenoHyBaHHA. [lif
Yac TEPMOOKHCIIIOBAJIBHOIO PO3KIAJaHHS BiJIXOMIB
MOXIIMBA MiTpallis HAHOYaCTHHOK y JOBKULIS 3 BUPOOiB
i3 HaHOBKJIIOUeHHsAMHU. CTymiHb HEOE3NMeKH BiIXOJiB
JUIS JIOBKULISL 3aJIeKWTh BiJ KJIAcy 1 KOHIEHTpauii
TOKCUYHUX PEUOBWH, SIKI MICTATBCS y BiAXOAax, a
TAKOX  BiJl ~ CHHEpPriYHOro  e(eKTy  JEeKUIbKOX
xomnoHeHTiB. Ha cranii «TecTyBaHHs i BiiCOPTYBaHHD»
NpPOBOJATH  BUSBICHHS  NPUAATHUX  BUPOOIB 10
MOAJIBIIION0 BUKOPUCTAHHS. 3aJIKHO BiJl BUMOT, SIKi
BHUCYBAaIOThCA MO SAKOCTI HaHOMATepialiB, IX TECTYIOTh
Bi3yaJJbHUM OIJISZIOM, 13 BUKOPHCTAHHSM e€NeKTPOHHOT

Mikpockomii,  (OTOMOMIHECIIEHIIiI, PEHTICHIBCHKIN
mudpakToMeTpii Tomo. Bxke Ha mil cTamii € MOKIMBUM
YTBOPEHHS BIIXOIiB.

Daxmopu, AKI BNIUBAIOMb Ha AKicmob
Hanomamepianie. JIns  CTBOPEHHS  HAHONPOAYKTY
HEOOXIJJHO 3aCTOCOBYBATH HAJICYJYacHI METOIU CHHTE3Y
W aHamizy BiacTUBOCTEeW. [l 1bOro HEOOXimHUM €
BCTAaHOBJIEHHSI BJIACTHBOCTEH HAHOCTPYKTYP, SIKi OyIyTh
BUKOPHCTAaHI JIIsl IEBHOT raity3i, i BUAiJICHHs] YUHHUKIB,
SKi BIUIMBAIOTh Ha O€3IeKy Ta SIKICTh HaHOMaTepiaiB
(tabmmi 1). HaBemeni gaHi BKa3yrOTh Ha HEOOXiIHICTh
3BEpHYTH yBary Ha IOKPAIICHHS TOYHOCTI IPOBEICHHS
KOHTPOJIO  SIKOCTI ~ HAaHONPOAYKWil,  JOTPUMaHHS
PeXMMIB  CHHTE3y, 3acTOCYBaHHsS W  yTwiizaii.
JloinpHUM € JonaTh A0 eTamiB JKUTTEBOTO IHKITY
MPONYKTIB HAHOTEXHOJOriH Ime eranm — «Peamizaris
CIIOJKMBauaM», — OCKUIBKH SIKICTh OYAb-sIKOrO Marepi-
ajy HEOOXIHO PO3MIANaTH 3 TO3WIINA 3aCTOCYBaHHS
HOro sk TOBapy.

3 rtabmuui 1 BuAHO, MO HA SIKICTh MHPOIYKTIB
HAHOTEXHOJOT'1H Ha KOXKHOMY 3 €Talll )KUTTEBOTO UKy
BIUIMBAIOTH Pi3Hi (pakTopu. CHCTEMHO OIIIHUTH SKICTh
HaHOMaTepiajiB Ta iX eKoIoriuHy Oe3neKy € MOXKIMBUM
MiCIIs JOCIIIKEHHS [IUX BIUIMBIB.

Tabnuug 1 — OcHoBHI (akTOpH, sIKi BIUTMBAIOTH Ha SKICTh HAHOMATEPialliB i MPOJYKTIB Ha TX OCHOBI

HasBa cranii
m
s 2. B35, 8E|lxz|EES
N | N . cS5ElZE|EE|Ex|2E|Er|EE
i a3Ba (axTopy, KM BIUIUBAE HA AKICTh HAHOIPOAYKTY 2 E e g Eg|lgglde S 2|8 ¢
RPN EEEE
BETEEB |RE|TBAE|>
1 | SIxicth cupoBUHHM (HATIBIPOBIIHUKH) + + + + + +
2 | SIxicTh cUpOBUHM (€JIEKTPOIITH, JOMIIIKH TOIIO) + + + +
3 | TexHonorii BUpOOHUIITBA HAHOMATEPIANIB + + + + + + +
4 | TexHonorii TeCTyBaHHsI i KOHTPOJIO SKOCTI HAHOMATEpialiB + + + + + + +
5 | Ksamidikamis mepcoHany + + + + +
6 | Sxicte obnagHAHHS + + + + +
7 | BapricTb CHPOBHHU 1 METO/IIB CHHTE3Y + + + + + +
8 | JorpumanHs pexumiB 00poOKH it 30epiraHHs + + + + + + +
9 | CaHiTapHO-TITi€HIYHI YMOBH + + + + + + +
10 | TouHicTh BaroBOro 103yBaHHSI + + + + + +
11 | Texuomorii yrmri3armii + + + + +
Enemenmu cucmemu  YOPAGUiHHA  AKICHIO kpucraniB. Lleil MeTox € 3araJbHOBXUBAHHM 3aBJSKH

HAHOCMpPYKmMyp ma ix 63aemo38’s30K. 3abe3rnedeHHs
SIKOCTI HAHOCTPYKTYP 3yYMOBITIO€ TIOJIOBXKCHHS TEPMiHY
eKcruTyaTtarii BupoOiB Ha iX  OCHOBi, TOOTO
TTOJIOBXKYETHCS YKATTEBUHA UK mpoxykiii. Kpim Toro,
3HIKYETHCS HMOBIPHICTh BHIUICHHS HAHOYACTHHOK Y
JOBKULIA depe3 CTadiIi3alio MOBEPXHEBUX BIIACTHBOC-
Teit 3paskiB. Lle cmpusie excruTyaTariifHid HaIiHHOCTI
HAaHOCTPYKTYp 1 TIABHINCHHIO pIiBHI TEXHOTCHHO-
€KOJIOTIYHOI OE3IeKH.

VYnpaBniHHS SKICTIO HAHOCTPYKTYP PO3TISIHEMO HA
MIPUKIIAJl OTHOTO 3 METOIB CHHTE3Y HAaHOCTPYKTYpO-
BaHUX IIOBEPXOHb — EJIEKTPOXIMIYHOMY TpaBJIECHHI

MPOCTOTi, IEMIEBH3HI 1 BiACYTHICTIO HEOOXiTHOCTI y
BHCOKOTEXHOJIOTIYHOMY  OOJIaJHAHHI. Texuomnoris
METOY TIOCTa€ y TOMY, IO OOPOOIIOBAaHUIA KpHCTAI
MOMIMIAIOTh Y ENEKTPONITHYHY KOMIPKY 3 pPO3YHHOM
SNEeKTPONITY. SIK KaTon BHCTYNAE IUIACTHHA IUTATHHH,
aHoxg — HamiBmpoBimHuk. Ilix dwac mpomyckaHHS
SNEKTPUYHOTO ~ CTPyMy Ha TIOBEPXHI  KpUCTaIly
(opMyIOTECS HAHOCTPYKTYpH. JIIsI HaHOMPOIYKTiB
3aCTOCOBYBAaHMX y BHpOOax MIKpPOCIEKTPOHIKK it
(hoTOCNEKTPUUHIX TIEPETBOPIOBAYAX EHeprii, HaHO-
CTPYKTYpH 37€0iibIIOro SBJISIOTH COOOI0 TOpYyBaTi
HIapy.
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Kaxxyun mipo ympaBiiHHS TPOIECOM EICKTPOXiMid-
Horo (opMyBaHHS IOp Ha ITOBEPXHI HaIliBIIPOBIIHUKIB,
PO3TIITHEMO CHCTEMY YIpaBliHHA B IUIOMy Ta il
MJACUCTEMY — «HAMIBOPOBIAHUK —  EIEKTPOJITY.
OCKiIbKM Ha IJICHCTEMY — «HAIBIPOBITHUK —
EJIEKTPONITY JIi€ Oe3Ji4 30BHINIHIX ()aKTOpiB, TO BOHA €
BikpuTOR. Cy0’€KTOM CHCTEMH YIPABJIIHHS BHCTYIIa-
TUME IIPOLIEC ENEKTPOXiMiuyHOi OOpOOKM KpHCTaliB, a
00’€KTOM YIPaBJiHHA, TOOTO KEPOBAHOIO CHCTEMOIO,
BB)XaTHMEMO TiJICHCTEMY «HAITIBIIPOBITHUK — €JIEKTPO-
JTY. CraH KepoBaHOI CHCTEMHU 3aJIeKUTh BiJl
30BHINIHIX BIUIUBIB, BIUIMBIB 3 OOKY KEPYIOUOTr0 OpraHy
(ynmpaBniHHA) 1 Ol camMOi KepoOBaHOI CHUCTEMH
(pucynok 2). Ilig misMu KepoBaHOI CUCTEMH PO3YMi€EMO
MIPOLIECH CaMOOpTraHi3alii yTBOPEHHsI HAHOCTPYKTYp Ha
MTOBEPXHI HAIIBIPOBITHHUKIB.

OcHOBHE  3aBJaHHsA  YNPaBIiHHA  MPOLECOM
eNeKTpoxiMiyHoro posunmHeHHs kpucrany (YIIEPK)
MoJATae 'y 3IMCHEHI TaKMX YNPaBIIHCBKHX [iH, sKi
JlaJlyTh 3MOTy 3a0€3MeYn T HeOOXiJHUI CTaH KepOoBaHOI
cucremu. Jlo Toro  mpu IBOMY Oyne BpaxoBaHa
indopMmanist npo 3oBHimHI aii. Po3ropHena cxema 3
HOSCHEHHAM CTPYKTYPHHX KOMIIOHEHTIB 1 iX B3aemonii
NpE/ICTAaBIIeHA Ha PUCYHKY 3.

Cy6’exT ynpapjiHHs "

i Tlpouec enexkrpoximiyroi !
| 00poOKH KpUCTaiB I

Cran
KEpOBaHOT
CHCTEMH

YnpaBiiHHs

KepoBana cucrema

30BHilIHI BIJIHBH, . Cucrema .4
| KHATTIBITPOBITHUK/€JIEKTPOITIT |
.

PucyHok 2 — 3aranbHa cxema CHCTEMH YIpaBJIiHHS
MPOIIECOM EIEKTPOXIMIYHOTO PO3UNHEHHS
KpHCTaIy

30BHILIIHE ~ CEPENOBUIIE  CIJ  PO3YMITH  SIK
CYKYITHICTh BCiX 00’€KTIB/CY0’€KTIB, II0 HE BXOJSAThH B
JlaHy CHUCTeMY, 1 00’€KTiB/Cy0’€KTiB, 4Hi BIaCTHBOCTI
3MIHIOIOTBCS. B 3aJIeXHOCTI BiJ] CTaHy CHCTEMH
(pucyHok 4). 3MiHIOBaHHS 1X BIIACTUBOCTEH BILTHBAE Ha
JOCTIDKYBaHY CUCTEMY.

30BHINIHI BILVIUBU

_— Y e

......... YMoBHU Bumoru, HopMmH, MexanizmMu
MTOPOYTPOBOPECHHS KpUTepii MOPOYTBOPEHHS =
= -~
z z
= Jlii Pesynbrar =
= Ilorpeba || Texuonorii BODEHHS . =
8 PO N era »>3anaqi® (meronu - (TPABICHHS - (YIBOPEIIILT_, g
= MOTUB KpUCTaiB) MopyBaToi =
CHHTE3Y) p
k= CTPYKTYpH) : F
= A A A A -
< =3
p) N se]
v =
5 3)
e 3
o~ o Z
| = R
am o
) o=
Z +—E 5-4—
Kopurysouif , % &3
il i llpomecu | = g
icamoopranizauii; S =

30BHINIHI BILIUBH

Pucynok 3 — CTpyKTYpHI KOMIOHEHTH PO3TOPHYTOI CXeMHU CUCTEMH YIPABIiHHS TEXHOIOTTYHUM MPOLIECOM
€IIEKTPOXiMIYHOTO PO3UYNHEHHS KPUCTAILY
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— 30BHiIIHI BIUIHBH

—><__ Cemrathii: npmvrimergﬂzr i

o Teniﬁepérypa pogtﬁiny e
enexmomﬁ'

—> “mcrora excneprme}rry — 2P

OCKIJIBKH TIiJT [Ii€}0 KBaHTiB
CBiT/Ia IIBHIKICTH
TIOPOYTBOPEHH: 361 bIITY €THCS)

3aJIe;KHO BiJl TUITy aHiOHY, KU
IpHiiMae y4acTh y mporeci
PO3UMHEHHS KPHCTAIY,
eIeKTPOIIT MiAirpiBaTh a6o
OX ONIOILKYIOTh

TIOBEPXHA KPHCTATY, SK IPABUIIO,
MICTHUTh aKTHBHI peKOMOGiHaliHHi
LEHTPH, 5IKi IETKO BCTYNAKOTh Yy
peaxiiiio 3 i0HaMH, IO MiCTAThCA
y TIOBiTpi

PucyHok 4 — 30BHIIIHI BIUTMBY, 110 AilOTh Ha CUCTEMY «HAIliBIIPOBIIHUK/EIEKTPOTIT

TakuM 4YMHOM, MiJ 4Yac YHPaBIIHHA MPOLECOM
NOPOYTBOPEHHSI HAa  TOBEPXHI  KPHUCTaly  CIij
BPaxOBYBAaTH:

— YMOBH ITOPOYTBOPEHHSI, i/ IKUMH CITiZI PO3YMITH
PEKUMHU €IEKTPOXIMIYHOI 0OPOOKH KPUCTAIIIB;

— BUMOTH, 10 BUCYBAaIOThCA IO SIKOCTI OfIep)KaHMX

HAHOCTPYKTYD;
— MeXaHI3MH, 10 JIeKaTh B OCHOBI Mpolecy
[OPOYTBOPEHHSL.
YnpagiiHHs MPOLIECOM EJIEKTPOXIMIYHOTO

PO3UMHEHHS KpHUCTAly MOYMHAETHCA 3 IMOTPEOH, IO
3YMOBJICHa HEOOXIJHICTIO CTBOPEHHSI HAHOMATepialliB i3
3aJJaHUMU BJIACTHBOCTAMU. Lle cTae MOXIIMBYUM JIHIIIE 32
YMOBH KOHTPOJIbOBAHOCTI TIPOIIECY Ta PO3YMIiHHS
OCHOBHMX MEXaHi3MiB, 10 JIeKaTh B  OCHOBI
[IOPOYTBOPEHHS.  3aJadyaM¥  YIPaBIiHHA IPOLECOM
€NEeKTPOXIMIYHOTO PO3YHMHEHHSI KpUcTany €
BCTAHOBIICHHSl TaKUX TEXHOJIOTIYHUX DPEKUMIB, IpU
SKAX CTa€ MOMJIMBUM OTPHMAaHHS HAaHOCTPYKTYp i3
MPOTHO30BAaHUMH T IPOTPAMOBAHMMH BIIACTUBOCTSIMHL.
[Ipuy mpomMy Hacammepen HEOOXiOHO BH3HAYUTHUCS 3
METOJAMH CHHTE3y HAHOCTPYKTYp, SKi BPaxOBYIOTH
JIOIATKOBI YMOBH ¥ BIUIMBIB 30BHIMIHIX (hakTopiB. Jaii
obupaeTbcss meBHa 1 (abo HaOip mid), fAka 3
ypaxyBaHHSIM BIUIMBY HABKOJMIIHBOTO CEPEIOBHUILA
MIPU3BOAMTE JI0 TIEBHOTO PEe3yIbTATY HisUTbHOCTI. Bubip
Il TpYHTYeThCS HAa BU3HAYEHHI eTamiB (OpMyBaHHSI
HAaHOCTPYKTYp 1 BH3HAUa€ThCsA Oe3mocepenHiM  ix
BUTOTOBJICHHSIM.

Jis OLiHKK pe3yNbTaTy OTPUMaHHI HAHOCTPYKTYPH
MOPIBHIOIOTP 3 CTAJIOHHMMH 33  3a3[aJIerilb
BU3HAYCHUMH KPHUTEPisIMH AKOCTi. [Ipu 1mipomy BHOIp
KpUTEpiiB 3a3BUYaldl JUKTYETbCA IIUIAMH  OITIHKH.
Orminka BiTOYBa€ThCS HA OCHOBI aHAII3Y MOCIIKCHHS
TIOBEPXHi KPUCTAITY.

BucHoBku. TakuM 4WHOM, y CTaTTi NPEICTABICHO
€JIEMEHTH CHCTEMH YIPAaBIIiHHS SKICTIO HAHOCTPYKTYP

AK IIJACUCTEMH YIPaBIiHHS EKOJOTiYHOI O0e3NeKoro.
VYrpaBiiHHA SKICTIO HAHOCTPYKTYp PpO3IVIIHYTO Ha
NPUKIIAAlL OJJHOTO 3 METOJIB CHHTE3y HAaHOCTPYKTYPO-
BaHMX T[IOBEPXOHb — EJIEKTPOXIMIYHOMY TpaBJICHHI
kpuctaiiB. [loka3ano, mo mnpu M0OYyIOBI CHCTEMH
VIPaBIiHHSA TPOLECOM IOPOYTBOPEHHS HAa TMOBEPXHI
KpUCTally HEOOXiJHO BpaxOBYBaTH YMOBU CHHTE3Y
HaHOMAaTepialliB, BUMOTH, IO BUCYBAIOTHCS JIO SIKOCTI
OIEpXKAHUX CTPYKTyp Ta MEXaHi3MHu, IO JIeXKaTb B
OCHOBI mpouecy (opMyBaHHS HAHOCTPYKTYPOBaHHX
MOBEpXHOHb. [l OWIHKKM  SIKOCTI  TPOAYKTIB
HAHOTEXHOJIOTi OyJl0 BCTaHOBJIEHO OCHOBHI €Tanu
JKUTTEBOTO IUKIY TMPOAYKTIB HaHOTexHoiorid. Ha
KOXXHOMY 3 €TalliB JKUTTEBOTO IMKJIY IMPOAHAaTi30BaHO
OCHOBHI  (pakTOpH, IO BIUIMBAIOTh HA  SIKICTh
HaHOCTPYKTYp. [Toka3zaHo, 110 OIiHKA KOHTPOIIO SKOCTI
BUPOOHHUIITBA Ta 3aCTOCYBAHHS HAHOMATEPialiB MOBUHHA
BKJIIOUaTH  0OaraTtopiBHEBY  I€papXidyHy  CHCTEMY
KOHTPOJIIO SIKOCTI HAHOTEXHOJIOTI40l MPOAYKIIi, SKa Ha
KO)KHOMY 3 PIBHIB BioOpakaTuMe CHCTEMY KOHTPOITIO
Ta  HAaJacCTb  MOXJIMBICTD  HPOCTEKUTH  HPOILEC
3aCTOCYBaHHS HaHOMAaTepiamiB Ha BCIX  CTafisx
KHUTTEBOTO IUKITY.

Ionsika

Pobora Oyma BHKOHaAaHa B paMKaX HAayKOBHX
JIepKOIOPKETHIX TOCIiIKEHb:

— «HaHOCTpYKTYpOBaHI  HAMIBNPOBITHUKA IS
EHEeproeeKTUBHUX EKOJOTIYHO OE3IMEYHUX TEXHOJOTIH,
M0 TIiABWINYIOTh pIBEHb CHEPro30epeKeHHS Ta
exomoriuHoi  Oesmekm  ypbOocicreMm»  (IepKaBHHMA
peecrpaniiiamii Homep 0116U006961);

— «Po3poOKka TEXHOJOTHW OILIHIOBaHHS ITOKA3HHUKIB
SKOCTI Ta 0€3MEeKH MPOAYKTIB HAHOTEXHOJIOTIH MPOTATOM
JKUTTEBOTO IMKIY» (IepKaBHUH peecTpaliiiHuii Homep
0116U006961).
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I. Bogdanov, Y. Suchikova, S. Vambol, V. Vambol

ENSURING OF ENVIRONMENTAL SAFETY OF NANOMATERIALS BY CONTROLLING THE
QUALITY OF NANOSTRUCTURES

The relevance of the study is explained by the fact, that more than 50 countries conduct research and development in
the field of nanotechnology and at least 30 countries have their own national programs in this field. In this paper, the
main stages of the life cycle of nanotechnology products and their impact on the environment. The elements of a quality
management system for nanostructures that are responsible for the environmental safety of nanoproducts used in
microelectronics and photoelectric energy converters. Ensuring the quality of nanostructures leads to the extension of
the life of the products on their basis, that is, the life cycle of products. In addition, the probability of nanoparticle
release into the environment is reduced through the stabilization of the surface properties of the samples. Structural
components of the detailed scheme of the control system for the technological process of electrochemical dissolution of
a crystal. The tasks of controlling the process of electrochemical dissolution of a crystal are the establishment of such
technological regimes in which it becomes possible to obtain nanostructures with predictable and programmable
properties taking into account external factors.

Keywords: environmental safety, nanomaterials, quality management, life cycle.

HU. T. Boraanos, 5. A. CeiunkoBa, C. A. Bam6oab, B. B. Bam6oanb

OBECIEYEHUE J3KOJIOTMYECKOM BE3ONMACHOCTH HAHOMATEPHUAJIOB IOCPEJICTBOM
YIIPABJIEHUSA KAYECTBOM HAHOCTPYKTYP

AXTyaJIbHOCTb MCCIIEZIOBaHUS OOBSICHSIETCS TeM, uTO Oosiee 50 cTpaH BeqyT MCCIE0BaHus U pa3paboTKH B 001acTH
HaHOTeXHoJoruil u He Menee 30 CTpaH MMEIOT CBOM HallMOHAJbHBIE MPOrpaMMbI B ATOi obnactu. B atoit padore
OIIpeJIeIEHbl OCHOBHBIE 3TAIIbl JKU3HEHHOTO LIMKJIA IPOYyKTOB HAHOTEXHOJIOT Ui U UX BIUSIHUE Ha OKPYXKAOLIYIO CPELy.
VY CTaHOBIIEHO 3JIEMEHTHI CHUCTEMBI YIPABIICHUS KayeCTBOM HAHOCTPYKTYP, KOTOpbIE OTBEYAIOT 33 HKOJIOTHUYECKYIO
0€30I1aCHOCTh ~ HAHOIPOAYKTOB  INPUMEHAEMBIX B  H3ACNUSIX  MHKPOIJIEKTPOHMKHM M (OTOINIEKTPUUECKHX
npeobOpa3oBaTensix sHepruu. OOecrieyeHHe KadecTBa HAHOCTPYKTYP MPHUBONUT IIPOMIEHHS CPOKAa ODKCIUTyaTalluu
M3JIETIMI Ha UX OCHOBE, TO €CTh YBEIMYMBAETCS KM3HEHHBIN IUKI Mpoxyknuu. KpoMe Toro, CHUKaeTcst BEpOSITHOCTD
BBIJICTICHUS] HAHOYACTHI[ B OKPYKAIOLIYI0 Ccpely depe3 CTaOMIM3alMi0 IIOBEPXHOCTHBIX CBOWMCTB 0Opa3IoB.
IIpencTaBneHsl CTPYKTYpHBIE KOMIIOHEHTHI Pa3BEPHYTON CXEMbI CHCTEMbI YIPABIICHUS TEXHOIOTHYECKUM IIPOLIECCOM
IEKTPOXUMHUYECKOTO PACTBOPEHUS KPUCTANIA. 3alauaM1 yIIPABIIEHUsI IPOLIECCOM 3JIEKTPOXUMHUIECKOTO PACTBOPEHUS
KpHCTaJUla SIBJISICTCSl YCTAHOBJIEHME TAKHX TEXHOJOTHYECKHX PEKHUMOB, NPHU KOTOPBIX CTAHOBUTCS BO3MOXKHBIM
NOJTy4eHHe HAaHOCTPYKTYP C IPOrHO3UPYEMBIMH U IIPOrPAMMHUPYEMBIMH CBOHCTBAMH C YYETOM BHEITHUX (PaKTOPOB.

KnroueBble c10Ba: 3K0n0ornieckasi 0e30MacHOCTb, HAHOMATEPUAaIbl, YIIPABICHNE KA4eCTBOM, KU3HEHHBIN LKL
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MODIFICATION OF PYROTECHNIC COMPOSITION TO EFFECTIVELY NEUTRALIZE ACIDIC
AND CHEMICALLY HAZARDOUS ATMOSPHERIC PRECIPITATION

In this article the problem of reducing environmental hazards of the region from acid rain and emissions of chlorine
and phosgene in emergency situations of anthropogenic nature has been solved. For this purpose, a new composition of
the pyrotechnic charge capable under certain conditions to initiate precipitation and to neutralize their acidity has been
developed. Various modifications of the developed composition lead to active sedimentation of both supercooled clouds
and clouds with a temperature above 12 °C. The main pyrotechnic properties of the developed composition have been
checked experimentally. It is shown that additive of cellulose allows to obtain an additional amount of alkali in the
combustion component of pyrotechnic composition and to an increase in the degree of neutralization of the acidity of
the sediments. For the purpose to increase the degree of neutralization of highly toxic gases — chlorine and phosgene,
modification of pyrotechnic composition with sodium hydroxide addition is offered. A method is proposed for
neutralizing chlorine and phosgene by inoculating the zone of contamination with sodium alkali using light aviation.

Keywords: atmospheric precipitation, pyrotechnic composition, acid rain, chemical neutralization, the initiation of

precipitation.

Problem statement. At emergence of scale
technogenic accidents the huge amount of dangerous
chemicals gets to the atmosphere. The structure and
physical and chemical properties of these substances
depend by nature and a history of technogenic
accidents. Thus, large natural and technogenic
catastrophes are the reason of larger damages and the
human victims and the environmental degradation
situation in the region.

Atmospheric precipitation over the pollution
territory significantly accelerates process of the
atmosphere cleaning. There is a need to increase
intensity of process cleaning. It can be carried out due
to introduction to the atmosphere of express chemical
reagents which increase the speed of a sorption of
dangerous particles drops of a rain or neutralize their
negative impact. Because various poisoning and
radioactive substances significantly differ on the
physical and chemical properties, chemical reagents
efficiently can influence only a particular class of
pollutants with similar properties. As a result of the
major natural and technogenic fire the widest range of
various dangerous substances gets to the atmosphere.
Therefore, development of express pyrotechnic
compositions which are capable to simulated initiation
of precipitation and to neutralization of negative effect
of pollutants is a topical task.

Analysis of the recent researches and
publications. The qualitative and quantitative structure
of combustion gases significantly depends on a type of
combustible substance and combustion conditions
(temperature, concentration of an oxidizer and a
reducer). Principal components of combustion gases
are CO,, CO, NO, NO,, SO, soot and ashes [1-3]. It is
known that an atmospheric precipitation is capable to
occlude efficiently dangerous chemical and radioactive
substances. Also, an precipitation can besiege these
substances from the atmosphere [4-6]. Intensity of

cleaning of the atmosphere with settlings depends on
intensity of precipitation and physical and chemical
properties of the besieged substances [7, 8]. Various
reagents are used for simulated initiation of precipitation.
Use of pyrotechnic compositions in the form of aerosol
generators or pyros [9] is the most efficient solution of
delivery and dispersion of reagents. However, the
existing structures of pyros cannot be used for
neutralization of negative effect of pollutants.

Statement of the problem and its solution. The
purpose of work is development of the pyrotechnic
composition having properties of initiation of an
atmospheric precipitation and neutralizations of their
acidity and the contained toxiferous components.

Among light-end products of combustion CO, NO,
NO,, SO, have the greatest reactivity. At hit in the
atmosphere these combustion gases react with
atmospheric gases. The lower troposphere, except H,0,
0O, and rather inert CO, and N, contains highly active
radicals — hydroxyl HO", gydro-peroxide HO," and NOs
[10] nitrate ions. Such radicals appear in the atmosphere
under the influence of an ultra-violet radiation, and,
therefore, their concentration increases with height.
However due to the high activity they have significant
effect on chemical processes and in the lower
troposphere. Reactive components of combustion gases
react with radicals according to the following schemes:

CO+HO®* - CO, +H"; (1)
CO+HO35 - CO, +HO®; 2)
NO+HO* —> NO, +H*; ©)
NO+HO35 — NO, +HO®; (4)
Pad
NO, + HO* HNO, ; (5)
NO, +NOj;. N,Os; (6)
N, Oy +H,0 — 2HNO, ; @
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SO, +HO"® — HSO}; ©)
HSO3;+0, -S04 +HO3%; 9)
SO, +H,0H,S0,. (10)

Apparently from the equations of reactions (1)—(10),
as a result of chemical transformations of NO, NO,,
SO, in the atmosphere nitric and sulfuric acids have
been formed. These acids are occluded by water
microdrops. Aqueous solutions drops of acids
prolapses out at particular weather conditions that does
essential harm to crops and other vegetation.
Proceeding from it the acid removal method until its hit
on the Earth's surface due to dispersion of finely
divided alkali has been offered one of methods of fight
against acid settlings. Introduction to the atmosphere of
finely divided alkali can be carried out due to use of
pyrotechnic compositions [11].

The most available alkalis are oxyhydroxides of
sodium and a potassium (NaOH, KOH). Besides, these
alkalis are well dissolved in water and decaying on
ions. That results in their high activity at neutralization
of water acid baths. As the principal combustible
components of pyrotechnic composition for dispersion
of alkali finely divided powders of aluminum and a
magnesium (ASD-4, MPF-4), nitrate of potassium (KNO;)
as an oxidizer and organic pitch (CKH 26) as binding
are chosen. Composition of PS-1-0: MPF-4 — 7 %;
ASD-4 — 4 %; KNO; — 79 %; SKN of 26 — 10 %.

Composition is formed as the cylindrical extended
sword by a diameter d = 20 mm and long | = 150 mm.
Lighting of pyrotechnic composition takes place an
electric spark method.

Finely divided alkalis (NaON, KOH) do not take
part in combustion process. As a result of explosive
charge combustion of a particle of alkali are sprayed
and contacted to acid atmospheric creation and
neutralize them on reactions (11)—(14):

H,SO, +2NaOH = Na,SO, +2H,0 ; (11)

HNO ; + NaOH = NaNO; + H,0; (13)
HNO 5 + KOH = KNO; +H,0 . (14)

As, the specified alkalis have rather low boiling
point (Tboil (NaON) — 1676 K; Thoil (KOH) — 1600 K),
at combustion of an explosive charge occurs their
sublimation that leads to a padding dispersion of
particles of alkali. The padding amount of alkali can be
formed as a result of combustion reaction of metals
with potassium nitrate on the following equations:

Mg +2KNO; +H,0 = (15)
=MgO { +2KOH +2NO, T
Mg +2KNO,; +2H,0 =

g 3 2 (16)

=Mg(OH), ¥ +2KOH +2NO, T

Apparently from the equations (15)—(16), additional
creation of potassium hydroxide requires presence of

molecules of water. In spite of the fact that at the
atmosphere constantly there is a moisture, at the expense
of a powerful stream superheated reaction products hit of
molecules of water in a reaction zone of combustion
explosive charge is extremely complicated.

Ensuring reactionary volume with water introduction
of combustible hydrogenous components immediately in
an explosive charge allows to solve a problem. Organic
compounds can be such components. From the
technological point of view organic matters for formation
of an explosive charge have to be in solidity under
normal conditions. As such additive it is possible to use
cellulose. Combustion of an explosive charge on a
molecular scale happens to cellulose additive according
to the scheme:

Mg + KNO; + C4H ;05 —

— MgO +CO, T+KOH +NO T~ (7)

At the same time practically all atoms of a potassium
participating in process of combustion form potash
alkali. It in addition increases intensity of neutralization
of acid atmospheric creation at combustion of
pyrotechnic mix.

After the choice of components of a pyrotechnic
composition it is necessary to decide on mass composition.

Definition of efficient mass composition was carried
out experimentally by measurement of burn speed and
combustion temperature. An experiment was conducted
in the isolated chamber (figure 1).

Figure 1 — Experimental research of pyrotechnic
composition burning parameters

As a result of experiments it was determined a low
probability of ignition of the electric-spark method. This
negative phenomenon is also associated with the
presence of the oxide film, which prevents the initiation
of the combustion process. The melting temperature for
MgO film is much higher than for the oxide film of
aluminum, which, apparently, affects the low probability
of ignition compositions with magnesium. To eliminate
this drawback it is proposed to use a two-layer structure
of a charge, with a thin layer of the initiating
composition based on potassium perchlorate and graphite
(KC1O,4 + C) in the area of ignition and the main working
part with the use of potassium nitrate and metals
(figure 2).
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N F\

= 5,

Figure 2 — Structure of two-layer pyrotechnic
composition: 1 — main composition;
2 - initiator burning composition

The test results of the two-layer compositions show
that the introduced changes do not affect the burning
intensity within the measurement error, but the
probability of ignition in all series was 100 %.

On pyrotechnic properties pyrotechnic composition,
in addition to the chemical nature of the combustible
mixture, significantly influences the polydispersity of
fuel relative to the oxidizer and the total dispersion.

Results of the experimental research are presented in
tables 1 and 2. In the beginning the structure with
addition only of potash alkali as main neutralizer of
acidity has been investigated.

Table 1 — Main combustion parameters of pyrotechnic compositions
for deacidizing without cellulose addition

Composition Content KOH, % mass Burn Speed, 10° m's™ Burn temperature, K
PC-1-0 0 3,3+0,1 1870 + 20
PC-1-1 10 3,1+0,1 1850 + 20
PC-1-2 20 3,1+0,1 1820 + 20
PC-1-3 30 2,9+0,1 1820 + 20
PC-1-4 40 2,7+0,1 1810+ 20
PC-1-5 50 2,6 +0,1 1800 + 20
PC-1-6 60 2,3+0,1 1780 + 20
PC-1-7 70 ~ 2,1 (blowout) 1750 +£20
PC-1-8 80 ~ 2,0 (blowout) 1720 +£20

Table 2 — Main combustion parameters of pyrotechnic compositions
for deacidizing with cellulose addition

Composition Content KOH, Content cellulose, Burr; Spegld, Burn temperature,
% mass % mass 10° m-s K
PC-1-51 50 5 2,4+0,1 1790 + 20
PC-1-52 50 10 2,4+0,1 1780 + 20
PC-1-53 50 15 2,4+0,1 1760 + 20
PC-1-61 60 5 2,1+£0,1 1750 + 20
PC-1-62 60 10 (blowout) 1720 +£20
PC-1-63 60 15 (blowout) 1710 £20
PC-1-71 70 5 (blowout) 1700 + 20

Results of an experiment showed that addition of
potash alkali to 60-65 % (mass) allows to keep steady
combustion of pyrotechnic composition. Cellulose
addition reduces combustible properties of an
explosive charge as a result of quantity replacement of
the active combustible components with cellulose a
little. However the structure of PC-1-61 from 60 % the
KOH and 5% of cellulose possesses steady
combustion and can be used at neutralization of acid
precipitation. Besides, the magnesias formed at
combustion and aluminum are the centers of teardrop
that leads to padding initiation of process of sludge
formation.

In addition it is possible to accelerate sludge
formation process due to introduction to pyrostructure
of Agl or NaCl from calculation that the total of the
modifying additives should not exceed 65 % mass.

Use of the offered structure for simulated sludge
formation allows to initiate settlings over a zone of the
major natural and technogenic fire that leads to a
deposition from the atmosphere of harmful combustion
gases and prevents formation of an acid atmospheric
precipitation by their neutralization.

The separate group of toxic substances is made by
chlorine and phosgene. Unlike ammonia, chlorine (Cl,)
and phosgene (COCI,) have extremely low water
solubility. The main physical and chemical properties of
these gases are given in table 3.

Low solubility of chlorine and phosgene in water
testifies to low intensity of a deposition of these gases an
atmospheric precipitation. Therefore, for increase in
cleaning speed of the atmosphere in aquacondensate it is
necessary to include neutralizers in addition.

Table 3 — Some physical and chemical properties
of chlorine and phosgene neutralizers

Boiling | Decomposition Water
Gases | temperature, | temperature, | solubility at
K K 273K, g/100 g
Cl, 239 ~1680 15
COCl, 282 ~1075 0,9

The most active neutralizer of chlorine is sodium
thiosulfatum:
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=2H,S0, + 2NaCl + 6HCI

According to (18) neutralization of 1 ton of chlorine
requires about 0,5 ton of Na,S,0;. Apparently from
(18), reaction proceeds in aqueous solutions. It is
necessary to consider however that Sodium
thiosulfatum is combustible and explosive substance —
when heating to 220 °C it decompose according to the
scheme:

4Na,S,0;,—>3Na,SO, + Na,S+4S . (19)

Proceeding from it, use of Na,S,0; as additives in
explosive charges is strictly forbidden.

Efficient neutralizer of chlorine is sodium
hydroxide:

Cl, + 2NaOH — NaCl + NaOCl + H,0. (20)

Neutralization of 1 ton of chlorine requires 1,2 ton
of NaOH. Hydroxide of sodium is well dissolved in
water. Therefore in practice of decontamination usually
use aqueous solutions. Apparently from (20), at
chlorine neutralization alkali in addition forms salts
which desublimated in water-absorbing crystals, and
water. Formation of such reaction products (water-
absorbing crystals) positively influences sludge
formation process.

Not less dangerous substance getting to the
atmosphere at technogenic accidents (especially at
large fire), is phosgene (COCI,). In express literature
phosgene carries the name «carbonyl dichloride». In
the nature phosgene does not exist and was widely
adopted in chemical industry where it is used as the
intermediate product by production, in particular, of
dyes, pesticides, pharmaceuticals, polymers, pitches
and hardeners. Annual world production makes about 5
million tons. Phosgene is formed at thermal
decomposition or a photo-oxidation of chlorinated
solvents, and also at combustion of polyvinylchloride.

In spite of the fact that phosgene has low water
solubility (rable 3), but as well as chlorine is actively
neutralized by sodium hydroxide:

COCl, +4NaOH —

. (21
— Na,COj, + 2NaCl + 2H,0

Follows from the equation of reaction (20) that is
necessary for neutralization of 1 ton of phosgene for 1,6 ton
of sodium alkali or 16 ton of its 10 % aqueous solution.

Pyrotechnic compositions with additives of alkalis
have been considered earlier. Similar properties of
potassium and sodium alkalis allow to replace them as a
part of an explosive charge without essential changes of
combustion parameters. So, by analogy with structure of
PC-1-6 whereas non-combustible addition agent there
are 60 % the KOH, properties of composition PC-1-61
from 60 % of NaOH have been investigated. As a result
of the experimental researches it is established that this
structure has burn speed (2,4+0,1) 10°ms® and
combustion temperature (1790+20) K. At limit of
permissible error these parameters correspond to
parameters of combustion composition PS-1-6.

In case of adverse weather conditions for simulated
initiation of precipitation use of a method of dispersion
of finely divided reagent (NaOH) with light piloted and
unmanned aerial vehicles is in the pneumatic method
expedient.

Considering that the molar mass of chlorine and
phosgene is more than molar mass of air, the greatest
concentration of these dangerous gases is localized in a
ground layer of the atmosphere. It gives the chance to
efficiently use light aircraft for cloud seeding of chlorine
or phosgene. It allows to lower significantly the material
costs at irritation liquidation.

Conclusions. In article the pyrotechnic composition
of dual purpose is developed: for simulated initiation of
precipitation and for efficient deacidizing of the rains
and fogs formed at the scale natural and technogenic
fires. Mass contains pyrotechnic composition to 65 %.
The KOH and also cellulose which promotes additional
creation of alkali in reaction of combustion charge
explosive. Modification of the developed composition
with use of NaON allows to neutralize efficiently such
dangerous gases as chlorine and phosgene.
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M. B. Kycros, B. /I. Kanyrin

MOJIUPIKALISA MIPOTEXHIYHUX CKJIAIIB 1151 EPEKTUBHOI HEMTPAJIBALIL KUCJIOTHUX
TA XIMIYHO HEBE3INIEYHUX ATMOC®EPHUX OITA/IB

B poGoti BupilIyeThCsl 3aBaHHS 3HIKCHHS CKOJIOTIYHOI HeOe3MEeKd PErioHy BiJl KUCIOTHUX OMAJiB i BHUKUIIB
XJIOpY Ta (OCreHy Npu BHHUKHEHHI HaJ3BMYAHHOI CHUTYyalii TEXHOTEHHOI'O XapakTepy. 3 i€l METOI pOo3pOo0IeHO
HOBMI CKJIaJI MIPOTEXHIYHOTO 3apsiy, 34aTHUM 32 MEBHUX YMOB IHILIIOBaTH aTMOC(epHi onaau Ta HeHTpasizyBaTH iX
HaJIMIpHY KUCJIOTHiCTh. Pi3HI Moaudikauii po3pobieHoro ckjiaay NpU3BOIATH O aKTUBHOTO ONAJOyTBOPEHHS, SIK
NIEPEOX OJIOKEHUX XMap, TaK i XxMap 3 temrneparypoto uiie 12 °C. OCHOBHI MipOTeXHIYHI BIACTUBOCTI PO3POOJIEHOTrO
CKJIay MepeBipeHi eKCIepUMEHTaIbHO. [10ka3aHo, 10 BBEACHHS IEIFOJI03U B 1€l CKIIaJl CIPHsE TeHepallii 101aTKOBOT
KIJIBKOCTI JIyTy (B pe3ysbTaTi TOPiHHS KOMITOHEHT Mipo3apsoM) Ta IiJBHINCHHS CTYIEeHs HeWTpasizalil KHCIOTHOCTI
omna/iB. 3 METOI MiJBHUIICHHS CTYINEeHs HeWTpati3allii BACOKOTOKCHYHHX ra3iB — XJOpYy Ta ()OCTeHy, 3alporoHOBaHa
MozaudiKkallisi MPOTEXHIYHOrO CKIany 3 A0ABaHHSAM TiJIPOKCUIY HATPil0. 3alporOHOBAHO METO]| HeWTpanizalil XJopy
Ta (OCTeHy HIISIXOM 3aCiBY 30HU 3a0pyJHEHHs HATPIEBUM JIyTOM 3 BUKOPUCTAHHSIM JIETKOMaTOPHOI aBiarlii.

Koarwuosi ciioBa: atmocdepHi onay, MpOTEeXHIYHUN CKIIaJ, KUCIOTHI JIONIi, XiMiYHa HEWTpasli3alis, iHil[iloBaHHs
omamiB.

M. B. Kycros, B. JI. Kanyrun

MOJIUPUKALNSA NUPOTEXHUUYECKHUX COCTABOB JIJISI S®®EKTUBHOMW HEMTPAJIN3ALIMM
KUCJIIOTHBIX U XUMHNYECKHU OITACHBIX ATMOC®EPHbIX OCAJIKOB

B pabore pemaercs 3aadya CHIKEHHS SKOJIOTMYECKOH OMACHOCTH PErHOHA OT KHUCIIOTHBIX OCAIKOB M BBIOPOCOB
xJiopa 1 (hocreHa Ipy BOSHUKHOBEHUH YPe3BBIYailHON CHTYyallMi TEXHOT€HHOTo Xapakrepa. C 3ToH Lemblo pa3padoTaH
HOBBIA COCTaB IHMPOTEXHWYECKOrO 3apsisia, CIIOCOOHBIM NPH ONPEICIEeHHBIX YCIOBHAX HHUIMHPOBATH aTMOC(hEpHbIE
OCagKd W HEHTpanu3oBaTh HMX H3OBITOYHYIO KHCIOTHOCTh. PasnuuHple MomuduKamuu pa3pabOoTaHHOTO COCTaBa
NPUBOIAT K aKTHBHOMY 0CaJKO00Pa30BaHMIO, KaK NEePEOXIaXkJEHHBIX 00IaKOB, TaK M 00JIAKOB C TEMIIEPaTypOi BBIIIE
12 °C. OcHOBHbIE THPOTEXHUYECKUE CBOWCTBA pa3pabOTAHHOTO COCTaBa MPOBEPEHBI IKCIIEPUMEHTaNbHO. [lokazaHo,
YTO BBEICHUE IIEJUTIONO3BI B ITOT COCTAaB CIIOCOOCTBYET TI'€HEPALHU IOMOJHHUTEIFHOTO KOJNHUYECTBA IIET0YH (B
pe3yabTaTe TOpeHHs] KOMIIOHEHT NUpO3apsia) W IOBBIIICHUIO CTENEHH HEHTpann3alyd KHCIOTHOCTH 0caakoB. C
LeTIBIO TTOBBIIIEHHS CTETICHN HEHTpaIN3aliy BHICOKOTOKCHYHBIX Tra30B — XJI0pa U (hocTeHa, IpeiokeHa MOqU(UKALIH
MMPOTEXHUIECKOT0 COCTaBa C 100aBJIeHHEM IHApOKcHaa HaTpus. [IpeuioxkeH MeTo HelTpanu3aliy Xjiopa 1 GpocreHa
IIyTeM 3aceBa 30HbI 3aTPA3HEHNUS HaTPHEBOI IIETOYbI0 C UCIIOIB30BAHUEM JISTKOMATOPHOH aBHALIMH.

KnaroueBble ciioBa: aTMocQepHble OCAaOKH, NUPOTEXHUYECKUH COCTAaB, KHCJIOTHBIE JOXKIH, XHMHYECKas
HEeHUTpaIn3alysi, THUIUAPOBAHNE OCAIKOB.
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PO3POBKA BE3IIEUHOI'O CIIOCOBY OTPUMAHHSA KPUCTAJIIB Csl:Tl 3 PAAIOHYKJIIJAMU
JJIsA BUAKOPUCTAHHA B PAIOEKOJIOI'MYHOMY MOHITOPHUHI'Y

3anpornoHoBaHo Oe3NeyHuid Croci0 OTPUMAaHHS CHMHTHISATOPIB JUIS PagioeKOIOriYHOro MOHITOPUHTY. MeTomoM
CIIPSIMOBAHOI KpHCTaTi3allili B KBapIOBUX amiyiax BupoiieHo kpucramu Csl:Tl, ski He mpunumarTh 10 MaTepiany
KOHTeHHepa 1 He pyHHYIOTbCsl Ipu oxonopkeHHI. CriociO BUKITIOUAE OMepaliito TOBEPXHEBOr0 OILUIABJIEHHS 3JIUTKA, 110
CYTTEBO 3MEHIIYE BUKHIM IIKIJUIUBHUX PEYOBUH 1 eHeproBUTpatd. CHEKTpH KOJNHMBAIBHOTO IMOTVIMHAHHS OTPUMaHUX

kpucraniB Csl:Tl i Csl He maroTh cMyT, 1110 06yMOBIIeHi ioHaMu OH ™ i C032 ~, a eNIeKTPOHHE NOTJIMHAHHS Y BUIMMIN
o0JacTi micis ONPOMIHEHHS HE Ma€e CMYT IeHTpiB 3a0apBieHHss F_ W F 4 -tumy. CIeKTpOMETPUYHI XapaKTePUCTHKU
BUPOIICHUX KPHUCTATIB HE MOCTYMAIOTHCS €TalOHY. MeTon pPeKOMEHIOBAHO ISl BHUPOIIYBAaHHS CIHMHTHISTOPIB 3
i30TONaMH, 1110 BBEJIEHI JI0 KPUCTAJIYHOI IPaTKH, 1 Bipi3HAEThCA AerinpaTanieto cupoudn npu T < 40 °C B ymoBax,
110 BUKJIFOYAIOTh (DOTOJII3 COJIH.

KunrouoBi ciioBa: exosoriyHa Oe3mneka, paioeKONOriuHINA MOHITOPHHT, PICT KPUCTAIliB, TIOBEPXHEBE OILIABJICHHS,
CUMHTWIIALIIHI XapaKTEepPUCTHKH.

IHoctanoBka mnpodaemu. CHUHTHIATOPH 3 [TonoxeHHs1 OMOPHOTO MUKAa B IIKali €Hepriii ramma-
BHYTPIUIHIMHI  {30TONAMH  BHKOPHCTOBYIOTBCS B KBAHTIB HA3MBACTBCH TaMMa-eKBiBATCHTOM (Gg,) i
PagioeKoJIOriYHOMY MOHITOPHHIY 1 T€0I0ropo3BilLi,
0COOJIMBO BOHHM I[iHHI ITPHU pOOOTI B TOJILOBUX yMOBax
[1, 2]. st MOHITOPHHI'Y BUKOPHCTOBYIOTh KPUCTAJIH 3
BHYTpIIIHIM  anbda-penepom, sSKAi B 1HO3EMHIN
mitepatypi HasuBawoTh mynbcapom (Am-pulser) [3, 4].

BUKOPHUCTOBYETbCSL  JUIA  CTaOUIi3allil  €IEeKTPOHHOIO
TPaKTy CHUHTHISLIKHOrO Aerekropa. [IpuHimn podboTu
TaKOro JETEKTOpa MOSICHIOE PUCYHOK 1, IIO NMPHUBEAEHO
3a JaHUMU KaTajory [4].

KiabkicTh iIMOVALCIB

+
1% v-rays from “Co
s000{ *
+ 1.17 MeV 549 MeV
* ct-particles
3000 1 1.33 MeV
| 3 i | (Geq=3.81 MeV)
20004 > * }
+ 4+t a
+ + +++ #.
1000 1 F gt ; k
+
1 r r L
0 1000 2000 3000 4000 £ keB

Pucynok 1 — Ammnitynauii ciektp kpucrana Csl:Tl ¢ anbda-penepom 2 4m . Honowxenns anb(a-TrKa B

SHEepreTHYHIN MmIKali BianoBigae raMmma-ekBiBasieHTy 3,81 MeB. CriekTp 30BHIIIHBOTO Keperna 60co , To0pe BUALICHI
nBi miHii mpu 1,17 u 1,33 MeB. 3 katamory [4]

VY mpaBiii yacTHHI pHCYHKa 300pa)KEHO OIOPHUH HEBIZIOMOTO DKeperna, Mo 3a TOJIOKEHHSIM IBOX JIiHIH
curHan Bin anbda-gactok 3 eneprieo 5,49 MeB Bix (1,17 u 1,33 MeB) moxHa ineHTH(IKYBATH SIK 130TOII
BHYTPIIIHBOTO JDKEpena 2 gm . MaxkcumMyMm THKY 0Co. B nesxnx Bumaskax (reomoropo3Biaka)
IIOBHOrO TOIIMHAHHS Binosimae G,, = 3,81 MeB. BHYTpIlIHIM KepenoM cl1yxuts O'Co [5], a moumryk

Y Bl YacTMHI pPHUCYHKAa pO3TALIOBAHO CIIEKTP
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30BHIIIHIX JOKEpel BCEAYTb, HAIPUKIAA, 3a TIaMMa-

minisvu 2,62 (2%%Th) 11,76 MeB (?41U).

[Iporec oTpuMaHHS TaKWX KPUCTATIB TIOB'SI3aHUM 3
BIIIIOBIAHUMH TPYAHOILIAMHU 13-3a HeOe3meKn
3a0pyaHEHHS TNPOMHCIOBUX MPUMIIEHb palioHYyKIIi-
mamu.  Po3MileHHS ~ pOCTOBOrO  OONamHAaHHA i
00CITyrOBYIOYOTO TIEPCOHANY Yy TPHMIMIEHHSX, IO
MpU3HAuYeHi JUIs pOOOTH 3 BIJKPUTHMH JDKEpelamMH
paniarii, MPUBOOWTH 1O 3HAYHMX BUTpaAT. MOXIIUBE
piteHHs mpoOiieMH 3alpOIIOHOBAHO B [5] i mepenbauae
BUPOIIYBaHHS KPUCTANIiB Yy TePMETHYHHX KBapIOBHX
aMmIyliax 3 BHKOPHUCTAHHSIM TEXHIYHHX PIllleHb, IO
BUKJIIOYAIOTh  OIEpAIif0 TOBEPXHEBOTO OILIABJICHHS
3nuTKa. He3Bakaroum Ha TPHHIMIOBY MOXKIJIHBICTD
OTPUMaHHS KPHCTAJIYHUX 3JIUTKIB O€3 OIIaBlICHHS,
TEXHOJIOTISl BUPOLIYBAHHS TAKUX KPUCTANIB BHSBUIIACS
HE BiJITBOPIOBAILHOIO.

AHaJIi3 ocTaHHIX J0CHigxkeHb i myOsikamii. J{is
OTpUMaHHS MaTepiaiiB 3 BHyTPILIHIMU PaJioHYKIIiIaMH
HEBEJIMKY KUJIbKICTh TOTPIOHOrO 130TOIy BBOJATH JI0
pO3IUIaBy Ha CTaJil POCTY KPHUCTAIliB pa3oM 3 IHIIUMH
neryodnmMu  gomimkamu. CHOUHTHISTOPH 3 BHYTPI-
IMIHIME  PaIiOHYKIIIZ]AMH HE BUPOUIYIOTH BiJKPUTHUM
crocoOoM, Harpukiag merogom Kupormyioca, OCKibKH
BUITAPOBYBaHHSI KOMITOHEHTIB PO3ILIaBy NPU3BOIUTH 10
3a0pyIHEHHS TMPHUMINICHb. 3a3BHYail TaKi KpPUCTAJIH
orpumyloTh MetogoM Crokbaprepa y TepMETHYHHX
KBapIOBUX aMITynax [5, 6].

V pasi suponryBanus kpucranis Csl: Tl ammynmsanm
METOJIOM ICHYE MPUHIUIIOBE OOMEXKEHHS, MOB'sI3aHe 3
HEOOXIIHICTIO TPOBEJEHHSI OInepalii [OBEPXHEBOro
OIUIaBJICHHS OTpUMaHOro 3iMTKa. [lpu omaBieHHi
HOPYLIYIOTbCA T'€PMETHYHICTh aMITYJIH, BUAUISIOTHCS
napu #oamy 1 Hoaumay Tawiio, IO NPHU3BOIUTH [0
3a0py[AHEHHS ITPOMHUCIOBUX MPUMIIIECHb IKIUTUBUMH
pEYOBUHAMH, B TOM YHCII, 1 pajioHyKIigamu. SKio
olepamilo OIUIABJICHHA ONYCTHTH, TO IPHIMIAHHS
MOBEPXHI 3JIMTKA /IO CTIHKKA aMIyJi IMPU3BOIUTH [0
pPO3TpiCKyBaHHS  KpHCTalla  HpPH  OXOJOMKEHHI.
BiporigHicTh  pO3TpICKYBaHHS TUM Oulblla, YUM
OUIBIIOro JiaMeTpa 1 BHCOTH HEOOXIJHO OTpUMATh
KPHCTAJL

Bimomo, mio B3aeMomis 37HMTKAa 3 KBapIioM
o0OyMOBIIEHa HAsSBHICTIO B pO3IIaBi 1 Kpucrami
rigzpokcua-ioniB  [6, 7]. Po3pobineno cmocobu
BupomryBasHsa [8, 9], mo 3amobiraroTe 3a0pyIHEHHIO

posmiaBy ioHamu OH i CO32_, B TOMY 4HCIHI

BKIIFOYAIOTh JTOJATKOBY 00poOKy posmrasy [9, 10]
KaTiOHaMHU 3 METOI0 MePEBECTH KUCHEBOMICHI JTOMIIITKH
B HEpO34YMHHI cronyku. HemomikoM mux cmocobiB €
HEMHUHYy4Ye 3a0pyIOHEHHS pO3IUIaBy KaTiOHAMH, IO
BBOMATECS [10], 1 TOB'A3aHW 3 HUMH HETaTUBHUH
BIUIMB Ha (YHKITIOHATHbHI XapaKTEPUCTUKN KPHUCTAIIB.
IMocTaHoBKA 3aBIaHHSA Ta iioro BUpileHns. Mera
poboTH mornsATana y po3poOIi eKOJOTiyHO Oe3MeYHOro
crmoco0y BHPOIIYBaHHs MOCKoHanmux kpucrtamis Csl:TI
JUISL PaioeKOJIOTIYHOTO MOHITOPHHTY. TexXHOIOoris Mae
BHKJIIOYATH OIEpaIlilo OIUIaBJICHHS 3JIWTKY 1 Bipori-
HICTp 3a0pyJHEHHS HABKOJHUIIHBOTO CEPETOBHIIA
IIKIJUTMBUMH PEYOBHHAMH, & TAKOX JIO3BOJISITH OTPUMY-

Batu kpuctanu CSl:Tl Ge3 knCHeBMiCHHX IOMIIIOK 3
BHUCOKHUMH CUMHTWIIIIHHUMH XapaKTEpPUCTHKAMHU.
Memoouka excnepumenmy. JIJI1 EKCIICPUMEHTIB
BUKOPHCTOBYBasacsi KoMepuiiiHa cinp ¢ipmu Sigma-
Aldrich. Binbupanmcst Tinpku Ti maptii coii, 1o He
BUSIBJISUIA BUJIJIEHHS «BHCOKOTEMIIEPATypHOI» BOIH [6]
B TIpolieci HarpiBaHHA. MeTOIMKa Takoi HEpeBipKH 3a
JIOTTIOMOTOK0  TepMoziecopOIIii ra3iB omucaHa B poOOTi
[11]. 3a BucHoBKamMHM 1wi€l poOOTH HasBHICTH
«BHCOKOTEMIIEpAaTypHOI» BOAM IIOB’S3aHa 3 aKBa-

KOMIUTIEKCaMH Ha ocHOBI OH ~ BHACIiIOK 3a0pyaHEHHS
COJIi LI€I0 PEYOBHHOIO IpH 30epiranHi, abo mpu Harpisi
BoJioroi comi Buie 40 °C.

BupomryBanucs  Kpucraid  ABOX  THINB,  SIKi
PO3PI3HSITHCS METOMKOIO MMiITOTOBKK cupoBUHU. Tur I
BIJNIOBIJIaB TpaJWLIHHOMY CYIIIHHIO HOauay Ie3ito.
3anmoBHEHHS ~ aMmmyal  CULTIO  MPOBOJWIOCS B
BUPOOHMYOMY TpHMilIeHHi 3 Temneparypoto 20 °C i
BiHOCHOIO BojoricTio 70 % 3a JIOMiHECHEHTHUM
OCBITJIEHHSIM. 3aMlOBHEHA KBapIIOBA aMITyJia BaKyyMyBa-
nacst o 3anumkoBoro Tucky 0,7 Ila i BigkauyBanach
mani  nporsirom 30 xB. [lorim  Temneparypa medi
migBumyBanacs o T = 560 °C 3i IIBUIKICTIO
50 °C/ron. IlinroroBiieHa TAKAM YHHOM aMITyJjia 3 CIJLTIO
Bpakasiacsi TOTOBOFO /ISl POCTY KPHCTAIY.

Juist xpucraniB tumy 1 cymiHHS comi mpoBoaniocs
AHAJIOTIYHUM YMHOM. Pi3HHMILI monsrana B TOMY, LIO JUIst
3amobiranHs Qoromizy Bci omepauii M0 3aMOBHEHHIO
aMIIyJM BOJIOTOKO CLLIIO, 11 30epiraHHio 1 MiJroTOBKU
CHPOBUHM TPOBOJAWIIUCS TPH OCBITJIICHHI YEePBOHHM
cBiTIIOM. BuKopucroByBanucs ammynau xiamerpom 45 i
Bucotor0 180 MM, OCKIJIbKM JJIsl  aMIOyld —TakKuX
pO3MIpiB, SIK TpaBWIO, HE BHAETHCS YHUKHYTH
NPWIMIAHHA KpUCTaJla JI0 KBaply NpH CTaHAAPTHOMY
cylniHHi comi. BucymieHa cinib B JESKUX BHIAIKax
OXONIOJDKYBallacs 70 KIMHATHOI — Temmeparypu i
mijigaBanacsl MOBTOpHIN rimparamii. [lepeBipka sikocti
CHpPOBHHM, IO OyJda IiACOTOBJICHA TAKUM YHHOM,
mpoBeneHa 3a MeronmoM [11], a pe3ynpraTé Hammx
TECTIB MPEJICTABICHO HA PUCYHKY 2.

P, MM pT. CT.
0,6+

0,54
0.4
0,34

0,2 4

0,14

0 100 200 300 400 T,°C

Pucynok 2 — Tepmiuna razosa necop0irist i3 comi Csl:
1 — TpamumiifHa TiATOTOBKA CHPOBHHU;
2 — 3a IPOMOHOBAHUM METOIOM

IopiBHIot0uM KpuBi 2 1 1, MOKHA 3pOOHUTH BUCHOBOK
PO BiAACYTHICTH MiKiB «BUCOKOTEMIIEPATYPHOI BOAN» Y
pasi cupoBunu Trny II. Taka ciap He BMiNlyBajga i0HH
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OH™ BHacmiyok ii 3a0pyaHeHHs mpu 30epiraHHi i He
npuadana X micist CyiHHS.

[Ticnst cymmriHHS KpHCTaaM BHPOILYBAJIHCS METOIOM
Crokbaprepa B IHMX »JKe ammynax. PosmmaB He
BiZKauyBaBcs. [licnmst raBneHHs coni, ammyia Ha
KOpPOTKHMH 4Yac MijHIManacs HaJ HiY4io JUisi BU3HAUCHHS
XapakTepy MeHicKy (omykiauii abo yYBITHYTHH), SK Lie
orucaHo y [6]. CipsiMmoBaHa KpHUCTaJIi3allisl IPOBOIHIACS
IIPY OIyCKaHHI aMITyiu 31 mBuaKicTio 2 mM/ron. [Ticis
3aKiHUeHHs] KpHCTali3amii HarpiBadl BiJKITIOHaIUCS 1
3JIUTOK ITOBUTBHO OXOJIODKYBABCS Pa3oM 3 MiTHIO.

BumMiproBaHHS CBITJIOBOTO BHXOZY IPOBOJIIOCS Ha
cniekTpoMeTpudHOMY creHmi [12] 3 horomionom S3590-
08 ¢ipmu Hamamatsu BigHOCHO eTayioHy. ToOYHICTBH
BUMIpIOBaHb 3a JaHUM MeTojoM cTaHoBmwia 3,2 %
[13]. BumiproBaHHS micisICBiueHHs OYyJTH MPOBEACHI Ha
npwiagi NPG3 ¢ipmu Heimann. AHomHuii cTpym
peHTreHiBebkoi TpyOkn cknazaB 0,6 MA 3a Hampyroro
140 xB. BenmuuuHa MiCNsACBIYCHHS BH3HAUanacs uepes
100 mc u 5 xB. micis 3aKiHYeHHS IMIYIbCy 30YIDKEHHS
TpuBaictio 1 c.

st BU3HAYEHHS CHEKTPOMETPUYHUX XapaKTepuc-
TUK BHTOTOBJISUTHCS 3pa3ku po3mipoM 10 x 10 x 10 mm,
a A BUMIiproBaHHS TicisicBideHHs 020 x 4 mwm.
[NonmipyBaHHs BHpPOOIB IPOBOAMIACS 3 YPAaXyBaHHAM
pexoMenaanii [14] mono MiHiMi3amii CIIOTBOPEHOro Ta
3aro0iraHHsl yTBOPEHHIO MEPTBOTO IIApY.

Anresist 1o kBapity. HaitGinbIn 4yTiaMBUM TeCTOM Ha

HasBHICTb aHiOHIB OH~ B pPO3IUIaBi 1 BHUPOIICHOMY
Kkpuctani [6, 7] € XapakTep 3MOYyBaHHS CTIHKH aMITyJIH
1 NpwiIMnaHHsS 37MTKAa 1O Matepiany ammyiau. Ha
BingMiHy Bix Tuny I, orpumani kpucramu tumy Il He
NPUIAIIATIHA 10 KBapILy, JIETKO BUTATAJIKMCS 3 aMITylH 1 He
pyHHYBaJMCS TpH NOAAJBIIN MexaHiuHid 00poOI.
Kontponb ¢popmMu MeHicka mokasas, 1o uis tumy 11 Bin
3aBkad OyB ONyKIMM. 3 M€l TOYKM 30py, Halli
pe3ynbTatd crmiBnagaioth 3 ganuMu 9, 10], ne
pyHHYBaHHS ~ 3JMTKIB  3amolirand  JOAaTKOBOKO
OYHCTKOIO PO3ILIABY.

Ha 6a3i Bi3yanbHHX CIIOCTEPEKEHb MOXKHA
MPUIYCTUTH, L0 BUPOIICHI KPHCTATU HE BMIIYIOTh
KHCHEBOMICHHX JIOMIIIIOK. Taxuit BHCHOBOK
MATBEPIDKYETHCS CHEKTPaMH  KOJMBAJIBHOTO IIOTIIH-
HanHs. J[i#iCHO, SIK [1e BUAHO 3 KPUBOI 2 Ha PUCYHKY 3,
BHUpOIIeHI Kpuctamu Tumy Il He MamTh cMyr
mornuHaHHA B [Y-00macTi cekTpa Ha BiAMIiHY Bif THITY
I, mus sKuX € XapaKTepHOI0 HASBHICTh CIAOKHX CMYT
MIOTJIMHAHHSA, IO TTOB’A3aHi 3 i0HaMHU KapOoHAaTYy.

BimoMo, mo cMyru moriwHAHHS (IWB. PUCYHOK 2)
BiAmoBinaroTh Aedopmartiitanm (880 CM’l) 1 BAJIEHTHUM

(1380 cm ') KonMMBaHHSM i0HIB CO3_2 [15, 16], a ominka
ix konmentpamii (C,) 3a mammmu [17] mae 3mory
3aKTI0YUTH, o C, <510~ momb%.

Hamenmeni pesynprat  BimHOcHO KpucramiB |l
CHIBNAIAIOTh 3 JaHUMH [9], Ie BHBYAIMCH KPUCTAIH
Csl-pure, Bupormeni 3 momimkorw Eul, . Ha BiqmiHy Bix
pobotu [9], orpumani kpucranu Csl He mMarOTh cMyT B

Y®-gacTuHi cnekTpa, 00yMOBIEHUX KaTiOHAMH Eu*t.
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Pucynok 3 — CnekTpy KONMBAJILHOTO MOTJIMHAHHS
orpuMmanux kpucranis tumy I (1) ta II (2)

Ha xanp 3i cnekrpiB [U-nornuHaHHS HE BHUILUIMBAE

NpsSIMUKA  BHCHOBOK TMpO BiJACYTHiCTH ioHIB OH
BHACJTIJIOK X Mayoi cwiu ociuiisatopa [17].

Ymeopenus paoiayitinux Oegpexmis. Bimomo, 1110
pamiariiina cridikicte kpucranis  Csl:Tl kputrynum
YUHOM 3ale€XKWTh Big jgomimok OH ™ i CO3_2 .
Kpucramun Csl:Tl merko 3a0apBitorOThCst HA JACHHOMY
CBITJI, SIKIIO BOHM MICTSATHL HAaBITH CHIOBI KIJIBKOCTI
3a3HaYCHUX JOMIMIOK. IIOB's3aHO Iie 3 MPOTIKAHHIM
crnenudiyHUX  pamialiifHO-XIMIYHHUX  peaklii B
kpucTaniuHiil rpatui. Cyre MexaHi3my [16] nonsirae B
TOMY, LIO TiJ{ Ji€t0 paaiaiii BiIOyBa€ThCsl PO3KIAAaHHS

ioHiB OH ™~ 3a peakli€lo:
OH,+hv—0; +HY?, 1)

€ HWKHI IHIEKCH S W 1 IIO3HAYarOThb IIOJ0XKEHHS
YAaCTHHKH B BY3J1i 200 MIXKBY31i, BiAIIOBI/HO.

ATOMH BOJHIO 3aBJSIKM BENUKIH PYXJIHMBOCTI JIETKO
JTUQYHIYIOTP TO MDKBY3JISX 1 pearyloTh 3 IOHAMH
KapOOHATY 3a peaKii€ro:

H? +CO3™ +V, =HCOZ +F, )

ne V| — aHioHHa BakaHcis.

B pesymprari peakmii (2) 3 IBOBAJCHTHOTO
KapOOHAT-10HY YTBOPIOETHCS OJTHOBAJICHTHUI
rigpokapOoOHaT, a aHIOHHA BAKAHCIis IIEPETBOPIOETHCS Y
F-eatp. Y xpucramax Csl:Tl yrBopeni F-mentpu

posramoByioThess mobmusy T/ i ctBoprotots F -

HEHTpPH, 10 CKIAJal0THCS 3 aHIOHHOI BaKaHCil, KaTioHa
aKTUBATOPY 1 enekTpoHa [16]

F+TI" = Fy a60 TI° ..V, . (3)

Ilo3nauennss F, mepenbavae JIOKai3alilo EIIEKT-

pOHa TepeBaXHO Ha aHIOHHIN BakaHcii, a 77 0 ...Va+ —Ha
KaTioHi Tamiro [17].

CrieKTpH MOTTIMHAHHS ONPOMIHEHUX KPHCTAIIIB IBOX
THITIB HaBeJIeHI Ha PUCYHKY 4.
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Pucynok 4 — CniekTpu eeKTpOHHOTO TIOTITHHAHHS
kpucrainis tuny I (1) i 1T (2) (no3a onpominennst 10 I'p.)

BugHo, mo Ha BigMmiHy Bim THmy | UeHTpH

3abapBiieHHss F, 3a oONUMCaHMM MEXaHI3MOM B

kpucranax tumy Il He yTBOproroThes. Ha ocHOBI mux
JAaHUX MOJKHA BIIEBHEHO 3aKIIIOYMTH, IO KPUCTAJIH

tuny Il He BMIilyIOTh Hi CO3_2 HI OH ™ .
Cnexmpomempuuni xapaxmepucmuxy. MoxHa TIpH
MYCTUTH amnpiopi, MO 3a3Ha4yeHl KUIbKOCTI JOMIIIOK He
MOXXYTh HETaTHBHO BIUIMHYTH Ha CBITIIOBUHM BHXiX 1
eHeprerudne posfigeHus kpucramis Csl:Tl, ockinbku
KOHIICHTpAllii OCHOBHOI JIOMIIIKK (Tajii0) B HHX
Habararo Oimbmia 1 jgopiBHioe Cpy zl,l-lO_l % s

spaskiB  posmipom 10 x 10 x 10 mm.  Jlaui  mpo
XapaKTepUCTUKU  TOPENCTaBICHO B  TaOmUIi  Juis
kpucrtaniB Csl:Tl 1BoX THITIB MOPIBHIHO 3 €TAIOHOM.

Ta6mums — Xapakrepuctuku kpucraiis Csl:Tl

XapakTepucTuka Tun kpucranis

. | |
®dopma MeHicKa €TaJIOH .
YBIT. | OIYKIL
Anresis 10 Marepiai .
A A piaiy TaK Hi
aMITyJIH

Hassricts IY-mtornmuHanHsS TakK HI1
Hasnicts F-ientpis Hi Tak H1

CBITIIOBUI BHXII,
¢dor./MeB
Eneprernune po3naijeHHs,

% (110 137Cs) 4,90 4,82 4,87
Pisenn 100 mc 08 0,55 0,56
micascivenns, % | 10 xs. ' 0,07 |<0,005

48 000 | 48700 | 48 200

3 pgaHux TaOIUIll AIWCHO BUIUIMBAE, IO CBITIIOBHM
BHUXiJ BHUPONICHWX KpPWCTANIB BIIINOBiAa€ €TaJIOHY.
Eneprernune po3ainenns kpucramis tammy [ i 11 B mexax
TTOMWJIKA BUMIPIOBaHb HE BiJpPi3HIETHCS Bif €TaJOHY i
cTaHOBUTH BennunHy R ~ 4,84 %. Crnix 3ayBaxxuTH, 110
BUMIpIOBAaHHA TIpOBEIEHI s  (PIKCOBAHOTO dHacy

(opmyBanns curnany fp~ =12 MKc.

B Tabnwii TakoX HAIaHO MaHi MPO MICISACBIYEHHS
BHUPOIICHUX KpucTamiB. BimoMo, M0 BKa3aHi JTOMIIIKH

CYTTEBO BIUIMBAIOTh Ha TPHUBAJIE ITICISCBIUCHHS (depe3
10 xB.) ekpaHiB Ha OCHOBI CHMHTHJISIIIIHOrO MaTepiaiy
Csl:TlI [18]. SIk BugHO 3 maHUX TAONUIl, TpUBaie
TicIsicBiYeHHs KpHUCTaliB Ty Il icTOTHO 3MeHIIeHo, B
TOW Yac KOJM IX MUIiCEeKYHJHE IiCIISICBIYeHHSI 3aJIHIIIN-
Jock TAM caMuM. llefl QakT TakoX MiATBEPIKYE

BHUCHOBOK MpO BiACYTHicTb OH  Tpyn y KpHcTalax
tumny |l

Oo6roBopenHsi pesyiabrariB. OT)Ke, BCTaHOBJIEHO,
10 3alpOITOHOBAHWHA METOJ| MiJATOTOBKHA COINi JIO
BUPOIIYBaHHs, 103BOJIsE oTpuMyBaTH Kpuctanu Csl:Tl
BHUCOKOI SIKOCTi, SKi HE TMPWIUNAKTh 10 CTIHOK
KBaproBoi amnyaud. OpHak caMi MO CO0i  BHCOKI
3Ha4YeHHS CUUHTWIILIMHUX XapaKkTepUCTHK HE €
NPSMHUM JIOKa30M TepeBark 3armporoHOBaHOTO CIOCO0Y
cyliHHs cupoBUHU. CripaBa B TOMY, IO PO3KUCITIOIOYA
I KBapiy Ha po3mwiaB noope Bigoma [6]. Ilpu
TpUBaNid BUTPUMII pPO3IUIABY BiJOYBa€ThCS HOro
OUMIIICHHS 32 PEAKINIE0

2CsOH + Si0y = Cs,Si03 + H,0 . (4)

VY J0CHiDKYBAaHUX YMOBaxX BOJa, IO YTBOPIOETHCSI
BHACTIIOK peakuii (4), MoXke BUIAPOBYBaTUCS 3
pO3IIaBy, KOHICHCYBATHCS Ha XOJOJHHMX YaCTHHAX
ammyau 1 He OpaTH ydacTi B MOAQIBLIMX PEAKIisX.
CuiikaTd  KOHIIGHTPYIOTbCS Ha CTIHKAax — aMITyJiH,
YTBOPIOIOUM HA MEXI PO3/iTy Bi3epYHKH, CXOXI Ha iHIH.
[MonibHa cuTyallis XapakTepHa Ui BUNAKy 3POCTaHHS
«YHCTOrO» KpHCTana 3 «OpyaHoro» posmiaBy. Take
OYHMILEHHS PO3ILUIaBy MarepiajoM caMol aMIIyJH CTae
Hee()eKTHMBHUM IIPU BHUPOILIYBaHHI BEIHKOrabapuTHUX
KpHCTaJiB. Buie Mu Bxke Bif3Ha4alu, 10 B JaHUH 4ac
3HaW/ICHO PO3KUCIIOBAdl 1 TeTepH, IO OYHUIIAIOTH
posiuiaB Csl 6inbir edexTrBHO, Hixk KBapil [9, 10].

Toit ¢akr, mo Bupomeni 3nutku Ttuny Il He
MPWIKIAIA A0 CTIHOK KBaplLOBOi aMIIyJid, a MEHICK Ha
MEXI po3AlTy OyB ONyKIUM, SKpa3 1 JOIMOBHIOE

HaBeJeH1 JaHi mpo BiacytHicte OH ™~ sK B KpHcTali,
Tak 1 B po3miasi. [kepenom 3a0pyIHEHHS KPUCTATIB
3a3HAUYEHUMH JIOMIIIKAMH € TIPOIEC CYIIiHHSA, OCKITBKI
TECTYBaHHA BiNiOpaHMX TapTiii coll HE BUIBUIO
HasBHICTp TIKIB  «BHCOKOTEMIIEPATypHOI»  BOIH.
BucyiieHa cinb B JIESIKMX BHIIQJKAX OXOJIOXKYBAIaCs
JI0 KIMHATHOI TeMIlepaTypH 1 MigmaBajiacsi HOBTOPHIM
rigpatamii. TecTyBaHHS 3pa3KiB ITirOTOBIEHOI COIi
[oKa3ajo, 10 II0siBa MIKIB Ta30BHOIEHHSA, IO
BiJIIOBITAIOTh «BHUCOKOTEMIIEpATypHii» BOJIi, OyBae
TITBKY JUTSI KPUCTANIB TUTY [.

TakuM YWHOM, TPOMIOHOBAHWU CIIOCIO OTPUMAaHHS
kpucramie Csl:Tl mo3Bonse moOKpammTH €KOJIOTiuHY
0e3meKy mporecy pocTy KPHCTaNiB, SK y BiIHOMICHHI
OCHOBHOI TOMIIIKH (OAWA Tajito), TaK i pagioHyKIimiB,
[I0 BBOASATBCS JO KPHUCTAIIYHOI IPATKU Yy BUIAIKY
BHPOIIYBAaHHS CIMHTHIIATOPIB IS PaiOeKOIOTITHIX
nmocimimkerb. Cmoci6 He moTpedye IOHaTKOBOTO
oOJTaTHaHHS IS OTUIABJICHHS 1 BiAIIay 3JIUTKIB 1, TOMY,
JTO3BOJISIE 3MEHIIIUTH EHEPTOBUTPATH.
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BucHoBKH. 3arporoHOBaHO EKOJIOTIYHO OC3IIeTHMIA
criocié OTpUMaHHS CHUHTHISATOPIB ISl paiioeKoJorid-
HOro MoHiTopuHTy. Metogom Ctokbaprepa B repme-

CO3_2 , @ eJIEKTPOHHE TIOTJIMHAHHS Y BUIUMIN o0iacTi He

Ma€e CMYT HOIJIMHAHHS LeHTpIB 3a0apeienus F_ i F -

TUYHUX KBapIOBUX aMITyllaXx BHpOIIECHI KPHCTAJIH THIy.
Csl:Tl Bucokoi crekTpoMeTpu4HOi siKocTi. OTprMaHi Hapiithnum ~ kpurtepieM  NPUIATHOCTI  cOmi UL
KpuCTajau HE INPUINNAIOTE 10 MAaTeplajly aMITyld 1 HE OTpUMaHHS KpUCTaTiB 0e3 momimok OH ¥ CO3_2 €

PYHHYIOTBCS TIpU IOJAJBINIH MexXaHiyHid oOpoOri.
BincyTHicTh B3a€MOZIl MiX 3JTUTKOM 1 KBapioM
JIO3BOJISIE  BHUKJIIOYWTH  OIEpamil0  IOBEPXHEBOTO
OIUIABJIEHHS, 10 TOKPAllye EKOJOriyHy Oe3meKy
MpoLleCy, 3HW)KYE EHEpProBUTpaTH 1 BHTpaTH Ha
JIOIATKOBE 00J1a THAHHS.

CrnexkTpu KOJIMBAJIHHOIO TIOTJIMHAHHS OTPHUMaHUX
kpuctaiis Csl:Tl He MicTiaTh CMyr MOTNMHAHHS B

BIJICYTHICTh MIKIB BHCOKOTEMIEpATypHOI JiecopOrii
Boau. lokazaHo, 110 HEOOXIHOI YMOBOIO MiJATOTOBKU
CONi € perelibHa JETifpartallis Npu TeMIepaTypi He
Bute 40 °C 3a BUKITIOUCHHM (HOTOI3Y.

Taxuii croci® BUPOIIYBaHHS PEKOMEHJOBAHHUN LIS
otpuManns kpuctanie Csl:Tl 3 panmionykmimamu mns
PalioeKoNOriYHOr0 MOHITOPHHTY 1 T€0JIOrOpO3BiIKH.

[4-obmacti crektpa, oOyMmoBieHMX ioHamu OH W
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A. Kudin, V. Muntyan, T. Oliynyk, K. Kudin

ECOLOGY SAFETY TECHNIQUE FOR GROWTH OF Csl:TI CRYSTALS WITH INTERNAL
RADIOISOTOPES FOR RADIOECOLOGICAL MONITORING

The ecological safety technique the obtaining of scintillator for radioecology monitoring has been proposed. Csl:Tl
crystals have been grown by directed crystallization in quartz ampoules. Grown ingots do not interact with material of
container. Crystals are not cracked during cooling and subsequent machining. The technique of crystal growth excludes

the surface melting of ingot that improves the ecological safety and reduces energy costs. OH~ and CO;2 ions do not
present in grown crystals according to IR spectra of vibration absorption in which the bands of noted impurities are
absent. Electron absorption in visible range dues not shows the presence of F_ and F,-centers after irradiation.
Spectrometric characteristics of manufactured scintillators are not inferior to standard. The developed technique is
recommended to crystal growth of Csl:TI with internal radioisotopes for ecological monitoring. The peculiarity of this
technique is the dehydration of row material at T <40 °C in conditions which exclude the photolysis of salt.

Keywords: ecological safety, radioecology monitoring, crystal growth, surface melting, scintillation characteristics.

A. M. Kynun, B. K. MynTsan, T. H. Ogeiinnk, K. A. Kynun

PABPABOTKA BE3OIIACHOI'O CIHOCOBA MHNOJYYEHUMSA KPUCTAJUIOB CSI:TL C
PAIMOHYKJIIMAAMMU JJIAA UCITOJIB3OBAHHU A B SKOJIOT'MYECKOM MOHUTOPUHI'E

Ipennoxen Ge3omacHblil criocod MoMTy4YeHHUs CHUHTIUIATOPOB Ul PaIHO3KOI0OrHYE€CKOr0 MOHUTOPHHTa. MeTronoM
HAMpPABJICHHOM KPUCTAIIM3AIMK B KBapILIEBBIX aMimynax BeiparieHsl kpuctamuisl CSI:Tl, xoTopble He MpUIHMAOT K
MaTepHaly KOHTEHHepa M He paspyllaloTcs HpH oxnaxieHHd. Crocod HCKIoYaeT OHepalyio TOBEPXHOCTHOTO
OIUIABJICHUS CIHMTKAa, YTO YIy4YllaeT 3KOJOTMYECKYI0 O€30IIacHOCTh W CHIDKAaeT dHeprozatpatbl. CIEeKTpsI

KOJIeOATeNbHOrO IIOIJIOIIEHHST BBIPAIICHHBIX KPHUCTAJUIOB HE COIEpXKaT MOJIOC, OOYCIOBICHHBIX MOHaMH OH W
CO3_2 , @ DJIEKTPOHHOE TOIJIONICHHE MOCiIe OOJIYyUeHHS] HE MMEET IO0J0C, OOYCIIOBIECHHBIX IIEHTpaMH OKpacku F_ U
F ,-tunma. CrexkTpoMeTpHyYecKHe XapaKTepUCTHKHM BBIPALICHHBIX KPUCTAIJIOB HE YCTYHAlOT JTaloHy. Meroa
PEKOMEHAOBAH JIs1 BbIpalllMBAHHA CHUHTUIUIATOPOB C M30TOIIaMH, BBEACHHBIMU B KPUCTAJUIMYECKYHO PEHICTKY, U
ommyaercs aeruaparanueit ceipbs npu T < 40 °C B ycioBHsX, HCKIIOYAIOMINX (OTOIU3A COJIH.

KuwoueBble ¢J10Ba: DSKOJIOTHYCCKAs 6630HaCHOCTL, pa,I[I/IOC)KOHOFI/I‘IeCKHﬁ MOHUTOPHUHI, POCT KpPHUCTAJJIOB,
TIOBEPXHOCTHOE OIUIABJICHUEC, CHUHTUIIIIAUOHHBIC XapaKTEPUCTUKHU.
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UYepHiriBchbkuii HalioHAIbHUN TexHooriyHni yHiBepcuteT (UHTY)
Bya. IlleBuenka, 95, M. Uepniris, Ykpaina, 14035

YAOCKOHAJIEHHA METOAIB EKOJIOT'TYHOI'O MOHITOPUHI'Y TA 3ABE3IIEYEHHA
TEXHOTI'EHHO-EKOJIOI'TYHOI BE3NEKA METAJIOKOHCTPYKIIA

Hageneni pe3ynbraTét yaOCKOHAIEHHS €KOJIOTIYHOrO MOHITOPHHTY IIOO OLIHKK €KOJIOTTYHOI CHTYaIlil iHTerpaJlbHUMU
NIOKa3HUKaMH PiBHS TEXHOI€HHOrO 3a0pyAHEHHS BAKKMMH METalIaM1 PiYKOBOI BOJM Ta HOro BIUIMBY Ha KOPO3iHHY CTIHKICTh
Ta ButpuBaticts cram 09XI2HABY, neroanoi mobaBkamu CU, Sb. BcraHOBIIEHO, 110 ONTHMAIBHIM € JICTYBaHHS CTAI
1 % mac. Cu, 0,3 % mac. Sh. Jlerysaumus craii 0,5 % mac. Cu, 0,5 % mac. Sb € mkimmisum, B 1,6...1,8 pa3 3poctatoTs BTpaTn
MeTaly, 30KpeMa 30LIbIIYEThCSI KOHIICHTPALisl HIKEII0 y BOAI, 32 PaxyHOK IJICHIIEHHS KOPO3ifHMX MpOIECiB, a TaKOX
3HIDKYETBCS. MaJIOLUKIOBA BUTPHBAJIICTb, 1, SIK HACIIJIOK, MOTIPIIYEThCS €KOJIOTIYHA CUTYAIlisl Ta ITiJIBUILYETHCS PH3UK
TEeXHOTeHHHX aBapiit. OnTUMaIbHI JIeryrodi J00aBKH, pa3oM 3 po3p00JICHO CHHEPTiYHO 3aXUCHOK KOMIIO3HUIIIED, CYTTEBO
3MEHUIYIOTh ~TEXHOICHHMHM BIUIMB Ta MiABMINYIOTH pPIBEHb TEXHOTEHHO-EKONOIiYHOi  Oe3leKu  eKcILTyaTariii
METAJIOKOHCTPYKIIH B 3a0pyAHeHId pIiYKOBiii BOi, 3 MIHIMI3alli€l0 TEXHOIEHHOro 3a0pyaHeHHs. [liIBUILCHHS piBHS
TEXHOTECHHOI Oe3MeKH J0CATaETHCS ABOMA METOJAMH: XIMIYHUM — MOAM(IKALlisi METaeBol MOBEPXHI, 32 PAXYHOK YTBOPEHHS
CTIIKMX HAHOMACINTAOHMX METAJIOXENATHUX IUTBOK Ta (I3MKO-XIMIYHHM — aJICOpOLi€l0, KAaTIOHHMM OOMIHOM Ba)KKHX
METaJIiB Ha NOJIAPHOMY a7ICOPOSHTI, 1110 BXOAUTS JI0 CKJIa/ly CHHEPriuHOl 3aXMCHOT KOMITO3HIIIL.

KarwouoBi cjioBa: TeXHOreHHUH BIUIMB, KOPO3iiiHA CTIMKICTh, BUTPUBAIICTh HU3bKOJETOBAHOI CTali 3 J00aBKaMU

Cu, Sb, 3axucni KoMIo3uii.

IMocranoBka mnpodyeMn. [HHOBaIiiHI TEXHOMOTIT
JIETYBaHHS ~ KOHCTPYKLIMHHMX — CTajiei, BIIPOBAKEHHS
eexTuBHIX 3aXUCHHX KOMIIO3UIIii CIIPUSIIOTH
3ar00IiraHHIO TEXHOIGHHHX aBapii B TEXHOIPUPOIHHX
cuctemax (TIIC) 3 BEIMKMMH €KOJIOTIYHMMH 30UTKAMH.
Ile mnumraHHA OCOONMBO  3arOCTPIOETHCS — BHACIIZOK
HETraTHBHOIO TEXHOTEHHOTO BIUIMBY BAKKHX METANiB
(BM) Ha ekororiuny 6e3neKy MeTalOKOHCTPYKIIii, B T.4. B
NOBEpXHEBUX  Bomax. OJHak, TONPH  LIMPOKOTO
PO3NOBCIOIDKEHHSI ~ MIJBOAHUX  TEXHIYHHX  CIIOPYX
mpo0OJieMa TIBUIIEHHS PiBHA iX TEXHOTCHHO-EKOIOTITHOL
Oe3IeKd, B YMOBaX TEXHOI'€HHOTO BIUIUBY, 3QJIHILAETHCS
obMexxeHo JociimkeHor. Lle motpedye ymockoHaJIeHH,
SIK €KOJIOTIYHOTO MOHITOpWHTY, Tak 1 3axmcry TIIC 3
TEXHIYHUMH criopyaamu [1-4].

AHaJIi3 ocTaHHIX JOCHiKeHb Ta myOmikamiii. Psm
aBTOpiB  3BEPTAIOTH OCOONMBY yBary Ha  OIIHKY
eQeKTHBHOCTI 1HHOBAIIIMHIX TEXHOJOTIH HE TUIBKA 3a
eKOHOMIYHMUMH, aie ¥ Hacamrepen 3a eKOJOTIYHUMHU
KpHUTEpisiMU i TToKa3HuKamu [2, 5-8]. OmHak, exomoriaumit
MOHITOPHHT €KOJECTPYKTHBHOIO TEXHOTCHHOTO BIUIUBY
BM Ha [OBKULIL TEpPEBaXHO BHUCBITIIOETHCS —INOIO
mitochepn, rimpocepw, armochepu, mnemocepw,
¢itochepn, 300chepu, memochepu, i IyKe OOMEKECHO
11010 TeXHOC(hepH — BIUTMBY Ha TEXHIYHI cropyau [2, 5—7,
9-17]. Omxe, HabyBae  B@KIMBOTO  3HAYCHHS
VIOCKOHAJICHHSI METOMIB E€KOJNOriYHOr0 MOHITOPHHTY Ta

3aXUCTy METAIOKOHCTPYKIIf B YMOBaX TEXHOT€HHOTO
BBy BM [18-20]. OmHiM 3 mepCrieKTHBHUX METOJIB
VIOCKOHAJICHHSI  OAIEP)KaHHSI ~BHCOKOMIIHUX  HH3bKO-
JIETOBaHKX CTaJeH, CTIKMX J0 arpeCHBHUX CEPEIOBHIIL, €
JIETyBaHHS MIJUTIO, CYPMOIO, B JIOCHTb IIMPOKUX TPAHHIISIX
kommentpariii (Cu — 0,2...4,0, Sb — mo 0,6 mac. %).
BaxIMBO BCTaHOBUTH ONTHMANBHI JIETYIOYl JT00aBKU
MI0ZI0 1X BIUIMBY HA TPHBKICTh, BUTPUBAIICTh CTajli B
arpecMBHMX  CEPENOBUINAX, B T.4.  3a0pyAHEHHX
TIOBEPXHEBHX Bomax [21-23].

IMoctanoBka 3amavyi Ta ii pimenns. Mera Ta
OCHOBHA 3ajada Mi€i poOOTHM — MIiIBUIIEHHA pPiBHI
eKororigHoi Oe3MeKd METaJOKOHCTPYKILIA 3 HHU3BKO-
meroBaHoi craii, B 3a0pymHernx BM moBepxHEBHX
BOZIaX — YAOCKOHAJEHHSM 1i JIETyBaHHS ONTHUMAJIbHUMU
nobaskamu CuU, Sb #f 3axucTy cepenoBHINa CHHEpPTiy-
HUMHM KOMIIO3MIUSMHM 3 MIHIMI3AIE€I0 TEXHONEHHOI'O
BILTUBY.

Hocmimkennas nposeneni Ha cram 09XIT2HABY
(Tabmumr 1), B mOBepxHEBHX Bomax piuku bimoyc
M. Uepniropa  (tabmums  2). i 3a6pymuenicts
XapakTepu3yBajid  IHTETPalbHUM  [OKa3HUKOM  —
innexcom 3abpynuenss Boau (13B) [24]

n=>6 .
BB=|"SY S |/n. o)
i=1 TAK;
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Koposiiiny criiikicts BusHadanu 3a K, (MM/pik),

MaJIONMKIIOBY BTOMY (OCHOBHY HPHYHHY TEXHOTEHHHX
aBapiif) — 3a ynciioM 1mKIiB N 10 pyHHYBaHHS 3pa3KiB
(57 x 12 x 2,5 mm) Ha mammni IT1-2 [13, 17-20, 25].
KoedinieHTOM  TeXHOJOri4HOI  e(eKTHBHOCTI ¥,

XapakTepu3yBall JOLIJbHICTh YIOCKOHAJEHHS 3aCTO-
COBaHUX METOJIB 3aXHCTY [26].

Pe3ynpraTi  eKCIIEpUMEHTIB 3  BJIOCKOHAJICHHS
YHIBEpCAJILHOTO TEXHOJIOTIYHOTO METOJa ITiABUIICHHS
eK00e3IeKH METaJOKOHCTPYKIIIH CHHEPT1YHUMHU
3axucHUMH Kommosumisimu (C3K) Ha BTOpHHHIN
CHUPOBWHI, 3 VTWII3AIl€l0 PETiOHANBHUX BIIXOJIB,
HaBeJIeHO B Tabnuipsix 3—6 i Ha pucyHkax 1, 2.

Ta6must 1 — Xapakrepucrtrka cram 09XIT2HABY,

Tabmuns 3 — KoeditieHTr TeXHOIOTIYHOT
edeKxTUBHOCTI y,, 3HHUKEHHS 3a0pyIAHEHOCTI BOIU 3

C3K
TNoka3HUKH Ni2* Cu? Mn?* NH,*
C; , mr/om® 0,0017 | 0,0018 | 0,0027 | 0,1485
C;/ITTK; 0,17 0,18 0,27 2,97
Y C;/ITIK; 8,4
13B 1,4; 3 kyac, «IIOMipHO 3a0pyTHEHAY
Ym 58 | 99 | 65 | 46

vm 3al3B-41

3 Cu, Sh
Ximiuuuii Cranb
ckian, mac. % 1 2 3 4 5
C 0,09 | 0,09 0,09 0,09 | 0,09
Si 0,37 | 0,36 | 0,37 0,38 | 0,36
Mn 145 | 1,45 | 143 1,46 | 1,45
Cr 0,48 | 0,48 | 0,48 0,47 | 0,46
Ni 0,96 | 0,96 | 0,96 0,96 | 0,96
Nb 0,06 | 0,05 0,05 0,04 | 0,05
Al 0,05 | 0,04 | 0,05 0,05 | 0,05
Cu - 0,5 1,0 - -
Sh - - - 0,3 0,5
P, x10? 2,0 2,5 1,8 2,0 2,0
S, x10? 2,0 2,5 2,1 2,1 2,6
I'asm, x10*
0] 60 58 59 60 60
N 300 | 290 | 300 290 300
H 2,5 2,6 2,3 2,3 2,8
®Di3uK0-MeXaHiuHI BIACTUBOCTI
og | or | O Tepmo-
Crans Mlla % * 00pobxa
1 420 | 310 34 55
2 410 | 320 35 56 .
3 | 486 | 340 | 33 | 51 HOPIMIE‘;;SIZ‘“""
4 470 | 330 32 49
5 375 | 300 36 57

Cranp: 1 — 6e3 no6aBok Cu, Sh; 2, 3 — 3 mobaskoro Cu
(0,5; 1); 3, 4 — 3 mo6askoro Sh (0,3; 0,5), mac. %.

Tabnuus 2 — 3a0pyaHeHicTh BOogH

B «0Opymwiit Bomi» p. binoyc (I3B = 5,8) — tabmuis 2,
cranb 09XI2HABY, 6e3 mo6asox Cu, Sb € monmxeHo
criikoro (6an 7). Jlerysauus crami 1,0 Cu; 0,3 Sh, mac. %
3HIDKye BTpary Meramy (Oan 6), y,, =2,04; 2,55
Jlerysauus Cu, Sb o 0,5 mac. % € IIKiyTMBUM: BTpaTu
Mmerany 3poctatotb B 1,6; 1,8 pa3. JleryBauus
HeedexTrBHE — ¥, < 1 (Tabmus 4).

Tabnuns 4 — KoedillieHTH TeXHOIOTIYHOT
edexTuBHOCTI ¥, 32 K, (MM/piK)

c 0e3 C3K 3 C3K

ran Baﬂs )/m Kn Eaﬂ,

b Kn T . . Ym
pI/IBKICTI:- TpI/IBI(ICTL

1 | 051 7, — o017 6 3,0

2 | 0,93 |"OMUKCHO g 55 10,005 | 5, TpueKki | 9,8
TPHBKI

3 | 0,20 2,550,015 13,3

4 (02| &7 [2oajoozz| *7 (114

5 (082 7,-/— |0,66]0,310 6 2.6

C3K (5 r/mm® 3MeHuye 3aGpyaHEHICTL BOOH 0
3BB=14 (muB. Tabmmmo 2, 3). y,, IO 3HIKEHHIO

tokcmurux BM (Ni%*, Cu?*, Mn?) ckmamae: y,, =
58...99,a3al3B-y,, =4,1
Onrumansai podaBku Cu 1,0; Sb 0,3 mac. %

3abesmeuyrore 3 C3K MakcuManbHy TEXHOJOTIYHY
edexruBHicTh ¥, 36UbIIyETHCS B 5,2...5,6 pa3). Ctans

BXKE BITHOCHUTBCA IO TPYIH TPHUBKOI, Oall 3MEHITYETHCS
Ha 2 omuuuli (3 6 mo 4). Halimenmry edexTuBHICTH
3axucry mokasama craimb 3 0,5% Sh, (y,, = 2,6, wo

HIDKYE HiXK cTaiab 0e3 100aBoK).

Tlonmxena crifikicte crami  09XI2HABY B
«OpynHiit Bomi» p. Binoyc crpuse HAKOMMYEHHIO B Hil
BM. B Tabmumi 5 moka3aHo 30UTBIICHHS Y BOMi
KOHIICHTpAIlil HaWOUTPII HEOe3MeYHOro0 TOKCHKAHTa
(cyneprokcukanta XXI cr.) — Ni?* [27] BHacmigok
Kopo3ii crami Ta i1 3MeHmenHs i3 C3K.

Tabmums 5 — Ciz+ (Mr/mm®) y Boxi p. bimoyc BHacmigok
Kopo3ii craii (1-3)

[Moka3HUKH Ni%* Ccu® Mn%* | NH,*
C;, mr/nm® 0,0099 | 0,0188 | 0,0175 | 0,6840
FﬂKp.F_ ,mr/mvé| 0,01 0,01 0,01 0,05
C;/ITTK; 0,99 1,88 1,75 13,68
Y C;/ITIK; 34,8

13B 5,8; 5 xiac, «OpyaHa Bomay
“TIpumirka:

1. B po3paxynok I3B, sik 000B s3K0B1, BBEEHO
BIIK'5, O(posu.): C;/ITIK; =15,22;1,28.

2.pH=55...6.

6e3 C3K 3 C3K
Cran Chiz+ Vm Chiz+ Vm
1 0,121 — 0,0387 —
2 0,210 0,58 0,0217 1,77
3 0,053 2,28 0,0049 7,90
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Sxmo xopozist crami 09XI2HABY 06e3 nobaBok
36inbirye Cniz+ y Bofi B 12,2 pa3 (B, Tabnumi 2, 5), TO
no6aska Cu 0,5 mac. % migsumtye ii 8 21,2 (y, <1).
OntumaneHa pobaBka Cu 1,0 wmac. % oOymoBiroe
¥Ym = 2,28, B NIOpiBHsHHI 31 cTaymmo 6e3 no6aBok. C3K
3abesneuye 3HmKeHHs Cni2+ Y BOJI BHACHIIOK KOpPO3il
(7, =1,77...7,90) B 2,1...10,8 pas, ane piBus Cniz+ Y
Bomi p. bimoyc, 3 C3K, 06e3 xoposii cram He
JIOCSATAETHCS.

C3K 3HWXye TakoX pU3UK TEXHOT€HHHX aBapii,
301JIBINYIOYM BHUTPHUBAIICTh IO MAJIOIMKIOBOI BTOMH
(Tabmuis 6).

Tabnuus 6 — KoedinieHT TexHOMOMYHOT epeKTUBHOCTI
¥m 3 MaJOLMKIIOBOI BUTPUBAJIOCTI CTai

Cranb 1 2 3 4 5
Ym 2,5 2,9 3,8 3,5 2,1

3uoBY * mobaska Shb 0,5 mac. % Menin epekTHBHA
HiX cram 6e3 pobasok (1): y, =2,1 mporu 2,5.
MaxkcumanbHy — edexTHBHICTH — MOKasajga  CTajb
09XT2HABUY (3) 3 nobaskoro Cu 1,0 mac. %.

[MosicHeHHsI oJiepKaHUX Pe3yJIbTAaTiB MOXKHA 3pOOHTH
Ha OCHOBI ()a30BOr0 PEHTTCHOCTPYKTYPHOTrO aHali3y,
Onke-crieKTpocKorii, (i3UKO-XIMIYHMX METOJIB aHaIi3y
(poromerpis), exekrpoHHoi Mikpockorii [21, 22].

Mizsb B crani 3 go6askoro 0,5 mac. %, B OCHOBHOMY,
npejacTaBieHa  Hecridkumu  cyabdimamu  CuSo s,
CusFeS, (JioBymIkaMu BOJHIO), SIKi JIETKO PYHHYIOTBCS,
3 BunuienHsM Cu  (KaTOmHOro MpOTEKTOpa), Ha
MOBEPXHI pYHHYBaHHS, IO 30LIBIIyE BTPaTH CTai.
Tomy us neryroua nobaBka Oyna HeepekTuBHOW. Kpim
TOro0, BOHa 00yMOBJIIOBAJIA 3Ha4HE HakomuueHHs Cu®’ y
piukoBiit Boai (B 6 pasiB Ouibmie mpotu nodaBku Cu
1,0 mac. %). B crami 3 godaskoro Cu 1,0 mac. %, mias B
OCHOBHOMY 3HAaXOAWThCS B CTiKux cyibdimax CuS #
Jeno B TBepaoMy po3uuHi. KoHcranta piBHOBaru
pO3UMHEHHSA iX HaBiTh B OUIBII arpecHBHOMY
cepenopumi (pH 0) cknamae K =5,3102. Ile Bxasyro
Ha TEPMOAMHAMIYHY HEMOXKIIUBICTh iX PO3YMHEHHS Ta
naxonudends Cu®* B cepesoBuIli 3a iX paXyHOK.

[loBepxHst pyHHYBaHHA CTali 3  JOOaBKOIO
0,5 Sb wmac.% 30arauena cymbdinamu Ni, Sb,
g-kapOiy, 10 OOyYMOBJIOE BHCOKY KOpO3iliHY
aKTUBHICTh i€l crajl Ta 3MEHIIEHHS CTIHKOCTI IO
BOJIHIO (PHUCYHOK 1).

HeedekrusHicts n06aBku Sb 0,5, mac. % (y,, <1)

TIOB’s13aHa B JAaHOMY BHIIAJIKy 3 YTBOPSHHSIM aKTHBHOTO
cTUMyIsiTopa  HaBomHroBaHHs SbHiz. Ilg  crams
PYHHYETBCS 32 MEXaHI3MOM BOJHEBOi KPHXKOCTI (SIK 1 3
nobaskoro Cu 0,5, mac. %). IIpo ne cBiguuTH pacTpose
300pakeHHsI MOBEpPXHi ii pyiiHYBaHHS (PUCYHOK 2).
[loBepxHs  BKpHUTa  YHCICHHUMH  BOAHEBUMH
MTyXUPLSMH, 3AYTTIMH, € TTHOOKI PAKOBHHH.

Yt
2.57

2.14
1.74
1.34

0.9

os{ | | ]

23 45
Pucynok 1 — KoedimieHT TeXHONTOT1YHOI e()eKTHBHOCTI

¥, JIETYBaHHS IPH HaBoAHIOBaHHI ctani 09XI2HABY

B PIYKOBI¥ BOJII MTPH KATOJHIH MOJSIPU3aIii
(ix =0,1 A/em?): 2 -Cu, 0,5;3—Cu, 1,0; 4 - Sh, 0,3;
5—Sb, 0,5 mac. %

- . - - .
Pucynok 2 — PactpoBe 300pakeHHs OBEPXHi
pyitnyBanns crani 09XI'2HABUY 3 0,5 Sb, mac. %
(PBOM-200, x100)

C3K 3abe3nedye BHCOKY TEXHOJOTIUHY e(eKTHB-
HICTB JIETOBAHOI CTaJli 32 BTPATOI METAJTy MPH KOPOo3ii —
¥m =11,4; 13,3 (s nobasok 0,3 Sb it 1,0 Cu, mac. %).

MinimManbHuil y,, 3HOBY y crani 3 mo6askoro 0,5 Sb,

mac. % (BIH HIDKYe HDK y crami 0e3 1o0aBKwH).
3abesneuyerscss 3 C3K ¥ HagiifHAa eKcIDTyaTamis
METAJIOKOHCTPYKIIA 13 3amo0iraHHsIM MaOIUKIOBOL
BTOMH — OCHOBHOI TIPHYMHHN TEXHOTCHHUX aBapii.
Makcumanssi 7, — 3,5; 3,8 3 mobaskoro Sb 0,3, Cu

1,0, mac. %. MiHiManbHHI ), — 3 HobaBkoro Sb 0,5,

Mmac. % (2,1, mo HmwKYe HiX y crami 6e3 mobaBKu —
¥Ym = 2,5). 3BepTae yBary JOCHTh BHCOKA TEXHOIOTIUHA

edpexruBHicTs 3 C3K mmsa cram 3 mo6askoro Cu 0,5,
mac. %.

C3K — aKTHBHHH CHHEPTiYHUA CTHUMYISITOP
METaJIOXENATyBaHHs, 3aBISKA HASBHOCTI TIOJIiaMiTHIX
TPyl B CKJIaOi [iFOYMX KOMIIOHEHTIB BiIXOmiB I
BHOpaHNX (KOMIT FOTEPHAM MOJIEIIOBAHHAM) ITOJiICH-
TATHUX CHHEPTicTiB (MOXiMHUX IMiAa3omy, Tia3omy).
Baxki wmeramn, ocoomuBo Cu, Ni  yTBOpIOIOTH
HEPO3YMHHI METaJOXeTaTHI KOMIUIEKCH, 3 BHCOKOIO
KOHCTaHTOK crifikicTio ( K = 10...10%), mo 3nauno

3HIKYE TOKCHYHICTH CEPElOBHMINA K  3MEHIIYeE
3abpynHenicTe Bomu. OTXe, y, HaBiTh AT CTam 3
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nobaskoro Cu 0,5 mac. %, mepesumye y,, cram 0e3
700aBKH 110 3amo0iraHHio koposii: y,, = 9,8 nporu 3,0
(tabnuusg 4) Ta MaJoOLUKIOBOI BTOMH (7, = 2,9 mporu

2,5). AxtuBHui monspHui agcopOeHT B ckimami C3K
(meomiT) cmpuse  amcopOLii  MeTaJoXeNlaTiB  Ta
3MeHmeHHio BM y Boxi (y,,, 32 I3B, ckmamae 4,1).

TakuM YMHOM, 3MIWCHIOETHCS YJOCKOHAJICHHS 3aXHCTy
MMOBEpPXHEBUX BOJ Bixl BM nBoMa MeTogaMu — XiMiYHUM
(MeranoxenatyBaHHs) Ta (Pi3UKO-XiMiYHUM (amcopOris,
KaTiOHHUH OOMiH Ha MOJIIPHOMY aJICOPOCHTI).
Texunonoriuna edexrupHicts C3K 110710 3am00iranHs
KOpO3il cTaji, MiJBHIIECHHS PIBHS €KOJIOTiYHOI Oe3MeKu
eKCIUTyaTallil MeTaJOKOHCTPYKIIH 3yMOBJIEHa YTBOPEH-
HSIM CTIHKUX (MIIHMX, €JaCTHYHHMX) HaHOMACIITaOHUX
(30...50 HM) 3aXMCHHX METAJOXEIATHHX ILUIIBOK Ha
noBepxHi cram [28, 29]. Moaudikamis MeraneBoi

MOBEpXHI METAJIOXENaTyBaHHAM 3ale3reuye HaaliHy
eK00e3MeKy eKCIUTyaTalil MeTaJOKOHCTPYKIIH 13 crami
09XT2HABUY B 3a0pynHeHii piukoBiii Bozi.

BucHoBKH. YIOCKOHaJIEHHS METOJIB €KOJOTIYHOrO
MOHITOPHHTY IIIIXOM BBEIEHHS OLIIHKH TEXHOT€HHOT'O
BIUIMBY Ha €KOOEe3MeKy METaJIOKOHCTPYKIiH B
arpecMBHUX CEPEIOBUILIAX J1a€ MOXKJIHMBICTH CBOEYACHO
3aIpOIOHYBATH TMPUPOJTOOXOPOHHI 3aXOAUd 1 BCTaHO-
BUTH 1X €)EKTHBHICTb.

Y nockoHaNleHHS METO/IIB 3a0e3eYeHHs TeXHOT €HHO-
EKOJIOTIYHOI ~Oe3MEeKH METATIOKOHCTPYKINHA — IIDITXOM
BHOOpY ONTHMAaJbHHX Jieryrouux aobaBok Cu, Sb B
Hm3bKoneropany ctanb 09XI2HABY Ta paiioHansHOro
CKJI/ly CUHEPriYHMX 3aXMCHUX KOMIIO3MIIH 3a0e3neuye
CYTTEBE TiJIBUIIEHHS KOPO3ii{HOI CTIMKOCTI, MaJIOIMKJIIO-
BOi BHUTPMBAJIOCTI Ta MiHIMI3aIlil0 TEXHOTEHHOT'O
3a0pyIHEHHS CEPEAOBHIIA BAXKKUMH METaIaMH.
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S. Tsybulia, V. Starchak, A. Neschta, K. Ivanenko, N. Buyalska, I. Kostenko

IMPROVEMENT OF THE ECOLOGICAL MONITORING METHODS AND ENSURING OF THE
TECHNOGENOUS-ECOLOGICAL SAFETY OF METAL CONSTRUCTIONS

The results of the ecological monitoring improvement on the ecological situation estimate by integral coefficients of
the technogenous contamination level by heavy metals of river water and its influence on the corrosion resistance and
fatigue strength of steel 09KhG2NABCh, alloyed by the additions Cu, Sh have been adduced in this work. It is placed
the optimum additions, which with joint developed synergetic protection composition considerably decrease the
technogenous influence and increase the level of the technogenous safety metaloconstructions with minimization of the
technogenous contamination.

Keywords: technogenous influence, corrosion resistance, low-cycle fatigue strength, low-alloy steel with additions
Cu, Sh, protection compositions.

C. [I. Opi10yas, B. I'. Crapuak, A. B. Hemira, K. H. UBanenko, H. II. Bysabckas, U. A. Koctenko

YCOBEPIIEHCTBOBAHHUE METO/J10B 3KOJOTMYECKOI'O MOHUTOPUHI'A 1 OBECIIEYEHUSA
TEXHOT'EHHO-3KOJIOTHYECKOM BE30OIMACHOCTH METAJJIOKOHCTPYKIHI

[IpuBeneHHBIE PE3YABTATHl YCOBEPIICHCTBOBAHMS SKOJIOIMYECKOIO MOHUTOPHHIA IO OLEHKE 3KOIOIMYECKOH
CUTYyallMl MHTETPAIbHBIMH MOKA3aTESIMUA YPOBHS TEXHOT€HHOTO 3arpsI3HEHHS TSKEIBIMA METaJUIAMH PEYHON BOJBI U
€ro BIMSHUSA Ha KOPPO3HOHHYIO CTOMKOCTH M BBIHOCIHBOCTE ctamn 09XI2HABY, mermpoBannoii mo6aBkamu Cu, Sb.
BousiBiieHsl  onTHManbHBIE M00aBKH, KOTOPHIE BMECTe C pa3paOOTaHHOW CHHEPTHMYHON 3al[UTHOW KOMIIO3HIIHEH
CYIIECTBEHHO YMEHBIIAIOT TEXHOT€HHOE BIMSHME M TIOBBILAIOT yPOBEHb TEXHOTEHHOM 0€30macHOCTH
METaJUIOKOHCTPYKIUH, C MUHAMHU3ALHEH TEXHOTEHHOT'O 3arpsA3HEHUS.

KnroueBble cjloBa: TEXHOr€HHOE BIIMSIHUE, KOPPO3HOHHAs! CTOWKOCTD, BBIHOCIMBOCTh HU3KOJIETHPOBAHHON CTaJIN C
nobaskamu Cu, Sb, 3anuTHBIE KOMIIO3UIIMH.
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HanionansHuii yHIBEpCUTET IUBIJIBHOIO 3aXUCTY YKpaiHH

Byan. UepHumeBcrka, 94, M. XapkiB, Ykpaina, 61023

BU3HAYEHHS 3HAYYIIUX IOKA3ZHUKIB KPUTEPIIO EKOJIOTTYHOI'O PE3EPBY TEPUTOPIN,
MNPUJIETJIMX 1O MICIb 3BEPII'AHHSA BIAXO/AIB

BrockonaneHo iHTErpajbHUI KPUTEPiH OLIHIOBaHHS EKOJIOTIYHOTO CTaHy TEPUTOpii 3a MOKa3sHUKOM piBHSA il
€KOJIOTIYHOr0 pe3epBy. HoBH3HA OTPUMAHOr0 pe3yNbTaTy NOJNATae y BAKOPUCTAHHI B SIKOCTI 3HAYYIINX MOKA3HUKIB JUIS
OLIIHIOBAaHHS BiATYKIB HaBKOJIHUIIHHOT'O MPUPOJHOIO CEPEOBHIIA Ha JIi10 ()aKTOpiB HEraTHBHOT'O BIUIMBY 33 KPUTEPIEM
€KOJIOTIYHOI'0 PE3EPBY BEIMYMH, SIKI XapaKTepU3yIOTh ACrpajialliifHi MpoLecH B eKOCUCTEMAaX. 3alporoHOBaHO 00paTh
JUISl BU3HAYEHHS eeKTy MmpsMoi Aii y KOPOTKOTEPMiHOBIH IEePCHEKTHBI BEMUUHY TUIONII JerpajlallifHiX MPOIECiB B
€KOCHCTEMI Pa3oM 3 MPOMYKTUBHICTIO BU/IB-IHANKATOPIB Mepuioro TpodivHoro piBHs. J{J1si NpOrHO3YBaHHS JMHAMIKH
Jerpanaiii Ha CepelHid Ta JOBI'MH TEpPMiH 3alpOMOHOBAHO BH3HAYATH MIBHIKICTH 3MIHM IUIOMI Aerpajaiii Ta
YHCENbHICTh MOMYJISALIi BUIB-IHIUKATOPIB YeTBEPTOro TpodiyHoro piBHsA. BukopHrcTaHHS BJOCKOHAJIEHOTO KPUTEPIIO
€KOJIOTIYHOI'0 pe3epBY J03BOJISIE BIIOCKOHAINTH METOZ OLHIOBaHHS €KOJIOTIYHOTO CTaHy TEPHUTOpiHd, MPUIETNIHX 10
MicIb 30epiranHs BiJIXO/iB, Ta MPOrHO3yBaHHs PiBHs Oe3MeKH MoiOHMX 00’ €KTIB 3a MOKA3HUKAMH SKOCTI JOBKUILIS Ta
napameTpaMHu 00’ €Ty, SIKi BU3HA4al0Th (paKTOpH PU3UKY BUHUKHEHHS HaJ3BUYaiHOI CUTYyalii.

Kuo4oBi cjioBa: exonoriuHuii cTaH, iHTerpabHAN KpUTEPii, EKOJIOTiYHUI pe3epB, CTYMiHb Jerpaaallii, BiAXoau.

ITocTanoBka npoodaemu. Y moromy 2015 poky no
3akony Ykpaiam Big 19.06.2003 p. Ne 964-1V «IlIpo
OCHOBM HallloHaJbHOT ~Oe3rnekn YkpaiHm»  Oyno
BHECECHO pana CYTTE€BUX JOITOBHCHb CTOCOBHO
BU3HAUCHHS 3arpo3 Ta HANPSMIB JIEP>KaBHOI MOJIITHKH
y cbepl UUBUIBHOTO 3aXHCTy. 30Kpema, A0 Mepeltiky
3arpo3 HaliOHAJILHUM IHTEpecaM Ta HaIlllOHaJIbHIN
Oesrenii  fepxkaBd  y  cdepi  UUBUIBHOTO  3aXUCTY
BKJIIOYEHO 3HAYHE AHTPOIOI€HHE 1 TEXHOTCHHE
NepeBAHTAXKEHHSI  TepuTOpii  YKpalHu, a Takox
3pOCTaHHA PU3HKIB  BHHHKHEHHA  HAA3BHYAIHUX
curyauii  (HC) TexHoreHHoro Tta HpPUPOIHOTO
xapaktepy. Sk pe3ynbrar, cepeil HamnpsMiB JepiKaBHOL
MOMITUKU YKpaiHu y chepi HUBIILHOTO 3aXKUCTy Hapasi
BOJIHOYAC IIPEICTABJICHO HACTYITHE:

— BYKHUTTS opraHizamniiHux, €KOHOMIYHUX,
IHKEHEPHO-TEXHIYHUX Ta  IHIIMX  3aXOMiB  JUIA
3HIDKEHHS  pPU3MKIB  BUHUKHEHHS  HAJ3BHYAIHUX
CHUTYaLli}l 10 IPUHHITHUX PIBHIB;

— MiJBUIICHHS PIiBHIB €KOJIOTIYHOI, sIIepHOI Ta
pamiamifiHoi Oe3mekw MO0 HOPM 1 CTaHOApPTIB Y
BiAMOBiTHUX cepax.

TakuM 4YHHOM, MOXKHAa CTBEp/DKYBaTH, IO Y
CyJaCHHX yMOBax c(HOpPMOBaHO TPaBOBI 3acaad
nepexony 10 KOMIUIGKCHOTO BHUPIIICHHS IUTaHb
3a0€3MMeUYEHHsT €KOJIOTIUYHOI O€3NMeKH Ta 3MEHIIECHHS
pusukiB BuauKHeHH HC Ha 00’€KTax, sIKi € JKepenoM
HEraTHBHOTO BIUIMBY HA HAaBKOJHMIIHE NPHPOIHE
CepeIoBHINe, 30KpeMa, MiCIIX 30epiraHHs BiAXOIIB.

3akonom Ykpainu Big 18.01.2003 p. Ne 2245-111
«IIpo 00’exkTH migBUIIEHOI HEOE3MEKM» 00 €KT
T IBUIIEHOT HeOE3MeKH BU3HAUCHO SIK TAKHiA, Ha SIKOMY
BHUKOPHCTOBYIOTBCS, BHTOTOBIISIFOTBCS, HEPEPOOIIIOTHCS,
30epiratoThcs a00 TPAHCHOPTYIOTHCS OfHA a00 KijbKa
HeOe3NMEeYHNX pedoBHH ab0 KaTeropii pevyoBUH Yy
KUTBKOCTI, IIIO JOPIBHIOE 200 TIEPEBUIIIYE HOPMATHBHO
BCTAHOBJIEHI TOPOTOBI MacH, ab0 Oyab-sIKOTrO iHIIOTO,
0 € PETFHOI0 3arpo30i0 BUHUKHEHHS HaI3BUYAHOI

CHUTyallil TEXHOr€HHOTO Ta MPHUPOAHOTrO Xapakrepy. Sk
MOXHA OauuTH, 1] HaBeIeHE BU3HAYEHHS IIi1aal0Th,
30KpeMa, Micis 30epiraHHs yciX BHIIB BiIXOMIB, 5K
CaHKI[IOHOBAHI, TaK 1 HeCaHKI[IOHOBaHI. Bka3ani 00’exTn
BOJJHOUAC BKJIOUeHi i g0 «[lepeniky BHAIB IisUIBHOCTI
Ta 00’€KTiB, IO CTAHOBJIATH WiJBHUILEHY EKOJIOTIYHY
HeOe3neky», 3atBepmkeHoro [locranoBoro Kabinery
MinictpiB Ykpainu Big 28.08.2013 p. Ne 808, npu upomy
00’€KTaMy  IIJBHUIIEHOI  EKOJIOTIYHOI  HeOe3mexu
BBAXKAIOTbCA  OO’€KTH  3aXOpOHEHHS  HE  JIUIIE
HeOe3MeYHuX, a i MOOYTOBUX BIIXOJIB.

CrocoBHO Micip 30epiraHHs BiaxoxiB B YkpaiHi Ta
CBITI BIZIOMi YHMCENBHI MPUKIAIA KaTtacTpod — 3CYBIB,
MOXEX, MiATOIUIEHb, Tolo. B YkpaiHi, sk 1 y OLIbIIoCT
KpaiH  MOCTPaAsHCBKOIO  IIPOCTODY, OKpEeMOro
BpaxyBaHHS MOXEXK, IO BiAOyBalOThCS Yy MICIIX
30epiraHHs BiJIXOMIB, HAKOIHMYEHHS CMITTS, TOILIO, IO
OCTaHHBOTO 4Yacy He npoBoamiocs. IligTBepmKeHHAM
[bOMY € Pe3yJbTAaTH BUBUEHHS MaTepiajiB 31 3BEIACHHX
CTaTUCTUYHHUX  IIOKAa3HHKIB ~ CTOCOBHO OO €KTiB
BUHUKHEHHS IOXKEX, HAKONMWYEHHX BITYM3HSHUMH Ta
3aKOPJAOHHUMH JOCTiTHUKaMU. 30KpeMa, y MaTepianax
aHaII3y MacHUBY KapTOK OOJIIKY MOXKEX, PO3MIIIEHUX Ha
opimiiiHoMy  BeO-calTi  YKpaiHCBKOTO  HAyKOBO-
JOCiTHOTO 1HCTUTYT HuBiNbHOTO 3axucty (YrpHIAIL3)
[1], 06’ €exTH MOXKEX MOMUISIFOTH Ha TaKi TPYIIH:

— CHIOpYIX BUPOOHUYOTO IPU3HAYCHHS;

— TOPrOBENBbHO-CKIAJIChKI CIIOPYAH;

— COIIAJIbHO-KYIBTYPHI, TPOMAACHKI Ta aJMiHICTpa-
TUBHI CTIOPY[IH;

— TBapWHHHUIBKI OYMiBIIi;

— IHIII CLTBCHKOTOCTIONAPCHKI 00’ €KTH;

— CIIOpYAM  JKUTIOBOTO  CEKTOpa,
JKUTIIOBI OyAMHKM;

— iHII1 00’ €KTH.

SIk MoXHa mMO0AaYMTH, Y BITYM3HSAHIM TpPAKTHI
kinacuikamii MoXKeX IMepeBaXka€ MiaXill, Opi€HTOBaHHUN
Ha TIEpIIOYEProBe ypaxyBaHHS MOXEX y OYIIBIsAX Ta

BKJIIOYarO4YH
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cropygax — pi3HOrO  TIpU3HAa4YeHHS.  be3ymoBHO,
ICTOTHUM MIATPYHTSM Ui IBOTO € TOW (aKT, IO
OINIBIIICT JIIOJIEH TWHE Ta OTPUMYE TPaBMH IIiJ Hac
caMme Takux Iofid. Brim, y unTaya, He 00i3HaHOTO 3i
crenu(ikor0  OOJIKY TMOXKEXK, MOXE CKIaCTUCS
BpPaKCHHSI, IO TOXKEKI y MICIIX 30epiraHHs BiIXOMIiB
HE € JIOCTaTHhO IOUIMPEHUMH B YKpaiHi, ajpKe BKe
IIPY TIEpIIOMY TOIJISIAI BUHHUKAE TPUPOAHE Oa)kaHHS
BIIHECTH MICISI PO3TAIlyBaHHSA CMITTS IO KaTeropii
iHmMX 00’ekTiB. CTaTUCTUYHI TIOKA3HUKU PO3MOJLTY
00’€KTiB BUHHKHEHHS IMOXeX y mepiog 3 2012 mo

Tabmuii 1, AEMOHCTPYIOTh HEBIMHHE 3POCTAaHHS IOMNI
00’€KTiB 1€l KaTeropii pa3oM 3i 30IBIIEHHSIM 3araibHOL
KUTPKOCTI TOXKeX B YKpaini. Brim, 1ell moka3HUK
0o0YMCIICEHO 3a BCIMAa MOXJIMBUMHU BHUJIAMU  IHIIHX
00’€KTIB YKYIIi, BiH JOPIBHIOE MEHII HixX 25 %, a oTxke
MOXKEKI y MICIIIX 30epiraHHs Ta HAKONMUYCHHS BiTXOIIB
Maid O CTaHOBHTH 1€ MEHINY KUIBbKICTh. Y
TIOBIIOMJICHHSIX K 3aco0iB MacoBoi iHQopMarii ysary,
SK TIPaBHUJIO, 3BEPTAIOTHh HA BEJIMKI 332 MacIITaOoOM MOpii,
mpo 10, 30KpeMa, CBIAYUTH TMIEPeTiK IMOXKEK Ha
CMITTE3BANIMIIAX, KU BHCBITJICHUH B OCTaHHI POKH Y

2016 pix 3a manuvu YxkpHIL3 [1], npencrasieni y

BITUM3HAHIN mpeci (Tabnuus 2).

Tabnuigst 1 — Po3nonin 00’exTiB BUHUKHEHHS noxKexK y nepiox 3 2012 no 2016 pik (3a ganumu YkpHAIL3) [1]

e . 3BITHI POKH
Kareropii 06’€KTiB moxex 5012 5013 2014 2015 2016
3arajbpHa KiJbKICTh TOXKEX, Y T.U.: 71443 61114 68879 79581 74221
466 449 518 462 507
CHOPYIY BUPOOHHYOrO MTPU3HAYEHHS (0,7 %) (0,7 %) (0.8 %) (0,6 %) (0.7 %)
. 916 871 987 828 850
TOPTOBEIILHO-CKIIAJICHKI CIIOPYIU (1.3 %) (1.4 %) (1.4 %) (1.0 %) (1.1%)
COLIIaNbHO-KYNbTYpPHI, TPOMaJACHKI 491 404 703 522 466
Ta aIMiHICTPATUBHI CIIOPYIH (0,7 %) (0,7 %) (1,0 %) (0,7 %) (0,6 %)
 Svainmi 20 15 23 19 20
TBAPHHHHHBIL DYIUBII (0,03%) | (0,05%) | (0,03%) | (0,02%) | (0,03%)
IHIIN CIJICHKOTOCIIONAPCHKI 00'€KTH 96 88 127 103 101
(0,07 %) (0,15 %) (0,17 %) (0,08 %) (0,17 %)
CHIOpY/IH AKHTIOBOTO CEKTOpa 56258 47408 52049 59198 53591
(78,7 %) (77,6 %) (75,6 %) (74,4 %) (72,4 %)
P - 13196 11879 14472 18449 18686
(18,5 %) (19,4 %) (21,0 %) (23,2 %) (25,0 %)

Tabnuug 2 — Tlepenik noxex y miciiix 30epiranHs BiaxoniB B Ykpaiui y nepioa 3 2012 o 2017 pix
(3a manumu 3aco0iB MacoBoi iHpopMmartii) [3]

R . . 3arajpHa II01Ia
HasBa 00’ekTy Ta Mmiciie HOro po3TairyBaHHs [Hara i — 2

IMoniron 36epiranus TTIB, M. Oneca 26.06.2017 p. 5000
[Moniron 36epiranus TTIB, m. [Tupsitun, [TontaBebka 00:1. 06.06.2017 p. 500
HecankiiionoBane cMiTTe3Banuile, ¢. Poxxau, Kuisceka 0011 01.06.2017 p. 20000
[oniron 36epiranus TTIB, m. JIyouu, [TontaBceka 0611. 30.05.2017 p. 18000
IMoniron 30epiranus TTIB, c. MakyxiBka, [TontaBcbka 0611. 28.05.2017 p. 1500
IMoniron 36epiranus TTIB, c. Hosi Ilerposiii, Kuischka 0011 17.05.2017 p. 17000
TOB «CwmitTenepepobnuii 3aBoy, XapkiBcbkuit paiion, Xapkiscbka oo, | 04.05.2017 p. 700
[Moniron 360epiranust TTIB, m. XKuromup 03.04.2017 p. 2000
[Moniron 36epiranus TTIB, m. XKosTi Boau, /{HinponerpoBchka 0011 19.09.2016 p. 1300
[Moniron 360epiranus TTIB, c. CBuaiBok, Yepkacbka o011 05.09.2016 p. 400
3akoncepBoBanuii oniron 36epiranns TIIB, c. Tpumims, Kuiisecbka o6, | 13.07.2016 p. 6000
IMoniron 36epiranus TIIB, c. Becusine, Mukonaicbka 0011 07.07.2016 p. 3000
HecankiiioHoBaHe cMiTTE3BAINIIE, M. MUKOIAIB 21.06.2016 p. 2500
IMoniron 36epiranus TIIB, c. Benuki ['pubosuui, JIbBiBChKa 001. 29.05.2016 p., 2000
Iomniron 36epiranus TTIB, c. bpocka, Onecbka 0011 17.06.2016 p. 400
IMoniron 36epiranus TTIB, m. XKugauis, JIbBiBCbKa 0011 14.06.2016 p. 3500
Ioniron 36epiranus TTIB, M. Bunorpanis, 3akaprarchka o0J1. 14.08.2015 p. 25000
HecankiionoBane CMITTE3BAITHIIE HA TEPHTOPIi CY/IHOPEMOHTHOrO 12.08.2015 p. 500
3aBozy, M. Mukonais

HecanxkiionoBade cMitre3panuiie, M. Kuis 03.06.2015 p. 15000
[Tomiron 36epiranus TIIB, M. XMeTpHUIBKAI 02.08.2014 p. 70000

. . . 13.12.2013 p.,

Cruxiiiae cmiTre3Banuie, M. JIro60TrH, XapKiBchKa 0O 20.08.2014 p. 10000
[Tomniron 36epiranus TIIB, M. HoBomockoBchK, /IHinponeTpoBchKa 001 17.06.2012 p. 40000
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AJNbTepHAaTHBHUM JKepesioM iHdopmaii cTocoBHO
3araJbHOI KUTBKOCTI Ta PO3IOIUTY MOXKeX B YKpaiHi Ta
CBITI € cepis CTaTHCTHYHHX 3BITIB [2], sKi TOTye
miopigHo I{eHTp MoXexHOi cTaTHCTHKH MiXKHAPOTHOL
acomiamii MOXeXHO-pATyBaIbHUX Cciyx0 (MAIIPC).
Sk cBiguaTh mpescTaBieHi Ha odiniiiHOMYy BeO-calTi
MAIIPC nani, Ykpaina mo 2014 poxy He HamaBaia
OKpeMO iH(opMaIlii CTOCOBHO IOXKEXK, IMOB’SI3aHUX 31
crayaxyBaHHAM CMITTS. Y 3BiTi 3a 2015 pik nmani
CTOCOBHO mi€l rpymun o00’e€kTiB B YKpaiHi 3HOBY
3HHUKAIOTh, OJTHAK, HATOMICTh, 3 SABJISE€THCS BiIIOBiIHA
KUIBKICTh TIOXKEXK, TIOB’S3aHUX 31 CHAllaXyBaHHAM
TpaBHU Ta KYIIiB.

BriMm, HaBiTh HasBHA cTaTHCTHKA 3a omuH 2014 pik
JIEMOHCTPYE pa3iovy Pi3HUIIIO 3 PO3TIITHYTHMH paHille
pe3ynbratamu. Ik MOXHa MOOAYNTH, AONS TIOKEXK Y
MiCIlsIX 30epiraHHs Ta HAKOINMYCHHS CMITTS Ta
BIIXOMIB 3a JaHUMH, HaJaHuMu Ykpainoro MAIIPC,
CTaHOBUTH Maibke Ha 14 BIACOTKIB Oinblie 3a
BEJIMUUHY, po3paxoBaHy B Matepianax YkpHIL3 mns
yciei kareropii iHImMxX 00’€kTiB. Ciia BiI3HAYHUTH, IO
HaBeJeHa Yy aHalli30BaHMX JDKEpenax 3arajbHa
KUTBKICTh TIOXKEXK AJIs1 YKpaiHU JCHI0 BiIPi3HSIETHCSI —
3a ganumMu llentpa moxexHoi cratuctuku MAIIPC B
VYxpaini y 2014 poui cramocs 70902 moxexi, ImIo
cranoBuTh Ha 2023 noxexi Oinblue 3a BiAMOBIIHE
3HAYCHHS, MPEACTABJICHC B aHATITHYHHMX Marepiajiax
YxpH/IL3. Onnak, HaBiTH AOJNABIIM 1[I0 PI3HULIO 10
MOBHOI KUIBKOCTI MOXEX Kareropii «iHI 00 €KTH»,
MU OTPUMYEMO 3Ha4eHHS Ha 8228 MeHIe 3a HalaHy
MAIIPC KinbKicTb.

[le Oinblr BpaXkaroue BUIIISANAIOTH JIAHI CTOCOBHO
po3moziny 00’ €KTiB BAHUKHEHHS MOXex Juisi M. Kuesa,
aJKE KUIBKICTh TIOKEX Y MICISIX HAKOIMHYEHHS! CMITTS
BUSIBIISIETBCSI HABITh OIIBIIOI0 33 KiJIBKICTh MOXKEX Y
OymiBmsax.  IlosicHUTH ~ Take  PO3XO/DKEHHS
pe3yibTatax MO)KHA JIMIIE 332 YMOBH, IIO YacTHHY
MOXKEXK, MOB’SI3aHUX 31 CHANaXyBaHHAM CMITTS Y
MICIIX ~ HOro Hakonu4eHHs Ta 30epiraHHs y
HAIlIOHAIBHUX CTATHCTUYHHUX 3BiTaX OYJIO BiJHECEHO
JO KaTeropii MOXeX y PI3HUX TUMAX CIOpPYJ Ta
OymiBenb. Jlns mopiBHAHHA y Tabmumsx 3 Ta 4
HaBeneHO cratuctuuHi gaHi MAIIPC mono moxex y
MicIlsiX 30epiraHHs BiAXOIIB y KpaiHaX Ta BEJIHKHX
MicTax CBITY.

SAx moxHa OaunTH, OIBIIICTP 3 BpPaXOBAHUX
BHMAAKIB TOXEX y MICIHX HAKONMWYCHHS Ta
30epiraHHs BigXomiB Oylo 3apeecTpoBaHO y KpaiHax
Cxignoi €Bponm, cepen sSKuX, Ha jkajb, YKpaiHa €
0e33amepeuHnM JTiIepoM. 3araJbHOCBITOBA CTATUCTHKA
BUTIISAZA€ TIOPIBHAHO KPAIIOK, OTHAK Ui OaraThox
KpaiH BHIIAAKH TMONIOHMX TIOKEX B3arajil He
BpPaXOBYIOTHCS TIPH (OPMYBaHHI BiIOBIIHUX 3BITHHX
JAHUX, M0 CYTTEBUM YMHOM BIUIUBA€ HA OTPUMAaHI
pe3ynbratu. Takoxk 3a pe3yinbTaTaMd aHali3y MOXHA
BU3HAYUTHU 3arajbHy TCHICHINIO M0 30LIBIICHHS TOTi
MMOXKEXK 31 ClajJaxyBaHHSAM CMITTS Ta BIAXOmIB ¥y
BEIWKUX MICTaX Yy TIOPIBHSHHI 3 TIOKa3HUKAMHU
BiJIMOBiTHAUX KpaiH.

Tabmums 3 — [Toxxexi y kpainax cBity y 2014 porri
(3a maHuME Mi>kKHApOIHOI acoIfiarii ImoXKeKHO-
pATYBaJIbHUX CIYX0) [2]

KimpkicTh
3aranbHa .
. N MOKEK Y MiCLIIX
Hazga kpainu KiJTBKICTh ;
30epiraHHs
TIOXKENK X .
BiZXOmiB

Cronmy4eHi 0
llItatn Avepixn 1298000 157500 (12,1 %)
[Monbia 145237 3100 (2,1 %)
Ykpaina 70902 24723 (34,9 %)
Bonrapis 23199 4868 (21,0 %)
VYropuHa 19536 1014 (5,2 %)
Yexis 17391 2656 (15,3 %)
Cep0ist 16805 2717 (16,2 %)
JlutBa 13324 2920 (21,9 %)
JlatBist 9821 2316 (23,6 %)
Xopsaris 7307 1454 (19,9 %)
Ecronis 6871 1819 (26,5 %)
Bipmenis 6202 723 (11,7 %)
JlixTeHmTenH 24 1 (4,2 %)
Tnwi kpainu 479069 —
3aranom 2113688 205811 (9,7 %)

Tabmuis 4 — [Noxkexi y HaHOUIBIINX MicTax CBITY
y 2014 poui (3a nannmu Mi>kHapoaHOT acoriatii
MOXKEKHO-PATYBAIBHUX CIIYyk0) [2]

Barampha | KinbKicTh mokex
Ha3Ba micra Ta kpaiHu | KIJIBKICTH | y MicCIsIX 30epi-
TTOMKENK raHHs BiIXOMiB
[Mapwxk, OpaHiris 13809 3428 (24,8 %)
KnuiB, Ykpaina 5126 2223 (43,4 %)
Bapiasa, [Tonbina 4257 1210 (28,4 %)
benrpan, Cepbist 3333 689 (20,7 %)
Pura, JlatBis 3033 842 (27,8 %)
Coois, bonrapis 2929 971 (33,2 %)
Bynanerur, Yropumaa 2421 87 (3,6 %)
Tamninn, EcToHis 2207 697 (31,6 %)
BinsHtoc, JIntBa 1771 711 (40,1 %)
3arpe6, Xopsarist 1154 321 (27,8 %)

Bunukaenas HC cyTTeBo ycKiIamHIOE 3aBIaHHA
MOHITOPHHTY Ta TMPOTHO3YBaHHS piBHA  Oe3meku
momiOHuX  00’€KTiB, O0COOJIMBO TpH  OXHOYACHIN
peamizamii  JEKITBKOX MO  pI3HOTO  XapakTepy.
Hatomicte amanmiz HC TexHOreHHOro Ta NPHPOIHOTO
XapakTepy y Mexax CaHKITIOHOBAaHUX i
HECaHKI[IOHOBAaHUX MicCIb 30epiraHHs BiIXOMiB Pi3HUX
BUIB HAsSBHO JIEMOHCTPYE MPUCYTHICTh B3a€MO3B’SI3KiB
MIDX JDKeperaMu eKOJIOTiuHOiI HeOe3NmeKn Ta (pakTopaMu
pmsuky HC. Hampuknan, 3a paxyHOK HaKOITMYCHHS
BEMKHUX OOCATIB BOAW TiJ Yac 3IKUBH abo0 NIpH TaciHHI
MOXKEXKI PpI3KO 30UMBIIYETBCS PU3UK 3CYyBY Mac
HAKOMMMYEHUX BIOXOMiB, SKUM HaJaidi TPU3IBOTUTH 0
3pOCTaHHSA HETAaTHBHUX BIUIMBIB HA JOBKUIIA 32 PaXyHOK
PO3TIOBCIOKEHHSI CMITTSI Ha HEMiATOTOBICHI I HOTO
Ocsmeunoro 30epiraHHs  MaimaHuuWkd.  BoueBuup,
MUTaHHS MOHITOPHHTY Ta TPOTHO3YBAHHS pPU3HKY
BuHUKHEeHHST HC Ta piBHA eKomoridHoil HeOe3mekn Miclb
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30epiraHHs  BiAXOJIB HEOOXITHO pO3DIAmATH 3
ypaxyBaHHIM MPEICTABICHUX B3a€MO3B’SI3KiB,
3aCTOCOBYIOUM €MUHHWN IMAXiJ 1O OIIHIOBAHHSA Ta
Oepyurr 70 yBaru TIOTOYHI Ta TIPOTHO30BaHI
XapaKTEPUCTUKH  EKOJOriYHOrO0 CTaHy TEpUTOpIH,
TIPUJIETIIHX JI0 MOIIOHUX 00’ €KTIB.

3 ypaxyBaHHSIM 0OMEXEHOCTI pecypciB 3 JIKBifamii
HACIIIJKIB  IIKIi[UIMBOTO BIUIMBY HAa HABKOIUIIHE
MIPUPOJHE CEPEIOBUINE AaKTYaILHOK IMPOOJIEMOI0 €
OLIIHIOBAaHHS  E€KOJOIIYHOr0  CTaHy  TEpUTOpii,
MIPWICTIIUX J0 MiCIlh 30epiraHHs BiIXOIIB, K 00’ €KTIB
TEXHOTEHHOI JisUTHHOCTI JIFO/ICTRA.

AHaJIi3 oCTaHHIX gocjailzkeHb 1 myOaikamiii.
AHami3 JTepaTypHUX JDKEpeNd IpOJEMOHCTPYBAaB
BIJICYTHICTh €IWHOTO MiAXOAY JO BH3HAUYCHHS THIIB
€KOJIOTIYHOI'0 CTaHIB TEPUTOPIH 32 piBHEM HETaTUBHUX
3MiH B HUX. 3a3BHYaii €KOJOTiYHI CTAHH MOIIISAIOTH Ha
IUSITh THIIB, BTIM, MPaKTUYHA peaTizaiis I[HOro
pO3TONiIY y PI3HUX JPKEpenax iCTOTHO BiAPI3HIETHCS.
VY Bonwiit Pamkosiit Jlupextusi €C [4] BcraHOBIECHO
Taki TUH (y MOPSAAKY MOTIPIICHHS CTaHY): BiIMIHHHIA;
JI00puii; 3aJ0BITbHUIN; TOTaHW;, Ay)Ke MoraHui. Y
BITYM3HSHIA TMPaKTHIl NPUHAHATO  Kiacuikarliro,
OpI€EHTOBaHY Ha BH3HAYEHHS CTYIEHIB JAerpajarii
eKOCUCTeM [5]: yMOBHO cOpusTIMBUI (Onaromonyd-
HUIi); 3aJ0BUTBHUI;, HaNpyXeHUH (NMEpeaKPU30BHIA);
KpUTHYHUI a00 kpu3oBHii (exonoriuna HC); kaTactpo-
¢Giunmii. Y [6] po3noain LuX CTaHiB KOHKPETH30BaHO
TAKUM YHUHOM: TEPUTOPiS ITOCIIJOBHO IIPOXOLHUThH
criouaTky Kpuruunuii (4'), a morim Bxke kpuzosuii (4")
CTaH, IIPH YOMY OCTAHHIHM 31CTABISETHCS 3 HACTAHHSIM
exonoriunoi HC. Karacrpodiunuii ske cTaH BiANOBigae
HACTaHHIO TTTHOOKHMX HE3BOPOTHHX 3MiH B €KOCHUCTEMI.

OCHOBH KOHIICIIIi KOMIUIEKCHOI'O €KOJIOTTYHOIo
OIIIHIOBAHHST MIPUPOIHO-TEXHOTEHHUX 00’€KTiB,
MMOKJIAJCHOI B OCHOBY IPEICTABICHUX JOCIIIKEHb,
BUKJIAJICHO Y po0OTax 3 MHUTaHb E€KOJOTiYHOI Oe3neKu
[7-12].

B  pobGori [13] aBTOpoM  3ampoONOHOBAaHO
BIOCKOHAJICHUII METOJ OL[HIOBAHHSA €KOJIOTIYHOr0o
CTaHy TEPUTOPil, sAKuii 0a3yeThCs Ha IMiTaliHHOMY
MOJEIOBaHHI (DYHKI[IOHYBaHHS 00’ €KTy 30epiraHus
BIIXOMIB 3 IMMOKPOKOBHUM OLIIHIOBAHHSIM PIBHS OC3IIEKH
32 KPHUTEPiEM EKOJOTIYHOrO Pe3epBY y HACTYIHOMY
(dhopManizoBaHOMY BUTJISIII:

27 =pF): 2720, 1)

ne F — BenmumHa neskoro (axkTopy HEraTHBHOTO
BIUIMBY Ha HAaBKOJUIIHE CEPEIOBUINE, L — MOKA3HUK

PIBHS €KOJOTIYHOTO PE3epBY:
P= 1-¢ ’ (2)

Ie & — 3BeIcHEe 3HAYCHHS BIATYKY EKOCHCTEMH Ha
HETaTUBHUI 3O0BHIMIHIA BIUmMB. TakWi MOXig J0
BU3HAYCHHS EKOJOTIYHOTO CTaHy € BiJOOpaKeHHIM
HOPMATHBHOTO 3a YMOBHW, IO y SIKOCTI TPaHUYHOTO
3HAYCHHS BIATYKY €KOCHCTEMH MPHUHHATO Take, II0

BIJIMOBiZIa€ JOCATHEHHIO HEIO KaTacTpO(IdHOro CTaHy.
TakuM YUHOM, JJIs TTOBHOI[IHHOTO BUKOPUCTAHHS TAHOTO
KPUTEPIF0 HEOOXIJHO BHU3HAYWTH 3HAYYIII BiATYKA
€KOCHCTEMH Ha HEraTHUBHHI BILIHB.

Posmmpennit HaOip KpuTepialbHUX HMOKa3HHUKIB Mae
BHU3HAYATHCS 13 3aCTOCYBAHHSIM CKOJIOTTYHOIO IIiIXOMY,
SKAH TONArae  y JOCTIKCHHI B3a€MO3B’S3KIB Ta
B3a€MO3AJICKHOCTEH EKOCHCTEM 3 X (YHKIIIOHATBHUM
CEPEIOBUILIEM 3a JOMOMOTOI0 €KOJOTIYHUX 1HAUKATOPIB,
SKOJIOTYHUX MMOKa3HUKIB Ta eKojoriunux (axropis [11].
Y  KepiBHHUTBI 3  BHUKOPHUCTAaHHS  €KOJOTIYHHX
nokasaukie €EK OOH [14] BuxmageHWi 3araibHUMA
Mepeik TaKuX I1HAWKATOPIB, BHKOPUCTOBYBAHMX IS
MiZTOTOBKM EKOJIOTIYHOI 3BITHOCTI Ta MPOTHO3YBaHHS
piBHsA ekoyoriuHoi Oesmeku. [lOKa3HUKU 3  IHOTO
nmepeiky, MiAKPIUIeHi psAAaMH  JaHUX  JOCTAaTHBOL
€MHOCTI Ta TJAMOMHM 3a  YacoM, JIO3BOJISIOThH
BCTAQHOBIIIOBAaTH JDKepena Ta HACTIIKA HEraTHBHUX
BIUIUBIB Ha MOBKINIA, OJHAK BOHHM CIOPSIMOBaHI Ha
BCTAHOBJICHHS 3BCACHUX BI/ICHOBKiB CTOCOBHO
€KOJIOTIYHOr0 CTaHy TEPHUTOPIil, a OTXKE iXHE MPaKTHYHE
3aCTOCYBaHHS Ui JUHAMIYHOIO  ONEPATUBHOIO
VIPaBIiHHSA  €KOJOTIYHOK  OE3MeKOl €  CYTTEBO
YCKJIaTHEHHM.

IloctaHoBKa 3aBJaHHsI Ta §#oOro BHpIilIEeHHS.
MeTor0 TpencTaBiaeHOI POOOTH € BIOCKOHAJIEHHS
KPHUTEPIIO0 EeKOJOTIYHOrO pe3epBy NPH  OLIHIOBAHHI
€KOJIOTIYHOr0 CTaHy TEPUTOPIiH, NPHICTIUX OO0 MiClb
30epirands BiaxoaiB. [l JOCATHEHHsI TOCTaBJIEHOT
MeTH OysI0 MOCTaBJICHO Ta BHPIIICHO HACTYIHY 3aady:
BM3HAUMWTH 3HAYYI[ TOKA3HHKHA EKOJIONYHOIO CTaHy
TEPUTOPIl, MPHIIErNIOl 10 Micus 30epiraHHs BiIXOMiB,
npuiaTHI  Juis  HOro  OI[HIOBaHHA 3a  KpUTEpieM
€KOJIOTIYHOI'0 PE3EPBY.

Po3minpHe BHUKOPHMCTAHHS BiIOKPEMIIEHHX ITiIXO/IB
JI0 KOHTPOJIIO 32 HEraTHBHHUM BIUIMBOM Ha atMochepy,
rigpocdepy Ta mitocdepy HE HO3BOJISE OpraHi3yBaTH
KOMILICKCHHI 3aXHCT IOBKIUIA, OCKIIBKH O yBard He
OepeThCsl HASBHICTH iXHIX B3a€MO3B’S3KIB 3a paxyHOK
MEPEMIIEHHS 3a0pPYOHIOIOYNX PEUYOBHH MDK PIZHUMHU
eleMEHTaMU TPUPOIHOrO CepedoBMIA. Takuii ImiaXif,
30KpeMa, O3Haya€ 3BY)KYBaHHS 3aBIaHHSA 3aXHCTy
JIOBKUIIS [0 BIPOBAKCHHS 3aXO/IB 31 3HIKCHHS
OKpEMHUX IIOKA3HUKIB 33 PpaxyHOK IIEPEepO3MOIiLIy
(akTOpiB HEraTMBHOI'O BIUIMBY Ha  HABKOJMUIIHE
CepeloBHIEe MiXK HOro eileMeHTaMHu 0e3 MPaKTHIHOTO
3MEHIICHHS PiBHS IIHOT'O BIUTUBY B ILIIOMY.

Buxonmsun 3 BUIECKa3aHOTro, OyAeMO pO3IIISIaTH
OI[IHIOBAHHSA  GKOJOTIYHOr0  CTaHy  TEpUTOpli vy
HACTYITHOMY  BHU3HAUYCHHI:  «IPOIEC  IOPIBHIHHSI
CYKYITHOCTI €KOJIOTiYHMX CTaHiB 00 €KTiB 3 TICBHHUMH
HOPMAaMHM 3 ypaxXyBaHHSAM IOTCHIIWHO MOMKIHBHX
BIUIMBIB 30BHIMIHIX (QakTopiB, 30kpema, (akTopiB
pmsuky HC». VYV  TakoMy CeHCI  1HIAKATOpOM
HETaTHBHOTO BIUIMBY Oyae  CTymiHb  Jierpajartii
€KOCHCTeMH, BUKITMKAHUH JTi€10 00 €KTy Ha TOBKIIIIS.

Y TmpakTHIli TPOBEACHHS OLIHIOBAHHS BIUIMBY
TEXHOTCHHUX 00’ €KTiB Ha JOBKIJUIA CTYMIHb AeTpamarii
€KOCHCTEM  BHU3HAYAKOTh 33  KPUTEPiIMH,  SIKi
XapakTepH3yloTh 3MIHHM, 110 BiAOYBalOTBECA y iX
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CTpyKTypi Ta mporeci ¢ynkuionyBanus [12]. Ilpu
OMY HEOOXITHO BpaxOBYBaTH BOJHOYAC 3arajbHy
BEeIMYUHY IUIONII  JACTPajaliiHUX  TPOIECIB  Ta
JIOKANBbHY U(EpEeHIIIOBaHICTh OKPEMHX  ISTHOK
TEPUTOPIi 3a CTYIICHEM JIeTpajaIlii, a TAKOX IMBUAKICT
Jerpajanii, siKy 3a3BU4ail po3paxoByOTh 3a JOCTaTHBO
TPUBAIMMH TIEpiOfaMH CIIOCTEPEeXEeHb — B 5 10
10 pokiB Ta noBIIIE.

BukopucroBytoun minXia, BHUKIAJCHUH y poOOTi
[15], MoxHa oOpaTé IUisl KPUTEPi0 EKOIOTiYHOro
pe3epBy Yy SKOCTI 3HAUYYyIIMX ITOKa3HUKIB BEIMYHHY
IUIONIi JerpajalifHuX mpoueciB S, Ta MBHAKICTH ii

3MiHH V,, fKi MOXHA i3 JOCTaTHBOIO TOYHICTIO

po3paxyBaTd Ha  OCHOBI  aHANi3y  MarepiajiB
JUCTAHIIIMHOTO 30HAyBaHHA 3eMili. BeTaHOBUBIIM JIIst

[UX TMOKA3HHWKIB TPAHWYHI JIOMYCTHMI 3HAYCHHS [Sa]
Ta [va] BI/INOBITHO, 3HAYCHHS BIATYKIB EKOCHCTEMU
BH3HAYUMO 3a (popMyIaMu

&g = S() ) (3)
&y =Vy, 4
a0o0 y 3BeZIcHOMY BUIJIAAL
Fs =t ©
[S]
_ v
By =0 6)
[vo]
Onnak, Biaryku (5)—(6) He  JO3BOJSIOTH
BpaxoBYBaTH npu OL[IHIOBaHHI JIOKAJIbHY

JudepeHIiioBaHICTh OKPEMUX AUISTHOK TEPHUTOpIi, 0
notpedye BHPOBAPKEHHS BIJINOBIIHAX JOJATKOBUX
3HAYYIIMX TOKa3HUKIB. J[1s 1X MOUIyKy pO3TIITHEMO
CTPYKTYPHO-(DYHKIIIOHAJIbHY OpTraHi3allilo eKOCHCTEMH,
OCHOBHHMM KOMIIOHEHTOM SKOI € Oi0IIE€H03.

BupimianabpHy ponib y BU3HA4YEHHI MEX €KOCUCTEMH
BIJIITpa€ POCIUHHICTD, sIKa MEPIIOI BiJOHBAa€E 3MiHY
€KOJIOT19HOT0 CTaHy TepuTopii BHACITIJTOK
AHTPOIOTeHHOro BIDIMBY. [l iHgmKamii momiGHOTO
BIUIMBY B €KOCHCTEMi OOHMPAaIOTh BUAM-IHAMKATOPH Ta
BH3HAYAIOTh, fAKI 3MIHH BIOOyIHCA y CTPYKTYpi
POCIMHHOTO TIOKPHBY, Y BUAOBOMY CKIIaZi, BIKOBOMY
CHEKTPY Ta MIUIBHOCTI momyismi, tomo [12]. Ilpm
OFOMY MOXKHAa O0OpaTH SK «HEraTUBHI», TaK 1
«TO3UTHBHI» BUAU-IHAUKATOPH — TEPIIi Y BiOIOBiAb
Ha HETaTUBHUH BIUIMB 3HIXKYIOTh IOKa3HUKH CBO€I
KUTTEISIIBHOCTI, JPYTI K, HABMAKH, — MiABUIIYIOTh. Y
TIPAKTHII OIHIOBAHHS BW3HAUCHI TPAaHWYHI 3HAYCHHS
MMOKA3HUKIB, HAMPHKIAA, 32 MIUTBHICTIO OISl
3HIDKEeHHs, a00 mimBuiienHs Ha 20 % BBa)KacTbCs
OporoBuM, a 3MiHa Ha 50 % — KPUTUIHUM 3HAYCHHSIM.

3MiHH pOCIHHHOTO TOKPWBY BiAOyBaloOThCS 3a
paxyHOK MEXaHIYHMX MNOpPYIIeHb, XIMIYHHX BIUIMBIB.
OO’ekTMBHA ONIHKA [UX 3MiH TIPOBOAWUTECA Yy
TIOPIiBHSHHI 3 MPHPOAHUM CTAHOM EKOCHUCTEMH, SKUH
BH3HAYA€ PIBHOBAXKHI 3HAYCHHS ii IOKa3HHKIB.

PocnuHHICTE BHKOHYE B eKOCHUCTeMi (DYHKIIiIO
HakonnueHHs eHeprii CoHIs Ta BIATBOpPEHHS 3araciB
OpraHiYHMX PEYOBHH SIKi Hamali BHUKOPHUCTOBYIOTHCS
BUIAMH  TBapuHHOro  cBity. CTaH  OCTaHHBOrO
BU3HAYAIOTh 3a KPHUTEPISIMH PI3HUX PIBHIB — SIK
3001I€HO3Y 3arajioM, TaK HOITYJild okpeMux BUIIB. [Ipu
bOMY MOXYTh BHKODHUCTOBYBATHCS SK  MacOBO
PO3IIONUICHI BUIY, HANPHUKIAJ, TTaXH, TaK 1 BiJHOCHO
pimkicHi. Buam TBapuH 3a XapakTepoM peakiii Ha
AHTPONOTCHHHUI BIUTUB PO3MOAUIIIOTECS, SIK 1 POCIHHHY,
Ha CTiIMKI Ta YyTJIMBI — repini 301IbIIyBaTUMYTh CBOIO
YHCENBHICTh 32 PAaXyHOK 3MEHIIEHHS PI3HOMAHITTA Ta
KIJIBKOCTI IpYTHUX.

[Monynsii okpemMux BUIIB (YOPMYIOTH yrpyIOBaHHS
JIOCII/DKYBAaHOT ~ TepUTOpil 3a PaxyHOK YTBOPEHHS
TPOGIYHOT CTPYKTYpH EKOCHCTEMH. Y  CKIAQJIHUX
OPUPOMHUX YTPYIMOBAaHHAX OPraHi3MH, SKi OTPUMYIOThH
cBoto eHeprito Bijg CoHIs 4yepe3 OJHAKOBY KiJIBbKICTh
CTYIIEHIB, BBaXAIOThCS TAKMMHU, 110 HAJIEKATH 710 OJTHOTO
TpodiuHOro piBHs. BinmoBimHO MOYKHA BHIIIATH YOTUPU
Takux piBHi [16]:

1) piBeHb POMYIEHTIB, KKl 3afiMatOTh POCIIHHY;

2) piBeHb MEPBHHHUX KOHCYMEHTIB, SKHH 3aliMaioTh
TPaBOi[IHI TBAPUHHU;

3) piBeHb BTOPUHHHX KOHCYMEHTIB, SIKHI 3aliMaiOTh
MEPBUHHI XIDKAKH, 110 XapIyOThCS TPABOITHUMHU;

4) piBeHb TPETHHHHX KOHCYMEHTIB, SIKHH 3aliMaoTh
BTOPWHHI (BHILI1) XMKaKH.

Ll knacudikailis cTocyeTbcss HE BUIIB, a (YHKIIIH,
OCKIJIbKM OJIMH ¥ TOM K€ BHJ MOXE 3aiiMaTH ofpasy
JIeKibka TpPO(IUHMX pIBHIB, HANpHUKIaA, BCEiHI
TBapMHM, SKI XapuyloTbcs SK pOCIMHAMH (Zpyruit
piBeHb), Tak i TBapuHaMu (TpeTiii Ta YeTBEpTHH pIiBHI).
Juist koxxHOro TpO(iYHOrO PiBHS B €KOCHCTEMI MOXHA
BU3HAYUTH BEJIMYHHY TIOTOKY EHEPTii CKpi3b HBOTO.

Koxen TpodiuHMii piBeHp MOXHA KUIBKICHO
OXapaKTepU3yBaTH pAAOM IIOKAa3HHKIB EHEPreTHYHOTO
OOMiHYy, a caMme: BEJIMYMHOI IOTJIMHEHOi eHeprii [/,
HeBukopucranoi eneprii NU , acuminboBaHOI eHepril
A, nponykuii P, eHeprii, BUTpadeHoi Ha auxaHHs R,
HAKOMUYeHOI (3amaceHol) eHeprii S, BUAIICHOI eHepril
E, oOcsary 3pocranHs G, Ta Hapemri KUIbKICTIO
Oiomacu B, Bif SKOi 3aJIe)KHUTh KiJIBKICHE BUpPaKCHHS
MepepaxoBaHNX E€HEPreTHYHHUX CKIIAJOBHX. 3B'S30K MiX
BKa3aHUMH  IIOKa3HHKaMH  MOXKHa  BCTAQHOBHUTH,
BUKOPUCTOBYIOUH YyHIBEpCaJIbHY MOJAETHh EKOJOTiYHOIO
MOTOKY eHeprii, 3ampomnonoBany FO. Oxymom [16], Ta
BUPA3UTH HOTO MaTEMAaTUYHO y HACTYITHOMY BHUIJISI:

¢ :B>{l > AP}, @)
A=1-NU,

op:{P=A-R, )
P=G+S+E.

IIpencraBneni BenwdwmHM HEOOXimHO Opathm y
BIIHOIICHHI JI0 IESIKOTO MPOMIKKY 4acy. B poGori [16]
BU/IIJICHO YOTHPH CTYIEHI NPOAYKTHBHOCTI:

1) BanioBa mepBHHHA MPOAYKTHBHICTH — MIBHUIKICTH
(oTocuHTE3y Ha TIepIIoMy Tpo(hidHOMY PiBHI;
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2) yhCTa TMEepBUHHA MPOJAYKTHBHICTH — 3HAYCHHS
BaJOBOI TIEPBUHHOI NPOAYKTHUBHOCTI 3a BHHITKOM
BEIMYMHM €Heprii, mo Oyina BHKOpHCTaHa POCIMHAMH
TIpH JIMXaHHi;

3) uncTa MPOAYKTUBHICTH  YrPYIOBAaHHSA,  sKa
JIOPIBHIOE BEJIMYHMHI YHUCTOI TEPBUHHOI IPOXYKTUB-
HOCTI 32 BUHATKOM €HEPTii, CIIOXXHUTOI reTepoTpodamu;

4) BTOpUHHA  TNPOAYKTHBHICTH —  IIBUIKICTh
HaKONMYEHHS €Heprii Ha Jpyromy, TperboMmy, abo
YEeTBEPTOMY TPOPIUHOMY PiBHI.

[Tpu xoxHOMY TIepexo/i 3a TPO(IYHUM JIAHIIOTOM
BTpavyaeThcsi 4acTHMHA eHeprii. Brpatm eHeprii Ha
KO)KHOMY piBHI, € JIy)k€é BHCOKMMH, TOMY KUIbKiCHE
CIIBBiTHOIICHHS MiX YHCEJIbHICTIO TOMYJISAIIN POCIUH
Ta BUIIUX XIKaKiB pa3ioye BiJPI3HAETHCS. 3 OIHOTO
00Ky, B €KOCHCTEMI BUIIU MEPUIOr0 TPOQIyHOro piBHS
MIPE/ICTaBIIeHI [Jy)X€ UIMPOKO, BOHU MiATPUMYIOThH
TpodiYHUN JIAHIFOT, IOCTIHHO HAMOBHIOYH HOro
OpPraHiYHOI PEYOBHHOI. 3 IHIIOTO X — BHIH, SKi
NPENCTABISIOT,  YETBEPTHH  PiBeHb,  (PaKTUUHO
PETYNIOIOTh YCIO E€KOCHCTEMY 3a paxyHOK CBO€EI
HEBEJNIMKOI YHCENBHOCTI, aKe HaBiTh HEBEJIMKE
3MEHILEHHS TONYJALIN BIAMOBITHUX BHAIB MOXE
HIOCTaBUTH MiJ 3arpo3y BIDKMBAHHSA K 0€310CepeIHBO
MX BHJIB, TaK 1 €KOCHCTeMH Yy ii TenepiliHbOMY
BUIVIAAL B LIoMy. BTIM 10OCTaTHRO Maja 4HCENbHICTh
OCTaHHIX  CTa€ IMEpeBaro 3a  HEOOXiTHOCTI
KUIBKICHOTO — TIpe[CTaBieHHs  o0csry  Oiomacw,
CKOHIICHTPOBAHOI HAa YETBEPTOMY DIBHI, SKE& MOXHA
BpELITI PEIIT 3BECTU JI0 MiJPaxXyHKy KiIbKOCTI TBapUH
y HOMYJISLIT.

BpaxoByloun pi3HHIIO MDK HAIOBHEHHSIM Ta
(GYHKI[IOHYBaHHSIM TPOQIUYHUX PIBHIB Y EKOCHCTEMI
JOLIJILHOIO € JuBepcudikallis 3HAYYIIMX TOKA3HHUKIB
BIJITYKY €KOCHCTEMH HACTYITHUM YHHOM:

1) Bu3HauuTH BUIU-1HIMKATOPH HIEPLIOro
TpodiuHOro piBHSA (POCIMHH) Ta B3ATH SIK BIATYK

. . .. . | . .
BIAXWICHHA 1XHBO1 TPOAYKTUBHOCTI P B1O 11

PIBHOBR)XHOTO  3HAYEHHS p! IUId  AHAJII30BaHOI

CKOCHUCTEMHU
gpz‘ P'—[P'H, ©

a00 y 3B€ICHOMY BHTJISAIL

b

Ep =1 (10)

P

2) BU3HAYHUTH BUIU-1HUKATOPU YETBEPTOr0
TPO(IYHOTO PiBHA (BUIIMX XIKAKIB) Ta B3SITH Y SIKOCTI
BIATYKY BIAXWICHHS YHCENBHOCTI iXHBOI MOyl

N v Bim piBHOBaxkHOro 3HaueHHS |N v miel
KUIBKOCTI [Tl aHAJTI30BAHOI EKOCUCTEMU

en :‘ N'V—[N'V] , 11)
a00 y 3BeZIcHOMY BHUTIISI
‘ NIV —[N |v]
ey=—r 1 12
N [N IV] ( )

BUKOpUCTOBYIOUM 3HAUYIl IOKA3HWUKH BiATyKY
exocucremu (5) —(6), (11)—(12), 3a dopmymnow (2)
OTPUMYEMO KOMOIHAIII0 3HAYeHb IIOKA3HUKA pIiBHA
€KOJIOTIYHOT'0 PE3ePBY EKOCHCTEMH

ps =1-és;
=1l-g,;
piN T (13)
pp =1-ép;
PN =1-éN,

Ta BHM3HAYAEMO HAPEIITI YJOCKOHAJEHUH KpHUTepii
€KOJIOTYHOT0 pe3epBy y (hopMai3oBaHOMY BUTJISI

(14)

Bukopucranus koMOiHalii 3 HaBeACHHX 3HAYYIIUX
BIAryKIB €KOCUCTEMH Ha HEraTHMBHUH BIUIMB 3 OOKY
Micus 30epiraHHs BIXOMIB JO3BOJUTH BH3HAYaTH 32
NOKAa3HUKaMHU pg Ta Pp epeKT IpsMoi Aii GpakTopiB y
KOPOTKOTEPMIHOBI MEpCIeKTHBI Ta IMPOTHO3YBATH
PO3BUTOK JIerpajaliiHUX TMpOIeciB Ha cepeaHiil Ta
JIOBT Uil TEpMIH 32 BETUUUHAMH MTOKA3HUKIB Oy Ta P -

BucHoBku. OCHOBHUM pe3yabTaTOM MpPEACTaBICHOL
po0OTH € BJOCKOHAJICHHS I1HTErpajJbHOrO KPHUTEPIIO
OLIIHIOBAaHHS  EKONIOTIYHOTO CTaHy TEpUTOpii 3a
BEIMYMHOIO TIOKA3HUKA PIiBHS ii €KOJIOTiYHOTO pe3epBY
IUIIXOM BH3HAYCHHS 3HAUYYIIHUX BiATyKiB €eKOCUCTEMH HA
HETaTHBHUN BIUIMB  Micusg  30epiraHHs  BiIXOiB.
BukoprcTanHS BIOCKOHAJIIEHOTO KpPUTEPit0 €KOIOrid-
HOTO pe3epBy Ja€, y CBOIO 4Yepry, MOXJIUBICTH
BIOCKOHAJIUTH METOJ OLIHIOBAHHS €KOJIOT1YHOTO CTaHY
TEPUTOPIiii, MPUIETIINX 10 MicIlk 30epiraHHs BiAXOIiB, Ta
MPOTHO3YBAaHHS pIiBHA Oe3neku TOoHiOHUX 00’ €KTiB,
3pOOMBIIM HOTr0 MNPUIATHUM 1O BHUKOPHUCTAHHS JUIS
OIIEPATUBHOTO YIIPABIIIHHS EKOJOTIYHOIO O€3IeKOr0.

JLtst IpakTHYHOI peatizaiii iHTerpaJbHOro KpUTEPito
Ta METOMy OIIHIOBaHHS Ha HOTO OCHOBI HEOOXiTHUM €
NPOBEJICHHSI CUCTEMHHX JIOCIHIIKeHb, HAIPABICHHX Ha
BU3HAYCHHS TPAaHWYHO JOMYCTHMHX 3HAa4eHb BIAT'YKIB
€KOCHCTeM TEPUTOPIiH, MPHUIIETINX A0 MicIb 30epiraHHs
BIZIXOZIiB, 32 YMOBH [ii (haKTOpiB HEraTHBHOI'O BIUTUBY
pi3HOI prpoan.
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V. Koloskov

IDENTIFICATION OF SIGNIFICANT INDICATORS FOR ENVIRONMENTAL RESERVE CRITERION
OF TERRITORIES ADJOINED TO WASTES STORAGE PLACES BASED

I have improved the integral criterion of assessment of environmental condition of the territory with the index of its
environmental reserve level. Originality of the achieved result is in application of values characterizing degradation
processes in ecosystems in the capacity of significant indicators for assessment of responses of surrounding natural
environment on negative impact factors influence with the environmental reserve criterion. For evaluation of direct
effect in short-term perspective | have proposed to choose the value of degradation processes surface area in ecosystems
together with productivity of the kinds-indicators of first trophic level. For forecasting of degradation dynamics in
medium and long-term perspective | have proposed to evaluate the speed of degradation surface area changes together
with the population size of the kinds-indicators of fourth trophic level. Basing on improved environmental reserve
criterion | have proposed improvement of the method of assessment of environmental condition of the territory adjoined
with wastes storage places and forecasting of safety level of such objects on as respects to environmental quality
indexes together with object parameters of extreme situation occurrence risk.

Keywords: environmental condition, integral criterion, environmental reserve, degradation degree, wastes.
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B. 0. Konockos

ONPEJIEJIEHUE 3HAYUMBIX ITOKA3ATEJEN KPUTEPHUS SKOJIOTMYECKOI'O PE3EPBA
TEPPUTOPHUI, TPUJIET AIOINX K MECTAM 3AXOPOHEHUS OTXO/IOB

YCoBepIIEHCTBOBAH HMHTETPANBHBI  KPUTEPUH OIEHMBAHUS JKOJIOTHMYECKOTO COCTOSHUSL TEPPUTOPHU 10
MIOKA3aTeI0 YPOBHS €€ JKOJOrMYecKoro pe3epBa. HOBH3HA IMOIYY4EHHOrO pe3ylibTaTa COCTOMT B IPHUMEHEHUH B
Ka4yecTBe 3HaYMMBIX TOKa3aTeNeil s OLEeHNBaHKS OTKIMKOB OKPYXKArolel MPUPOIHON Cpeabl Ha BIUSHUE (haKTOPOB
HETaTUBHOTO BO3JICHCTBHS KPUTEPHEM OKOJOTMUECKOTO pe3epBa BEIMYHMH, XapaKTEpU3YIOMIMX JIerpaJalioHHbIE
mporecchl B 3kocucremax. [IpemnoxkeHo BbIOpaTh 1uisi ompeneneHus dddekra mpsaMoro NeWCTBUS B KPaTKOCPOUHOH
TIEPCIIEKTHBE BEIMUMHY IUIOMIAAN AETPalallMOHHBIX IMPOIECCOB B JKOCHCTEME BMECTE C NMPOAYKTHBHOCTBIO BHJIOB-
WHIIMKaTOPOB IMEPBOro TPOo(UUECKOro ypoBHs. J{JIsi MPOrHO3UPOBAaHUS NUHAMUKH JIETPaJallid Ha CPEIHUN M JIOJITHHA
CPOK TPEUIOKEHO ONpPEeNeNsTh CKOPOCTh W3MEHEHHs IUIOMAAN NeTrpafallid M YWCICHHOCTh IOMYJISINH BHIOB-
WHIIMKaTOPOB YETBEPTOT0 TPO(UUECKOTro YpoBHA. VICIoONp30BaHNe YCOBEPIIEHCTBOBAHHOTO KPUTEPHUS IKOJIOTHYECKOTO
pe3epBa Mo3BOJISIET YCOBEPIICHCTBOBATH METO]] OLICHUBAHMS KOJIOTMYECKOTO COCTOSHUS TEPPUTOPHI, TPUIIETaIOIINX K
MecTaM 3aXOpOHEHHUS! OTXO/IOB, M NPOTHO3MPOBAHMS YPOBHS 0O€30MacHOCTH TMOAOOHBIX OOBEKTOB MO IOKA3aTelsiM
KayecTBa OKpYXalolleil cpenbl W mapamMerpaM OOBEKTa, ONpeleisionM (QaKTopbl PHCKAa BO3HHUKHOBEHUS
Ype3BbIYafHON CUTYaIUH.

KnroueBble ciioBa: DKONOTMYECKOE COCTOSHUE, WHTETPANIbHBIA KPUTEPUH, HSKOJIOTMYECKHH pPE3epB, CTENEHb
JIeTpasialiiv, OTXOJIBI.
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ANALYSIS OF THE AIRCRAFT NOISE IMPACT ON ENVIRONMENT
FOR DETERMINE THE RATIONAL WAYS OF ITS REDUCTION

Actuality of the study and the neediest to develop rational ways for aircraft noise reducing is shown. Directions for
aviation noise reduction is proposed. Analysis of the problem of aircraft noise has shown that together with increasing
cargo-capacity and passenger-capacity of the civil aircraft to increase and aircraft deleterious effect on the environment,
including the human health. The structure analysis in general and aircraft noise in particular for determining rational
ways of the noise reducing is performed. The following results were obtained: the main characteristics of the aircraft
noise spectrum classification, noise characteristics classification, analyzed the main sources of aircraft noise and their
noise characteristics are shown. The aircraft noise specifics with depending on the flight stage is given. The main ways
to reduce aircraft noise proposed: improving characteristics of engines, as well as improved aerodynamic characteristics
of airframe by rational choice of geometrical parameters of particular units.

Keywords: aircraft noise, noise level, noise intensity, noise frequency, noise reduction, protective coverage.

Problem statement. It is important to limit and
minimize technogenetics impact on the change of
physical environmental factors to preserve the living
environment, which is safe for humans. One of these
factors is the noise impact of aircraft. Exclude this
impact entirely without renouncing of achievements of
civilization is impossible and this is unacceptable [1, 2,
3]. Acoustic effects of civil aircraft, the largest in
comparison with all other technical sources, unless
considered relatively rare launches of spacecraft in
sparsely populated areas and conduct of hostilities
wartime.

Particularly acute this problem occurs at the airports
area. ICAQO consistently toughen the aircraft noise level
requirements. Thus, objective circumstances and
regulatory requirements are forcing designers to modify
the approaches to the aircraft designing. But, to
successfully complete the task — the noise reduction — is
necessary to conduct the detailed analysis of the structure,
sources and the impact of aircraft noise. This theme is
explored in the proposed paper.

Statement of the problem and its solution. Sound
is an undulating propagation of the elastic field particles
vibrations. There are two concept of «sound» [4]:

—the biological concept - including acoustic
vibrations, which perceived by humans hears, for an
average healthy person is a vibration in the frequency
range from 16...20 up to (16...20)-10° Hz;

— physical concept — combining both audible and
inaudible by a human sounds in the nominal range
0...10" Hz. The sounds with frequencies equal of permil
hertz are found in nature, so the lower limit of the
frequency band is practically not limited. The upper
limit of frequencies is limited due to the nature of the
substance matter atomic-molecular structure: for gases
is a 10° Hz, and for solid and liquid bodies — 10™...10"
Hz (figure 1).

EIE_S hearing sound !
100l N —12 |
T | g |

80 §| | % |
(o} | @] |

2| , 8 |
= s
| |

1
0 20 3x10° 2x10° 1x10° f, HzZ
Figure 1 — Range of acoustic oscillations with the
humans limitation: 1 — auditory threshold,
2 — threshold of noise pain

To accepted elastic vibrations with frequencies
below the audible range of sounds to call infrasound,
with frequencies above the top border — ultrasound and
in the frequency range from 10°...10% Hz s
hypersound. Audible sounds are divided into low
frequency (less than 350 Hz), midrange (from 350 to
800 Hz) and high frequency (more than 800 Hz) [5].

The object, which is move in media faster than the
sound speed in this media, creates a media shock-wave
called a acoustic impact (figure 2) [6].

subsonic
area

rae

\_supersonic
area

Figure 2 — The nature of the shock-wave at a airfoil
for Mach number M =1,3
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The noise is any undesirable sound or complex of
sounds, affecting especially at a human body. Biological
affects on other organisms can significantly differ from
the typical for humans. So, the upper limit the range of
audible sounds for dogs is about 90-10° Hz.

Aircraft and their engines create a disturbance in the
atmosphere, so it is the zone in which the pressure is
decreased and increased about to average pressure of the
undisturbed air. These perturbations are moved in the
air media at the sound speed and are sensed by the
organism as noise.

The objective sound characteristics. Sound waves
spring if any force disturbs the media steady state. As a
result, the media particles begin to fluctuate about the
equilibrium state with the speed, much more than sound
waves speed. Sound wave is propagated in media and is
carried an energy [7, 8].

For the description of the oscillatory and energy
processes in acoustics, it is generally accepted some
concepts and their objective (physical) characteristics.

The propagation sound speed a, m/s, is related to
the wavelength 4, m, frequency f , Hz = 1/s, and the

period of oscillation 7', ¢, by next equation
a=A-f=2T. 1)

The sound speed change in air with accordance to its
temperature change 7, Kor ¢, C is described by the
equation

a=20NT =332+0,6¢ . )

Sound energy E,, J —energy, consisting of kinetic
energy of oscillating particles and potential energy of
media elastic deformation.

The source acoustic power (or sound power) W,

W - is the total sound energy, emitted from the sound
source in all directions of space per unit of time.
Sound pressure p, Pa = N/m?, is a variable about

unperturbed air media pressure, that springs when the
sound waves move.

The sound intensity |, in W/m? — average flow
(volume) of energy W, , W, at this point of space per

unit time through a unit of area F, m? which is
perpendicular to the sound propagation direction, i.e.
I=W/F . The sound intensity is a vector, because it is

determined depending on the direction of the sound
stream. The sound intensity is difficult to measure
directly, so in the tests of sound measurements the
sound pressure level is determine, and after that carry
out the recalculation.

It known, that [8].

I =p-v =p?/(p-a), (3)
or,

1= 1(p?), @)

where V is the root-mean-square value of the media
particle oscillation velocity at a sound wave, m/s; p —
media density kg/m®.

In addition, the product pxa is call specific acoustic
drag, it is equal 410 [Paxs/m] for air.

The emanation of acoustic energy by the real
sources in environment with different directions is
taking place unevenly. For the mathematical description
of the features used focus factor

F=ly/1,=1,/Wan? )

where Iy — the sound intensity generated by the source
at point and at the direction of d , W/m? lsp —intensity

non-directional (spatial) transducer equivalent power
W, in W/m?, r — the distance from the source to the
research point, m.

In practice, there are use: sound pressure p and the

sound intensity | , which are different in absolute value
10® and 10 times respectively, that is uncomfortable.
So in acoustics accepted a certain level of index and its
logarithmic value; so, first of all, used sound pressure
levels and sound intensity. This way proved to be the
more convenient due to the peculiarities of human
hearing to respond not to the absolute, but at relative
change of power sound.

The level of any index — the result of the comparison
of actual values with its predefined (standard) value.
Since, in accordance with the equation Weber-Fechner,
the person perception different kinds of irritations, in
particular sounds or vibration, to proportional to the
logarithm of the energy volume, also the level of
acoustic index convenient to show as the logarithm of
the corresponding relative value.

As the standard value, used for comparison when the
sound level determining, are accepted the minimum
values of the sound intensity and sound pressure, which
human hears with frequency sound of 1000 Hz. This is
lo =10™ W/m?and p, =2-10® Pa. They got the name

of thresholds of audibility.
Thus, the level of sound intensity (sound power level)

L=10lg(1/1y). (6)

From equation (6), taking into account the
dependence (5), the sound pressure level

L=101g{p?/ p§)=101g(p/ o)’ =2012(p/ py). ()
Acoustic power level

L=10Ig(W/W,) at Wy =10-12W .  (8)
For the sounds (noise) analysis in the total range of

frequencies it divided into separate lanes. In music and
technical acoustics it most often divided into octaves —
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frequency bands in which the upper limit frequency f,
at twice time higher then lower limit f;,i.e. f, =2f;.

The sound pressure levels are used for acoustic
measurement, the levels of sound intensity — for
acoustic calculations.

Noise spectrum is a components complex of the
sound pressure levels, which received by frequency
analysis. Noise spectrum is an impotent characteristic, it
is the base for planning the technical ways to noise
reduce. General noise level Ly, dB, is the value, that
corresponding to the full intensity of the spectral
components of an audio signal L; in all its frequency

range, divided into n lanes:

n
Ly =101lg 2100'1Li . 9)
i=1

Subjective characteristics of the sound. In general,
the subjective perception of sound is determined by the
indexes, which are comparable with objective acoustic
characteristics. The main differences relate to the
following features of psycho-physiological humans
responses [9, 10].

Hearing aid man reacts at same moment to all:
frequency sounds (pitch of tone), their intensity and
tone structure, depending on the relative intensity of
additional oscillation of higher level than the base
frequency, which determines by the pitch of tone.

In figure 1 shown how a person with normal hearing
changing perception of sounds having minimum intensity
with changing frequency, i.e. «hearing threshold curvey»
in the audible frequencies range.

The upper curve in figure 1 corresponds to the pain
sensations threshold that present at sound level 120...130
dB, with little dependent on frequency. With more
stronger sound these are possible rupture eardrums,
contusion, and at levels above 160 dB the death [10].

The extent of the noise deleterious effects vastly
depends also on how it differs from the usual noise and
individual attitude to it. Noise during evening and night
time with ceteris paribus has significantly more
irritation. The absence of normal silence, especially at
night, leading to premature fatigue and illness.

It is taken to use special correction (figure 3) for
account for the man perceptual the different frequencies
sounds. So in standard sound level meter, in accordance
with the requirements of GOST 17187-87, provides
several scales of frequency correction: 4, B, C, and
D.

Measuring with frequency correction scale B, C
and D are rare, in specific cases, whereas the
measurement by the scale A4 of the standard sound
level meter is often as much as possible. They have
specific name "sound levels scale 4 and have specific
designation — L, as well as a special unit of
measurement — the decibel (dBA). When applying scale
D it gets the audio levels by the scale of D — Lp in
decibels (dBD).

L, Db

?

o LT TR
-40 A/

/

16 63 250 1000 4000f, Hz

Figure 3 — Frequency response scale 4 of the
standard sound level meter

Characteristics of aircraft noise. The aircraft noise
has some differences from the stationary sources noise.
The main of them are: the inconstancy of noise in time;
frequent repeatability of noise; specific spectrum of
sounds; available in the spectrum characteristic of
discrete components [9, 10, 11, 12].

At the modern time the following approach (it based
at the noise level scales 4 and D) uses for the
indicative estimation of aircraft noise.

Inconstant in time noise, i.e. such whose sound
pressure levels in time are changed more than 5 dB,
characterized by energy equivalent sound level

L peq =101g l% i (2000 )} , (10)

i=1

where T — the total period of observation, i.e. the total
time of noise effect, with various levels of sound Lp;;

n — the bands number that split the analyzed audio
frequency range; i — the band index; t; — time sound

effects i-bands; L,; — the average sound level of the i-

band with taking into account the features of his human
perception.

In the world for estimation and further rule-making
of aircraft noise by the recommendation of ICAO has
developed and uses the following special criteria:

— perceived noise level PNL, measurement is in
specific units PNdB. This criterion focuses on frequency
contents of aircraft noise;

— perceived noise level with accordance of the
discrete components of the PNL, measurement is in
specific units TPNdB;

— effective perceived noise EPNL, measurement is in
EPNdB. The criterion of EPNL takes into account not
only frequency contents, but also the discrete
components in the spectrum and the noise duration in
accordance with the equation

EPNL = PNLM +C + D (11)
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where PNLM — the maximum value of the perceived
noise level, PNdB; C - correction, taking into account
the discrete components in aircraft noise, PNdB; D —
correction, taking into account the duration of noise.

Methods for calculating perceived noise levels with
according to the measurements, corrections C and D,
as well as effective perceived noise levels are given in
GOST 17229-85. For engineering calculations with the
real measurements data, performed by the sound level
meter with standard filters at the scales 4 or D, is
used the simplified method with empirical dependencies
for acoustic characteristics calculation. For example,
when high precision is not required, for aircraft with
turbojet engines used the approximate equation

PNL (or PNLT)=L,+13=Lp+7,
or airplanes with turbofan engines
PNL=L,+15=Lp+9.

Sources of aircraft noise. The noises are divided into
mechanical, hydraulic, electromagnetic and
aerodynamic. Aviation noise is the aerodynamic type, it
is one of the most significant sound level. They are the
result of air flow around various bodies. The reason for
the aerodynamic noise: vortex processes in the airflow;
gas ripple caused by the rotation of the blades of fans,

turbines; fluctuations related with the inhomogeneity
and ripple of the stream [13-18].

Noise sources from modern civil subsonic aircraft
are: aircraft engines, auxiliary power units (APU) and
external parts of airframe. On the ground at the time of
the engine idling the primary source of noise is the
APU. At takeoff, climbing and cruise flight the noises
from main engines higher, then other sources, but also
airframe specific structural elements create a part of this
noise. At time of the descent and approach the large part
of the noise the airframe produce.

In the engine noise sources are divided at internal
and external groups. For subsonic passenger airplanes
and helicopters widely use turbofan and turboprop
engines. In them, the internal sources are: fan,
compressor, combustor, turbine and exhaust section,
and external sources are: stream jet and turboprop
engine propeller.

The fan (compressor) noise spectrum consists of
broadband and tonal (discrete) noise (figure 4). Discrete
components are correspond to the main band from blades
turning. For example, in the case shown in figure 4, they
are the frequencies of 4,7 and 9,6 kHz. Broadband
components of this noise occur due to vortexes, generated
from airflow about blades and vane ring. At modern
engine fans are present supersonic tip speed, that creates
the shock waves and very uneven field pressure at turning
blades, as the result, the noise from blades turning and
general fan noise rough increases.
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At the high-bypass ratio engines internal noise of the
hot part consists of noise combustion chambers, turbines
and exhaust section.

Combustion noise — low frequency broadband. Its
intensity strongly depends on the shape and size of the
chamber. Can-annular combustion chambers produce
noise more than annular combustor.

The turbines noise has the same reasons that and fan,
but it has the following feature. The stream, exiting
from the combustion chamber, has increased irregularity
and fluctuations (random deflections, oscillations), so
all the noise components the rough increased. Discrete

components are present at the range of high and most
disagreeable medium frequencies (last are present at
slow-turning turbines fans).

Noise exhaust channel is relate of its high speed,
high turbulence and inhomogeneity for stream after the
turbine. It consists of rectifier parts flow noise and other
obstacles, turbulent noise, noise of interaction with the
channel border.

Internal sources noise is emitted in the rear
hemisphere with the high angle (60...70° for maximum
emission). This increases aircraft noise at climbing and
landing.
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The turbulent pulsations in zone of jet mixing with
the external airflow is a main reason of the jet noise.
The jet noise acoustic power is proportional to the area
of the output nozzle and eighth degree specific exhaust
velocity. While the largest part of the sound energy
emitted at the initial part of the jet, and beyond
10...15 diameters of the nozzle the jet is silent.

With increasing jet stream diameter and gas
temperature the noise spectrum is shifted toward lower
frequencies, with increasing jet wvelocity — in the
direction of high frequencies. Therefore, the low-
frequency and medium-frequency noise are typical for
the modern gas-turbine engines

For turbojet engines is characteristically that jet
noise is significantly higher than the internal engine
noise. The overall level of the acoustic power in the
wide frequency range can be approximately estimated
by the equation

L=80-1gV, +20-lg p, +10-lg F, - K, (12)

where V,, — jet velocity from the nozzles; p,, — jet gas
density in the nozzle exhaust cross-section;
F, — nozzles cross-section area; K — jet temperature-
dependent variable value, K =57 dB for cold jet,
K =44 dB for hot jet.

Propeller noise is the main for turboprop engines. It
is the result of blades force impact on the air, in which

there are: displacement air, the turbulent layer
generation on the blades surface and in wash.
Additional noise is the result of shock waves and local
seals. They are present at subsonic and supersonic
speeds of the blades tips. The main characteristics of the
propellers, which influence on the noise: propeller
diameter; blades number; specific blades tip speed
(Mach number).

Conclusions. International requirements for the
aircraft noise level continue to toughen up and airports
are preparing to control of their execute. So, in Europe
bigger part of airports already are equipped with remote
control of aircraft noise.

Acoustic improvement of civil aircraft depends on
the action plan to reduce noise generated by airplanes
and helicopters. Since the problem of aircraft noise is
complex, then the noise proof requires the solution
solving at many interrelated tasks [4]:

— creation of low-noise engines;

— development and using new passive noise-proof
equipment (coverage);

—development and using active noise-proof
equipment (noise against noise);

— improving flight performances of aircraft;

—analysis of rational engines arrangement;

— decreasing aerodynamic noise from airframe,
landing gear, etc.
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J. B. Tinsiko, Yixanusan Yen, 13e Jlro

AHAJII3 BILUIMBY ABIAIIMHOTO IIYMY HA HABKOJIMIIHE CEPEJIOBHIIE 3 METOIO
BU3HAYEHHS PAIIIOHAJIbHUX HIJISIXIB MOI'O 3SMEHIIEHHSI

[NokazaHi akTyaJbHICTh JOCII/KEHHS Ta HEOOXiIHICTh PO3POOKH palioHaIbHUX IUISAXIB 31 3HWKEHHS aBialliiHUX
IyMiB. 3ampoIOHOBAHO HAMpsSMH ILIOAO 3HIWKEHHs MmyMmy asiamiiiHoi TexHiku (AT). AHamiz crany npobiemu
aBialifHOro IyMy MOKa3aB, M0 3 POCTOM BaHTa)OIiJHOMHOCTI W Maca’KUPOEMHOCTI MOBITPSIHUX CyIEH IUBLIEHOT
aBiarii 301IbIIYETHCS MIKIUIMBUN BIUIMB aBiallifHOT TEXHIKA HA JOBKULISA, B TOMY YHCII Ha 3J0pOB's JIIOMUHH. [
BH3HAUEHHS palliOHAIBHUX NUIAXIB 3HIWKEHHS IIyMy OyB BUKOHAHMH aHalli3 CTPYKTYpH HIYMIB B3arajii W aBialliifHUX
mymiB 30kpema. OTpuMaHi HACTYIIHI pe3y/ibTaTH: BHUSBJICHO OCHOBHI XapaKTEPHUCTUKU CIIEKTpa aBialliifHOro mrymy,
HABEACHO KJIACU(IKAI[I0 XapaKTePUCTUK IIIyMiB, IPOAHATI30BAHO OCHOBHI JDKEpena INyMy JITaKiB, IOKa3aHi
XapaKTEepPUCTUKH BianoBinHUX mrymiB. Hanmana xoporka xapakrepuctuka mymy AT B 3aexHOCTI BiJ cTail HONBOTY.
3anpornoHoBaHi OCHOBHI HANpsSAMKH IIOJI0 3HW)KEHHS aBiallliHOrO IIyMY: IOJINIIEHHS XapaKTepHCTHK JBUTYHIB, a
TAKOX BIOCKOHAJCHHS aepoAMHAMIYHMX XapaKTEPHCTHK JITaKiB IHUISIXOM pPaliOHAILHOrO BHOOPY T'€OMETPHYHHX
napamMeTpiB OKPEMHX arperaris.

KirrouoBi cjioBa: aBialiiiHuil 1ymM, piBeHb IIyMY, IHTEHCUBHICTb LIYMY, YacTOTa LIYMY, NUIAXH 3HIDKEHHA LIyMY,
3aXHCHI MOKPHUTTSL.

J. B. Tunsaxos, Yasnusan Yen, [3e Jo

AHAJIM3 BJIUSIHUSI ABUALHUOHHOI'O HIYMA HA OKPYXAIOWIYIO CPEAY C IEJBIO
OIPEJIEJIEHUA PALIIMOHAJIBHBIX ITYTER ETO YMEHBIIEHUSA

IToka3aHbl aKTyaJbHOCTb MCCIEIOBAHUSA M HEOOXOAMMOCTH pa3pabOTKU palMOHAIBHBIX IyTEH M0 CHIDKEHHIO
ABUAIIMOHHBIX IIYMOB. lIpemIo)keHBl HAmpaBIEHUs 10 CHIDKEHHIO IIyMa aBHAlMOHHOW TexHHKH (AT). Anamms
COCTOSHMS NpPOOIEMbl ABHALMOHHOIO IIyMa IIOKa3al, 4YTO C POCTOM TIPY30HOABEMHOCTH H I1aCCAKUPOSMKOCTH
BO3/YLIHBIX CYZOB I'Da)KIAHCKOM aBHALMM yBEIWYMBAeTCsl U BpeaHoe BiusiHME AT Ha OKpyXarollyro cpeny, B TOM
YHClIe U Ha 370pOBbE yesoBeKa. JlJisi ompeneneHus panMOHANbHBIX IyTeH CHIDKEHMS LIymMa ObLI BBIOIHEH aHAJIU3
CTPYKTYpbI LIYMOB BOOOLIEC M aBHALIMOHHBIX LIYMOB B YacTHOCTH. lloiydeHBI Cleoyloliue pe3yiabTaThbl: BBISBICHBI
OCHOBHBIE XapaKTEPUCTHKU CIEKTpa aBHALMOHHOIO IIyMa, IpHBEIeHa KIAcCH(HUKAIMA XapaKTePUCTHK LIYMOB,
[IPOAaHATN3UPOBAHbI OCHOBHbBIE HCTOYHUKH IIyMa CaMOJIETOB M MOKa3aHbl XapaKTEPUCTUKU COOTBETCTBYIOIIUX LTYMOB.
Jlana kpaTkast xapakrepuctuka myma AT B 3aBucuMoOCTH OT cTajuu mnoseta. [IpeanokeHsl OCHOBHBIE HAIPaBJICHUS 10
CHIKECHUIO aBHALMOHHOIO IIyMa: YAYYIIEHHE XapaKTEepUCTHUK JBHUraTeNeil, a TakkKe COBEpIIEHCTBOBAHHE
a’pPOIMHAMUYECKUX XapaKTEPUCTHK CAaMOJETOB IIyTeM palMOHAIBFHOTO BBIOOpPa TE€OMETPHYECKHX I1apaMeTpoB
OTZAEJbHBIX arperaToB.

KnroueBble cjI0Ba: aBHAIMOHHBIA IIIyM, YPOBEHb IIyMa, MHTEHCHBHOCTH IIIyMa, YacTOTa LIyMa, ITyTH CHHXKEHUS
ITyMa, 3aIIUTHBIC TOKPBITH.
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IHCTHTYT stnepHux nocnimkens HAH Ykpaian
np. Hayku, 47, m. KuiB, Ykpaina, 03680
B. JI. Cunopenko, K. T. H., Jo1I., ipod. kad.

[HCTHTYT NEepKaBHOTO yNpaBiliHHA y chepi HUBUTBHOTO 3aXHCTY

Byn. Bumroponceka, 21, m. Kuis, Ykpaina, 04074
O. C. 3agynaii, Hau. LIEHTPY

JepxaBHHN HayKOBO-JOCIIJHAM IHCTUTYT CHELIAIBHOTO 3B sI3KY Ta 3aXUCTy iH(opmarii

BYIL. 3ami3Hsika, 6, M. KuiB, Ykpaina, 03142

I[O10 OIIHKH! BE3NEKU ATOMHMX CTAHIIIN YKPATHH

VY crarTi HaJAETHCS CTUCIIUI OITUC METOJOJIOTIT IMOBIPHICHOI'O aHaIli3y Oe3IeKH, 110 3aCTOCOBYETHCS B AaHHUH Yac
JUIsl BUPILLICHHSI TUTaHb 3 O€3MeKH B MpOIeci eKcIuyaTallii aTOMHUX craHuiil 3 peakropamu BBEP. Posrnspatorses ii
nepeBaru Ta Hepoiiku. [lokazaHo, 1m0 mpobieMa OIIHKK PU3MKY B YMOBaX HEBH3HA4E€HOCTI CTaHY aTOMHOI CTaHIIl
3alfiMae JOMIHyIOUE MiCIle B 3arajbHild MpoOieMi MPUAHATTS pilmicHb. HaBeICHO aJropuT™M iMOBIPHICHOTO aHAJIi3y
0e3IeKn aTOMHUX CTaHIiH Ta eTanu iforo npoBenenHs. [lepeniueno npoOiemu, sIKi MOBUHHI BUPILTYBATUCS TIPH OLIIHKA
Oe3reKy aTOMHUX CTaHI[if 3a JOMOMOrol IMOBIpHICHOTO aHaizy Oe3nekH. 3a3HayaroThCsl NPUYUMHU 3HAYHUX
HEBH3HAYEHOCTEH IMOBIpHICHOTO aHamizy Oe3neku. [IpuBeieHO 10AaTKOBI IMOBIpHICHI 1 PU3HK-OpIEHTOBAHI MTOKa3HUKU
1 KpuTepii st OOIPYHTYBaHHS TaTy3€BHX 3aXO[iB IIOJO MiJBUIIEHHS HAJAIMHOCTI YIPaBIiHHS aBapisMH Ha aTOMHHUX
CTaHIisIX. 3po0JIeHO BHCHOBKM IPO Te, IMPOBEICHI y POOOTI AOCTIIKEHHS HE JAl0Th MOXJIHMBOCTI OOIDYHTOBaHO
BUKOPUCTOBYBATH ICHYIOUI Ta pO3pOOJISATH HOBI TEXHIYHI Ta OpraHi3amiiHi 3aXoiH, IO JO03BOJSIOTH 3HHXKYBAaTH

YaCcTOTY BUHHKHEHHS aBapiii 0 HOPMOBAHOTO PiBHSI.

KarouoBi cjioBa: atomHa cTaHIlis, Oe3Meka, aHali3, PU3HK, PeaKkTop, MOTEHIIHA HeOe3IeKa, aBapis, HACIKH.

IHoctanoBka mnpobaemu. Cranom Ha 2017 p. B
VYkpaiHi excruryaryetbess yotupu atomui cratuii (AC)
JO CKIaay sKHX BXOAMTh 15 eHeproOmokiB. 3a
BCTaHOBJICHOIO MOTYXHICTIO eHeprooiokiB AC Ykpaina
nocijae 7 wicue B CBiTi. 3aranbHa BCTaHOBJIEHA
MOTY)XKHICTh ~ JIOYHMX  YKpaiHCBKMX  €HEproOJIOKiB
ckmagae 13835 MBr(en.).  3Hauymiictb  aTOMHOI
€HEPreTUKU B YKpaiHi OCTaHHIMH POKAMH CYTTEBO
miggummiace.  Jlo 2016  poky mMaibke 50 %
enektpoeneprii  OEC YkpaiHu  TreHepyBajlIoCch
BiTum3HAHUMH AC, a OCTAaHHIMH POKaMH LIl 4acTKa IS
OKpeMHUX  KaJeHJAapHUX  MICAIIB  IepeBUIyBaia
MIOKa3HUK 65 %.

ATOMHI CcTaHIii BHACIIIOK HAKOIUYEHHS B MpOIeci
eKCIUTyaTallii ~ 3Ha4HOi  KUIBKOCTI  paJliOaKTHBHUX
MPOAYKTIB 1 HAsBHOCTI MPHUHITUIIOBOI MOMIJIHBOCTI
BUXOAYy iX TIpHM aBapiax 3a r[epemgdadeHi Mexi
MIPEICTaBISIOTh co00r0 JDKEPEeTIo IMOTEHII HHO]T
Hebe3mekn abo HKepeo PU3HNKY pamialliifHOro BILTUBY
Ha IepCOHAJl, HACEJICHHS 1 HABKOJMIIHE CEpPEeIOBUIIE.
Crymiae pamialifHOrO PU3UKY MPSIMO 3aJIEKHUTh BiX
piBEA Oesneku AC, sKa € ONHUM 3 OCHOBHHX
BnactuBocTeii AC, IO BU3HAYAIOTH MOXKIHBICTH IX
BUKOPUCTaHHS B SKOCTI JDKepelna TeIuIoBOi Ta
€IIEKTPUIHOI CHEePTil.

BimnosimHo 10 mokymerTa [ 1] morsaTTs (a0 Tepmin)
«besnexka AC» Bm3Ha4ueHO AK «BiacTuUBICTH AC mpu
HOpPMAaIIbHIN eKCIUTyaTamii 1 IOpYIIeHs HOPMAJIbHOI
eKCIUTyaTallii, BKJIIOYAlOYM  aBapii, OOMeXyBaTH
pamiamifHU{ BIUTMB HA TIEPCOHAJN, HACENCHHS 1
HaBKOJIMIITHE CEPEIOBUIIE BCTAHOBICHUMH MEXaAMI.

AC, 1O eKCIIyaTyloThCsi Ha JaHHH dYac, €
JDKepenaMu eHeprii, 110 3aJI0BOJIGHSIOTh
HalKOPCTKILIIMM EKOJIOTIYHAM BHUMOI'aM B yMOBax iX

HOpMAaJIbHOI eKcruTyartaiii. BoHu MOBUHHI BifmoBinatu
JTy’Ke€ )KOPCTKUM MIXKHApOJHUM HOpMaM [2]:

— IIOpiYHA IMOBIPHICTB TSHKKOTO MOIIKOpKeHHsT AC
HE TIOBMHHA repeBuuyBaTy Bemuunay 1 - 10° Ha omuu
peakrop;

— IMOBIpHICTh BUXOJy pajiioakTuBHHUX peuoBuH (PP)
3a Mexi repmeruaHoi obononku AC — 1 - 107:

— pamianiiiamii BB  AC Ha HaceleHHsS Ta
HABKOJIMIIIHE CEPENOBHUIlE HE TOBHHEH IMEPeBHUIIYBATH
~1% no3u, 1O OTPUMYETHCS BiJ JHKEPEN MPHUPOAHOI
paumiari.

[MoreHniiina HeOe3neka BHHUKAE IMiJ| 4ac aBapiii, B
mpoleci  SIKUX HAKOMUYEHI B TEIUIOBHIUISIOUUX
elleMeHTax (TBelax) Ta TemoHocii 1-ro KOHTypy
pamioaKTHBHI  TPOAYKTH MOXYTh  BHUXOIMUTH  3a
nependadeHi TpaHNIi B KiTBKOCTSX, IO MEPEBUIITYIOThH
BCTAHOBJICH] /7151 HOPMAJIBHOI €KCIUTyaTaIlii Mexi.

AHaJi3 octanHix nocaimkens i myGaikamiii. Han
npobieMoro mociimkerns 6e3nekn AC mpaioe 6arato
BITYM3HIHUX 1 3aKOPIOHHUX CIEMiajiCTiB Ta HAYKOBIIIB.
Pi3Hi acnekTy Ta OKpeMi MmiaXomu M0 AOCITiIKEHHS i€l
mpoOieMr  BHUCBITIEHO B  YHCEIBHHX  IPAIlX,
Hanpuknan, [2-4], ame depes Te, WO mel mporec €
Oe3mepepBHIM, ITOCTIHHIM 1 HaI3BUYAHHO aKTyalbHUM,
JTOCIIKSHHS TPUBAIOTb.

Tak, BHKOPHCTOBYIOUM KJIACHYHY METOONOTII0
iMoBipHicHOrO aHamizy Oe3neku (IAB) aBapiitanx momiii
Ha AC He crae MeHII. bBinmbIIiCTP HAYKOBHX IIpallb
BimMmivatoTe  miepeBarm  meromoiorii  IAB, o
3aCTOCOBYETHCSl B JTAHUU 4Yac JUIsl BUPIIICHHS MTMTaHb 3
Oesmexn B mporeci ekcmuryaranii AC 3 peakTopamu
BBEP, ame w™ano Xto BKa3ye Ha ii HEIONIKH.
HemocratHs yBara mpuminseTbcss 1 O BiTHOCHO
MaJIONMOBIpHUX aBapiHuX moniii Ha AC, sKi MaroTh

58 Scientific and technical journal « TECHNOGENIC AND ECOLOGICAL SAFETY», No 3(1/2018)



HayxoBo-texniunuii ;xypaan « TEXHOT'EHHO-EKOJIOTTYHA BE3ITEKA», Ne 3(1/2018) ISSN 2522-1892

karacTpodiuni Hacmigku. [loctae MUTaHHS MOIUTFHOCTI
BHUKOPHCTaHHs KiacuyHoi Metonodiorii IAB, sike maibxe
HE TIOPYIITYETHCS B OCTAHHIX MyOJTiKaIlisX.

IlocTanoBKa 3aBJaHHA Ta #oro BHpIlICHHS.
3araJpHONIPUAHATI B CBITOBIM MpPAakKTHII aTOMHOI
€HEpreTUKH, B TOMY 4MCIi 1 B YKpaiHi, miaxoau 1o
aHamizy Oesmeku AC  3acHOBaHI Ha  OIliHKax
IHTETpaJIbHUX IMOBIPHICHHX TIOKa3HHKIB O€3MeKH IX
pobotu [5]. IuTerpanpHa iIMOBIpPHICTP BUHHKHCHHS
TSDKKOI aBapii (3 IOMIKO/DKEHHSM SIEPHOTO TAJIHBA)
i cydacHuX AC MTOBHHHA CTAHOBHTH MEHII HIXkK 10—
10® (1/peaxTopa-poKiB), a iHTerpajbHa HMOBIpHiCTH
HAJHOPMATHBHOTO PaiallifHOr0 BUKUAY — MEHIIE HiXk
10 — 107 (1/peaxropa-pokis) [6].

Amapis B 2011 poui na 1-4 eneprodmokax AC
Fukushima-Daiichi, a Takox cepii iHIUICHTIB i aBapiit
Ha psami iHmmX AC B pi3HHX KpaiHax CBITY BUSIBHIH
MEBHY OOMEXCHICTh 3araJbHONPHUAHATHX MiIXOIIB IO
aHaiizy Ta ouiHkamu Oesnekn AC, mo ekcruryary-
10Tbcsi. Tak, Hampukian, Bci aBapiiiHi eHeproOJIoKh
AEC Fukushima-Daiichi BimnoBizanu 3a3HaueHuUM
BCTAHOBJICHMM IMOBIPDHICHUM KpHTEpisiM  O€3IeKH,
OJTHAaK, YHUKHYTH BeNHKOl aBapii (MakcumanbHuil 7-if
piBensb 3a mkanoro MAI'ATE), mo mana karactpodiuHi
€KOJIOTI4HI HaciJIKH, He Baanocs. [loxuii, o BigOynucs
Ha AC Fukushima-Daiichi, 3mycunu Bce cBiToBe
sZIepHE CITIBTOBAPUCTBO 1 JIEp)KaBHI OpraHU peryJto-
BaHHS siIepHOI Oe3rekn 3HOBY (micist YopHOOMIBCHKOT
KaTactpo(u) MOBEPHYTHCS 10 HEOOXIJHOCTI Meperisiy
MAXO/IB 70 OLiHKK (1HAKIIIE, /IO MEePEOIiHKK) Oe3neKku
Bcix mirounx AC [7]. OgHUM 3 OCHOBHHMX BHSBJICHHX
KOHLIENTYyalbHUX ~ HEJONIKIB  ICHYIOUHMX  3arajibHo-
MPUAHATHX MiIXO/IB J0 OLIHKHU SAEPHOI Ta pajiaiiHol
Oesniekn AC cIliJi BH3HATH HEIOCTATHIO YBary 1o
BiJTHOCHO MaJIOMMOBIPHUX aBapiiHUX MOIN, SKI MalOTh
KaTacTpo(ivHi HACIIIKH.

VY Toit ke 4ac HeoOXiHO BiJ3HAYMTH, IO ITPOBEICHI
Jlep)kaBHOIO ~ 1HCHEKI[€I0  SIIEPHOrO  PErYIIOBAHHS
Vipainu  (JISIPY)  «ctpec-tectw» 32 OLIHKOIO
(mepeoriinkoro) Oe3mexu nirounx AC micns aBapii Ha
AEC Fukushima-Daiichi ¢akTiniHo He BUsIBUIM HOBI
«nedinuT» Oe3MeKu MO0 30BHIIIHIX EKCTPEMAaIbHUX
mofiii mpupomHoro xapaktepy [8,9]. Ommiero 3
MOXJIMBUX TPUYUH TAaKUX PE3YABTATIB «CTPEC-TECTIBY»
MO)KHAa BB@)KATH HEJOCTATHE BPAaXyBaHHS LIIOTO PSIY
BiTHOCHO MAaJIOWMOBIPHHX aBapiHHUX MOIii BHACIIIOK
HEIOCTAaTHROTO BUKOPUCTAHHS B ICHYIOUHX IIXOmax A0
OILIHKA Oe3MeKn OOTPYHTOBAHMX METOMIB MOJEIIOBAHHS
MIPOIIECiB, AKI BUKIMKAIOTH IIi TOAIl, IO B CBOIO YEpPry
BUMara€  BJIOCKOHAQJICHHS  METONOJNOIIYHMX  OCHOB
KOHIIEeNIii po3poOKu eheKTHBHUX CTpATETiil yrpaBIiHHS
BiTHOCHO MaJIOWMOBIpHUMH TsDKKAMH aBapismu Ha AC.

ToMy, BIOCKOHANCHHS ICHYIOUMX MIiIXOMIiB 1
METOMIB y paMKax 3arajbHOI KOHIIMIii aHami3y Ta
3a0e3meueHHss  TexHoreHHoi  Oesmekum  AC, 1o
BpPaXOBYIOTh BiTHOCHO MaJIOWMOBIipHI aBapiitai momii 3
KatacTpoiyHUMH Hachiakamu, ¢opmarmizamis Ha ix
OCHOBI ~ HayKOBHX  OOTpYHTYBaHb  IIOJIOXKEHb 1
MIPUHINIIB, a TAaKOXK OpTaHi3allis MPaKTUIHUX 3aXOJiB
mono 3abesrmeueHHs Oesnekn AC €  aKkTyanbHOIO
MIPOOJIEMOIO JIep>KaBHOTO 3HAYECHHS.

AC sBISIOTE CcOOOK CKJIATHI JTFOMUHO-MAIUHHI
CHCTEMH, 1110 MAIOTh PsiJ CHENU(ITHUX OCOOIMBOCTEH,
HasIBHICTD SIKMX BU3HAa4Ya€ HEOOXIJHICTH PO3pOOKH Ha
OCHOBI BHKOPHCTaHHS METOJIB Teopii WMOBIpHOCTEH i
Teopil HAMIMHOCTI, CIEIaNEHOI METOMONOril  JIIst
MPOBENCHHS KOMIUICKCHUX JIOCHI/DKEHb 1  OIHKH
Oe3rnexu Takux 00’ €KTiB.

Anamizu Oe3nekn AC — 1¢ aHATITHYHI OIIHKH
(hi3MYHUX SIBHII, IO BiOYBAIOTHCS TPH IX HOPMAabHIH
eKCIUTyaTalii Ta B yMOBax aBapilHHX HoAid (B TOMY
yuci ManoiMoBipHuX). CydacHi BITYM3HSIHI BUMOTH 10
aHaJTizy Ta 00rpyHTyBaHHIO Oe3neku AC mependoayaroTh
BHUKOPHUCTAHHS IMOBIPHICHUX METOMIB SK HEOOXITHOI
YMOBH MOBHOTH JIOCIIJDKEHHSI O€3MeKH Ha BCiX eramax
JKUTTEBOTO IMKIY CHUCTEM 1 YCTAaTKyBaHHS sIIEPHOI
CHEPrOyCTAaHOBKW. BIOMOBITHO 10 peKOMEHIAIlii
MAT'ATE [6] pe3ynbTraTH OLIHKKA O€3IEKH HAJISKUTh
BUKOPHUCTOBYBATH Ui TNPUHHATTS  pilleHb 3
BUKOPHUCTAHHSIM 1HTETPOBAHOTO PU3UK-1H()OPMOBAHOTO
MiIXOMy TpU SIKOMY pe3yiabTaTH Ta iHpopMalis,
OTpUMaHi B XOJIi IMOBIPHICHUX OIIIHOK BPaXOBYIOTHCS B
CYKYITHOCTI B TpOIeCi NPUUHATTS pIllleHb 3 IHTaHb
Oe3mnexH.

Ha paHmidi dac Takow  3arajJbHONPHUITHATOIO
Mmerofonoriero aHamizy Oesneku AC € TpaguuiiiHa
kiacuuHa Metonodorisi IAb [10]. B Hili BpaxoByoThes
crenudivHi 0COOJTMBOCTI AC, BKJTIOUAIOYH
PI3HOMaHITTS eKCILTyaTalinH1x CTaHIB AC,
KOH(Qirypaliii a0 CTPYKTYyp BaXJIMBUX JJs Oe3MeKu
CHCTEM, PEeXHMIB IX BUKOPHCTaHHA Ta IPOBEHACHHA
TEXHIYHOrO OOCIYroBYBaHHS 1 pEMOHTIB, BHUJIB 1
HACIIIKIB BIZIMOB CHCTEM, OOJaJHAHHS, E€IEMEHTIB 1
MOMMJIKOBUX [Iiif €KCIUTyaTaliiHOro IepCOHANy OO0
BIUIMBY 1X Ha BMHMKHEHHS BHUXIIHHMX IOAINA aBapii Ta
BUKOHAaHHs 3amaHux (QyHKUiH Oe3neku. [Ipemmerom
nocimimkennss [AB e Tak 3BaHi pigkicHi momil 3
MOXJIMBUMH HEOaKaHUMHU HacaiakaMu. MeToxoorisa
IAB Mae npuitHITHY TOYHICTb 1 PAKTUYHY 3HAYYIIICTB,
SIKIIO BCl 1l 0OMEKEHHS HAJIGKHUM YHHOM BUKOHYIOTHCS.
He icHye 4iTKOrO KiNBKICHOTO KpPUTEPItO, IO PO3JLISE
MOil 3 MOPYIIEHHSM HOPMATbHOI eKCIUTyaTallii 1 piJKicHi
nozii (HAMPUKIIA, 32 YaCTOTOI BUHUKHEHHS).

IIpobnema OLIIHKA 0763719% B YMOBax
HeBU3HaueHocTi ctany AC 3aifimMae JOMiHyIO4€E MicIe B
3aranbHii Ipo0iieMi IPUHHATTS pillleHb. MeToro OIiHOK
PU3UKY € po3poOKa peKOMEHMAIliil IIOAO ITiIBUIICHHS
piBHs Oe3neknt AC (ympaBiliHHS PH3HUKOM) Ha OCHOBI
aHaNl3y pe3yNbTaTiB OLIHOK pPH3WKY, MO BKIOYAE
BHU3HAYCHHS IOMIHAHTHOI'O BKJIAJy B HBOTO, aHaii3
3HAYYIIOCTi, YYTIUBOCTI 1 HEBU3HAYEHOCTI pe3yIbTaTiB
oninku. OCHOBHHI BHECOK B PH3HK MOXYTh BHOCHTH
BiIMOBa OOJIaZHAHHS i CHcTeM Oe3MeKH, BiqMOBa Yepes
3araibHi TPUYMHA 1 JIOACBKUIN (akTop (IepcoHa).
ImoBipHiCHHIT aHami3 Oe3MeKM 3a CBOEIO CYTTIO
HAIJICHNA Ha BW3HAYCHHS IMOBIPHOCTEH pO3BUTKY
BCUTAKMX TporieciB (creHapiiB) Ha AC 3a MOYaTKOBUX
MOZISAX, MO 3amafoThca. SIK 1 WMOBIPHICTh BUXITHHUX
nmoxid, Tak 1 HMOBIPHOCTI PO3BUTKY iHIIi{OBaHOTO
npotecy € npenmerom ananmizy IAB. IlapanensHo ¥Hae
aHaii3 ctaniB AC, BKIIIOYAIOYU 3aJaHUH KIHIIEBHH CTaH,
mo Bu3Ha4dae Hacuigku. Ha suxomi IAB mpencraBms-
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€TbCsl  (QYHKIIST PO3MOALTY WMOBIPHOCTI TEBHHX
HacHiAKiB ab0 4YHCENbHI XapaKTEPHCTUKH TaKOro
posnoniny. XapaKTepUCTHKOK HMOBIpHICHOI HEBH3HA-
YEHOCTI € JUCTIePCis TaKOTrO PO3MOAiuTy abo CepeHbO-
KBaJpaTUYHe BiIXWJICHHS, 110 BiZIOOpaXarTh
ycepenHeHe 3HaYeHHS] MOXKJIMBUX BiJXHUJICHb BEIMYHHU
HACJII/IKIB BiJ] MATEMaTHYHOT'O OYiKyBaHHS. UMM MeHIIe
BiTHOIIICHHS JIUCTICPCisS — MATEMaTHYHE OYiKYBAHHS, THM
MEHIIIe HeBM3HAYEHICTh MOJIMBOI BETMYNHN HACI IKIB.
Merononoris IAB cknamaeTbes 3 Takux KpokiB [11]:
1) mocrynroBaHHs ab0 BifOIp BUXiAHKX MO aBapiif;

2) BU3HAYCHHSI MOXITHBHUX IIUISAXiB PO3BUTKY aBapiit
(mobynoBa «iepeB Nomiin»);

3) cTBOpeHHs OaHKY MaHUX 10 HAIHHOCTI CHCTEM 1
€JIEMEHTIB;

4) aHai3 HaAIHHOCTI cuCTEM Oe3reKy;

5) 06k JIOJCBKOrO YMHHHKA, MO0 BH3HAYa€e
HaliiHICTh (QYHKIIOHYBaHHS cucteM AC;

6) aHami3 (hi3UKO-XIMIYHMX TIPOLIECIB TIPH  BCIX
MOXITMBHX LIUISIXaX PO3BUTKY aBapil;

7) olLliHKA PU3UKY B TIPUAHATIN IHTEpIpeTalii.

Eranu npoBenenns IAb HaBeneno Ha pucyHky 1.

®opMyTI0BaHHS 3aBIaHb
iMoBipHicHOr0 aHai3y Oe3nexu

Ll . . v
AHaJIi3 BUXiTHUX MOTiii:
A . ol - KiIacudikauis;
Han - rpynyBaHHs;
Ha/llHHOCTI - KiJbKicHa oliHKa
00JIaTHAHHS
Amnanis Amnaui3 aBapiiinnx nociaizouocreii (AIl):
HajiiiHocTi €4—] - po3podka GyHKuUiOHANLHHX Jepes;
cucreM "| - Bin6ip AIl pas KiabKicHOTO anamizy;
- po3podKa CHCTEMHHX /JepeB Mojiii;
- po3podka jepes BiAMOB;
Ananis p| - Kigbkicna oninka All
HaaiitHOCTi
nepcoHaIy
» Kinpkichmii
AHaJi3 KiHIIeBUX CTaHiB: aHai3,
- kaackikanis; > aHaJIi3 npouecis
- IpyNyBaHHs;
- omiHKa HACJIIKIB; Kinbkicamuii
- Big0ip AIl ps ananisy npouecin > aHaI3
HACHIIKIB

Ouinka HMoBipHicHHX
NMOKA3HUKIB 0e3nmeKn ]

Pucynok 1 — Etanu npoBezieHHs1 iMOBipHICHOTO aHanizy 6e3mnexku AC

[puznauennss IAb mis AC — me oiiHka piBHS
Oesniek AC B IMOBIPHICHHX KiJIBKICHUX TOKa3HHUKaX
(iMOBipHICT MOIIKO/PKEHHS AKTUBHOI 30HH PEaKTopa,
IMOBIpHICTh TPAaHUYHOI'O aBapifHOTO BHUKHUIY TOIIO) Ta
MATBEPKEHHS 1X  BIAMNOBITHOCTI  BHUINE3raJlaHIM
MDKHAPOIHUM BUMOTaM 3 OE3IEKH.

Ha nmanmit wac IAb gns AC BHKOHYETBCSA B KiJIbKa
etamiB [12]:

—IAB-1 — 3micTom siKOrO € po3poOKa HMOBiIpHICHOL
mogeni 6moky AC s BU3Ha4YeHHS (piHANIBHUX CTaHIB 3
TIOIKO/DKEHHAM JDKEpeNl PaJiOaKTHBHOCTI ¥ OIHKH
3HAa4YeHb HMOBIpPHOCTEH iX peaizaii;

—IAB-2 — 3micTOM SIKOTO € pO3po0Ka IMOBIPHICHOT
Momenmi Omoky AC s BH3HAYCHHS PO3MOALTY
aBapifHUX BUKUIIB i HACTIIKIB aBapil;

—IAB-3 Mae Ha yBa3i aHami3 MOMMpPEHHS paaioak-
THUBHHUX PEYOBHH, 1[0 BUKUIAIOTHCS 32 MEXKI TepMeTHY-
HOi OOOJIOHKH, OIIIHKY CTBOPIOBAHMX NPH IBEOMY 03
OIIPOMIHEHHS, PO3PAXYHOK KOMIUIEKCHUX ITOKa3HHKIB
0e3IeKH, BKITIOYarouH OLiHKY pu3HuKy Bix AC.

IAB BUKOHYETHCS TSI BCIX €KCIUTyaTaliiHUX CTaHIB
CTaHIil, B TOMY YHCIi i IS CTaHiB i3 3YNMUHCHUM

peakTopoM, Ul BCIX BHIIB BHYTPIIIHIX 1 30BHIIIHIX
BIuBIB. {7151 po3poOku imoBipHicHuX Moneneln [AB AC
BUKOPHCTOBYETHCSI METOJI IEPEB MO/ Ta JIepeB BiJIMOB.

BaraTopiunmii mocBin 3actocyBanHs IAb B saepHiii
EHEpreTHIll 1MOoKa3aB MWOro BUCOKY e€EeKTUBHICTh y pasi
BHpIIICHHS HACTYITHUX 3aBJIaHb [4]:

— OlliHKa eQeKTUBHOCTI 3axofiB (MoIepHi3amii)
100 MHiBHIIIEHHS O€3IEKH;

— OOTpyHTYBaHHS  IHCTPYKHid  (KepiBHULTB) 3
VIIpaBIIiHHS aBapisiMHu;

— MOPIBHSUTRHUMA ~ aHaNi3 piBHA Oe3MeKH Ppi3HUX
eHeprodnokis AC;

— BUSBJICHHS  JOMIHAHTHHX TPy  aBapiiHUX
MIPOIIECiB, CIEMU(PITHNX IS KOKHOTO PEaKkTopa;

— BU3HAUCHHS  «JedimuriB»  Oe3mexw, TOOTO
HafiOLIBII ~ Bpa3NMBUX Micb s 3a0e3MCUeHHS
0e3meyHol eKCIuTyaTallii Ta iH.

OmHak [OCBiI TaKOX ITOKa3aB, IO 3aCTOCYBAaHHS
IMOBIPHICHHX ITOKA3HHUKIB B SIKOCTI HOPMATHBIB Oe3MeKn
HEJOIIbHO 1 HeoOrpyHToBaHO. HesBakaioun Ha
IIMPOKE TOLNIMPEHHS HMOBIPHICHUX MoIened s
oinku Oe3mekn AC, IO eKCIUTyaTyloThcs B YKpaiHi,
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BOHM MalOTh DSAJl CyTTEBUX HENONIKIB. SIkimo He Opath
JIO yBaru CIIOKOHBIYHE JJIS BCIX JOCIIIHUKIB THTaHHI
OTPUMAHHS JTOCTOBIPHUX BUXITHHUX JTaHWX, TO MiJ 4ac
mpoBeneHHs omiHku Oesnekun AC 3a momomorow IAB
HEeoOXiTHO BHPIIIYBaTH TaKi MpoOJIeMH:

1) mobymnoBa AWHAMIYHHMX (TakWX, MO HAWOIIBII
BiJITIOBIIAIOTH peastisiM 1 moTpedaM MPaKTHUKK) MOJeNeH
AC, 1o ckiIamarThCi 3 COTEHb 1 THUCSAY €JIEMEHTIB
(pobiiema po3MipHOCTI);

2) aBToMaTH3allis Ta  (opMmarizallis  OpOIECiB
MOJICTTIOBaHHS Ta pO3paxyHKy (mpoOiieMa MpaBAWBOCTI
OTpPUMAaHUX PE3YNbTATIB 1 CIOCiO BUpIIIEHHS MPOOIeMH
PO3MIpHOCTI);

3) MozieniOBaHH TPOLIECiB  (DYHKIIIOHYBAaHHS —Ta
OpraHi3alliifHUX BiMHOCHH MK MiJCHCTEMaMH Ta
enemenramMu AC (mpobieMa ajeKBaTHOCTI MOJIENeH);

4) BU3HAYCHHS MHOXUH Mpaie3faaTHux craHie AC,
BpaxyBaHHSl 0araTOpe:KUMHOCTI 1 OararodyHKIliOHAb-
HOCTI 1i CHCTEM 1 €JEMEHTIB, IIUPOTH JiaNa30Hy
30BHIIIHIX YMOB 3aCTOCYBaHHs 32 NPU3HAYCHHIM
(mpobiema aieKBaTHOCTI 1 TOCTOBIPHOCTI);

5) MozenoBaHH ~ YMOB  BIUIMBY
¢dakropis  Ha AC  (mpoOnemu
JIOCTOBIPHOCTI 1 pO3MIPHOCT);

6) MoIeTFOBaHHS MPOLIECIB BiJHOBJIEHHS TEXHIYHUX
3aco0iB, IO BIAMOBWIM 1 Ailf  0OCIYrOBYIOHOro
nepcoHany (npoOyieMH PO3MIPHOCTI, BHUXIJHHUX JaHHX,
JOCTOBIPHOCTI);

7) ominka crifikocti mifcucreM i exementiB AC 10
HECIIPUSATIMBUX BIUIMBIB (Mpo0ieMa BUXITHUX JAHUX ).

MoskHa CTBEpXKYBaTH, 1110 HAHOLIBII TOCTPO CTOITh
npo0bJieMa po3MipHOCTI, a BCl iHIII MPOOIEMH TTEBHOIO
MIpOIO 3BOZATHCS 10 HEl. [IpHHIMIIOBOIO CKIIaHICTIO,
TAaKOX € oTpuMaHHs iH}opmauii mNpo mNOBEAIHKY
napametpiB AC y YHCIEHHUX CTaHax, sIKi JTUKTYIOTBCS
JiepeBaMU MO/Iiif, 1110 BUMArae CTaTUCTUYHUX METOIB i
MaTeMaTH4YHUX MoJesel, JOBrOTPUBAIHMX CIIOCTEpe-
JKEHb JIJIsl BCTAHOBIICHHS CTIMKUX PSIIiB JaHUX 3T1THO 13
3aKoHOM Benmukux uncen. [Ipoeenenns I[Ab B
c(opMOBaHOMY TIOAaHHI, KOJIM HEMA€ Ile 1HKEHEPHO-
TEXHIYHOTO OmpalfoBaHHs Bcix cucreM AC — pidg
HepeasjbHa. HaOMKeHICTh MOMJIMBUX OLIIHOK BHOCHTB
3HAUYHMH BKJaJ B HEBH3HAUYCHICTh OJIEPKYBaHHX
pe3yabTaTIB.

3rigHo i3 CyYaCHUMHU MAaTEMaTHYHUMH YABICHHAMU
HEBU3HAYCHICTDb aHAJI3y IOCSATHEHHS (HEIOCATHEHHS)
3a[JaHuX KpUTEPiiB eheKTUBHOCTI MOXKe OyTH BiJHECEHA
J0 OAHOrO 3 JBOX OCHOBHMX THIIIB: BHIIQJKOBOMY
(imoBipHiCHOMY) 1 HEUiTKOMY (TEOpisi MOKJIHBOCTEH,
TEOopisl HEUITKUX MHOXHUH Ta iH.). TpamumiiHi miaxomm
O YOpaBIiHHA pHU3WKAMHU TPYHTYIOTbCS Ha OIlHII
MOXJIMBHAX HACIIIKIB TOTEHIIHHNUX moxiii. BoHnm He
30BCIM TPHUAATHI IO BKpail MalOWMOBIPHUX PH3HKIB 3
CepHO3HMMH HACTIAKAMH, OCKIIBKM HAaBITh SKIIO
YeKaTH HACTaHHS IUX MOMAiIM, 1X HACIiJOKH He
BKJIAZIATOTECS B TIepeadadyBaHi Mexi.

[Ipobnema ycKIAgHAETBCA THM, IO B TMpoIeci
npoBeaeHH IAB 4WacTo HENOOIIHIOETBCS — PO3MIp
HEBU3HAYCHOCTEH BHXITHHX JaHUX. B pe3ynbTaTi OLiHKA
OyayTb OUTbII HEBU3HAUCHWMH, HDK 3asBIISIETHCS.
HeBu3HadeHICTh 30UTBIIYETHCS, SKIIO € KOPEJSIIis MiX

ypakarouux
aJIeKBaTHOCTI,

BXiJTHUIMHU JAHUMHU. Y BUMAJKY BEIUKOI HEBH3HAYCHOCTI
BXIIHUX JaHHWX iX 3HAYHA KOPEJSIis BEIE IO TAKOTO
BEJIMKOMY PO3MIpy HEBH3HAYCHOCTEH pE3yIbTATIB, IO
BOHU CTalOTh MPAKTHIHO OC3TITY3IUMHL.

Iudopmariss 1po  XapaKTEPUCTUKH  BHUITAIKOBUX
BXIJHUX JaHUX Yy BHDIAO (yHKOID  IIUTBHOCTI
HMOBIpHOCTI a00 11 YHCICHHHX XapaKTePUCTUKAX
dopMyeTbCcsT Ha TiACTaBi BIAMOBIIHUX CTATHCTUYHUX
nmaHux. OCKUTBKY CTATHCTHUYHI JaHi MO0 HaMiHHOCTI 1
Oesnexn juta pizHux migcucteM AC BifCyTHI, BUHUKae
3aJlaya ajanrtanii HasBHUX JAHUX [UIA MOMIOHUX
migcucreM 1 exeMeHTiB airounx AC.

OCHOBHOI TPOOJIEMOIO € HENOCTATHS TOBHOTA
ajexkBaTHOi 0a3u JnaHmx. He iCHye OJHO3HAaYHHX
KpuTepiiB 11 BH3HAuUeHHS 1 HeEMae OJHOPIAHOI
JIOKyMeHTaIli mpo Hei. BHOCUTBCS BEIHKE CBaBIL/LIA,
Konmu 1 KoHKpeTHOi AC BUAUIAIOTH AaHI 1 KO 1X
KOMOIHYIOTh, BAKOPHCTOBYIOUH Pi3HI JDKeperna.

HeoOxinHe cTBOpeHHS AOCTOBIpHHMX 0a3 JaHHX 3a
MOKa3HUKAMM  HAMIHHOCTI  cHCcTeM,  OOJIaJHAHHS,
yCTaTKyBaHHS[ Ta eJ'IeMeHTiB AACPHUX CHEPIrOyCTaHOBOK,
SKi € BHUXIIHUMH JaHUMH JJIsI PO3POOKH JIOTIKO-
iMoBipHicHHX Mojeneill IAD i BUKOHaHHSI pO3paxyHKiB.
BukOpUCTaHHS  HEHOCTOBIPHMX  BHXIIHHUX  JaHHX
NPU3BOJMTH A0 CHOTBOpeHHs pe3ynbratiB IAB. [Ipomec
(hopmyBaHHs He0OXiHOT 0a3M JaHWX MOPSI 3 HASIBHOIO
CTaTUCTHYHOK  1H()OPMAILI€}0  HOCUTh  BOJIbOBHIA
excriepTHUi xapakrtep. Jlo HWMOBIpHICHOI HeBH3Haue-
HOCTI TYT JOHNAEThCS CyO'€KTUBHA HEBU3HAYCHICTB,
MoB'si3aHa 3  pilleHHsAMH  ekcrieptiB.  HeoOxigna
PO3po0Ka KOHCOJIIIOBAHOT METOIUKH JIJIsi BU3HAYCHHS
[MOKa3HUKIB HaaiiiHOCTI [MaCUBHUX €JIEMEHTIB
(kopriycHOro  oOnajHaHHsS  peakTopiB 1 TYpOiH,
TpyOONpPOBOIIB, TEIIIOOOMIHHUKIB Ta iH.).

Meroayka iMOBIpHICHHX PO3pPaxyHKIB Ha MIIHICTh
MACHBHHX €JIEMEHTIB BiJNPalbOBaHa B IOBHOMY 00Cs31,
a BUXiZHI JaHi Juid HEl 4acTo 3aJaroThCA Ha IiACTaBi
eKCIIepPTHO-HOPMATUBHOTO TMifxoay, 0e3 ypaxyBaHHs
peasbHOI IeeKTHOCTI MaTepiaiiB 1 HaIIHOCTI 3ac00IB
KOHTpOJ0. He BUKOHYyeTbCsS aHali3  YYyTJIHBOCTI
pe3yNIbTaTiB PO3PaXyHKIB J0 3MiH BUXIJHUX JIaHUX,
BIJICYTHI OLIHKM HEBH3HAYEHOCTI, IO IPHU3BOMIUTS,
30KpeMa, 10 3HAYHUX PO301’KHOCTEH B OIIHKaX 4acTOT
1HIIIFOFOYMX IO,

3a3Buuait  meromonorisi  IAB  Ga3yerbecs  Ha
HE3aJIeKHMX  BIIMOBAxX, 3al€XKHI K  BIIMOBH
BpPaxOBYIOTh Ha III3HBOMY €Tall, MNPUYOMY ICHYyIOYa
00pobka manmx HemoBHA. Crix 3a3HaunTH, MmO 0Oa3a
IMaHMX 3aJICKHUX BIIMOB OCOOJIMBO Maja. 3aJIeKHOCTI
MK 1HTEHCHMBHOCTSIMH BIIMOB 1 BHUXITHWUMH IOXISIMH
MPUAMAIOThCA B PO3PAXyHOK HEHAOCTATHBO. BincyTHi
METOAWKH a00 MOJelNi, IO JO03BOISIOTH OTPHMYBATH
HaMiHI pe3yabTaTH 3 JOCHTh BY3bKHM [lialla30HOM
HeBM3HaueHocTed. Po3paxyHok ommiei i Tiei xx AC
PI3HUMH TpyllaMd aHAJITHKIB MOXE MpPHUBECTH [0
Pe3yABTATIB, IO BiAPI3HAIOTHCS HA JEKIIbKa TOPSIKIB.
Ile me onHa npuyMHa 3HaYHUX HeBU3HaueHocTed [AD.
CydacHi OIIHKK JarOTh 3aHAATO Maje 3HAuYCHHS
IMOBIPHICHHX TIOKa3HMKIB 4Yepe3 HEMOBHE BpaxyBaHHI
JWIIE 3aJ€KHUX BiAMOB, HABITh SKIIO BCl 1HIII
npobnemMu irHopyroThesi. HeoOximHO cTBOpHTH 0a3m
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JaHUX JUIsl MOJCIIOBAHHS BiZIMOB 3arajbHOIO BHIJIALY
BEJTUKOI PO3MIPHOCTI, KOJIH YHCIIO PE3CPBHUX CIEMEHTIB
B TIpymi oOOJaJHaHHS, IO aHATI3YEThCs, IEPEBHUIILYE
YOTUPH TMACHBHHX €JIEMEHTH (3BOPOTHHX KJIAMaHiB,
TEIIO0OMIHHHKIB, TIOBITPSHHUX 3aTBOPIB Ta iH.).

Ha AC, 1m0 ekcIuryaTyroThCes, B psiii BUIIAKIB 4acTO
BIICYTHS B IIOBHOMY 00cs31 HeOOXiZHA TEeXHIYHa
JOKyMEHTAllis, IO pErJIaMEeHTYE BHSBJICHHS 1 aHai3
PiAKICHMX, MaJOMMOBIpHMX MO 3 BiAMOBaMH
3arajJbHOr0 BHIJISY, PE3YJIBTATOM YOTO € BiJICYTHICTBH
eKCIUTyaTaIliiiHol 0a3W JaHWX 10 BKa3aHHUX IMOJisX.
HeoOxinHO MozentoBaHHS BiIMOB 3arajbHOIO BUTIISTY
0araTokaHaIbHUX CHCTEM 31 3HIDKCHHM BIUTHBOM
(akTOpiB CIIJIBHOCTI, 30UIBIICHHS PO3PaXyHKOBOIO
IHTEpBaJdy MOJICIIOBAHHS pPOOOTH CHCTEM Yy pasi
BUHHMKHEHHs aBapii (Olnbire 24 rox micisi BUHUKHEHHS
iHiIirorouoi moxii) 1 OIIHKa HEroTOBHOCTI 4epe3
BUBCJICHHS Yy TMO3aIUIAHOBHHA DPEMOHT YCTATKYBaHHS
cucTeM Oe3reKH.

B IAB Oeperbcst 1O yBaru TUJIbKM OPOCTHH BHUI
JIIOJICBKUX TIOMHUIOK — HeoOauHicTh, moxuOka. 3 IAB
BUKIIOUEHI  CKJIagHi  (OPMH  TOMHJIOK  JIFOJIMHHY,
HernepeadavyBaHi ¢bi3nyHi IPOILICCH, ca0oTax,
TEPOPHUCTHYHI  aKTH, 0araTo BHAIB HEOUIKYBaHUX
nedektiB. Bonu BrIro4aoTh B cebe HACTYNHI KaTeropii:
Hanpyru TpyOONpOBOJIIB, IO MEPEBUILYIOTH JOIMYCTUMI
3HAYCHHA; HEIIPaBWIbHAa YCTaHOBKa 06Ha}1HaHH${; BTpata
MOYKEKOCTIMKOCTI EJEKTPUYHHUX KaOENbHUX MPOXOJIOK;
MIOMMIIKH B EJIEKTPOMEpEekax 1 KOHTPOIbHUX KOHTYpax;
HeceiCMOCTIiike BUKOHAHHS IPWIAJAOBUX MaHenen. Y
OUIBLIOCTI BHMMAJKIB Taki AeeKTH HE MOXYTh OyTH
BriroueHi B IAB, Tak sk HenepenbauyBaHi 1 Hemae
aJIeKBaTHOI 0a3u sl OLIHKY IMOBIPHOCTEH BIJIMOBH.

Pesyneratn IAb, mBuame 3a Bce, iHIMKaTOp
PHU3UKY OOMEXKEHOro mMacitaldy, KOPUCHHN TUTBKU JUIS
00MeXeHUX LiIeit. Kpuruku MPaKTHYHOT O
BukopuctanHs [AB  BBaxawoTh, 1m0 ICHYyKO4Ya
iHTepIpeTalis oTpuManux pe3yabratie IAb BBoaWTH B
OMaHy 1 MOBUHHA OyTH 3MiHEHA.

OnHak HaBeIeHI BHCHOBKM HE  BIOKUAAIOTH
nouinbHicth [AB. HaBmaku, BOHM BKa3yiOTh Ha
HEOOXIMHICTh  PO3LIMPEHHS  MOXIIMBOCTEH  HOro
3aCTOCYBaHHsS, HaNpUKIag, y BHIJLSIOI  PH3HK-
OpIEHTOBAHOTO MIOXOXy B AaTOMHIH €HEpPreTHll.
IlepcieKTMBHUM MUTaHHSIM CTa€ PO3LIMPEHHA MOro
MOXJIMBOCTEH Y YAaCTHHI BHUPIMICHHS KOHKPETHUX
MIPAKTUIHUX 3aBAaHb MO0 MiABHIIeHHs Oe3nekn AC, B
TOMY 4YHCIi, 1 3aCTOCyBaHHS TaKHX JOJATKOBUX
IMOBIpHICHUX 1 pPH3HUK-OPI€EHTOBAHUX ITOKAa3HUKIB 1
KpPHUTEPIiB U1 OOTPYHTYBAHHS TalTy3€BHUX 3aXO/iB MO0
T IBUIICHHS HAMIHHOCTI YIIPaBIiHHS aBapisiMH:

— IMOBIpHICHHII ~ TOKa3HMK  PHU3UKY  BiIIMOBH

(Henpare3aTHOCTI) CUCTEMH (B TOMY YHMCII 3 IPUYUHA
MIOMMJIKOBUX il TIEpCOHAIY);

— KpUTepii pU3UKYy — TPOEKTHI  ITOKa3HUKHU
HaJIIHHOCTI;

— IMOBIpHICHMH TIOKa3HUK pPH3UKY HEBHKOHAHHS
NpoeKkTHHX (QYHKOiH (B TOMYy 4YHCII 3 TPUYUHH
MIOMUJIKOBUX il TIEpCOHAIY);

— KpUTepii pU3NMKYy — TIOKasHUKH HaJiHHOCTI
BUKOHAHHS MPU3HAYEHHUX (yHKIII;

— IMOBIpHICHMI TIOKa3HUK PH3WKY — HE BHSBJICHHS
nedexTiB (MPUXOBaHUX BiJIMOB);

— KpUTepiii pU3UKYy — TPOEKTHI  ITOKa3HUKHU
HaJiHHOCTI KOHTPOJNIO TEXHIYHOrO CTaHy CHCTeM 1
yCTaTKyBaHHSI Ta iH.

BucnoBkn. 1. AHani3 i cucremarn3alisi OCHOBHUX
NPUYMH, EKOJIOTIYHMX HaCHiKIB 1 YPOKIB BaXKKHX
texHorenHux apapiii Ha AC Fukushima-Daiichi
BU3HAUa€ HEOOXiHICTh MPHUHIMIIOBOTO IEPerisay
3arabHONPUHAHATHX MIIXOMIB 10 PO3TJISAY OIHKH
BIUIMBY BIJIHOCHO MaJIOMMOBIpHHX aBapidHMX MOAiN Ha
OesrmeKky  cMCTeM 1 YCTaTKyBaHHS  SIEPHUX
€HeproyCTaHOBOK.

2. [IpoBenenuii aHami3 e(eKTUBHOCTI 3aCTOCYBaHHS
OCHOBHHX IMOBIPHICHMX METOJIB, MOJENICH Ta IMiIXO/iB
ICHYrOUOi KOHIENIi OIliHKK Oe3neku (yHKI[IOHYBaHHS
saepHUX eHeproyctaHoBok AC mokasaB, 110 B JaHUM
Yyac BIJICYTHI JIOCTaTHRO OOIPYHTOBaHi IMOBIpHICHI
METOAM  MOJENIOBaHHA  BIUIMBIB  3alpPOEKTHHX
MaJIOWMOBIPHUX ~aepOripoIuHaMIYHUX Treo]i3nIHUX
MPOLECIB HA CUCTEMH Ta 00JIaJHaHHS, 10 PO3TAIIOBaHI
Ha mpommucioBux Maimanumkax AC. Ile obymoBiroe
aKTyallbHICTh pPO3POOKM HOBHUX 1 BJIOCKOHAJICHHS
ICHYIOUMX IMOBIPHICHHX 1 JIETEPMIHICTCHKUX METOJIB i

Mozenen I OLIIHKHA Oe3nexku SIEPHUX
€HEepPTrOyCTaHOBOK.
3. HesBaxaroun Ha MIAPOKE TTOIITHP CHHSI

HMOBIpHICHOrO MeTony Juis ominku Oesreku AC, BiH
Ma€ HU3KY iICTOTHUX HEJOMIKIB:

— HETOYHOCTI OLIIHIOBATH WMOBIPHICTh BUHUKHEHHS
aBapii Ha AC 3 ypaxyBaHHsM BIJIMOB i3 3arajbHHUX
MPUYNH;

— BUSIBUBCSL 3 JIOCTATHIM JUIs TPAKTUYHUX I(iIei
CTyleHeM MaJIOe(eKTUBHMM Yy BHIAJAKaX, KOJIH
HEBM3HAYEHOCTI HEBUIIAJKOBOIO [TOXOKEHHS
BiJIITPArOTh BUPIIIAIBHY POJIB;

— IpOrpaMHi KOMIUTIEKCH CTBOpEHI Ha OcHOBi IAD,
MAaIOTh sl 0OMEKEHb.

Bce me B CcBOWO uepry He [a€ MOXKIHBOCTI
0OTPYHTOBaHO BHKOPHCTOBYBATH icHyrO9i Ta
PO3pOOIIATH HOBI TEXHIUHI Ta OpraHi3alliifHi 3aX0/H, 110
JIO3BOJISIFOTh 3HIDKYBATH YacTOTY BHHHMKHEHHS aBapiit
JT0O HOPMOBAHOT'O PiBHS.
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S. Azarov, V. Sydorenko, O. Zadunay

ABOUT ESTIMATION OF SECURITY OF ATOMIC STATIONS OF UKRAINE

The article presents a brief description of the methodology of probabilistic safety analysis, which is currently used to
address safety issues in the operation of nuclear power plants with LWR reactors. Its advantages and disadvantages are
considered. It is shown that the problem of risk assessment in conditions of uncertainty of the state of the nuclear power
plant takes a dominant place in the general problem of decision making. The algorithm of probabilistic analysis of the
safety of nuclear power plants and the stages of its conduct are presented. The problems that should be solved when
assessing the safety of nuclear power plants using a probabilistic safety analysis are listed. Causes of significant
uncertainties in probabilistic safety analysis are indicated. Additional probabilistic and risk-oriented indicators and
criteria for justifying sectoral measures to improve the reliability of accident management at nuclear power plants are
presented. Conclusions are drawn that the studies carried out in the work do not provide an opportunity to make good
use of existing ones and develop new technical and organizational measures that allow reducing the frequency of
occurrence of accidents to the normalized level.

Keywords: nuclear station, safety, analysis, risk, reactor, potential danger, accident, aftermath.

C. . Azapos, B. JI. Cugpopenko, A. C. 3aaynaii

OB OIIEHKE BE3OITACHOCTH ATOMHBIX CTAHIIUI YKPAUHBI

B crathe mpencraBieHO KpaTKOE OMNHMCAHWE METOMOJIOTMH BEPOSTHOCTHOTO aHaiM3a OE30MacHOCTH, KOTopas
MIPUMEHAETCSI B HACTOSIIEE BPEMs ANl PEUICHUS BOMPOCOB IO 0E30MacHOCTH B IPOLECCE IKCIUTyaTallud aTOMHBIX
crarnuii ¢ peakropamu BBOP. PaccmarpuBarotces ee mpenmymiectBa u HeocTatkd. [loka3zaHo, 9To mpobiaemMa OLeHKH
pHCKa B YCIOBHSIX HEONPENEICHHOCTH COCTOSHHS aTOMHOM CTaHIMHM 3aHUMAaeT JOMHHHUPYIOIIEE MECTO B OOImIei
npobiieme MpuHATHS pemieHuil. [IpuBeneH anropuT™M BEPOSTHOCTHOTO aHaiW3a OE30IMaCHOCTH aTOMHBIX CTaHIUN U
3Tarbl ero nposeaeHus. Ilepeuncnensl mpodaeMbl, KOTOPBIE JOMKHBI PEIIAThCS MPH OIEHKE 0E30ITacCHOCTH aTOMHBIX
CTaHIMH C TIOMOIIBIO BEPOSITHOCTHOTO aHanu3a O€30MacHOCTH. YKAa3bIBAlOTCA TNPHYMHBI 3HAYUTENBHBIX
HEONpeeICHHOCTEH BEPOATHOCTHOTO aHann3a Oe3zonmacHocTH. [IpuBeIeHbI TONONMHUTENbHBIC BEPOSITHOCTHBIE U PHCK-
OPHEHTHPOBAHHBIE ITOKA3ATENN W KPUTEPHH TSI 000CHOBAHMS OTPACIIEBBIX MEPOIPHUSTHI 11O MOBBIIIEHUIO HAISKHOCTH
YIIpaBiCHUS] aBapysIMA Ha aTOMHBIX CTaHIMSAX. CHenaHbl BBIBOIBI O TOM, NPOBEACHHBIC B pabOTe MCCIEIOBaHMS HE
JIAI0OT BO3MOXKHOCTH OOOCHOBAaHHO HCIIONB30BaTh CYHIECTBYIOIIME W pa3pabaTblBaTh HOBBIE TEXHWYECKHE WU
OpPraHU3alMOHHBIE MEPONPUATHS, MO3BOIAIOIINE CHIXKATH YacTOTYy BO3HHMKHOBEHHS aBapuUil 10 HOPMHPOBAHHOIO
YpOBHSL.

KnroueBble ci10Ba: aTOMHasi CTaHIMs, OE30MACHOCTD, aHAIN3, PUCK, PEAKTOp, TOTEHIMAIbHAs OMTAaCHOCTh, aBapHs,
MOCTEICTBHS.
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YHI®IKOBAHA METOJIUKA KOMILIEKCHOT' O OIIIHIOBAHHS PIBHSI EKOJIOT TYHOT
HEBE3NEKHA TPOMUCJIOBUX OB’EKTIB TA TEXHOJIOT T

Po3risiHyTO €konoriuHi Ta TEXHOTeHHI HACHiJKK 0araTopiuHOro ()yHKI[IOHYBaHHS MPOMHCIIOBHX IIiAIIPUEMCTB.
[IpoananizoBaHO METONOJOIIYHI MiAXOJH 10 KOMIUIEKCHOI OIIIHKM PIiBHS €KOJOTri4HOi HeOEe3NEeKH IPOMHCIOBOTrO
BUpOOHMLTBA. Bu3HaueHi KpuTepili OLIHKK e(EeKTHMBHOCTI BIPOBAIDKEHHS IPHUPOIOOXOPOHHUX TEXHOJOrH Ha
€KOJIOroHe0e3MeyHnK MPOMUCIOBUX MianpueMcrBax. OOrpyHToBaHa yHi(pikOoBaHa METOAMKA KUIBKICHOTO 1 SKICHOT'O
OLIIHIOBAHHS DIBHS  €KOJNOTiYHOI HeOe3NeKkd (YHKIIOHYBaHHS MNPOMHUCIOBUX  IANPUEMCTB, OO0 €KTIB Ta
3aMpoBaKyBaHUX TEXHOJOT1H BHPOOHUUOIO i €KOJOrIYHOrO CHpsIMyBaHHS. MeToanka 0a3yeThbCs Ha €BPUCTHYHOMY
OIIIHIOBAaHHI BIUIMBY TEXHOI'CHHMX YHHHHKIB MEBHUX BUPOOHHUIITB YU TEXHOJIOTIH 3a 4-0anpHoro mkainor (0, 1, 2, 3) Ha
OKpeMi KOMIIOHEHTH JOBKiJulsl. KoMIulekcHa oliHKa piBHS €KOJOTiYHOi HeOe3NeKH sl JOBKULIS NMPOBOAWUTHCS 3a
HiICYMKOBOIO 15-0asIbHOO IIKAJIO, PIBHOMIPHO MOJIJIEHOIO HA TPH SIKICHUX PIBHSI.

KurouoBi cjoBa: mpomucioBe BHPOOHUIITBO, €KOJIOriUHA HeOe3leKa, METOJUKA OI[HKH, MPHPOI00XOPOHHI

TEXHOJIOTI].

IToctanoBka mpodjemu. baratopiune (yHKIIOHY-
BaHHsA Ha TepUTOpil YKpalHM MiANPUEMCTB TipHUYO-
METanypriiHoOro, MaJUBHO-EHEPTeTHYHOTO —Aarponpo-
MHCJIOBOTO KOMIUIEKCIB MPU3BENIO JI0 BHCOKHX PiBHIB
3a0pyAHEHHS aTMOC(EPHOro MOBITPs, IPYHTIB, IOBEPX-
HEBMX 1 MiJ3eMHUX BOJ. BHpoOHMYA MisIBHICT
MIPOMUCIIOBUX TiIIPUEMCTB CYIPOBODKYETHCS MOCTIM-
HUM YTBOPEHHSIM Ta HAaKOINWYEHHSM 3HAYHHX 00’€MiB
BinxoniB. Bce 1e npu3BOOMTH /10 BHCHAXKEHHS Ta
Jerpajialii MpupoIHUX PECypCiB, 3a0pyIHEHHS 00’ €KTIB
JOBKUIJIS, 3pOCTaHHS 3aXBOPIOBAHOCTI Ta CKOPOYEHHS
TPUBAJIOCTI JKUTTSI HACEJICHHsI MPOMHUCIOBUX PEriOHIB
[1-3].

CkiamHa cuTyamisi, IO CKIalacs Ha TepuTopil
TEXHOT€HHO-HAaBaHTAXKEHUX perioHiB Ykpainu,
notpedye yIOCKOHAJIEHHS MiIXOMIB J0 BH3HAYCHHS
PIBHSI €KOJIOTIYHOT HEOE3MEeKH MisUTbHOCTI POMHUCIIOBUX
mianpuemctB  [3-5]. Po3pobka ¥ BHpoBaIKEHHS
epeKTUBHOI ~ CHCTEMHU  YIPABIIHHSI  EKOJOrIYHOI0
0e3MmeKkor0 BHPOOHWYMX MPOIECIB Ta TEXHOJOTH Ha
pi3HHX eramax iX JKHTTEBOTO LHUKIY CIPHATHME
MMOKPAIIEHHIO EKOJIOTIYHOTO CTaHy TEpPHUTOpil SK
OKpPEMOT0 MiIPHEMCTBA TaK i MPOMHUCIIOBHX PETIOHIB B
nitomy [4-7]. Came TOMy IOCTae HayKoBa 3ajgada
YIOCKOHATIEHHS METOIOJIOTIYHOT O migxony o
KOMIUIEKCHOI OLIHKH PIBHSA €KOJOriyHOoi Hebe3mekn
(KPEH) mnpoMuCIIOBOrO MiANPUEMCTBA YK IIEBHOI
TEXHOIOTI1 I po3poOKH Ta MOMIYKY ONTUMAlIbHUX
(dhopm exororizarii BHpOOHHUIITBA.

AHani3 ocTaHHIX AoCTiMKeHb 1 myOJaikamiii.
[ligBumeHHs eKONOTiYHOI Oe3MeKH Y MPOMHCIOBUX
perioHax moTpelye PeryiaspHOrO OIHIOBAHHS DiBHIB
eKOJIOT19HOl HeOe3nekn (DYHKITIOHYBaHHS IPOMHUCIOBUX
I IPHEMCTB 1 00’ €KTIB, a TAKOXK Pi3HUX TEXHOJIOTIH (B
TOMY 4YHCIi 1 HOBHX), MO 3aCTOCOBYIOTBCS ¥y
BUPOOHMITBI 200 CHOpPSMOBaHHI Ha TOKpAIICHHA
exonoriunoi curyanii [8-12]. Ilpore BiacyrtHicTh
HAJIMHUX JaHUX NpO 3MIHH CTaHy KOMIIOHCHTIB

JOBKULISL Ha  PI3HMX  eTanmax  (YHKLiOHYBaHHS
MPOMKCIOBUAX  MIINPUEMCTB  ab0  BIPOBAPKCHHS
TEXHOJOTIH YCKJIaHIOE OIIHKY PIBHA IX €KOJIOriYHOI
HeOe3neku, 0e3 sSKOi HEMOXKIIMBA PO3POO0Ka KOMILIEKCY
3aXO/iB 3 MOKPAILICHHS €KOJIOTIYHOr0 CTaHy IPOMHCIIO-
Bux perioHiB [13-16]. Omke mis inentudikanii BUIIB i
JDKepen  eKOJOri4Hoi He0e3NeKH Ta  IOJaJIbIIOro
OLIIHIOBaHHSI i1 PIBHIB HEOOX1/IHE CUCTEMHE OOCTEKEHH I
MPOMUCIOBUX O0’€KTIB Ta BIANOBIIHUX YHHHHKIB 1X
(yHKIIOHYBaHHS, 10 BIUIMBAIOTh Ha  OCHOBHI
KOMIIOHEHTH HaBKOJIMIIHBOTO CEPElOBHUILA, 30KpeMa Ha
atMmocdepy, rimpocdepy, nitochepy, IpyHTH 1 OiOTy
[15-17].

Kpurepisimu BILTUBOBOCTI TOTO YM 1HIIOTO YHHHHKA
Ha CTaH MepelliYeHHX KOMIIOHEHTIB JOBKULIS MOXYTh
BUCTYNATH IHTEHCUBHICTh, MEPIOANYHICTh Ta HACIIIKH
BIUTMBY BUPOOHUYMX, Ta 1HIIUX TEXHOT€HHHUX IIPOIECIB,
o iX cynpoBomkyoTh [15-19]. BinpluicTh HayKOBLIB
BBa)ka€, 10 PIBEHb BIUIMBOBOCTI BapTO OI[IHIOBATH Yy
Oamax 3a  pe3yigbTaTaMH  aHajily  HAyKOBUX
(sriTepaTypHHX) IKEper MOA0 CTaHy 00’ €KTiB TOBKIIIIA,
Bi3yaIbHUX  CIIOCTEPEXEHb 32 HUMH, BHUMIpIB
MOKa3HWKIB, M0 XapakTepm3yloTh iX CcraH (3a
JIOTIOMOTOI0  TIPIJIaiB 1 J1abOpaTOpHUX aHaji3iB),
JIOCITIDKEHD 00’ €KTIB HAa MOAENAX TOIIIO.

Takuit  MeronmonmoriyHME  miAXiy — ampoOOBaHO
aBTopamu po6otu [18] st KOMIUIEKCHOTO OI[iHFOBAHHS
piBHIB  ekomorigHOi  HEOE3MeKH  BYIIIEHOOYBHUX
PETiOHIB, 30KpeMa Ha Pi3HMX eTamax (pyHKIiOHyBaHHS
BYTJIBHOI [IaXTH 32 BIUIMBOM ITONEPEIHEO BU3HAYCHHX
MPIOPUTETHUX TEXHOTCHHUX UYWHHHKIB, OOYMOBIICHHX
eKCIUTyaTaIli€ro 1 JTKBigamieto ByriabHAX maxT. OmiHro-
BaHHS BIUIMBY T[I€BHOIO 3 YKa3aHWX YHHHHKIB
MIPOBOIIIOCH HA TEPUTOPIAX BYTIICAOOYBHUX DPETiOHIB
3a mKkanoro 3 4-x 6amis (0, 1, 2, 3), a MOTIM KOMILIIEKCHE
— 3a MiJCYMKOBOK 15-0allbHOIO IIKANOI0, PIBHOMIiPHO
TIOJIIIEHOI0 HA TPW PIiBHS, IO JO3BOJHJIO OIIHUTH Ta
MOPIBHATH 3a BIDIMBOM Ha JOBKIUIA SK CHOCOOH
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JmiKBigamii maxT, Tak 1 e(eKTHUBHICTh peaizaril
MIPUPOJOOXOPOHHMX  pIIIeHb Ta 3axOAiB, TOOTO
TEXHOJIOTIH, CIpsIMOBaHMX Ha TOJIINIIEHHS EKOJIoTid-
HOT'O CTaHy BYIJIeIoO0yBHUX PETiOHIB.

Came TOMy BHHHKA€ 3ajjaya y3araJbHEHHs JTOCBiTY
BHKOHAHOTO KOMIUIEKCHOTO OaJIbHOTO OIIIHIOBAHHS Ta
CTBOpEHHSI Ha HOro OCHOBiI YHi()iKOBaHOI METOIHMKH
KUIBKICHOT'O 1 SIKICHOTO OL[IHFOBAHHSI PIBHS €KOJOTIYHOI
HeOe3nekn (YHKIIOHYBAaHHS NPOMHUCIOBUX MiANpH-
€MCTB, OO0’€KTIB Ta 3allpOBa/DKyBAaHHX TEXHOJOTIH
BUPOOHUYOTO 1 EKOJIOTIYHOTO CIIPSIMYBaHHS.

IlocTaHoBKa 3aBOaHHA Ta #oro BHpIlICHHS.
Meroto monmaHoi poOOTH € BIOCKOHAJIEHHS METOIUKH
OLIIHIOBAHHS €KOJIOTiYHOi HeOe3nekn ()yHKIIOHYBaHHS
MIPOMUCIIOBUX 00’ €KTIB Ta TeXHOJNOTIN. [{ns nocsarHeHHs
MOCTAaBJICHOI METH OYJIO TIOCTaBJIEHO Ta BHPILIEHO
HACTYITHY 3aJady: po3poOKa KOMIUIEKCHOI METOIMKH
OLIIHIOBAHHS EKOJIOTIYHOT HeOe3NeKH Il OCHOBHHX
KOMIIOHCHTIB JIOBKUJUIA Ta IOBKULIA B IIJIOMY BiX
(YHKI[IOHYBaHHS ~ TPOMHCIOBHX  MiJNPHEMCTB 1
TexHoNoriil. J{is BUpilleHHs mocTaBieHOl 3ajadi
NOETaHO C(HOPMYITIOEMO 1 OXapaKTepU3yeEMO OCHOBHI
TIOJIOXKEHHS! 3aIPOIIOHOBAHOT METOTUKH.

Etan 1. [IIpoBoauThcs OOCTEXEHHS IEBHOI'O
IPOMHUCIIOBOTO PEriOHY, BHKOHYETHCS 1IeHTH(iKaLis

BHJIIB 1 JDKEpes eKOJIOTiYHOl HeOe3meKkH, BU3HAYAIOTHCS
NPIOPUTETHI YWHHUKWA TIEBHOTO BHPOOHMITBA UM
TEXHOJNOTil, $Ki XapaKTepU3yIOTh CTaH KOMIIOHEHTIB
JIOBKUIISL PETiOHY, 3a BIUIMBOM SIKUX Y IOJAJIBIIOMY
BHU3HAYaTUMETHCSI KOMIUIEKCHUI PiBEHb iX €KOJIOriYHOI
HeOe3MeKH.

[IpiopuTeTHI YMHHUKH JOLUIBHO OOWMpaTH 3a
IHTEHCHBHICTIO BIUIMBY Ha JIOBKIJUISl HA OCHOBI HasIBHUX
abo ampiopHHMX JaHUX, TOOTO Ha OCHOBI aHaJTi3y
BIJJOMHMX HAyKOBHX JJAHWX BiJIIOBITHOTO HANPSIMKY, IIPO
XapakTep 1 HacliIKu 3a0pyAHEHHs! 00’ €KTIB JIOBKIJUIS B
pe3ynbTaTi  (QYHKUIOHYBaHHS IIEBHUX ITPOMHUCIIOBHX
00’exTiB ab0 3ampoBa/UKEHHS PI3HUX TEXHOJOTIMH.
Takok MOXKJIVMBE BUKOPUCTAHHS NaHWUX CTaTUCTUYHUX
3BITIB NP0 OOCSATH BUKHIIB Ta CKWJIB 3a0pYyAHIOIOYNX
pEeYOBHH, OOCATH YTBOPEHHs Ta YTHJII3allii BiIXOIiB,
iHpopMaIii Ipo peKyJIbTHBAIIII0 MOPYILIEHUX 3eMEeNb Ta
npo e(peKTUBHICT 3aCTOCOBYBAHUX IPHUPOIOOXOPOH-
Hux 3axomis [18, 20].

OOpaHi TpiOpUTETHI YMHHUKH, 3arajbHa KUIBKICTh
SKMX MOXE JIOpPIBHIOBATH N, 3aHOCATh B TaOmuis 1
(ctoBOeup 2), momaHy y BHUIVIAL TUNOBOI (opmu,
MOZINIbIIEe 3ATlOBHEHHS SIKOi MPOBOJUTHCS 3TIHO 3
HACTYITHUMH €TaIraMH.

Tab6muns 1 — KinbkicHa OIliHKa PiBHS €KOJIOTIYHOT HEOS3MEKH ISl OCHOBHUX KOMITOHEHTIB TOBKULIS Ta JOBKIJUISA B
LIOMY BiJl pyHKIIOHYBaHHS IIPOMHCIIOBHX IiJIPUEMCTB, 00’ €KTIB, 8 TAKOXK TEXHOJIOTIH, 110 3aCTOCOBYIOTHCS Y
BUPOOHUITBI 200 CIPsIMYBaHHI Ha TIOKpAILEHHS €KOJIOTYHOI CUTYaIlil

TexHOreHH1 HACHi KK O11iHKa €KOJIOTYHOr0 BIUIMBY YAHHHKIB HA OCHOBHI Cymapsi
(yHKI[IOHYBaHHS IIPOMHCIIOBOT'O KOMITOHEHTH JOBKLILIs, B Ganmax — 4,; OLIHKH 3a
Ne 00’€KTa Y1 TEXHOIIOTIT, K - - OKpEMHUMHU
YUHHUKU HETATUBHOTO BIUIHBY AT™O- Tinpo- Jlito- IpyHTH Biota YUHHUKAMH
Ha : chepa chepa chepa
JOBKLLIIS BILUIUBY
1 2 3 4 5 6 7 8
5
1 Ha3sa unanunka 1 A11 A12 A13 A14 A15 Z A]i
1
5
2 Ha3sa unanuka 2 A21 Azz A23 A24 A25 z A2i
1
5
n Ha3zBa unHHUKA N A Anz Ans A Ans 2 A,
" 1
Cymapui 6aiu 3a Bcima n . n n 05
I YHHHUKAMM BILTUBY (CyMH 2 A 2 A 2 A 2 Apg > Ays 22 Ay
3HaYeHb cTOBOLIB 3-8) 1 1 1 1 11
Cepenni 6anu (cepeani — — — — —
1I . A A A A A KPEH
3HAYEHHs CTOBOWLIB 3-8) nl n2 n3 n4 n5
3arajbHUil CTAH KOMIIOHEHTIB
. . e 5
OBKIiJLIsA B perioni
111 A . P . Ael Ae2 Ae3 Ae4 Aes Z Aei
(eBpucTHYHI 200 ekcnepTHi 1
OIliHKN)™*

*3arambHA CTAaH KOMIIOHEHTIB JOBKULIS B perioHi A,;, OTPUMaHWI Ha OCHOBI €BPHCTHYHOrO 200 E€KCHEPTHOI'O

5

OLIIHIOBAaHHS, 10 HaBOAWTHCS B psinaky I, ciayrye opieHTtnpoM, ix cyma 2, A, — TEBHOI MipOIO JTOCTOBIPHOCTI
1

po3paxynkoBoi Benuunau KPEH.

Etan 2. IIpoBoanThCS OLIHIOBAHHS €KOJOTIYHOTO
BIUIMBY KOXHOTO N-TO YMHHWUKA HAa KOXHHUH 1-nMi

KOMITOHEHT HoBKumIA (1 = 5) B Oamax — 4,; 3a 4-
OampHOIO TKanmoro: (0 — BIUIMB BiACYTHIH, TOOTO
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Ccy0’€KTHBHO HE BIJUYTHHH 1 BiAIOBIZAa€ iCHYIOUHM
HOpMaM, BCTaHOBJICHUM ISl TIEBHOTO 3 KOMITOHEHTIB
JOBKULISL, 1 — MiHIMAIBHUA a00 omocepeaKOoBaHUI
BIUIMB, PIBEHb SIKOIO HAONKEHWH M0 TPaHWUYHHX
HOPMAaTHBHUX 3Ha4yeHb, aje IX HE TIepeBHIIye
(omocepeaKoBaHMH BIUTHB MPOSIBIISIIOTHECS HE IPSIMO, a
Yepes iHIII OKa3HUKH); 2 — MepioguyHuil Oe3nocepe-
Hill abo omocepenKOBaHWII BILIMB, TOOTO MpsMi i He
MIpsIMi TIOKa3HUKU TIEPEBUIIYIOTH BCTAHOBJICHI HOPMH Y
MIEBHOMY BIJICOTKY BHMNajKiB; 3 — Oe3mepepBHUI
OesrocepenHiii BIUIMB, TOOTO CIIOCTEPITa€ThCS IIO-
CTiliHE MepeBUIICHHS] HOPMATUBHUX MOKa3HHKIB.
3HaueHH A4,; 3aHOCATb Y BIANOBiAHI KIITUHU

Tabnuui 1, MO po3TalioBaHi Ha MEPEXpecTsiX PsIKIB
Bix 1 10 n-ro Ta cTOBMIIB 3—7).

Sk mokaszanma TpakTHKa, 3alpolOHOBaHA IIKaJa
6aniB 0, 1, 2, 3 TpakTyeThCS CKCIIEPTAMHU, HAYKOBIISIMU-
JOCITITHUKaMH a00 TIePCOHANIOM EKOJIOTIUHHUX CITYKO
MATPUEMCTB  JTOCTaTHHO OJHO3HAYHO, TOMY JIA€
MiHIMaJIbHY NOXHOKY OLIHIOBaHHA PEAJbHOrO CTaHY
00’exTiB moBKiLIA. OLiHKY, 10 nepeBuIyoTs 0 GamiB
CBIYaTh MPO BIUIMBOBICTH TOT'O YM 1HIIOrO OOpPAHOIo
JUISl aHaJi3y YMHHUKA, TOOTO JO03BOJSIOTH 3aJMIIATH
NEBHUH YWHHUK JUI IIOJAJIBIION0 KOMILIEKCHOT'O
OLIIHIOBAHHS PiBHS €KOJIOT1YHOI HEOE3MeKH JO0CIIIKY-
BaHOTO IIPOMHUCIIOBOI'0 00’€KTa abo TexHoiorii. Skio
JUIs TIEBHOTO N-TO YMHHHMKA Oy/e BUCTABJICHO I 'SITh
HYNiB, TO OYEBHOHO YMHHHK BHKIIOYAIOTh, SK HE
BIUIMBOBU.

Eran 3. BukoHyerbcsi aHamiTH4Ha 00poOKa
BUCTABJIICHUX OLIHOK A4,; IUIAXOM OOYHUCIEHHSA CyM

BiJITIOBITHMX CTOBIYMKIB, MO3HA4YEHHX y PAOKy | Ta

cepenHix OaniB Zm’ y psaaky II:

— 1n

Ay =—2 Ay ;
n

— 1n

n2 = _zAn2 ;
n

— 1n

An3 = _zAn3 ;
n

1n
An4 = _ZAn4 ;
n

AN
s
O

1

1n

;%Ans ,

mo (akTUYHO BH3HAYAIOTh BIUIMB BCIX 0OpaHHX
MpIOPUTETHUX UYWHHWKIB HAa YaCTHHHUHA piBEHb
exonoriynoi Heoesnekn (YPEH), To6To BiamoBigHO Ha
atMocdepy, riapocdepy, mitochepy, IpyHTH i 6ioTy 3a
mkaoro 0-3.

1n35
Ocranns cepemus: KPEH :;ZZA,”- XapaKTepu-
11
3y€ KOMIDICKCHAH piBE€Hb EKOJOTIYHOI HeOe3meKu
MIEBHOTO BUPOOHWIITBA YW TEXHOIOTIi Ha JOBKULIA 3a

KyMYISATHBHOIO TmKanmor 0-15, mo Bu3HaYaeThCs
cymauieto UPEH, T0o6T0 cymamiero 4,;. 3ayBakuMo,
o BennurHa KPEH Bu3HauaeThes sk cymoro psaxa I,

Tak 1 cToBmuuka §, 30ir 3HAUYEHb SKUX MIATBEPIKYE
MIPaBIJIBHICTS BUKOHAHHS PO3PaXyHKIB.

Etan 4. 3a Bu3HaueHMM Ha erami 3 KUIBKICHUM
piBHEM eKoJorigyHoi HeOe3meku, TOOTO 3a 3HAYEHHSIM
KPEH, Bu3Ha4aioTh SKICHHH piBEHb E€KOJIOT1YHOI
HeOe3IMeKH, 3aJIe)KHO BiJ IIbOTO BEIMYMHH, SIK TOKa3aHO
B TaOumi 2.

Tabmuus 2 — KinbkicHo-skicHa mkaina KPEH
(hYHKITIOHYBaHHSI IPOMHCIIOBHX ITiTIPUEMCTB i 00’ €KTIB,
a TaKOXX TEXHOJIOTH, 1110 3aCTOCOBYIOTHCS Y
BUPOOHUITBI 200 CHIpsIMYBaHHI Ha TIOKpPAIEHHS
€KOJIOTiYHOi cuTyarii

Jliamra30H KOMIDIEKCHUX .
. PiBenn Hebe3nexu
ominok KPEH
0-5 HU3BbKHANA
5-10 TIOMipHHH
10-15 BUCOKHI

Ha Ham mormsyx mofin IIakajgd OLIHKU PiBHS
eKOJIOriYHOi HeOe3MeKH Ha TPU SIKICHUX PaHTH LiJIKOM
JIOCTATHIM JJIsl HACTYMHOTO MPUHHATTS HEOOXiTHUX
pillieHs.

Eran 4. J{ns rpadiunHoro BioOpakeHHs pe3yibTaTiB
3aMpoIOHOBAHOTO OIIHIOBAHHS EKOJIOTIYHOTO BIUTUBY
TEXHOr€HHUX YWHHHUKIB TIPOMHUCIOBUX O0’€KTIB 4YH
TEXHOJOril Ha KOMIOHEHTH JOBKULIA OydyroTh
niarpamy [lapero [htpp://six sigma online] (prcyHok 1).
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Pucynok 1 — 3pa3ok giarpamu eKoJOri4HOr0 BILUTHUBY

TEXHOTEHHUX YUHHUKIB IIPOMHUCIOBHUX 00’ €KTIB 260

TEXHOJIOTTH Ha KOMIIOHEHTH ITOBKULIA Ta JOBKULISA B
mitomy: | — cToBIMYacTa miarpamMa 3Ha4eHb YACTHHHHUX
piBHiB exonoriunoi HeOe3nekn (UPEH) 3 MakcumansHO
MOXKJIMBHAM 3Ha4eHHsM 3; 2 —miarpama 3HaueHb KPEH,

OTPHMaHUX MTOYEPTOBOIO CYMAIli€0 CTOBITYHKIB
nmiarpamu 1, 3 MaKCIMaIbHO MOXKITUBUM 3HAYECHHSIM 15,
BiJIIOBiJTHO 10 KYMYJISITUBHOI IITKAJIA

BaxxmBo, 1m0 OCTaHHS TOdYKa JgiarpamMd 2 Ha
pucysky | i BmsHagae KPEH npomucioBux 06’exTiB 60
TexHONori mis moBkiur. Came 3a M pIBHEM €
MOJKJIMBICTh OIIIHIOBATH 1 TIOPIBHIOBATH EKOJIOTIYHY
HeOe3MeKy MPOMICIOBOTO BHPOOHUITBA 1  Pi3HHX
TexHoyoriil. IIpm 1BOMYy HaHECeHHS Ha miarpamy
pe3ynbTaTiB  OMIHIOBAaHHS  EKOJIOTIYHOIO  BIUTUBY
TEXHOr€HHWX YHWHHHUKIB  OApasy Il  JIeKUIBKOX
MPOMHUCIOBUX 00 €KTiB ab0 TEXHOJOTiH J103BOJISIE
HAarJISHO OPIBHIOBATH EKOJIOTIYHUH BIUTUB B IIJIOMY Ha
JOBKUIIS, AK PI3HUX IIPOMHUCIOBUX BHPOOHMITB abo
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TEXHONOTiM, Tak 1 €eKOJOriuHy eQEeKTUBHICTh
TEXHOJIOTiH, CIPsAMOBaHMX Ha TOKpAIIEHHS EeKOJIOTid-
HOT'O CTaHy TEPUTOPiil Ta perioHy B LIOMY.
[pakTHuHy peasizaliio 3aIpONOHOBAaHOI METOJUKH
MIPOISIFOCTPYEMO HA MIPUKJIali BU3HAYEHHS €KOJIOTTYHOL
HeOe3nmeku, OOYMOBJICHOI BIUTMBOM TEXHOTCHHHX
YUHHUKIB Ha JOBKUUIA TIpU eKCIDIyaTamii  abo
JIKBiAIil BYriIbHUX MmaxT. Tak, B pe3ynbraTi o0CcTe-
JKEHHsI TEPUTOPii Byriieno0yBHUX PETIOHIB Ta aHANIZY

MPOLIECIB BYIIIEBUIOOYTKY ITiA3EMHHM CIOCOOOM 3a iX
MOXIIBHM €KOJIOTIYHHM BIUIMBOM OYJIO BHOKPEMIICHO
16 mpiopUTETHNX TEXHOTCHHUX YMHHHUKIB BYIJIEBUI00Y-
TKY, III0 € TEXHOTCHHUMH HaCIiJIKaM1 eKCIuTyaTanii abo
JIKBiAAmii BYTUIBHUX IIaxT, PiBeHb BIUIMBY SKHX Ha 5
OCHOBHHMX KOMIIOHCHTIB Ta B I[JIOMy Ha JOBKULIA
MOXIIMBO BIIEBHEHO BHU3HAYWTH 3a 3aIPONOHOBAHOIO
METOIMKOI0. Pe3yibTaTi peaiizailii METOAUKHA HaBEACHI
B TaOMHII 2.

Tabnums 2 — KoMruiekcHa oIiHKa piBHSI €KOJIOT1YHOT HeOE3EeKH ITiAI3eMHOTro BUAOOYTKY BYTLILIS U1l OCHOBHUX
00’€KTIB TOBKIJIIS

EBpucTiyHa OLliHKa €KOJIOTiYHOTO BILUIUBY CymapHi
TexHOreHH1 HAaCHiKK eKCIuTyaTarii YHHHHKIB Ha 00’ €KTH JOBKLLIS, B Oanax OLIIHKH 32
Ne IAXTH, K YHHHUKA HETATHUBHOTO . . OKPEMHUMH
. Atmo- | Tiapo- JliTo- Ipyn .
BIUIMBY Ha JOBKIILIS bepa | ciepa cbepa i biora | uYMHHWKaMu
coep p p BILUTUBY
1 2 3 4 5 6 7 8
1 3M1Ha (3.HI/I.)KeHH$I) CTiKOCTi Ta 0 2 3 5 1 8
MIIIHOCTI TiPCHKUX TIOPiJT
2 | Jdedbopmarist MacuBY TipChKUX TOpij 0 3 3 3 3 12
3 | IlpocimaHus 3eMHOI TOBEPXHi 0 3 3 3 3 12
4 | BonoHnacu4eHHs MacHBY TipCBKUX MOPiJ 0 3 3 2 2 10
5 | INopymieHHs TiAPOIOTiYHOTO PEXUMY 0 3 3 3 2 11
6 | BucHaxeHHs BOJOHOCHUX T'OPU3OHTIB 0 3 2 3 2 10
7 BaESpngeHHﬂ TIOBEPXHEBHUX BOJHUX 0 3 5 1 5 8
00’ €eKTIiB
8 Mirparis 3a6py;mpromz1x pEYOBUH 2 2 5 5 5 10
(BUKUIM, CKUJIM, BITXOAH TOIIO)
9 3M11HyBaH.H}I WIAXTHHX BOJ 3 IATHAMH 0 3 1 2 5 8
BOAAMH IiJ3eMHHUX T'OPU30HTIB
10 | [iaroruieHHs Ta 3a00I0YYBaHHS 3eMellb 0 3 3 3 3 12
11 BlnBeneHHx 3eMeJIb i OPOHI 1 1 3 3 5 10
BiABAJIN
12 BinBeneHHs 3emMenb i BiACTIHHUKH 0 2 3 3 5 10
HIAXTHUX BOJ
13 | l'opiHHS Ta NHUJTIHHS BiJIBaIiB 3 1 1 2 2 9
14 I[e’(pop'Ma'uu 1 pyitHyBaHHsI OyaiBeNb Ta 1 2 3 3 5 11
00’€KTiB iHQPACTPYKTYpH
15 YTBOpEeHHs §H6yx0He6e3:nequHx 3 1 1 2 3 10
METaHO-TIOBITPSIHHUX CyMillIei
16 Ewmicis mraxTHUX rasiB Ha 3eMHY 3 1 5 5 2 10
TIOBEPXHIO
I CymapHi 6anu 3a BCiMa YHHHAKAMHA 13 36 38 39 35 161
BILUIUBY
11 | Cepenni 6anu 0,81 2,25 2,38 2,44 | 2,19 10,07
3arajgbHUNA CTaH KOMITOHEHTIB JTOBKIJUIA
III | B perioni (eBpucTUYHI 260 EKCHEPTHI 3 3 3 1 3 13
OLIIHKN)
Amnaniz Tabmumi 2 BHSBHB, III0 TEXHOI€HHI OLIIHKA OTPUMAHO Ha OCHOBi 3HAYHO OLIBIIOI KUTBKOCTI

HACITIIKU eKCIUTyaTallii BYTiIbHOI MAaXTH (CTOBIYHUK 2)
HETaTUBHO BIUIMBAIOTh NPAKTHYHO HA BCi KOMIIOHEHTH
noBkULT. Ilpy mpoMy crif 3a3HAYHTH, IO BU3HAYCHI
cepenHi Oanu (HaBeIeHI y MepenoCcTaHHbOMY psaky 11
JUIS CTOBIYHKIB 3—7) BUTISANAIOTH OUTHI MPaBAUBUMHU
OIIIHKAMU 3arajlbHOrO CTaHy KOMIIOHEHTIB JOBKIIISA Ha
TEPUTOPISAX BYrIeqO00YBHHX PETiOHIB, y TOPIBHSIHHI 3
eKCIICPTHUMHU OI[iIHKaMH, HAaBENICHHUMU B OCTaHHHOMY
paaxy III. Ile minkoM OYEBMIHO, OCKUIBKH CepemHi

inpopmamii (3amisHi 16 YMHHWKIB BIUTHBY, 3aMiCTh
OITHOTO — «3arajJbHAN CTAaH KOMIIOHEHTIB TOBKIJIJISY).

Cymarmist 3Ha4YeHb OMIHOK y CTOBIMYUKaX 3—7
XapaKTepu3ye y 0alax BIUTUB YNHHHKIB BYTTIEBUAOOYTKY
Ha KOMITOHEHTH NOBKULIA (psmok II), a cyma psaky —
KOMIUIEKCHY OIIIHKY PIBHS €KOJIOTiYHOI HeOe3meKu
eKcIITyaranii ByrineHoi maxth, Tooto KPEH = 10,07 6a-
na (piBeHb HEOE3MEKH «BHCOKHUID).
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BimMiHHICTE OTpUMaHUX KOMIDIEKCHUX OIIHOK IS
pI3HMX  BUPOOHMITB 1 TEXHONOTIH  JT03BONIMIIA
3aIpOIOHYBATH KUTbKICHO-SIKICHY IIIKaJly OLIHOK PiBHS
eKooriuHoi ~ HeOe3nmekw  BYIIIEBUAOOYTKY  JUIS
JIOBKLJIJISI, TOYATKOBE 3HAYECHHS IKOI 04eBUAHO € «0», a
BEPXHE 3HAUYCHHS MKW 3ajexaTuMe BiJ oOpaHOro
y3arajbHIOIOYOTO TIOKa3HHKa EKCIEPTHUX OI[HOK.
SIkmo obpaTm MakCHMajJbHO MOXJIHMBY CYMY OLIIHOK
Tabmuui 16 x 5, TO BEepXHE 3HAUEHHS MIKAJIH CKJIaze
5x16x3=240, mo He 3py4yHO I TOPIBHSHHS
OIIHOK 3a 4YOTHUPUOANBHOK InKaiow. Tomy Oyio
00paHO CyMapHy OIIHKY CepemHiX O0aliB, BEpXHE
3HAYCHHS INKaIM sKOI ckiamae 15 GamiB (5 x 3 abo
240/16). Otxe, mkana Big 0 mo 15 Burisgae OiLIBII
NPUAHATHOIO ~ JJIsl  TPAaKTUYHOIO  BUKOPHCTAHHS,
30KpeMa i npu rpadidHoMy BifoOpa)keHHi, ska i Oyia
peai3oBaHa y 3anporoHOBaHI METOUIL.

Hdns  rpadiuHoro BimoOpakeHHS  pe3yJIbTaTiB
3aIpOIIOHOBAHOTO OI[IHIOBAHHS €KOJIOT1YHOTO BIUIMBY
TEeXHOTEHHHMX HACIIAKIB (DyHKIIOHYBaHHS HPOMMCIIO-
BUX MIINPUEMCTB PEKOMEHAYEThCS OyyBaTH jaiarpamy
[Tapero (muB. pucynok 1). Jliarpama y Mexax
3aranbHOi mKamu 0—15 Hao4HO XapakTepuzye piBHI
€KOJIOTIYHOi HeOe3NeKkn (YHKIIOHYBaHHS MPOMHUCIIO-
BOTO HiJIPUEMCTBA, Y TOMY YHCIIi NIPU PI3HUX CXEMax
3aCTOCYBaHHS IPUPOJOOXOPOHHUX TEXHOJOTIN JUIs
KOXHOTO 3 5-THM KOMIOHEHTIB JIOBKIJUISL (CTOBOYACTI
ricrorpamu 3a mkanowo 0-3 OGanu, moOymoBaHi 3a

cepenHiMH OajaMu, o HaBeneHi y psaky Il Tabmumi 2).
KomriekcHy oKy HeOe3rmekd BHpOOHMITBA abo
TEXHONOTIl JUIS JOBKULISL Yy IPOMMCIIOBHX perioHax
(rpadikn 3 Mapkepamu 3a 15-OaspHOIO MIKANOMO, IO
OTpMMaHI  SIK  pe3yiapTaT  CyMamil  BiJIOBIIHHX
CTOBOYACTHX TicTOrpam).

BucnoBku. B pe3ynbrati npoBeieHUX OCIIIKEHB!

1. OGrpyHTOBaHO yHi(ikoBaHYy METOJUKY
KOMIUIEKCHOTO  OIIHIOBAaHHS  PIBHA  €KOJOTIYHOL
HeOe3MeKn eKCIUTyaTallii NpPOMHCIOBHX OO0’ €KTIB Ta
TEXHOJIOT1#1 BUPOOHHYOr0 i €KOJOTIYHOTO CIIPSIMYBaHHS.
[i ocHOBOIO cTana olliHKa PiBHIB eKONOriUHOT HeOe3eKH
Ha TEPUTOPIAX [IIOYMX TPOMHUCIOBUX OO0 €KTIB, sKa
nepen0Oavae onepaTHBHE BH3HAYEHHS CYMH CEPEIHIX
OariB oLiHOK 3a mmKaior 0—3 Oanu eKkoJOoriyHoOro CTaHy
5 OCHOBHMX KOMIIOHEHTIB JOBKULIL (atmocdepw,
rinpocdepu, Jitochepu, IpyHTIB 1 610TH).

2. KoMmiekcHy — KUTbKICHO-SIKICHY — OLIHKY  piBHA
eKoJoriyHOI HeOe3NeKH Ha TEepUTOpPIAX MNPOMHCIOBHX
PETiOHIB 3aNPONOHOBAHO BU3HAYATH 32 MiJICYMKOBOIO 15-
OaJBHOIO IIKAIOK, PIBHOMIPHO MOJIJICHOI HA TPU PIBHS
HeOe3neku: «Hu3bkui» (0-5 OaniB), «momipHui» (5-10
OaniB), «Bucokuin» (10—15 GaiB), 110 TO3BOJISIE OIIHUTH
Ta TMOPIBHSITH 32 PIBHEM €KOJIOTTYHOI HeOE3MEeKH HE TUTbKU
MPOMHKCIIOBI  BUPOOHHMYI  TPOLIECH, &, 30Kpema, i
e()eKTUBHICTh peai3alil MPHPOI0OXOPOHHHUX TEXHOJOTIH
a0o pillleHb Ta 3aXOJiB, BIPOBAPKCHHS SIKMX BiIIOBIIHO
BIUIMHE HA CTAaH JIOBKULIA, MIpy SIKOTO JO3BOJISIOTH
BU3HAYMTH 3aIPOIIOHOBAHI KOMIUIEKCHI OLIIHKH.
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V. Kolesnyk, A. Pavlychenko, Yu. Buchavyy

UNIFIED METHODOLOGY OF COMPREHENSIVE ASSESSMENT OF THE LEVEL OF
ECOLOGICAL HAZARD OF INDUSTRIAL OBJECTS AND EFFICIENCY OF IMPLEMENTATION OF
ENVIRONMENTAL PROTECTION TECHNOLOGIES

The ecological and technogenic consequences of long-term functioning of industrial enterprises are considered. The
methodological approaches to the comprehensive assessment of the environmental hazard level of industrial production
are analyzed. The criteria for assessing the effectiveness of environmental technologies implementation at ecologically
hazardous industrial enterprises are determined. The unified methodology of quantitative and qualitative assessing the
level of ecological danger of industrial enterprises and objects functioning and introduced technologies with production
and ecological direction is substantiated. The methodology is based on a heuristic evaluation of the influence of man-
made factors of certain industries or technologies on a 4-point scale (0, 1, 2, and 3) on individual components of the
environment. Comprehensive assessment of the ecological hazard level for the environment is conducted on the final
15-point scale, evenly divided into three qualitative levels.

Keywords: industrial production, ecological danger, methodology of assessment, environmental protection
technologies.

B. E. Konecnuk, A. B. ITapiuuyenko, 0. B. ByuaBblii

YHUO®UIIMPOBAHHASI METOJUKA KOMILIEKCHOM OIIEHKH YPOBHSI DKOJIOIMYECKOMN
OITACHOCTH MPOMBIILJIEHHBIX OB BEKTOB U TEXHOJIOI U1

PaccMmoTpeHBI 5KOMOrudecKkre W TeXHOTEHHBIE MOCIECTBHS MHOTOJETHErO (PYHKIIMOHHPOBAHUS MPOMBIIIICHHBIX
npeanpusTaid. [IpoaHamU3MpOBaHBl METOAOIOTMYECKHE TOAXOABl K KOMIUIEKCHOW OIICHKE YPOBHS OIACHOCTH
MIPOMBIIITICHHOTO TPOW3BOACTBA. OTmpeneneHsl KPUTEPUH OLEHKH I(PQPEKTHBHOCTH BHEAPEHUS MPUPOIOOXPAHHBIX
TEXHOJIOTHH Ha SKOJIIOTOOMACHBIX IPOMBIIUICHHBIX mpeanpusatusx. OOocHOBaHa YHH(UIMPOBAHHAS METOIHMKA
KOJIMYECTBEHHON W KaYeCTBEHHOW OIEHKH YPOBHS IKOJIOTHMYSCKOW OMACHOCTH (PYHKIIMOHHUPOBAHUS IMPOMBIIIICHHBIX
MPEeaNPUATHHA, OOBEKTOB W BBOAMMBIX TEXHOJIOTHI MPOW3BOIACTBEHHOI'O M SKOJIOTHYECKOTO HATpaBiICHUS. MeToauka
0a3upyeTcs Ha OHBPHUCTHYCCKON OIEHKE BIMSHUS TEXHOTCHHBIX (PAKTOPOB OMpPENCNCHHBIX MPOM3BOJCTB HIIH
TEXHONOTHH 10 4-6ammsHoit mkane (0, 1, 2, 3) Ha oTAeTpHBIE KOMITIOHEHTHI OKpYKaromieil cpensl. KoMmimekcHas omeHka
YPOBHSI OITACHOCTH JUTSI OKPYKAIOIIEeH Cpebl IPOBOAUTCS 110 UTOTOBOH 15-0aTsHOI mIkane, paBHOMEPHO pa3ieleHHON
HA TPU KAYE€CTBEHHBIX YPOBHI.

KiiloueBble  €JIOBAa: TPOMBIIUIEHHOE MPOU3BOACTBO, HKOJOTMYECKass ONAcCHOCTb, METOIMKA  OLEHKH,
MIPUPOAOOXPAHHBIC TEXHOIOTHH.
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HCCJIEJOBAHUE HEKJIACCUYECKOI'O MOAXOJA K HAUJTYYINEN KJIACCUDUKAIIAN
3KOJOTMYECKOM OITACHOCTH OBBEKTOB TPV HEU3BECTHBIX ®YHKIHUSX IOTEPH

HccnenoBaH HEKIIaCCUYECKUH IOAXO] K PELICHUIO 3aJaul HaWIydIel kiaccu(pUKay 3KOJI0rn4ecKo onacHOCTH
00BEKTOB TEXHUYECKOH M MPHUPOAHON cephl 110 HAOII0JaeMbIM JAHHBIM IPH HEBO3MOXKHOCTU TOYHOT'O ONpEIeNCHHs
GyHKIMH 1oTeph Ui pelaronuX NpaBWi. MeTOfoNorus pemieHusl 3aJadd  0a3upyercss Ha IIpelCTaBICHHH
HEM3BECTHBIX (YHKIMH IOTeph (QYHKUUSAMH TPOM3BOJILHOIO BHUJA, 3aBUCALIMMH OT HAaONIOAAEMbIX JaHHBIX U
HEKOTOPOT0 COCTaBHOI'O BeKTopa IapameTpoB. IlomydeHbl Hawlydine pelIaroliye MpaBuia KIAcCH(UKALMU Tpex
XapaKTEePHBIX COCTOSIHUI SKOJOrMYeCKON OMacHOCTH JJIsi 0OBEKTOB TEXHUYECKOW M MPUPOIHOM cdepsrl. [lomydyeHHble
pelaronye npaBuiia 3aBUCAT OT HAOIIOAEHUH U COCTABHOIO BEKTOPA MapaMeTpoB, ONTUMH3HPYEMOTO B COOTBETCTBHU
C MHHUMYMOM CpEIHEro pHcka Kiraccuukaimu. OTO TO3BOJNSET HCHONB30BaTh TpaBWia JUIsl HawIydlleH
KJaccu(UKaIMy 3KOJIOrMYECKOH OMAaCHOCTH 00BbEKTOB P MUHUMYME allpUOPHBIX CBEJCHUH 0 QYHKIHSX MTOTEPb.

KaroueBble cioBa: xinaccuuKanus SKOJIOTHUECKOH ONAacHOCTH, HaOofaeMble JaHHbIe, (QYHKIHS IOTEpH,

pelaroee npaBuiIo.

ITocranoBka  mpoOiembl. MHorue  3aja4u
COBPEMEHHOW OJKOJIOTHMU CBOJISTCSA K KIIACCU(PHMKALUH
(OmO3HAaBaHMIO) paA3IMYHBIX  OMACHBIX  CUTYaIHil,
COOBITHH, COCTOSIHWH IPUPONHON, TEXHHYECKOW H
conuanbHO  cheprl.  Knaccupukaius — OmMacHbIX
9KOJIOTMYECKUX CUTYallMid OOBIYHO OCYIIECTBIIAETCS
TOW WIIM WHOHM CHCTeMOW cOopa JaHHBIX HAOIIOICHUS
(MOHHTOpPHHra) Ha OCHOBE pEaTU3alH HEKOTOPOro
pematomero  npaswia.  CrocoObl  OmpeneneHus
peLIaloNIero paBuiia 3aBHCAT OT 00beMa alPHUOPHBIX
CBEJEHHH O HAOMIOAAEMBIX YKOJIOTHYECKHX CUTYaIHsIX.
[lpu mocraTouHO NONHOW anproOpHON HH(oOpMaUK
pelaronye  MpaBuia  IOIY4alOTCs Ha  OCHOBE
pE3yNbTaTOB KJIACCHUYECKOM TEOPUHU CTATUCTUUECKHUX
pemieHuil. OTO 03HAa4YaeT, 4YTO HENOCPEeICTBEHHOE
UCTIONIb30BAaHUE PE3YIbTATOB KJIACCHYECKOW TEOpUH
CTaTUCTHUUECKUX  pEUIeHWH B  ciIydasX, Korza
anpuopHas HH(OpMAalMs HENOoNHAass WIM HHYTOXHO
MaJjla, XapakTepHbIX Ui OOJBLIIMHCTBA PEaJIbHBIX
3aJad COBPEMEHHON SKOJIOIMH, HE MPEICTaBIsIETCS
BO3MOXHBIM [1-5].

3HauynuTeNbHAS HArpy3ka TEPPUTOPHH Y KpaWHBI
MOIIHBIMH NIPOMBIIUICHHBIMH W 3HEPIeTHYECKUMHU
oobekTamu (B 2015 1. ¢QyrxumonmnpoBaio 9919
00BEKTOB MOBBIIICHHON OIACHOCTH) MOBHIMAIOT PUCK
BO3HMKHOBEHHUs OdKoynormdeckoil omacHoctn (20),
YOBITKM OT KOTOPOH MOMKHO CPaBHHTH C pa3MepoM
HAIMOHATBFHOrO OFO/KeTa CpemHero rocymapcrea [7].
IIpn 5>TOM BaXKHBIM HAINPABIECHHEM OOECTICUECHUS
SKOJIOTHUECKOW Oe30MacHOCTH YKpauHBl  SBISCTCS
pemieHre TpoOIEeMBl TOCTOBEPHON KITaCCH(HUKAINN
OIIACHBIX HKOJOTHYECKHX COCTOSIHUH OOBEKTOB IO

JaHHBIM ~ MOHMTOpDHMHIa C  [ENbI0  BBIPAOOTKH
3¢ (GEeKTHBHBIX  YIPABIAIONIMX  BO3MCHCTBHH I
YCTpaHeHHS BO3HUKHOBEHHS BO3MOXKHOH

JKOJIOTMYECKOH yrpossl. B cBasu ¢ 3tuM 0cobo
aKTYaJIbHBIMU SIBIISIIOTCS HCCJIEOBAaHHMS B 00nacTu
Hawnydmel knaccnpukanun 90 o0bEKTOB Ha OCHOBE
Pa3BUTHS HEKJIACCHYECKHUX ITOIXOJI0B.

AHAJIN3 NOCTeAHUX UCCTeI0BAHMI M Iy OJIMKAIUA.
HecmoTpst Ha J0CTaToyHOe pa3BUTHE U  IIUPOKOE
OCBEILIEHHE B JIUTEPAType CTATUCTHYECKOH METOJ0-
JIOTWH, €€ UCIIOb30BaHHE B HAYYHBIX HCCIEIOBAHHUSIX U
MPaKTHYECKUX Pa3paboTKax IO JKOJOTHUH OKAa3bIBAETCS
ssBHO HepocTaTouHbiM [1-6]. Knaccuueckass meTono-
JIOTHA, BIIEPBBIE paccMOTpeHHas B [8], wHcCHonb3y4
0aliecOBCKUM MOIXOJ, KPOME KpUTEpPHEB Oazupyercst Ha
OonmpiioM  o0beMe  ampuopHod  WHpopMmamuu 0
HaOJII0JaeMBIX TAHHBIX. BONBIIMHCTBO peasbHBIX 3ajad
9KOJIOTHH XapaKTepu3yercsi JIMOO OTCYTCTBHEM TaKOW
uHpopManuy, JMOO OTCYTCTBUEM YBEPEHHOCTH B
JIOCTaTOYHOHW JJOCTOBEPHOCTU HAONIOAEMBIX [AHHBIX.
OTO CTaHOBUTCS MPEIMSTCTBIEM Ha ITyTH HETIOCPEACTBEH-
HOT'O UCTIONIb30BaHMS KIIaCCUYECKOH METOJONOTUH.

ITpu 3TOM MOCTOSHHO BO3PACTAIOIIEE aHTPOIIOT€HHOE
BO3JICHCTBHE, HEY/IOBIICTBOPUTEIBHOE  COCTOSTHHE
OKpY’Karollel cpelibl, HCTOIEHHE IPUPOJHBIX PECYPCOB,
YBEIMYEHUE MAacCIITa0OB M JIMTEIBHOCTH BO3JECHCTBUS
KaTacTpod M 3arps3HEHHH Ha OKPYXAIOIIYIO0 Cpemy
3HAYUTEIIbHO  AKTUBU3HPYIOT  HCCIEAOBAaHMSA IO
mpo0eMaM SKOJIOTHIeCcKOr 6e30MacHOCTH 00BEKTOB [9—
12].

M3BecTHO, 4YTO COBpPEMEHHBIM YpPOBEHb Pa3BUTHSA
METOJOJIOTUH aHAJIN3a CHCTEMHBIX PHCKOB Oa3Hpyercs
Ha paccMOTpeHUH OIaCHBIX 00BEKTOB "
TEXHOJIOTMUECKHX MPOIIECCOB KaK CTATHIECKUX CHCTEM C
HEM3MEHSIONIIMHACS BO BpeMeHH mapamerpamu [13].
OnHako HETIPEPBIBHO M3MEHSIOINECS PHCKH
BO3HMKHOBEHUSI UM DPa3BUTHS aBAPUNHBIX CUTyalluil Ha
peanmbHBIX O00BEKTax OOYCIAaBIMBAIOT 3HAYUTEIbHBIC
METOOWYECKYI0 W HWHCTPYMEHTAJIBbHYIO MOIPENIHOCTH
Kiaccupukanmu (pacro3HaBaHUs) OMACHBIX CHUTYAIlMHd U
OpH  WACHTUPHUKANNKA  TPEAABAPUHHBIX  CUTYaIdi
CHIDKAIOT JTOCTOBEPHOCTh ¥ OZJHO3HAYHOCTH ITOIy9IaeMOi
nH(OopMaLUH.

Bonpmast yacte uccienoBaHuil B paccMaTpUBaeMoOi
MpeMETHON 00JacTH TOCBSIIEHA PEIIeHUI0 MpobiIeM,
CBSI3aHHBIX C YIPABJICHHS IPOMBIIUICHHOW M 3KOJOTH-
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YecKol 0e30MacHOCThI0 OOBEKTOB W ONTHMHU3AIMEH
CHCTEM BO3MEIIEHUS ymepba OT Ype3BBIYAHBIX
cutyauuit [14, 15]. Ilpu stom B [13] oT™meuaercs, 4TO
OCHOBHBIMHM ~TPHYMHAMH HH3KOH 3ddexTuBHOCTH
YIpaBieHUS] NPOMBIIUICHHOW  O€30MacHOCThIO U
HU3KOH  JIOCTOBEPHOCTH  IOJY4aeMbIX  JIAHHBIX
SIBIISIFOTCS: HEJOCTATOYHASI IOJHOTA CTaTUCTUYECKHX
JaHHBIX W 3HAYMTENbHAsi METOINYECKas MOTPEIIHOCTh
SKCTPAIIONSANNK BXONHBIX JIAHHBIX, INPHBOASIIAS K
HHU3KOH JTOCTOBEPHOCTH OLIEHKH OIACHBIX CHTYaIUH.

B obmiem ciyuae peansHble onacHbie 00bekTh (00),
10 CYTH, MPEACTABISIOT COOOH 3aMKHYTBIE CHCTEMBI,
HEMpHUBOAMMBIE K PAa3OMKHYTHIM cucteMam. [loatomy
HEJIOCTATOK anpuopHOH HMH(pOpPMAIUK TNPUBOAUT K
HEOOXOIMMOCTH  COBMEUIATh HM3YYEHHE  ONACHOI0
00beKTa M yIpaBieHUs: WM. BriepBble BO3MOXXHOCTH
ONTHMAJILHOTO JyaJbHOI'O yNpaBIICHWS HAa OCHOBE
TEOPUM CTAaTUCTUYECKUX PEUICHHH pPaccMaTpHUBAjJHCh B
padorax [16, 17]. K coxaneHuto, OOJBIIAHCTBO
W3BECTHBIX K HACTOSIIEMY BPEMEHH PE3YJIbTATOB B ATOU
00JIaCTH KacaeTcsi He OSKOJIOTHUECKUX MPHIOKEHUI.
OnHako GopMaIu3M 3TUX PE3YJIbTATOB IIO3BOJSIET
pacnpoCTpaHUTh UX M Ha 3KOJIOrMueckue npodiemsl. B
YaCTHOCTH O3TO Kacaercs MpoOJeMbl JIOCTOBEPHOCTH
kiaccudukampu  (pacnosHaBanus) 0  pa3IHYHBIX
O6’bCKTOB 0 JaHHbIM MOHHTOPHHIA B YCJIOBHUAX
OTCYTCTBHA TOYHBIX JAaHHBIX MWJIHW HEBO3MOXKXHOCTH
onpeneneHuss (GyHKUMH TOTeph NpU  ONTHMH3ALUH
peLIaroNnuX MpaBuil.

IMocranoBka 3agaum u ee pemeHue. lLlenbio
paboTBl ABJIAETCH MCCICOOBAaHUE HEKJIACCHYECKOTO
moaxona, pasBuBaeMoro B [17], TpUMEHHTENBHO K
peleHuio 3ajaun Hawrydmed kiaccudpuxanun 0
00BEKTOB TEXHMYECKOW U MpUPOXHOW cdepbl o
Ha0JII01aeMBIM JTAHHBIM pH OTCYTCTBUH
BO3MOXKHOCTH TOYHOI'O ONpENETIeHHs COOTBETCTBYIO-
mux QyHKIHA TOTepb (PUCKOB).

Junamuky ¢yHKimuonupoBanusi oonpimuacTBa OO
pa3IMYHON C(ephl C y4eTOM NPOrHO3a MX COCTOSHHUS
MOXKHO IIPEICTABUTh B BHAE HEKOTOPOI'O CHUTYaIHOH-
HOTO Mpolecca ¢ TPeMsI BO3MOXHBIMH COCTOSTHHSIMH.

IIepBoe cocTosiHME CBSI3aHO € CUTyaLMeil Xlo , korga

cocrossare OO TMOTHOCTHIO COOTBETCTBYET 3aJaHHBIM
YCIOBUSIM (DYHKIIMOHUPOBAHKS OOBEKTA U B TPHHIIMIIE
mosiBieHne DO ManmoBeposiTHO. BTopoe cocrosHue

CBSI3aHO C CUTyauuen Xg , korma cocrogaue OO He

COOTBETCTBYET 33JlaHHBIM YCIOBUSM ()YHKIMOHHPOBA-
HUS ¥ MOxeT mpuBectd K J0, HO mMOKa He TpedyeTcs
NpUMEHEHHE AaKTHBHBIX Mep [0 €€ JINKBHIALHH.

Tperbe cOCTOSIHUE CBA3aHO C CUTyauuen Xg, Korja

cocrossare OO mpuBomut K nosiBnernto D0, Tpedyro-
el NMpUMEHEHNEe aKTHBHBIX MEp IO €€ JIMKBUIAINU.
[Tpn 3TOM Ka)kaas U3 YIOMSHYTBIX CHTYAIlUH TOSBIIS-
€TCsl CIy4anHo.

O0o3HaunM dYepe3 X TMPOCTPAHCTBO pPaccMar-
puBaemblx  Bbhime  curyammii OO.  JlanHoe

TPOCTPAaHCTBO pasoObeM Ha Tpu obmactu X, , Tae

k=1,2,3. Jlna onpeneneHnsl pemIaromiero IpaBHia
HeoOxoanmMo copMynTupoBaTh KpPUTEPHH KadecTBa

knaccupukarmu D0 OO, T. e. OmO3HABaHHS CUTYalUd

XgQ, k=1,23. Pemaromee NpaBuio OMKHO ObITh

TaKUM, 9TOOBI c(HOPMYIMPOBAHHBIA KPUTEPHUN JTOCTHUTrAI
JKCTpeMyMa. JTO O3HAYaeT, YTO 3ajavya Kiaccu(pukamu
coctosHuil OO cOCTOMT B HaWIydlleM, B CMBICIE

3aJJAHHOTO  KpHUTEpus, pa3OMeHWH  TPOCTPAHCTBA
curyauuii X Ha obmactu X, , k=1,2,3.
Jis  KOHKpEeTHM3alid  TMOHATHS  «HAWIydIias

Knaccn(bmcauns[» BBCJCM MaTpully HOTCPb BUAA:

Fra(x,c)  Fpo(x,c) Fa(xc)
F(x,c)=| Fpr(x,C) Foa(x,c) Fyz(x,C)|> 1)

Fa1(x,¢) Fiza(x.c) Faa(x.c)

rie  Fm(x,c) — ¢yHKIMM HOTeph ANA  3HAUCHUH
k,m=1,23; C — cocTaBHOI BEKTOp MapamMeTpoB (yHK-
LMH MOTEPb, PaBHBIN C = [01 Co 03] . OyHKIIMU 1TOTEPD
Fem (X, €), km=123
ki1accudukanmy,

XapaKkTepU3yloT  PHUCKH

BO3HHUKAKOIIHNEC npu OTHECCCHUH

CUTYyaLluu Xf() K KJaccy CUTyalul X,?] WIH, IpH

TMOMAaJaHUH CUTYALIUH Xf() B 001acTh Xy .

Ha rnaBHoii nuaroHanu mMatpuibl (1) pacnosnoeHbl
PHCKH TIpH MpaBUIIbHOM Kiaccudukanuu coctosiHus OO,
a 1o o0edM CTOpOHaM OT TIJIABHOM JWaroHaiu
pacronoxeHbl pUCKH  (TIOTEpU) TPH  OLIMOOYHOM
kiaccudukanuum cocrosHuil. bBynmem momarate, 4TO
Fik (x,€) <0 ISt BCEX k=123. Takue
OTpUIIATENbHbIE PUCKH MOXKHO HHTEPIIPETHPOBATh Kak
HEKHe BBIMTPBIIIN TIPH MPaBWIbHON Kiaccudukammu 30
o0bekTa. IIpu 3TOM cuTyauus u3 OpoCcTpaHcTBa X UL

KOKI0ro Kkiacca Xg  XapaKTepusyeTcs —YCIOBHOI

IUIOTHOCTBIO  PAaCIpeeIeHUs p(x/k)=p (x) m

anpuopHOl BeposTHoCTBEIO P, . C yderom sTOro s

paccmarpuBaemoro ciydas kinaccudukarmu 30 o0bekTa
BBEJIEM BEKTOp alPHOPHBIX JAHHBIX CIICAYIOIIEr0 BUAA:

P() = [p(IR,  p2(0P, ps(X)Ps]r' @

B paccmarpuBaeMoMm  ciiydae  CpEIHHMHA  pUCK
knaccupukarmmu DO 00bEKTa TpPEACTaBIsET COOOU

(QyHkuMoHan rpaHun Ay, Mexmy obnactamm X, H

Xm 411 Bcex k,m=1,2,3 U cocTaBHOrO BeKkTropa C.
Hdnsi  (QUKCHPOBAaHHOTO  COCTaBHOTO  BeKTOpa  C
knaccupukamms D0 o0bekTa OyIeT OompenensTsesi IO
rpanute Ay .

C Lenbro BO3MOXKHOCTH OTBICKAHUS ONITHMAaJIbHBIX, B
CMBICIIC MUHIMYMa CPEIHEro prcka Kiaccudpukamm D0
00BEKTa, TPaHHUI] U COCTABHOTO BEKTOPA, BOCIOIB3yeMCs
BEKTOPOM  XapaKTEPUCTUYECKUX (YHKIMH permeHni
BUJIA:

0(x,0)=[01(x,0) ©3(xc) Oz(x0)] . ®)

Scientific and technical journal « TECHNOGENIC AND ECOLOGICAL SAFETY», No 3(1/2018) 71



HayxoBo-texniunuii ;xypaan « TEXHOT'EHHO-EKOJIOTTYHA BE3ITEKA», Ne 3(1/2018) ISSN 2522-1892

B Bexrope (3) xapakTepucTnieckue (hyHKINH

1 ecn X e X,

®m(x,c):{ ,m=1,2,3. (4)

0,ectm X & Xy,

C yuerom (1)—(3) BenmuMHY CpeIHErO pHUCKa
paccMmarpuBaeMorr  kinaccubukarmu OO  oObekTa
MOXKHO MPE/ICTABUTH B BEKTOPHO-MAaTpUIHON opme

R(c) = j O (x,¢)FT (x,c)P(x)dx. ()
X

Torma yciaoBue MHUHHUMYyMa cpeaHero pucka (5)
Oyner omnpenensTbcs NpUpaBHUBaHHEM IpajaueHTa (5)
no Bekropy C mymo, T. €.

V. R(c) = j vV.0(x,c)" FT (x,c)P(x)dx
X . (6)
+ j@T (x,€) (V¢ F(xc)T P(x)dx =0

X

B Belpaxenun (6) wmarpunma V. F(x,c)

XapaKkTepu3yeT UYyBCTBUTEIHLHOCTh (DYHKIMH TOTEPb
(1) mo Bexropy C, a BekTop V. O(X,C) — BEKTOp
YYBCTBUTEIBHOCTH XapaKTEPUCTHUECKUX (QYHKIMU IO
BEKTOpY C.

[Nonaras, yro xapakrepuctuueckue QyHkimu (4),

Onpeensomue rpanuibl Ayy MeXIy odnactamu X

U Xy, TpU KaXAoM (HKCHPOBAHHOM BEKTOpe C,

JOCTAaBIAIOT MHHUMYM cpeaHeMy pucky (5), ux
YyBCTBUTEIBHOCTh JOJDKHAa OBITH paBHA HYIIO, H
MIEPBEIM MHTErpal B ypaBHEHUH (6) TOIDKEH PaBHATHCS
HYIIIO, T. €.

j(vc(a(x,c))T FT(x,c)P(X)dx =0.
X

Crnenys ypaBHeHHIO (6), 3TO 03HAYaeT, YTO BTOPO
UHTETrpajl JOJDKEH OBITh paBeH HYJIIO, T. €.

j@T (x,€)(VcF (x,¢))T P(x)dx =0. )
X

Ilockombky V,.O(x,c) mnpencraBiusier co0oi

BEKTOpP MHOTOMEpPHBIX O — (yHKIHMH, KOTOpBIE 3a
UCKIIFOYEHHEM TOYEK, NPHHAUISKAIIMX TIPaHHALAM

Aym Mexay obmactamum X, ®m X amS BCex
k,m=1,2,3, paBHBI HYIIO, TO IJIS 33IaHHOM TPaHUIIBI

Agy Mexmy obmactamMu Xg 1 Xy,

V.R(C) = I Agn (%,)T P(x)dx = J' fgn(x,C)dx=0. (8)
Agn Agn

B BBIPXKEHUU ®) BEKTOP
Agm (X,€) = F5(X,€) — Fy (X,C) mpecTaBiaser  coOoi
pa3HOCTH  BEKTOPOB TMOTEpPh KJIACCU(UKAIWU IS
obmacreii Xg M X, KOTOpBIE B PacCMaTPHBAEMOM

cirydae ompenenstorcsi coorBercrByrommmMu (9) u (10)
BEKTOpaMH

F(x,0) =[Rs(x0) Fs(xc) Fesx )], (9)
Fn (%) =[Fn (%) Fom(x6) Fan(x.0)] - (10)

B BBIPaKCHUHU 8)

T
fsm(X,€) =Agm(X,€)" P(X)
pasmensionyo  (yHKIHMIO, 3HaK KOTOPOH IO3BOJISET

BBITIOJIHATh KJIACCU(UKALIMIO COCTOSIHUM 00BekTa. [Ipu
9TOM ypaBHEHHE

QyHKIHS

Npe/CTaBiIsieT  coOOM

fsm(%,C) = Agm(x,€)T P(x) =0, (11)

OnpefieNniseT TOBEPXHOCTh, PAa3/IENAIoONLyl0 o0nactu Xg

u Xpy.

XapakTepHbIM oTinuneM ypaBHeHus (11) siBisercs
TO, 4YTO0 pazgensomas (QyHKOUS — onpenensercs
3a/1aBaeMbIM BHIOM (YHKIUH MOTEPh ¢ TOYHOCTHIO [0
COCTaBHOTO BEKTOpa IapaMeTpoB, HaOJIIOJaeMBIMH
JIAHHBIMH U anpuopHoil uHpopmarueii 00 D0 oObekTa.
C y4eToM 3TOro ONTHMAaJbHOE B CMBICIE MHHUMYMa
CpEIHEro pHucKa &) peraroree MPaBUIO
kiaccupukaumn D0 o0bekTa B paccMaTpUBaEMOM
cilydae MOXKHO c(OpMYIIUPOBAThH B clienytomieil Gpopme:
HaOojaemMble JaHHblE (AaHHbIE MOHHTOpPHHIa) 00 D0

00beKTa B BUIE X € X, , T. €. NaHHBIE X OTHOCATCS K

wiaccy X, ecnm Ay, (x,c) P(x)<0, s Beex
m=1,2,3. Ilpu »ToM BekTOp C oOmpeAenseTcs W3
ycnoBus (7).

B dacTHOM ciydae, Korja 1o pe3yibTaTtaM JaHHBIX
MOHHTOPHMHTa  KJlaccUpUKAMM  MOJJIeKaT  JBa
BO3MOXHBIX cocTossHusT D0 o0bekTa (DO Ha OO0BEKTE

uMeeT MecTo — coctoshre X{ uim DO Ha o0ObeKTe

OTCYTCTBYET — COCTOSHME X5 ) ONTUMATBLHOE B CMbICITE
(5) pemaromee mpaBmwio kimaccupukanuu 90O oObekTa

NPMHUMAET BUI: X € X; , T. €. X OTHOCHTCS K Xlo , €CIIN

fl2(x,c) <0, 1 X X,, T. e. x oTHOCHTCA K X3 , ecnn
le(XvC) >0.

B sToM cnydae cocraBHOW BEKTOp C, BXOISIIMKA B
¢$yHKIIIO  f;5(x,c), OyAeT ompenensTbesi M3 YCIOBHS
(7) mna Bcex k,m=1,2. Pemaromee TNpaBWio IS
paccMmatpuBaeMoii 3amaun kinaccupukammu DO oO0beKTa
OTNIMYAeTCA OT TPAAWIMOHHBIX PEHIAOIINX IPaBHI
TEOPUH CTATUCTUYECKHX PEIICHUI HCIIONb30BAaHUEM HE
(uKcHpoBaHHBIX (QYHKIMI TOTEph, a (QYHKUUH IOTEpS,
3aJjaBaéMbIX C TOYHOCTBIO JO BOCCTaHABIMBAEMBIX
TapaMeTpoOB U 3aBUCSIINX OT HAOIOAAEMBbIX JaHHBIX.
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Jns  wumocTparmu  0000IIAomIero  Xapakrepa
OITUCHIBAEMOT0 HEKJIACCHYECKOT0 MO/IX0/[a PACCMOTPHM
KJIaCCHYECKHil  OailecOBCKMII ITOAXOX K  3ajade
Hawtydmed kimaccupukarmpm OO0  obwekra.  [Ipm
KJIACCHYECKOM TT0JX0/i¢ (DYHKIUH IOTEPb MOCTOSHHBL
DTO O3HaYaeT 4ro, B pacCMaTpUBAEMOM CiIydae, Clemys
Kiaccudeckomy noaxony, B (1) ¢yHkumu moreps s
BceX k,m = 1,2 OymyT OnpeAessIThCS B BUIIE:

Fo(x,c)=wp >0, Fq(x,c)=w<0, (12)
Fp1(X,0) =Wa1 >0, Fyy(X,C) =Wy <0.

C yderom atoro npeacrasnenus (12) cpenHuii puck
(5) Oyzmer omnpenensaThCs BETUUHHON

R=w; ;P [ py(x)dx+wy P+
Xy

(13)

+wiaPra+wyp Py | po(x)dx,
X
e o= J-pl(x)dx — YCIIOBHAsI BEPOSATHOCTH ONIHOKH
XZ

nepBoro poga, a f= jpz (X)dx — ycmoBHas BeposT-
Xl

HOCTh OMMOKH BTOpOro poza. sl MPHUHSTHIX BBIIIE

nocTosHHEIX (yHKIMI noreps B (1) V F(x,c)=0 u

paszensionias moBepxHocts (9) Oyner ompenessiThbes
(dbyHKIMEH ceayromero Bujia;

S12(x,¢)=(wip=wp2)Prpi(x)+ (14)
+(wa=wr )Prps(x)=0.

Ha ocnoBamnn (14) omrumanbHOE pemiaromiee
npaBwio kiaccupukaimu DO 00bEKTa CBOAUTCS K
TPAAUIMOHHOMY — BBIYHMCIICHHIO OTHOLIEHHS MPAaBIO-

nomobust  1(x) = py(X)/ pa(X) W cpaBHEHHIO ero ¢
MIOPOTOM, OMPEACNIAEMbIM BETUIUHON

L, = (Wy1 =Wy )P [(Win —wy )R]

OnruManbHOE NPaBHIIO O3HA4aeT, uTo eca |(X) > 1,

TO HaOJIOJaeMbIe JAHHBIC X OTHOCATCS K KIJIACCY Xlo

(mammune 30 Ha obvekre). Ecmm xe I(x)<l,, TO

HaOJIfolaeMble JTaHHbIE X OTHOCATCS K KJ1accy Xg

(otcyrcrBre D0 Ha 00BEKTE).

BoiBoab1. Takum obpazom, WCCIeN0BaH
HEKJIACCUUECKMH  TOIXOA K  pelleHHI0  3ajayd
Hawydined kraccuukanuu 30 00beKTOB TEXHHYESCKON
U TPHPOIHOIl cdepbl MO HAOMIOAaEMbIM TAHHBIM TPH
OTCYTCTBMM  BO3MOXKHOCTH  TOYHOTO  OIpEETICHUS
COOTBETCTBYIOIIMX (QYHKIMHA TOTEph (PUCKOB) ISt
pematonx mpaBwi. OCHOBHOE OTIMYHME HAWITYYIIEro
pemaroriero mnpapuia kinaccudukaimn 0 00BEKTOB
COCTOMT B TOM, 4YTO pasjensiomas (QyHKuus
OIPEeIeIIEeTCS MPOU3BOJILHBIM BHIOM (DYHKIIMH TIOTEPH C
TOYHOCTBIO JI0 COCTaBHOTO BEKTOpa MapameTpoB,
3aBUCIALINX OT Ha6H}0ﬂaeMbIX JaHHBIX, U YaCTUYHOMN
anpuopHoit nHpopmarmu 00 D0 oobekra. Chopmynupo-
BaHO OIITUMAJIBHOC B CMBICJIC MI/IHI/IMyMa
paccMaTpuBaeMOro HEKJIACCHYECKOrO CPEIHEro pHcKa
pemiaroniee npasmio kiaccudukauu D0 B ciiydae Tpex
BO3MOXHBIX cocTosiHuii DO o0beKTa.

B kauectBe wiuntocTpanuu 0osee oOLIero xapakrepa
UCCIIEYeMOro HEKIIACCUYECKOro IO/IX0/la PaccMOTpeH
KJIacCHYECKUI 0allecCOBCKUI MOAX0/ K OMHApHOI 3a1aue
Hawtyuiiedl kinaccudukaimn D0 00beKTa B YCIOBHSIX
nonHod wuHpopmanuu. I[loka3aHo, 4YTO IS JaHHOTO
YaCcTHOTO Cllydas TOJNy4eHHbIe B PabOTe pPe3yNbTaThl
COBIAJIAIOT C U3BECTHBIMH PE3YJIbTATAMH.
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Bb. b. ITocnesios, B. A. AHIpoHOB

JOCJIKEHHS HEKJIACUYHOI'O IMIIXO1Y 1O HAHKPAIILOi KTACU®IKAILIL EKOJIOI'TYHOI

HEBE3IEKHU OB'€EKTIB [1PU HEBIJOMUX ®YHKIIAX BTPAT

JocnipkeHo HEKIacHYHMW MiJXiJ A0 BUPILICHHS 3aBIaHHA HaWKpalow Kiacudikaiii ekonoriuHoi HeOe3neKu
00'€KTIB TEXHIYHOI Ta MPUPOJHOrO CHEpH MO CIIOCTEPEIKYBAHUM IAHUMH TPH HEMOMIIMBOCTI TOYHOI'O BH3HAYCHHS
GyHKIIA BTpaT Ais BHPIIIAIGHUX TpaBWi. MeETONOJOris BHpIIICHHsS 3aaadi 0a3yeThCsl HA YSIBICHHI HEBIJIOMHUX
GyHKIiH BTpar (G YHKIISIMU TOBIIEHOTO BHJLY, 3aJIEKHHMH BiJI CIIOCTEPEKYBAHHUX JIAHHX 1 JIESIKOTO CKJIaJIEHOrO BEKTOpa
napamerpiB. OTpuMaHoO Ham(paml BUpilIabHI IpaBmia kaacuikamii moao TPBOX XapaKTEPHHX CTaHIB €KOJOri4HOl
HeOe3MeKH Il 00'€KTiB TeXHIYHOI Ta NPHPOIHOro C(pepn OTpI/IMaHl Bnplmam,m TpaBHJIa 3aJIeXKATh BiJl CIIOCTEPEIKEHD
1 CKJIaICHOT 0 BEKTOpA IapaMeTpiB, [0 ONTHMI3yEThCS BiIMOBIHO 0 MIHIMyMY CepeqHbOro pu3HKy knacudikarii. Lle
JI03BOJIsIE BUKOPUCTOBYBATH TpaBWia JUIl HaWKpamol kiacudikaiii exkoioridHoi HeOe3neku o0'€KTiB MpH MiHIMyMi
amnpiopHUX BiIOMOCTEH Npo (PYHKIIIT BTPAT.

Karwuosi ciioBa: xinacudikailis eKonoriuHoi HeOe3MeKH, sIKi CIIOCTepIiraloThesl aHi, GpyHKIls BTpaT, BUpIIIAIbHE
TPaBHIIO.

B. Pospelov, V. Andronov

INVESTIGATION OF A NONCLASSICAL APPROACH TO THE BEST CLASSIFICATION OF

ECOLOGICAL HAZARD OF OBJECTS UNDER THE UNKNOWN FUNCTIONS OF LOSSES

Purpose. The no classical approach to the solution of the problem of the best classification of the ecological hazard
of objects of the technical and natural sphere from the observable data is investigated with the impossibility of an exact
definition of the loss functions for the decisive rules. Methodology. The methodology for solving the problem is based
on the representation of unknown loss functions by functions of an arbitrary form, depending on the observed data and
some composite parameter vector. Results. The best decisive rules for the classification of three characteristic states of
ecological danger for the objects of the technical and natural spheres have been obtained. The resulting decision rules
depend on observations and the composite vector of parameters, optimized in accordance with the minimum of the
average classification risk. Practical value. This allows us to use the rules for the best classification of the
environmental hazard of objects with a minimum of a priori information about the loss functions.

Keywords: ecological hazard classification, observed data, loss function, decision rule.
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O. Kondratenko, PhD, Associate Professor of the Department
National University of Civil Protection of Ukraine
Chernyshevska Str., 94, Kharkiv, Ukraine, 61023

SELECTION OF CRITERIAL APPARATUS FOR COMPLEX ASSESSMENT
OF ECOLOGICAL SAFETY LEVEL OF EXPLOITATION PROCESS OF POWER PLANTS

Present paper describes the results of selection of mathematical apparatus for the complex calculation criterial
assessment of ecological safety level of exploitation process of power plants which equipped with piston internal
combustion engine based on analysis of known ones. Proposed the classification of such mathematical apparatuses that
most suitable for objects of assessment on the basis of type of set of used initial data. Implemented the analysis of
advantages and lacks of such apparatuses and methodics of their application. Grounded of priority of application of
types of such apparatuses. Grounded of recommendation of application of complex fuel and ecological criteria of prof.
Parsadanov as the only one that operates with full set of legislative normalized factors of ecological safety, have the
physical sense and taking into account fuel consumption of engine. Determined the limits of application of concept
«accident-free exploitation process». Analyzed of influence of fuel consumption of engine on factors of ecological
safety of accident-free exploitation process of assessed objects. Determined that the recommended criterial apparatus is
deprived of opportunity to take into account of legislative established values of influencing factors, obtain of their

regime values and accounting of its wider spectrum.

Keywords: technogenic and ecological safety, complex criterial assessment, power plant, engine.

Problem statement. On combat duty of
subdivisions of State Emergency Service of Ukraine are
large number of power plants (PP) (units of fire,
emergency and rescue technique) which equipped with
piston internal combustion engine (PICE), namely
diesel, as the main source of mechanical energy. Every
unit of PICE is source of ecological danger, namely
mass emissions of pollutants with exhaust gas (EG)
flow, namely particulate matter (PM). The most
effective way for increasing of ecological safety (ES)
level of exploitation process of such objects through
bringing of indicators of their EG toxicity to legislative
normalized requirements is developing and realization
of appropriate ecological safety management systems
(ESMS). In this case, the material basis of complex
solving of this problem is development and
implementation of neutralization systems for legislative
normalized pollutants in EG flow and its aggregates,
namely particulate matter filters (PMF) [1, 2]. For
qualitative and quantitative assessment of efficiency of
application of already existing or new developed
neutralization systems and their aggregates requires to
applying of appropriate mathematical apparatus and
methodic of its using. In connection with this, it seems
relevant to substantiate of selecting of such apparatus
with appropriate methodic of its application.

Statement of the problem and its solution.
Purpose of the study is substantiation of selection of
criterial mathematical apparatus for assessment of
efficiency of application of events and technical
solutions for increasing of ES level of exploitation
process of PP with PICE.

Object of the study is ES level of accident-free
exploitation process of PP with PICE.

Subject of the study is mathematical apparatuses and
appropriate  methodic of its using for calculated
assessment of object of the study.

Tasks of the study are:

1. Analysis of already existing mathematical
apparatuses for criterial calculated assessment of object
of the study.

2. Classification of mathematical apparatuses with
taking into account of specific features of assessed
objects.

3. Substantiation of priority of application of such
mathematical apparatuses for case of PP with PICE.

4. Determination of influence of PICE fuel
consumption as influencing factor on factors which
characterized object of the study.

5. Substantiation of selection of the most appropriate
mathematical apparatuses for criterial calculated
assessment of object of the study from number of
known.

Analysis of science and technical literature on topic
of the study allows to determinate six already existing
different criterial mathematical apparatuses which
potentially can be applied for complex achieving of
purpose of the study.

Based on results of this analysis proposed the
classification of criterial mathematical apparatuses
which presented on the figure 1.

Let’s consider mathematical apparatus of criterias
showed on figure 1.

Parsadanov complex fuel and ecological criteria
K describes by formula (1) and its components — by

formulas (2) — (8) [3].

KFE :neme‘(l_ﬂ):neme'(]_ze /(Zf +Z€)); (1)

neme=3600/(Hu‘geme); (2

eme = .z](Gﬁ -WE; )/ ZI(Nei 'VVFi); 3)
i= i=

Zf :geme'Pf; )
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Criterial mathematical apparatus for complex calculated assessment of ES level
of accident-free exploitation process of PP with PICE

|
«Internal»
or
«Causal»
!

|
«Universal»
or
«Multipurpose»
!

«Recipient»

«Resulting»

|
«Externaly
or
«Transmitting»
!

Shmandiy
Parsadanov Harrington Index of pollution of iIrT éeg)](ralf
complex fuel and generalized atmosphere from el t(')
— | ecological criteria - desirability 1 methodic OND-86 - poEga?ﬂ:on
Kre function D IPA state
IIPHS
Kanilo integral Air Qu_allty Index of
. X United States
index of ecological EROEI Index Envi tal
— and chemical — EROE] — nvironmenta
i Protection Agency
evaluation F AQI
Multifactor Method of
— | method of nodal — metrological
points assessment

Figure 1 — Classification of criterial mathematical apparatus for complex calculated assessment
of ES level of accident-free exploitation process of PP with PICE

z.- %(Gﬁ WE,-U)/ é(zvei WE): ®)

N,; =My -n.g /9550 ; (5a)

Ueizé"o-'f'gpri; (6)
h

Epri = /Z:] (Ak 'kai /Gﬁ); Y

kz{Nox’PM’CnHm’CO}’ (8)

where index i marks individual representing i -th
operational regime of exploitation model of PICE;
N.me — Middle exploitation value of effective efficiency
coefficient of PICE; B - coefficient of relative

exploitation ecological monetary costs; Z,, Z, and

Z 1, —ecological damage compensation monetary costs,

motor fuel monetary costs and total fuel and ecological
monetary costs, $/(kW-h); g,.,. — middle exploitation
value of specific effective mass hourly fuel
consumption by diesel engine, kg/(kW-h); H, — motor
fuel lower heat of combustion; WF — weight factor of
operational mode in exploitation model (relative lobar
engine run time on i -th polygon of exploitation model);
N,; — effective power of PICE, kW; G, —mass hourly

fuel consumption of PICE, kg/h; P, — price of motor

fuel mass unit, $/kg; U, ecological damage

compensation monetary valuation, $/kg;
6 — dimensionless index of relative dangerous of

pollution for various territories; f — dimensionless
coefficient, which taking into account the character of
EG dispersion in atmosphere; o =P, - dimension
coefficient for converting scoring assessment of damage
in the monetary; g, — specific effective mass hourly

emission of k-th pollutant with PICE EG flow,
kg/(kW-h); G, — mass hourly pollutant emission with

PICE EG flow, kg/h; 4, — dimensionless index of
relative aggressiveness of & -th pollutant as a EG
component; 2=4 — number of legislative normalized
pollutants in EG flow; M, — torque of PICE, N m;
n., — crankshaft speed of PICE, rpm.

Kanilo integral index of ecological and chemical
evaluation F describes by formula (9) [4].

F :106{MCO v Mo,

; MNOx +b- M 5o01 +
: [CO] [CH]

[NO.] " [Soot]

M
+de. 5%
[80,]

M
NP L mdtest,  (9)
[Mb(a)p]
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where M ; — total mass emission of pollutant in PICE
EG flow during test period on European driving cycle,
gitest; [j] — maximum permissible daily average
concentration of j-th pollutant in air of populated
areas, mg/m®, a, b, ¢, d— coefficients which
accepted based on experimental estimates.

Index of pollution of atmosphere from methodic
OND-86 IPA (or dimensionless concentration g¢)

describes by formula (10) and its components — by
formulas (11) [5].

n Ci .

= X 10
q E;MPCi (10)
c:A-M-F~m~n~77 (11)

w23, ar

where index i represent i -th pollutants that polluting
of atmospheric air; ¢ —mass concentration of pollutant,
mg/m®, MPC — maximum permissible concentration
(MPC) of pollutant, mg/m* 4 — dimensionless
coefficient that depends from temperature stratification
of atmosphere; M — mass secondly emission of
pollutant, g/s; F — dimensionless coefficient that taking
into account sedimentation rate of pollutants in
atmospheric air; m and » — dimensionless coefficients
that taking into account conditions of output of gas and
air mixture from mouth of source of emission;
n — dimensionless coefficient that taking into account

influence of relief of terrain; A — height of source of
emission under the Earth level, m; A7 — difference
between temperature of ejected gas and air mixture and
temperature of environment atmospheric air, °C;
V; — volume secondly flow rate of gas and air mixture,
m?/s.

Air Quality Index of United States Environmental
Protection Agency AQI describes by formula (12) [6].

_ AQ]high _AQIIOW (

C—Clp )+ A0L,,,, (12)
Chigh - Clow o o

AQI

where C — multiplicity of excess of normative value of
MPC of pollutant; Cj;e, — limit of multiplicity of
excess of normative value of MPC which is greater than
or equal to value C; Cj,, — limit of multiplicity of
excess of normative value of MPC which is less than
value C; AQI,, -~ value of index which

corresponding to value C,;ep,; AQI,,, — value of index

which corresponding to value Cy,,, .

EROEI Index (Energy Returned on Energy Invested)
EROEI describes by formula (13) and its components —
by formulas (14) [7].

ERoEI = EConsumable — NEG +1: (13)

Expended E Expended

NEG = Econsumable ~ EExpended ) (14)

where Ec,,aumable — €Nergy (work) produced by source
(resource) which suitable for consumption (useful,
exergy); Egypendea — €N€rgy (work) expended for

obtaining of source; NEG — Net Energy Gain, J .

Harrington generalized desirability function D
describes by formula (15) and its components — by
formulas (16) — (18) [8].

di = @XP[—exp(aki +by ’rki)]; 17)
ke =& NOwri » & PMri » & Cutimri» &COri +8ei ) (18)

where k represent k -th influencing factors; d — partial
desirability function; » — value of influencing factor;
a and b — constant coefficients which correlating the
value of influencing factor with the reference points of
desirability scale; v — degree index, accounting of
ponderability of influencing factor.

Shmandiy integral index of population health state
IIPHS describes by formula (19) and its components —
by formulas (20) — (21) [9].

TIPHS = ABA—IBA, (19)

where ABA - actual biological age, years; IBA —
independent biological age, years.

5 3
ABA=;/+‘Z](ai~H,~)— _z](p’j-Jj); (20)

i= j=
ABA=0,58CE +17,24, (21)

where «, B, y — empirical coefficients; II; -
subjective health indicator by questionnaire; 17, —
systolic blood pressure; I1; — diastolic blood pressure;
I1, — pulse blood pressure; I1;— duration of breath
retention after deep inspiration; 7; — vital volume of the
lungs; I, — duration of breath retention after deep
exhalation; 73 — static balancing; CE — calendar age,

years.
Method of metrological assessment describes by
formulas (22) — (24) [10].

V=(-0V,e—0y)=>G=4;
V=[Vye=0py Vel =CG=3;
V=[VyesVimetoy] =>G=2;
V=(Vypetoy+o)=>G=1,

(22)
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where ¥ — reduced emission of pollutant, tons/km?;

Ve — mathematical expected value of emission of

pollutant, tons/km? o, — standard deviation of
emission of pollutant, tons’km?% G — number of group
of locality by ecological safety level (1 — high;
2 —medium; 3 — low; 4 — minimal).

M=

V —

1
me_ﬁ' Vl ; (23)

i=1

LSy )
ay—JN_] Z0iTne) @49

where N —amount of measures of reduced emission of
pollutant; i —number of measure.

Multifactor method of nodal points [11] allows
complex assessing of impact of relative values of
influencing ES factors on values of some criteria of ES
level using internal universal scale with one reference
(nodal) point. Multidimensional surface which reflects
that influence can be described by formula

g= ln_[%'(xi)i (25)

i=1

and for obtaining of absolute values of the criteria can
be used formula

G=G0'g, (26)

where g — relative value of ES level criteria;
¢ — function that takes into account of influence of
value of i-th ES factor on value of ES level criteria;
x —value of i -th ES factor; G — absolute value of ES
level criteria; G, — value of i-th ES factor in nodal
point.

As it can be seen from data presented on figure 1 the
main classification attribute in proposed classification is
type of set of initial data using for calculated
assessment. According to proposed principle:

—to the number of «internal» of «causal» criterial
apparatuses we propose to include that which operates
with regime and/or middle exploitation values of data
about containing pollutants in PICE EG flow obtained
by calculation or experimental way, for example like in
studies [12, 13];

—to the number of «external» of «transmitting»
criterial apparatuses we propose to include that which
operates with data about containing pollutants in
atmospheric air of urbanic system obtained by
calculation or experimental way;

—to the number of «universal» or «multipurposex»
criterial apparatuses we propose to include that
mathematical apparatuses of which equally successful
operates with both types of initial data set;

—to the number of «recipienty or «resulting»
criterial apparatuses we propose to include that operates
with data about values of response of objects of

influence of ES factors.

To the number of advantages of «internal» criterias
it can be attributed the possibility of assessment of ES
level of exploitation process of individual unit of
technique. It especially relevant for technique of special
purpose, fleet of which are a small part of vehicle fleet
of settlement or its district, where fire station is based,
and to compare obtained results with standards of
toxicity of PICE EG flow. To the number of lacks of
«internal» criterias it can be attributed the difficulty of
obtaining of initial data set by experimental way,
namely necessary of availability of engine test bench
with loading machine and specific measuring
equipment.

To the number of advantages of «external» criterias,
as opposed to «internal», it can be attributed the
possibility of assessment of ES level of urbanic system
as a whole and to compare obtained results with values
of maximum permissible concentration of pollutant in
atmospheric air. It criterias also use as initial data set the
information from net of meteorology stations and points
of observing, from remote satellite scanning of Earth
surface and so on. To the number of lacks of «external»
criterias it can be attributed the principal impossibility
of assessment of individual contribution of individual
unit of special technique in pollution of environment.

The common advantage of «internal» and «externaly
criterias is structure of highly specialized well-
established they mathematical apparatuses and also
well-developed methodics of the application. But this
feature also makes them unusable for assessment of ES
level of any other objects.

«Universal» criterias, as opposed to other two, just
differ in flexibility of they mathematical apparatuses
and variability of methodic of the application. Wherein
for accounting of ES factors which radically differ from
mass hourly emission of pollutants in PICE EG flow
(namely noise, vibration, informational and energetic
pollution, liquid pollutants and solid wastes [1]) it is
impossible to do without using of «universaly criterial
apparatuses. But in this case it necessary to tune settings
of the mathematical apparatus and to adjust methodic of
its application.

«Recipient» or «resulting» criterial apparatuses
characterized by that advantages what describes
indirectly the final result of impact of manifestation of
ES factors on the recipient, that is on parts of
environment on protection of which are aimed the
events which developed in corresponding ESMS. Thus,
the analysis of such information can give the most
objective picture of the ES level of urban system and its
components. But that approach characterized by
substantial disadvantages, the main of which are
difficulty and high cost of obtaining of initial data set
and also essential differences between types of initial
data set for different kinds of recipients as well as for
different units of the same kinds recipients

Based on worded above we should note that there is
the priority of application of criterial apparatuses in
descending order for the case of PP of special purpose
(fire, emergency and rescue technique) which equipped
with PICE as it shown in figure 2.
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High level Acceptable level Middle level Low level
of priority of priority of priority of priority
— — —
«Internal» «Universal» «External» «Recipient»
or or or or
«Causal» «Multipurpose» «Transmitting» «Resulting»
criterias criterias criterias criterias

Figure 2 — Priority of application of criterial apparatuses in descending order for the case PP of special purpose,
namely fire, emergency and rescue technique which equipped with PICE

Wherein before tuning of settings of mathematical
apparatuses of «universal» criterias (as more perspective
and flexible) it should be estimated individual aspects of
mathematical apparatus of «internal» criterias (as more
priority) and to adjust methodic of its application for
cases of new and already existing models of PICE of
special technique and aggregates of systems for pollutant
neutralization in EG flow, as it shown in studies [14, 15].

In connection with worded above it should be
selected priority of application between two «internaly
criterial apparatuses, presented in figure 1, namely
Parsadanov complex fuel and ecological criteria K g

and Kanilo integral index of ecological and chemical
evaluation F'.

Analysis of their mathematical apparatuses makes it
possible to recommend the use of criteria K as one

that, as opposed to criteria F', operates only with set of
initial data, requirements to which are legislative
normalized in Ukraine (UNECE Regulations # 49 and
# 96 [16, 17]) and their list is a complete set.

In addition, of the two compared criterial
apparatuses only Parsadanov criteria Kpp has the

physical meaning, namely middle exploitation value of
PICE effective efficiency coefficient with taking into
account monetary costs for compensation of ecological
damage from pollution of environment by legislative
normalized pollutants in EG flow. In case of PICE with
ideal ecological indicators, that is with zero emissions
of pollutants, value of the criteria equal to middle
exploitation value of PICE effective efficiency
coefficient 7,,.. In connection with this it can be

argued, that its mathematical apparatuses contains
internal scale and comparison of obtained results of
calculation assessment with the scale is performed
automatically, which favorably distinguishes the criteria
from number of other «internal». In addition, this scale
only one reference point, namely value of coefficient

Neme » Which not associated with legislative normalized

parameters and also value of that reference point is
different for various types and models of PICE. From
number of «universal» criterial apparatuses such
attribute has the Harrington desirability function D, but
its internal scale is much more flexible and can contain
any two reference point for any influencing factor.
Important is the fact that only mathematical
apparatus of criteria K ¢ taking into account PICE fuel

consumption, namely in form of middle exploitation
value of specific effective mass hourly fuel
consumption g,,,., as well as directly in form of

regime values of mass hourly fuel consumption G, as

the measure of regime values of mass hourly emission
of legislative normalized pollutants.

But it was detected that recommended above
criterial apparatus is deprived of following
opportunities:

—taking into account of legislative established
standards or other special values of influencing factors;

— obtaining of regime values (gives only middle
exploitation values);

— taking into account of wide specter of such factors.

But PICE fuel consumption in form of middle
exploitation values of mass hourly fuel consumption
G e (in kg/h) (has extensive influence) as well as in

form of middle exploitation value of specific effective
mass hourly fuel consumption g,,,. (in kg/(kW-h)) (has

intensive influence) is ambiguously characterized all
aspects of ES of accident-free exploitation process of
power plants with PICE. Other things being equal when
worded above it is shown in the following.

Lets add and clarify the classification of Types of
environmental pollution from PICE as part of PP,
presented in article [1] (figure 3), extended to the case
of accident-free exploitation process.

| Types of environmental pollution from PICE as part of PP |
| | |
| Pollutants I | Harmful influence factors | | Wastes |

l !

l

— | Gaseous substances-pollutants |

— | Energy contamination |

— || Solid substances-pollutants |

— | Liquid substances-pollutants |

— || Information contamination |

Figure 3 — Classification of Types of environmental pollution from PICE as part of PP [1]
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1. Motor fuel of oil origin is non renewable source
of energy so the lower the value of G, and the value

of g.ue than higher the level of ES of the process in

global scale [1, 3].

2. The source of some types of legislative
normalized pollutants in EG flow, namely products of
uncompleted combustion, namely unburned gaseous
hydrocarbons of motor fuel and oil C,H,,, carbon

monoxide CO, particulate matter PM, are exothermal
oxidation-reduction reactions of fuel combustion. That’s
why the more fully they occurs (what means that lower
value of G, and the value of g,,,), than higher the

level of ES of the process [1, 3, 16, 17].

3. Motor fuel contains atomic and bound sulfur,
amount of which is limited by relevance normative
documents [18]. That means what mass hourly emission
of sulfur oxides SO, in EG flow also is legislative
normalized pollutant albeit indirectly. That’s why the
lower the value of G, than lower emission of this

pollutant and higher the level of ES of the process [1].
Value of g,,. has influence on ratio between SO, and
other sulfur compounds in EG flow shifting the balance
aside SO, .

4. PICE of traditional construction with crankshaft
mechanism are powerful sources of noise and vibrations
(factors of external imbalance) [1], the intensity of
which is higher the greater indicator power produced the
PICE during its operation. Both of the ES factors
inherently are dissipative processes. That’s why the
lower the value of G, and the value of g, than

higher the level of ES of the process.

5. Any PICE is heat machine and all energy that
released during combustion process in operation process
in one way or another eventually converts into heat
energy and transmitted to environment and is a part of
its heat pollution [1]. Potentially contained in consumed
motor fuel chemical energy can be divided into shortfall
(from imperfections of operational process), mechanical
loses (from imperfections of PICE construction and
necessity of insuring of performance of operational
process) and useful (transmitted to the consumer). The
consumer spends effective power obtained from PICE
for overcoming of dissipative forces (mainly frictional
forces) as well during execution of functions assigned to
it (mechanical work) as for overcoming of
imperfections of they construction. Ratio between the
first two and the third components of energetic balance
characterized by value of g,,., ratio between the first
one and the second one — indicators of toxicity of EG,
and also value of G, characterize of absolute value

of heat pollution of environment. However, effective
power firstly spent for performance of useful work and
only after that inevitable converts into heat. That’s why

the lower the value of G, and the value of g, than
higher the level of ES of the process.

6. Motor fuel that exposed to catalytic reforming
contains non directly normalized potentially harmful

components, namely polycyclic aromatic hydrocarbons
(for example, benz(a)piren) and additives with heavy
metal compounds (for example, tetraethyl lead, which
completely banned by modern normative documents)
[4]. Also with mass hourly fuel consumption relates the
PICE motor oil consumption for waste with heavy metal
compounds. It happens because motor oil falls into
combustion chamber of PICE and for some types of
PICE it is component of motor fuel, like in PICE with
crank-chamber blowdown. That’s why the lower the

value of G, . and the value of g, than lower value

of mass hourly emission of unburned hydrocarbons in
EG flow and accordantly higher the level of ES of the
process [1]. The correlation between the value of g,,,,.

and the emission of heavy metal compounds and other
nonnormable directly harmful components of EG was
not detected.

7. Motor fuel and oil contains nitrogen-containing
additions which during combustion process with air
nitrogen generates nitrogen oxides NO,, that also are

legislative normalized pollutants [1, 3, 16, 17]. The
better organized the PICE operation process than higher
the temperature in combustion chamber and accordingly
higher mass hourly emission of NO, in EG flow (it

value not equal zero even when worsening the PICE
operation process). That’s why the lower the value of
G fine and the higher the value of g, than higher the

level of ES of the process.
8. To the number of products of complete combustion
of motor fuel include water H,O and carbon dioxide

CO,. The second one is product of exothermic

oxidation-reduction reactions and presents the greenhouse
gas and contributes to global warming on Earth.
Emissions of CO, by the certain country should not

exceed quotas which established by Kyoto Protocol [1,
19]. That’s means that CO, is legislative normalized

pollutant although indirectly. That’s why the better and
more efficient the fuel burns in combustion chamber, that

is the lower the value of G, and the higher the value

of g..e than higher the level of ES of the process.

9. Well-known is that fact that any vehicle with
PICE consuming liquid motor fuel pollutes of
environment by vapor of that fuel because effects of
large and small reservoir breathing. In that way is
manifested such type of ES factors as pollution of
environment by liquid matters-pollutants [1] during
accident-free exploitation process of unit of special
purpose technique. The larger value of PICE fuel
consumption and the less efficient of its burning than
with more larger fuel tank it equips and more often
happens full exhaustion of fuel from the tank and
accordantly full fuelling of tank what increase the effect
of large breathing of reservoir. In the same conditions at
large amplitude of changes of daily environmental air
temperature also can observes intensification of effect
of small breathing of reservoir. That’s why the lower the

value of G, and the lower the value of g, than
higher the level of ES of the process.
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10. During its operation PICE produced so called
carter gases that consists of vapors of motor fuel and oil,
fine drops of liquid unburned fuel, air of fresh charge,
exhaust gases, which falls in motor oil through gaps
between pistons and cylinder liners, drops of liquid motor
oil as product of lubrication by spreading process [1].
Carter gases produce an overpressure in internal cavities
of PICE carter and pallet and so periodically discharged
into environment. From dispersed phase of aerosol of
carter gases, namely drops of motor oil fog, they
purification caring out by PICE system. Dispersion
medium of aerosol of carter gases, namely the mixture of
counted above gases, in PICE with no system of
neutralization of pollutants in EG flow also not purify
from its harmful components. That’s why the lower the
value of G, and the lower the value of g, (in units

of PICE which not yet reached the limit condition due to
physical wear) than higher the level of ES of the process.

11. Operation of PICE of modern construction
controls electronic automatic control systems that
consists of source of electric energy (generator and
accumulator), sensors, electronic control unit, actuators
and wires. Some types of PICE have an ignition system
which consists of circuits of high and low voltage. Both
of these systems are sources of electromagnetic
pollution of environment. That’s why the higher the
value of Gy, than more intensive operates that

systems and the lower the value of g,,. than with
more efficiency they and PICE as a whole operates.
That’s why the lower the value of G j,, and the lower

the value of g,,. than higher the level of ES of the
process.

12. The above systems are powerful sources of
informational pollution of environment especially when
uses an wireless interfaces for transmitting of data.
That’s why the lower the value of G, than more

intensive operates that systems and the lower the value
of g.me than with more efficiency they and PICE as a

whole operates. That’s why the lower the value of G4,

and the value of g,,,. than higher the level of ES of the
process.

13. The more intensive operates the PICE and more
it consumes the motor fuel per unit of time G, than

faster it will run out its physical resource. The more
effective it uses consumed fuel g,,,. than less often it
needs for technical maintenance and repair with taking
into account that event of failure is random. In case of
reaching of limit condition it needs for capital repair or
utilization that accompanied by pollution of
environment with solid substances-pollutants (wastes),
that is parts. That’s why the lower the value of G,

and the value of g,,,. than higher the level of ES of the
process.

14. Worded above equally applies to pollution of
environment by PICE with liquid substances-pollutants,
namely waste technical liquids. That’s why the lower

the value of G, and the value of g, than higher

the level of ES of the process.

Presented above considerations about character of
correlation between ES factors and influencing on they
factors are summarized in table 1.

It should be noted that from number of presented in
figure 1 criterial apparatuses only mathematical
apparatus of Parsadanov complex fuel and ecological
criteria takes into account PICE fuel consumption both
in the form of mass hourly G,. and in the form of

specific effective mass hourly fuel g,,,..

The current version of Road Safety Rules (RSR) of
Ukraine [20] in the section 31 «Technical condition of
vehicles and they equipment» in paragraph 31.1 defines
the following: «The technical condition of vehicles and
they equipment should comply with requirements of
standards relating to safety of road traffic and protection
of environment and also rules of technical exploitation,
instructions of manufacturing companies and other
normative technical documents». Paragraph 31.4
contain following: «It is prohibited of exploitation of
vehicles in accordance with legislation with presents of
following technical faults and non-compliance with
following requirements» and gives the list of such
malfunctions in according subparagraphs. Thus, in
subparagraph 31.4.6 «Engine» it is indicated that
«a) containing of harmful substances in exhaust gases or
its smokiness exceeds the standard established norms;
b) leaky fuel system; c) defective exhaust systemy.
Paragraph 31.5 contain following: «In case of
occurrence during road driving of malfunctions which
are listed in paragraph 31.4 of the Rules the driver must
take measures to eliminate them and if this can not be
done, then drives as short way as it possible to place of
parking or repair. ... In case of occurrence during road
driving of malfunctions which are listed in paragraph
31.4.7 of the Rules ... following driving is prohibited
until removing of them ...».

That is in RSR concept of «exploitation process of
vehicle» has nothing to do with fact of possibility of its
independent movement but only in sum with fact of
being it in technical condition. Vehicles which due its
technical conditions violates the requirements of
paragraph 31.4 of RSR and all the more so emergency
out of order independently from presents of fact of
technical or actually ability of movement does not think
so that are in exploitation process.

Also it can be conclude that vehicles which are in
condition of technical maintenance or repair also does
not think so that are in exploitation process.

Therefore in table 1 presents results of analysis of
influence of PICE fuel consumption on values of ES
factors only in that part which characterized of non-
accident exploitation process.

One of the directions of following studies is
qualitative and quantitative gradation of ES factors in its
full set, presented in table 1.
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Table 1 — Influence of PICE fuel consumption on different components of ES level
of accident-free exploitation process of PP (vehicles and technique) of special purpose

Influencing factor
No Ecological safety factor Gime Jeme Teme
kg/h | kg/(kW-h) -
Character of correlation*
1 | Consumption of non renewable source of energy + + —
Emission of legislative normalized gaseous substances-pollutants, namely
2 | products of uncompleted combustion of motor fuel, in aerosol of EG flow + + _
(C,H,,, CO,PM)
Emission of indirectly legislative normalized pollutants, namely sulfur oxides
3 | in aerosol of EG flow (80,) * B *
4 | Pollution of environment by noise and vibrations + + —
5 | Pollution of environment by heat + + -
Emission of PAH and heavy metal compounds in aerosol of EG flow
6 i + + -
(benz(a)piren, TEL)
Emission of legislative normalized gaseous substances-pollutants, namely
7 products of completed combustion of motor fuel, in aerosol of EG flow ( NO,.) * a *
Emission of indirectly legislative normalized pollutants, namely greenhouse
8 gases, in aerosol of EG flow ( CO,) * B *
9 Emission of vapors of motor fuel and oil due to effects of large and small + + 3
breathing of fuel reservoirs
10 | Emission of aerosol of carter gases + + -
11 | Pollution of environment by electromagnetic fields + + —
12 | Pollution of environment by information + + —
13 | Pollution of environment by solid substances-pollutants (wastes) + + -
14 | Pollution of environment by liquid substances-pollutants + + -

*Notation: mark «+» means that increasing of value of influencing factor causing the increasing of value of ES factor;
mark «—» — Vvice versa, causing the decreasing of value of ES factor.

Conclusions. Thus, in present study describes the
results of selection of mathematical apparatuses for
complex calculated criterial assessment of ES level of
exploitation process of PP of special purpose, namely
units of fire, emergency and rescue technique with PICE
based on analysis of well-known.

Proposed the classification of such mathematical
apparatuses which most appropriate for object of
assessment by the type of set of initial data into
«internaly, «externaly», «recipient» and «universaly.

Was made the analysis of advantages and
disadvantages of such apparatuses and their application
methodics. It was detected that no one of studied
criterial apparatuses is not taking into account of full set
of ES factors of exploitation process of assessed objects.

Grounded of priority of application of different types
of such apparatuses. As the priority recognized
«internaly criterial apparatuses.

Grounded of recommendation of application of the
most preferable criterial apparatus from the number of
priority — Parsadanov complex fuel and ecological
criteria as the one that operates with whole set of
legislative normalized ES factors, has physical meaning,
takes into account the PICE fuel consumption, has
internal scale.

Detected the limitations for application of concept
«accident-free exploitation process».

Analyzed the influence of PICE fuel consumption on
ES factors of accident-free exploitation process of
assessed objects.

Detected that recommended criterial apparatus
deprived of the opportunity to consider of established
norms for accounted factors, obtaining of they regime
values and also accounting of more wide specter of ES
factors.
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O. M. KonapaTteHko

BUBIP KPUTEPIAJIBHOI'O AIIAPATY JJIsd KOMINUIEKCHOI'O OLIIHIOBAHHS PIBHS
EKOJIOI'TYHOI BE3INEKH MPOIIECY EKCILTYATAIII EHEPTETUYHNUX YCTAHOBOK

VY crarri onmcaHi pe3ynbTaTH BHOOPY MaTeMaTHYHOTO amapaTry /I KOMIUIEKCHOTO —pO3pPaxyHKOBOTO
KPHUTEpiaJIbHOTO OI[IHIOBAaHHS pIBHS €KOJIOTIYHOI Oe3leKkn Tpolecy eKCIUTyaTalii eHEepreTHYHUX YCTaHOBOK,
OCHAIIIEHUX MOPUIHEBUM JIBUTYHOM BHYTPIIIHBOTO 3TOPSIHHSA, HAa OCHOBI aHalli3y BiJOMHX. 3alpOIIOHOBAaHO
Kkimacu(ikaIio TaKMX MaTEMAaTUYHUX anapariB, HAHOUTBII MPUAATHUX JUIA 00'€KTa OIIHIOBAHHS, 3a BHIOM HabOpy
BUKOPHCTOBYBAaHHMX BHXiJHHMX JaHuX. [IpoBeseHo aHami3 mepeBar i HEHONIKIB TakMX amapaTiB Ta METOAMK IX
3actocyBaHHs. OOIpyHTOBaHO NPIOPUTETHICTh BUKOPHUCTAHHS THINB Takux amapariB. OOIpyHTOBaHa peKOMeEHalis
I0JI0 BUKOPUCTAHHS KOMIUIEKCHOTO TaJMBHO-EKOJIOTriYHOro Kputepiro npo¢. [lapcamaHoBa sk €MHOTO, SIKHH Oepye
MIOBHMM Ha0OpOM 3aKOHOJIaBYO HOPMOBAaHUX (DaKTOPiB €KOJOT1YHOI Oe3neku, Mae Qi3MYHUI 3MICT 1 BpaxOBYye BUTPATH
MaJiuBa JBUI'YHOM. BH3HadeHO oOMeXeHHs Ha 3aCTOCYBaHHs MOHSTTS «Oe3aBapiiiHa ekcrutyartauis». [IpoaHanizoBaHo
BIUIMB BUTPATH NajMBa JBUTYHOM Ha (DaKTOPH E€KOJIOTiYHOI Oe3nexu mpolecy Oe3aBapiifHOT eKcIuTyaTallii OliHIOBaHUX
00'ekTiB. BusBiIE€HO, MO pEKOMEHJOBAaHMH KpUTEpiaJbHHH amaparT mo30aBiIeHHH MOXIJIMBOCTI BPaxOBYBaTH
BCTaHOBJIEHI HOpMaTHBHU (PAaKTOPIB, 10 BPaXOBYIOTHCS, OTPUMAHHS X IOPEKIMHUX 3HA4YEHb, a TAKOXK BPaxyBaHHS X
OLIBII IIMPOKOTO CIIEKTPA.

KaouoBi ciioBa: TeXHOreHHO-eKoNOriuHa Oe3leKka, KOMIUIEKCHE KpHUTepiajbHE OIIHIOBAHHS, E€HEpreTnvHa
YCTaHOBKa, JIBUT'YH.

A. H. Konapatenko

BbIGOP KPUTEPUAJIBHOI'O AIIITAPATA JIA KOMIIVIEKCHOI'O OIEHHUBAHHUA YPOBHSA
3KOJOIMYECKOM BE3OIMACHOCTH MPOIECCA DJSKCIUIYATAIIMA SHEPIETHYECKHUX
YCTAHOBOK

B crathe onmcaHbl pe3ynbTaThl BbHIOOpAa MaTEMAaTHYECKOro ammapara il KOMIUIEKCHOTO —pacyeTHOI'o
KPUTEPHAIBHOI'O OLICHUBAHUSI YPOBHS DKOJOTMYECKOW Oe30MacHOCTH MpOoIecca JKCIUTyaTallMd JHEPreTHYECKUX
YCTaHOBOK, OCHAII€HHBIX IIOPIOIHEBBIM [ABUIaTCJIEM BHYTPEHHETO CTrOpaHHs, Ha OCHOBC aHajJn3a W3BECTHBIX.
[Mpennoxena kmaccupuKaus TAKUX MaTeMaTHUYSCKHUX almapaToB, HAUOoJee MOIXOMAIIMX IS O0bEKTa OICHUBAHUS,
10 BUAY HaOOpa MCHOJIB3yeMbIX HCXOAHBIX JaHHBIX. [IpoBeneH aHaIM3 NPEeUMYIIECTB U HEAOCTATKOB TAKUX aINapaToB
U METOIMK HX mpuMmeHeHus. OOOCHOBaHAa NMPUOPUTETHOCTh HCIIONB30BAHMS THUIOB TakuX ammapatoB. OOocHOBaHa
PEKOMEHJAIMS 110 HCIONB30BAHUIO KOMIUIEKCHOI'O TOIUIMBHO-3KOJIOrH4eckoro kpurepust npod. IlapcamanoBa kax
eIMHCTBEHHOT'0, KOTOPBI ONEpHUpyeT MOJIHBIM HAOOpOM 3aKOHOIATENLHO HOPMHUPOBAHHBIX (HPaKTOPOB IKOIOIHYECKOMH
0e30macHOCTH, UMeeT (PU3NUECKUI CMBICT M YYUTHIBACT pacXol TOIUIMBa AurateneM. OmpeneneHsl OrpaHHYeHHs Ha
NpUMEHEHHE TTOHATHS «Oe3aBapuiiHas dKcIUTyaTalys». [IpoaHanu3upoBaHo BIMSHUE PacxoAa TOIUIMBA JBHIATENeM Ha
(baKTOpBI IKOJIOrHYECKOH 0e30MacHOCTH Npoliecca Oe3aBapriiHON HKCIUTyaTalli OLEHUBAaeMbIX 00bEeKTOB. BhIsiBIICHO,
YTO PEKOMEHAYEMBbIH KpUTCpHAIbHBIA ammapaT JIHIIEH BO3MOXHOCTH YYUTHIBATh YCTAHOBJIEHHBIE HOPMATHBBI
YUHUTBIBaeMbIX (paKTOPOB, MONYyIaTh UX MOPESKUMHBIE 3HAUSHUS, a TAKXKE ydeTa HX 0ojee MIMPOKOro CIEeKTpa.

KnroueBble c10Ba: TEXHOTEHHO-IKOIOTHMYECKass 0€30MacHOCTh, KOMIUIEKCHOE KPHUTEpHAIbHOE OLCHUBAHMUE,
SHEpreTUYecKasl yCTaHOBKA, IBUIATENb.
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[HCTHTYT NEepkaBHOTO yHpaBliHHS y cpepi HUBUIEHOTO 3aXHCTY

Byn. Bumroposaceka, 21, m. Kuis, Ykpaina, 04074

C. 1. Azapos, 1. T. H., CT. HayK. CHIBp., TPOBiJI. HAYK. CHIBP.

IactutyT simepaux nocnimkerns HAH Ykpainu
np. Hayku, 47, m. Kuis, Ykpaina, 03680

JABOPATOPHI JOCJIJKEHHA BUKUAIB TOKCHYHUX CITOJIYK B ITPOIECI 3I'OPSIHHS
TBEPJIUX IIOBYTOBUX BIAXOAIB

[IpuBeneno orinka 1abOPaTOPHUX AOCITIKEHb KUIBKICHHX Ta SKICHUX IOKa3HUKIB TOKCHYHHX CIIOJIYK B ITpoOLeci
3rOpsSiHHS TBEPAUX MOOYTOBUX BiixoniB. HamaHo NpHUHIMIIOBY CXeMy YCTaHOBKH IJisi aHaji3y Npo0 NPOAYKTIB
3TOPSIHHS TIPH CMIAIOBAHHI 3pa3KiB TBEPIMX MOOYTOBHX BiAXOMiB. 3p0o0JIEHO BUCHOBKH IPO T€, IO AOCTOBIpHA OIiHKA
HeOe3MeYHNX CHUTYalliil y pa3i MoKeX Ha MOJiroHax TBEPAMX MOOYTOBHX BIAXOMAIB Ta MPOTHO3YBaHHSA iX PO3BUTKY
MOXYTb OyTH 3a0e3nedeHi y pa3i BUKOPHUCTAHHS EKCIIEPUMEHTAJIbHUX J1a0OpaTOPHUX JOCHI/PKEHb ISl OTPUMAaHHS
JOCTOBIPHHUX JaHHUX. 3alpPONOHOBaHI METOAM BH3HAYEHHS MMOXKEKHO-TEXHIYHMX XapaKTEPUCTHK TOPIOYMX MaTtepianiB
TBepJMX NOOYTOBMX BIAXOMAIB MiJl Yac TMOXEX, BIANOBIAHMX METOIMK BHMKOHAaHHS BHMIPIOBaHb Ta CY4acHOI'O
aQHAJITUYHOTrO O0JIaHAHHS JIO3BOJIMIIM OZEPKaTH BUCOKOTOYHI BHXIJHI JaHi, 0 XapaKTepH3yIOTh KOHLEHTPALIO Ta
CKJIaJ| IMMOBUX YaCTHUHOK, JWCIIEPCHUH CKIIaJ SIK (PYHKI[IO PO3MOALIY 32 PO3MIPOM aepo30JIiB Ta aepOJHMHAMIYHUM
JiaMeTpoM. 3a MPOBENeHUMH po3paxyHKaMH NmoOyoBaHoO rpadiky emicii BaXKux MeTaliB B atMocdepy Ta ix BMicT B
30JIi TIpM CHAJIIOBaHHI OpUKETIB TBEpAMX MOOYTOBHMX BIJXOIIB, & TAaKOX IIBMAKOCTI BHIQJIHHA y TOBITPI JMMOBHX

YaCTUHOK 3 Pi3HOIO T'YCTHHOIO.

KurouoBi ciioBa: tBepii moOyTOBI BiAXO/M, MPOLYKTH 3TOPSIHHS, TOKCUYHI CIIOIYKH, J1a00paTOPHI IOCIIIPKEHHS.

IHocTanoBka npodaemu. OOHOIO 3 aKTyaJbHUX
po0JieM € KOHTPOJIb 338 BUKUIAMH MPOAYKTIB 3TOPSHHSI
B atMmoc(epy I 4ac MOXKEXKI Ha IIOJIrOHI TBEPAUX
nobyroBux BiaxoxaiB (TIIB). JlumoBi ra3u SsBISIOTH
co00I0 CKJIaJHy 0araTOKOMIIOHEHTHY CYMIII, y CKJIai
sIKOT 1IeHTU]IKOBAHO 1 KINBbKICHO BM3Ha4YeHo 27 iHrpe-
mientiB  [1]. OcobmuBo HeOe3MmedHi MOXKEKI Ha
3BANMINAX, J€ TOKCHYHI CIIOTYKH HepeHOCATHCS B
HaBKOJIMIIIHE CEPEOBHILE B3araii 0e3 ra3004mIIeHHs, a
NTAaXU IIEPEHOCATH OTPYEHI MPOAYKTH PO3KJIAJAHHS.
[{um, ™MaOyTh, 1 TOSCHIOETHCS PO3MOBCIODKEHHS
3axBopioBaHb B Ykpaiui. [Ipu 3ropsuui 1T TIIB
yTBOpIOEThC 4—8 THC. M JIUMOBHX rasis, IO MICTATb
OKCH/IM a30Ty i CIPKH, XJIOPOBOJICHb Ta MOJIiapOMAaTHYHI
BYIJICBOIHI, XJIOpOEH30MH 1 Baxki Meramu (pTyTh,
BiCMyT, CBHWHEIb, KaaMmid, Migp Ta iH.). Kpim Toro,
sanumiaeTbes 25...40 % uniaky U 304, 0 MICTSTh Ti %
camMi TOKCHMYHI pedoBMHH. JlMMOBI Tasm, 1mIO
BUKHIAIOTBCS B aTMOC(epy, € CKIaTHOK 0araTokoMIo-
HEHTHOIO CYMIIINIIO, B CKJIaJ SKOi BXOIATh OKCHIH
CIpKH, a30Ty, BYIJIEIO, aJbJIETigN, KeTOHH, TPaHWJHI
BYIJIEBOAHI mapadiHOBOro psmy, nukiIonapadiny,
OUKTIYHI apOMaTH4HI BYIJIEBOIHI, B TOMY YHCII
KaHIIEPOTEHHI, a TaKOX BaXKKi MeTanu. 3a MaHUMH
[2,3], mpu s3ropamni TIIB B ra3omomiOHuUii craH
nepexomiate  72...95% prtyri, 85 % xmopy, 75 %
munr’sky, 38 % ¢ropy, 5...33 % cBunmo, 4...27 %
muHKy, 1...7 % wMigi, 7 % mikemo, 6 % xpomy 1 0,02 %
3amiza, IO MICTAThCA B CHATIOBAHMX  BIIXOAAX.
3ropsaast TIIB y pasi HasBHOCTI B HUX XJIOpPOPTaHIYHUX
cnonyk (TactMac) CyMpOBOMKYETHCS YTBOPEHHSM i
BUKHIOM B arMocdepy BEIHMKOI KUIBKOCTI BHCOKO-
TOKCHYHHUX CIIONYK 3 TPYIH AIOKCHHIB Ta (ypaHiB (Big

~11 mo ~20 mac. % Bix iX 3arajpHOi Kijgbkocti) [4].
Bukumy TOKCHYHUX CHONYK HECHPHATIMBO BIUIMBAIOTh
Ha arMocdepHe CepelOoBHIIE B 30HI  pajiycoMm
500...1000 M. 3ropsiHHs OpraHiyHUX (¢pakiiii npu
HecTayl  KHCHIO  TPU3BOJMTH  JO  YTBOPEHHs
KaHIIEPOTeHHUX TMOJ1apOMATUYHUX BYIJICBOIHIB Ta
IHIIUX HeOe3MeuHUX PeuoBHH (aMiak, JIOKCHHH, (eHol,
OeH301, OpraHo-MiHEpadbHHX  3’€JHAHHS  TOIIO),
KOHIIEHTpAIll JeIKUX 3 HUX B aTMOC(EpPHOMY MOBITpI
3nHayHo mnepesuinytore ['JIK: meran — y 8500 pa3is,
Mmetmiiben3on — y 1025, kymon — y 2285, xiopodopm —
B 66, xmoperan — B 1320, nmixioperan — B 98,
TeTpaxyiopera — B 2367, cipkoBoZieHb — B 25 THUC. pa3iB
[4]. B mpoaykrax 3ropsiHHsS BiZXOIiB, BMICT BajKKHX
METalliB B JeSIKNX BUMAIKaX B THCAYi pa3iB OiibIe, Hixk
B «3BHYAWHOMY» BUDIISAL. [Ipu 1IboMy, BasKKi METaIH SIK
1 TBepAi 3aMIIKA TOPiHHA, MOXYTH 30epiraTtucst JDOBTi
POKH, HAKOMUYYIOYHCh B JIOHHHX BIJKJIAJCHHSIX, B
TPYHTaX 1 3 MAJIOM MOTPAIUISATH B OPTaHi3M JIFOTUHH.

AHaji3 ocTtaHHiX gocaimxKeHb 1 myOmikamiii.
3aranpHi  TEOPETHYHO-METONWYHI THTAaHHSI  IOJ0
noBomkeras 3 TIIB  po3pobmsmucss B poborax
I. JI. AGankina, b.b. bo6ouua, B. H.Bunnuenka,
A. C.Tpunina, II. B. Japymica,  B. B. [epsrkina,
B. b. Xykosuupkoro, B. M. HoBikoBa, C.Odita Ta
0araThOX IHIIKX.

IepeBarkHa YacTHHA JOCHIKEHb CIPSIMOBAHO Ha
BU3HAYCHHS JOLIIBHHUX, OE3MEYHUX Ta EKOHOMIYHO
BHTITHUX CHOCOOIB i METOIIB COPTYBaHHSA, OOPOOKH,
nepepoOKH, yTuili3anii, 3HEIIKOKeHHS!, OYHIIEHHS a00
3axoponeHHs TIIB, a Takok  mONEpemKeHHs
BHHMKHEHHS TOXeK Ha momironax TIIB, ame
NpoOeMaTHKOI  3a0pyAHEHHsS TOBITpS Ta HOro
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BIUIMBOM Ha JIOBKIJUIS Yy pa3i noxkexxi Ha cxosunii TIIB
MIPUALISIEThCS.  HEIOCTaTHHO YBarW. Tak, HampHKIal,
Hapa3i B Hamiid Jep)kaBi BIACYTHI JaHi IIOIO
71a00paTOPHUX JOCII/KEHb HA Cy9aCHUX BUCOKOTOYHHX
YCTaHOBKAaX CKJIQAYy BHKHIIB TOKCHYHHUX CIHONYK ¥y
mporieci 3ropsHHsA  TIIB 3 MeToro oTpuMaHHS iX
KUTbKICHUX Ta SIKICHUX ITOKAa3HHKIB.

IlocTaHoBKa 3aBOaHHA Ta WHOro BHpIlICHHS.
AKTyaJbHOIO € 3ajiaya OIiHKHA KUTBKICHHX Ta SKICHHUX
MOKA3HUKIB TOKCHYHUX CIIOJIYK B MPOLECI 3TOpSHHS
TIIB.

3a MOp(hOIOTiYHOI 03HAKOIO BiIXOIM MOJUISIOTHCS
Ha KOMIIOHEHTH: TMamip, KapTOH, Xap4oBi BiAXomu,
JepeBo, MeTasl (YOpPHUH 1 KOJBOPOBHIA), TEKCTHIb,
KICTKHM, CKJIO, IIKipy, TyMy, KaMeHi, MoJiMepHi
MaTtepiai, iHmi (He knacuikyroTbes Qpakiii), BiJCiB
(verm 15 mMm).  Cepeaniii  ckiaax — BITYM3HSHOTO
MOOYTOBOTO CMITTA, SIK TIOKa3aB aHali3, Mae JAesKy
BIIMIHHICTh BiJl CKJIamy CMITTSA iHIIMX KpaiH. Tak, B
HbOMY BEJIUKHUI BMICT OyniBenbHOro cMitts (~10 %) i
Mi/IBUILIEHA YacTKa XapuOBUX BiJXOMIB. 3yCTpidaeThCs
Ha MICbKOMY 3Bamumi i mpomucioBe cMmitTd. Cknan
CMITTS, 3pO3YMLJIO, Ma€ 3HA4HI CE30HHI 1 JIOKallbHi
KOJIMBaHHS, ajlé B CEPeJHbOMY BIH CKJIagaeThcs 3
HACTYITHHUX KOMIIOHEHTIB (Tabumuis 1).

Amani3 Bmicty Bakkux metaniB y TIIB npoBoxunu
3a gonomorow npunany «MT-118» 3a cranmaptTHuME
METOJMKAMH. YMOBH 1 pe3yNbTaTu JOCIIIPKeHb HAJaHO
y Tabnui 2.

Tabmuns 1 — Mopdonoriuanii ycepeaneHuit ckian
TIIB (BmicT B % Mach)

Kommonent Mac. %
Xap4oBi BiIX0H 35...45
[Mamip, kapToH 33...40
YopHuit Mmeran 3,0...4,9
KonbopoBuii Mmetan 0,5...1,6
TekcTuib 3,3...5,7
Kicrku 0,5...1
Cki10 2,6...49
kipa, ryma 0,5...1,5
IDractmacu 41...6,7
Jlepero 1,0...55
KaminHs, mrykaTypka 0,5...1,0
Tume 15...2,0
Bincie (Menmr 15 mm) 5,0...7,0
Tabmuis 2 — Bmict Baxkkux metainis B TTIB
Bwmict Mertasa, Mr/kr
Komnoner "o ™ Ni T cr [ Cu | zn | Hg | Co
TBO 500 | 150 | 200 [1300(|2400| 1,0 | 3,0

Hamu mocmikeHi BIACTHBOCTI MaJHMBHUX OPHKETIB
Ha ocHoBi TITIB ta mpoaykTn iX cnamtoBanHs. bpukern
Macoro 10T oTpumyBanu mnpecyBaHHAM. CHajtoBaHHA
npo0 3xiiicHioBany B nianasowi Big 1000 mo 23000 K Ha
nabopaTopHiil yCTaHOBLI, IO CKJIAJAE€ThCs 3 Tedi,
peakuiiiHoi CcynuHHU, TepMmorap, 30ipKH KOHIEHCATy i
36ipKH rasis, 0 BiAXOMITH (PUCYHOK 1).

Buxie Bimxomaamx

Bxin eoamn

L Q @ \ \ Buxin eoaun

™~

CtucHeHe roeiTps

razie

~220B

Pucynok 1 — IlpuninoBa cxemMa yCTaHOBKH JUIsl aHATI3Y MPoO MPOAYKTIB 3TOPSHHS MPH CrianioBaHHi 3pa3kiB TIIB
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VYcraHOBKa cCkiajanacst 3 Tedi s CIIJIIOBAaHHS
3paskiB TIIB (1), BumyckHoi TpyOu (2), iHTErpasbHOro
ra3oBinOipHuka (3) i razoBinOipHHMKa aepo3oiiB (4),
¢inpTpoyrpumyBada (5), TpunosuuiiiHoro kpana (6),
Hacoca CIIOHyKadya BiAXigHuX ra3iB (7), JiYmIbHHUKa
BimXimHuxX ra3iB  (8), BONJHOrO  XOJOAMIBHHKA
KOHJICHCATO30ipHMKAa B Marictpaii mojadi  mpod
BuxigHoro rasy (9), razoaHaliTHYHOTO BUMIipIOBAJIb-
Horo komiuiekcy (10), OajoHIB 3 TOBIpOYHUMHU
razoBumu cymimamu (11), GajmoHa 3 HYIBOBHM Ta3oM
(12), mositpsHOro kommpecopa (13), Oamona 3i
cTucHeHUM ToBiTpsiM (14), manomerpa (15), BeHTHIA
perymotodoro (16), Tepmomerpu onopy (17), knanana
(18) 1 cmanroBanoro 3paska TTIB (19).

YcraHOBKa /I03BOJISIA MIPOBOIUTH BUMIPIOBaHHS y
JBOX peXHMax: BiIOOpy Ta aHallizy MpPOAYKTIB
3ropsiHHS  (BUMIpIOBIBHUNA CTEHJ, PO3TAIIOBAHUM
MpaBopyd), a TaKoX JJIs BiIOOpY Ta aHaii3y MacoBOi
KOHLIEHTpalil TBEPAWX YACTUHOK — (BHMIpIOBaJIbHUIA
CTEH/I, PO3TAIlIOBAHUH 3J1iBa).

OcHoBHUMIA croci6 BiIOMpaHHs mpo6 3
JOCITI/DKYBaHUX TIPOAYKTIB 3rOpaHHs — MPOIYCKaHHS iX
yepe3 copOuiiiHuii mpucTpiii (GiabTp) 3a AOMOMOror0
CHOHyKaua BHTpPaTH 3 TMEBHOK TEMIEpaTrypor i
HMIBUJIKICTIO, SIKy PEECTPYIOTH TEPMOMETp OMopy i
BUTPATOMIPHUIA TIPUCTPiii (poTameTp).

AmHani3 ra3oBux npod BHKOHYBaIU iH(QpauepBOHUM

GaraTokaHaJILHUM ra3oaHajizaTopoM 3250A01
(moxubka BumiproBaHb 10 %), 3a JOIOMOIOK SKOTO
BumiptoBasiacss  koumenrpamis CO (0...0,5 %), CO,
(0...15%), CH; (0...20mrA®).  OcobumBicTio
razoananizatopa 325PA01 € opwuriHaibHa ONTHYHA
cXeMa 13 3aCTOCyBaHHSAM ONTHYHOIO  HYJIHOBOTO
(penepHOr0) KaHATy, a TAaKOX OaraToKaHAJIHHHI
iHppauepBonmii razoaHamizatop «CIIEKP—4» (moxuOka
BuMiptoBanHs £20 %), B sKoMy peani3oBaHa Oararto-
KaHaTbHa KIOBETa JUIi OJHOYACHOTO BHMIpPIOBAHHS
kortentparii HpS (0...0,5 ra), NO (0...5,0 r/m®), NO,
(0...0,5 /M%), SO, (0...0,5 r/m® a in.) [5].

B mpomeci npoBeneHHsI BUNIPOOYBaHb TeMIIEpaTypa
npo0 y cucremi BinOopy rasiB (nmepen QimbTporpuMa-
YeM 1 BUMIPIOBAJILHUM KOMIUIEKCOM) ITiATpUMYyBaiacs
Ha piBHi 325K abo HmKue, 3a YMOBH BIJICYTHOCTI
KOHJIeHcallii mapu BoAM. SIK cHUTa BHKOPUCTOBYBAJHCS
¢inbrpu [lerpsiHoBa Ty ADA-PMIJI-2.

Jus  3BaxyBaHHA (QUIBTPIB (IO MPOBEIEHHS
BUTIPOOYBaHb 1 micns (iapTpamii TBEPAUX YACTHHOK)
BUKOPHCTOBYBAJINCS Bark. 3BayKyBaHHs (GinbTpiB (micis
iX BHUTPUMKH B €KCHKaTOpi) IPOBOAMJIOCS TIPH
TemrepaTypi nositpst 293—-305 K i BigHOCHI# BOJIIOTOCTI
35...55 %. TloxuOka BuMIpIOBaHHS 00'€My BiJXiTHHX
rasziB, 10 TPOIYCKAIOThCsl 4depe3 (uIbTp, CKiaaaina
+2.5 %. TunoBuii cKJIaJ KOMIIOHEHTIB NIPU CHAJIOBaHHI
TIIB "aBeneno B Tabnuwi 31 4.

Tabmnuns 3 — Emicis ras3iB npu cnantoBaHHi nanuBaux Opukeris TTIB

Temmepatypa KOHIEHTpallisi KOMIOHEHTA B FA30BHX BUKHJIAX, MI/M"
crnanoBanus, K CcO CcoO, SO, H,S CsHsOH NO, HCL HCN CH,O
1000 680 203000 8,79 13,67 5,78 41 0,38 0,27 19,8
1300 430 319000 12,06 6,34 3,35 98 0,26 0,18 10,2
1800 210 743000 16,52 2.71 1,94 182 0,14 0,12 53
2100 50 896000 19,74 0,2 0,3 234 0,02 0,01 0,8
Tabnuns 4 — Ckiia KOMIOHEHTIB TIpu criagroBanHi TI1B
KoMIIOHeHT Konnenrpariis, /M Tanexc T'OE(CI/I‘{HOCTi, T =C/(Hﬂl{ﬂi,,)
cepemHs MaKcUMaJlbHa cepenHiit MaKCHUMaIbHUI
Oxcu BYTIIEIo 0,31 2,94 120 560
Oxcup a3ory 0,15 0,18 1650 1880
Jiokcun cipku 0,02 0,09 40 190
Benson 1,38 3,26 880 2000
Tomyon 1,83 6,73 3100 6000
AneTon 0,93 1,87 2000 2290
TBepai YacTUHKH — 0,09 — 370
Xopmictki (HCI) 0,39 0,67 1930 3220
®ropwmicrki (HF) 0,004 0,01 190 250

KonmenTpamii pedoBWH, SKi BUSBICHI Y BHUKHAAX
(muB. TaGnuIRo 4), TIEPEBUIIYIOTH BiTOBIIHI HOPMATHBH
JUTST aTMOC(EPHOTO TIOBITPS: TI0 3BAYKCHHUX PEIOBHHAX — B
2,2...3,2 pa3u, no XJIOpUCTOMY BOAHIO — B 2,7...3,0 pasu,
mo ¢ropucromy BomHio — B 1,9...4,8pa3u, 10
¢dopmanpaeriny — B 1,7 pasu, mo OeHzammpeHy — B
7 pasiB, 110 ABOOKHCY a30Ty — B 1,5 pazu [1].

ExcnepumenransHo Oyino BcraHoBieHo, mo TIIB
MalOTh HM3bKY TEIUIONpOBiAHICTh. lluTOMa TemoTa
3ropsHHA ix craHoBmia 1480 kkan/kr.

Ha pucyHky 2 HaBe/leHO AaHi MO0 eMicii BaMKHX
MmertaniB (BM) B atmocdepy (A) Ta iX BMICT B 30711 mpH
cnamoBanHi O6pukeriB TTIB (B).

B mpomeci npoBeneHAS OCTiIKEHb 0YI0 BHBUEHO
BIDIMB CYIYyTHIX KOMIOHEHTIB, OOpaHi ONTHMAajbHi
YMOBH aHaji3y, BCTAHOBJICHA MPABUJIbHICTh BU3HAYCHHS
METOIOM CTaHIAPTHHIX JI00aBOK, MIPOBE/ICHA
METPOJIOTiYHA aTeCTallisl.
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Pucynok 2 — Emicis Baxkux MetaniB B atmocdepy (A) Ta ix Bmict B 3omi (b) npu cnamosanni 6pukeris TTIB

[pouec BuropanHs 3pasKiB OMUCYBAIH PiBHSIHHSM:

=, @
dt

ne m — maca 3paska, kr; Kg — KoedillieHT MacoBoi
mBHAKOCTI BHropsmHs, kr/(M>xB); F — moBepxHs
spaska, M°, T — uac, xB. Tyr F=6(m/po)**, me po —
yCTHHA 3pa3Ka, KI/M".

InTerpyroun piBHsHHS (1), BU3HAYATIHM Yac 3rOPSHHS
3paskKa:

1/3
mO

= W[l—b(r)m]s , @)

ae b(t) = m(t)/my; My — mouyaTtkoBa Maca 3paskKa, Kr;
mM(t) — Maca 3pa3Ka 4epe3 MPOMIkKOK 4Yacy T, KT.

vy Tabuuul 5 Mpe/ICTaBIEHI MPOTEXHIYHI
xapaxrepuctuku 3paskiB TIIB mist Bonorocri 30...40 %
Ta Pi3HOI KUTBKOCTI TOPIOYOr0 MaTepiaiy.

Tabnuugt 5 — IlipoTexHiuHI XapaKTEPUCTUKHU 3Pa3KiB
TTIB juis1 pi3HOT KUTBKOCTI TOPIOYOro MaTepiaity

Tabnuist 6 — Po3mofisn BaKKMX METasliB B 30JIbHOMY
3aJTUIIKY B 3aJIEKHOCTI BT IX AUCIIEPCHOCTI /ISt
pi3HOrO BUIy NAMBHOrO Martepiainy, %

JliaMeTp 30JIbHUX YaCTUHOK, MKM

Koeoimient
Kinpkictes | MacoBoi .
. | TpuBanicts | MakcumaibpHa
TOPIOYOro | IIBHIKOCTI .
. ropiHHS, T, | TEeMIepaTypa,
MaTepiaiy, | BUTOpaHHS T K
/oM ( KB): XB. maxs
Kkr/(M% XB.)
2,0...0,01 0,81 30 1150
5,0...0,2 0,85 62 1170
10,0...1,0 0,89 130 1270
15,0...15 0,93 142 1370
Micns CHATFOBAHHS 3pa3KiB TIPOBOIMITN

JWICTIEPCIHHUI aHalli3 30JPHOTO 3aJHUIIKy MIISTXOM
oca/pkeHHs TBeppoaucrepcHoi (azm. Dpaxmii 30mm
BUIULIIIN METOAOM CEIUMEHTOrpadiduHoro aHamizy 3

BHUKOPHCTAHHAM JIA0OPATOPHUX IEHTPUQVT.

VY Tabnuni 6 HaBeAEHO PO3MOAUT TSDKKUX METaNliB y
Bil JIHCTIEPCHOCTI

30JIbBHOMY

3AJIMIIKY

30JIbHUX YaCTHUHOK.

88

3aJIC)KHO

<20 <40 <6,0 <8,0 < 10,0
45 30 15 12 8
OtpuMani gani  (auB. TaOMIO 6)  JO3BOIHIM

pO3paxyBaTy MIBUAKICTh BIJIBHOI'O OCaPKEHHS KPYIHHX
YaCTUHOK 301 po3MipoM <10 MkM 3a 3akoHOM CTOKCa:

gd,
=3 — y 3
11.C. 18]’]8 (p3 pe) ( )
ne d, aepoAMHAMIYHUN eKBIBAJIEHT JiaMeTpy

YaCTMHOK 30JH, MKM; 1), — JIUHAMIYHUIA Koe]ilieHT
B'si3kocti moBiTps, Ila/c; § — HpUCKOpPEHHS BIIBHOTO
NaiHHs YACTHHKH 3011, M2/C; p; — TYCTHHA YaCTHHKHU
30/1H, KI/M’; py — TYCTHHA TIOBITPS, KI/M°,

CepenHsi MIBHIKICTH CYXOrO OCa/DKEHHS  30JIH
cxiaina 0,008 m/c. IHTEHCUBHICTE OCAKEHHS YaCTHHOK
JUMy 3 artMocdepu Ha TIPYHT BH3HAYAETHCS B
OCHOBHOMY JIBOMa YHMHHHUKAMH: «CYXHUM» TpaBiTallii-
HUM TypOyJIEHTHUM OCaJDKEHHSM 1 BHMHUBAHHIM
onanamu. Kpim Toro, ocapkeHHs YaCTUHOK JIUMY MOXKE
3MIMCHIOBAaTHCSA 32 paxXyHOK KOHJEHCAIlil BOJIOTH i
3aBIAKU Tporiecam audysii. Y Tabmuii 7 HaBEeICHO

pO3MONIT  YAaCTHHOK AWMy B 3alIeKHOCTI  Bif
AepOIMHAMIYHOTO  eKBiBaJGHTHOTO  JiameTrpa Il
pizuaoro Buxy TIIB.

Tabmums 7 — Po3mozin po3MipiB J€TKOT 30701
Juts pizHoro suny T1IB, %

JliameTp JeTKOi 30711, MKM
<10 | <20 | <30 | <40 | <50 | <60

10 25 38 12 10 5

KoedimieHT ~ yTBOpEeHHS ~ JETKHX  YaCTHHOK
(aepo3omiB) BU3HAYAH 32 (HOPMYIIOIO
m,—m

b, . =—"—2, 4
ne =T 4)

JIe M, — Maca JICTKOi 30JIH, KT.
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Po3mofin MeTKUX 4acTHHOK MPOAYKTIB 3TOpaHHS 3a
po3MipaMHu 3aJIOBUTHHO alpPOKCHMYBATH JIOTHOPMAJIb-
HOI (DYHKIIIE€I0 BUITY

No lg(r/r,)
nir)= exp| — , 5
( ) lznlgcg 2|gzcg ( )

ne N(r) — 4uciio JIETKUX YaCTHHOK MPOAYKTIB 3TOPSHHS
B iHTepBaii r, r+dr; Ny — iHTerpanbHa KOHICHTPAILIis
JIETKUX YaCTUHOK TNPOMYKTIB 3TOPSHHS, BH3HAUYCHA 3
JIOTHOPMAJIBHOTO PO3MOITY; g — MEMiaHHHUN pajiyc
JeTKOi 4YacTMHOK MPOAYKTIB 3TOPSHHS, MKM; GOy —
CTaHJAPTHE TCOMETPUYHE BIAXUICHHS.

IBUAKICTE  «CYyXOro»  OCiIaHHS  aepO30JbHHUX
YacTHHOK pi3Horo pamiyca (0,7 < rp < 1,8 1
13,0 < rp <2,5p) (MKM) MOXXHA BH3HAUYHMTH 32 3aKOHOM
Crokca:

V=—=.07<r,<18; (6)
6TCT]BI’O
g
V=2 -p.), 13,0<r,<25p; (7
36%(;3 Po) 0 p; (1)

ne mg=1,84:10°Tac IMHAMIYHUH  KoedimicHT
B's3KOCTI  MOBITPs; Fo=3-10"M, my=3,6:10"kr —
pagiyc Ta Maca muMmoBoi uacTumHkm; ¢ = 9,81 m/c® —

1,0E-05
o
S 1
o
I 2
& 1,0E-06
X
(=)
8 /
(o]
0 A /
£ 1,0E-07 -
E /
3 1,0E-08
0,01 0,1 1 10

[iameTp aepo3onto, MKM

Pucynok 3 — [1IBuaKicTh BUNaAiHHS y TIOBITP1 TUMOBHX
YaCTUHOK 3 Pi3HOIO T'yCTHHOW: 1 —p =2,5- 107 kr/v®;
2-p=1,210%kr/v®

BucHoBkn. TakuM 4YMHOM, JOCTOBIpHA OIliHKA
HeOEe3MEYHNX CHUTYyalliii TPU TMOXKEKAaX Ha IONIroHaX
TIIB Ta mporHo3yBaHHS IX PO3BUTKY MOXYTb OyTH
3a0e3medeHi y pa3i BUKOPUCTAHHS eKCIIEPUMEHTATBHUX

J1a00paTOPHUX JIOCIIDKEHD Jitic: OTpPUMaHHS
JIOCTOBIPHHUX aHUX. 3anporoHoBaHi METOAN
BU3HAYEHHS  MOXEKHO-TEXHIYHMX  XapaKTEPHCTHUK

roprounx matepianiB TIIB mix yac moxex, BiIIOBIIHUX
METOAMK BHUKOHAHHS BHMIPIOBAHR Ta CY4acHOTO
AHANTUYHOrO  OONaJHaHHA JO3BOJMJIM  OJCpXKaTH
BHUCOKOTOYHI BHXIJHI JaHi, 10 XapaKTepu3ylTh
KOHLIEHTpAI[ll0 Ta  CKJIaJ  JUMOBHX  YAaCTHHOK,

TPUCKOPEHHST BiTbHOTO mamiHHA; pg = 1,2193 kr/m® —

. HCIIEPCHUIN CKIIa SIK (DYHKIIFO PO3MIOIIIY 3a PO3MIpOM
['yCTHHA TIOBITPSL. AucHep 21 AK (DYHKIIO PO3IIOALTY 32 PO3MIp

aepo30JIiB, 32 aePOANHAMIYHUAM JIaMETPOM.

OTpuMaHi fAaHl JIO3BOJISITH MPOBOAWTH BiNNOBIAHI
3aX0AM Ta HAgaBaTH KOHKPETHI MpOMO3uIii i
pEeKOMEHAIlT OO MOJMITUKUA BUPILICHHS 3a3HAYeHOl
npobneMu 3 OOKY IEHTPAIbHUX 1 MICIIEBUX OpTraHiB
BHUKOHABYOI BJIaJIH.

Ha pucynky 3 HamaHo po3paxoBaHy 3a (OpPMYJIOI0
(7) cyxoro oca/ukeHHs MIBHAKICTh BHUIAJIHb AUMOBHX
YaCTUHOK Uil PI3HUX TYCTHMH. 3 HBOTO BHIHO, IO
qacTHHKH 3 ryctrHomo 1,2-10 *kr/M° Haiibinem criiiki y
BUTBHIN aTMOc(epi 1 MOXKYTh EPEHOCUTHCS Ha BEJIHKI
BiJICTaHi BiJ| [PKEpeIia MoXKexi.
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A. Demkiv, V. Sydorenko, S. Azarov

LABORATORY STUDIES OF EMISSIONS OF TOXIC COMPOUNDS IN THE PROCESS OF
COMBUSTION OF SOLID HOUSEHOLD WASTES

The estimation of laboratory researches of quantitative and qualitative indicators of toxic compounds in the process
of combustion of solid domestic wastes is given. A schematic diagram of an installation for analyzing samples of
combustion products during the combustion of solid domestic waste samples is presented. It is concluded that a reliable
assessment of hazardous situations in case of fires in solid domestic waste landfills and prediction of their development
can be ensured by using experimental laboratory studies to obtain reliable data. The proposed methods for determining
the fire and technical characteristics of combustible materials of solid domestic waste during fires, the corresponding
measurement procedures and modern analytical equipment have made it possible to obtain high-precision initial data
characterizing the concentration and composition of the smoke particles, the dispersed composition as a function of the
aerosol size distribution and the aerodynamic diameter. According to the calculations, graphs of emission of heavy
metals into the atmosphere and their content in the ash during the burning of briquettes of solid domestic waste, as well
as the speed of the emission of smoke particles with different densities in the air were constructed.

Keywords: solid household waste, combustion products, toxic compounds, laboratory tests.

A. M. lemkus, B. JI. Cunopenxo, C. . AzapoB

JIABOPATOPHBIE HCCJIEJOBAHUS BBIBPOCOB TOKCUUYECKHUX COEJIUHEHM B ITPOIIECCE
CI'OPAHUSI TBEPJABIX BBITOBBIX OTXO/J10B

[IpuBeneHa oreHKa J1a0OpaTOPHBIX MCCIENOBAHMH KOJMYECTBEHHBIX M KayeCTBEHHBIX IOKa3aTeled TOKCHUYHBIX
COC}II/IHCHI/Iﬁ B ITPOLIECCE CropaHus TBEPABIX 6bITOBI)IX OTXOJ0B. Hpe}ICTaBHCHa NpuHOUIIHaJIbHasg CXEMa yCTaHOBKI/I JIIsL
aHaJIu3a Hp06 HpO}lyKTOB CropaHus Mnpu CXUraHuu o6pa3u013 TBEPABIX 6I>ITOBI)IX OTXOJ0B. C}IeHaHLI BBIBOJIbI O TOM,
YTO AOCTOBEpHAA OLECHKA OIaCHBIX CI/ITyaL[I/Iﬁ B cnyqae IMOXapoB Ha IMOJUI'OHax TBEPAbIX 6I>ITOBI)IX OTXO0J0B U
IMPOrHO3UPOBAHUA HX pPa3BUTHA MOFyT 6I)IT]> O6GCHC‘{CHI)I IpyY UCTIOJIB30BAHUMN DKCIIEPUMEHTAJIbHBIX na6opaT0pH1)1x
I/ICCJ'ICJIOBaHI/Iﬁ JJIA nonyqum[ JOCTOBCPHBIX JaHHBIX. Hpe}lHO)KCHHLIe METOABI OMPEACIICHUA MOXKAPHO-TCXHUYCCKUX
XapaKTECPUCTUK TOPIOYUX MATEPUATIOB TBEPABIX 6I>ITOBI)IX OTXOO0B BO BpPEMsA IMOXKApPOB, COOTBCTCTBy}OH_II/IX METOAUK
MPOBEACHU A H3MepeHHﬁ H COBPEMECHHOI'0 AHAJIHUTUYECKOI'O 060py1103aH1/m ITO3BOJINIIN l'IO.]'IyLII/ITb BBICOKOTOYHBIC
HCXOJIHBbIC JaHHbIE, XapaKTePU3YyIOIINEe KOHIICHTPAIIMIO U COCTaB JABIMOBBIX YACTHII, JUCHEPCHBIA COCTaB KaK (DyHKIHIO
pacripezienieHuss o pazMepy a’po3osiedl W adpoiuHaMuyueckoMy auamerpy. [1o mpoBeleHHbIM pacyeTaM MOCTPOSHBI
rpayKi dMHUCCUM TSDKENBIX METAJUIOB B aTMocepy M MX COJIep)KaHUE B 30Ji€ MPU COKUTAaHUK OPUKETOB TBEPIBIX
OBITOBBIX OTXOIOB, & TAK)KE CKOPOCTH BBINAJACHHS B BO3yXe JBIMOBBIX YaCTHIL C PA3HOW TIIOTHOCTBIO.

KaroueBbie cioBa: TBep/bie OBITOBBIE OTXO[bI, MPOJYKThl CrOPaHHs, TOKCUYECKUE COSAMHEHUsI, JIabopaTopHbIe
HCCIIeJOBAHMSI.
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YK 351.861:504.064:614.8

B. B. ToTIOHHEK, 1. T. H., CT. HayK. CHiBD., Ha4. Kad.
B. M. Ctpinens, 1. T. H., IO, CT. HAyK. CITIBP.

B. 1. Kanyriu, 1. xim. H., ipod., npod. xad.

IO. B. 3axap4eHnko, cTyaeHTKa

HanionanbHuii yHIBEpCHTET IUBIJIBHOIO 3aXUCTY YKpaiHH

Byan. UepHumeBcrka, 94, M. XapkiB, Ykpaina, 61023

PO3BUTOK METOJIOJIOTTYHOI'O IMTIIXOY JJISI TEXHOI'EHHO-EKOJIOTTYHOI OIIIHKA PIBHSA
HEBE3NEKHA ®YHKIIOHYBAHHSA JOKAJIbHUX TEPUTOPIN YKPATHU

Ha ocHOBi pe3ysibTaTiB eKCIEpTHOI OIHKHM CTYINEHIO BIUIMBY CTPYKTYpHHX miapo3ainiB AT «Xmamnpom» Ha
3arajJbHUI piBEHb TEXHOTEHHO-EKOJNOriYHOi HeOe3nekn (yHKIIOHYBaHHS MOTEHILINHHO HebesneuHoro o0 ety (ITHO),
copMyNbOBaHO Ta 3alPONOHOBAHO AITOPUTM EKCIEPTHO-KJIACTEPHOrO TiJIXOMy [Ulsi MpPOBEICHHS ayauTy Ta
HE3aJIeKHOI eKCIIePTU3U Ha YCIX PIBHAX (PYHKIIOHYBAHHS MPUPOIHO-TEXHOTCHHO-COIIIAIbHOI CHUCcTeMH. Peanizaris
PHU3HKO-OpIEHTOBAHOTO MiIXOAY OO0 OLIHKH PiBHS €PEKTUBHOCTI (hYHKIIIOHYBaHHS KOMILIEKCHOI YOTUPHOXPiBHEBOI
CHCTEMH MOHITOPHHTY, TOIEPEPKEHHs Ta JIKBiAAlil HaJ3BHYalHUX CHTYyalllii Pi3HOrO XapakTepy Ta 3a0e3NeueHHs
€KOJIOriyHOi Oe31eKkH TepuTopii YKpaiH! IPOBOAUTHCS Ha OCHOBI YSIBJICHHS ITPO JIOKAJIbHY TEPUTOPIIO 3 TUHAMIYHHUMU
pO3MipaMu, sIKi 3MIHIOIOTBCS BijI pO3MIpYy €JeMEeHTapHOI TOUYKH MPOCTOPY /10 PO3MipiB 00’€KTa, MiCTa, pETiOHY TOIIO, a
TaKOX 3 YpaXyBaHHSAM B3a€MO3B’S3KiB MK ITAMH PIBHAMH KUATTEIISUTHHOCTI.

KuniouoBi ciioBa: TexHOreHHO-eKONOriuHa HeOe3rneka, HaJA3BUYaiiHI CHTYyallii, JIOKaJbHA TEPUTOPIsl, EKCIepTHa
OLIIHKA, KJIACTEPHUI aHalli3, ayJUT Ta eKCIepTH3a HeOe3MeKH, pU3UKO-OPIEHTOBAHHUH TTiIXi.

ITocranoBka mnpodjeMHu. AKTyalbHICTH POOOTH
HAJEXUTh 110 HAyKOBOTO HAIpPSAMY ILIOAO TEXHIYHOI
peanizauii B YKpaiHi CHCTEMHU 3aXO[iB 3 MOHITOPUHTY
[epeAyMOB BHHHUKHEHHS HeOE3IEK, MOIEePEIKEeHHS Ta
JKBiJanil BIUIMBY HeOe3neuHux (akTopiB Ha Ipoiec
KUTTEMISILHOCTI HACEJICHHSI, TEPUTOPIiI0, HABKOJIHIIHE
MIPUPOJHE CEPElOBHIIE Ta MANHO BiJ HAA3BHYAWHHX
naciakis [1-3].

B o0CHOBY CTBOpEHHS KOMIUIEKCHOI CHCTEMH
MOHITOpUHTY,  momnepemkeHHs,  JikBigamii  HC,
Oe3reku, 3TiIHO POOOTH, 3aKJIaJeHI YSBJICHHS IPO
JIOKAJIbHY TEPUTOPIO 3 AMHAMIYHHMH PO3MipaMH, sIKi
3MIHIOIOTBCSL B PO3MIPY €NEMEHTApHOI  TOYKH
MPOCTOPY A0 PO3MipiB 00’€KTa, MICTa, PErioHy TOLIO.
TonoBHUM (hakTOpOM OIIHKM HEOE3MEeKH JIOKAbHOT
TEpUTOpii € IMPOCTOPOBO-4acoBa (PYHKINOHAJIbHA
OBEpXHS (PUCYHOK 1), BUITYKIIOCTI SIKOi BiATIOBiAArOTH
piBHAM HeOE3MeKH B MICHIX 3 KOHKPETHHMHU
reorpadiuauMu KoopauHatamu [3—7]. BiamosimgHo 10
pHUCYHKY 1, uKepeno iHTerpaibHOI HeOe3MeKH B TOUIl
Alx, y,z) TepuTopii HeMiHIHHO 00’ €THYE!

— JDKepena MpUpoaHoi Hebesneku: 1 — mpouecu y
armocdepi; 2" — npouecu y Giocdepi; 3 — npouecu y
nitocepi; 4' — npouecu y riapocdepi;

— JDKepeia TEXHOreHHol HeOesnexku: 1" — aBapii Ha
OPOMUCIIOBUX 00’€KTax 1 TpaHcnopri; 2" — BUOYyXH;
3" — noxexi; 4" — BUBIIbHEHHS 1HIIMX BHUIIB €HEPTil;

— JDKepena couianbHoi HeOe3neku: 1" — mcuxosnori-
YHI 0COOJIMBOCTI OCOOM M 0COOIUBOCTI BUXOBAaHHS, 2"
— HECHpHUATIINBE TOIIOKEHHS ocodm; 3" — colianbHa
HeCNpaBeLIuBicTh; 4" — HaNpPYKEHICTh y MIKIpyIo-
BHX, MDKKOH()ECIHHUX 1 MIPKHAIlIOHAJIbHUX CTOCYHKaX;
5" — HeraTHMBHI COI[ajbHI IPOLECH, IO IPU3BOIATH

JI0 pyWHYBaHHS E€TUYHHX 3acaj], COLIaJbHOI CTIHKOCTI
0co0H Ta 3aKOHOCITYXHSIHOCTI;

Jxepeio
iHTerpaabHol
HeGe3nexn

—

[

IHTerpanbHa
He6e3neka

JlokanbHa
TepHTOPis

Pucynok 1 — MonenbHe mpefcTaBICHHS IPOIECiB
3apOIDKEHHS Ha JIOKAIBHIN Tepuropii mreper HC
PI3HOTO TIOXOKEHHS

— JoKepena BOeHHOI Hebesmeku: 1" — HasBHIiCTH
TOCTPHUX CYNEPEYHOCTEH, PO3B’I3aHHS SIKHX € MOXITUBHM
JIMIIE 13 3aCTOCYBAHHAM BOEHHOI crtu; 2" — HasBHIiCTH

y ofHi€] i3 CTOPiH MOCTATHBOI KiTbKOCTI BiICHKOBUX CHIT
1 3aco0iB Uil pO3B’A3aHHS CYINEpPEYyHOCTI Ha CBOIO
KOpPHCTh a00 3/aTHICTH JEp’KaBU CTBOPHUTH TaKi CHIIM B
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nepcnektupi; 3" — HasBHICTH y JiZepiB abo ypsimiB
TIOMITUYHOI BOJII TA PIIIyd4OCTi MITH Ha 3aCTOCYBaHHS
CHJIH, 31aTHOCTI BUKOPHCTOBYBATH 30pOWHI CHJIH IS
BUpIIIEHHS. MOXUTUBOTO KoH(puikTy; 4" — HasBHIiCTH
Ha/iHHAX COIO3HHKIB Cepell JepXkaB, IX Koamiuiid abo
IHIUX Cy0’€KTiB BIHCHKOBO-TIONITUYHUX BiTHOCHH;

5""" — CHIpHUATINBI FEONMONITHYHI YMOBH Ta peaiibHa (200
MPOTHO30BaHA) BIMCHKOBO-TIOMITHYHA OOCTAaHOBKA JUIS
3IIMCHEHHS BINCHKOBUX aKIiH.

Hacninkm mast nmokaibpHOI TepuTOpii BiJl BIUIMBY
piznoro poxy HC nperncraieHi Ha pUCYHKY 2 y BHIJIS
Kiacudikaropa 30UTKiB.

(
L

3BUTOK |

30BHIIHBO- TAa BHYTPIIIHBOMOJITHYHMII (3HIKEHHS HOBIPH 1O JeprKaBHUX
IHCTHTYTIB, 3pOCTAaHHS COLIAILHOI HAMPYKEHOCTI Y CYCIIiJIbCTBI)

BiiicbkoBo-noJliTHuHuii (TIOTIpIICHHS BiCHKOBO-TIOIITHYHOI OOCTAHOBKH) Ta
BilicbKOBMIi (3MEHIIEHHS BIMCHKOBOTO IIOTEHIially uepe3 BTpaTy 30poi abo
3HWOKEHH 11 60HOBOT TOTOBHOCTI)

CouiajibHO-eKOHOMIYHMI (BTpara pi3HMX BHIIB BJACHOCTI, 3aTpaTd Ha
MePECENICHHS JII0/ICH, BUIJIATY KOMIICHCAIIT MOCTPaXKAaInuM, yIylIeHa BUTOMA BiJ
HE TMiAMMICaHUX ab0 pO3ipBaHMX KOHTPAKTIB, MOPYLICHHS MPOLECY HOPMAIbHOI
TOCIIOAPCHKOT TisTIBHOCTI, TOTIPIIEHHS YMOB >KHTTEIISUTBHOCTI JTFOIeH)

Exonoriunmii (oripimeHHs ctaHy MpUPOTHOTO CEpeloBHUINA Ta 3aTpaTH HA Horo
BiJTHOBJICHHSI, BTpaTa rocroAapCchKoi IIIHHOCTI TEPUTOPIT)

Menuko-6iooriunmii (XBopoOH, CKOPOUEHHS CEPETHBOT TPUBAIOCTI JKUTTS)

PucyHok 2 — OCHOBHI BU/I 30UTKY JUIsl JIOKaJIbHOI TepuTOpii B yMoBax HC pi3HOro MOXOKEHHS

BynoBa KOMIUIEKCHOI ~CHUCTEMH MOHITOPHHTY,
nonepemkenns, Jikeimamii  HC, winimizamii  ix
HACNIJKIB Ta 3a0e3leYeHHs EKOJIOriyHOi Oe3leKH B
VkpaiHi XapakTepu3yeThCs YOTHPMa piBHAMHE [2, 3, 7]
— 00’ €KTOBHIA, MICIIEBUI, PEriOHAJIbHUI Ta Jep)KaBHUN
(pucyHoOK 3).

Ha xoxxHOMY piBHI cHCTeMa Mae€ IiJICUCTEMH, SIKi
MOB’s3aHi 13 NPUPOJHOIO,  TEXHOICHHOK  Ta
comiaNibHOIO  crienu(ikol0  PIBHA  3aXHCTy, Ta
(GYHKIIIOHYE  NULSIXOM — TOCTIIOBHOI  mepeaadi
00pobiieHol  iHdopMamii mpo craH HeOe3MmeKu Bif
00’€KTOBOrO PIBHS [0 JEPKAaBHOI'O 32 JOIMOMOTOI0
MiICKCTEM 3B’SI3KY BIATIOBIHUX PIBHIB 1 MPUHHATTS HA
KO)KHOMY PiBHI aHTUKPHU30BHX PIllICHb.

[lincuctema Ha BIONOBIZHOMY piBHI BKIIOYAE
(inopmariito MIPEICTaBICHO Ha MIPUKIIaIi
migcuctemu 1.1 o6’ekroBoro pias): 1.1.1 — HC
o0’extoBoro piBHs; 1.1.2 — migcucremMa KOHTPOJIO
nonepenHix ¢akropis HC 06’exToBoro piBasi; 1.1.3 —
LHeHTp 300py 1 00poOku (daktuuHOi iH(OpMarii,
mporao3yBanHt HC Ta po3poOKM aHTHKPU3O0BHX
pimens 06’ exToBoro piBHS; 1.1.4 — 6a3a garux npo HC
ob0’ektoBoro piHs; 1.1.5 — migcucrema 3B S3KY
o0’ektoBoro piBHA; 1.1.6 — KepiBHUITBO 00’€KTa;
1.1.7—- pama 3 muraHe Oesmeku o00’ekra; 1.1.8 —
miacucTeMa AOBeACHHS iH(OpMaIii [0 MiApO3AiTiB
pearyBanmHss Ha HC o00’ekToBOro piBHI Ta 10
MIPO3AiB  OXOpOHM  mpaBomopsinky; 1.1.9 —
MiIcuCcTEMA KUTTE3a0e3meueHHs 00’ eKTa.

e (4

‘{52 h——

RREEN
3B1 [ 516 |
i 3.0.7)—
D |[311{312} {313}
| 314
201 | 216
e o}
L |[2ib[2i2H21a] 21
214
s

!!!Fémg

111|112

Pucynok 3 — Komriuiekcna GyHKIIOHATbHA cXeMa
CHCTEMH MOHITOPHHTY, TIoriepepkeHHs, mikBigamii HC,

Oesmneku: 1 — migcucremMa 06’ €KTOBOTO PiBHIO;

2 — mijicucTeMa MiCIIeBOro piBHIO; 3 — mijicucTeMa
PETiIOHANBHOTO PiBHIO; 4 — MiJCHCTEMa AeP>KaBHOTO
piBHIO; 5 — HC pi3HOro moxo/keHHsl, 110 BUHUKAIOTH 13
30BHI AiepkaBH; 6 — cucremu MoHiTopuHry HC
kpain-wrenis OOH
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Ha xoxxHOMY i3 piBHIB B pEKHMi ITOBCSKIEHHOTO
(YHKI[IOHYBaHHS, PEXHMMI IiIBUIICHOI TOTOBHOCTI Ta
PSOKUMiI  HaI3BHYAMHOrO  CTaHy B CHCTEMi
aBTOMATH30BaHO MPOBOIUTHCS: 1) 00poOKa oTpuMaHoi
¢dakTruHOi iH(poOpManii Mpo craH HeOE3NeKH Bix
HIDKYOro piBHA Ta iH(pOpMawii Bifl TepUTOpialbHOI
migcucremu Monitopuary HC  pmanoro piBHs; 2)
mporuo3 MoxmBocTi BuHukHeHHs HC; 3) po3poOka
MIPOITO3MLIT 3 TOMEPeMKEHHS Ta JIKBiIamii JpKepen
HeOe3MeK Ha JaHOMYy Ta HIDKYAX pIBHAX Ta
HEOOXITHOCTI 3aJTydeHHs JONATKOBHX CHJI i 3aco0iB
nonepemkeHHs Ta JikBiganii HC Ha Bummx piBHsx; 4)
nepenada iHdopMallii Ha BUIIMH PiBEHb, BKIIOYAIOYN
Jiep>KaBHUH.

Ha  nmepxaBHoMy piBHI  ¢yHKWIII  cucremu
30pi€HTOBaHI Ha aHaui3 iH(popMallii, sika HaAXOAUTh SIK
3 perioHaJlbHUX TIJICUCTEM MOHITOPHHTY, TaK 1
JepkaBHOI  migcucremu  MoHitopunry HC, sika
KOHTPOJIIOE JKepesla HeOe3MeK Yy HaBKOJIO3EMHOMY,
OMKHBOMY 1 JTAIbHBOMY KOCMOCI, Y Hajpax 3emi, B
IHIIUX JIep)KaBax, sKi MOXKYTh CKJIACTH HEOE3NeKy IUis
TepuTopii YKpaiHu.

TakuM 4UHOM, 3TiJTHO 3 (QYHKIIOHAILHOI CXEMOIO
(mMB.  puCYHOK 3),  aKTyalbHUMH €  HAyKOBi
JOCIHI/DKeHHsT 11010 3a0e3rnedyeHHs  eeKTUBHOro
MOHITOpHHTY,  mnonepekeHHs,  JdikBigamii  HC,
Oe3rieKkM Ha  PI3HUX  PIBHSAX  JKUTTEAISUIBHOCTI
MIPUPOTHO-TEXHOT'€HHO-COLIIANBHOI CUCTEMH Y KpaiHu.
3 ypaxyBaHHSM CKa3aHOT'O, METOIO HAIIMX JOCIiIXKEHb
€ PO3BUTOK HAYKOBO-TEXHIYHMX OCHOB METOJIB
pPaHHBOIO  BUABJIEHHA  JpKepead — HeOeslmek  Ta
nonepepkeHHss BuHukKHeHHs HC Ha 00’ekTOBOMY
piBHI, JUIS 4YOro HEOOXiNHO MPOBECTH OLIHKY Ta
paHXHPYBaHHS CTPYKTYPHHUX  EIIEMEHTIB 00 €KTY
KOHTPOJIIO 32 MOXJIMBICTIO BUHMKHEHHSI Pi3HOTO POy
HeOe3neK, sAKi MOXYTh IIPUBECTH IO BEIHKHX
MaTepiaJbHUX Ta HeMaTepialbHUX 30UTKIB, & TAKOXK 10
€KOJIOTTYHUX HACIiJKIB.

AHani3 ocTaHHix AocaimkeHs i myOaikaunii. s
OTPUMAaHHS TMOPIBHSIBHOI OLIHKK PIBHA HeOe3neKku
(GYHKI[IOHYBaHHS JIOKaJdbHOI TEPUTOpPIi B yMoOBax
mposisy HC pi3HOI mpupomm ciifi BUKOPHUCTOBYBATH
HACTYIHI METOMH:

— CTaTUCTUYHUH, 1m0 0a3yeThCs Ha aHai3l TaHWUX
cratuctuky BuHUKHEHHS HC mpoTarom KimbKOX POKiB
JIUI BU3HAYEHHS ITOKAa3HUKIB HeOe3eKH 00’ €KTIB;

— IMOBipHHMIA, = OCHOBaHMH Ha  3aCTOCYBaHHI
MaTEeMaTUIHUX MOJEIIEH, SIKi OB’ SI3YIOTh IEPeTyMOBH
no BuHukHeHHS HC 13 MOXIHBICTIO IX TIpOsBY
(mampuknan, iMOBipHWN aHami3 Oe3MeKn SIepHUX
peaxTopiB);

— eKCIIepTHUI, M0 0a3yeTbCs Ha EKCIIEPTHOMY
OIIHIOBAaHHI y TIOETHAHHI 3 TEOPIE0 HETITKIX MHOXKHH.

[Nepesaroro CTaTHCTUYHOTO METOLY €
00’eKTHBHICTh. IMOBipHHII Ta EKCHEPTHHH METOIH
JO3BOJIAIOTHE ~ BPAaxOBYBATH JDKepeNla  IMOTEHIHOT
HeOe3neky, mo BHUABIAOTECA Y Gopmi HC pinko, ame
HACIIKK BiA sKOi € KaracTpodiuHMMHU (HANpHKIaL,
aBapist Ha YopHoOunscekit AEC, 3emierpyc Ta iHmi).
OnHak iIMOBIpHUI METOZ € HAJA3BHUYAHHO IPOMIZIKUM 1

TPYAOMICTKAM, BHMAara€ BeIIMKOTO WYHCIa BHUXIiTHHUX
JaHWX, [I0 TIPU3BOAWTH JO HU3BKOI  TOYHOCTI
OJIepKyBaHUX pe3ynbTaTiB. 3a BiJICYTHICTIO
anpoOOBaHMX MaTeMaTHYHHX Mojeled 1  JOCHTh
JOCTOBIPHHUX BHUXIJHHX JAHUX Ul HUX OLHKY BIUIUBY
Ha MOXJHBicTh pearizanii Macmrabaunx HC Bemukoro
Yhcla BaXKO (opMani3oBaHMX BHXIJTHHUX  JaHUX
JIOIUTBHO TPOBOJIUTH €KCIIEPTHUM MeToaoM [8, 9].

Bukopucrannit 'y poborax [10-12] pusuxo-
OpIEHTOBAaHWH MiAXiJ MOPS 3 OIIHKOIO PiBHS 3arpo3
notpedye BHU3HA4YeHHS 30uTKiB Bin Hachiakie HC. Bin
3aCTOCOBYETHCS, ~ Hacamrepesa,  JUIsi  HAayKOBOTO
OOIPYHTYBaHHS TPUHHATHOrO PIiBHS OE3MEKH JKUTTE-
JUsUTBHOCTI  (PYHKIIOHANBHO-TIPOCTOPOBUX — TPUPOIHO-
rOCIIOJJAPCHKUX 30H Ta MPHUHHATTS pilleHb MO0
PO3MillIeHHS HOBHUX MOTEHUIHO  HeOe3NeYHUX
MPOMUCIIOBUX O0’€KTIB 1 pO3MMpPEeHHs a00 3MiHH
npodiTIo TIFOYHX.

Kpim Toro, npoBeseHuii aHali3 HayKOBOI JIiTepaTypu
TMOKa3ye, 10 ICHYIOTh OKpeMi MiJIXOAX 100 KIIbKiCHOI
OL[IHKK PIBHS TEXHOTEHHO-NPUPOAHOI HeOesmeku [13—
15]. Y poborax [16—17] po3po0ieHO MOKa3HUKH OLIHKH
craHy HeOe3neku TepuTopii Ta 3pobieHo crpoly i
pO3MoAiNy 3a JeKiIbKoMa PiBHSIMHU HeOe3MeK OKpeMo st
HC Ttexnorennoro ta HC mpupomgHoro xapakrepy. Y
poborax [18, 19] HaBemeni cnpoOu MOOYIOBH Ta
BUKOPHUCTAHHS 1HTErpajbHUX IIOKA3HUKIB OLIHKU U
aHamizy piBHA Oesmneku kutTenisuibHocti [THO Ta
TEpUTOPiii 32 yMOB 6a30BOIr'0 KiIbKICHOT'O PO3MOILITY, 1110
PO3KPHBAaIOTh MPUYMHHO-HACIIIKOBI 3B’13KH YIIPaBIiHHS
JIFOJICBKHMU, MaTepiajJbHUMH, iHpOpMaIitHIMHA
pecypcamMu [uii  3a0e3IEYeHHS JOCSATHEHHS METH
IPOEKTY PEriOHAILHOIO PO3BHUTKY. PesympTaToM nmx
POOIT € PO3MO/ALT PETiOHIB IepKaBU 32 YOTHPMA PIBHAMH
HeOe3neku. et miaxin npusHaYeHuit 1u1sl macnopTh3aii
perioHiB 0e3 ypaxyBaHHS IHTEHCHBHOCTI BUHHKHEHHS
HC TexHOreHHOr0 Ta IPUPOJHOIO XapaKTepy.

[Muranusam monitopunry HC Ha okpemiit Tepuropii
[20, 21] Ta Oe3neku okpemux tumis [THO [18, 22]
NPUIIEHO JOCUTh yBarM B HaykoBiil siteparypi. lle
BIZHOCHTBCS 10 PO3POOKH MAaTEeMaTHYHHX MOJENeH, 1o
BITHOCHO TIIOBHO ONHUCYIOTh HPOLECH BHUHUKHEHHS
okpemnx HC, mopmenedt 3 mikBimamii iX HacmimkiB, 3
METOI0  YJOCKOHAJIEHHS  CHCTEMH 3  NPHUHHATTA
VIOPaBIHCBKAX  pillleHb,  pPO3POOKH  MPAaKTUIHUX
peKOMeHAamii 3 TEXHIYHHWX, ICHXOJOTiYHUX, OpraHi-
3aIlifHNX aCHeKTiB (YHKI[IOHYBaHHS OKPEMHUX CHUCTEM
Oe3mekH, CuI 1 3aco0iB Jrokamizamii Ta gikBimamii HC.
Kpim TOro, HaBemenmii y pobotax [23-25] amami3
METOMIB OLIHKK PiBHSA HEOE3NeKH KHUTTEMISUIBHOCTI B
ymoBax mposisy HC Bkazye Ha HEOOXiTHICTh BpaxXyBaHHS
NpWYMHNA  BWHUKHEHHS  (QakTopiB  HeOesmeku Ta
JOCTIKCHHS ~ OCOONMBOCTEH  TPOSBY  HEMIHIHHUX
B3a€MO3B’s3KIB MK HUMH. lle miATBepIKyeThCS
poboramu [26, 27], nme ¢opMyBaHHI OCHOBHHX
MPUHINIIB TATPUMKHA YXBaJCHHS aJeKBaTHUX pIIIeHb
6a3yerbes Ha mporHo3i HC Ta po3poOrii aHTHKPHU30BUX
pimmens B ymoBax nposisy HC.

TakuM  4WHOM, TIpM  PO3B’sI3aHHI  MPOOIEMHU
CTBOpPCHHs  e(eKTHBHOI ~ CHUCTEMH  MOHITOPHHTY,
nonepemKeHns, mikBiganii HC, MiHimi3arii ix HacmiIKiB
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Ta  3a0e3leueHHs  €KOJOriuHol  Oe3lmeku I
(dopMyBaHHS aJEKBaTHUX KOMIUIEKCHHX 3aXOJiB
3arobiraHHsl HeOe3nekaM pi3HOI TPUPOIM BUHHKAE
rmorpeda y BU3HAUCHI NPIOPHUTETIB VIS 31IHCHEHHS
TEXHOT€HHO-EKOJIOTIYHOTO ayIUTy Ta Harsiny Ha
KOHKPETHOMY IOTEHIIHHO HeOe3IIeYHOMY 00’ €KTI.
IlocTaHoBKa 3aBOaHHA Ta #0ro BHUpILICHHS.
Mertoro 11i€i poOOTH € BIOCKOHAJICHHS CHCTEMH
MOHITOpUHTY (muB. pHCyHOK 3) HIIIXOM
pamKHUpYBaHHS 3a pPe3yJAbTaTaMU OLIHKH TEXHOTEHHO-

eKOoJIOTiYHOi HeOe3neKku CTPYKTypHuX ckiagosux [THO
3a HMOBIpHICTIO BMHUKHEHHS Ha HBHOMY aBapiidHHX
CHUTYAIIii.

OCHOBOIO CHUCTEMH MOHITOPUHTY, IONEPEKEHHS,
nikeigamii HC, MiHiMi3aIii iX HaCTiAKIB Ta 3a0e3NeueHHs
exonoriunoi Oesnekn Ha [THO € xiacmyHmii KOHTYp
yIpaBIiHHA, 10 3abe3medye 30ip, 0OpoOKy Ta aHami3
iHpopMmarlii, MOJIENIOBaHHS PpO3BHTKY HeOe3neyHol
00CTaHOBKH Ha 00’ €KTi yIpaBJIiHHS, YSBICHHS NPO SIKUA
CXEMaTUYHO PO3KPUTI Ha PHCYHKY 4.
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Pucynok 4 — KonnenryanbHa cxema (yHKIIOHYBaHHsI CHCTEMH MOHITOPHHTY, IonepepkeHHs, Jiksinanii HC,
MiHIMi3amii IX HACIAKIB Ta 3a0e3MeueHHs eKOJIIOruHOI Oe3MeKH sIK 3aco0y YIpaBITiHHS 32 YMOB PO3AUICHHS TEPUTOPIT
MOTEHI[IITHO HeOEe3MeYHOro 00’ €KTY Ha 30HU HeOEe3IeKH Ta PO3TalllyBaHHSI TEXHOJIOTTYHOTO 00JIaIHAHHS:

S, — BIIACTMBOCTI TEPUTOPiANbHIX 30H HEOe3MeKH 00’ €KTY; (2 — NOKa3HUKK HEOe3MEKH (yHKL OHYBaHH:

TEXHOIOTTYHOro 00IaTHaHHS

KopoTkuii onuc npuHIUMIB (YHKIIOHYBAHHS CXEMH,
MIOJJAHOI Ha PUCYHKY 4.

1) Orpumana  3aco0amu  KOHTPONIO  TIEPBHHHA
iH(opmartist npo dakropu HeOesneku Ha Tepuropii [THO
abo Ha mpuiertiid 10 00’eKTy TepuTopii Mo Kademsx abo
panmiokaHary TPAHCIIOETHCS 10 MPUCTPOIB APYTOTO PiBHSA.
i mpucTpoi npu3HaYeHi BUKOHYBAaTH 0OpPOOKY OTpHUMaHOL
iH(popMari Ta MpeacTaBIATH ii y BUTIAAI, HEOOXiTHOMY
s Tperboro piBHSA. OOpoOka orpmMaHnoi iH(bOpMALii
MOXXE BHKOHYBAaTHCS SK B ONHOMY MiCIl, TaKk 1 Ha
NEKUIBKOX, 3aJIEOKHO  BIJ KOHKPETHOL CHCTEMH
MOHITOPHHTY Ta PO3MipiB KOHTPOIEOBAHOI HEIO TEPHUTOPIi.

2) O6pobiena iHbopMalis y BiOIOBIIHOMY BHIIISI
HaJXOJUTh Ha TPETiH piBeHb, 16 BUKOHYETHCS 11 aHai3 Ta
CHCTEMaTH3allil JaHuX, Ha OCHOBI YOro pOOHTHCS
BHCHOBOK IIpO CcTaH HeOesmeku Teputopii. OcobmuBo
BAXJIMBO IS  3a0e3MeYeHHs IIBUAKOMII  CHCTeMH

94

BUKOPUCTAHHS aBTOMAaTH30BaHMX 3ac00iB  0OpOOKH
iHpopMarii, sKe 3HAYHO NPHUCKOPUTH MPOIECH Ha
IPYrOMYy Ta TPEThOMY pPIBHAX CHCTEMH MOHITOPHHIY,
JO3BOJIUTH CTBOPHUTH €JIEKTPOHHI, JOCTYITHI B PEabHOMY
MacmTabi gacy, 6a3u JaHUX Ta 3HAHb.

3) Bukopucranss BIJIIIOB1THAX MaTeEMaTHYHUX
METO/IiB JTO3BOJIIMTH Ha OCHOBiI OTpuMaHOi iH(opMmarii y

BiTHOCHO  HETpPWBAJII  TEPMIHM  dYacy  BHUKOHATH
MOJIEITIOBaHHS HeOe3MmedHoi CHuTyarii, MporHo3yBaHHS i
PO3BUTKY Ta piBHA, BigoOpakaTH IPOTHO30BAHY

IUHAMIKY KaTacTpoigHux momiid rpadigHo (y Tomy
YHUCTIi 3 BUKOPUCTAHHSM Mall).

4) llpyra indpopmMaimiiiHa cucTeMa € CHCTEMOIO
MiATPUMKHE yXBajeHHS pimeHHd. Ocoba, mo mnpuiiMae
pilleHHs, BHM3HA4a€e oOIWH abo JeKUIbKa KpHUTEpiiB,
BIJIMOBITHO 1O SKWUX 3IIHCHIOETHCS MPOTHOCTHYHE
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MozeroBaHHs po3BUTKY HC Ta BUpOOIISIOTECS BapiaHTH
YIIPaBIHCHKUX DillleHb, SKi OOTPYHTOBaHI BiIINOBIIHUMHA
po3paxyHKamMu. 3 HaOOpy BapiaHTiB YIpaBIiHCHKHX
pimmeHs ocoba obupae omauH, ab0 3amae Ie TOJATKOBi
KpuTepii,  BIANOBIZHO 10  SIKUX  BUKOHYETHCS
MOJICTIOBaHHSI Ta pPO3pOOKa YNPaBIiHCHKUX pillIEHB,
HaIlpaBJICHNX Ha HEIOIYIIEHHS PO3BUTKY HEOE3NEKH 10
piBHs Katactpodu. Km0 K KaracTpopu BXKe He
YHUKHYTH, TO pO3poOKa  YIPaBJIIHCHKHX  pilIEeHb
HaIpaBJICHA Ha MIHIMI3aIlit0 HACIIIKIB BiJI HEI.

5) 3atBepkeHe 0c000I0, IO MPHIAMAE PillICHHS,
PpilIEHHS HAJIXOUTH JI0 CUCTEMHU BUKOHAHHS pillIEHHs, JIe
BUKOHYETbCS Horo ¢opmamiszaiis Ta JOBEISHHS M0
BHKOHABIIB. 3MiHH CTaHy JIOKAJILHOI TepUTOpii Ta 3MIHK
cTaHy HeOe3NeKH Ha Hid BHUKIMKATUMYTh 3MiHH Yy
BEIMYMHAX BHMIPIOBAHUX TNapamerpiB, MO (iKCYIOTHCSI
npucTposiMu  KoHTponto.  [loparnpie  MonenmtoBaHHS
MOKake ePEeKTUBHICTP BUKOHAHHS  YIPaBIIHCHKOTO
PIlIEHHS — KOHTYP yHpaBIIiHHS 3aMKHYBCSL.

[MpoinroctpoBani Ha puc. 4 ymMoBH (DyHKIIIOHYBaHHS
00’€KTOBOT ~ CHCTEMH MOHITOPHHIY, TOMNEPEIHKEHHS,
mxksigamii HC, minimMizalii iX HacOigKiB Ta 3a0e3me4eHHs
€KOJIOTIYHOi 0e3MeKH YMOBHO MOIUISIOTH TEPUTOPIIO
00’€eKTy Ha TepHUTOpiaibHO-HEOE3NeYHi 30HU 31 CBOIMH
BJIACTUBOCTSMU (Sg) Ta PO3TALLIOBAHMM B HHMX TEXHO-

noriunnM obnapHanHsM (£2¢). Lle nossomse cpopmy-

BaTH KOMIUIEKCHUH MiAXiax a0 (OpMyBaHHS CHCTEMHU
Oe3neky Ta PO3KPUTH MEXaHi3M Mpolecy 3arobiraHHs
MposIBaM BHYTPILIHIX Ta 30BHILIHIX HeOe3MeK.

OnuuM 3 migxofiB 6aratohakTOpHOI OLIHKU BILIUBY
CTPYKTYpHUX elieMeHTIB Ha ¢yHkiionyBanus [THO sk
TEPUTOPIANbHO-4YaCOBOT ~ MapaMeTpU4YHOi  CUCTEMH B
yMOBax OOMexeHOCTI iH(popMalii € BHKOPHUCTaHHS
KOMILIEKCHOT'O €KCIIEPTHOT'O OL[IHIOBaHHSL.

B pobori, sk mpukmaji, s eKCHEepTHOI OIHKH Ta
pPaHXUPYBaHHA CTPYKTYPHUX €JIEMEHTIB 3a CTyIEeHEeM
BIUIMBY Ha 3arajJbHUH pPiBEHb TEXHOI'CHHO-EKOIOTi4HOI

HeOe3neku  QynkumionyBanns I[IHO  BuOpano AT
«Xmagmpom» (M. XapkiB). Cxema  po3TallyBaHHS
OCHOBHUX CTPYKTYPHHX CKJIQJOBUX 3 BHPOOHHIITBA

MOpo3mBa Ta 30€pexeHHS MPOAYKTIB XapuyBaHHA Ha
TEepUTOPii MAIPUEMCTBA MIPEACTaBICHA Ha PHCYHKY D.
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Pucynok 5 — Cxema po3TallyBaHHS OCHOBHHX
CTPYKTYPHHUX MiJIPO3ALTIB 110 TEPUTOPIT MiANIPUEMCTBA
AT «Xmamgnpom»: 1, 2 — ckmamy; 3 — mmiacoOHO-
BUPOOHMYHMH KOpITyc; 4 — rapax; 5 — pubo3aBo; 6 —
XOJIONMIBHUK; 7 — MApUHAIHUM 11eX; 8 — TEXHOJIOTTUHHUIMA
nex; 9 — kommnpecopuuii 1iex; 10 — muiika; 11 — cxian
MaJIMBO-MaCTHIBHHUX MatepiaiiB; 12 — ckiam; 13 — mex
cyxoro nbony; 14, 15 — rpaaupHhi; 16 — koMnpecopHuid
uex; 17 — BupoOunumii uex; 18 — cknan; 19 — cronosa;
20 — agMiHicTpaTUBHUM KOpITyC; 21 — ra3oBa KOTEIbHS;
22 — cxnan

Jlnst BUpilIeHHs TIOCTaBJIeHO! 3a1a4i OyJio IPOBENEHO
y3araJlbHeHHsI OCHOBHHX MOXJIMBUX JDKEpEN TEXHOTI'€HHO-
exonoriuHoi ~ HeOe3znekn  ¢yHkuionyBanHs  [THO,
PO3pOOIIEHO  eKCIIePTHY aHKeTy, C()OPMOBaHO TIpyILy
eKCIIepTiB Ta MPOBEICHO eKCIIepTHE AocimkeHtst [28, 29].

3acTOCOBYIOYM  3alpoNoOHOBaHMN  miaxim — Oyia
IpOBeJeHa MPoLeypa eKCIIePTHOI OLIHKH PO3TAIlIOBAHIX
no teputopii mignpuemcrea AT «Xnaampom» OCHOBHHX
CTPYKTYPHUX MIiIPO3AUIIB MiINpUEMCTBA. Pe3ymbTaTi
eKCIIepTHOI OWIHKK (7 =6) OCHOBHHMX CTPYKTYPHHX
€IIEMEHTIB 3a CTYIEHEM iX BIUIMBY Ha 3arajbHHUN piBEHb
TEXHOTEHHO-EKOIOTiyHOI HeOe3nmekn (PyHKIIOHYBaHHS
ITHO npencrasieno y Tabmmi 1.

Tabmums 1 — Pe3ynbraT eKCIEpTHOI OIIHKYA OCHOBHUX CTPYKTYpHHUX eneMeHTiB AT «Xmaampom 3a CTyleHeM ix
BIUIMBY Ha 3arajIbHAI PiBEHh TEXHOT€HHO-EKOIOTTIHOI HeOe3neKn (PYHKIIIOHYBaHHS MMiATIPUEMCTBA

Homep O6’€KTy* Exkcnepr | Excnept EchepT Excnepr | Excnepr | Excnepr V;z};iﬂ- C'TaH;[apTHe

owika BIJXUJICHHS
1 4 4 5 4 4 3 4,0 0,6
2 4 4 4 4 4 3 3,8 0,4
3 5 5 5 6 6 5 5,3 0,5
4 5 4 5 6 5 5 5,0 0,6
5 5 5 5 6 6 5 5,3 0,5
6 8 7 8 8 8 7 7,7 0,5
7 5 6 5 6 6 5 5,5 0,5
8 6 6 6 6 7 5 6,0 0,6
9 9 8 9 9 8 8 8,5 0,5
10 2 3 2 2 2 2 2,2 0,4
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Tabmums 1 — [IpomosxeHHs

Homep O6’€KTy* EKC]I'_[epT ExcgepT EchepT EKCZIepT EchepT Excnept y;zizﬂ- CTaHﬂapTHe
. BiIXHMJICHHS
OLlIHKA

11 5 5 5 6 6 5 5,3 0,5

12 4 3 4 3 4 3 3,5 0,5

13 6 6 6 6 7 5 6,0 0,6

14 2 2 2 1 2 2 1,8 0,4

15 2 1 1 2 2 2 1,7 0,5

16 9 8 8 8 8 8 8,2 0,4

17 6 6 5 6 6 5 5,7 0,5

18 3 3 4 3 4 3 3,3 0,5

19 1 1 1 1 1 1 1,0 0,0

20 1 1 1 1 1 1 1,0 0,0

21 5 4 5 5 5 4 4,7 0,5

22 3 3 3 3 3 3 3,0 0,0

“Hymepaliisi 00’ €KTiB BianoBigae Hymepalii Ha pUCYHKY 5
VY3ro/pkeHIiCTh  eKCIepTiB  Oyna TmepeBipeHa 3a OCHOBHMMH BJIACTHBOCTSIMH: HIUIBHICTB, JUCIEPCIs,

JIOIIOMOTOI0 ~ 3arajlbHOro  KoedilieHrta  paHroBoi
KOpeJALii A1d Tpyny, 10 CKIagaeThesl 3 /m eKCIepTiB
(koedimienra konkopnanii). BukopucroByBascs Bupas,
3anpornonoBaHuii Kenngammom:

@)

ne S — MOKa3HUK Bapialjii BiTHOCHO CEpEeAHbOr0 PaHTy
(a= O,Sm(n + 1)), KW BU3HAYAETHCS (HOPMYIIO0

2

m
204

n
S=>
i=1\_j=1

1

n — KUIBbKIiCTh 00’ €KTIB paH)KUPYBAHHS, M — KUIBKICTh
CKCIIEPTIB, 7;; — PAHI i-TO 00’€KTY PaHKUPYBaHHs, 1O
BCTAHOBJICHUI j-M EKCIIEPTOM.

Y 1upoMmy Bunagky Koe(illieHT KOHKOpHalii
nopiBuioe 0,685. Jlist Toro, mo0 mepekoHaTHCs, IO
iCHy€ HEBUIIAIKOBA y3TOLKEHICTh B TYMKaX €KCIEPTiB,

BHUKOPUCTOBYBABCSI KpHUTEPIii ;(2, SIKUA  TIepeBipse

rinoTesy Mpo HEPIBHOMIPHUKA  PO3MOMIT  TPOTH
aNbTepHATHBH — TMPO piBHOMIpHUH. 3HalmeHe
3HAYCHHS

22 =m-(n—1)-W=863 )

Olnplre TAONMYHOrO 3HAYEHHS ;(,%mgﬂ =16,8, sxe

BU3HAYAETHCS YHCIIOM CTYTICHIB cBoOOIM
v=n—1=21 Ta piBHEM JOBipYOi HMOBIpPHOCTI
P =0,99.

Lle Bkazye Ha Y3rODKEHY EKCHEpTHY OLIHKY Ta
JI03BOJISIE BUKOPUCTOBYBATH OTPUMaHi Pe3yiabTaTH JUIs
KJacrepuzanii CTPYKTYpHUX €JIEMEHTIB, SKi
pO3TaIIOBaHi MO TEPUTOPIi MIANPUEMCTBA 3 THM, MI00
3HAWTH TPYIH CXOXKHUX 00’€KTIiB y BHOIPII NaHWX, TaK
3BaHUX KJIACTEPIB, SKI XapaKTEPU3yIOThCS HACTYITHUMH

96

po3mip, ¢hopma Ta BiagineHicTs [30, 31]. Ilin mwineHiCTIO
Ma€ThCs Ha yBa3l BJIACTHBICTb, SIKA JO3BOJISIE BU3HAYUTH
KJTacTep, SIK CKYIMYEHHS TOYOK Yy TIPOCTOpi JaHuX,
BIJTHOCHO WIUIbHE Yy TOPIBHSHHI 3 IHIIUMH OONACTSIMU
MPOCTOPY, IO MICTATh ab0 Majy KiJbKICTh TOYOK, a0
He MicTaTh 1X B3aram. Jlucmepcis xapaktepuzye Mipy
pO3CiIOBaHHS TOYOK Y MPOCTOpI BIJIHOCHO LIEHTpa
kiacrepa. Po3mip kiactepa TICHO TOB’sI3aHHME 3
JHCIIEPCIEIO. dopma Kiacrepa BU3HAYA€ETHCSA
MOJIOKEHHSIM TOYOK y mpoctopi. [lpu 300pakenHi
KJIacTepiB y BUIJSIAL  pI3HUX  (OPM  BHHHUKAE
HEOOXIJTHICTh BH3HA4YEHHS «3B’SI3aHOCTI» TOYOK Yy
KJIacTepl y BUIIIAIl BiTHOCHOI MipHW BIJICTaHI M)XK HUMHU.
Mipu BixcraHi 3a3Buuaii He OOMEXeHi 3Bepxy Ta
3anexaTb Bill BHOOpY mIKanmu (MaciuTaly) BHMIpIB.
BiginbHICTh XapakTepu3ye Mipy NEpeKpUTTS KIIACTEPiB
1 HACKUTBKH JJAJIEKO OJIMH BiJl OTHOI'O BOHH PO3TaIIOBaHI
y mpoctopi. ToOGTo, poOOTYy HArIsIOBOrO OpraHy
JOLIHO ~ OpraHi3yBaTW 3 YpaxyBaHHSIM BHECKY
KOHKPETHHX CTPYKTYPHHX TIiJPO3JALTIB Yy 3araibHy
TEeXHOTCHHO-EKOJIOTIUHY ~ HeOe3leKy, $Ky CTBOPIOE
MOTEHIIHHO HeOe3MeYHe i AIPHEMCTBO.

IIpu Bu3HAYEHHI MipH BiCTaHI ONHIEIO 3 HAWOLIBIIT

BIIOMUX BIJCTaHEH € €BK/IiZOBa BIACTaHb, sKa
BU3HAYACTHCA SIK:
dyp = ©)

e da,g — BiacTaHb MK oO’ektamm o Ta [ X, —
a0COIIFOTHE 3HAYEHHSA Z-1 3MIHHOI It o0’ekta o | X B

— abcooTHE 3HAYCHHS Z-1 3MIiHHOI st 00’ €kTa [ .

IIpore mpwm aHami3i Mipu BiACTaHI OIIHKA CXOXOCTI
MOTEHIIITHO HeOe3IeYHNX 00 €KTIB CHIIBHO 3aJIEKUTH Bill
BIIMIHHOCTEH y 3pYIICHHSIX ITaHUX. Tak, 3MiHHI, IO
XapaKTePH3YIOTHCS BETMKAMH a0COFOTHAMY 3HAYCHHAMU
HeOe3MeK Ta iX CTaHAApPTHUMH BiIXWICHHSIMH, MOXYTh
3MCHIIINTHA BIUIMB 3MIHHUX, $KI XapaKTEePU3YIOTHCS
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MaJuMU aOCOIFOTHMMM 3HAYEHHSMU Ta BiJIOBIIHUMU
CTaHIAPTHUMH BiIXIWICHHAMH. TOMY JJIs 3MEHIICHHS
FOTO BIUTMBY B pOOOTI Tepe] BU3HAYCHHAM MipH
BiJCTaHi d,5 HEOOXIIHO MPOBECTH MPOLEC CTAHAPTH-

3aIil JaHuX, Mo 0a3yeThCsl Ha HOPMaTi3aIlil 3MiHHUX JI0
OIMHUYHOI IUCIIEPCIi Ta HYJIbOBOTO CEPEIHBOTIO

s X, —-M[Xx,]
X, = oz al,
e @
X* _ Xﬂz _M[Xﬁ]
B~ G—’
Xp
e X ;, X;Z — CTaHJapTU30BaHI 3HAYCHHS Z-X

3MIiHHUX A7 00’€KTiB o Ta [, M[Xa], M[Xﬂj -

MaTeMaTU4Hi O4YiKYBaHHS, XapakTepHi s 3MIHHHX
ob’ektiB a Ta B oy Oxy ~ CTaH/IapTHI BiJIXH-

JICHHS1, XapaKTepHi A4 3MiHHUX 00’€KTiB o Ta [ .

Oprasi3aifist HanIAI0BOI TISUTEHOCTI KOHTPOJTFOIOUHX
OpTraHiB XapaKTePU3YEThCS 1€EPAPXiYHOI0 CTPYKTYPOIO, Y
3B’S3KYy 3 1UM OYyll0 TPUHHATO  MPOBEACHHS
HOCHIZIOBHOTO 00’ €THAHHS MEHIINX KJIACTEPiB Y BEJHKI
i3 3aCTOCYBaHHSM TakK 3BaHHUX arjIOMEPATHBHHX METO[IIB

IIJSIXOM PO3ALIEHHS BEJIMKUX KIIacTepiB Ha MEHII, TOOTO
TaK 3BaHMX JMBI3UIMHHX METO/IB.

BpaxoByroun MOXITUBICTB 3aCTOCYBaHHS
CTaH/IAPTHUX TPOLEAYp B ICHYIOUMX IPHKJIAJIHUX
mporpaMax i OIIHKHM BiJICTAaHEH MiX KJIacTepaMu
IULIXOM ~ MiHIMI3alil  KBajpariB  Aucrepciii  ais
KJacTepiB, sSKi MOXKYTb OyTH cpopMOBaHI Ha KOKHOMY
Kpoiti, Oyno Bukopuctano meron Bapxa [30, 31].

PesynbraTi BU3HAYCHHS Mip CBKJIIJIOBUX BiJCTaHeU
MK DIBHAMH TEXHOI'€HHO-CKOJIOTIYHOi  HeOe3meKn
(yHKIIOHYBaHHS ~ CTPYKTYPHHX  €JEMEHTIB,  sIKi
posramoBani no teputopii AT «Xnagnpom», npencras-
JIeHi y Ta0muii 2.

Pe3ynbTaT MOKpOKOBOrO arfioMepaTHBHOTO 00’ €THaH-
HS CTPYKTYPHHX €JIEMEHTIB MiANPUEMCTBA Y KIacTepH
NPE/ICTaBIICHO HA PUCYHKY 6. JleHnporpama iepapxidHoi
KJIacTepu3arii (modymoBana METOI0M Bappna)
CTPYKTYPHHUX €JIEMEHTIB IiIIPUEMCTBA 33 pe3yJbTaTaMH
eKCIIEPTHOI OLIIHKM Ha MpEeAMET BU3HAYEHHS iX BKIaIy y
3arajibHUl pPiBEeHb TEXHOTCHHO-EKOJOTiYHOi HeOe3neku
[THO HaBeneHa Ha pHCYHKY 7. AHali3 JEHApOrpamu
KJacTepu3aiii J03BOJIMB B 3aJIOKHOCTI BiA BiJACTaHI
00’enmHaHHs (Ha piBHI mopsiaky 15...20 eBkmigoBUX
OJIMHUIIb) PO3AITIUTH TEPUTOPIIO MiINPHEMCTBA HA TPU —
YOTUPH KIIACTEPH.

Tabnuugt 2 — EBkiiIoBi BiICTaHI MiXk CTaHIApPTH30BAHUMU 3HAUSHHSIMH PE3YJbTATIB €KCIEPTHOI OL[IHKH OCHOBHHX
crpykrypuux enemeHTiB AT «Xnaanpom» 3a cTyreHeM iX BIUIMBY Ha 3arajbHUI PiBEHb TEXHOTCHHO-EKOJIOT YHOT
HeOe3nekn (yHKIIOHYBaHHS MMiIPHEMCTBA
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Pucynok 6 — I'padik mokpokoBoro 00’€IHaHHS 3HAYEHb PE3YNIBTATIB EKCIIEPTHOI OLIHKA OCHOBHHX CTPYKTYPHHX €JIEMEHTIB
AT «Xaanpom» 3a CTylieHeM iX BIUIMBY Ha 3araJibHUi PiBEHb TEXHOTEHHO-EKOIOTIYHOI HEOe3MeKH (YHKITIOHYBaHHS
TiIIPHEMCTBA
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Pucynok 7 — [lenaporpama kiacrepusantii cTpyktypHux enemeHtiB AT «Xiammpomy» 3a pe3ylbTataMu eKCIIepTHOI
OLIHKH III0/I0 CTYIICHIO iX BILUIMBY HA 3arajibHUI PiBEHb TEXHOr€HHO-EKOJIONYHOT HeOe3rnekn (yHKIIOHYBaHHS
T IPHUEMCTBA

Taxk, 3a yMOB pO3IiJICHHS TEPUTOPIi miIIpHUEMCTBA
Ha TpH KinactepH (Ha piBHI 20 €BKIIIJOBUX OXUHUID Y
BIMOBITHOCTI 10 pUCYHKY 7), IO MEPIIOro Kiacrepa, 3
BHCOKHM PIBHEM TEXHOT'€HHO-EKOJOTiYHOi HeOe3meKu
(ycepenHeHa eKCIIepTHA OIiHKAa 3HAXOMUTHCA HAa PiBHI
6,0...8,2), BIZHOCATHCA XOJIOOWIBHHUK Ta KOMIIPECOpPHI
exa, Jie MO>KJIMBO BUKH]] aMiaky.

Hdo npyroro kmactepa, i3 cepemHiM piBHEM
TEXHOTEHHO-CKOJIOTiuyHOI ~ Hebesmekn  (ycepemaHeHa
eKCIlepTHa OIliHKa 3HAXOIWThCs Ha piBHI 4,7...6,0),
BIMHOCATHCA 1HINI BHPOOHWYI 00’€KTH: TiICOOHO-
BUPOOHHUYHI KOPITYC, Tapax, pud03aBoj], MapHHAIHUN
1 TEXHOJNOrIYHUH Iexa, CKiIaj MaJuBO-MAaCTHILHUX
MaTepiaiiB, IIEX CyXOro IJIbOMy, BUPOOHMUYWH IeX Ta
ra3oBa KoTenmpHs. Pemra 00’€KTiB BiTHOCHTBCS IO
TPETHOro KiacTepa.

OtpumaHi  PO3paxyHKOBI  pe3yNbTaTH  IIO/IO
KJIacTepu3anii J03BOJISIOTH 3POOHMTH 33 LUMHU JIAHUMHU
(aKTHUHy OLIHKY CTYNEHIO 3arpo3d BHHUKHEHHS

HeOe3MeKn 3 YpaxyBaHHSAM ICHYIOUOTO pO3TaIIyBaHHSI
o0’ekTiB miampuemctBa. Ha pucynky 8 nomaTkoBO
BUKOHAaHO Y OKpPEMHX HH3KaxX 00’€JHAHHA CTPYKTYPHHX
MiAPO3AUTIB 3TITHO OTPUMAHOI KJacTepm3alii 00’ €KTiB
miAnpueMcTBa. 31 CXeMH BUIHO, IO TiIPO3ALTH TIEePIIOro
kimacrepy (6, 9 i 16), axi MaroTh HaHOUTBIIMI pPiBEHH
TEXHOT'CHHO-EKOJIOTIYHOI HeOEe3MeKH, a TaKoK — IPYroro
kmacrepy (2,4, 5,7, 8, 11, 13 # 17) po3ramoBaHi y neHTpi
TEpUTOpii MONpHEMCTBA. Y BUMANKy BUHUKHEHHS
aBapiifHOl CUTYyallii, HAPUKIAA MOXKexi o Jinii 6—9-16,
TO HeOEe3NEeYHO 3aiiMaeThcs IMOXKEXa 32 HANPAMKAMH
migpo3ainiB 13-7-8-4, 10-14-16 rtomo. 3Buuaiino, mo
TAPO3MIAM  TMiABUIIEHOTO  CTYNEHIO  TEXHOT€HHO-
eKoJoriuHoi HeOe3MeKW IMOBMHHI OyTH pO3MIMIeHI 3
ypaxyBaHHAM pO3H BITpiB, TOOTO Ha Kparo TepuUTOpii
MiAMPUEMCTBA 3 MIABITPSIHOI CTOPOHH. Y  IBOMY
BUMAJKy, IO KpalHIiH Mipi, 3 ypaxyBaHHSIM BITpY
migposmimu 1, 2, 5, 12 1 13 marots OyTn mepemilieHi y
KpalHIO HaBITPSHY 30HY TEPUTOPIi.
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Pucynok 8 — Cxema TepuTopiaibHOI KIacTepHu3allii OCHOBHUX CTPYKTYpHHX eneMeHTiB AT «Xiaampom» 3a cTyreHeM
X BIUIMBY Ha 3arajbHUI PIBEHb TEXHOI€HHO-EKOJIOT1UHOT HeOe3neKkH ()yHKIIOHYBaHHS MiINPUEMCTBA
(mymepariist 06’€KTiB BiAOBia€ HyMepallii Ha pUCYHKY D)

3 ypaxyBaHHsAM OTPUMAaHUX pe3y/bTaTiB
eKCIIePTHO-KJIACTEPHOT0  aHaTi3y Ha TEPCIEKTHBY
PEKOHCTPYKINT MiJNPUEMCTBO OTPUMYE JIOCTATHBO
HaJifiHy TepequCcIOoKallif0 MO TEepUTopii, TOMY IO
TeopeTHYHe OOIPYHTYBAHHS PO3MIILEHHS CTPYKTYPHHUX
€JIEMEHTIB JI03BOJIMTh CYTTEBO 3HM3HMTH WMOBIPHICTBH
BUHHUKHEHHSI HE0E3MEUHOI CUTYaIlii.

TakuM uuHOM, anpoOOBaHWII HA  NPUKIALIIL
AT «Xnagnmpom» migxif M0N0 €KCHEepTHO-KIaCTepHOL
OLIIHKHU CTYIEHIO BIUTMBY CTPYKTYpHUX MiJPO3ALIIB HA
3arajbHUIl piBEHb TEXHOI'€HHO-EKOJIOTIUHOI HeOe3meKH
(G yHKI[IOHYBaHHS HIANPUEMCTBA JIO3BOJISIE
KOHKPETU3yBaTH TIOCITIIOBHICTh OLIIHKH Ta
MOZAJIBIIOT0 PaHXKUPYBAHHS CTPYKTYPHHX CKIaIOBHX
I[MTHO 3a yMOBHOIO WMOBIpHICTIO BUHMKHEHHS Ha HHX
Ta TPWIErNMUX A0 HUX JIOKAJbHUX  TEPUTOpPiH
TEXHOT€HHO-EKOJIOTTYHUX HA/I3BHYAWHUX CUTYaITiil.

Bucnoskmn.

1. O0rpyHTOBaHO CTBOPEHHS KOMIUTEKCHOI
YOTHPHUPIBHEBOI (3 ypaxyBaHHAM B3a€MO3B'S3KIB MK
00'€KTOBMM, MiCBKHAM, PETiIOHAJBHUM 1 JeprKaBHIM
pIBHSMH) CHCTEMH MOHITOPHHTY, IIOIIEPEIKEHHS Ta
JKBiAAIl Ha3BUYAHUX CHUTYAIllil Pi3SHOTO XapakTepy,
3 MJCHCTeMaMH pAaHHBOTO  BUSBIEHHS  JDKEPeI
TEXHOTCHHO-EKOJIOTIYHOi HeOe3MeKn 1 TomepeHKeHHS
BUHHUKHEHHSI €KOJIOTIUHOI KaTtacTpohH Ha PI3HHUX PIBHAX
KUTTEIISUTFHOCTI, 10 € HEOOXITHUM ISl TApAaHTOBAHOTO
3a0e3IeueHHs BIIITOB1AHOTO piBHS Oe3rekn
(YHKIIIOHYBaHHS TEPUTOPIi Y KpaiHML.

2. [lokazaHo, [I0 OCHOBOI CHCTEMH PaHHBOI'O
BUSBJICHHS JDKEPENT TEXHOTCHHO-CKOIOTIYHOI HeOe3eKn

1 TIOTepPeHKEHHSI BUHUKHEHHS CKOJIOTIYHOI KaTacTpo(hH Ha
PI3HUX PIBHAX J>KUTTEMSUIBHOCTI € KIACHYHUA KOHTYD
yIpaBniHHs, 110 3abe3mnedye 30ip, 0OpoOKy Ta aHami3
iHpopmali, = MOJEIIOBAaHHS  PO3BUTKY  aBapilHOI
00CTaHOBKH Ha MOTEHIIHHO HeOe3MEUHOMY 00’ €KTI.

3. 3anpornoHoBaHuil PU3MKO-OPIEHTOBAHMN MiAXiT 0
CTBOPEHHSI Ta 3aCTOCYBaHHsS KOMIUIEKCHOI —CHCTEMH

MOHITOPHHTY, TOTEePEKEHHS Ta JKBimaLii
HaIBBUYAWHMX  CHTyallill  pI3HOrO  Xapakrepy Ta
3a0e3neyeHHss  eKONOoriuHol  Oe3rmeku  Moxe  OyTH

3MIfICHEHUM 3a pe3yJbTaTaMH EKCIIEPTHO-KIACTEPHOL
OL[IHKH CTYICHIO BIUIMBY €JIEMEHTIB YKUTTEIISUILHOCTI Ha

piBEHb TEXHOTEHHO-EKOJIOTIYHOT HeOe3neKn
(yHKIIOHYBaHHS MPUPOAHO-TEXHOT€HHO-COL[IATBHOT
cucremu.  OTpuMaHHS  Takoi  OILHKH  [03BOJISIE

pamkupyBaTH CTPYKTYpHI ckianoBi [THO 3a ymoBHOMO
WMOBIpPHICTIO BUHUKHEHHSI Ha HHUX Ta MPWICTINX JI0 HHUX
JIOKaITbHUX TepUTOpIn TEXHOTEHHO-EKOIOTYHHX
Ha/I3BBUYAHHUX CHUTYaITii.

4. Peanizarisi 3aponoOHOBaHOI €KCIEPTHO-KIACTEPHOL
OLIIHKK IO BU3HAYEHHS BIUIMBY CTPYKTYPHHUX ITiIPO3JLTIB
AT «Xmammpom» Ha 3arajJbHAN pIiBEHb TEXHOTEHHO-
ekxosorignoi Hebesneku ¢pynkmionyBanns [THO, mo3Bosse
00’eqHATH OO0 €KTH, $KI pO3TAIIOBaHI HAa TEPUTOPIi
MiATNPHEMCTBA, B MeXax Tpbox kiacrepiB. o I kractepa
BIJHECEHO XONOMIIPHUK Ta KOMIIPECOpPHI Iexa, Je
MoxumBo Bukuza amiaky. o II xmactepa — migcoOHO-
BUPOOHIYUI KOPITYC, Tapax, prO03aBOJ, MapHWHATHHH i
TEXHOJOIIYHMH  1leXa, CKIaJ  NaJuBO-MAaCTHIIBHHX
MaTepiaiiB, IeX CYXOro IOy, BHPOOHHMUYMIA IIeX Ta
ra3osa kotenbHsL. o Il xmacrepa — pemra 00’ €KTiB.
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V. Tiutiunyk, V. Strelec, V. Kalugin, Yu. Zakharchenko

METHODOLOGICAL APPROACH DEVELOPMENT FOR TECHNOGENIC AND ECOLOGICAL
ASSESSMENT OF DANGER LEVEL OF FUNCTIONING OF LOCAL TERRITORIES OF UKRAINE

The expert algorithm and cluster approach for carrying out audit and independent examination at all levels of
functioning natural and technogenic and social system has been formulated and offered. It is based on expert assessment
results extent influence of structural divisions of JSC «Hladpromy on the common tekhnogenic and ecological danger
level of functioning potentially dangerous object. Realization risk — the focused approach for level assessment
effectiveness functioning of complex four-level system monitoring prevention and elimination emergency situations
various character and ensuring ecological safety territory of Ukraine has been carried out on the basis of representations
about a local territory with dynamic dimensions that vary from the size of an elementary point of space to the size of an
object, a city, a region, etc., and also taking into account the interrelations between these levels of life activity.

Keywords: technogenic and ecological danger, emergency situations, local territories, expert assessment, the cluster
analysis, audit and examination danger, risk — the focused approach.

B. B. Twrtionuk, B. M. Ctpineus, B. /I. Kaayrin, 0. B. 3axapuyenko

PABBUTUE METOJIOJIOTMYECKOIO TOJIXOJA A TEXHOI'EHHO-3KOJIOTMYECKOM
OIIEHKH YPOBHSI OITACHOCTH ®YHKIIMOHUPOBAHMS JIOKAJIbHBIX TEPPUTOPUIL YKPAUHBI

Ha ocHOBe pe3yapTaToOB IKCIIEPTHOM OLICHKH CTENIEHH BIMSHUS CTPYKTYPHBIX noapasaeneHnii AO «Xmaampom» Ha
o0 ypOBEHb TEXHOT€HHHO-PKOIOTHYECKOH OIACHOCTH ()YHKIMOHHMPOBAHMS ITOTEHIMAIBLHO OMNACHOr0 OO0BEKTa,
copMyIHpOBaH U NPEIIOKEH AITOPUTM IKCIIEPTHO-KIACTEPHOTO IONXO0Aa JJISA NMPOBEACHUS ayIuTa U HE3aBHCHMOMN
9KCIIEPTU3Bl HAa BCEX YPOBHAX (YHKLIMOHHPOBAHHS HNPHPOAHO-TEXHOTCHHO-COLMAIBLHOM CHCTEMBI. Peanusanus puck-
OPHEHTHPOBAHHOTO  IMOAXOAA Ul OLEHKH YypoBHA d(¢dekTuBHOCTH  (QYHKIMOHUPOBAHUS  KOMIUIEKCHOM
YETBIPEXYPOBHEBON CHCTEMbl MOHUTOPHUHIA, MIPEAYNPEKACHHUI U JIUKBUAALMH UPE3BBIYANHBIX CUTYAIlMH Pa3JIMuHOTO
XapakTepa M 00ECHeYeHHS OSKOJOTMYecKod Oe30MacHOCTH TEePPUTOPUH YKpauHBl MPOBOAUTCS Ha OCHOBE
TIPE/ICTABICHUH O JIOKAJIIHON TEPPUTOPHHN C JUHAMHYIECKUMH Pa3MepaMy, H3MEHSIONIMMHUCS OT pa3Mepa 3JIeMEHTapHOH
TOYKH IIPOCTPAHCTBA 10 Pa3MEPOB 00BEKTa, FOpOJa, PETHOHA M T.II., a TAKXKE C YUETOM B3aMMOCBSI3CH MEXKAY ITHUMH
YPOBHSIMH KHU3HEESITENbHOCTH.

KnroueBble c10Ba: TEXHOT€HHO-9KOJIOTMYECKasi OMACHOCTh, YPE3BbIUAMHBIC CHTYaIlUH, JIOKAJIbHAS TEPPUTOPHS,
9KCTIEpTHAs OLIEHKA, KIACTEPHBIN aHAIN3, AyAUT U 3KCIEPTH3a OMACHOCTH, PUCK-OPHEHTHPOBAHHBIN TTOXO/.
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