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EKOJNIOI'IYHA CKNAIOBA B OLTHLI

MMTTEBOro UMKNY NPOAYKUIL

IIpoananizosani memodu exonoziunoi ouinku npodyxyii. Buxiadeni ocnosni emanu oyinku npooyx-
Uit 3a HCUMMEBUM UUKIOM. 3anponoro8ano nioxio 00 OUuiHKU 6NIUBY ICUMMEBO20 UUKLY NPOOYKUTUHOT
cucmemu. Po3pobaeno anzopumm in0exchoi OUiHKu HCUmmes02z0 yukiy npooyxmy Ha 0CHOGL YHIMapHozo

indeKxcy enausy Ha HABKOIUUWHE Cepedosuule.

Kmeouosi cnoBa: oyinka HcuUmmesozo YUKy, iHOeKCHA OUiHKA, eKOI0ZIUNa OUIHKa NPOOYKMY, eKoJl0-

2IUHUL BNAUS.

1. Becryn

B nanuii yac B ycboMy CBITi BIPOBa/IKY€ETLCS KOHILEIIILisA
€KOJIOTIYHOI OIIHKKM Ta palioHaJbHOro BUOGOPY Marepiasy
JUI BUPOOHMIITBA Ti€i UM IHIIOI MPOAYKII 3 TOUKH 30Dy
eKOJIOTIuHOT (e3IeKn /sl HaBKOJMITHBOIO CepepoBulla
i s monuuu [1]. BBoagThess HOBI TOHATTS — eKOJIOTiuHA
OIIHKA, )KUTTEBUI TIMKJI POLYKTY, Kaacudikallis Mmarepiasain
3Ti/IHO 3 BUMOTAMU 10710 3aXMCTY HABKOJUIIHBOTO Cepejlo-
BUII[A, €KOJIOTIYHO JOLiibHUIT Bubip MaTepiaiis ta in. [2].

[I[o6 3MeHIIUTH HeraTMBHUI BIUIMB NMPOAYKIII Ha Ha-
BKOJIMIITHE CepeoBuIle, HeoOXiaHa ii exosoTiyHa OIliH-
Ka, MO /I03BOJIIE PEECTPYBaTH 1 XapaKTepu3yBaTH pi3Hi
€KOJIOTIYHI acTmeKTu MPOAYKIi Ta omTuMizyBatu ii [3].
OCKUJIbKY TIPOTSATOM CBOTO JKUTTEBOIO IUKJIY Oylb-sKa
MPOYKILisi HEOXHOPA30BO POOUTH BHECOK Y 3a0pyAHEHHS
HABKOJIMIITHBOTO CEPEOBUINA, MEPIl 3a BCe, IIPU BUPOO-
HUITBi, BUKOPUCTAHHI Ta yTWJi3allii, OmMiHKa TPOIYKILii
MOBMHHA BPAaXOBYBATH €KOJIOTIYHI BIVIMBU HA BCIX CTa/ligX
JKUTTEBOTO LUKIY [4].

2. OcHoBx exonoriuyHoi oyiHku MaTepianis
3a <MUTTEBUM LUKIOM»

[linxoau 10 €KOJOTIYHOI OIIHKY MPOAYKTY 3Ti/IHO CTaH-
naptis ISO-14000 MokyTh O6YTH Pi3HUMH, aje 060B I3KOBO
AHAJII3YIOTHC TTOB’SI3aHi 3 HUMU HaBAaHTAKEHHS HA JOBKIJLIST
3a JKMUTTEBUM ITHUKJIOM TIpoaykty [5]. Ile no3Bosisie Bupirim-
TU €KOJIOTiIYHI 3aB/laHHd — CKOPOTUTH KIJIBKICTb Bi/IXO/iB
i cipustu pecypcosbepexentio [6].

Ominka exosoTiyHUX edeKTiB B3aeMOii MPOAYKTY
3 HaBKOJIUIIHIM cepeqoBuiiieM (a3yeTbCst Ha KOMILIEKCI

He3aJeKHUX METOIB: MEeTO TTOPIBHAJIBHOTO aHaTi3y (eKc-
MepPTHUI aHaJi3, METO/ MipKyBaHb ); CUCTEMHUIT aHaTi3 (Me-
TOJl «<4OPHOTO SAMMKY» ); MeToJi TpadiB (opieHTOBaHi rpadu
JUIS BUPIIIEHHsT HaraTOKOMIIOHEHTHUX €KOJIOTO-eKOHOMIYHIX
3aB/IaHb); KBAJTIMETPUIHUN MeTO/ (17T OLIHKY iHTEerpaibHOL
SIKOCTI MaTtepiany).

3. Ouinka BNAMBY MPOAYKTY Ha HABKOMMIUHE
CEpenoBuLLE

Hawmu 3amporionoBanmit iHAEKCHUH METOJ OO OIIHKHT
€KOJIOTIYHOTO BIIMBY HMPOAYKTY Ha HABKOJMIIHE Cepejlo-
BHIIlE TIPOTSTOM #Oro kutrteBoro nukay [7—8]. Tnpekc-
HUIT MeToJ repenbadae OTpUMaHHS 0e3PO3MIPHUX OIIHOK
y BUIJVIAAI MOKAa3HUKIB 32 CHPOIEHUMHU MaTeMaTUYHUMU
3aJIEKHOCTAMU JIJIS 3PYYHOCTI MOJAIBIIOTO BIIPOBA/SKEHHS
Ta BUKOPUCTAHHS [IUX OI[IHOK BiJIIIOBITHUMU PETyJIIOI0UNMU
OpTraHaM¥ Ta JIOHeCeHHs iHdopMallii Moo TPOAYKTY 10
crioxxkuBaya [9—10].

O1iHKa eKOoJIOTIYHOTO BIINBY BUKOHYETHCS 3a JOIIOMO-
rolo YHITapHOTO IHJIEKCY BILIMBY SKUTTEBOTO ITMKJY IIPO-
JIYKTY Ha HABKOJIUIIHE cepenoBuiie. B ¢Boio yepry nanuit
TMTOKA3HWK CKJIAMAE€ThCST 3 YOTUPHOX YHITAPHUX iHIEKCHUX
[MOKa3HUKIB.

3.1. YuiTapuuii impgexc 3a6pygHEHHA NOBEPXHEBMX BOJK.
YuiTapHoro iHjeKcy BUKHUIB B TOBEPXHEBI BOJAM pPO3pa-
XOBYETBCST 32 (HOPMYJIOIO:

Iy, =exp(—exp(1,135-3,293x107" X [y ), 1)

ne Jpy, — IHIEKC BUKUIB B IOBEPXHEBI BOAU.
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1&( Ewx 1 Tuas'wj
J o, —;; GDS. +E - Taus ) (2)
Evwrg, = (VMNF +Vigsir = Viss ) xC;, (3)
Taws, = Tpnp, +3 °C, (4)

1€ Eypp, — KIUJIBKICTD -1 HeOe31eqnoi pedoBuHu, T/piK; Vyyr —
06’eM BOJIOKOPUCTYBAHHSI 71 BUPOOHIYNX TTOTPeD, M2 /Pik;
Vs — 00’€M BOJO-CIIOKUBAHHS IJIsI TOCIOAAPCHKO-TI00Y-
ToBUX TIOTpeD, M>/piK; Vi — 00’eM Ge3IOBOPOTHOTO CIIO-
KMUBaHHA Boau, M3 /pik; C; — cepesnbopiuna KoHIleHTpallis
i-i peuoBUHN y CTOKY, T/M°; GDS; — MakcuMambHa Maca i-ro
3a6py/IHIOBaYa, IO J03BOJIEHA 10 HAIXO/KEHHS Y BOAHOMY
00’eKkTi, T/piK; n — KiJAbKiCTh 3aOpyAHIOBAYIiB y CTIYHUX
Bomax; Tysy, — (hakTHuHa cepepHbOMICAYHA TeMmIlepaTypa
cTokiB 3a j-ii micaub poky, °C; Ty — HnomycTuma cepes-
HBOMICSAYHA TeMIlepaTypa CTOKIB 3a j-il Micsib poky, °C;
Tpnp, — cepeiHbOMiCAUHA TEMIIEPATypa BOAM Y BOAOHMMIIL
3a j-it Mica1b poky, °C.

3.2. Yuirapuuit inpekc 3abpyauenna armocthepu. Buku-
I B aTMocdepy OIHIOETHCS 32 JOMOMOrOI0 HACTYIHOTO
YVHITApHOTO iHEKCY:

L, =exp(—exp(5,748 %107 =3,952x102 X J 1)), (5)

ne Jgy, — iHAeKc BUKUIIB B aTMocdepy.

n F m
ATM,
= —x Y IZA; 6
EMI,
ne E,py, — KigbkicTs i-1 Hebesneynoi pedoBuHH, Kr/100a;

GDV; — nosBosennii 06¢sr (KiIBbKICTD) i-1 HeGe3meuHol pedo-
BUHU, KI/11002; 7 — KiJIbKICTb 3a0pPYAHIOBAYIB, 1110 HAJXOAUTb
B armocdepy; [ZA; — mapiianbuuil ingexc 3abpyHeHoCTi,
BioOpakae CTyIiHb 3a6pyAHEHOCTI aTMOC(hEPH j-10 PEUOBH-
HOIO; M — KiJIbKIiCTh 3a0pyAHIOBAUIB.

174, =(C;/GDK;)", (7

ne C; — cepenms KOHIEHTpALis j-1 3a0pyAHIOI0U0l peIOBH-
m1; GDK; — cepennboo60Ba TPaHUYHO JOIMYCTHMA KOH-
HeHTpauis j-i 3abpyzaniorodoi pedosuny; k; — Ge3posmipHa
KOHCTAaHTA MPUBE/IEHHS CTYTIEHS IIKIJTMBOCTI PEYOBUHU 10
IIKiIZINBOCTI CiPYNUCTOTO Ta3y.

3.3. YuiTapuuit inpexc sabpymmenms rpywris. 3a0pyi-
HEHHs TIPYHTIB OI[IHIOEMO 3 BMKOPHCTAHHSAM YHITapHOTO
iHzeKcy 3abpyAHeHHS TPYHTIB:

Lo, = exp(—exp(6,956x 10" = 2,196 X102 X [0 )), (8)

ne Jpy — iHIEeKc 3a0pyAHEHHS IPYHTIB.
n Ci
.]EM]_s =;GD7KiY (9)

ne C; — dakTmyna KOHIEHTPAIlis i-TO XiMITHOTO KOMITOHEH-
Ta B IpyHTi; GDK; — rpaHuyHO J0IYyCTHMA KOHIICHTPAILis
1-0TO XiMI9YHOTO KOMMOHEHTY B IPYHTI; # — KiJbKICTb 3a-
OPYIHIOBAYIB.

3.4. YuiTapuuit ingexc yreopenHs Bigxogie. Binxoan, ki
YTBOPIOIOTHCS il Yac BUPOOHUIITBA OAMHUIN MPOMYKIII,
a TaKOXK caM IIPOAYKT IIiCJISl 3aBEPLIEHHS CTPOKY eKCILIya-

Tallii, MOXKYTb BUKOPUCTOBYBATUCDH Y AKOCTI BTOPUHHOI CU-
POBHHN a0 YTUITI3yBaTHCH.

Binxomm 3a ogHUIO Yacy Ha OJMHUIO TTPOAYKTY OIIHIO-
I0TBCS 3 BUKOPUCTAHHAM KOe(illiEHTy YTBOPEHHS BiXO/IiB:

2 My,
EH_ (10)

bwsr = Moy X B
ne Myg: — Maca i-ro BUJy BiIXOiB, IKi yTBOPIOIOTLCS IIPU
BUPOOHUIITBI IIPOAYKTY 38 OAMHULIIO YacCy, KT; Mppp — Maca
OJMHUIN TIPOAYKILii, KI; & — KiJBKICTh OXMHUIH TPOLYKTY,
SIK1 BUTOTOBJISTIOTBCS 32 OJJUHUIIIO Yacy; 7 — KIJbKICTb BU/IIB
Bi/IXOIiB.

2+ kper

mx(Zkaa X Rpsp +0,5% kysr X (1=kpsp)), (11)

wST =

ne Jwsr — IHIEKC YTBOPEHHS BiXOMiB; kygr — KoehillienT
YTBOPEHHS BIIXO/iB; kge; — KoedillieHT BTOPUHHOI Hepe-
POOKHU, 10T MPOLAYKTY, AKa MiJIsrac BTOPUHHII mepepo6-
11, BUKOPUCTAHHIO B SIKOCTI BTOPUHHOI CUPOBUHU; Kpgp
KoedIliEHT 3aX0OPOHEHHs, 0JIST BIIXO/IB, SIKa MiAJsIrac 3a-
XOPOHEHHIO.

Otinka cTyrneHi yTBOpeHHs BiJ[XO/IiB i/l 4ac JKUTTEBOTO
NUKJY TIPOAYKTY OIHIOETHCS 32 JOMOMOTOI0 YHITApHOTO
iH/IeKCY YTBOPEHHS BiJIXOiB:

Tysr = exp(—exp(6,077 x107" = 2,635x 107" X Jysr)), (12)

3.5. YuiTapHuit iHfeKC BNAMBY Ha HABKOMMLUHE CEpPEno-
Buwge. BB 1poOyKTY HMPOTITOM MO0 JKUTTEBOTO IMKJLY
Ha HaBKOJIUIITHE TPUPOIAHE CEPEIOBUINE OIIHIOEMO 3a Ha-
CTYITHOIO 3aJIeKHICTIO!

Teny = v, X par, X Ipaar, X Dwsr (13)
ne gy — yHiTAapHUN iHIEKC BOJIUBY Ha HAaBKOJWIITHE cepe-
nosuiie poaykry, 0< Iy, <1. Yum 6imskde snadenust gy,
110 1, TM GiIbIIe MKOAU CIIPUYNHSIE BUTOTOBJICHHS OMHUILL
TPOIYKIIil HABKOJIUITHbOMY CEPEIOBHIILY.

4. BucHoBku

OuiHKa JKUTTEBOrO LUKy HPOAYKIii mMae OyTu He-
Bi/'€MHOIO CKJIQJI0BOIO JIJIsI OI[IHKW JOIIJBHOCTI SK TpU
MPOEeKTYBaHHI HOBOTO BUJY MPOAYKIL, Tak 1 /s OIIHKHU
€KOJIOTIYHOI e()eKTHBHOCTI iCHYIOYNX BUIUB TPOAYKIIii 3 Me-
TOI0 BUOOPY HAMOIIBII €KOJOTIUHO APYKHBOIO TIPOAYKTY
Ta ONTHUMI3amii cTajill foro KUTTEBOTO NHUKJIY. B momass-
[IOMY 1[€ Ma€ IPUBECTH 0 O00OOB’SI3KOBOTO €KOJIOTTYHOTO
MapKyBaHHs BCiX BuAiB npoaykiii. IIposexenns orinknm
JKUTTEBOTO IUKIY TPOAYKIT MO3BOJUTH GLABII THYYKO
KepyBaTH BIUIMBAMHU KOKHOTO OKPEMOTO BH/Y IPOIYKTY
HAa HaBKOJMIIHE CepelOBUINe, JaCTh 3MOTY KOMIIJIEKCHO
OIIHIOBATH BIIUB IPOJYKTY IIPOTSATOM YCHOTO HOTO KUT-
TEBOTO TIMKJLY.
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JKONOrHYECKAA COCTABNANILIAA B OLEHKE MH3HEHHOI0
LUHKNA MPOAYKLHH

IIpoananusnpoBanbl METOBI HKOJIOTHYECKOI OIeHKU TTPOIYK-
unn. VI3/105keHbI OCHOBHBIE 9TAIIBI OLEHKH IIPOLYKIINU 110 JKIU3HEH-
Homy 1kay. [Ipenmoxken moaxom K oleHKe BIAUSHUS KUZHEHHOTO
UK POAYKIMOHHON cucteMbl. Pa3zpaboTan ajJropuTM MHAEKC-
HOI OIeHKU KIM3HEHHOTO IUKJA TTPOAYKTA Ha OCHOBE YHUTAPHOTO
MHJIEKCA BO3/EHCTBUS HA OKPYKAIOUIYIO CPELy.
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NPEUH3IUOHHOE PAPHHHPOBAHHUE

MEJIX K3 JIOMA X OTXO0H40B

C npumenenuem memodog GUUKO-XUMUUECKOZO AHAIUZA PACCMOMPEHA MOOEIb NPEUUIUOHHOZ0
pagunuposanus meou u3 mopuunozo cuipvs. Ipusedenvl pesyiomamo. meopemuueckux u IKCnepu-
MEHMATLHBIX UCCLe008AHUL NPEUUSUOHHO20 02HEB020 PADUHUPOSANHUS MeOU U3 BMOPUUNHOZO CHIPbS
¢ npumenenuem gocpuoa medu CusP. Yemanosneno, umo npomexamnue peaxyuii nepesooa 0cmamounlx
npumecell 8 WAax obecneuusaemcs na nepeom amane obpasosanuem oxuciumens P,Os ¢ nociedyougum,
Ha emopom amane, 06pasosanuem Gochamos npumecei C6UHYA, UUHKA U 0JI08A.

Kmouesste cnosa: pacnias, ozrnesoe pagunuposaniue, npumeci, Gochud medu.

1. Beepenue

Wcrnonb3oBanye IBETHBIX METAJJIOB SIBJISIETCS OIpe-
MEeJISTIONM BO MHOTHX OTPACJISIX MPOMBIINIIEHHOCTH, TI0-
ITOMY TEXHOJOTWYECKHE TPOIECCH MX TIOJIYYEHUs JOJIK-
Hbl OBITH TIIATEAbHO OTpabGoTaHbl. OOOCHOBaHMEM 3TOTO
MOJKET CJIYKUTh XOTsi Obl TO OYEBHIHOE OOCTOSITENBCTBO,
YTO JIAHHBIE TIPOIECCHI PECYPCO- U IHEPrO3aTPATHDI, a TaK-
JKE CJIOSKHBI BCJIEJCTBHE CJOXKHBIX (DU3NKO-XUMHUYECKIX
MeXaHU3MOB, UX obyciaBiuBaomux [1—3]. B mocaexnne
rofbl HabJIOMAETCsS TEHIECHIMS K PACIIUPEHUI0 TPAHIU-
OHHBIX 06JacTell MPUMEHEHMsI MeJd, 0COGEHHO BO3POCIO
norpebJeHne Me/l B CTPOUTEIbHON IIPOMBIIILIIEHHOCTH [4].
B macrosiiee BpeMsi Me/lb aKTHBHO HCIIOJIB3YIOT [IJIsI TTPO-
U3BOJICTBA TPYOOIPOBOIOB [IJIsI XOJIOIHOI U TOpPSTIE BOJIBI,
TpyOOIPOBOIOB VISl TPAHCIIOPTUPOBKU OBITOBOTO rasa [5].

He masyio posib B HapalMBaHUU OOIIEr0 MUPOBOIO 00b-
eMa [IPOU3BOACTBA MU COCTABJSIET TIepepaboTKa MEIHOTO
JioMa ¥ OTXO/I0B (Me/[b 13 BTOPUYHOTO CBIPbsI), O Y€M CBH-
JIETETLCTBYET POCT IleH Ha Meib Ha JIoOHJZOHCKOIH Oupike
metasioB [6—10].

[To nanubiM pabor [9—10] npou3BOACTBO Meay U3 BTO-
puumoro ceipbsa B 2012 roxy 3anumaio momo ~33 % B Mu-
POBOM TIpou3BojicTBe paduuupoBanHHoil menu. [lo oren-
ke aBTOpoB [11] Ha Ykpaumne (ona Menn, HaxoasIIencs
B TPAHCIIOPTHBIX CPECTBAX KEJIE3HOJOPOKHOTO, aBTOMO-
OGUIBHOTO, BOAHOTO M BO3LYIIHOTO TPAHCIOPTA, COCTABJIACT
ok0J0 244 ThIc. T. TakuM 06pa3oM, MOKHO CIeJIaTh BBIBO,
4TO nepepaboTKa MeAn U3 BTOPUYHOTO ChIPhs BHOCHT 3Ha-
YUTENbHBII BKJIQJL B 001Ul 06beM MPOU3BOACTBA YUCTON
MeJIN JUUISE HYSKI TIPOMBIIIIEHHOCTH. TUM 060CHOBBIBAETCS
AKTYaJbHOCTb MPOBEICHUS JAHHBIX MCCIIEOBAHMIIL.
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