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VIIK 502.7 (477.54) (0.3)
®opomyk B. II.,
JIyranck

PA3PABOTKA CXEMBbI JIOKAJIbHOM SKOJOT'NYECKOMN CETU JTYTAHCKOM
OBJIACTH

PaccmarpuBaloTcss METOIMYECKHUE TTOIXO0 B! (POPMHUPOBAHUS 3KOJIOTMIECKOH ceTH
HAa JIOKaJIbHOM YpOBHE, M IPUBOJUTCS cxema sKkoceTH Jlyranckoit oonactu. Puc. 1,
ucr. 10.

Knrouesvie cnosa: Jxonocuueckas cemv, npupoOHO-3an08eoHbll OHO, KItoUesds
meppumopusi, npupooHoe 0po, IKOJI02UYecKull Kopudop, 6ygepnas 30ua, Ouo-
YeHmp, 30HA NPUPOOHOU PEHAMYPANUIAYUU, UHMEPAKMUBHBLIL dNEMEHM, DEeYyHOU
baccelin.

Ceiigac Bce B OOJBIICH CTETIEHN OCO3HACTCS YEIIOBEUECTBOM PEaIbHOCTD III00aIbHOM
9KOJIOTMYECKON KaTtacTpodsl, B pe3yabTaTe KOTOPOH IMOTHOHET CYIIECTBYIONIAs [IMBUIIN3AINS
WM, B Xy[LIEM cilydae, OMOJIOTHYECKHM BUJ] — UesIoBeK pa3yMHbIil. [loaToMy u mpeanpuHuMa-
eTcs IIEeTIBIN Psii Mep, HallpaBJICHHBIX HAa COXPaHEHHE HKOJOTMYECKOI0 paBHOBECHS, CPEAU KO-
TOPBIX M CTPEMJICHHE K YCTOMYMBOMY Pa3BHTHIO OOLIECTBA, COATAHCUPOBAHHOE WJIM HEUCTO-
IMMOE MPUPOJIONIOIB30BaHNE, PACIIUPEHNE MPUPOTHO-3AI0BETHOTO (POH/A, CO3JaHUE KOO~
TMYECKUX CETEH U Ipouee. Yclex KaXI0ro U3 HUX 3aBUCUT, C OJTHOM CTOPOHBI, OT HAYYHOIO €€
000CHOBaHHUS, a C APYrod — OT MPAaKTHKU ee peanu3anuu. Tak, uaes co3laHHUS NPHUPOTHO-
3anoBeAHOro (hoHAa ObUIa BCECTOPOHHE HAyYHO NMPOPabOTaHa, HO peann3alys ee IpOoTeKaja
KpaifHe MezuieHHO. U ceifuac yke HET B IOCTaTOYHOM KOJIHMYECTBE MPHPOIHBIX TEPPUTOPHH B
€CTECTBEHHOM COCTOSTHHH, KOTOpPBIE ObI 00ECIICUMIIN COXPAaHEHUE YKOTOTHIECKOTO PaBHOBECHUS
IyTEM pacUIMPEHUs] NPUPOJHO-3a1I0BEAHOr0 (GoHxa. Ilo MHEHHIO CIENUAINCTOB, B CTEIMHOH
30HE [UI 00ECHEYECHNUS 3KOJIOTHUECKOTO PaBHOBECHS JIOJIS 3aIIOBEIHBIX TEPPUTOPUH JOJDKHA
cocTaBisATh 0K0JI0 40—-60% muowmaan NaHHOW npupoAHoM 30HBI [8]. Ha naHHBIM MOMEHT BCs
CTENHAasi 30Ha B HamOOJIbILEH CTENeHH MOJABEpPIIach aHTPOIIOTCHHOMY IMPeoOpa3oBaHUIO, U
LEIUHHBIX CTENeH OCTAUCh «KPOXW», KOTOPbIEe HE B COCTOSHHUM MOJAEPKUBATH 3KOJIOTHYeC-
Koe paBHOBecHe. Tak, B YKpanHe BCero octaiock okojio 30% mpupoaHOil pacTUTEIHHOCTH, B
CTENHOH 30He — 6%, a HeNUHHBIX cTenei — okono 1%. B cooTBeTcTBHU C peKOMEHIanUsIMHU
MCOII gnst coxpaHeHus: OMOJIOTHUECKOTO U JIAHAMAPTHOTO pa3HooOpa3wst JaHHOTO PerHoHa B
Cpenneit Eporre momans 3amoBeIHBIX 00BEKTOB TOJDKHA COCTaBIATE 6—10% TeppuTOpHH.
Ho, e Bo Bcex crpanax EBporsl mmeer MecTo Takas 1o 3armoBeqHOCTH. B Ykpaune ceifuac
OOJIPIIMHCTBO 3EMJICTIONB30BATENCH PAacCMAaTPHBAIOT OPTaHM3ALMIO MPHPOIHO-3aMOBEIHBIX
TEpPUTOPHUIT HAa CBOMX 3€MJIIX KaK HCKIIOUUTENHLHO OECIOJIe3HOE U Jake He BHITOJHOE MEJO.
XOTS CIIEIHUAINCTBI YTBEPIKAAIOT, YTO HOPMATUBHBIM CPEIHEr010BOI SKOHOMUYECKHUH 3 (hdeKT
OT 3eMeIb NPUPOAOOXPAHHOTO HA3HAYEHUSI COCTaBISIET 626 TpH/TA, 4TO OOJNbIIE, YEM OT HC-
MOJIF30BAHNUS 3€MENb B 03/J0OPOBUTENIBHBIX M pEeKpeallnoHHBIX 1elsix [4]. besycnosHo, npupoa-
HO-3aI10BEJHbIE TEPPUTOPUH HYIKHBI, TOCKOJIBKY OHH C OOJIBIINM MIIM MEHBIINUM YCIIEXOM €Ile
MOTYT BBINOJIHATH 3a7[a4il yIyUIICHUS 3KOJIOTUYECKOI CUTyalnu, COXpaHeHus1 Onopa3HooOpa-
3Ws1, OXpaHy PeIKUX M HCYE3AIONINX BHUIOB. XOTS MOCIEIHAS 3a/jaua Ha CETOTHIIIHIHA JAEHb C
HAYYHOI TOYKHM 3peHHs (3aKOH 00eTHEHHUS OPTraHWYECKOT0 BEIIEeCTBA B OCTPOBHBIX €0 CTyIIle-
HUSX) HepeanbHa. Ho Bpemsi ObUIO yIylIeHO, W Tenepb Bce 0OJIblIe CIEHaINCTOB HaIeK bl
Ha COXpaHEHHE KOJIOTHYECKOr0 paBHOBECHS B IPUPOJIE CBA3BIBAIOT C pa3pabOTKON 3KOJIOTH-
YecKuX ceTer [9]. DTo mocneaHss BO3MOKHOCTh U30€KaTh 3KOJIOrnIeckoil katactpodsr. [1os-
TOMY METO/IOJIOTHYECKasi W METOJU4YecKas MpopaboTka STOH NpoOJieMbl SBISETCS aKTya-
JIBHOM.

B sToM oTHOmIEHMHM YKpauHa HaXoIUTCs B Oojiee BBIFOJHOM IIOJIOKEHUH: €CTh
HEOOXOIMMBIE HOPMATHBHBIE TOKyMEHTHI [1,2], pa3paboTaHbl Hay4HbBIE NPHHIHUIBI €€
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pas3pabotku [3, 4, 9, 10], umeercs cxema HAIMOHAILHOW 9KOCETH [3] U CTOUT 3a/1a4a CO3/IaHus
TaKUX XK€ PETHOHANBHBIX cXeM [4, 5, 7]. B cOOTBETCTBIU ¢ HUMU HAlMOHAJIBHAS 3KOCETh TPAK-
TyeTcsd Kak IEeJIOCTHAasl TeppUTOpHalbHAs CHCTEMa, KOTOpPasl CO3JAETCS C IEbI0 YIydIICHHS
ycIoBUi 1 GOPMHUPOBAHUS U BO3OOHOBIIEHHS OKPY’KAIOMIEH CPEebl, MOBBIMICHUS TIPUPOJTHO-
pECYpPCHOTO MOTEHIMANA TEPPUTOPUN Y KPaWHBI, COXpPaHEHHUS JIaHTAQTHOrO U OHoJIorHIec-
KOT0 pa3zHOOOpa3usi, MECT OOMTaHMS M MPOU3PACTAHHS IIEHHBIX BHOB KUBOTHOTO M PACTUTE-
JBHOTO MHUpa, TeHETHIECKOTro (h)OHAA, IyTel MUTPAllNH )KUBOTHBIX Yepe3 00bEeJUHEHNE TEPPH-
TOpUH M OOBEKTOB NPHPOAHO-3AMOBEIHOTO (OHIA, & TAKKE OPYTHX TEPPUTOPHH, KOTOPHIE
MMEIOT 0COOYI0 LIEHHOCTh JUISl OXPaHbl OKPY’KaroLed NPUPOIHOI Cpeabl U B COOTBETCTBUH C
3aKOHaMH M MEXyHapOAHBIM 00s3aTeNIbcTBAM Y KpanHbI HOJIeKaT 0co00it oxpane [2].

Ho ocraercst erie MHOTO BOIIPOCOB, 0COOEHHO METOANYECKOT0 XapakTepa, KacalouX-
Csl PETMOHAIIBHOTO YPOBHSI Pa3pabOTKH 3KOCETH, KOTOPBIH SIBISETCSI OCHOBOW MPOEKTa HAIMO-
HaJIbHOU AKoceTH. [ HecMOTps Ha CYIIECTBYIOIUE COOTBETCTBYIOIINE METOIMUECKIE PEKOMeE-
Hzuanmu [4], rae B OCHOBHOM ompeeneH 00beM HeoOXoIuMoi MH(opManuu Al pa3paboTKu
TaKOH CXEMBbI, KOTOpas, KaK MPaBHIIO, OTCYTCTBYET B PETHOHAX, OCTACTCS €€ MHOTO CYIIECT-
BEHHBIX BOIIPOCOB. [ TaBHBINA M3 HUX 3aKITIOYAETCS B ONPEACICHUH TEPPUTOPHUATBHON €IHHUIIBI
ec TpoekTHpoBaHMA. Mcxoms W3 TpHOpUTETa NPUPOAHBIX (HAKTOPOB HAX COLHAIBHO-
9KOHOMHYECKHMH KaK OCHOBHOT'O NPHHIMNA (OPMHUPOBAHHUSA 3KOCETH OBLIM IPEIIIOKCHBIL:
¢usuKo-reorpaduuecKuii, reob0TaHMYECKNH, 300TeorpadUIecKuii, arporIOYBCHHBIHN, JTaHAIIa-
¢dHBIH BEImen u OacceiH peku [5, 7, 9, 10]. Bce oHM mMeIOT apryMeHTHpPOBaHHOE Hay4dHOE
000CHOBaHHE, HO TOJBKO IIOCIEeIHHN OyJeT MOHATEH NPOEKTHPOBIIMKY, KOTOPBIA B HaType
JIETKO OTPEAEIUT TPAHHUIIBI 3TOTO TEPPUTOPHAIBHOTO BBIAENIa. B mpuposae yeTko 0003HAYECHBI
BOJIOpA3/ICIbHBIC TEPPUTOPHH, a (U3UKO-Treorpaduueckue, reoboTaHnYecKue, 300reorpadu-
YeCKHe, arpolouBeHHbIC, JIaHIIAPTHBIE T'PAaHUIBI HOCIT OTHOCHTENBHBIN XapakTep, 4To MO-
JKeT ONpeAeTUTh TOJBKO COOTBETCTBYIOMIMH crenuaiucT. B GacceifHax pek ocyliecTBIsAeTCs
OCHOBHOH IIEPEHOC MAacChl BELIECTB M IPEBpalICHUs 3Hepruu (OnoTndeckuii kpyrosopor). 1
4yeM KpyIlHee peka, TeM 0ojiee COMKHYTHIM XapakTep MMEeT 3TOT OHOTHYECKHH KPyroBOpOT
BEILECTB M NMPEBPALICHHUS YHEPTHH, UTO U SBIsSETCS (POpMOI CyIIECTBOBAHUS SKOJIOTHIECKOTO
paBHOBecHsl. Clie1oBaTeIbHO, 0OECIIEUNB €ro B rpaHMIax OacceiHa peKH TOTO MM MHOTO II0-
psinKa, MBI COXpaHUM 3KOJIOTHYECKOE PaBHOBECHE KaK B PETHOHE, TaK U B IEJIOM B IIPUPOJIE.
Kpome 3T0T0, 001IEn3BECTHO, YTO JOJIMHA PEKH SBISACTCS €CTECTBEHHBIM ITyTEM PacHpoOCTpa-
HEHMs PacTeHHH M MUTpalMM XUBOTHBIX (IPUPOAHBIA 3KOKOPHIOP). A MPOCKTHPOBIIUKAM
(3emneycrpoutensiM) Oyner Oojiee MOHATHEE 3a7aya BBIHOCA CXEMbI 9KOCETH B HaTypy B €ro
IpaHuUIaxX, YeM, JI0MyCcTUM, (PU3HKO-reorpaduueckoM paioHe. PazinyaioT HECKOJIBKO ypOBHEH
pa3paboTku cxem: OuochepHblil (r700anbHbIiH), KOHTHHEHTAIBHBIA (B TaHHOM ClIy4ae BCEeB-
porneiickuii), HallMOHAJIBHBIN, PEerMOHAJBHBIN M JOKaJdbHBIA. [IpencraBimserca menecooOpas-
HBIM 00J1acTHOH (aAMHHHUCTPATHBHO-TEPPUTOPHAIIHHBII) YPOBEHb IPOPAOOTKH CXEMBI SKOCETH
OTHECTH K JIOKQJIbHOMY, KOTOPBIH, KaK M HAlMOHAJBHBIN, SIBISETCS HCKyCCTBEHHBIM. 115 IpH-
POABI 3HAUNMBI OMOoCc(epHBIH, KOHTHHEHTAIBHBIA 1 PerHOHAIBHBIN (€CTECTBEHHOE AeeHnue). B
Ka4yecTBE MOCJIEAHET0 MOTYT BBICTYNATh CXEMbI 3KOCETH 0AaCCEHHOB peK MEePBOrO MM BTOPOTO
nopsaka ([Juenp, CeBepckuii JloHen), NpUPOIHBIX 30H (JIECHAs, JECOCTEIHAsA, CTEIHasl), rop-
HbIX cTpal (Kapmnar, KpbiMcknx rop), BosseiienHoctelt ([IpuanenpoBckas BO3BBIIICHHOCTb,
JloHenkui KpsbK) U APYTUX TEPPUTOPUI, UMEIONIUX peabHble IpaHHUIbI B pupose. IlonsiTka
B OCHOBY pa3pabOTKM CXEMBI SKOCETH IOJIOKUTH CYIIECTBYIOIINE WU INITAaHUPYEMBIE K Opra-
HHU3aIMM TPHUPOIAHO-3aIIOBEIHBIE TEPPUTOPHH, COEAMHUB HUX 3KOKOPHIOPAMH, HAYYHO HE
omnpasnaana. [IpuponHo-3anoBenHblil GOH Kak MmpocTasi cyMMa 0C0000XpaHIEeMbIX HPUPOTHBIH
TEPPUTOPHUHN HE SBJSIETCS CUCTEMOM MPHUPOJAHO-3AMOBEAHBIX TEppUTOPHiA [8], KOTOpask TONBKO
MOXET CIIYKUTh aHAJIOTOM 3KOCETH KaK «EJOCTHOW TeppUTOpUAIbHOU cucteMbl». be3dycinos-
HO, 3aII0BEJHBIE TEPPUTOPHUH SBISIIOTCS 003aTEIBHBIM AJIEMEHTOM SKOCETH, TOJIBKO UX CTATyC
JIOJDKEH OMPEAEIATHCS B KaXKJOM KOHKPETHOM cilydae oThenbHo. [Ipocroe coenuneHue npu-
POAHO-3aII0BEIHBIX TEPPUTOPHH M OCTABIIMXCS MPUPOTHBIX YIaCTKOB SKOKOpHIapamu Oyner
HOCHTh HWCKYCCTBEHHBIH XapakTep, 4To He oOecrneunT (QYHKIMOHHPOBAHHUE OSKOCETH B
LEJIOM U COXPAaHEHHE IKOJIOTHUECKOTO PABHOBECHS.

Bropoii HemanoBa)XHOH NPOOIEMOi SIBISETCS OINpeJeTIeHUe IUIOIAad TEPPUTOPHH,
OTBOAMMOMW TOJ| 3KOCETh, KOTOPasi B COOTBETCTBHM C HAYYHBIM HPUHIMIIOM JOCTaTOYHOCTH
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obecrieuniia ObI COXpaHEHHE IKOJIOTHUECKOro paBHOBecHs. IIpeacTasisiercs 1enecooOpa3HbIM
B KayeCcTBE TAaKOT0 KOJIMYECTBEHHOIO MOKa3aTessl B3ATh Takoe cooTHolueHue: 60% muomianu
OacceitHa peKky MOJDKHBI 3aHUMATh IPUPOTHBIC MITH YCIOBHO MPUPOAHEIE TeppuTopuu 1 40% —
AHTPOIIOTEHHO TpeoOpaszoBaHHbIe [§]. Takoe coderaHme, IO MHEHHIO OONBIIIMHCTBA CIICIIHAIIH-
CTOB, O0OECIIEYHT HE TOJIHKO COXpAaHCHHE SKOJOTHIECKOTO PABHOBECHS Ha TaHHOH TEPPUTOPHH,
HO W TO3BOJIUT HOJYYHTh MaKCHMYM IIOJIE3HOW MPOAYKIUH. 7% TEeppUTOpPHU OOIACTH, OTBO-
JIMEBIE TIOJ] PKOCETh [5], He TIO3BOJIAT PEIINTH TJIABHBIC 3a/1a4H, 3aJI0OKCHHBIE B OCHOBY CaMOM
ee uren. Tak, B 4aCTHOCTH, KaK MOKAa3allll pacueThl, JJOKalbHas dKoceTs JIyraHckoi oOmacTi
JIOJDKHA BKJIFOYATh OKOJI0 1572,8 ThIC. ra 3eMelb, 4TO cocTaBisieT 58,9 % Tepputopun odnactu
(puc. 1). B ee cocraB BoIIIM BCe UMEIOINUECS B HAJIMYUM NPUPOJIHBIE U  MOJYNPUPOTHBIE
TeppUTOpUH (ONpenenseMble 10 CTaTOTYETHOCTH «6—3eM»). Kareropuum 3emenb, OTBOJU-
MbI€ TOJ] YKOCETb, OMpe/eIeHbl HOPMAaTUBHO-MIPABOBBIMU JokyMeHTamu [2]. Ha manHbIi Mo-
MEHT UMeeTCsl OKOJIO 97% TPUroHBIX 3eMellb B 00JIACTH ISl €€ CO3JIaHusl OT HEeOoOXOAMMOU
IUIOIIA/IM, HO C y4ETOM IIOJHOTO BBIBEICHUS JerpajupOBaHHON MallHU C MOCIeAyrolel ee
KOHCepBalMeH, 3aly)keHHeM WIH 3alieceHueM. lloaToMy mpoMmeasieHne B OpraHH3alydd
9KOCETH MOXKET OITH IPUBECTH K MOZOOHOH curyarmu kak ¢ [I3®d — HexBaTke B Oaib-
HelmeM HEOOXOOUMBIX TEPPUTOPHHA B TPHUPOTHOM W TOIYHIPUPOTHOM  COCTOSHUH, a
BCKOpE — M K JKOJIOTHYECKOi kartacTpode.

OnmHO3HAYHO HE peIIeH BOMPOC M B OTHOIICHHH CTPYKTYPHBIX 3JICMEHTOB SKOCETH H
UX KOJMYECTBEHHBIX MapameTpax. B cOOTBeTCTBHE ¢ TMONOKeHUsIME BceeBpormeiickoit 3Koo-
ruueckoi cetu (BEDC) BblieneHbl Takue CTPYKTYpHBIE €€ KOMIIOHEHTHI: MPHUPOJHOE SAPO,
9KOJIOTMYECKUH Kopuaop, OydepHast 30Ha U 30HA NMOTEHLUUAJIBHONW peHaTypaiu3auu (BOcCTa-
HaBIMBaeMasi TeppuTopusi). B MpUHATHIX B YKpanHe HOPMATUBHBIX IOKYMEHTaX MPHUPOJIHOE
PO 3aMEHEHO KJIIOYEBOH TeppUTOpHEl, BUUMO, TOCYUTAB, YTO ATO AaHAJIOTHYHBIC TOHATHS.
Kpome 3T0r0, B CenuanbHON JUTEpaType NpeaIaraeTcs BhIICIUTh B KaYeCTBE CTPYKTYPHOTO
KOMIIOHEHTA SKOCETH OMOICHTPH U HHTCPAKTUBHBIC AIIEMEHTHI (JINHEHHBIC «CIICITBIC)» OTBETB-
JICHHUSI OT OCHOBHBIX JICMEHTOB 9KOCETH) TOTO HJIM HHOTO YpoBHA [9]. CumTaercs, 9To Kitode-
Basl TEPPUTOPHS PABHOIICHHA MPUPOJTHOMY SAPY, KOTOPOE B CBOIO OUEpEedbh COOTBETCTBYET OH-
OIICHTPY TOTO WJIM WHOTO YPOBHS (JIOKATbHOMY, PETHOHAIIFHOMY U MEXpernoHanbHoMY). Ecim
MPUHATH 0ACCEHH PEKH KaK dJIEMCHTapHYI0 TEPPUTOPHANBHYIO CIUHHUITY CO3IaHUs S9KOCETH, TO
KIIFOUEBasi TEPPUTOPHSL, IPHPOTHOE SAPO U OMOIEHTP B (PYHKIIMOHAIFHOM OTHOLICHUW HE PaB-
HoOLleHHHI. IlepBoe MOHATHE XapaKTepu3yeT TeppUTOPUIO, KOTopas obecrednBaeT MoaepKa-
HHE JKOJIOTHYECKOTO0 PaBHOBECHS B NPHUPOJE CO CTPOTO OIpPENEeNCHHBIM MECTONOJIOXKCHHEM
(«ximr09») U moJyIexkaniee 00sA3aTeIbHOMY BKIIIOUEHHUIO €€ 3KOCeTh He 3aBHCHMO OT BHIA 3€M-
Jenosib30BaHusd. Toraa B KayecTBe MPUPOAHOTO spa cIeIyeT paccMaTpHBaTh MPUPOIHYIO U
MOJYIPUPOIHYIO TEPPUTOPHIO HE3aBUCHUMO OT MECTOIIOJIOKEHHS C BBICOKUM OHMOJIOTHYECKUM
U JaHAMmadTHEIM pa3HooOpa3ueM JOCTAaTOYHOM IUIOIIAAN AT €€ CaMOPeryJIsun (IUKIndec-
KAN XapakTep OHOTHYECKOTO KPYTOBOPOTA BEIIECTB M MPEBPAIICHHU YHEPTUH CIa00 HAPYIICH
— IEJIOCTHAS PKOCHCTEMa TOTO WJIM WHOTO paHra). B kadecTtBe OMOLEHTpa JOIDKHA CITY>KUTh
MPUPOAHAS U TIOIYIPUPOTHAS TEPPUTOPHS C BEICOKAM OHOIIOTHYECKUM pa3HooOpa3ueM (4acTh
9KOCHCTEMBI), MUHAMAIIbHAS IDIOMIAh KOTOPOTO Ha JIOKAJILHOM YPOBHE JOJDKHA OBITH HE Me-
Hee 2 Ta, HO He Oonee 20 ra [9]. [To omeHKaM CHENHUANHCTOB, MHHAMAIIbHAS TUIOMIATb TEPPH-
TOPHH, TOCTATOYHAS IS CyIIEeCTBOBaHUs (ropsi-u30isita, cocrapiusier 500—600 ra [7]. B coo-
TBETCTBUU C pekoMmeHaanusmMu BEDC B cTemHo# 30HE TUIONIAAh MPUPOTHOTO sapa JAOJDKHA
coctaByaTh He MeHee 1000 ra. ITo Bceit BUIMMOCTH, Takas ILIOIIA/b JOMOJIHUTEIBLHO obecte-
YHBAET €Ile M CaMOPETYIIAIIIO OONBIINHCTBA 0OUTaeMbIx B EBpone nmomynsiuuii ;KUBOTHBIX. T.
€. MakCHMaJbHbIe pa3Mepbl MPUPOIHOTO SIpa ONMPEASIAIOTCS BEITHUYNHON apeanoB OOMTaHUS
JKMBOTHBIX, 3aHMMAIOLIUX BEPXYIIKY TpOo(UYecKoW NMupaMuIbl JaHHOW SKOCHCTEMBI. YiKe ¢
OJTHOW 3TOW TO3WIIUH HE BCE 3aIOBEIHBIC TEPPUTOPHH OYAYT COOTBETCTBOBATH MPHPOTHBIM
SIpaM dKOCETH. IKOKOPUAOPaMHU SIBIISIOTCS IMMOWMBI PEK WM TaJbBETH OBPA’KHO-0ATIOUHBIX
CUCTEM U ApYyrue MNPUPOAHBIE U MOJYNPUPOHbIE TeppuTOpuH mmpuHOi 200-500 M Ha noKa-
JbHOM ypoBHE. EciM OHM 3aHHUMAIOT KIIIOYEBOE MOJIOKEHUE, HO IUIOIIAAb KOTOPBIX 3HAUUTE-
JHHO MEHBIIE TPeOyeMOH, TO MX CIEeIyeT OTHOCHUTh K BOCCTAHABIUBACMEIM TEPPHUTOPHUSIM C
IUIOIA/bI0, JOCTATOUHOM JUIA JaHHOTO CTPYKTYpPHOIO JIEMEHTa 9KoceTH. B oTHomeHnuu Bocc-
TaHABIMBAEMBIX W Oy(epHBIX TEPPHUTOPUN CKOJBKO-HUOYIh MPUHIUIHAIBHBIX Pa3HOUYTCHHM
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He BcTpedaercsi. [Io cBoeMy craTycy KOMIIOHEHTBI 9KOCETH MOTYT BBICTYIIATh Kak MeX0011acT-
HbIE, MEXKPETHOHAIbHBIC, MEXIOCYJapCTBEHHBIE, TUIONIAb KOTOPBIX, KOHEYHO, OyaeT OoJblie
JIOKaJbHBIX M3-32 CBOETO TPAHCTPAaHHYHOTO MECTONOJOKEeHUA. K Takum KOMIIOHEHTaM B mep-
BYIO oyepenb OyAyT OTHOCHTHCS BCE TEPPUTOPHU TPAHCTPAHUYHBIX BOJOTOKOB M YYacTKOB,
COCIMHAIONINX COCeTHHE OacCeiHBI peK, oOecreunBas, TaKUM 00pa3oM, MPOCTPAHCTBEHHYIO
IeJIOCTHOCTD U HEIIPEPBIBHOCTD YKOCETH.

38'00°E 39°00°E 4000°E

Jlyrancbka obnactb

50°00'N

4900N

[YcnoeHbie o6osnavenus
| Aerpanauus semens
I Nyrosas pacTuTensHoCTL
Monoce! Nyr. pacTUTENLHOCTY,
I HacenewHbie nyHKT
Pexu
Osepa
== Ipanuua obnacrn
| IpaHnubl paioHoB

48°00°N

3800E 3900
Puc. 1. Cxema nokanbHol 3koceT JIyranckoi o6macti (KapTOOCHOBA BBITIOJHEHA CIICIUATUCTAMH TPOe-
krta EC TACUC «KomnekcHoe Ucob30BaHKe 3eMenb EBpazuiickux creneiiy)

VYcnoBuble 0003HAYEHHUS: r — KIIFOYEBBIC SKOKOPUIOPHI TOI'O UM MHOTO paHra,

O — KJIIOYEBBIC TPAHCTPAHUYHBIC TEPPUTOPUN

3HAYNMOCTb MOJIOOHOH KiacCH(UKaIUN KOMIIOHEHTOB SKOCETH MOXKHO NPOMILIIOCT-
pHpOBaTh Ha CIEAYIOIIEM «aHATOMHYECKOM» IpHMepe. | OMOJIOrMYHON CTPYKTYPOH MOXKET
CIy’)KHTh KOCTHasi CHCTEMa YeJOBeKa — JKOJIOTMYeCKHil kapkac (3kocerh). IloHsTHO, YTO OH
JIOJDKEH OBITh BECh KOCTHBIM, T. €. eCTeCTBeHHbIM. CowIeHeHne KocTel (CyCTaBbl) BBINOJ-
HAIOT (QYHKIHMIO KIIFOYEBBIX TEPPUTOPH, OTIENIbHbIE KOCTH — IPUPOAHBIX e, a YacTH
KocTell — OnorneHTpoB. OnMbKa B COUJICHEHHH KOCTEH SIBISETCS caMoii rpy0oil — CKeneT He
OyzeT MOJHOLEHHO (QYHKIMOHUPOBaTh. [IpaBMIIbHOE XK€ COCAMHEHHE JIMIIb YacTe pa3HBIX
KOCTeH — CKeJleT He JIOJro OyneT CyliecTBoBaTh. [103TOMY KIIIOUEBOW TEPPUTOPHEH MOMKET
BBICTYIATh KaK IPUPOIHOE SAPO, TAK M SKOKOPHJIOP M AK€ BOCCTAHABIMBAaEMas TEPPUTOPHS
CO CTPOrO ONpPENEIEHHBIM MECTOMONIOKEHUEM U IOCTaTOYHOM IUIOIAAb0. JIpyrumu cioBamu,
KJIFOU€Basi TEPPUTOPUS XapaKTePU3yeT 3HAUUMOCTb TEPPUTOPUU AN MOAAEPKAHMSA SKOJIOTH-



YEeCKOTO PaBHOBECHS; MPUPOJHOE SIPO, SKOKOPUIOP MM OMOLEHTP — CTENEHb NPHPOJHOM
COXPaHHOCTH (CIIOCOOHOCTH K CAaMOPETyJISILMN) H Pa3Mepbl TEPPUTOPHH.

B cooTBeTCTBUH C BBIMICH3IIOKEHHBIM W 0acCEHHOBBIM MPUHIHIIOM (HOPMHUPOBAHUS
9KOCETH NPEACTABIACTCS IIENeCOO0Pa3HbBIM K KITIOYEBBIM TEPPHUTOPHSAM 3KOCETH OTHOCHTH
YYacTKH BEPXOBbS, CPEJHEH M YCThEBOM YaCTH JOIWHBI PEKH TOTO WM WHOTO IMOPSIKA HIH
OBpa)XHO-0AJIOYHON CHCTEMBI OT IPABOTO O JIEBOTO BOomopasnenoB. K HUM Takxke ciemyer
OTHOCHUTH U TEPPUTOPHUH, COSANHSIOMNE PEUHbIE OacCeiHBI MM OBPaXXHO-0aJOYHBIE CHCTEMBI
MeXIy co00M, uepe3 KOTOphIe OCYIIECTBISIETCS] B3aNMOOOMEH PacTUTEIFHBIMU U KUBOTHBIMHU
opranuzmMamu. KoHeuHO, CIUTOIIHBIX TAaKUX MPHUPOAHBIX TEPPUTOPUN YK€ HET, HO BO3MONKHO
emie (pOPMHUPOBAHUE KITIOYEBBIX TEPPUTOPHNA MO3aWYHOTO THIA. MUHUMAaIbHOE PACCTOSIHUE,
gyepe3 KOTOPOe BO3MOXKEH MEPEHOC MBUIbLIBI WK CeMSH pacTeHuid, coctasmuser 200 m [9]. Crne-
JTIOBATEIILHO, 3TO JOJDKHO OBITh MAKCUMAJIBHOMN NTHHOW BO3MOXKHOT'O «Pa3pbiBa» 3KOCETH, UTO
SIBIIIETCS UCKJIIOUUTENIBHON CUTyalled MpH ee HempepbhIBHOCTH. [10 MHEHHIO CHEMaIuCTOB,
BJIOJIb TOJIUHBI PEKH OT MCTOKA K YCTHIO YCIJIUBACTCS TPEH OMOJOTHYECKOT0 U JaHmadTHO-
ro pasHooOpasus [9]. Cxopee Bcero Takas 3aKOHOMEPHOCTh XapakTepHa M UII OBPAKHO-
0aoOYHBIX CHCTEM. J[pyrnMu cI0BaMH, €CTECTBEHHOE pacCIpOCTPAHEHIE PACTCHUA U MHUTPAITHS
JKUBOTHBIX OCYIIECTBIIICTCS TJIABHBIM 00pa3oM IO THAPOTrpagruecKoll CeTH TeppUTOPHH, KO-
TOpas TOKa emle SBIETCS HETPEPHIBHOW M B JyYIIeH CTEIIEHW COXpaHEHa B €CTCCTBEHHOM
COCTOSIHUH. A «HATpsAMyo» — He 6oiee ueM Ha 200 M.

B cootBeTcTBHU C NPUHIUIIOM PENPE3EHTATUBHOCTU 3KOoceTH [10] Bce TUIBI S3KOCHUC-
TEM JOJDKHBI ObITh NpeJCTaBIeHBI B Heil. OJHaKO JOMUHHUPYIOUIHE MOJIOKEHUS TOJDKHBI 3aHU-
MaTh THUIIHYHBIC OHOIICHO3BI. XOTsS B PEalbHOCTH HaONIOMacTCs 00paTHAas 3aKOHOMEPHOCTb.
Tak, B II3® Jlyranckoii o6nactu B GoJblIeii CTENEHHU NMPEACTABICHBI YHUKAIBHBIE IPUPOIHO-
3aIl0BE/IHbIC TEPPUTOPUH (JIECHBIE TEPPUTOPHH), YEM THIIUYHBIE (30HAJBbHBIE CTEIHBIE COOO-
mectBa). J{ons mociaenHUX COCTABIIAET BCETO JHIIb 0KOJI0 2% OT BCEW TUIOIIAIN 3alOBEIHBIX
teppuropuii. C Apyroi CTOPOHBL, TIPH pa3padOTKE IKOCETH CTEITHON 30HBI HEOOXOAUMO BKIIFO-
4aTh BCIO JIECOTIOKPHITYIO TEPPUTOPHIO, CPEIU KOTOPOU B MEPBYIO oUepens, OalipauHbie jeca
KaK HEOTHEMJICMBIHI KOMIIOHCHT CTEIHBIX IICHO30B. Bce BOIOEMBI M BOJOTOKH C BOIOOXpPaH-
HBIMH 30HAMH TakKXe JOJDKHBI BOWTH B COCTaB 3KOCETH, HECMOTpPSI Ha HETHUIIMIHO CTEITHBIC
neHo3sl. [Ipupoaa eawHa M HENMpephIBHA, 2 MPOBOAMMEIC YEIIOBEKOM T'PAHHUIBI HOCAT B OOJb-
TIel MJTH MEHBIIIeH CTeNIeHH NCKYCCTBEHHBIHN XapaKkTep.

[Ipu BBHINOJIHEHWU OMHOU M3 3a7a4 COXpaHCHHE OMOpa3HOOOpa3Ws, KOTOpas J0JKHA
OBITH perieHa npu GOPMUPOBAHUH IKOCETH, HEOOXOMMO OIPEACIUTHCA: KaKas 4acTh JKUBBIX
OpPTraHU3MOB SBJSIETCS Hanbojee yI3BUMOI MPU aHTPONOT'€HHOM BO3AECHCTBHM. DTO MO3BOJIUT
00BEKTHUBHO OLICHUTH BO3MOXHOCTH BBIOPAHHOI TEPPUTOPHHU ISl COXPAHEHUST OMOJIOTHYECKO-
rO pa3HO00pa3us U B OINpe/leIeHUH ONTUMAIIBHBIX ee pa3MepoB. Ha BumoBOoM ypoBHE 3Ty 3a-
Jlaqy TpyIHO pemuTh. Ha JaHHBIH MOMEHT HET elle €IMHOTO CIHCKa MHAWKATOPHBIX BUIOB
JKUBOTHBIX, CKa)KeM, CTEMHON 30HBL. OIHAKO C MO3WIMU SKOJIOTHH MOXKHO YTBEpPXKIATh, YTO
HEeOJIaronpusATHRIE CYKIIECCHOHHBIC U3MEHEHHS B 3KOCHUCTEME TPH aHTPOIIOTEHHOM BO3JIEHCT-
BUW HAUYMHAIOTCA C €€ KMBOTHOTO HaceleHus. [1o cpaBHEHHIO C pacTeHHsIMH, (ayHa XapakTe-
pu3yercs OONBIIMM BHIOBBIM pa3sHOOOpa3WeM, HO MEHBIIEH YHCICHHOCTBIO IOIYJISIINI
(ympaBnsrormee 3BeHO B dKocucTeMe). [103ToMy )KHBOTHEIE B TIEPBYIO OYepellb pearupyroT Ha
TaKHe HeraTHBHBIC BO3/ICHCTBUS U B OCOOEHHOCTH — BepXylIKa TPO(GHUECKOI TMPaMUJIbI KO-
cucteMbl. K ueMy NpUBEII0 YHHYTOKEHUE KPYITHBIX TPABOSIHBIX )KHBOTHBIX CTEIH- BCEM XO-
porio n3BectHO. Ho yke ceifuac yCcTaHOBIICHO, UTO B CTEMHBIX AKOCHUCTEMAX IO YHCIECHHOCTH
JIOMUHHUPYIOT JIECHBIE M JIECOCTEMHBIC BUJIbI MBIIIEBUIHBIX TPHI3YHOB [6]. ITO BTOpOE CBHIIE-
TEJNbCTBO HETaTHBHBIX CYKIIECCHOHHBIX M3MEHEHHH CTEmHBIX OnoneHo3oB.M Kak cieacTBue,
HalpuMep, NMpeBpallleHHe TPaBIHUCTOW CTeNH B KyCTapHHKOBYI0. Ho, Kak moxa3bIBaeT Hpak-
THKA, TIPH BBIOOPE MPHUTOTHBIX TEPPUTOPUI JJIS IKOCETH HCXOAAT U3 T€OO0TAaHUIECKHUX U (IIo-
puctudeckux kKpurepues. [loaToMy mpencraBiseTcs 1enecooOpa3HbIM MpH pa3paboTKe 3Koce-
TH B TIEPBYIO OYepellb YIUTHIBATh «TPEOOBAHIS) KUBOTHBIX, a 3aT€M — PacTeHHH. JTo Oyder
CHOCOOCTBOBATh OOBEKTUBHOMY OIPEICICHHUIO Pa3MEPOB CTPYKTYPHBIX KOMIIOHEHTOB SKOCETH.
TonbpKO MpH OTIPEICICHUH JTOCTATOYHBIX MAapaMETPOB IKOKOPUIOPOB HITH MX HpPEI0oIaracMbIX
Pa3phIBOB pelIarolee 3HAYCHUE OyIyT UMETh BO3MOXKHOCTH PACTCHHN K PaCIpOCTPAaHCHUIO.
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HemanoBaxkabiM BOIPpOCOM pa3pa60n<n OKOCCTU ABJIACTCA OHNPCACICHUC INHUPUHBI

CaMO# TpaHCIpaHWYHOW 30HBI, B IpejesaX KOTOPOH cienayeT (OpMHUPOBATH MEXIOCYAapCT-
BEHHbIE, MEXXPETHOHAIIBHBIC M ME)XOOJIACTHBIE €€ CTPYKTYypHbIe KOMIOHEHTHI. Mcxons u3 Gac-
CeHOBOro MpUHIMINA (OPMHUPOBAHUS IKOCETH, K TaKOBBIM TEPPUTOPHSAM CJICIYST OTHOCHTh
TPAHCTPaHHYHBIE BOZOTOKH (OBPAXHO-OAJOYHBIE CUCTEMBI) U YYaCTKHU, COSOHHSIONINE COCeI-
HUE OacceitHbI pek.

Takum 00pa3oMm, CBOeBpeMeHHOEe (OPMUPOBAHHE SKOCETH B PETMOHAX IPHBENCT K

CTaOMIM3aINK yrITyONeH:s I100aJbHOTO SKOJIOTUYECKOr0 KPHU3HCa U MPENOTBPALICHUIO 3KO-
Jorndeckor karactpodsl. Ha ceronusinuii 1eHb 00IacCTHBIM COBETOM YTBEpIK/IEHA KaK KOH-
nenuyst popMupoBaHus skoceT JlyraHckoi o0siacTu, Tak M cama IporpaMma, rjie npuBeieHa
IpeUI0KEHHas 31eCh K pACCMOTPEHMIO CXeMa 001aCTHOH 3KOCETH.
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JIyranck

I3KOJIOI'O-ITPABOBBIE ACIIEKTbBI
I'EHHO-MOJU®UILIUPOBAHHBIX OPI'AHU3MOB

PaccmarpuBaroTcss HaydHble, TPOOJIEMHBIE SKOJOTHIECKHE U IIPABOBBIC aCHEKTHI
MIPUMEHEHHs TeHHO-MOIU(UIIMPOBAHHBIX OPraHU3MOB B YkpauHe. HcT. 4.

Kniouegvie cnosa: sKkono2ust, npaso, 2eHHO-MOOUDUUUPOBAHHbIE OP2AHU3MbI, 2e-
Hemuyeckull mamepua, nuujesvie 006asKu, NPOOYKMbl NUMAHUS, OUOMEXHONO-
2uu.

IMMocTtanoBKa MPoGJeMbl

C HemaBHHUX TOp CHEIHMATH3MPOBAHHBIN TEPMUH ''TCHHO-MOAW(HUIIMPOBAHHBIE Opra-
HI3MEI" ('MO) npo4HO 3aKpenuiics B JIEKCUKOHE YKpanHCKoro norpeoureins. OqHako ceivac
ynomMuHaHue o npoxaykrax ¢ I'MO ckopee ciayXuT cBoeoOpa3HON "CTpalrmikoil" 1id mioxo
OCBEJOMJICHHOT'O TIOKyNaTeNs, YeM MMeeT B cebe KaKylo-TO pealbHO HH)OPMAMOHHYIO COC-
TaBIIAIOIILYO.

Jlo cux mop AOCTaTOYHO OOJIBIIOE KONHUYECTBO YKPAaWHIEB HEAIEKBAaTHO PEardupyroT
Ha YTBEPKJIEHUE O TOM, YTO TOT WIH ApYyrod npoAyKt coaepxut 'MO. Ogau 1ymMaroT, 4To 3TO
0003HaueHNe "HE COBCEM IKOJIOTMYECKH YHCTO MPOM3BEACHHOTO WM BBIPAIIEHHOTO MPOIyK-
Ta", TO €CTh C MPUMEHEHHEM XHMHKATOB, JPYI'H€ CUUTAIOT, YTO TAKWUE IPOIYKTHI COAEpKaT
HapaBHE C HATYPaJIbHBIM CHIPhEM TaKKe WM NHUILEBBIC T00aBKH, a TPETHH M BOBCE YBEPEHHI B
TOM, 4TO0 TpoAyKThl ¢ MO KakuMm-TO 00pa3oM MOTYT MOBJIUSTH Ha 30POBHE UEIOBEKa Ha
TeHEeTHIEeCKOM ypoBHE. OJJHAKO BCE CKIOHSIOTCS K OJHOMY: 3TO OMAacHO M BPEIHO.

AHaJaHu3 NOCJEeJHHUX HMCCJIEeJOBAHMNA M MyOJIMKANHI

Urak, reHerndeckn MomudunupoBanHeiii opranmsM (I'MO) - 3To opraHusM, B KOTO-
POM IeHeTHYEeCKU MaTepuan ObUl U3MEHEH C IMOMOIIBI0 HCKYCCTBEHHBIX IPHUEMOB IepeHOCa
TEHOB.

Takue u3MeHeHUs, KaK NMPaBUJIO, IPOU3BOATCA B HAYYHBIX MM XO3SHCTBEHHBIX IIe-
max. ['enermdeckas mMoauduKanus OTIMYAETCS ILI€JICHANPABICHHBIM H3MEHEHHEM TeHOTHIA
OpraHu3Ma, B OTJIMYME OT CIIy4aifHOTro, XapaKTepHOTrO Ui €CTECTBEHHOTO M MCKYCCTBEHHOTO
n3meHeHus [1].

ITo yTBepxkAeHUIO SKCHEPTOB, €CIH B3STh B LENOM NPOMYKIHIO, KOTOpas MOABEpra-
Jach KaKUM-TO TeHHO-MOANGHUINPOBAHHBIM U3MEHEHHUSIM, TO PeUb HIET 00 OTHOCUTENBHO He-
OOJIBIIOM CIIEKTpE MPOIYKIUH: 3TO, B MIEPBYIO OUEpe/b, COs, B HEOOIBIINX 00bEMaX XJIOMOK,
KyKypy3a, TdMEHb IIMBOBAPEHHBIH, 0000BBIC, TAKHE KaK T'OPOX, HEKOTOPHIE 36PHOBBIE: POXKb U
Ip. [2, 3].

Uro kxacaeTcsl HEeTaTUBHBIX MociencTBUH ynotpebnenus MO, ydeHble yTBepKIaroT,
YTO YHOTpeOJIeHHE B MUY TeHETHYECKH MOIN(HUIIMPOBAHHBIX OPraHN3MOB OKa3bIBAIOT:

- HETaTHBHOE BO3JICHCTBHE HAa OPTraHMW3M YeJIOBEKa, BIJIOTh 0 M3MEHEHUS ero OpraHoB,
YTO BBI3BIBACT OHKO03a00JIeBaHMs, OECIIOfNe, ajJIepruio, BBHICOKHN YpPOBEHb CMEPTHOCTH U
3a00J1€Ba€MOCTH HOBOPOKACHHBIX;

- HETaTUBHOE BO3JEHCTBUE HA OKPYXKAIOLIYIO CPENLY;

- Ti00aJbHBIE PUCKN (AaKTHBU3AIMs KPUTHYECKUX BHPYCOB, SKOHOMHYECKas Oe3omac-
HOCTB).

MaTepna.ﬂu H pe3yibTaThl nccneuonannﬁ
Hcnonb3oBaHre reHEeTHICCKHU MOILI/I(i)I/IIII/IpOBaHHBIX OpPraHM3MoOB CO34aCT yrpo3y pas-
pyueHus FCHO(l)OHI[a Halliu U yIrposy HaHHOHaﬂbHOﬁ 6630H3CHOCTI/I, T.K. yTpaTa HalUOHAJIb-
HOTO CEMCHHOI'O (bOH,Ha YHUYTOXKACT OTCHECTBEHHOI'O CCJIbXO3IMMPOU3BOAUTCIIA HATYpPaJIbHBIX
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MPOAYKTOB MHTaHUsS, 3alOJHUB PBIHOK JELIEBBIMU BPEIHBIMU MOJAEIKAMH C I'E€HETHUECKU
MOJU(UILMPOBAHHBIMHI OPTaHU3MaMH.

Ecmu mocmotpers Ha 'MO ¢ mpyToif CTOPOHBL, TO TIOTPEOUTENHN, B TOM YHCJIE U B Y K-
panHe, y)k€ JaBHO M COBEPILIECHHO JIETAIbHO MONB3YIOTCS JOCTHKEHUSIMU TeHHON MHXXCHEPHHU.
Wx ucronp3oBaHNe 000PEHO Nake TEMU CTPaHAMH, KOTOPBIC TPAAWUIMOHHO OYCHB >KECTKO
HACTPOEHBl NPOTHB Takux TexHomormit. 'MO comepkaTrcss B NHBHBIX Apoxokax, ['M-
MHUKpPOOPIaHU3MBI Y9aCTBYIOT B 00pa30BaHHM CHENNAIBHON IIECEHH HA CBHIPaX, B MPOU3BOJC-
TBE MHOTHX JIEKapCTB.

K 6e3ycioBHbIM npeumyiiecTBaM ['M-pacTeHuii MOXKHO OTHECTH MX YCTOWYMBOCTH K
OoJie3HsIM, XMMUUYECKHM U (usndeckuM Bo3aeicTBusiM. M 3avactyio ['M-niponykTsl 6osee Ka-
YEeCTBEHHBI, YeM TPaJAMIHOHHbIE, OJarogaps MHOTOYPOBHEBOH CHCTEME KOHTpPOJIS, KOTOpas
MpPaKTUKYeTCsA NPU UX MPOU3BOJACTBE. B HEKOTOPBIX ClydyasX HCIOJIB30BaHHE TPAHCTEHHBIX
pacTeHHi CUIBHO MOBBIIIAET YpoKaltHOCTh. ECTh MHEHHME, UTO NpH HBIHELIHEM pa3Mepe Hace-
JeHust TiaHeTsl Toyibko I'MO MoryT u30aBUTh MUp OT yrpo3bl royioja. YKpauHCKUe IPOU3BO-
JTUTEITH THIIEBHIX MPOAYKTOB HarepeOoi oTKpemmuBaloTces oT ucronb3oBanms [ MO, a ceitgac
npsAMO MUIIyT Ha cBoeil mpoxyknuu "be3 TMO". DkcnepTsl TPOTHOZUPYIOT, YTO B OyIymeM
pa3phIB B IEHAX MEXIy TPAaHCTEHHON M €CTECTBCHHOW MPOXYKIUSIMH OYAET yBEINYNBATHCS, U
CYUTAIOT, YTO 3TOT HPOLECC HAMPSAMYIO 3aBHCUT OT YPEryJHUPOBAaHHS BOIPOCA MAapKHPOBKU
I'M-nponykuumu.

He crouT 3a0bIBaTh 0 MPaBOBOH PETYIALMH T€HHON HH)XEHEPHH. AHAIIN3 TIOHATHS Ou-
00€30I1aCHOCTH TECHO CBsI3aH ¢ MpobaeMoit ee obecnieueHus. JJoCTHKEHUE ONpeAeIeHHOH 11e-
7H (B JaHHOM CIIy4ae — IpPeJOTBpAlLeHHE BO3MOXHOTO HETaTHUBHOT'O BIUSHUS T€HETHYECKU
MOJU(MUIMPOBAHHBIX OPIraHU3MOB Ha OKPYXKAIOIIYI0 CPEIy W YeJOBEYECKHH OpraHu3M) BO3-
MOJKHO ITyTeM NPUMEHEHUs ONpE/IeIeHHON COBOKYITHOCTH CPECTB Pa3HOIIAHOBOI'O XapaKTe-
pa, KOTOpbIe Pean3yIoTCsl OCYIIECTBICHUEM COOTBETCTBYIOIMX MEpOnpusiTHid. BbIOOp KOHK-
PETHBIX CPENCTB U MPOUEAYPHl UX BOIUIOMICHHS B JKU3HD 3aBUCHUT OT TOTO, YTO HY)KHO IOJY-
YNTh, KaKasi KOHEYHas LeJb TAKOW JAeATEIBHOCTH, a TAaKXKe OT 0COOeHHOCTEeH 00BEKTOB (CyOBe-
KTOB), OTHOCHUTEIBHO KOTOPBIX 3TH CPEICTBA MPUMEHSIOTCA. Llenb mpaBoBoil perynsuuu reHe-
THUYECKH MHXXCHEPHOH OTpaciy B YacTH oOecredeHHs ee O0M00e30M1acHOCTH SBISIOTCS MOHST-
HBIMH — 3all[iTa OKPY’>KAIOIIEH CPEAbl W YeJIOBEKa OT BO3MOXKHBIX OMACHBIX MOCIECACTBHH
TaKOH IEATEIBHOCTH IyTEM €€ Hajjeskamero OjaroyctpoicTsa. [Ipu 3ToM HEOOXOAMMO BHI-
JIEIIUTh U Y4eCTh OCOOCHHOCTH Pa3BUTHS M (PYHKIMOHUPOBAHHS 3TOW OTPAciH, KOTOPBIE MOJI-
JIeXxKaT MPaBoOBOI PEryIslIMKU, a CIEA0BATENILHO, JOJDKHBI OBITh 3aKPEIUICHBI U YIIOPSIOYEHBI C
TMOMOIIBIO IMMPAaBOBBIX HOPM.

B BIB O 1 BI

JocTrxeHus B oTpacyiv OMOTEXHOJIOTUH OTKPBIBAIOT NTUPOKUE MEPCIEKTUBBI U HAXO0-
JIIT CBOC MPHJIOKCHHUE CETOHS B MEAMIIMHE, IPOU3BOACTBE (PapMaleBTHUCCKUX MPENapaTos,
CEIbCKOM XO3SIMCTBE, MUILIEBOM MPOMBIIUIEHHOCTH, XPaHEHUH NMPOAYKTOB, MPEAOTBPALLICHUU
3a00JI€BaEMOCTH KHUBOTHBIX, ITepepadoTke Mycopa, OHOIOTHIeCKOM BO30OHOBICHUH WIIH OYH-
CTKE OKPYXaIIeH cpensl U ToMy mojgooHoe. Ho mepemMerieHne nMpoayKToB TeHHON WHKEHe-
pHH 3a Mpeaelsl TabopaTOPHid i pacIpOCTPAaHEHUE UX B CAMBIX pa3HOOOpa3HBIX 00JACTSX de-
JIOBEUECKOH >KM3HU BOCIPUHUMAETCS JOCTATOYHO HEOJIHO3HAYHO KaK YYEHBIMH, TaK U IIUPO-
Ko#l oOmiecTBeHHOCTRIO. [IpenomnpeneneHo 3To pa3HBIMU MPUYUHAMH, MPEKIE BCETO OTCYTCT-
BHEM HayYHO OKa3aHHOTO (pakTa OGEeCreYHOCTH MPUMEHEHUS T'eHETHYSCKH MOAUGUIIIPOBAH-
HBIX OPTraHMW3MOB [IJIsl YEJIOBEKA M OKpyXkarolel cpenbl. To ecTh UCMONIb30BaHUE JOCTUKEHUN
TE€HHOI MH)KEHEpPHUHU, C OJTHOI CTOPOHBI, IPEJIOCTABISAET YEJIOBEKY 3HAUUTENIbHbIE BO3ZMOXKHOC-
TH KaK B HayYHO-HCCIICOBATCILCKOM, TAK U B MPUKIAJHON cepax, ¢ APyroil — CBA3aHO ¢
OIpEeIeIEHHBIM PUCKOM.

[TosTOMy Ha JaHHOM 3Tare HEOOXOIUMBIM SBJSIETCS OOCCIEUCHHE MPEAOTBPAIICHHUS
MOTEHIIMATIbHBIX HETAaTHBHBIX TOCIEICTBUH (B TOM YHWCIE OTHAJCHHBIM BO BPEMEHH) OCY-
LIECTBJICHUS! TEHETUYECKH WHXKEHEPHOU AesTenbHOCTU. BajkHas poiib B 3TOM IpoLecce MpH-
HAJIJIOKUT CPEIICTBAM IPABOBOH PETyISAIUU COOTBETCTBYIOMIEH C(epbl OOMECTBEHHBIX OTHO-
mieHuil. IMEHHO MOSTOMY B TEUCHHE IOCICIHUX ICCATWICTHH B 3KOJOTHYSCKOM MpaBe (B
MEPBYIO OYepeib MEXKIYHAPOIHOM) B paMKaX HHCTUTYTA IPABOBOTO O0CCIICYCHUS] COXPAHECHUS

13



OMOJIOrMYEeCKOr0 MHOT000pa3susi pa3BUBAETCsI HOBOE HAINpaBJICHUE — MPABOBAs PEryJIsiLus
obecrieueHnst 61M00€30MaCHOCTH NPHU MOBEACHUN OOXO0XKICHUHM C T'€HETHUECKH MOANU(HULIUPO-
BaHHBIMH OpTaHU3MaMH.

O BO3MOXXHOCTH TPOHM3BOJICTBA PA3IUYHOTO POJA MPOIAYKTOB C ITOMOINBI0 TEHHOMH
WH)KEHEpUH HIET pedb Takke B 3akoHe YKpauHbl «O )KUBOTHOM MHpe» [4].

CormnacHo TpeGOBaHUAM CT. 51 TaHHOTO 3aKOHA, CO3/TaHUE HOBBIX IITAMMOB MHKPOOD-
TaHU3MOB, OMOJIOTHYECKN aKTHBHBIX BEIICCTB, BHIBEIICHIE T€HETUIECKH H3MEHEHHBIX OpTraHu-
3MOB, MIPOU3BOJICTBO JPYTHUX HPOIYKTOB OMOTEXHOJOTHH OCYIIECTBISETCS JIMIIb HA OCHOBA-
HUM TIO3UTHBHBIX BBIBOAOB T'OCYIApCTBEHHOM 3KOJIOIMYECKOW SKcrepTusbl. lcnosip3oBanue
9THX OPraHWU3MOB W BEIeCTB 0e3 MO3UTHBHBIX BBIBOJOB 3KOJIOTHYECKOI 3KCIEPTH3bI 3arpe-
maetcsi. K Tomy ke, kak oTMedeHo B cT. 53 3akoHa Ykpaunsl «O0 oxpaHe OKpyXKaromiel mpu-
POAHOW Cpenbl», UX MPOU3BOJICTBO M HCIIOJIB30BAHHUE, OCYILECTBISIETCS TOJBKO MOCIHE MPOBe-
JICHUS] KOMIUICKCHBIX MCCJIEJOBAaHWN WX BIIHMSHUS Ha 3I0POBbE M OKPYXKAIOIIYIO MPHUPOIHYIO
cpeay Ipu paspelieHn MHUHUCTEPCTBa 3/IpaBOOXpaHEHHsT YKpauHbl 1 MUHHCTEPCTBA OXPaHEbI
OKpY’Karomiel mpupoaHoi cpenbl YkpauHbl. ClienoBaTeIbHO, OTMEUSHHBIE OPTaHU3MEI SIBIISIO-
TCSI OOBEKTAMHU SKOJIOTHIECKOH 3KcTepTu3bl. TakuM o0pa3oM, K HAM IOJDKHBI IPUMEHSATHCS
TIOJIOXKCHHUS, 3aKPEIUICHHBIE B APYIHX 3aKOHaX YKPawWHBI SKOJOTHYECKOTO HalpaBlieHHsI. B
YaCTHOCTH, HJIET pedb 0 3akoHe YKpauHbl «O0 oxpaHe OKpyKalomiel mpupoaHoii cpeap (CT.
53, 57) u 3akone Ykpaunbl «O0 3Koiormdeckoii sxcmeptuze» (cT. 13). BaxabME ABISIOTCS
HOPMBI, 9TO coepkaTcs B 3akoHe YkpawHbl «O 3amuTe mpas morpedurencit». Vx Hammexa-
1Iee MPUIIOKEHHUE TaKkke OYIET CrocOOCTBOBATh TOCTHIKCHUIO HEOOXOIMMOTO YPOBHsI OHOOE-
3omacHocTd. CT. 18 3aK0HA 3aKpeIUIICT MPaBo MOTpeduTeell Ha HH(OpMaIHio 0 ToBapax (pa-
60THI, ycryru) [4].
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JIyranck

HNCCJIEJOBAHUE PABOTbBI NIOJIMT'PAIUEHTHOT O IBIJIEYJIOBUTEJIA

[IpuBoxsATCS pe3ynbTaThl PacueTHO-TEOPETHUECKUX HCCIIENOBAHHIN IBUICYIIOBH-
TeJiel ¢ MpUMEHEeHNeM MarHUTHBIX mojiel. IlocTpoeHa MOemb IMOIUrpaieHTHO-
TO MBUICYJIOBUTENS M OIIPE/ICNICHBI PEKIMBI ero paboThl. Puc.3,c1.5.

Knrouesvie crosa: nwmepaduenmmalﬁ nulieyiosumeilb, MacHuUmMmHoe noiie, 3J1eKm-
pomacHumuas cucmema, nOHOepO/womopnaﬂ cuia.

IMocTanoBKa nmpodaeMbl

OpnHOM M3 OCHOBHBIX 33Jau Pa3BUTHSA COBPEMEHHOM HayKM TEXHUKHU SBISETCS pelle-
HUE HE TOJIbKO MH)KCHEPHBIX TEXHUYECKUX HAIIPaBICHUN COBEPLICHCTBOBAHUS IIPOU3BOJCTB
Pa3NIUYHBIX OTpaciel X03sHCTBEHHON AeSITeNbHOCTH, HO U PELICHHE 3KOJOTMYECKUX MpobieM,
KOTOPBIE CO3/aI0T 3TH NPOU3BOJICTBA.

Ocoboe BHIMaHHE B 3TOH CBSA3M 3aCIIyKHBAIOT IPUYMHBI U MOCJIEACTBUS 3arps3HEHNS
aTMOc(epHOTO BO3AyXa IPEANPUATHSA, BHIOpAchIBAEMble B BO3AYIIHBIH OacceilH OTrpoMHOE
KOJIMYECTBO MBUIN M T'a30BBIX 3arpsA3HUTENCH. B TeXHMKe MbUIeyIaBIUBaHUSA IPUMEHSIOT 00-
JBIIOE pa3sHOOOpa3re METOJOB M CPEACTB yNaBiIMBaHMA NbUTH. Hambomnee M3BECTHBIM M3 HUX
ABJISIIOTCS: CyXas HMHEPIMOHHAs, IEHTPOOEKHAs MOKpAs, HIEKTPHUYECKas OYMCTKA, METOJBI
¢unpTpanuy 1 aAp. YacTo Ha MPEANPHUATHIAX HE yAEJIACTCS AO0JDKHOTO BHUMAHUS 1MOI00pY COO-
TBETCTBYIOIIET0 000PYJOBaHMS U Ha HEKOTOPBIX M3 HUX MPHUMEHSIOT Maod(PpeKTUBHOE yCTa-
peBuiee. BricokoadpekTnBHOE 000pYyIOBaHUE HE MPUMEHSIETCS 0 IKOHOMHYECKUM ITPUYHHAM.
ITosToMy pa3zpaboTka U BIUSHHE HEJOPOI'HMX METOAOB OUUCTKH BO3/yXa SABIIETCS aKTyalbHON
3a/1a4eil UX IHUPOKOr0 BHEJPEHUS B IIPOU3BOJICTBO.

AHAaJU3 MOCJAEIHMX HCCHUEeJOBAaHMNA U NyOJUKaANUHA

[To MHEHMIO MHOTHX HCCJIEOBaTeNIeH U CIEHAINCTOB B 00JIACTH MbUIE Fa300YHCTKH,
yJIaBIUBaHUE TEPABIX MBUIEBBIX YACTHUI], 0OCOOCHHO MENIKUX (pakuuii TpedyeTpuMeHeHus 00-
nee 3 (GEKTUBHBIX M COBEPIICHHBIX METOJIOB M CPEJICTB, YTO SIBISETCS OCHOBHBIM KPUTEPHUIM
OLIEHKU IIPUMEHSAEMBIX TEXHOJIOTUI OYUCTKU BO3TyXa.

Ha xadenpe sxomornm BHY um B.[lans rpynmna ucciiemoBaTeneil 3aHUMaeTcst paspa-
0OTKOI1 M COBEpIIEHCTBOBAHMEM CHCTEM MbUIE - Ta3009UCTKH. Oco00e MECTO B 3THX HCCIIEO0-
BaHUSAX 3aHMMAeT METOJ MAarHMTHOM cemapalnyy MbUIEBBIX YacTUL, MpedyCcMaTpUBAIOIIUI
MPUMEHEHNE TTOCTOSHHBIX, NEPEMEHHBIX, MYJIbCUPYIONINX, BPAIAIONNXCS U «OeTyIHx» Mar-
HHUTHBIX Tosieit. HekoTopbie pa3paboTki BHeAPEHBI B ipou3BojacTBe [1-4] . PesynbraTsl Heko-
TOPBIX HCCIIEIOBAHUI JTOKIIA/IBIBAINCH HAa KOH(EPEHIMsIX 1 ObLIM OIMyOJIMKOBAaHBI B HAYYHBIX
coopuukax [1,3]. Pe3ynbrarsl HCCIeA0BaHUI [0 JaHHOM CTAThe PaHee He MyOJHKOBAITUC.

Heab cTaThu

B pesynbrare npoBeNEHHBIX HCCIIEOBAHUI OBLIIO YCTAHOBIIEHO, YTO BhICOKas 3 dek-
TUBHOCTb YJIABJIMBAHUS MbUIM 3aBUCHUT OT COJCPXKAHUS B HEH YaCTHIl MEJIKUX (QpaKiuid U Jyis
UX OCaxJeHus! TpeOyroTcst ocobble ycnoBus. HeoOxoanmo, 4To0bl YacTHIIbl KaK MOXKHO JIOJIb-
nle HaXOIMIUCh B 30HE NEWCTBUS MarHUTHOIO IOJS, 32 9TO BPEMs OHM CMOTYT IOJHOCTBIO
«HACBITUTBCS», 00PA30BaTh CBOM arperatbl W MPUCOSIUHHUTHCS K Y)K€ OCEBIIUM Ha IIOJIIOCAx
IBLUIEBBIM CIIOSIM.

Hamu 66110 yCTaHOBIIEHO, YTO 3TO MOXKET OBITH JOCTHIHYTO 32 CYET PaOOTHI CUCTEMBI
C IOJUTPAAUSHTHOWY CTPYKTYpoii most [4].
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Ha puc.1 nposenena cxema MOAENH MOJUTPATUEHTHOTO MBLICYJIOBUTENS, BBIIOIHEH-
Has B BUJ€ LIMIMHAPOKOHUUECKOTO KOpmyca 1, yCTaHOBJIEHHOIO C €ro Hapy>KHOHW CTOPOHBI,
3JIEKTPOMAarHUTHAsI CUCTEMa 2 B BUJE CYXXAIOLICHCS K pa3rpy309HOMY HaTpyOKy 6 apxumMeno-
BOW CHMpaly M 3JIEKTPOMArHUTHAS CHCTEMa 3, BBITOJIHEHHAsI B BU/IE BUHTOBOH crimpanu, pac-
TMIOJIO’KCHHOM 110 OCH TIBUICYJIOBHUTEIIS TIEPE €TO BBIXOIHBIM MAaTPYOKOM 5.

Ienpro 3THX MCcIe0BaHMI OBUIO YCTAHOBHUTH BIMSHHUE «BHEIIHETO» M « BHYTpPEHHE-
T0» MarHWTHBIX ITOJIEH, pabOTAIONINX CHHXPOHHO, Ha YJIaBJIMBAHUE MBITH MEIKHUX (ppakiuid.

¢/5
=== = = ] - —
™~
4
-1
3
2
6

Puc.1. Cxema momenu TMOJIMTPAAUCHTHOT'O ITBUICYJIOBUTEIIA

MaTtepuaabl M pe3yabTaThl HCCIAEIO0OBAHMIM
CornacHo TEOPETUYECKUM HCCIIEIOBAaHUSIM, B COOTBETCTBUU C BRIOOPOM 3aKOHA JTUHA-
MHUKH JJ1 TBEP/BIX YACTHUI] C MACCOM M CIIPaBEJIMBO PABEHCTBO:

rae R - cuna conporusnennus cpepi ;

F - CHJIa MAarHuTHOT O I10JIA,
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Q - CHJIa TAXKCCTHU U apXUMEI0Ba CUJia,

V - CKOPOCTb ABUKCHUS YaCTHUIIbI.

Cuita conpoTuBIICHHS cpesl 0 3akoHy CTokca:
R=-6nrn(V —u),

e M- K03QOUIMEHT BA3KOCTH CPEIb];

U - cKOpOCTb JBUKEHHUSI CPEMIBI B TaHHOM TOUKE;
I - painyC YacTHUIIBI.

CI/IHa TAXKCCTU U ApXI/IMe,HOBa CHJIIa paBHLIZ
Q =mg (y-yc),

rae § - yCKOPEHHE CHIIBI TSXKECTH,
Y-Yc — COOTBETCTBCHHOCTD INIOTHOCTHU YaCTULBI U CPE/BI.

Cuna HeﬁCTBHﬂ MAarHuTHOTO IIOJIA ONPCACIIACTCA UCXOA U3 TOro, YTO NOTCHIMAI Ma-
THUTHOM YaCTHIIbI paBeH:

HZ

rac H - HaHpH)KéHHOCTI) MAar"HuTHOTIO I10JIA B I[aHHOfI TOYKE,
Mo - MarHUTHAs IPOHULIAEMOCTh BaKyyMa;
Y - 00bEMHasi MarHUTHAs! BOCIIPUMMYUBOCTb MaTepuaa YacTHIIBI;

©,

® - 00BEM YaCTHIIEL.
Torna

H2
F=-grad ¢ = grad I% do

[IpuHuMas orpaHHYEHHBIE YCJIOBHS, YTO 00BEMHAsi MarHUTHAs BOCTIPUIMYHBOCTh Ma-
TepHuana MOCTOSIHHA 10 00BEMY YaCTHIIBI, a 00hEM Macc MOXHO cuuTarh, yro H grad H 6yner
MOCTOSIHHBIM B TIpeJieiax 3Toro o0bEéMa,Tora:

F=uo y oH grad.

Bompochkl  koarynsiiud UMEIOT BaKHEHIlIee 3HAUYEHUE B PEIEHUH 3aJa4 MarHUTHOI'O
OCaXJIeHUs JacThll. [Ipy 3TOM BaKHO MONYYUTH BPeMs KOATYIILUU — BEITHYHHY, HEOOXOIH-
MYIO JUTSl IPOSKTHPOBAHKSI MATHUTHBIX TbLICyaBiuBarenei [3].

OKclnepuMeHTaIbHas MOJIENb MOJIUTPAUEHTHOTO MBUICYJIOBUTEIIS UMEET BHEIIHIO U
BHYTPEHHIOI0O MAarHUTHBIE CHCTEMBI, BBHINOJIHEHHBIE C OJMHAKOBBIM CTEKJIOM, C OJMHAKOBBIM
qrcaoM (a3, TOIFOCOB M BUTKOB criupai [4].

OnekTpoMarauTHas cucrtema 2 (puc.l) mpeacraBnsieT coOOil JIUHEHHBIH NBHUraTelNb,
CBEPHYTHINM B apXMMEJOBY CIIUPAib, CYKAIOIIYIOCS OT LHUIMHAPHUYECKON JacTu Kopmyca 1 mo
€ro KOHHYECKOH 9acTH K pa3rpy304HOMY MaTpyOKy.

DJIEeKTpOMAarHuTHAsI CHCTEMa 3 TaKXKe IPEACTaBISICT COOON JMHEHHBIN ABUTATENb, HO
CBEPHYTHIN IO BUHTOBOH criupann. O0e 3IeKTPOMarHUTHBIE CUCTEMBI 2 M 3 UMEIOT OJHAKO-
BOE YHCIIO (a3 ¥ MMOIOCOB, CIIMPAIH, B KOTOPBIE CBEPHYTHI 00pa3yromie. ITH CUCTEMBI 2 1 3 —
JMHENHBIE IBUTATENIN,0HU UMEIOT OJUHAKOBOE YHCJIO BUTKOB.

OTHM 00BSCHSIETCS OIMHAKOBASI YIIIOBask CKOPOCTh AJIEKTPOMAarHUTHBIX CHCTEM 2 1 3 ,
a TaK)Ke COBJIAJICHUS HATIPABIICHHS U YaCTOTOMN 3JIEKTPOMAarHUTHBIX MOJIeH cucteM 2 1 3.
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YecrpoiicTBo patoTraer TakuM ob0pa3om

3arnbUIEHHBIH I'a30BBII MOTOK MOCTYIIAET Yepe3 BXOAHOU narpybok 4 (cM. puc.l), npu-
oOpeTaeT BpallaTeJIbHOE JIBIDKCHHE W 33 CUET LEHTPOOSKHBIX CHJI M CHJI MAarHUTHOTO IIOJIS
9JIEKTPOMArHUTHON CHCTEMBI 2 TPYIIIHUPYETCs y CTEHOK KOpITyca | MOoJ| IeHCTBHEM CHJI TPaBH-
TallMH, BPAIIAIOIIETOCs U OErYILEero MoJjIst BBIBOJUTCS Yepe3 pa3rpy304HbIi naTpyOok 6.

ONeKTpOMAarHUTHBIE CHCTEMBI 2 M 3 CO3/AI0T €IUHOE 3JIEKTPOMArHUTHOE TI0JIE, SIBIISI-
IOIIeecs] BPAIAIOIIUMCS B OSTYIINM C TIOCTOSHHOM YTIIOBOH CKOPOCTBIO M YaCTOTOW ¢ Tpajane-
HTOM HaIIPaBIICHHBIM K Pa3rpy309HOMY MaTpyoKy 6 (cm. Puc.1).

Hamu GBI IpOBeicH pacieT BPEeMEHH KOATyJISINHI, IPeICTaBICHHbIH B padoTe [3].

OKCIEepUMEHTAIBHbBIC TaHHBIC, IPOBEIEHHBIC HA MOJUTPAANCHTHOM IBUICYIOBHUTEIE,
MOKAa3bIBACT, YTO ISl JACTHI[ MAaTHETHUTA MPH KOHIEHTPAINH, COOTBETCTBYIOIIEH MCTOUYHHKAM
NbUIC00pa30BaHMs B BArPAHOYHOM U arJIOMEpaliMOHHOM MPOU3BOICTBAX, KOAryJsIIUs 3aHUMa-
et He 6omee 0,1c.

Ha puc.2 u 3 nokazaHsl rpa¢yiku 3aBUCHMOCTH BPEMEHHU KOAryJsiiiM OT Pa3IMYHBIX
ONTHMAJILHBIX TIAPAMETPOB B MOJIMIPAJAUCHTHOM (uibTpe.

C-1073,kr/m3 H-103A/m

22,5

i\ t=f(H)
C=30-1073,kr/m3
7,5 \l\

e
a&=5 H=26-103A/M
r =40-10 =m
" | t=H(C)

01 0.2 03 t.C
Pric.2. 3aBHCHMOCTB BpPeMEHH KOATyIISINHY t, OT MAarHUTHOI BOCIIPUMMYHBOCTH ) JUIS pa3Mepa dac-

i I = 4010 M it 0T pasmepa gacTHIL I IPH MATHATHON BOCTIPHUMYHBOCTH X = 5 IpH ONTHMAb-

HBIX IPOYUX NapaMeTpax.

r1 O M ae
5
2
\ ’@/
~
8014 ‘//gs\(
6013

X
t=f(ae) N\ =40-10 °m
2011 \L

H=28-10°A/m
0 | C=30-10"3kr/m>

0,05 0,1 0,15 02 ¢t,.C

0

PI/IC.3. 3aBI/ICI/IMOCTL BpeMeHI/I Koal"yJ'IHL[I/II/I tk oT KOHL[eHTpaIII/II/I qacTuL C l'IpI/I Hal‘[pﬂ)l(eHHOCTI/I MarHuT-

H-=2s10° H C-=

HOT'O IMOJIsg = 28 10 A/M U OoT HaHpﬂ)I(eHHOCTI/I MArduTHOTO ITOJISA l'IpI/I KOHLIeHTpaLU/II/I qacTUul -
30-10° kr/m®.

U3 rpadukoB ciemyer, 9TO BpeMs KOAryJAIUU W3MEHICTCS HanOoyee HHTCHCHBHO OT
-3
pa3MepOB YaCTHIl ¥ OT HANPSDKEHHOCTH MarHUTHOTO MOt B quamazoHe 1o 30-10™ A/m, B mo-
JUTPaJUeHTHOM QHIIBTPE BpeMs Koaryisinuu He npesbimaert 0, 1c.
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BbiBoOaBI

[omurpagueHTHBIA QUIBTP MPEIHA3HAYCH [Tl OYMCTKHU MBUICTa30BBIX BBIOPOCOB, CO-
CTOSIIIUN U3 ABYX DJIEKTPOMArHUTHBIX CHUCTEM ,,BHEUIHEH U ,,BHYTPEHHEH ¢ OJMHAKOBHIM
YHCJIOM TOJIFOCOB, BUTKOB, (ha3, pabOTAarOIUX CHHXPOHHO.

Hanuuue nByXx MarHWTHBIX CUCTEM CO3AIOT YCIOBUS KOATYJISIIMH MEJNKOIMCIEPCHBIX
YaCTHI], & 3TO B CBOIO OYEPE.Ib MIPHUBOIUT K HOBBIIIECHIIO () (HhEeKTHUBHOCTH I'a30 OYNCTKH.

B pesynpTare ncciiefoBaHMIA MOTy4eHO BPeMs KOATYIALINUN TBEPABIX YACTHI] B TIOJIHT -
paaveHTHOM amnmnapare, kotopoe pasHo 0,1.

D¢ deKTUBHOCTS MBUICYIAaBINBaHMsA cocTaBmia 99...99,5%.
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YK 502:662.35.
C.T.Cimenenko, K.C.Iluranok
JIyrancek

MJIAXW ®OPMYBAHHSA YPBOLLEHO3Y M. JIYITAHCBKA

Y po06oTi mochifKeHi NUIAXH 3MiHH IPUPOTHOTO 300LEHO3Y Ha ypOO300IeH03
i BIUIMBOM aHTPOIOI€HHOTo (pakTopa, 0 € OCHOBHUM IIpH YTBOpPEHHI ypboe-
KocHCTeMH. Y CTaTTi HaBeleHi TaOmuIi A HOPiBHSHHS BHIOBOTO CKIaxy TBa-
PHUH TIPUPOIHOTO 300LeHO3Y 3 ypOo30o1eH030M. Kilt04OBi TEpMiHHU: 300LI€HO3,
ypbo3oorieHo3, eneMikn, ditodarn, 30odaru, canpodaru, apea.

Kniouoei cnosa: 300yenos, ypbozooyenos, endemixu, pumogpaeu, 3oogaeu, can-
pogacu, apean.

Onuc npobiemMu

Exomoriune craHOBHIIE YpOOEKOCHCTEMH Ta ONTHMI3allil MIiCEKOTO CEpeIOBHIIA
Ha IIei 9ac JyKe aKTyalbHi, OCKUIBKH KUTBKICTh MEIIKAHIIB B MICTaxX KaTOCTPO(IUdHO 3poOcC-
tae. CaHiTapHO-TITi€HIYHUH, TyXOBHHH KOM(OPT MEIIKAHIIB MicTa 3aJIe)KUTh HE TUIBKH Bij
iHQPACTPYKTYpH, alle 1 BiJ THUX YW IHIINX IPEJCTABHHUKIB TBAPHH, SKi MEIIKAIOTH TOPSIX 13
JIFOTUHOIO.

Tomy akTyanpHICTh pOOOTH TOJISITaE y BU3HAYCHHI LUIIXIB (hopMyBaHHsS ypOo3001ie-
HO3Y B MICTI 3 HIUPOKOMPO(IILHOI CKOHOMIKO UIs 3a0€3MeUeHHs] CaHITapHO Tiri€HIYHOT
OE3MEeKN HACCJICHHS, 3aXMCTy PEKPEalliiHuX HaCa/UKEHb BiJl TBAPMH-IIKIJHUKIB Ta JJIs €CTETHYHOIO i
CTUYHOI'O BUXOBAaHHA HACCICHHA.

T'ooBHOIO MeTOI pOOOTH € BHUSBICHHS IUIAXIB Ta eTamiB GpopMyBaHHs yp0O030011e-
HO3y B MicTi JIyraHchbk.

JocnimxeHHsiMu iepeabayanocs:

1) mocxiauTH 3MiHY BHJOBOTO CKJIaay IPHUPOIHOTO 300IIEHO3Y Pi3HUX KJIACiB TBApHH;

2) BU3HAYUTH eTand GopMyBaHHS BHIOBOTO CKIany ypOo3ooneHo3y JlyraHceka.

MeToaAHMKA JOCJHiAKEeHH:
YV CBOIX JOCHTIKEHHAX 3aCTOCYBalH 3arajbONpPUUHATI METOTUKH.
KonexTtyBanHs TBapuH AJ1s1 BUBHAYECHHS BULY.

PesyabTaTu HociaigkeHHs.

Ha teputopii, e 3apa3 po3ramoByeTbcst MicTo JIyraHChK, B IIPOLIECi TPUBAJIOT €BOJIIIO-
il IPUCTOCYBaHHS TBAapuH M0 abiOTHYHUX (PaKTOpPIB HABKOJHWIIHBOTO CEPEIOBHINA, BUIIB
POCIIMH, OJJMH 10 OAHOTO OyB cpopMOBaHMI NPUPOIHNH 3001eHO3 Oiomy cTemn. TyT MemKamu
npencraBauku 88 poauH, 06 enqHaHuX y 6 KiaciB. 3HAYHA YacTHHA BHJIB TBapHH Oyna eHje-
MiKaMH CTely.

Ha BiKpUTHX CTENOBUX MPOCTOpPaX, Jie HE MA€ JICY 5K CEPEHAOBHIIA ISl KUTTS TBa-
PHH, MOXKHA OyJIO 3yCTpITH TPHU3YHIB, SIKI IPHCTOCOBaHI JI0 MiJ3€MHOTO CHOCO0Y XKUTTS: XOB-
paxa MaJioro, XOBpallKa KparuIMCTOro, CIiMyliKa 3BUYaiHOro, XOM'sika Ciporo, MoJiBKy 3BH-
YaiiHy, NHUIIYXy, XOM'AKIB, cIinuiB, 6adakiB. KpiM rpusyHiB B 1IbOMY 3001I€HO31 ccaBlli Oynu
MPE/ICTABIICHI: JINCHLICIO PYAOI0, JTACKOI0, PKAaKOM 3BHYAIHUM, TXIPOM CTEIIOBHM, TXIpOM IIe-
PEB'S3K010, KYHHUIICIO KaM STHOIO, BOBKOM CipHIM.

Ha BigkpuTHX mpocTopax TpaBOCTOIO THI3AMIMCS NTaxXH: >KaBOPOHOK ITOJILOBHH,
JKaHBOPOHOK CTEIOBHMH, KaM’siHKa 3BHYaiiHa, POXBa, BIBCSIHKH, TI€perielia, Kypilnky, a BUCOKO
K HeO1 sitanu 6anabaH, OopuBiTEp, IIYITiKa, KAHIOK.

MeHblIIe BChOTO 32 BHJOBUM CKJIaJ0M B IIbOMY 30011€HO31 Tuia3yHiB. [IpeacraBankamu
[ILOTO KJTacy OyJH - CTeroBa TajioKa, )KOBTOOPIOX, BYX, MPY/IKa sIipKa.
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HeBiab €eMHOI0 YacTHHOIO OYIb-IKOTO 3001€H03Y € 6e3xpebeTHi. Bonu 3a cBoero un-
CEIIBHICTIO Ta Macor0 B IIbOMY 3001eH031 ckiananu 95% Bix 3aranbHOI 300MacH 1 Oysu 30ce-
pemKeHI Ha MOBEPXHi IPYHTY 1 IPUITIOBEPXHEBOMY IIapi TPYHTY.

Ha 3aranbHuil BUIOBUH CKJIaJ 300II€HO3Y, YHCEIBbHICT TBAPUH B HHOMY, KOJIHMBAHHSI
YHCETHHOCTI TBAPHH TI0 CE30HAX, OBEIIHKY TBapHH BIUTUHYNIH a0ioTHYHI (PaKTOph Ta KOPMO-
Ba Oa3a.

BinmpmicTs mpencTaBHUKIB 300IICHO3Y 3a CLIOCOOOM KHUBIICHHS — (iTodaru. Ha mpoTs-
31 BCBOTO POKY BOHH >KHBWJIHCS IMUOyIMHAMHU, Oynp0aMu, KOpEHEBUIIAMH POCIHH, sKi Oarati
Ha 30JIbHI eneMeHTH. lle 3HiMano 3arpo3y MiHepaJbHOTO rojoay. MallonoTyKHUH CHI>KHHA
MOKPHUB POOUTH JOCTYITHHM POCIMHHMH KOPM B3MMKY. BIIITKY 4acTi mocyxu B I[bOMY paiioHi
poOISITE KOPMOBY 0a3y HECTIHKOIO, a IIe B CBOIO Yepry, IOSICHIOE IIOBEIIHKY TBapHH: JEsKi 3
HUX 3aI1acaroTh KOpPM, JeSKi BIaJAI0Th BIITKY Ta B3UMKY B CIUITUKY. Pi3Ki KOJMBaHHS YHCEIb-
HOCTI (iTodariB Mo pokax Ta Ce30HaX POKY [TO3HAYAINCS Ha YMCENBHOCTI 300(ariB (Jiucuyi,
JIacKH, BOBKa, KaM’sIHOI KyHUIIl Ta iH.). PoJp canpodariB B IbOMY 30011€HO31 OyJia HE3HAYHOIO.
TakuMm 9YMHOM, MOKHA 3pOOMTH BUCHOBOK, IO 300ICHO3, KA OyB c(OPMOBaHMIA Ha Wil Te-
puropii, OyB cTanuii 10 30BHIMIHUX [iH, BIIPOIKyBaBCs, SIKIIO Ii Aii He Manu KaTtacTpodid-
HUH XapakTep.

[Ipu cropeHHi ypOOEKOCHCTEMH JIOAWHA MPArHe 0 3MiH BCiX KOMIOHEHTIB IPUPO-
HOI €KOCHCTEMH, B TOMY YicIli i 3001eH03Y. JisUTbHICTh JIIOUHA 31 CTBOPSHHS MICT Ta IXHBOTO
PO3BUTKY HACTUIBKM CHJIBHA Ta Pi3HOMAaHITHA, IO 3MiHM BHIOBOTO CKJIQIy TBapUH CTArOTh
HeoOopoTHUMU. BunoBuit i nomyssiniiiHuil ckinaz GayHu cTeny 3MiHIOBAaBCS B 3aJIE)KHOCTI Bij
XapakTepy, CIIPSIMOBaHOCTI Ta CHJIH Aii aHTPOIIOT€HHOTO (haKTopa.

3abyznoBa TepuTOpii CIOHyKana A0 Mirpauii TBapuH-aOOpUIeHIB, IO MIBHIKO pyXa-
IOTBCSI, B MICIIS JI¢ sl JTFOMUHN OOMekeHa. Benmuka  KiNBKICTh — JPIOHMX TBapUH 3arvHyJa
mig yac OymiBHUITBA. EKOJIOTIUHY Hillly, 110 3BUIBHUIACS, 3aIIOBHIIN HOBI BHIU TBapHH, SIKi
HNOTPANJIM B HACEJICHHWH MyHKT 3 JAPYrHX reorpadiuHuX PerioHiB 3a JIOIOMOTOI0 JIIOJMHU
(amTpomoxopii). B monorpadii b.Kmaycuaumep (1990 p.) mpuBiB mecaTku HpUKIagiB Ha-
BMHCHOI 1HTPOAYKIII, a TAKOX BHIIAIKOBOTO 3aHECEHHSI TBAapHH 3 DKero, OyaiBeIbHUMH MaTe-
pianamu, TPaHCIIOPTOM, IIKIPSHAMH H XyTPOBUMH BHPOOaMH, My3eiHUMHU Konekuisimu. Ta-
KUAM YHHOM, 10 OYIMHKIB MEIIKAHLIB MOTPAIWIN ASsKI BUAH HAHIPOCTIINX; YWICHUCTOHOTHX
- MyXa, Millb TIATTSAHA, TAPTaHH YOPHI, IABYK XPECTOBHK, KJIOM; CCAaBLl — MHUIIA XaTH, HAIFOK
cipuii. Tapranu 4opHi Oynu 3HHINCHI XiMiKataMH. Ta depe3 NCSIKHI Yac TXHEI CSKOJOTIYHY
HIlly 3alHSUTM TapraHy pyai, OUTBII IUTIHI Ta MPUCTOCOBaHI 10 Iil XiMikaTiB. Bei ni TBapuHM
JKMBYTH B CeliTeOHIM 30HI B Oe3nocepeHbOMY CYCIACTBI 3 JIIOAMHOIO: B OyAWMHKAx, 1HIINX
CHOPYAax, MOOIH3Y JKUTIIA, TAMYACOBHUX OY/TIBIISX.

Jlnst 3a/10BIJIbHEHHSI €CTETHYHHUX Ta KOMYHIKaTHBHUX MOTPEO, «I1ylieBHOro koMop-
Ty» JIIOIMHA B CBOIX JKUTJIaX 3aBOJUTH KILIOK Ta cO0aK Pi3HUX MOPIJ, 32 SKMMH 3/1HCHIOETHCS
JOTIIAN;: 1X JIIKYIOTh, POOJIATh MPUIICIUICHHS BiJl XBOPOO, TOAYIOTh. AJie B MicTi OaraTto Merm-
Kae Ge30MHHX KillIOK, co6aK, AKi 3aiiMalOTh CBOIO €KOJIOTiUHY Hillly 3a ikero. [y BoHH 110-
OyBaroTh Ha CBAJIKaX, CMiTHHKaX.

3pocTaHHs cemiTeOHO 30HHM MPUBENO [0 AKTHBHOTO PO3CENICHHS NTaxiB, SKi B'IOTH
THi3/1a T JaXoM: TOpoOeIh XaTHil, TaCTiBKa MiChKa, YOPHHUHA CTPHIK.

3niiicHIOYN 03eJIeHEHHsI TepUTOPIi MicTa (YTBOPEHHS MapKiB, CKBEPIB, JIICOCMYT Ha-
BKOJIO MICTa, cajiB OiJisi OyIUHKIB), JIOAM IITYYHO YTBOPHJIM 1 MiATPUMYIOTh CEPEIOBHIIIE Tie-
peOyBaHHsT AJsi OULIBIIOCTI BUAIB NMTaxiB (JIFOIM PO3BIIYBaIN LINAKiBHI, 1100 3ay4UTH NTa-
XiB), SIKI MPUCTOCOBAHI JI0 JKUTTSI Cepell JepeBO-4arapHUKOBOI POCIMHHOCTI (AeHAPOdiIbHI
TBapHHN).

[Mixpocraroumnit Mool APEBOCTIN y mapkax, canax JAesKud yac OigHuil nraxamu:
MOJIOZ JepeBa He CTBOPIOIOTH NPHIATHHX YMOB JUIS YCTPOIO THi3/a, HaNifHUX YKpHUTTiB. B
TaKAX MicTaX HEJOCTATHHO 1 MiAXonsmoi Dki — KoMax, HaciHHA. B Momommx mapkax, camax,
JiCOCMyrax CIOYaTKy ITOYMHAKOTh BHTH T'Hi3[a ClIaBKa YOPHOTOJIOBA, CllaBKa CaloBa, CllaBKa
cipa. 3roJjoM 3IMKHYTICTb KPOH AepeB 301IbIIMIACh, 3pOcia IyCTOTa YarapHUKiB, 1110 PU3BEIIO
JI0 TIOJAJIBIIOTO 3HIDKEHHS YHMCENIBHOCTI 1 po3MaiTocTi nTaxiB. Yepes neKinbka pokKiB, KOJIH
PO3pOCICS  YarapHHKH, MiJHsJIacs AepeBHA MOPOCib, 3'SBUIINCS BHIHM NTaxiB, sKi OyIyIOTh
THi3Jla Ha KyIIax i JepeBax — 3eJIeHsK, TOpJIMIl 3BUYaiiHa, LIMIINK, KOHOIUIsHKa. Komu ne-
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peBa B MICTi JOCAIIIM 3pLIOro BiKy, 3pOcCia ryCcTOTa YarapHUKIB, 3 sIBUIKCS HOBI BUIH MITaXiB
Ta 3pociia INiJBHICTh HACEJEHHs IITaxiB, IO THI3AAThCS. B MicTo Beenmiucs rpak, copoka,
BOpOHA Cipa, raika, BeJMKa CHHUI, TOIy0a CHHHUI, OyporojoBa raidka.

[ocanka BOIOCEKOTO TOPIXY, JIIMHA Ol OYZIiBIb Ta CTapiHHS AEPEB CTBOPUIH KOP-
MOBY 6a3y IUIsl MaJIoro CTPOKATOTO JATIIA, CEPEAHBOTO AATIA, TPHOXIAIOr0 AATIA.

Xamii gepes Ta yarapHukis y spax (IBanimes,Memepcpkuii) CIPHUSITA MOSBI  COOBETH-
Ka CX1DHOTO.

Jymuna Ha AepeBax 3alydmiId 10 MicTa NTaxiB- AYIUIOTHI3AHUKIB - OLTY TUTUCKY, 3BH-
YaifHy TOPUXBICTKY.

3pocTaHHs YUCETBHOCTI HEBEJIMKHX 32 PO3MIPOM INTaXiB MOSICHIOE MOSIBY NTaxa — XH-
JKaka — capuya 3BHYalHOro — KaHIOKa. J[piOHi rpu3yHU Ha CMITHHKax OOYMOBWJIM TMOSIBY B
MICTI CIUTIOLIKH- 3BUYaHOT COBKH, CipOi COBH.

CTBOpEHHS IUTYYHHUX JIICOBUX HACa/PKEHb HAaBKOJIO MiCTa CHPUSUIO 3MiHI BHIOBOTO
CKJIQJly TBapHH BIJKPUTHX NPOCTOPIB HA TBapuH JCy. B 1eill wyac mrTyd4Hi JIiCOBI MOJOCH €
MicreriepeOyBaHHSIM ISl IECATKIB 1 COTEH OCOOMH MEKITBKOX BHIIB KOMaxX-KCHIO(ariB Ta TH-
¢4 ocobmH KoMmax-¢itodariB, AKi KHUBIATBCS 3€ICHOI0 MAacol0, KBITKaAMH, IUTOAMH.
Tpas’sHuCTI pocaHE  (HOPMYIOTH MicIeriepeOyBaHHS UIA ACCATKIB THCIY OCOOMH KOMax —
¢itodariB # THCSY 0cOOMH IX XFDKakiB; B JUCTSHIN MIACTWINI Ta B BEPXHIX OOpisAX TpyHTY
MEIIKalTh campodaru, Konpodaru — OaraToHIXKKH, MaBykd, rpadaku, OakTepii, Tpubu, Haii-
MPOCTIIIi.

VY Jlyrancbky 3apa3 He 00auyuTH abOpPUTEHIB — CCABIIiB, MITaxXiB, IIA3YHIB, aJIe MOXKHA
mobaunuTH aOOPUreHIB — KOMaX: METEIHKIB KaIlyCHUIT0, KPOIMBHUIIIO, TONYOSHKY, JKYKIB 4OP-
HOTIJIOK, KJIOTIB, Mypax (tabmui 1, 2,3, 4).

Tabnuus 1
Bumosuii ckiiaj ccaBiliB

Ne | Ccasui pizHOTpaBHO| JIaTHHCHKA Ha3Ba CcaBui Micra JlatTuHCHKa Ha3Ba

/y | KOBHIOBOTO cTemy

1 Ixak 3Buuaiinnii Erinaceus Ixax 3Buuaiinuii| Erinaceus
europaeus europaeus

2 3aensp L. europaeus Muumia xaTHs Mus musculus

3 Bypo3y6ka 3Buuaiina Sores araneus Manrok cipuit R. norvegicus

4 Cninak 3Bu4aiiHuii Spalacidae Beuopuuus pyag Myotis lucifugus
microphtalmus

5. | Cninymonka 3Buuaiina | Ellobius talpinus Cobaka Canidae

6. | XoBpamok Manui Cynomys pygmaeus| Kimka Flidae

7. | MumoBka cTemoBa Sicista subtilis

8. | Muma monsoBa Muridae agrarus

9. | 3BuuaiiHa MOJNBOBKA Microtinae arvalis

10. | Kpit eBpomeiichkuii Talpa europaea

11. | Txip cTenoBui M. eversmanni
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BuioBuii ckiiaa nraxis

Tabnuus 2

Ne IITaxu pizHoTpaBHO| JlatTuHCchKka Ha3Ba | [Itaxu micra JlatTuHCchKa Ha3Ba
KOBHJIIOBOTO CTeHy
n/n
1. Kaniox Buteo buteo CnaBka Sylvia atricapilld
HYOpHOroJoBa
2 Ocoin Pernis apivorus L.| Cnaska cagosa| Sylvia borin
3. Manuit scTpy06 Acipiter nisus L. | TopoGeup Paser domesticus
XaTHIH
4. CrenoBHuii open Aquila Cnaska cipa Sylvia communis
nipalensis
Hodgs
5. MorunsHHK Aquila heliaca YopHuuii cTpux | Apus apus
Sav
6. CrenoBuii NyHb Circus JlacTiBKa Delichon urbica
MicCbhKa
macrourus Gm
7. Cipa kypinka Perdix perdix L. 3eneHsIK Chloris chloris
8. Tlepenen Coturnix coturni) Kononnsuka Acanthis
L. cannabina
9. HOpoda Otis tarda L. urauk Carduelis
carduelis
10. | Manwuii xaliBOPOHOK Calandrella Topnuus Streptopelia
. 3BUYaliHa turtur
cinerea Gm
11. | Cipu#i XalBOPOHOK Calandrella I'pak Corvus frugileguy
rufescens Viell
12. | KaM’ssHa nuscyHs Oenanthe Copoka Pica pica
isabullyna
Cretzschm
13. Bopona cipa Corvus corone
14. lanka Corvus monedulal
15. Benuka Parus coerleus
CuHuns
16. Tony6a Parus caeruleus
CuHuns
17. Byporonosa Parus atricapillug
raiuka
18. CrpokaTtuii Picoides minor
osATel
19. Cepenniii gsares Dendrocopos
medius L
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IIponoBxeHHs Tabn. 2

20. Tproxmamii Picoides
nsaTen tridactylus
21. ConoBeiiko Luscinia luscinia
CXITHUUT
22. 3Buyaiina Phoenicurus
TOPHUXBICTKA phoenicurus
23. Bina mnucka Motacilla alba
24. Cipa coBa Strix aluco L
25. 3Buyaiina coBky Otus scops
26. Kaniok Buteo buteo
27. Mlnax Sturnus
vulgaris L.
Tabnuus 3
Bunosuii ckinan miasyHis
Ne | Inmazynu  pisHoTpaBHo| JlatTuHCchka Ha3Ba| [lma3yHu micTa JlatuHCchbKa Ha3Ba
KOBHUJIOBOTO CTEI . .
n/m y (6ins pigok)
1. | Awmipka npynka Lacerta agilis Byx 3Buuaitnuit | Natrix natrix
2. | Taxmoka cTemnoBa Vipera ursini Tanproka 3Buuaiing Vipera berus
3. | IMono3 oBTOYEpEBUIA Elapheru Swipka npyaka | Lacerta agilis
fodorsata
4. | Byx 3Bu4yaiiHuil Natrix natrix
Tabnuus 4
Bunoswuii ckiaa komax
Ne | Komaxu pizHoTpaBHO| JlaTnHCchka Ha3Ba | Komaxu micTa JlatTuHCchbKa Ha3Ba
KOBHJIOBOTO CTEIY
1. | Taprau yopHuui Blatta orientalis | Taprau pyau#i | Blattela
germanica L.
2. | Kpacyus Guuckyua Calopteryx Kpacyus Calopteryx
splendens splendens
Onmuckyda
Harris Harris
3 JIroTka HapeuyeHa Lestes sponsa JroTka HapeueHd Lestes sponsa
Hansem Hansem
4 Crpinka Hasga Erythromma Crpinka Hasga | Erythromma
najas najas
Hansem Hansem
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5. | Kopomucino cuHe Aeschna cyanea | Kopomucno cuu| Aeschna cyanea
Miill Miill
6. | Boromox 3BuyaiiHumit Mantis religios{ Boromoun Mantis religios|
L. 3BUYAaUHUHU L
7. | JuOka 3eyneHa Saga pedo ByxoBepTka Forficula
3BUYaiiHa auricularia
L.
8. | [lmacTHHOKpHUII- Phaneroptera IMnactunokpui-| Phaneroptera
CepmoHoOCeb falcata Poda CepmoHoOCeIb falcata Poda
9. | Konuk 3enenuit Tettigonia Ctpubysn cipuii | Decticus
viridissima L verrucivorus L
10.| CtpubyH cipwuii Decticus LBipKyH Gryllus desertus
verrucivorus L CTENMOBHH L.
11.| Akpuna 3Buyaiina Acrida Tlepoin Goniocotes
bicolor Thnb rony6’ suuii bidentatus
Scop
12.| UBipKyH CTEeNOBHH Gryllus desertus | Akpuna Acrida
L. SpHTanma bicolor Thnb
13.| UBipKyH HONBOBHIA Gryllus Tonenus Tetraneura
. 6 -
Campestris L. cpecToso .
3JIaKOBa ulmi L.
14.| Capana nepeniTHa Locusta HluTiBKa Lepidosaphes
. . s0nyHeBa .
Migratria L. KOMOBH 1Ha ulmi L
15.| Tpunc xuTHIi# Limothrips OiuTiBKa Quaraspidiotus
denticornis TomoJieBa gigas Th et Gern,
Halid
16.| TanoMeHa 3eneHa Palomena prasina| Kinon congartuk | Pyrrhocoris
apterus
17.| IluTHUK TOCTpOMICYH U Carpocoris IManomena Palomena
fuscispinus Boh | 3enena prasina
18.| Panarpa Ranatra linearis | Kmon masnesui] Coreus
marginatus
19.| Kpacorin 6poH30BH Calosoma HluTHHK Carpocoris
. . roctpomueunit | fuscispinus Boh
inquisitor L
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20.| HapuBHuUK Mylabris Braomuns Cimex
YOTHPUKPATIKOBH I quadripunctata L | moctinsHa lectularius L
21.| Jlentypa uepBOHA Leptura rubra L | Xpymuk Phylopertha
canoBui horticola L
22.| T'Ho#ioBUK 3BHYAWHUH Geotrupes Xpym Melolontha
stercorarius L TpaBHEBUH melolontha L
23.| Meansak 3BudYaiiHU Blaps mortisaga U Bpon3siBka
24.| IKMiAb 3eMIIHUI Bombus Vcauuk Tetrops
Terrestris L ¢pyxroBuil Praeusta L
25.| JIKMinp cTenoBuid Bombus Mennsk Blaps
fragrans Pall sputalinni mortisaga L
26 | lllepmens Vespa crabro L. | Kopoin Anisandrus
HenapHUH Dispar F
27.| Oca 3Buyaiina Vespa vulgaris L | Baxouna Apis mellifera L.
cBilfichKa
28.| Oca mamepoBa Polistes gallicu] Oca maneposa | Polistes
- Gallicus L
29.| 3om0TOOYKA 3BUUYANHA Chrysopa Hlepmensn Vespa crabro L.

vulgaris Schn

30.

Myxa 3eneHa nmajgainbHa

Lucilia caesar L

Oca 3BuYaiiHa

Vespa vulgaris L

31 | Isgeus meTeopyc Meteorus Komap nmosrowi| Tipula
versicolor Wesm | mkignusuii
paludosa Mg
32.| Komap Tipula Komap Culex pipiens L
. . . 3BUYalHUHU
NOBTOHIT WKIAIUBUN Paludosa Mg
33.| Biman XuIKyBaTHUi Aporia crataegi L| Myxa ximHatrua | Musca

domestica L

34.| IuMOHHUIIS Gonepteryx Isgens meTeopy( Meteorus
rhamni L. versicolor Wesm

35.| T'ony6sHKa ikap Lycaena Myxa Calliphora
icarus Rott Cuns M’sicHa vomitoria L

36 | Kanibuuns Vanessa Myxa Lucilia caesar L
antiopa L. 3eJeHa magalbH
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37 | llaBuueBe O0KO Vanessa io L. Mins ss6nyneBa | Yponomeuta
IEeHHE malinella
Zell
38.| Binau pin’sHuit Pieris rapae L. Mins myGHa Tinea
Pellionella L.
39.| Pabokpunka MiHINBa Araschnia HepeBotouens | Cossus cossus L.
naxyudui
levana L
40.| Aanmipan Pyrameis IMnoxoxkepka Laspeyresia
6
atalanta L AbiyHena pomonella L
41.| YopTOomomoxoBKa Pyrameis  cardu| Binan Pieris  brassicaf
L. KanycTsSHUHI L.
42.| Kyrokpunka C-6ina Polygonia JluMoHHULA Gonepteryx
rhamni L.
C-album L.

Amnaui3 Tabmuip 1,2,3,4 mokasye, 1o Npu CTBOPEHHI YpOOSKOCHUCTEMH BiIOYIHCS CyT-
TEBI 3MIHH Y BUJIOBOMY CKJIaJ[i IPUPOOTO 300I[CHO3Y.

CyKyIHICTh OCOOMH OIHOTO BHAY Ha TepuTopii micta JIyraHCHK CTpYIIOBaHi B IIOMY-
JALIT Ta 3afiMarOTh MIEBHY TEPHTOPII0 — apeall, B MeXax SKOT0 IPOXOAATH yCi eTaly JKUTTEBO-
TO IIUKITY OCOOWH.

B 3amesxHOCTI Bif KOH(}Iryparii MU BUIUTHIN TaKi IPOCTOPOBI TUIH apeaiB: CyHiib-
HUH (CTpIUKOBHIT) apeall YTBOPIOIOTH: KadkKa, BYXK, jkaba; MO3ai4HUIL: OCH, SKi PHUIOTH, TPAKH,
KaHIOK; IUIMHCTHIA: COJIOBEIKO, IIUTITHK.

VY 3B'13Ky 3 TUM, 1[0 B OKpeMi (ha3u >KUTTEBOTO IUKIY OCOOMHM JACSIKHX BHUIIB BHKO-
PHUCTOBYIOTH Pi3HI YAaCTHHH apeayly Y BH3HAYCHMX I[IAX, MM BHIUIMIN CE30HHI Ta €KOJOTIUHI
MoUdiKaIll CydacHOTO apeay:

*penponyKIIHHNI apeal yTBOPIOIOTH MEPEIiTHI MTaXu, METSIIUKH;

*TpodiuHuil apean yTBOPIOIOTh NTaXH, 0 KOUYIOTh (Tpakn).

[ocriftamii TpoQiuHUI apeas YTBOPIOIOTH TBAPHHH, 0 )KUBYTH 011 OCEIb JIFOINHH.

Ypbo3ooneno3 M. JIyranceka nepedyBae B quHaMiri. [1ix gieto aHTpOmOreHHOTo (ax-
TOpY BiAOIBAETHCS 3MiHA HE TITBKHA BHIOBOTO CKIAIy TBapWH, a i YHCENBHICTh TBapHH, IO
pOKaM i Ce30HaM pOKY.

3MiHa YHCEeNFHOCTI TBAPHH BUKIIMKAETHCS OaraTbMa MpHIHMHAMH.

I'onoBHMMH 3 HUX €:

1). Oe3mocepeiHE 3HUIICHHS TBAPHH JACSIKUX BUJIIB;

2).aHTPOIMOTEHHI 3MiHK YMOB iCHYBaHHsI TIOMYJIISIIiH, BH/IIB, CITIBTOBAPHUCTB.

B mexax micta JIyraHChbK Ha YHCENBHICTh, €KOJIOTi0, (Di3UYHUIN CTaH TBAPUH OKa3y-
I0Th JIIf0 HE TUIbKK a0i0THYHI (haKTOpH, a Ilie YUCICHHI aHTPOIOTreHHI (haKTopH.

[MocTiiiHi nopuBM KaHami3aiiHUX TPYO y JIyraHChbKY CHPUSIIOTH 301JbLICHHIO YHCe-
JHHOCTI MIKPOOPTaHi3MiB, 3apa)XCHHIO TPYHTIB SHISIMA KPYTIIHX XpoOakiB, MO IMOTIM BHUKITH-
Ka€ 3aXBOPIOBAHHS TBapWH Ta CIIPUAE 3POCTaHHIO YHCEIBHOCTI TBAPHH 3apa)KEHHX ITapa3nuTa-
MU. HakonmueHHsT TOOYTOBMX BIiIXOAIB HA TEPUTOPISX MiXK OYIHHKAMH TaKOX CIIPHSIE 3pOC-
TAHHIO YHCEIBFHOCTI HE TIJIBKU MIKpPOOPTaHI3MiB, a IIe i MyX, IpiOHUX TPHU3YHIB, TONy0iB, Oe3-
JIOMHHUX KIIIOK, COOaK.

Ha uncenbHICTh TBapHH, CTaH 310POB’Sl TBAPHH, SKi )KUBYTh y MICTi, IpsIMO Ta moce-
PEenHBO BIUIMBAIOTH IO MECTHLUAN, repOennan, XiMidHi J00pHBa, sIKi 3CTOCOBYIOTh Ha MPH-
caJiOHUX IIISTHKAX, Ta30HAaX, Ta BaXKKi METAJIH.

Haiibinpm «MeTaneBuil Ta NHJIOBHH MPeEC) BiTUyBalOTh Ha coOi TBAPHHH, AKi MEIIKa-
I0Th OiIsl MPOMUCIOBUX MIAMPUEMCTB MicTa (TETIOBO300YyMiBHOTO, TPYOOTIPOKTHOTO, aKyMy-
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JSITOPHOTO, IEMEHTHOTO Ta iH.), KPYITHUX TOPTOBHUX LEHTPIiB (0COOIMBO A€ TOPrYIOTH OymiB-
HUMH MaTepiajaMH) Ta aBTOMOOIBHUX [UISXIB.

Bakki MeTany moTpamisioTh B OpraHi3M TBapHH IIPH TUXaHHI, 3 DKero, Bogo. B
OpraHi3Mi BaXXKi METaJIl YTPUMYIOTHCS, HAKOIMMYYIOTHCS, K Ha (imbTpi. Bioakymyrsis 36i-
JBLIYETHCS B XapyOBOMY JIAHIIOTY. TBapHHH HACTYIHOTO TPO(IYHOIO PIBHA OTPUMYIOTH
ORI BUCOKI TO3H BaXKKMX METATIB Ta HAKOMUYYIOTH OLTBII BUCOKI KOHIICHTPAIIi.

3 KOXXHHAM POKOM HYHCENFHICTh aBTOMOOIUIBFHOTO TpaHCHOPTYy y JIyraHchKy 3pocTae.
ITig xonecamMu pi3HUX TPaAHCIIOPTHHUX 3aCO0iB THHE BeIMYe3Ha KUTBKICTh K 0€3XpeOeTHHX, Tak
XpeOeTHUX TBapuH. Alle OLIBII CepHO3HOI0 €KOJIOTIYHOIO 3arpo300 Ui TBapuH B Micti Jly-
TaHChK € 3a0pyIHEHHS aTMOC(EPHOro MOBITPS BUKUIAMHM aBTOMOOLIBHOTO TpaHCmopTy. B
nporeci ra3000MiHy MK OpraHi3MoM Ta aTMOc()eporo B OpraHi3M TBapHH HNOTPAILIIOTH TOK-
CHYHI PEYOBHMHH, SIKI YTBOPIOIOTHCSI IIPH 3rOPsIHHI ITajlMBa: OKCHJ BYIJIELIO, OKCUAU a30Ty,
HE3ropisli ByrJIeBOJIHI, TUOKCH] CIPKH, caka, CIIOJIY4EHHs CBHHINIO, OeH3(a)TUpeH, MOJIIHKITi-
YHi apOMaTH4HI BYTIJIEBOHI.

Jist mUX pedoBUH Ha OPTaHi3M 3aJISKUTh Bil IXHBOI KOHIICHTpAIlii, BOJIOTOCTI TOBITPA,
TEMIIepPaTypH, IIOPU POKY, Yacy JOOH, IPUCYTHOCTI 1HIIX pPEYOBUH.

Jist mnoKcuay cipky Ha OpraHi3M 30UIBIIYETHCS IPU MPUCYTHOCTI MY B aTMOCQepi.
[Ticns BuOpocy nuokcup Cipku B aTMocdepi npedyBae Ha MPOTs3i JBOX THKHIB, TOOTO 3a Bif-
CYTHOCTI BITpYy HOTO KOHIICHTpAILis B MOBITPI 3 KOKHUM JHEM 30imbinyeTbes. [Ipu Bemmkiit
BiTHOCHI¥ BOJIOTOCTI TIOBITps BiIOYBa€ThCS MpoOIleC HOTO OKUCICHHS i MEPETBOPSHHS Ha Cip-
YaHy KUCJIOTY.

BMicT okcuay a30Ty B MOBITpi aTMocdepy Ha MpoTs3i 1o6u He crabinbhuil. Ilin piero
COHSIYHMX MPOMEHIB BiH PO3IICILTIOETHCS HA KHCEHb Ta 3aKHC a30Ty. [Ipy HasBi BOJIOTH B TOBI-
Tpi Ta BUCOKIH KOHIEHTpauii i€l pe4oBHHU B aTMOC(Eep] YTBOPIOETHCS a30THA 1 a30TUCTA KHUC-
JIOTH, SIKI BIUIMBAIOTh Ha AWXaJbHY CUCTEMY TBapHH Ta Ha IXHiil TOKPHB Tila.

Tabnuusg 5
BrumiB MeTasiiB Ha CTaH 37J0pOB’sl TBAPHH

N
HazBa merany Bnnus Ha xoMax BnauB Ha nraxis BnauB Ha ccaBuiB
/o
Buknaukae anemiio :
- > Buknunkae aneMilo,
apUTMIIO apuTMilo cepus,
3HUKYE CNYX, CEpIA,3HUIKY € 3HUKYE
1 CBI/IHeHB CIIOBIJBHIOE CIYyX,CIHOBIIBHIOE CIIyX,CHOBiJILHIO€
PO3BUTOK NUuuHOK]| PO3BHUTOK, MOPYIIYEl ho3pyuToK, mopymye
byuxuio byHKIi© mMonoBoi
NnoJN0BOT CHCTEMH. cucTeMu
Buknuxae Buknukae BinmoBy| Bukiaukae BizMoBYy
TIOLIKO K CHHA HHUPOK, cEpUeBi HUPOK,CEpIEBI
BUAINBHOI cUCTEMHU HaGpAKH, HaGpAKH,
2l Pryts HaKOMUYYyETHCA B HAKOTHUYYETHCA B HAKOTIUYYETHCA B
KUPOBOMY TLJ1 nediHIi, s€eyKax mediHIi, s€4Kax
KoMax. caMIiB, Bpaxae caMIiB, Bpaxae
HEPBOBY CHUCTEMY. HEPBOBY CHUCTEMY.
Bpaxae HUpKH,KPOB
. Bpaxae HUpKHU,KpPOB M’
Bpaxae nimMdy, p 1p KU, Kp cepuesi M’s3H,
cepueBi M’ A3H,
3 Mumr’ sk BIIBa€ Ha 3MEHBIIYE 3MEHBIIYE
MBUAKICTH OOMiHY DO HHKHCHHS
pedoBHH p MPOHUKHEHHS
KPOBOHOCHUX CYIHH
KPOBOHOCHHUXCY/IUH.
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Bpaxae Ttpaxei,

Bpaxae Hupku,

Bpaxae Hupku,
JereHi,

i JIereHi, BUKIHUKAE
Kanwmii CIIOHYKAa€ MOABY 2 . )
MYTaHTiB. aHEMI1I0, 3IMIHIOE BUKIHKA€E aHEMIIO,
TCHH. 3MIHIOE TEHH.
Xpom Bpaxae opranu Bpaxae opranu Bpaxae opranu
OUXaHHS IUXaHHS IUXaHHS
Bukinukae Buknukae
3aXBOPIOBAHHS Ha 3aXBOPIOBAHHS Ha
Hikens pak OpoHXIiB, pak OpoHXIB,

JepMaTUTH, Bpaxae
BEreTaTUBHO-
CYyIUHHY CUCTEMY

JepMaTUTH, Bpaxae
BEreTaTUBHO-
CYyIUHHY CUCTEMY

29




BucHoBknu

TakuM umHOM, MM 0adnmMo, IO MpH cTBOpeHHI MicTta Jlyrancek (ypOoekocucremu)
BizOynocst 6e3rnocepeiHe 3HUIIEHHS IMKUX TBApHUH CTEIly Ta HE 3aJUIIMIIOCH MICIs, IPpUAAT-
HOTO JUIs epeOyBaHHs JUKUX TBApUH cTeny. PO3BUTOK ypOOEKOCHCTEMH CHPUSB CTBOPEHHIO
HOBOTO 300II€HO3Y.

3aranpHE TEXHOTCHHE HABAHTAXXCHHS HA HABKOJMIIHE CEPEJOBHUINE IPHU3BEIO O KO-
PIHHHX 3MiH BUAOBOTO H MOMYJLIIHHOTO CKIaxy (hayHH CTeIy B Mekax TepuTopii JIyranceka.

Ha tepuropii micta BigcyTHi abopureHW — CCaBIi, NTaxXW, INIA3yHH. BUIOBHMIA cKiIaxn
NTaxiB CTaB OUTBIN Pi3HOMAHITHUM. BiACYTHICTh AESKHX BHIIB POCIWH IpHU3BENA A0 3MEHb-
[IEHHS BUIB METEINKIB Ta IXHBOI YUCEIHHOCTI B MICTI.

[epeGyBatoun B MicTi, yCi TBApHUHU (I¥Ki, TOMAIIHI) BiIYyBarOTh HETaTUBHUHA TEXHO-
TeHHHH BIUIMB, SIKHH MOXKE BH3BAaTH 30UIbIICHHS 00 3MEHBIICHHS YUCEIbHOCTI OCOOMH B yp-
6030011€HO31.
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B craTthe wHccieOBaHbI IyTH W3MEHEHHUS IPUPOJHOrO 3001IeH03a Ha ypOo3001ie-
HO3 [10J] BIMSIHKEM aHTPOIIOT€HHOTO (paKTOpa, KOTOPHIH SIBJISETCS OCHOBHBIM IIPH
co3nanun ypoosKocucTeMsl .B crarhe NpUBUAEHBI TAOIHUIIGI JJIsl CPABHEHUS BHU-
JIOBOTO COCTaBa MPUPOIHOTO 3001I€HO3a C BUAOBBBIM COCTABOM yp003001IeH03a

Knrouesvie cnosa: 300yenos, yp60300yeHo3, snoemuxu, pumogasu, 30o0¢hazu, ca-
npogazu, apean.
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Y]IK 504:621.928.9

Ymakosa H./I., MockBuuenko B.A.,
Muxanésa E.C., Ymakos 10.I'.,

JIyranck
NCCIEOJOBAHUSA PABOTBI ®UJIBTPA POTOPHOI'O THUITA

[IpuBoMUTCS aHAN3 CUCTEM MBUICOYUCTKU. Pa3paboTaHa MOJIENb 3MEKTPOMArHU-
THOTO (PHIIBTpa POTOPHOTO THIIA, IPUBOJATCS PE3yIbTATHl UcceqoBaHus 3 dek-
TUBHOCTH €ro paboTsl. Puc. 4, ucr.5, tabdmn.1.

Kniouesvie cnosa: ¢unemp pomopnozo muna, 31eKmMpoMACHUMHAA CUCmeMd,
ueonbYamole KOHYEeHmpamopwl, eppomazHummsle 4acmuybsl, MazHumHoe noJe,
NnOHOEePOMOMOpHAsA CUna.

NocTaHOBKAa MpPoOGJaeMbl

Pa3BuTHE XUMHYECKOH TEXHOJIIOTHH M CBA3AHHBIX C HEH MPOM3BOJACTB TpeOyeT BOBIIE-
dyeHHsT OOJIBIIOT0 Pa3HOOOPa3usi HOBBIX MATEPHAJIOB, 3a4acTy0 MPOM3BOICTBO KOTOPBIX Tpe-
OyeT 3HAUMTENBHBIX KaUTATOBIOKeHHH [1;5].

Ocoboe MecTO B pasBUTHH XHMHYECKOW TEXHOJIOTWH 3aHHMAIOT MPOHU3BOJCTBO H
OpPHMEHEHHE TOPOIIKOOOPA3HbIX KAaTAH3aTOPOB. VX MONydeHHE OTINYACTCS TPYA0EMKOCTBIO
Y 3HAYUTCIbHBIMI MaTepHAIbHBIMA M dHEpreTudecKuMu 3atpartamu. C OZHO#M CTOPOHBI, BBIO-
pachIBacMbIe B OKPYIKAIOIIYIO CPELy MOPOIIKH TEPSIOTCS OE3BO3BPATHO HM3-33a HECOBEPLICHCT-
Ba CHCTEM OYHCTKH BO3/yXa, C APYroil — HAHOCHTCS 3HAYUTEIbHBIN yIepd OKpyKaroIlei cpe-
[ M3-3a BEICOKOTO YPOBHS €€ 3arPs3HEHUSL.

YacTo MOPOLIKOBBIE MAaTEPHANBI IPEACTABICHBI TOHKOAUCIEPCHBIMU (PPAKIHIMU, KO-
TOpBIC MPAKTHYECKHA HE YNABIMBAIOTCS CYIIECTBYIOIIMMH CPEICTBAMU OYHCTKAMH. A COBpE-
MCHHBIC BBICOKOI()(EKTHBHBIC amMaparsl OTIHYAIOTCS BBICOKOH CTOMMOCTBIO. YacTo Takke
MOPOIIKOOOPa3HbIe MaTepPHANBl OTIMYAIOTCS BBICOKOH TOKCHYHOCTHIO, YTO B 3HAYUTEIBHOI
Mepe CTaBUT IPOOJIeMy UX yJIaBIHBAHUI Ha 0c000€ 3HAYMMOE MECTO B Pa3BUTHH COBPEMEHHO-
ro MaTePUANBHOrO MPOHM3BOACTBA. DTO TpedyeT pa3pabOTKM HOBBIX OoJiee MPOrPECCHBHBIX,
OKOHOMHYECKH I1eJIECO00Pa3HBIX TEXHMYECKUX PEUICHHH C TOYKH 3PEHHS COBEPIICHCTBOBAHHSI
CaMO# TEXHOJIOTHH 1 Pa3pabOTKH HOBBIX HAYYHBIX HAMPABICHHUIL.

AHalu3 NOCJAEeAHHUX HCCAEAOBAHUI M NyOauKanui

B MupoBo#i mpakTHKe IJIs MPEIOTBPAICHHs] BEIOPOCOB YacTO MCIIONB3YIOT aIliapaThl
W yCTpOICTBa, OCHOBaHHBIC HA MeToAe (QruibTpamuu. s 3TOH IeTH MPUMEHSIOT TKaHEBHIe,
BOJIOKHHCTBIE, 3¢PHUCTHIC ((PHIBTPHI C OBIDKYIIUMCS CIIOEM, )KECTKHE 3EPHUCTBIC (HIIBTPEI),
KepaMHU9IeCKHe, METaNIOKepaMITYECKIE, JIEKTPHUCSCKIE U B TIOCIICIHEE BPpeMs MarHUTHBIE (H-
JIBTPBI.

[IpoBeneHHbI aHAaMU3 UX TEXHUYECKUX XapaKTEPUCTUK, TEXHOJOTMUYECKUX MapaMeT-
POB, a TakXKe KalUTaJIbHBIX 3aTpaT MMOKa3al, YTo IS ONpe/eTICHHBIX Iieneil B Hauboiee BhIro-
JTHOM TOJIOKEHUU HaXOoJTCsi (pUiIbTphl Ha 0a3e AJNEKTPUYECKOro W MarHUTHOIO MEXaHH3Ma
yJIaBIMBaHUS.

W3BecTHO, 4TO BCe Marepuaibl B NPUPOJE OONANAIOT ONpPEASICHHBIMH (DU3UKO-
XUMHYECKHMHU CBOMCTBAMH, CPEIH KOTOPBIX 0CO00 BaXKHOE MECTO 3aHMMAIOT AJICKTPHUECKUE U
MarHuTHbIE CBOMCTBA.

DT CBOWCTBA U SIBIIIMCh OCHOBOH JIJIsl pa3pabOTKH METO/Ia U CPEACTB BBICO-
KO3 PEKTUBHOM OUYMUCTKU BO3IyXa.

ITo pesynpraTam NIPOBENCHHBIX HCCIECIOBAHHWN OBUIO YCTAHOBIICHO, YTO B MHPOBOW
MPaKTHUKE YaCTO MPUMEHSIOT IS yIaBINBAaHUS TOHKOJAMCIIEPCHBIX YaCTHIl PyKaBHBIE (DHUIBTPEI,
(UIBTPHI C 3ePHUCTHIME clI0AMHU. B Tabn. 1 mpeacraBieHb OCHOBHBIE XapaKTEPUCTHKH COBpE-
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MEHHBIX aNlapaToB TOHKOH OYHMCTKH BO3/yXa OT IBLIEBBIX BBIOPOCOB: 3(PEKTUBHOCTH, I'H]I-
PaBJIMYECKOE CONMPOTUBIIEHUE, YHEPTETUUECKUE 3aTPAThL, MACCa CTOUMOCTh OYHUCTKHU.

o pe3ynpTaTam HCCIIETOBAHUH MOKHO CYIWTh O BO3MOXKHOCTSIX U IEPCIIEKTHBAX TO-
IO WJIM MHOTO METOJIOB OYHCTKH BO3yXa.

Ieab cTaThm

Lemnbto wccienoBanuii sBMIachk pa3paboTka BHICOKOI(P(PEKTHBHBIX YCTPOHCTB, HCIIO-
IB3yI0muX 3((GEKT MArHUTHOW KOArysiud. MarHUTHBIH METO HAaXOIUTCS Ha Ooiee BBHITOI-
HOM TIOJIOXKEHHH, B CPAaBHEHHUE C IPYTMMH METOAAaMH. 3a CUET HEBBICOKUX PHEPIeTHUECKHUX U
KaIATAIBHBIX 3aTPaT ¢ BRICOKMMH TOKa3aTeIsIMu 3P (HEKTHBHOCTH yiaaBiuBanus [2;1].

MarHuTHBIH METOJ ITBUICYIaBIMBAHIS OCHOBAH Ha MCIIOJIB30BAHUH (DeppOMarHUTHBIX
CBOWMCTB yJaBIIMBAEMBIX MaTepHanoB. VI3BECTHO, 4TO B XUMHUYECKUX TEXHOJOTHSIX HIMPOKO
UCTIONIb3YIOTCS KaTallM3aToOphl Ha 0a3e jkese30coiep kKalluX MarepuaioB. X npumeneHue goc-
turaet 30...40 %, B cpaBHEHUU C APYTUMH HNOPOIIKaMU-KaTaau3zaTopaMu. B cBs3u ¢ Tem, uTo
UX TPOM3BOJACTBO JIOPOTOCTOSIIEE MEPOIPUITHE, BBICOKas d(P(PEKTUBHOCTD MX YJIaBIMBaHHS
NpeCTaBIsieT 0co0bIi nHTEepec. OCHOBHBIMU NapaMeTpaMy IOPOIIKOB-KaTaIU3aTOPOB SIBIISIO-
TCSI JUCHEPCHOCTh YacTHIl, COAepkaHne (peppoMarHUTHON KOMITIOHEHTHI, MarHUTHAsI BOCIPH-
MMYHBOCTh, KO3PIIUTHBHAS CHia U T. A. Boicokast 3)eKTUBHOCT yAEp>KaHUS YacTHIl B Mar-
HHUTHOM TI0JI€ OCYIIECTBIISIETCS 3@ CUET yIaBIMBAHMSA U YaCTHL, HE 001a1al0INX MarHUTHBIMH
CBOHCTBaMH. JTO IIPOUCXOJMT 3a CUET TOTO, YTO B HAYAIBHBIH MOMEHT HAJIOKCHUSI MAarHUTHO-
ro mojis B paboyeM NMpOCTpPaHCTBE (DeppOMArHUTHBIE YACTHIBI BHICTPANBAIOTCS MO CHIIOBBIM
JWHUSM 0N, 00pa3ys (pUIbTPYyIOLIyI0 «TKaHb» M3 CaMHX YacTHUEK, KOTOpPBIE (HUIBTPYIOT
BO34YyX, U HaCTHUIbI IIBJIM C COBEPUICHHO APYTUMU CBOMCTBaAMH 3aCPIKUBAOTCA 3TO# TKaHbIO.

Taoauma 1

CpaBHHTEIbHAS XapaKTEPUCTHKA TAPAMETPOB COBPEMEHHBIX aNIapaToB TOHKOIT OYUCTKH BO3yXa OT
MIBUIEBBIX BEIOPOCOB

JddexTuBHocTs | ['uapaBianyeckoe Croumoctb
JHepro3aTparsl Macca
OYHCTKH CONPOTHBJICHHE OYHCTKH
Ne Tun anna- kBT°4 Ha
n/n 3
pama % Ila 1000m° oumma- Kr TpH
€Moro raza

PyxaBHbIE

98,0...99.,5 1000...3000 ~0,2 12800...168700 | 6500...14000
GUIBTPEL
3epHHCTBIE
(UITBTPBL:
HACBITHBIC, 99,8 500...1500 0,06...0,09 1500...3500 2000...3500
C TIOJIBHXK-

98,0...99,2 700....1800 0,08...1,1 1200...2950 -
HBIM CIIOEM,
JKECTKHE

98,4...99,4 900...2700 0,09...1,3 - 3000...4200
(UITBTPEL,

IMponoBxenus Tabn.l
‘ Kepamuieckue, 99,2...99,5 | 3700...4290 | 0,3...0,4 500 -
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METAJITIOKEPAMUYECKUE

99,2...99,6 | 3890...4470 0,3 600 -
Dnexkrpuyeckue Gpuib-
3. 99,9 150...200 0,1...0,5 14000...438890 | 5500...11000
TPBI
4. | MarautHble QHIBTPEI 99,0...99,5 80...1910 0,02...0,09 200...5500 1500...2000

Ha puc.1 npencrasnena Moznens GpuUIbTpa pOTOPHOTO THMA. DIIEKTPOMArHUTHBIE CHC-
TEMbI 7, yCTaHOBJIICHHBIE Ha Kopryce (uibTpa 1, cO3al0T MarHUTHOE T0Jie BHYTPH padoueii
30HBI NIPOCTPAHCTBA MEXy UITIaMU-KOHIIEHTpAaTOpaMH Ha Kopmyce 1 M KOHIeHTpaTtopamu 9
Ha BpamiaromieMcs potope 8, npuuéM HauOoJIbIIas BEIMYNHA HAPSHKEHHOCTH TOJISI HAXOIUTCS
Ha OCTPHAX KOHIIEHTpaTopoB. IIpu BpamaTeabsHOM IBMXKEHHM POTOPA TBEPAbIC YAaCTHIIBI OpU-
SHTUPYIOTCS BJIOJIb CHIIOBBIX JIMHHUH MOJIsI, HAMarHUYMBAIOTCS, 00pa3yloT LENOYKN U OJJHOBpe-
MEHHO CaMHM CO3Jal0T (QUIBTpYIOIIee AeHCTBUE M CIOCOOCTBYIOT 3aXBaTy 4YacTHIl, HE MMEIO-
IMMX MarHUTHBIX CBOMCTB. B 3TOM 3akmrouaercst 3(¢eKT MOBBIIICHUS MbIICYIaBINBAIONMICH

CHOCOOHOCTH (DUITBTPA.

o xp © |o
\rI:I- L h
AYA|

\/1]

al

)

Puc. 1. DnekTpoMarHuTHEIA QiTBTp

MaTepuaabl M pe3yabTaThl HCCOAEAOBAHMI
BzaumopelicTBre 4acTHIBl U MOJOCa MATHUTHOW CHCTEMbBl XapaKTepU3yeT MOHIEPO-
MoTopHas cuna. OHa MOXKET OBITh BBIPAXKEHA B BHJIE
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Fp = Mya, ng—ZaR :

I'me m— macca gacTuIs;
Y — MarHuTHas BOCIIPMUMYHUBOCTb MaTepuaa YacTHLBL;

o - KO3 UIMEHT HEOTHOPOAHOCTH TIOJISl, PaBHBIH TS;
S - [ar moJyocoB;
o - MarHUTHasi IPOHULIAEMOCTB;
Hj - Hanps>KEHHOCTD MOJISI MATHUTHON CUCTEMBI;
R - paccTosiHME OT YacTHIBI 10 MTOJTFOCA.
B 3aBucuMocTH OT Macchl (pa3MepoOB) YacTUIIBI Ha €€ IBMKCHUE B MOIEPEYHOM Ccede-
HUU QUIBTpa GYIyT OKa3bIBATH BIMSHAE CHIIBI, CXeMa KOTOPBIX H300paxeHa Ha puc.2.[3;4].

Puc.2. Cxema cui1, ZeHCTBYIOIIUX Ha YaCTHILY B TIONEPEYHOM CEUEHUH (iTbTpa:
HEHTPOOEKHAs CHIia

2
D, |=mw°R
cuiia CTOKCOBCKOTO COIIPOTUBJICHUS CPEbI;
R, |=6a7nV,

cuna unepuun Kopuonuca;
D | =2mwV
c r
CHUJIa TIPUTSDKEHUsST MarHUTHOM cucteMbl ([ToHmepoMoTopHas cuna);

F_p‘ = Myau,Hze "

I'me V,— oTHOCHTEIBHAS CKOPOCTH;
Ve — IIepeHOCHAst CKOPOCTD;

V, - abCOIOTHAst CKOPOCTb.

® — YTJI0Bast CKOPOCh;

1 - BA3KOCTH CPEJbIL.

CHG}IyCT OTMETUTH, YTO CHJIa Kopnonmca CHOCOGCTByeT CMCIICHUIO YaCTHI] K OCH

(potopy) ¢wmnbTpa, Toraa kak CTOKCOBCKas cHja COMPOTHBIICHUS CIOCOOCTBYET CMEUICHHIO
YaCTHUI[ K OCTPHUIO KOHIICHTPATOPA.
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Ha cxeme  geiictByrommx cwi  (cM.  puc.2)  KOHIEGHCAaTopHas  CHJa

‘ Fp‘ =Myau, H 5 e 2R coBmajzaer ¢  jeficTBHEM  LEHTPOOEKHOH  CHIIBI
.
pa ycunuBaetcsi. BenencTBue dero yBeanamuBaeTcs 3G QEeKTHBHOCTh NMbUICYIaBIMBAIOIIEH CIIO-
coOHOCTH (hHIIBTpA.

Ha xadenpe «3Oxomorus» BHY 6pur1 pazpabotan GUiIbTp pOTOPHOTO THIIA, HCIIOIB3Y-
IOIIMHA METOJ MarHUTHOM cemaparuu. Y cTpoiicTBa pa3paboTaHBI C yI€TOM OCOOCHHOCTH TEeX-
HOJIOTUH U (PU3NKO-XUMHYECKUX CBOMCTB KaTaln3aToOpOB HUKENs, KoOalbTa U jKeie3a.

DJIEeKTPOMAarHUTHBIA (HUIBTP COCTOMT M3 Kopiryca 1, BXojsmiero narpyoka 2, coenu-
HEHHOTO C KOH(Y30pOoM 5, CHaOKEHHBIH B CBOIO OUYEpe/b PaCIpeleUTEIbHBIMH JIONaTKaMH,
o0ecreynBaOIIMMU PaBHOMEPHOE paclpe/iesieHne NbUIEra30Boro MoToKa o BceMy padbouemy
o0bemMy GuIbTpa.

BHyTpu ¢uabTpa 10 €ro 0CH yCTaHOBIECH KOHLEHTPATOP 8 MIOJIYAaTOTO THIIA, BBIIOI-
HEHHBII U3 MarHUTOMATKoro marepuana. Kopmyc ¢unbrpa | BEIIOIHEH U3 MarHUTONPOHHMIIA-
eMoro Martepuana u cHaOxeH 10-10 >IeKTpoMarHNTaMu, pabOTAOUINMHU B PEKUME KOMMYTa-
. C BHYTpeHHEH CTOPOHBI KOpITyca | yCTaHOBIEHBI TAKXKE MIOJIbYATHIE KOHIICHTPATOPBI,
BBITIOJTHEHHBIE U3 MarHUTOMSTKOTO MaTepHaa. DJIEKTPOMarHUTHBIN (HIBTP CHAOXKEH NPHUBO-
JI0M, 00€CIICUMBAIONINM BpAIICHUE WIOJIbYATOTO KOHIEHTPATOPa, MPUYEM BpAICHHUE MTOCTEI-
HETO OCYIIECTBIIACTCS B UMITYJIbCHOM PEKUME.

YcTpoiicTBO paboTaeT TakuM 00pa3oM: 3albLICHHBIN ra30BbIi MOTOK MOCTYIAET B KO-
pryc 1 uepe3 Bxomsmuii maTpyOok 2, B paboueii 30He MbUIera3oBblii HOTOK MOJBEPracTcs BO3-
JIEHCTBUIO 3JIEKTPOMArHUTHOTO II0JIA OT 3JEKTPOMAarHuToB 7. MarHuTHBINA KOHLIEHTPATOP Ur0-
JBUATOrO THIA pacHpesiessieT U KOHIEHTPUPYET MarHUTHBIN TMOTOK 1o BceMy oOwvemy. TBep-
JIbIe YaCTHIIbI KaTaJH3aTopa OCAXIAI0TCs Ha UTJIaX KOHLEHTpATopa, /Ui pereHepalui KOTopo-
IO UCTIONB3YEeTCs UMITYJILCHOE I10JI€, KOTOPOE OTOMBAET YACTHIBI K NMepudepiy MIITHHIPUYIEC-
koro kopmyca 1. [Tormas B 30Hy HAMarHMIMBAIOIIETO IEHCTBUS 3IEKTPOMAarHUTHON CHCTEMEI 7,
MIBUIEBBIC YACTHIBI OCAXKIAIOTCS Ha MONIOCaX, 00pa3ys HapOCThI, KOTOPBIC yOAISIOTCS 32 CUET
MPUMEHEHHUS PeKIMa pabOThI «OETryIero mos».

ITo pe3ynbraram mccienOBaHHWN YCTaHOBIICHO, YTO BBICOKas 3(P(PEKTHBHOCTH MOXKET
OBITH JOCTUTHYTA AaXKe NMPH HE3HAYUTEILHOM COAEPKAHUH B IBUICBOM IOTOKE (heppOMarHuT-
HBIX 4actHl. Tak, Hanpumep, npu coaepxanuu 7...10 % (GeppoMarHUTHBIX BKJIIOYEHHH d(-
(heKTUBHOCTH OYHCTKH MOKET OBITh JOCTUTHYTa 95...98 % npu HanpsHKeHHOCTH MarHUTHOTO
nonst 15-10° A/m.

Ha puc. 3 npexacrapieHa 3aBUCUMOCTb 3P ()EKTUBHOCTH YJIABIMBAHUS JKEJIE3HBIX KaTa-
JU3aTOPOB OT HANpPSDKEHHOCTH MAarHUTHOTO TOJS M COJAEpKaHHWE MarHUTHON KOMIIOHEHTHI B
3ampUICHHOM ToToke. Hanbomnpmas 3¢ hekTHBHOCTE JocTUTHYTA TpH conepxkannu FeO ot 50
1o 70 %.

Ha puc. 4 npencrasien rpaduk 3aBUCUMOCTH 3(P()EKTHBHOCTH OYHCTKH BO3IyXa OT
HaINpsOKEHHOCTH MarHUTHOTO moiis. MccnemoBaHus MPOBOAMINCH C W3MEHEHHEM CKOPOCTH
BpateHus poropa npu 12, 54 u 90 mun . Kak BUIHO 13 rpaduka Habobmas 3pPEeKTUBHOCTh
JOCTHIHYTA IIPH CKOPOCTH 54 MHH *. DTO MOXKHO OOBSCHHTb TAKHM OOPA3OM: MIJIBI BPAIIAKO-
IIErocsl poTopa MOMAJaloT B 3a30p MEXIY WIVIAMH CTaTOpa, ¥ B MOMEHT HauOoJbIIero mpuo-
JIMDKSHUSI UM IPYT K JIpyry HaBojuTcs Haubonbiimii notennuan DJIC, TBepible 4acTHIbI B
ATOT MOMEHT TOJIy4aroT HanOOJIBIIYIO BEINYMHY 3apsaa. [Ipu nanbHeiimeM BpaiieHH poTopa
UIJIBl yJAISIFOTCSL JPYr OT JIpyra, a o0pa3oBaBILIMECs arperarbl MOBOPAYMBAIOTCS B CTOPOHY
BpAIICHNUA M 3aXBaThIBAIOT MOCIEAYIONINE OCAXICHHBIE arperatsl. TakuM o0pa3oM, HENpephI-
BHOE KojeOaHHe M TepeMEIICHNEe OCaXIEHHBIX arperaroB CIOCOOCTBYET 3aXBaTy HEMarHHT-
HBIX (paKyi U UX 3a/IepKaHIIO0 OOIIUM HOTOKOM.

MaxkcumanbHas >peKTHBHOCTh YIABIHBAHHS IPH CKOPOCTH 54 MHH © 0GBACHACTCS
(PM3MKO-XMMUYECKUMH CBOMCTBAMU MaTepHalla MbUICBHIHBIX KaTaIN3aTOPOB.

= mw°R
, B pe3ynbTraTe 4ero d3QQeKT YBeITHICHHS YaCTUIIHI K TIepudepunt PIIbT-
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Pesynbrathl uccaenoBaHUs MOKa3aly, YTO d(PPEKTUBHOCTD YJIABIMBAHUS MOPOIIKOB-
KaTaJIn3aTOPOB COCTABMIIO: JKele3HbIX — 98...99,5 %, HukeneBbix — 87...94 %, KOOATBTOBBIX —
90...94,5 %.

Pesynbrathl Hccne[0BaHUM U MaTepHaibl paHee He Iy OIHKOBAINCH.
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Puc. 3. 3aBucumocth 3 PEeKTHBHOCTH OYUCTKH BO3yXa OT HAIPSDKEHHOCTH MarHUTHOTO TTOJIS
¢dunpTpa:
1 — npu copepxanun GeppomMarHuTHEIX YacTul 2...3 %;
2 — mpu coAepKaHuK GpeppoMarHUTHEIX JacTuIl 7...10 %;
3 — npu copepxanuu peppoMarHuTHEIX gactur 50...70 %.
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Puc. 4. 3aBucumocTb 3 (HhEeKTHBHOCTH OYHCTKH BO3/yXa OT HANPSHKEHHOCTH MarHUTHOTO MOJIS
¢dupTpa:
1 — mpu ckopocTH BpamieHus poropa 12 mus-1;
2 — TIpH CKOPOCTH BpanieHus poropa 90 MuH-1;
3 — mpH CKOPOCTH BpamlieHust poTopa 54 MuH-1.

B BIB O I BI

@uUIbTp POTOPHOrO THIMA COCTOUT M3 HUIMHAPHUYECKOTO KOPITyCa, C BHEIIHEH CTOPO-
HBI KOTOPOT'O YCTAHOBJICHBI HETIOABIKHO 3JIEKTPOMArHUTHBIE CHCTEMBI, Pa0OTaIOIINE B PEKH-
Me «OeTyIIero» U «Bpamaroerocsy MarHuTHOTO TOJIS.

Humnaapuueckuii Kopmyc ¢GHIbTpa U3HYTPHU CHAO0XEH HIONbYaTHIMM KOHIIEHTPATO-
pamu.

PoTop nMeeT BO3MOXKHOCThH BPAIaThCSl BOKPYT OCH M TaKXKe CHA0XKEH MTOJIbYATBIMU
KOHI[GHTPATOPAMH, IPUYEM POTOP MMEET AUATa30H BpameHus ot 12 mun™" 10 54 Mun™.

[Momyuens! 3aBucMMOCTH 3(PPEKTUBHOCTH OYHUCTKH BO3JyXa OT HaNpsHKEHHOCTH Mar-
HHUTHOTO 1TOJIs1 (GMIIBTPa U CKOPOCTH BpalEHUs pOTOpa.
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HaBoauTbCs aHaii3 CHCTEM MHIOOYMINYBaHHs. Po3pobiieHa MOJIEb eJIeKTPO-
MarHiTHOro (inbTpa POTOPHOTO THILY, HABOIATHCSA PE3YJIBTATH MOCIHIDKCHHS
e(eKTUBHOCTI Horo poboTH.

Puc.4, mx.5, Tabm.1

Knwouosi  cnosa: @inemp pomopnoco muny, enekmpoMazHumHa cucmemd,
iconbuacmi KOHYeHmpamopu, epomacHimui Yacmxy, MazHumue noie, NOHOepo-
MomopHa cuna.

There are the analysis systems of dust-clean. Created the model of electromagnet-
ic rotary filter type, the results of research are the effectiveness of its work. Fig. 4,
sourse 5, Table 1.

Rotary filter type, electromagnetic system, needle hubs, ferromagnetic particles,
magnetic field, ponderomotive force.

Vuakosa H.JI. — CxigHoykpaiHChkuii HauioHadgpHUIT yHiBepcuTeT imMeHi Bomomumupa [ans, kadenpa

«EKouoris», acUCTEHT.

Mocksuuenko B.O. - CxigHoykpaiHchkuil HanioHanbHU# yHiBepcuter iMeHi Bonomumupa Jans, kaden-

pa «Exouoris», crynear CHY im. B.[lass

MixansoBa €.C. - CxXigHOYKpaiHCbKHIA HallioHaIbHUN yHiBepcuTeT iMeHi Bonomumupa Jams, kapenpa

«Exouorisy, crynentka CHY im. B.Jlans.

Vmakos H0.I'. — CxigHoykpaiHcekuil HamioHanbHu# yHiBepcuter iMeni Bomogumupa [lans, kadenpa

«EKoIIoris», IOEHT.

Penensent: Kacesinos H.A., mpod., 1.T.H.

Cmamms nooana
20.09.2010
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VJIK: 597:282.247.364
Martsees A. H., ®opomyk B. I1.,

JIyranck

INEMAS A30OBCKASI ALBURNUS LEOBERGI FREYHOF ET KOTTELAT, 2007 —
KPACHOKHMKHbIN BUJ UXTHO®AYHbI BACCEMHA CPEJJHEI'O TEUEHMUSI
PEKW CEBEPCKH JOHEIL

YTouHEH BHIOBOI cTaTyc u apeain memau, oouraromeii B peke Ceepckuit Jlonern,
npoTtekarommeil no teppuropun Jlyranckoil obmactu. IIpuBOISTCS pe3ynbTaThHI
MopdomeTpuueckoro aHanusa pei0. [llemast azosckas Alburnus leobergi Freyhof
et Kottelat, 2007 3anecena B KpacHyto kHUTY YKpauHBI U BCTpedaeTcst B Oacceii-
He cpennero tedenus p. Cesepckuii Joneu. Puc. 2, Tabm. 1, uct. 13.

Kniouesvie cnosa:uxmuogayna, ocobo-oxpausiemviii 6ud, apean, 6ud, Kpacuas
KHU2a YKpauHuvl.

[lemas - ogHA U3 caMbIX LEHHBIX pBIO OacceifHa A3oBckoro mMopsi. Pycckoe Ha3zBaHme
«1IeMash» IPOUCXOAUT OT MEPCUICKOTO «IIIaX-Manuy, 9YTO 3HAYUT — «IIapCKasi ppIoay.

Lenpro Hamero mcciaeqoBaHMs ObUIO YTOYHEHHE BHJOBOTO CTAaTyca LIeMaH, OOHUTalo-
uiei B p. JlepKys, IOCKOIbKY B Pe3yJbTaTe NOCICAHEH PEBU3UU CUCTEMATUYECKUI CTAaTyC pa-
HEe U3BECTHBIX MOABHIOB ObLT M3MeHeH [12], uzydenue MOp(HOMETPHUCCKUX MAapaMETPOB OJ1-
HOro u3 npezcraBureneil uxruodaynsl p. Cesepckuii Joner meman a3oBckoit (puc. 1), 3ane-
ceHHoil B KpacHyro kHUT'Y YKpauHbI KaK ysI3BUMBIHN BUJ [7], M yTOUHEHHE ee apeasa.

H T | |

: ' I
3 o 4 5—6-7 89 10 11 12 13 1% 15 16 17 18 19 20 21 22 23
rocT 17435-12  XI1-08

Puc. 1. llemas asosckas Alburnus leobergi (poto A.H.Marseesa)
Otpsin: Cypriniformes — KapriooGpasHsie
Cewmeiicto: Cyprinidae — Kaprossie
IMoacemeiictBo Leuciscinae — EnbrioBbie
Pox: Alburnus Rafinesque, 1920 — BexoBoaka
Buga: A. leobergi Freyhof et Kottelat, 2007

Illemas a3zoBckast A. leobergi 6si1a coBceM HeTaBHO BBIAEIEHA B CAMOCTOSITEbHbIM
Buz [12]. Cpenn Buma meman Chalcalburnus chalcoides (Guldenstadt) seimensutn HeckoIbKO
MO/IBUIIOB, CPE/IM KOTOPBIX Haubosiee Oiu3kue apeansl uMend memas kpbeivckas C. chalcoides
mentoides (Kessler) u memas auenposcko-asosckas C. chalcoides schischkovi Drensky [2, 3, 5,
6]. M3BecTHBIN MX apeaj OrpaHUYIMBAJICS TOJIBKO YE€POMOPCKO-a30BCKMM PETHOHOM M, BIaja-
IOLMMH B HEro pekamu, Bkimtodas JloH. Tak, ewe JI.C. bepr, paznuuan B A30BCKOM MOpPE BbI-
cokorenyio u Hu3kotenyto Gopmsr C. chalcoides schischkovi, Bctpeuaromiuxcst TOBKO B pekax
CesepHoro IIpua3osbs [2]. OnHaKko BOIPOC O CUCTEMAaTUYECKOM MOJIOKEHUH YEPHOMOPCKUX U
a30BCKUX (hOPM IIEMan MOKET ObITh OKOHYATEJIbHO PELIEH TOJIBKO B PE3yJbTaTe ACTaIbHOTO
MOP(OMETPHUUECKOTO N3yUYECHUSI.

B Cesepckom JloHue memas BriepBble Oblila 0OHapyxeHa enie B 50-x rogax 19 croe-
s [8, 11]. 3aTtem 3TH JaHHBIE OBUIM MOATBEpXkIeHB! yke B 50-x romax 20 cromeruss CaxHO
(1940), Kopotkum u XapurtonoBoit (1958), Tpourkum (1974) [9]. Vxke Torma memas Obuia
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penkoit nis p. oH u p. Cesepckuit Jlonen [2, 8]. Ilocne nonxoro 3aperynupoBanust Cesepc-
koro Jlonna B 60—70-x rogax apeai memMan COKpaTHIICS W OTPaHUYMIICS JIMIIL HH)KHEH 4acThio
Oacceitna cpennero Teuerns Cesepckoro Jlonmna [4]. Panee B nmuteparype mis OacceiiHa cpea-
Hero Teuenust p. Cesepckuit Joner npuBommics sux Chalcalburnus chalcoides mento Agass
[4]. B To xe Bpemst B HOBOM m3anuu KpacHo#t KHUTH YKpawHbI apeal meMan a30BCKOM orpa-
HHUYEH TOJNBKO A30BCKHM MopeM [7].
Mopdomerpruaecknii aHan3 12 SK3eMIUIIPOB PBIO, IIOMMAaHHBIX pRIOaKaMH - JTFOOUTe-
JSIMH B WIOHEe Ha p. JlepKys, OCyIIecTBISUICS MO CTaHAApTHOH Mmeroxuke [2, 6, 13], manHbIe
KOTOPOT'O MPHUBEICHEI B Ta0. 1.
Tab6nuua 1

3HavyeHust MOpHOMETPHUECKHX MTOKa3aTeNIeH IieMan a30BCKOH

MunumaiabHoe u| Cpennee [Oumoka| Jloas npu-

MopdomeTpuyeckue noKa3arean MaKCHMA/IbHOE [3HAYEHHeE, |cpeqHeii,| 3Haka B SL
3HaveHus, lim M +m wim ¢*, %
IaacTuyecKne NPU3HAKH, MM

AGcomroTHas JuiHa Tena, TL 159-244 225 6,4 —
Jlinna Tena (6e3 XBOCTOBOTO IIaBHHKA), SL 134-203 188 5,2 100
Jlnuna xBoctoBoro cre6us, fd 28-42 38 1,1 19-22
HauGospmas Beicora Tena, H 30-47 41 1,6 18-23
Haunmensias BeicoTa Tena (BICOTa XBOCTOBOTO 12-18 16 05 810
crebis), h
AmnTenopcansHoe paccTosinue, aD 70-112 102 3,0 52-58
TlocTnopcanbHoe paccrosiaue, pD 52-81 72 2,5 33-40
JIyinHa OCHOBaHMs CIIMHHOTIO IIaBHuUKa, |D 15-20 20 0,5 10-12
Bricora ciHHOrO miuasHuka, hD 21-33 31 0,9 15-17
JliMHa rpy/iHOTO TUIABHHKA, |P 25-39 35 1,8 18-20
PaccrosiHre Mex1y TPYIHBIM ¥ OPIOLIHBIME 3456 49 17 25 98

TUIAaBHUKAaMU (IEKTpOBEHTpasibHOE), P-V

PaccrosiHre Mex 1y OpIOIIHBIM U aHATLHBIM

30-46 41 1,4 19-24
IUIaBHUKaMH (BeHTpoaHasbHOe), V-A
JlmmHa roJioBbl, C 29-42 39 1,0 19-22
BeicoTa royioBsl y 3aThuika, he 19-29 26 0,8* 62-74*
JnuHa polia, r 8-12 10 0,3* 24-30*
JuameTtp riasa, 0 9-11 10 0,2* 23-31*
3arnaa3HIYHBIH IPOMEXYTOK, PO 14-20 18 0,5* 42-50*
Bricora 163, ho 34 4 0,1* 10-11*
Iupuna 164, i0 9-13 12 0,3* 29-33*

MepucTuyeckre NpU3HAKH, IIT.

Koi-Bo jxa0epHBIX THIYMHOK Ha MEPBOit xkabep-

o 24-28 26 0,4 —
HOIi jiyre, Sp. br.
Kon-vBo HEPa3BETBJIEHHbIX U Pa3BETBIEHHBIX 2+(9-11) 2410 0.2 o
JIydeil B CIMHHOM TuiaBHUKe, C
KOH-?O HEpa3BETBIICHHBIX ¥ Pa3BETBIEHHBIX 3+(15-17) 3+16 - o
Jlydell B aHAILHOM IUIABHUKE, A
Kon-vBo HEpa3BETBIICHHBIX ¥ Pa3BETBIEHHBIX 1413 1413 - o
JIy4yeid B IPYJHOM IIaBHHKE, P
KonuvecTBo vemyii B 60k0BO# ninHuwy, |.1. 49-68 61 1,4 —

Ommbka cpeHero 3Ha4eHHs NMpHU3HaKa BBIYHUCIIUIACH IO (hOpMyJie BBIOOPOYHOTO cpe-
JTHEKBaJPaTUIHOTO OTKJIOHEHHUS CPEJHETO 3HAUCHUSL:

> (X — x)?
nl(n - 1)
rJie X — BEIOOPOYHOE 3HAYCHHE; X — Cpe/IHee apupMeTHIECKOe 3HAUCHHUE; N — pa3Mep BHIOOp-
KH; Ny — KOJIMYECTBO TOYEK 3aMepa.

(1)
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Hepkyn — peka, npoTekaromias no reppuropun Jlyranckoi obnactu (YkpauHa) U 1o
rpanune Pocrosckoit obmactu (Poccws), spnsercs oqHUM U3 HanOoJee KPYIMHBIX JIEBBIX MPH-
TokoB CeBepckoro lonma. [nmHa ee coctamsieTr 165 kM, miomans 6acceiina — 5180 kM°. Be-
PET Havano Ha 3amagHoM oTpore JIOHCKOH IpsJibl, IPOTEKAET IO BOJHUCTON paBHUHE. KopeH-
HOU TIpaBbIiA Oeper MPenMyIeCTBEHHO KPYTOH, 0OphIBUCTHIH [1]. MecTa moMMOK miemMan a30B-
CKOM OTMEYEHEHI Ha pHC. 2.

@® Mecra cbopa matepuana
% Bopoems!
r. Nyranck
— [panunua obnactu
Puc. 2. Mecra noBa 1memMan a30BCKOH

ITo cBoemy BHelIHEMY BHJY lIeMas [OX0XKa Ha YKIIE0, a 10 00pa3y OOUTaHUs CXO/Ha
¢ peIOiioM. Y Hee yUIMHEHHOE TeJI0, TIOKPBITOEe TUIOTHO CHUIINEH Yenryei, ronoBa HeOobIas,
pot xoHeuHsli. lllemas — HeOosbIIast ppIOa: Bec ee OOBIYHO BO B3POCIOM COCTOSHHH OKOJIO
160 r, ogHako OTAeiIbHBIE 0coOM mocturaroT U 350 r, mimHa Tena — oT 17 g0 28 cMm, uHor;a u
6osiee. MOXeT *KHUTh KaK B COJICHUX, TaK M B IPECHBIX BoAaX. OCHOBHBIM KOPMOM ISl IIEMan
CIIy’KHT IIJIAHKTOH, HO TaK)K€ MOKET YHOTPEOJIATh B MHUILY HACEKOMBIX, OCTATKH BOIOPOCIIEH,
MaJIbKOB JPYrux pbI0. B MecTax Haryna u B MECTax pa3MHOKEHUS JAEPXKHUTCS B TOJIIE BOJBI U
y ee nmoBepxHoctu [10]. Teno ymimHeHHOE, CHIBHO cxatoe ¢ 60okoB. Ha Oproxe ecTh Kuib, HE
MOJTHOCTBIO TOKPBITHIN Yenryeil. AHaNbHBIM NMIaBHUK HAYMHACTCS 1033 BEPTHKAIBHON JIH-
HHH, IPOBEJICHHON Yepe3 OCHOBAaHHE IMOCJIEJAHEro CIMHHOrO Jyda. Yernyil B O0KOBOI JTHMHUM
54 — 64. Ha nepBoii xxabepHoii nyre 24 — 28 JUIMHHBIX T'YCThIX aOepHbIX TIYMHOK. [Ipomoi-
JKUTENBHOCTH )KU3HH 5 — 6 neT. CriuHa TeMHO-cepasi itk OypoBaTasi ¢ 3eJIeHOBAaThIM MM CUHE-
BaThIM OTTEHKOM, OOKa CEpOBATO-CEPEOPUCTHIC C 3€JICHOBATHIM OTOJIECKOM, OPIOXO cepedprc-

T0-0eroe, Bce MIIaBHUKH cepoBarthbie [2, 7, 13].
Murpanust HauMHaeTCs MM OCEHBIO (B KOHIIE aBTycTa — CEHTSO0pS), WIM paHHEH Bec-
HOH (¢ KoHLa (eBpaisi WIM B MapTe — arpeie). B mepuos HepecTOBBIX MHIpaunuil y memau
HOSIBIISIETCS OpayHbIi HapsA: y CaMIIOB HAa TOJIOBE — MEJIKHE OYrOpKH, a y CaMOK — Y UIMHSIETCS
HIDKHSIS 9eJI0OCTh, Ha KOHIIE KOTOpOi BeIpacTaeT Oyropok. Ilocie okoHwaHust Hepecta Opauy-
HBIIl Hapsa] ucyesaeT. XOTs, 110 HAIIUM HAOJIOICHHUAM, OyTrOpPKH y CaMIIOB COXPAHSIOTCS U T0-
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cie Hepecta. ClieZJoBaTeIbHO, 3TO MPU3HAK [OJIOBO3PENBIX caMIOB. [10J0BOM 3penocTH 1OCTH-
raeT B BO3pacTe 2, HO MPEUMYIIECTBEHHO 3 — 4 JieT (caMKu Ha roj nosxe). PasMHoxeHue npo-
JOJDKAeTCs C KOHIIA ampelis 10 Hadayia WIOHSA IpH Temneparype Boasl 15-26 °C. IlmomoBu-
TOCTh 10 24 THC. UKPUHOK. MKpa Kieiikas, oTKIagsIBacTCs IByMs MOPIUSAMH Ha yYacTKaX C
YUCTOW BOJOU, OBICTPHIM TEUCHHEM M KAMEHHUCTHIM TPYHTOM. HepecTurcs memast B cyMepkax
WK Houbto. [Tocie HepecTa ImeMast CKaTsIBaeTCs B Mope Ha Haryi [2, 7, 13].

JlOoCTOBEpHBIX CBEACHWH O YHCICHHOCTH HOMyNsAnuu HeT. OYeHp MaJOYHCICHHAa B
A30BCKOM MOpE U3-3a COKPAICHHS TUIIMYHBIX OMOTOIIOB B Pe3yNbTaTe W3MEHECHHS THIPOIIO-
THYECKOTO, XUMHYECKOTO, OMOJIOTHYECKOTO PEKUMOB BOJOEMOB, BCICICTBUE THAPOTCXHUICC-
KOTO CTPOHUTEJBCTBA, 3arPsI3HCHUS BOJIBI U UPE3MEPHOTO BHUIOBA.

BerpeyaeMocTh mieMan a30BCKON 3HAYUTEIBHO YMEHBIIMIACH [0 CPABHEHHUIO C TIPO-
NUTBIMU JICCATUICTUAMH. DTOT 0c000-0XpaHsAEMbIN BHJl KaK ysA3BUMBIN 3aHeceH B KpacHyro
KHUTY Y KpauHBL.

Jnst ompenenenust BUIOB pojaa BepxoBojaka Alburnus, Bcrpewaroruxcst B Gacceiine
UYepHOro 1 A30BCKOTO MOPEH M paHee OMMCHIBACMBIX BHIOB B BOJAaX YKpaWHBI, ObLIa COCTAB-
JieHa B COOTBETCTBHH C TOceuei pesusueii [12, 13] cremyromas onpeaenuTenbHas TabIuia.

Taboauma 2

OnpenenuTensHas TabauIa BUIOB posia BepxoBoaka Alburnus 6acceiina YepHoro u A30BCKOro Mopeit

1(2) | Hauano aHampHOTO IJIaBHMKA HAXOIWTCS MO3aIH OT YPOBHS OCHOBAHHS ITOCIICIHETO)
Jy4a B CHMHHOM IUIaBHUKE (€CJIH Ha YPOBHE, TO B 00KOBOH miHUN 54—69+4 vemryn). 2

1(2) | Hayano aHampHOTO IUIABHHKA HAXOMUTCS HA YPOBHE OCHOBaHHS 4—6 BETBHCTOTO
cnuHHOTO Jy4a. 17—20% pa3BeTBICHHBIX Jyueii B aHAIbHOM IIJIABHUKE.
A. alburnus — BepxoBoaKa 00BIKHOBEHHASsI

2(1) | 13-17"% pa3BeTBICHHBIX JyUcH B AaHATBHOM IIABHHUKE. ....cvevvevrvareinennas 3
2(2) | 17-20% pa3BeTBICHHBIX Nyueil B aHATbHOM IUTaBHHKe. OOUTaeT B ycTheBOM yacTi Jy-
HAM. ..o siesieesieenieseeenbasneeseesneeneesneas A. danubicus — memasi xyHaiickast

3(1) | 24-35 ThIYMHOK Ha TEPBOM kabepHOU ayre. AHANBHBIN IUTaBHUK uUMeeT 15-17Y% pas-
BETBJICHHBIX Jy4eill W HaumHaeTcs Ha 1)2—2Y denryiiku mo3agu OT ypoOBHS OCHOBAaHUS
MOCJICTHETO JIy4a B CIMHHOM IUTaBHUKE. Ha 10y MHOrOYMCIIEHHbIE MalleHBKHIE KOJKHBIE
OYTOpPKH y ITOJIOBO3PEIBIX CaMIIOB 4

3(2) | 18-27 ThiuMHOK Ha MepBOii kabepHoi ayre. Ha n0y HEMHOTOYHCIICHHBIE KPYIHBIE
KOXHBIE OYrOpKH y IIOJIOBO3PENBIX CaMIOB (TONBKO y A. MeNntd OoHM MayeHb-

1297 () TSP PP TS UPPTUPRRPRPRPRE - |
4(1) | 2734 TeuMHOK Ha TIEPBOH kabepHoi myre. OOuTaeT B ceBepo-3ananHoit yactu YepHo-
TO MOPS.ceceviarisitsriresesieaiesresie e A. sarmaticus — memasi YepHOMOPCKast

4(2) | 24-28 THIUMHOK Ha TEpBOH xabepHoit ayre. O6uTaeT B A30BCKOM MOpe.
A. leobergi — memas azoBckas

5(1) | Beicota xBocTOBOTrO CcTebist cocTaBisier 1,7-1,9 pasa B ero mmune. Oburaer B pekax
KPBIMA. ... A. mentoides — memasi KpbIMCKas

5(2) | Beicota xBocToBOrO cTebus cocrapiseT 1,8-3,0 pasa B ero Jumse...... 6.

6(1) | 15-17% pa3BeTBICHHBIX JIy4eil B aHAILHOM IUIaBHUKE, KOTOPBI HaunHaeTcs Ha 1Ys—
2Y, 4enryiky 1o3aan OT YPOBHSI OCHOBAaHUS IOCJIEJHEro Jyda B CIIMHHOM IUIaBHHKE.
JmHa xBocToBOTrO cTebns cocraBisieT 16—19% cranmaptHoit muHE (SL). ObGutaer B
BepxoBbe Oacceitna JlyHas (cyOanbrmiickue o3epa ['epmannu u ABCTpun).

A. mento — 1memasi yHaiicKasi

6(2) | 13-15'% pa3BeTBEHHBIX JyYell B aHAJLHOM IUIaBHUKE. 63—67+4 yenryn B GOKOBOM
nuHAN. 21-27 THIYMHOK Ha NepBoil sxabepHO# myre. JlIuHA rojIOBBI cocTaBiseT 21—
26%, aHTHIOpcanbHOe paccTosiHue — 55-58%, mnmuua xBocroBoro credus — 18-21%
cranaptHoit juiunel (SL). Odutaer B pexax Pe3osa (Typuus) u Beneka (bonrapus).
A. schischkovi — wemasn pezosckan

41



PyKOBOL[CTByS[CI) L[aHHOﬁ OHpeﬂeHI/ITGHLHOﬁ Ta6n1/1ueﬁ 1 [MpOoaHaJIM3UpOBAB UMCIOLIU-

ecst JlaHHbIe MOP()OMETPHUECKUX TOKa3aTelell, MOKHO OJHO3HAYHO yOEAUTHCS, YTO B U3ydae-
MOM pETHOHE BCTpedaercs miemass a3oBckas A. leobergi, pamee ommceiBaemas kak C.
chalcoides schischkovi [2] u C. chalcoides mento [4, 6]

B BIB O 1 BI
Takum o0pa3om, B pe3yabpTaTe IPOBEISHHOTO MCCISIOBAHNS YCTAaHOBIICHO, YTO B Oac-

ceiire cpennero Teuenns peku Cesepckuii Jlonerr oburaet memas asosckas Alburnus leobergi,
BUJ 3aHECEHHBIN B KpacHy10o KHUTY YKpauHbl Kak ya3BUMBIA. [loaTOMY ciaenyeT cuurarh, 4YTO
apeas ee OOMTaHUS 3HAYNTEIBHO MINPE, YEM IPEIIONIATranoch paHee.

10.
11.

12.

13.
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YTOYHMIN BUIOBHI CTAaTyc Ta apean Imemai, mo xwuse B piutii Ciepchkuii [lo-
Hellb, SKa TPOTiKae TepuTopieto Jlyrancekoi obmacti. HaBomsTecs pesymbraTi
mopdomerpuaroro anamizy pub. [lemas azosceka Alburnus leobergi Freyhof et
Kottelat, 2007 3anecena no YepBoHOi KHUTH YKpaiHU i 3ycTpidaeThes B OaceiHi
cepennroi Teuei p. CiBepebkuii Jonens. Puc. 2, Tabm. 1, mk. 13.

Knrouosi crosa: ixmiogpayua, euo, wo ocodaueo oxoponaemocs, 8uo, apean, Yep-
60Ha KHU2a Yxpainu.

Specific status and natural habitat of shemaya, dwelling in the river Severskiy
Donets is specified, to the flowing on territory Lugansk area. Led results of
morphometric analysis of finfishess. Shemaya azovskaya Alburnus leobergi
Freyhof et Kottelat, 2007 added to the Red book of Ukraine and there is Severskiy
Donets in the pool of middle flow. Fig. 2, table. 1, source 13.



Conclusions: ikhtiofauna, especially-guarded kind, natural habitat, kind, Red
book of Ukraine.

Martsees A. H. - BocTouHoykpanHCKuil HallMOHANbHBIN yHUBepcuTeT uMeHu B. [lans, accuc-
TeHT Kadenpsl «DKOIOTH».
®opomyk B. II.  — BocrouHoykpavHCKUH HallMOHANBHBIN YHUBepcUTeT uMeHH B. Jlans, nouent

kadeapsl «DKOIOTHS», JOIL., K.0.H.

Penenzent: Urnaros O. P., o1, k.T.H.

Cmamwst nooana
9.07.2010
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YK 504:621.43.068
3aurpaes JI.C., HlexoBuos F0.U.
JIyranck

MCCJIEJOBAHUE TEPMUYECKOM PETEHEPAIIMU CA’KEBOTI'O ®UJILTPA
ABTOMOBWJIBHOI'O TU3EJIAA

[IpuBoxmsATCS METOAMKA M PE3yJbTaThl PacYeTHO-TEOPETUUECKOTO HCCIECTOBAHHS
TEPMHYECKOH pereHepaniy caxxeBoro (GpuibTpa aBTOMOOMIBHOTO nu3ens. Ha oc-
HOBE IOJIyYeHHBIX Pe3yJIbTaTOB 000CHOBAaHA CXEMa CaXeBOro (MIBTPA U OIpe/ie-
JICHBI PEXKHUMBI ero pereHepauun. Puc. 5, ucr. 4.

Caorcesbili unbmp, mepmuueckas pezeHepayus, pacxod 2azda yepes Guibmp,
NPOoOONIICUMENbHOCIb peceHepayull, memMnepamypa pecenepayuu

IHocTanoBka nmpoodaeMbl

BaxkHoit 3amadeil COBpEeMEHHOCTH SIBISICTCS CHIDKEHHE KOJIIYECTBA BPEIHBIX BBIOPO-
coB ¢ orpaboraBmmmu razamu (OI') aBTomo6mneit. OI' aBToMOOMITEH comepkaT OorpoMHOE KO-
JIMICCTBO BPCAHBIX BCIIECTB, HauboJIee CYIIECTBECHHBIMU N3 KOTOPBIX ABJIAIOTCA OKCHUIbLI a30Ta,
TBEpble YaCTHIIbI (CaXka), OKCUJI YTIIEpO/ia, YIJIEeBOJOPOIbI, COSTUHEHHs cephbl. TBepable Jac-
tuisl (TY) ABISIFOTCS OJJHUM W3 OCHOBHBIX KOMIIOHCHTOB JW3CIBHBIX aBTOMOOWICH. AHamm3
cocraBa OI', BEINOJHEHHBIN [T0 METOUKE OMPEACICHUS IPUBEACHHON MacChl BPEIHOTO BBIO-
poca, noka3zai, uto Ha fomo TU npuxoxurcs 6osee 40 % cymMMapHOH TOKCHYHOCTH O0TpadoTa-
BIIIUX Ta30B KCIUTyaTHPYEMbIX B YKpauHe Mu3eibHbIX aBToMoOmIeH [1]. TU OKa3bIBarOT IIH-
POKHII CIIEKTp HETaTUBHBIX BO3ACHCTBHI HA OKPYXAIOLIYIO CPENy M 4EJOBEKa, B TOM YHCIE
CIIOCOOCTBYIOT BOSHUKHOBEHHIO OHKOJIOTHYECKHX 3a0oyieBaHud [2]. BrimonHeHune coBpemeH-
HBIX, ¥ TeM OoJiee MepCeKTUBHBIX HOPM Ha BBIOpoCchl TU nu3enbHBIME aBTOMOOMIIIMH TOJIBKO
IyTeM BO3ACHCTBUS Ha pabOuYMil MpoIecc ABHTATENs MPAKTHYECKH HEBO3MOXHO. g 3toro
HeoOxoxumo ynaBnuBanue TY ¢ momompio caxkeBbix GuiabTpoB (CD), ycTaHaBIMBaEMBIX B
BBIITYCKHOH cucTeMe aBuratens. Hanbonee mpocThIMu M B TO K€ BpeMs JOCTATOYHO 3P PEKTH-
BHBIMU UM HAJEKHBIMU SIBIIAIOTCS MexaHuueckue C®P, B KOTOphIX ynaBiauaHue TY ocymiecTs-
JISICTCSL TIOPUCTHIM ciioeM (QUIIbTpyromiero marepuana. OaHako npu dkcrutyataiyu CO Bo3HU-
KaeT mpobiieMa, CBs3aHHAs C 3alOJHEHUEM (QMIBTPYIOLIETO MaTepralia yJIOBICHHBIMU YacTH-
L[AMH, YTO PE3KO COKpAIlaeT CPOK CIyXObl GuibTpa W yxyaiaeT 3((GeKTUBHbIE ITOKa3aTesn
quzenst. [loatomy obecrieueHne pereHepalyy caxeBbiX (QUIBTPOB SIBISIETCS aKTyaJbHOW 3aj1a-
Yel, pellieHue KOTOPOH IMO3BOJINT 00ECTIeUNTh UX IIUPOKOE BHEPEHUE B 3KCILTyaTallHIo.

AHalHu3 NOCJAEAHHUX HCCAEAOBAHUI M NyO0auKanui

CylIecTBYIOT pa3jinyuHbIe CIIOCOOBI pereHepaliy caxeBbIX GHIbTPoB [3], cpean koTo-
pBIX HanOoJee IPOCTHIM M HaJISKHBIM TIPEJCTaBIsAeTCs TepMHuIecKkas perenepanus. CylnHocTb
ee 3aKiiroyaeTcs B ToM, yTo npu temmneparype Ol Boime 550 °C TY HauMHAIOT BBIFOpaTh 3a
CYET OCTATOYHOTO KHCJIOPO/Ia, BCETAa COAEPIKaIIerocsl B 0TpadOTaBIINX rasax auseneil. OnHa-
KO B YCIIOBHUSIX SKCIUTyaTalliy AW3EJILHOTO aBTOMOOMIIS Takue Temrnepatypsl OI' He rocturato-
TCSI WJIM TOCTUTAIOTCS KpaifHe pellko M HeTpPOJODKUTENIFHO, YTO He 0OecriedunBaeT caMmopere-
Hepanuu CO. [ToaToMy A1 ocylIecTBIeHHUS perenepanun GuibTpa HEOOX0AUMO 00eCTIeuUTh
HarpeB OI' 10 HEOOX0AUMOH TeMIepaTypsl. ITO MOXKET OCYIIECTBIATHCS PA3TMIHBIMH CIIOCO-
6aMu, HO TPOIIIE BCErO HCIOJIB30BaTh 3JIEKTPOHArpeB. PacdeTsl, MpoBeeHHBIE TIPUMEHUTENb-
HO K aBTOMOOWIbHOMY au3eiro KamA3, mokasangu, 4To HEOOXOoIuMas IJIsl 3TOr0 MOIIHOCTh
AJIEKTPOHArpeBaTeNs 3aBHCHUT OT peXnMMa pPabOTHl JIBUTATENs U KoleOsieTcs B HHTEpBalie
30...60 kBm [4]. Takast MOIIIHOCTh HE MOXKET ObITh OOecreueHa Ha OOPTy pabOTAIOIIEro aBTo-
MOOWJISL, HE TOJIBKO ITOTOMY, YTO €€ HE MOKET 00eCIEeUHTh 3JIEKTPOOOOPYI0BaHUE AaBTOMOOMIIS
a M TOTOMY, 4TO HeoOxoaumast [uisi pereHepanuu CO MOIIHOCTH COM3MEpUMa C MOIIHOCTBIO
nsurarests. [ToaToMy nogoOHBIE CXEMBI pereHepanuy MOTYT HCHOJIb30BaThCS TOJIBKO KaK cTa-
LUOHApPHBIE C MUTAHUEM OT MPOMBIIIIEHHON 3JEKTPOCETH, a PEreHepalusl OCYIIECTBIIETCS B
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rapake ¢ HMOMOIIBIO CIICLHAaJIbHONH YCTaHOBKH, OOBIYHO IOCJIC OKOHYaHHs padovell CMEHBI.
OO6ecnieunTh BHIPaOOTKY CaXKEEMKOCTH (MIbTPa K ONPEICICHHOMY MOMEHTY BPEMEHU HEBO3-
MOXHO, MTO3TOMY pereHepanusi IPOU3BOJUTCS Yallle, YeM 3TO HEOOXOANWMO, YTO MPUBOAMT K
Hepepacxomy IEKTPOIHEPTUH U YBETHICHHUIO TPYIOEMKOCTH.

Ieap cTaThm

B manHO# paboTe BBIMONHAIOCH PAaCUETHO-TEOPETUYECKOE HCCIICIOBAHUE PEreHepa-
mun CO, cocrosAmero M3 ABYX MNapajUleIbHO Pa0OTAlOMUX (IIBTPYIOMIAX JIIEMEHTOB 3
(cm. puc. 1). Pereneparust puabTpyOOINX 3JIEMEHTOB OCYIIECTBIISIETCS ToodYepeHo. Bo Bpems
pereHepanyu C IOMOIIBI0 COOTBETCTBYIOIIETO PETynHpyromero kpana 2 pacxox OI uepes
pereHepupyeMblil 3JIEMEHT yMeHbLIAETCs 10 BeanuuHbl Gorp. IIpu 3TOM Apyroii ameMeHT mpo-
JomKaeT padbotaTh B pOpCHpPOBaHHOM peknMe (HIbTPOBaHMS, Tak Kak pacxon O uepes Hero
yBenuuuBaercs. J{ist mosbimenns temneparypsl O' Ha BXoJie B pereHepupyeMblil 3JIEMEHT JI0
TeMnepaTypsl Hauana perenepanuu Iy, = 870...970 K BKItouaeTcss yCTaHOBIECHHEIN HA BXOJE B
HETO 3JICKTpOHArpeBaTeNIbHbII 1eMeHT 1.

1 2 3

4

Puc. 1. Cxema pereHepalii CaxeBoro GuiabTpa:
1 — perynupyromuii KpaH; 2 — 3JIEKTPOHArPeBaTellb; 3 — QUIBTPYIONIHNN 3JICMEHT

OueBHIHO, YTO MPOTEKAHKE MPOIEcca PereHepanuy GUIBTPYIOIIETO 3JIeMeHTa OyaeT
3aBuceTh oT pacxona OI' gepe3 Hero n pexxuma padoThl au3ens. Llenpro JaHHBIX HCCIeIoBa-
HUH OBUTO OmNpesiesieHne BIMSHUS 3THX (haKTOPOB HA MPOLECC pereHepaIi, ONpeIeIeHEe Oll-
TUMAaJIBHOTO PacxXojia ra3oB 4epe3 pereHepupyeMblil 3J1EMEHT U OLIEHKA BO3MOKHOCTH HCIIOb-
30BaHMs yKa3aHHOH cxeMbl Ut pereHepanuu CP B Xxo/e IKCIUTyaTalliil aBTOMOOWIIS.

MaTepuaabl M pe3yabTaThl HCCIAEIAOBAHMI
B kauectBe HUCXOJAHBIX IJISI UCCICA0OBAaHUA JaHHBIX HCIIOJIb30BAJIMCh XapaKTCPUCTUKHN
aBToMmoOmibHOrO nusens KamA3-740M. Coaepxkanus TU B QuibTpyromeM 3jeMeHTe mepen
pereHepauHeﬁ MPpUHUMAJIOCh Ha OCHOBAHUM JIUTEPATYPHBIX U IKCHCPUMCHTAJIBHBIX JaHHBIX
mg= 0,5 ke. MeTo1Ka pacueTa 3aK/II04anach B CIEAyIOIIEM.
MouHocTh Harpesa

PH :GOFpCpm ;;:(THP_TOF)’ KkBm, (1)
rie  Gor, — pacxon OI yepes pereHepupyeMblil GUIBTPYIOIIUIA JNEMEHT, K/c;
Tor ~— Ttemmeparypa Ol nepen HarpeBateneM, K; onpenensercs: pexxuMoM padoThI
JBUraTens;
Tup
pmlr cpennss (B unTepsaie temueparyp Tor...1Ty,) MaccoBas usobapHas

terioemkocts O, k/[oic/(keK).
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VYuuteiBast, uto TU npumepHo Ha 94 % cocrost u3 yriepoaHoit (75 %) u opranuyec-

koi (19 %) dpakmmit, 6pUT0 NPUHATO AOIMYMIEHUE, YTO MPOLECC PETCHEPAINH 3aKII0YaeTCs B

ropeHuu yriepona. Ilpyu 3ToM ocHOBONONIAraIEel peakueil siBiseTcs peakuus NOJHOTO OKHU-
CJICHHS YTIIepoa:

C+ 0,=CO,. (2)

Torzma macca Kucaopoja, Heo0XoauMas A7 BHITOPAHUS Mg, Ke CaXKH, KOTOpas HaXOIH-
TCsI B QMIIBTPYIOILEM DIIEMEHTE NIepe]] pereHepareit

32 8
My, =—my, =—m, , Ke. 3
O,p 12 (i 3 b ( )
Takoe KOIM4ecTBO KUCIOPOIa COACPIKUTCS B cienytomnieid macce OI
Mory = Mozp/ 9o,, ke, (4)
rae  Jo, — MaccoBas 10ii O, B OI', xe/ke.

Maccoas moins kucinoposa B OI' MoxeT OBbITh Olpe/iesieHa 0 U3BECTHOM 3aBHCUMOC-

™
Ho,
8o, =0, ' (%)
Hor
roe o, — ob0wemuas monst O, B OT;
lo, B lor — MOIISIPHBIE MACCHI, COOTBETCTBEHHO, Oy 1 OI'.

OO0bemHast fnons kuciopoaa B OI' Ha pa3nuuHBIX pexuMax paboThl JU3ETIs MOXKET
OBITH ONpeJiesieHa 10 U3BECTHOMY, JJISl JAHHOTO pexXnuMma, Kod(pQUIMEeHTY n30bITKa BO3AyXa o
o hopmyiie

_021-(a=1)-(0,79+ )

.
10) , (6)
> 20,79+ B)-0.21-
rie f — XapakTepUCTHKa TOIUIMBA, ONpeeiseMas Kak
(@)
g
p=237T——"=, ©)
C
rne  C, Hu O — maccoBas 107151 B TOIUIMBE COOTBETCTBEHHO YTIepoa, BOJOPOIa M KUCIIO-
pona.

Jlis moctymiieHus B QUIBTPYIONIHH 3JIEMEHT HE0OXO0AUMOTO ATl pereHepanny Konu-
gectBa OI" moTpeOyeTcs Bpems (BpeMsI pereHepaun)

7, =—>L c. ®)

KommaectBo TCILIIOTHI, BLIﬂeHHBmeﬁCﬂ IIpHU CroOpaHuM CaKu 3a BpEMs pereHepaunu

Qp = md) QC! Kﬂ.?ic, (9)

rie Q. — TeIIoTa CrOpaHus caxu, k/oc/ke; Q. = 38850 x/lowc/xe.

TemmoBas MOMIHOCTB, BBIACTIAEMAs IIPU CTOPAHNUU CaAXKU

P, = %, KBm. (10)
p
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Bolaenenue TenaoTh OT CrOpaHUs CaXku MPUBEJET K yBeIuueHHto Temnepatypst Ol ¢
1 1
Tor Ha Bxoje B CD (mocne Harpesareinsi) 10 Tor . Beandauna sToro yBeiandeHus

AT, = % i 11)
T
Cpm or MOFp
TOF
e Gy ;‘", — cpennss (B uuTepsane temmeparyp Tor...Tor ) Maccoas H306ap-
or

Hast TerioeMkocts OT, k/[oic/(keK).

Torma Temmeparypa Ta30B IOCJIE BBITOPaHHS Cakd (MaKCHMalbHas TeMIlepatypa B

Co)
Tor' = Tor' + AT, K. (12)
Ilpy BBIMOJHEHHU PACUETHBIX HCCIEOBAHUII TemmepaTypa Hauyana pereHepauuu Ty,
npuHuUManack paBHoH 970 K, a pacxon OI depes pereHepupyeMblil (QHIbTPYIOMINI 3JIEMEHT
Gorp BapeupoBaincs B uarepsaie 0,005...0,05 xe/c. Cnenyer oTMeTuTsh, uto 3HadeHue 0,05 xe/c
cootBeTcTBYeT pacxony OI uepe3 QUIBTPYIOUIHMNA 3JEMEHT MPH MOJHOCTBIO OTKPHITOM KpaHe
l2 Ha peXHMe, COOTBETCTBYIOIIEM YacTOTE BpameHus KoieHdaroro Bana auieist n = 1000 mun~

Kak BugHO 13 Qopmynsl (1), HeoOxommmast amst HarpeBa Ol MOIITHOCTE AJIst ompere-
JICHHOTO PEXHMMa PabOThI TU3EJIs TUHEHHO 3aBUCUT OT pacxoaa Ol uepes GpuiabTpyromIHii 31e-
MeHT 1 pasHocTu Temnepatyp (Ty,— Tor), Ha KoTOpylo HeoO6xoaumo Harpeth OI'. Pesynprathl
pacueToB (CM. puc. 2) MmoKa3aiy, 4YT0 MOIIHOCTh HarpeBartessi, HeoOxoaumas 1 Harpesa Ol
1o Temneparypsl 700 °C, MOkeT ObITh IIPEACTaBICHA KaK JIMHEHHAs: 3aBUCUMOCTb OT TeMIlepa-
Typsl OI', TO ecTh 3aBUCUMOCTH TETJIOEMKOCTH T'a30B OT TEeMIepaTyphbl B JaHHOM cilydae He
OKa3bIBACT CYHMICCTBCHHOTO 3HAYCHUS. 9t0 Ipyu TOM, YTO TOYKH, ITOKa3aHHLIC HA pHC. 2, OTHO-
CATCS K Pa3IMIHBIM peXKUMaM padOTHl AW3ETs, OTIUYAIONIMMCS KaK 4acTOTOM BpaIleHUs KO-
JICHYATOTO BaJla JABUTATENS, TaK U ero MOIHOCTEIO. [Ipu 3Tom OI' oTiIm4anuce He TONBKO TeM-
mepaTypol, a ¥ COCTaBOM, TaK Kak pabodnii mpolecc AU3els Ha pa3IHndHBIX PeKUMax OTIHda-
eTcsI 3HaUCHHEM KO3 PHUIMEeHTa H30BITKA BO3IyXa 0.

35
30 ‘\““:*-1\_
g 20 M“O\.\\H
g —
= _-‘“b—h#‘_‘
IM
v o | [
10 e w—
e
/_\— Ly a
5 = e = e -2 you—y
G— G o & S
0
100 150 200 250 300 350

tor, 2pad.C

Puc. 2. 3aBucuMOCTh HEOOXOAMMOW MOIIHOCTH HarpeBaTess ot Temmepatypsl Ol u ux pacxona yepes
pereHepupyeMsblii HJIIEMEHT:
0 — Gorp = 0,005 xe/c; A — Gorp, = 0,01 xe/c; X — Gorp = 0,02 x2/c; + — Gory = 0,03 xe/c;  — Gorp =
0,04 xe/c; A— Gorp,= 0,05 xe/c
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Kak BUHO U3 pHc. 2, MOITHOCTB, KOTOPYIO MOXET 00€CHEYHUTh 3JIEKTPO0OOpyI0BaHHE
aBTOMOOiN, HabmoaaeTcs Toabpko npu pacxone OI' yepes perenepupyemslit anemeHT Gory, =
0,005 ke/c.

Ha puc. 3 moka3aHa 3aBUCHMOCTb IPOAOJDKUTEIILHOCTH PEreHepaiy OT TeMIEePaTyphI
OT' u ux pacxoja yepes3 pereHepupyeMblii GuiIbTpytomuii smement. Kak Bumuo u3 ¢. (4, 8),
HPOJOIDKUTENLHOCTD pETreHEPALlK ONPENLIIeTCS, ¢ OJJHOW CTOPOHBI, COJEPKAHMEM KHCIOpO-
mas O (goz) H, ¢ APYToi — CKOPOCTBIO IIOa4H 3TOr0 KHCIOpoAa B 30HY pereHepanuu (Gory).

HmeHHO TeM, 4TO yMeHbIIeHHE KoddduireHTa n30bITKa BO3/LyXa o IpU pabore au3eis Ha
NOCTOSIHHOW YacTOTe BPAILECHHUs KOJICHYATOTO Bajia IPUBOJMUT K CHIDKCHHIO COINCPIKAHMUS KHC-
nopona B OI' 1 yBenHM4EHUIO UX TEMIIEPATYpHI, OOBACHIETCS XapaKTep 3aBHCHMOCTH T, OT tor.
(puc.3).Cnenyer otmeTuTsh, uto npu Temreparypax OI Beimre 230 °C cymiecTBEHHOE BIHSHHEC
Ha BpeMs pereHepaliy OKa3bIBacT TaKKe CKOPOCTHOHM pexxuM pabotsl amsens. [lpu ysennde-
HHU YacTOTHl BPAICHUS KOJICHYATOTO Bajia ABUTATENS IPOAODKHTEIBHOCTH pPEereHepaluy
yMeHbIIaeTcs. DTO O0BICHIETCS TeM, UTO TIPH yBenH4eHHU Temieparypsl OI' Ha oHY U Ty ke
BEJIMUMHY Ha OOJIBIIMX YaCTOTaX BpaIlleHHsl HaOJI0AaeTCsl MEHbIlee CHIKEHUE K03 dHUIreHTa
n30bITKA BO3Myxa (KOHIEHTpaIuu kuciopoaa B OT).

40
35 I ! /@
30 . . =3,

—
e
25 /—
20

15 ' ' ,a/_,-—ﬂ

T MUH

X
e—— L — X
5 —
100 150 200 250 300 350
tor, 2pad.C

Puc. 3. 3aBucuMocTh BpeMeHH pereHeparu ot Temmneparypsl Ol 1 ux pacxofa depes3 pereHepupyeMblid
DJICMCHT:
——— 1= 1400 yun ', — — n = 2600 pun ' 0 — Gor, = 0,005 ke/c; A — Gor, = 0,01 xe/c; x —
Gorp= 0,02 xe/c
Bmusane pacxona OI wepe3 pereHepupyeMEblid JIeMeHT, 3HaMeHatelb ¢. (8), OmucH-
BaeTcsi 00paTHO MPONOPLUUOHAIBHON 3aBUCUMOCTBI0. Ha puc. 4. moka3aH npuMep 3TOi 3aBU-
CHUMOCTH, MOJYYCHHOW Ui peXUMa pabOThl TU3eNsd, XapaKTepHU3yeMOoro 4acTOTOi BpalleHus

1 o o 7
kojneHuaroro Bana n = 1400 mun ™ u oTHOCHTENBHON 3 dexTHBHOI MomHOCTRIO N, = 25 %.

48



25

20

15

T,e MU

10

0 0,01 0,02 0,03 0,04 0,05
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Puc. 4. 3aBHCHMOCTb POIOIDKUTEIIBHOCTH pereHeparuu ot pacxonaa Ol uepes pereHepupyeMblii die-

MCHT Ha pexuMe paGoTsl ausers 7 = 1400 aun N, c=25%

Kaxk yxe oTmMedanocs, B poriecce pereHepaniy BCIeICTBUE BHITOPAHUS CaXKH IIPOHC-
XOAWUT BBIAETICHHE TEIUIOTHl. 3HAYEHUS MOIIHOCTH 3TOTO TEIUIOBBIJCIICHHS, OIpeesieMble
¢dopmynotii (10), mpeacranenst Ha puc. 5. Kak BUIHO U3 pUCyHKa, XapaKTep W3MEHEHHs MOII-
HOCTHU TETIJIOBBIJICJICHUSI aHAJIOTUYEeH U3MEHEHHIO MOIIHOCTH HarpeBaTes (cM. puc. 2), oJHa-
KO B 3TOM ClIy4yae CyIIECTBEHHOE 3HaUeHHE MOXKET OKa3biBaTh KOI((GHUINEHT N30bITKA BO3IyXa
Ha peXuMe pereHepanuu (KoHueHTpamnus kuciopoaa B OI'), a camu 3HaUeHHUS MOLTHOCTH TeTl-
JIOBBIACTICHUS IPUMEPHO B 5 pa3 MPEBHIIAIOT MOIIHOCTh Harpesarens. Ha ocHOBaHMM 3TOTO
MOXHO YTBEPXaTbh, YTO MOABOJ TEIUIOTHI OT HarpeBaTess HEOOXOAUM TOJBKO B HAYaJIbHBIN
nepron pereHepanuu. [lociae Hawgama BBITOpaHMS CakW HarpeBaTellb MOXET (HOJDKEH) OBITh
OTKJIIOYEH, TaK KaK YHEPTHH, BBIICISIEMON IIPU CrOPAaHWH BIOJHE AOCTATOYHO VIS MOJAEpXKa-
HUS TOPEHHS U pereHepanuy (QUIbTPYIOMETo 3meMeHTa. OTKIIOUCHHE 3JIeKTPOHArpeBaTess
MO3BOJIUT COKOHOMUTH 3JIEKTPOIHEPTHIO, 00IErdyuT paboTy 3JIeKTpooOOpy10BaHHUS aBTOMOOH-
75, CHU3UT MaKCHUMAaJbHYIO TEMIIEpaTypy pereHeparuu. TexHUYecKH pelieHue 3TOHW 3amayuu
BO3MOYKHO, €CII CHUCTEMY pereHeparuu o0OpyaoBaTh HEOOXOJUMBIMH JaTYHMKAMH U DIIEKT-
POHHBIM OJIOKOM YIpPaBICHUS.

CHmKeHHe MaKCUMaJIbHON TeMIIepaTyphl PEreHepaluy TakKe MOXKET CTaTh CePhE3HOI
3a/1a4eil mo 00ecmeYeHnIo JT0JITOBEYHON paboThl caxkeBOro QuuibTpa. Tak, pacdersl, BbINOJ-
HeHHble 110 popmynam (11, 12), Moka3bIBaIOT, YTO P pereHepaliy MOJHOCTHIO 3aI0JIHEHHO-
ro cakel (QMIBTPYIOIIETo 3JIEMEHTA Ha PeKUMaxX MaJIbIX Harpy30K JAW3eJIs, XapaKTepH3yIOIH-
Xcsl BBICOKHM coziepxkanueM kuciopoaa B OI', TeMniepaTypa ropeHust caXkn MOXKET TPEBHIIIATh
2500 °C. ®opmymna (11) He yIUTBIBaeT TEIIOOTBOA BHYTPh (QHIBTPYIOIIETO MaTepHalia U I0-
TEpH TEIUIOTHI, OAHAKO JaXKe MPU MEHBIINX TEMIIepaTypax CYIIECTBYET BEPOSITHOCTh TEPMHU-
YEeCKOro paspylieHus cakeBoro ¢uiabTpa. [loaToMy, KpoMe OTKIIIOUSHHMSI HarpeBaTtels Iocie
Havajla BBITOPAHMS CakKH, JUIS CHIDKCHMS TEMIIEPaTyphl pereHepaluy MOXKHO MTOPEKOMEHIO0-
BaTh OoJiee yacToe OCYLIECTBICHUE pereHeparu, He 1oBoas CD 10 MOTHOM, ¢ TOUKM 3pEHUs
obecrieueHns MaKCUMaTbHOW BEJTMYMHBI (DHIBTPOLMKIIA, 3arPY3KH.
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Puc. 5. 3aBUCUMOCTH TEIJIOBOM MOIIIHOCTH BBITOpaHUst caxu OT TemmepaTypsl Ol u ux pacxona uepes
pereHepupyeMslii DJIIEMEHT:

n = 1400 mun; — — n = 2600 yur 5 0 — Gorp = 0,005 ke/e; A — Gorp = 0,01 e/e; x —

Gorp= 0,02 xe/c; + — Gorp = 0,03 ke/c; ® — Gorp, = 0,04 xe/c; A— Gor, = 0,05 xe/c

B BIB O 1 BI

CaxxeBblil QuIbTp aBTOMOOWIIS, COCTOSAIINIT U3 ABYX NapaiebHO paborarommx ¢u-
JBTPYIOIIUX JJIEMEHTOB, MOXKET OBITh 000PYIOBaH OOPTOBOW CHUCTEMOM TEPMHUUECKOW pereHe-
panun. Perenepanus GUIbTPyIOMIX 3JIEMEHTOB A0JDKHA OCYIIECTBIATHCS OOYEPETHO.

Tepmudeckas pereHeparys CaxeBoro (PHIBTPa MOXKET OCYIIECTBISITHCS HEIOCPEICT-
BEHHO Ha pabOoTaloIIeM aBTOMOOHIIE.

OCHOBHBIMHU (paKTOpaMu, onpeaessomuMu pereHeparmo CD, seistorces pacxon O
yepe3 pereHepupyeMblil GpuibTpyroniuii anemMenT, temreparypa Ol n coneprkanue Kuciopona
B Ol

Jnst obecnieuenus: TepMudeckoil perenepainuu pacxox OI' uepe3 pereHepupyemblit
(UNBTPYIOMINI AJIEMEHT JOJDKEH OBITh yMEHBIIEeH IpuMepHo B 10 pa3 o CpaBHEHHMIO € pacxo-
JIOM B pexuMe (QUIIbTPOBAHUSI HA XOJIOCTOM XOY JTU3EJIs.

[TpoOKUTENEHOCTD pereHepaliy (GpUIbTPYIOLIETO JIEMEHTA JI0JDKHA COCTABIISTh OT
25 nmo 45 muH. He crnemyeTr CTpeMHTBCS K COKpAIIEHHIO BPEMEHH PEreHepalyu, YTO MOXKET
MPUBECTH K BOZHUKHOBEHUIO HEIOMYCTUMO BBICOKHX TEMIIEpaTyp M TEPMHUYECKOMY paspylie-
Huo CO.

Hcnonp3oBanue HarpeBa OI' HE0OX0MMO TOJIBKO B HAYAIBHBIN IIEPHO/]] pETCHEPALINH.
[Tocne Hauana ropeHns Ca’kil HarpeB HEOOXOIUMO NMPEKPATHTh, TAK KaK KOJINYECTBA TEIUIOTHI,
BBIJICTISIEMOM TP CTOPAaHUH, AOCTATOYHO JUTS OAJCPIKAHHS PEereHepaim.
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HaBonsTbcst MeTOIMKA Ta pe3yINbTaTH PO3PaXyHKOBO-TEOPETHIHOTO JOCIIPKEHHS
TEepMIYHOI pereHepanii caxxoBoro ¢inpTpa aBTomMobiapHOro ausens. Ha ocHoBi
OTPUMAaHHX PE3YJIbTAaTiB OOIPYHTOBAHO CX€Ma CaXOBOTO (iIbTpa Ta BU3HAYECHO
pexxumu Horo perenepauii. Puc. 5, mx. 4.

Kniouosi cnosa: cascosuii inemp, mepmiuno pecenepayis, eumpama 2azy depes
Ginomp, mpusanicmo pecenepayii, memnepamypa pezenepayii.

The method and results of design-theoretical research of thermal regeneration the
carbon filter of automobile diesel are presented. On the basis of the received
results the carbon filter's scheme is justified and modes of its regeneration are
defined. Figure 5, source 4.

Key words:carbon filter, thermal regeneration, gas flow through the filter, time of
regeneration, temperature of regeneration
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PACYUETHO-2KCIIEPUMEHTAJIBHOE OINPEJAEJEHHUE INIOCTYIIVIEHUA
CA’KH B CMA30YHOE MACJIO IBC

[IpencraBiieHsl METOJMKA U HEKOTOPBIE PE3YNbTaThl PacyeTHO-IKCIIEPUMEHTAIIb-
HBIX HCCIIEOBaHUN M3MEHEHUs MokasaTeield MotopHoro macia JIBC B 3aBucu-
MOCTH OT NOCTyIUIeHUs caxu. Puc.1 , ucr.3.

Knioueswvie cnosa: MOmMOpHOe Macio, casxca, KapmepHvle cdas3bl, 0mpa60ma6mue
2a3swl, npoéykmbz ceopanus, ablMHOCmb, nepuodulmocmz; 3AMeHbl macia.

IHocTaHoBKa MpoodaeMmMbl

Coxpanenue B JIBC cBolicTB Macen HEU3MEHHBIMH B T€UCHHE JUIUTEIBHOIO CPOKA IK-
CIUTyaTaIly CIOCOOCTBYET PEIICHHUIO BAYKHOM 3a/1a41 - MOAJCPKAHNE BBICOKOTO TEXHUIECKOTO
YPOBHSI JIEMEHTOB TPEHUS U IBUTATEINA B IIEJIOM.

W3meHeHne (U3MKO-XMMHUUECKHX IOKa3aTesiell MOTOPHBIX Macel ONpeAeNseTcs Kak
UX €CTECTBEHHBIM CTapEeHHEM H3-3a PadOThl B CONPHKOCHOBEHUH C arpeCcCHBHBIMH CpElaMH
TIPY BBEICOKUX TEMIIEpaTypax, Tak U 3arps3HCHUEM MPOIYKTAMH HEMOJTHOTO CTOPAHUS TOIUINBA
u smuccueid TBepabix vactul [1]. Cmazounoe macno B JIBC compukacaercss ¢ BO3AYXOM U
MPOAYKTaAMH HETIOIHOTO CTOPAHMS TOIUIMBA, ¢ KOHACHCHUPOBAHHBIMH TTAPaMH BOJBI, IBLIBIO,
nponukawouei B JIBC, ¢ MeTaluIMuecCKUMHA OBEPXHOCTSAMU JA€Taled U NpOAYKTaMH HUX M3Ha-
mmBaHusA. [IpoucXomuT mporecc CTapeHHs Macia, 00pa3yroTcs HU3KOTEMIEepaTypHBIE OTIO-
JKeHHS (IIUTaMBI), YTO CBSA3aHO, MPEXKIIE BCETO, C MIOCTYILICHIEM B Macilo KOHIEHCATa BOJBI IIPU
paboTe ABUTATENsl HAa IMOHMKEHHBIX TEIUIOBBIX PEXMMAax W HENOCTATOYHBIMU JHCHEPTUPYIO-
MMHU cBolicTBaMu Macna. Ha cKopocTh 3arps3HeHHs Macia OKa3bIBalOT BIMSHUE MHOXECTBO
(hakTOpOB: BUI M CBOIICTBA TOILUIMBA; KAYE€CTBO MOTOPHOTO MAacla; THUI, KOHCTPYKIIMSI, TEXHH-
YEeCKOe COCTOSIHUE, PEKUMBI PAOOTHI M YCIIOBHS SKCIUTyaTaI[iK ABUTaTelIs.

OpHuM 13 (aKTOpPOB, COKPAIIAIONIMM CPOK CIYKOBI MOTOPHOT'O Maciia, SIBJISETCS 3a-
TPA3HEHHE ero MPOAYKTaMH HETOJIHOTO CTOpaHHs TOIUIMBA (B OCHOBHOM YAacTHUIAMM CaXKH),
KOTOpPBIE CHIKAIOT 3()()EKTHBHOCTH MPOTHBOM3HOCHOW (MOFOIIE-TUCTICPTUPYIOIIEH) TTPUCATKA
U BEIYT K YCKOPSCHHOMY M3HOCY ABHraTelneil. JIFoObie (hakTophl, KOTOPBIE CHIKAIOT TIOJTHOTY
CropaHUs TOIUIMBA W YBEIMYUBAIOT MPOPHIB Ta30B B KapTep, CIOCOOCTBYIOT WHTCHCHBHOMY
3arps3HEHUIO Maclia ¥, IPEeX]Ie BCEro, OPraHMIeCKHUMHU MPUMECIMHU. B cocTaB mpoayKToOB He-
MIOJTHOTO CTOpaHMS TOILTHBA BXOMAT CEPO- U a30TOCOACPIKAIINE COCTUHEHUS, KapOOHMIBHBIC U
KapOOKCHIIBHBIE TPYIIIBI, YTIICBOJOPOIBI, CaXka, COSMHEHNUS CBUHIA U T.I. B Tabm. 1 mpencra-
BJICHO KOJIMYECTBO O0Pa3yIOIIMXCS IpUMecel B 3aBUCHMOCTH OT THIa ABUTaTens [2]. 3arpss-
HEHHE Maclia MPOAYKTaMH HEIMOJHOTO CTOPaHMs TOIUIMBA B JU3EJIIX OTJIMYAETCS OT 3arps3He-
HUS Macjia B OCH3MHOBBIX M T'a30BbIX ABHTATENAX 3HAYUTEIHHO OONBLINM COAEp)KaHHEM B Ma-
cie caxu. IIpu paBHOW MOITHOCTH BUTATENel CpeaHss yAeIbHas CKOPOCTh 3arpsA3HEHHS Mac-
Jia B IM3eJISX BCJIEJCTBUE MOBBIILICHHOTO 3arpsi3HeHUsI caxell B 2-5 pa3 Gosbliie, 4eM B OEH3U-
HOBEIX, 1 B 10-20 pa3 Gompiie, yeM B ra3oBbIX ABHTrateisX. OCOOCHHO CHIIBHO 3arps3HACTCS
MAacIll0 OPTaHMYECKUMH NPUMECSIMHU TpU paboTe MBUTATENSI ¢ MajJOi YacTOTOW BpAIICHUS Ha
XOJIOCTOM XOAY, TIOHIDKEHHBIX TEIUIOBBIX PEXHMaX, YTO O0YCIOBICHO XYIIIMMHU yCIOBHSIMHU
CrOpaHUs ¥ OTHOCHTEIBHO BBICOKHM IIPOPHIBOM I'a30B B KapTep HEMPOTPETOro ABUTATEN. DTO
B COBOKYITHOCTH C KOHJCHCAIIMEH MapoB BOIBI U MPOHUKHOBEHUEM HX B KapTep CIIOCOOCTBYET
00pa30BaHMI0 HU3KOTEMIIEPATYPHBIX OTIOKEHHH — IIIAaMOB, a TaK)KE WHTEHCHBHOMY 3arpsis-
HEHHIO (hUITBTPOB.

Ha 3arpssaenune macna B IBUTATeNe BIHMSIOT TAK)KE €0 KOHCTPYKTHBHBIE OCOOCHHOC-
TH: ¢popma kamepsl cropanus (KC); KOHCTPYKIHS MaciIOCheMHBIX U KOMIIPECCHOHHBIX MOPIII-
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HEBBIX KOJIELl; HaTM4YKue U 3((PEKTUBHOCTD JICHCTBHUS MACISHBIX (HUIBTPOB, BO3IYXOOUHUCTUTE-
JIsI, MacJITHOTO pPaguaTopa, BEHTWIALUH KapTepa, CUCTEMBI PELMPKYIISALUHA 0TpaboTaBIINX Ta-
30B; a TAKXKE AMAMETP IWIMHAPA, PACX0]] TOIUINBA, YaCTOTA BPAICHNS KOJIEHIATOTO Baja.
OcoOeHHO BIMSET Ha TPOIECC CaKeoOpa30BAHUS CTEIEHh COBEPIICHCTBA pabodero
npouecca. OT CTETIEHN €ro COBEPIICHCTBA 3aBUCHT KOJIMYECTBO 0Opa3yrOLIEHCs CakH U CKO-
POCTB 3arpsA3HEHUS Macia, KOTOPbIE PE3KO BO3PACTAIOT B AKCIUTyaTallMU MPH HEHCIPABHOCTSIX
TOIUTMBHOH ammaparypbl, a TaKXKe IIPU MOBBIIIEHHOM H3HOCE AeTaieil MIIMHIPO-TIOPIIHEBOH
rpymmsl (LIIT). I «HOBBIX» IBUTATENEH, TIe COBEpIICHHEeE pad0UYHii IPOLECC U YIIOTHEHHE
LTI, na crapenne mMaciia OoJbliiee BIMSHAE OKA3bIBAET MPOLIECC OKUCIEHHS CAaMOTr0 MOTOPHO-
ro Macna. C yBenuueHueM ke uszHoca aeraneit LI u yxyaiieHueM TeXHUYECKOTO COCTOSIHUS
nBurarens (0COOEHHO TOIUTMBHOW ammapaTypbl) Ha oOpa3oBaHHE OPraHWYECKUX MPOIYKTOB
CTapeHUs Maclla ¥ OTJIOKEHHUS Ha JAeTallsX B OOJbIICH CTeNeHn OyIyT BIUATH NPOIYKTHI HETIO-
JIHOTO CTrOpaHus TOIUIMBA.
Bosbinast 9acTh cakyl monasaeT B Macyio TaKUM ITyTeM:
- caka OceJacT Ha CTEHKax LIINHIPA, a 3aTeM CHUMAETCs KOJIbLIAMH BMECTE C MACJISTHOMN
IUIEHKOW U TIONafiaeT B KapTep;

- Ta3bl, MPOPHIBAIOIIUECS B KapTep, TAKKe «OCTABIIAIOT» OOJIBIIYIO0 YaCTh CaXKU B Jia-
OmpHMHTaX, Ha CTEHKAaX THJIB3BI, HA KOJBIIAX, a 3aTeM KOJIbIIAMH BMECTE C MACIISTHOHM ITICHKOM
«CUMILIAFOTCS» B KapTep;

- OCTaBINAsACS 4acCTh CAKH MPOPBIBAIOIINXCS Ia30B YaCTUYHO NONANAET B MAclo B ca-
MOM KapTepe.

Tabnuna 1
KommgectBo o0pasyrommxcs npumeceil B 3aBucUMocTd oT Tuna ABC

3arps3HAOIUe IpIMecH Y%, [0 Macce
JlBurarenu
acqanbTeHBI KkapOeHbl, KapOHIbI, caxa HecropaeMble
Bensunopbie (3-15)/(6-30) (20-64)/(38-85) (30-68)/(10-31)
VR (2-8)/(3-10) (52-62)/(80-90) (20-52)/(4-13)
lasopbie (10-22)/(18-37) (10-18)/(17-28) (55-85)/(42-58)

[Ipumedanue: B UUCIUTENE YKA3aHbI 3arpsI3HAIOLINE IPUMECH B Maclie ¢ MpUcaJKamH,
a B 3HAMEHATeJIe — B Maclie 0e3 MpUCcaIoK.

3HaYNTEIbHOE HAKOIUICHHE B Macie 3arps3HII0MUX IpUMeceH, 1axe B MEIKOUCIIep-
CHOI1 (haze, PU BBHICOKUX JUCIIEPTHPYIOUIMX U MOIOIIMX CBOICTBaX Macjia YBEJIWYHBACT BS3-
KOCTbh MAcJla, YTO CHUKAET I10Jjauy Hacoca BIUIOTH /10 MOJIHOTO IIPEKPALEHMs] 104U IIpU HU-
3KOTEMIepaTypHbIX Iyckax JBurarens. Kpome toro, pabora JBUratenis Ha Macie C BBICOKOI
BA3KOCTBIO 00YCIIaBIMBAET BO3pACTaHHE MEXaHNYECKHX MTOTEPh U Iepepacxo/l TOIUINBA.

HepacTBopuMble POIYKTHI 3arpsi3HEHMS Maciia (3arps3HAIOIINE IPUMECH) BBI3BIBAIOT
TIOBBIIICHHBIN W3HOC M 3aIp JIETallei, 3aCOPSIOT MacisHbIe KaHAIBI U (QUIBTPBI, OTKIAIBIBA-
sICb Ha MOBEPXHOCTAX AETaJel, NOBBIIAIOT UX TEMIEPATYpHBIA PEXUM U T.I., YTO CHUKAET
HAJIC)KHOCTH Pa0OTHI ABUTATEIIS.

Takum 00pa3oM, Ha KOJMYECTBO OPTaHMUYECKUX MPUMECcEH, MOCTYMAIIINAX B Maclo,
OKa3bIBacT BINSHHE, TNIABHBIM 00pa3oM, TOIUTMBO. MOTOpPHOE MAaclio OKa3bIBA€T OCHOBHOE
BIIMSIHHC HE Ha KOJIMYECTBO, a HA arperaTHOe COCTOSIHUE 3TUX IpUMecel U BO3MOXKHOCTB 00pa-
30BaHUs U3 HUX omToxkeHuil. [lonanaHue Bonbl B MAcio BJIMSET HE HAa KOJIMYECTBO B HEM 3a-
IPA3HSIOIIMX IPUMECEH, @ Ha UX arperaTHOE COCTOSIHUE U BO3MOXKHOCTD BBIIICIICHUS UX B BUJIE
HU3KOTEMIIEpaTYPHBIX OTIIOXKEHUH B ABUTaTeNe, a TAK)KE BRIJCICHUH B MPUOOpax MpH aHATIN3E
KOJIMYECTBA 3arpsA3HAIOIINX IPUMECE B MaciIe.
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Ileas cTaThbu

Ilenpb cTtaThy - UCCIeIOBAaHUE MEXAHU3MA U pa3pabOTKa METOIUKHU ONpeeNeHus moc-
TyIJIEHUs caXku B cMa3zouHoe Macio JIBC.

IIpennaraemass MeTOIUKA PacdyETHO-3KCIIEPUMEHTAIBHOIO OIpeeNCHHs MONadaHus
CaKH B MAaCJIO TTO3BOJIAET OMPEAENIATh CKOPOCTh «HAYTICPAKUBAHIA» MOTOPHOTO MAacia KOHK-
PETHOIO TUIIA IBUraTeNICH.

OCHOBHBIMH 30HAaMH JBUTATEls, B KOTOPHIX IPOUCXOIST TPOIECCH H3MEHCHHS
CBOHCTB CaMOT'0 Maciia, SBJIAIOTCSI KaMepa CrOPaHUs, 30Ha MOPIIHS U IOPIIHEBBIX KOJIEII, 30Ha
kaptepa. B KC mpeobnamatoT mporieccsl cropaHus Macia ¢ 00pa3oBaHHEM MPOIYKTOB HEIOJI-
HOTO CropaHus (yTJIEPOJUCTBIX YacTHI), a TAKXKE MPOLECCHl TEPMHUYECKOTO PAa3IOKCHUSA U
OKHCIJIEHHs Macia. B 30He MOpIIHS M HOPLIHEBBIX KOJIEI] ITPeo0IIalaloT MPOLEecCchl OKHCINUTE-
JIBHOH MOJIUMEepU3aIig.

B cootBeTcTBHM € mpoleccaMy, MPOUCXOAIIUMHI B LIMIMHAPE, B KapTep IBUraTess
MPOHMUKAET CBEXasi CMeCh U MPOAYKTHI cropaHus. HemomHoTa cropaHus TOIIMBA ONpenenseT
CoJiepXaHue yriepoaa B oTpabOTaBHIMX ras3ax B BuIe caku. OIHAKO B pPeajbHBIX YCIIOBHSX
TOPEHHS NMPONCXOANT TalllCHNE TUIAMEHH B IPICTEHOYHOM CIIO€ U B MOJOCTAX Y BEPXHEH Kpo-
MKH TOJIOBKH MOpHIHA. TakuMm 00pa3oM, cBOOOIHBIM yriepo] pas3lIoXKEHHUs TOIUIMBA B 3THX
30HAX TAK)KE YBJIEKAETCS Ta3aMH, MPOHHUKAIOIMNME B KapTep. CiegoBaTenbHO, TPOHNKAIOIIIE
B KapTep raspl OyIayT Oosee HACHIMICHBI YIJIEPOJIOM, YEM NPOAYKTHI CTOPAaHMS Ha BBITYCKE
JBC. T"a3s1, momanaromyie B KapTep, HA CBOEM ITYTH MPOXOAAT Yepe3 JIAOUPHHTHI TIOPITHEBOMH
TPYIIIBI ¥ COTPUKACAIOTCS ¢ MAciioM, MTOTIA/IAI0IIUM B IIMIIMHIP, Oarosaps HACOCHOMY JeicT-
BHIO KOMIIPECCHOHHBIX Konell. B3aumoneiicTBue ra30B U Macia, a Tak’ke IIPOHUKHOBEHHE CBe-
JKel cMecH IPUBOAUT K 00eTHEHHUIO COJiep KaHus YIiiepo/ia B KapTepHbIX rasax.

Takum 00pa3om, JBa MPOTHBOIOJIOKHO ASHCTBYIOIMX (DAKTOpa MPHUBOJIAT K HEOIpe-
JICIICHHOCTH B COJEP)KaHUM yIJIepojia B Ta3ax, NOCTYMHUBIIUX B KapTep ausens. Ilostomy mpu
MPOBEICHUH PacueToB Oy/IeM CUUTATh, YTO COJEpKaHHE YIIepoaa B MPOHUKAIOIIUX B KapTep
ra3ax MpONOPLHOHATIBHO €r0 KOHIEHTPAIUK B MPOIYKTaX CrOPAHUS U J0JE MOCIeIHUX B Kap-
TEpHBIX Ta3ax.

OKCIEepUMEHTAIFHOE OMNpEAEICHHE NOJIH NMPOAYKTOB CTOpPAaHUS B KapTEpHBIX ras3ax
OCYIIECTBIISIETCS TI0 COAEP)KaHMIO AByoKucH yriaepona B kaprepe (COykr) W MPOAYKTax cro-
panust (COxpic):

Cco
qKF)lc = CO

CcO

2K 2 ’ )

coO

20c 2

rae CO, — conepkanre ABYOKHUCH YTIIepoJia B BO3IYyXeE.

OOBeMHBIN pacxoj MPOJIYKTOB CrOpaHMs Yepe3 KapTep AW3elisi ONpeseNsieTcs Ha Oc-
HOBE 3amepa 001Iero pacxoja kKapTepHbIX razoB (Vgr) MpHU JaBIEHUU B KapTepe PaBHOM WU
HECKOJIBKO BBIIIE aTMOC(HEPHOTO 10 (hopmMyJie:

_ 3
VKFnc _VKF Qe M7 )

3Has COZCPIKAaHUEC CaXU B IMPOAYKTAX CropaHus (mc), BBIYHUCIIMM KOJHMYECTBO CaXXH,
HOCTyHHBLHCﬁ B KapTep ABUTraTe]id BMECTC C KapTCPHBIMU I'a3aMy, 110 BBIPA’KCHUIO!

me.,. :VRTn “Me, r/a 3)

c

W3meHeHue pacxoja KapTEpHBIX I'a30B U OJIM MPOAYKTOB CrOpaHUs B HUX IO Harpy-
30YHOM XapaKTEePUCTHKE nu3enb-TeHeparopa 8UH 26/26 mpencrasiens Ha puc. 1.
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- pacxod kapmepHeix 2a306, k2/Y;:
- OMHOCUME/bKBIL pacxad kapmepkeix 2a3ob: %

- dong npodykmob czopanus b kapmepksix zasol, %

Puc.1. — VI3MeHeHHe pacxoa KapTepPHBIX ra30B U J0JIU MPOAYKTOB CTOPAHHUS B HUX
10 HATPy304YHOH XapaKTepHUCTHKE An3eib-reHeparopa 8 UH 26/26

B xapTepe nBurarens mporUCXOJUT MHTEHCUBHOE MEPEMEITNBAHUE KapTEPHBIX Ta30B U
Macia. [Ipu aToM yriepos KapTepHBIX ra3oB «IPUIMMAET» K KarjsiM macia. byneMm cuurtats,
YTO B pe3yjbTaTe TAKOI'0 B3aWMOJICHCTBUS MIPOUCXOUT MOJIHOE BBIACTICHUE B Macle yriepoja
KapTepHbIX ra3oB. Takum 00pa3oM, MOKHO OIPEIACIUTh KOJUYECTBO CaKH, MOCTYMHBIICH B
MacJo 3a onpe/eeHHbIi neproa Bpemenu pabotsl (T) auzens, o Gpopmyoe:

n m
@ Mee: " T T2 Moy, 7 )T 2 yenepooa
mcy = =1 - j=1 < , (4)
mM B (zl I\Iel ’ Ti ’ nyz[) ’ T +mMOo,1 ke Macia
i=

rae M, ;- Macca caxw, IOCTynaromel ¢ KapTepHBIMH Ta3aMH B MOTOPHOE MacJIo, TIpH pa-
60Te Ha I-TOM CTAI[HOHAPHOM PEXHME I/4;

Ti - OTHOCUTCJIIbHOC BpEMsL pa6OTBI JBUIaTCJIsd Ha i-Tom CTAMOHAPHOM PEIKUME,

m

Crej - Macca Caxxu, MOCTYNAIOIIEH C KapTCPpHbIMU Ira3aMu B MOTOPHOC MacJio, IIpH pa-

00Te Ha J-TOM MEePEXOTHOM PEXKUME I/4;
T | - OTHOCHTEJILHOE BpEMsi paboThI ABUTATEIIs HA j-TOM MEPEXOTHOM PEKUME;
N — KOJMYECTBO aHATM3UPYEMBIX CTAIMOHAPHBIX PEXKUMOB pabOTHI (HarIpuMep, IS Tel-

JIOBO3HBIX JTU3ENEH — MO3ULIUU KOHTPOJLIEPa);
M — KOJMYECTBO MEPEXOIHBIX PEKUMOB pabOTHI;

mM

T — mpoIOIKUTENEHOCTD UCTIBITAHUH, U;

- [ICPBOHAYaJIbHOC KOJIMYECTBO Macjia B AU3ECJIC, KT,

Nei - 3¢peKTUBHASL MOIHOCTD IIPH pabOTe Ha i—TOM CTAI[MOHAPHOM peXume, KBT;
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m

Moon™ KOJIMYECTBO JOJIUTOIO0 MOTOPHOI'O Macija 3a BpEMA HCHBITaHHﬁ, KT.

Cl'IeIII/IaJ'II)HLIe HCCJICAOBAaHM MOKa3ajiu, 4YTO ONPEACICHUC BCINYNHDBL MaKCUMaJIbHOMI
JABIMHOCTH BO BCEX CJIy4dadX IMCPEXOJHBIX PEIKUMOB HE NACT MOJIHOTIO MPEACTABJIICHUA O JbIM-
HOCTHU B IMCPECXOJAHOM IIpoOLEeCCe. L[LIMHOCTI) BBIITYCKHBIX T'a30B IPU NEPEXOAHBIX IHpoLeccax
MOKCT OLCHUBATHCA CPCAHCUHTCTPAJIbHBIM TOKA3aTCJIEM ABIMHOCTH [3]

7 =1A@)dei(, -1,). ©

rac Tl y TZ - BpEMs Ha4daJia U OKOHYaHUA MOBBILLICHHOM JABIMHOCTH,

y/ (Z' ) - TEKyIIE€ 3HAUYEHUE JILIMHOCTH.

[IpoBepka HOCTOBEPHOCTH TpeiaraéMoil METOJUKH MOKET OBITh OCYIIECTBIICHA II0
pe3ynbpTaTaM aHalli3a Maclia Ha COIEp)KaHWe B HEM yriiepoaa. Takoi KOHTPOJIb JOIDKCH OBITh
OCYILIECTBIICH TIEPBOHAYATIBHO JJISI HCXOJHOTO Macia, a 3aTeM Iepe]] IOJIUBOM yepe3 Mepro.
BpeMmeHH T. XUMHUYeCKH aHaJIN3 HCXOIHOTO «IHUCTOT0» Maclia IMPeciieAyeT Helb ONpeaeICHI
MaccOBOT0O JIEMEHTApPHOI'0 COCTaBa Mo yIiIepo1y, BOLOPOIYy, KUCIOPOLY, cepe:

Cucx + Hucx + Oucx + Sucx = 1 (6)

[Tomy4yeHHBIE aHAJIOTMYHBIM ITyTEM MAacCOBBIE J0JIM KOMIIOHEHTOB 4Yepe3 MepHoA Bpe-
MeHHU paboTbl T MO3BONISIOT ONMPEAEIHUTH JOJIO yriiepoja, BHOCUMYIO caxeil. [Ipu atoM nomx-
HO OBITH YUTEHO, YTO B IpOLieCCe IKCIUTyaTallud Macja MPOUCXOTUT €ro «yTsHKeJIEeHHe» 3a
CUeT MCIapeHust JerkuX (pakuuii ¥ yBelInueHHs MacCOBOIO COJEpPIKaHMs YIIIeposia B YIJIeBO-
nopojax macia. KpoMe Toro, B polecce IKCIUTyaTaIiii MOKET MPOUCXOIUTH IPOHUKHOBEHUE
TOIUIMBA B KapTep JBUTaTelsl, TaK Ha3bIBAEMOE «OCOJISIPUBAHUEY Macia, IPUBOIsIIEE K «o0ie-
TYCHHIO» CPEIHETO YIIIEBOAOPOJAa CMa304YHOrO Macia. TakuM oOpa3oM, MCKOMasi BEJIMYMHA
COJICpKaHUS CaXXKHM B MAacClle MOXKET OBITh BBIYHCIECHA C YYETOM BBIICTIEPEUHCICHHBIX IPOTH-
BOIIOJIOKHO ACHCTBYIONINX (PaKTOPOB 110 (hopMyIIe:

CCM = C - Cucx ) (1+ gucn - foc) ! (7)

rae C — maccoBas JA0JIA yriiepoaa B pa60TaBIH€M Macijie;
gucn’ goc - OTHOCUTECJIbHBIC MAaCCOBBLIC NOJIM YBCIUYCHUA COACPKAHUA YIJI€poaa 3a CUCT UC-

MapeHus JITKUX (paKnuii Maciia ¥ ero YMEHBIIEHHUS 3a CUET «OCOJSIpHUBa-
HUSD) Maca.
CpaBHEHHE BETUYUHBI Mc,,, ONPEISICHHON Ha OCHOBE 3aBHCUMOCTH (4), ¢ pe3yibTa-
TaMU pacueToB 1o ¢Gopmyse (7) MO3BOJIUT OIEHUTh MPUMEHUMOCTh MPeiaraeéMoil METOIUKH

I[IpyA TAaKOTro poJia UCCICAOBAHUAX. HaXO)K,Z[eHI/IG BCJIIMYUH gucnn 500 NpeACTaBJIACT OIpCac-

JeHHbIE CIOXHOCTH. OYeBHAHO, CBA3aHHOW C 3THM IIOTPEIIHOCTH MOXHO H30eXKaTh, €CIH
OIIPEJIeIUTh KOJIMYECTBO CAXKH B Macje ero GuibTpaluell 1 BbIMbIBAHHEM.

B BIB O I BI

PaccmoTpenHnass MeToauka pacdeTHO-3KCHEPUMEHTAIBHOTO OIpEeNIeHHs MOCTYILUIe-
HUS CaXM B MOTOPHOE MAC/O IIO3BOJIIET ONPENEIATh CKOPOCTh «HAyIJICpakKUBaHU» Macia
KOHKPETHOTO THMA JBUTATeNel. DTO 1aeT BO3MOXKHOCTH ONMPEAEIATh OOy Maccy MOCTYIH-
BIIIETO B CMA304YHOE MACJIO yIJIepo/ia U yCTaHABIUBAThH MEPUOJIUIHOCTh 3aMeHbl Macia. CBoe-
BpEMEHHasl 3aMeHa Macja MPUBOJUT K YMEHBIIEHUIO U3HOCA U YBEIUYEHHUIO pecypca padoThl
JIBUTATEIS, a, CICIOBATEIbHO, YMEHBIIIAIOTCS TPYAOEMKOCTh PEMOHTHBIX pa0OT M 3aTpaThl Ha
SKCILTyaTaluro.
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Mukuntenko M. A.,

r.JIyranck

YCOBEPIIEHCTBOBAHUWE METOJ0OB KOHTPOJISI © BOCCTAHOBJIEHUSA
3ATPSI3HEHHBIX TEPPUTOPUIA

B pabore ocymiecTBisercs UACHTUGUKALHMA U CTPYKTYpH3alUsd HCTOYHHKOB 3a-
Ips3HEHNUH, OOHapy>KeHHbIX Ha Tepputopun Jlyranckoir oOmactu. CoOpaHHas
nHGOpMAIMSA JTOMOJHACTCS JAHHBIMU CTaTHCTUKH. Takke B paboTe OCYIIECTBICH
aHaJM3 HBIHELIHETO MOJOXKEHMS JIe] C YU4eTOM OTXOJOB, ONPEIENeHBI IPobIieM-
HBIE BOIIPOCHI B 3TOM 00J1acTH. B 3akmouenne npeioxkeHbl OCHOBHEBIEC HaIlpaBlIe-
HUS JISWCTBUS 110 YITYUIICHHUIO CIOKMBIIEHCS CHTYyallMy, ¢ yKa3aHHEM IpuMepa
(haKTHUECKN BHEIPEHHOTO MTOJIOKUTEIILHOTO ONBITA YTHIIH3AIUH PEIHOTO MyJIa.

Kniouesvle crosa: obpawjenue ¢ omxodamu, UHEEHMAPU3AYUsL OMX0008, KIACCU-
uxayus, 3aepszrennvie meppumopuu JlyeaHuunbl, KOMIAEKCHbIL NOOX00, YIMu-
auzayust, 6a3a OAHHbIX.

Ha ceronus craHoBUTCSl Bce OoJiee akTyalbHOM NpoOiieMa 3arpsi3HEHHs TEPPUTOPH.
U B nepByto ouepens 3arpssHeHust GOPMUPYIOTCS 3a CUET OTXOJOB MPOM3BOJICTBA M JKU3HE I e-
ATENBHOCTHU YeJOBeKa. A YUHTHIBAs IIOCTOSHHBIN POCT MOTPEOHOCTEH y HACEIEHUS U TIOCTOSH-
HOE Pa3BUTHE TEXHOJOTHH, 00BEMBI 3arpSA3HEHUI U COCTaB IMPUBHOCUMBIX 3aTrPA3HSIONINX Be-
IIECTB UMCIOT 3HAYUTENBHYIO TeHACHIIUIO K POCTY. B Toke Bpems Ha ceromHs B YKpanHe Ipo-
OeMe MUHIMH3AIINH 3arpsi3HCHAN BHUMAaHUE PAKTHYCCKH HE YICTISACTCH.

B paboTe uneHTHGUIUPYIOTCS U CTPYKTYPUPYIOTCS HCTOYHHKH 3aTrPsI3HCHUM, OTIHCHI-
BaeTcs NMpOBEACHHas paboTa MO BBIABICHUIO CYIIECTBYIOIIMX 3arps3HEHHBIX TEPPUTOPHH U
Npe/IaraloTcst MyTH PelIeHHs CYIIECTBYIONMX pobieM B Jlyranckoii oomacty.

Ha 1 suBapsa 2009 B oGnactu HaxoruieHo 6osiee 902,6 TBIC. TOH OMACHBIX OTXOJOB.
Esxeronno o0pa3oBsiBaeTCst emie 10 28 ThIC. T. 0TX00B 1-3 Kiacca OMacHOCTH, a YTHIH3HPYe-
Tcst He Oonee 1,7 Toic. T. Jlumepamu mo oOpa3oBaHMIO OTXOOB SBIIOTCS ropoga CeBepoio-
Hellk, PyoexHoe, AnmdeBck, Jlucuuanck u [lonmacHsHckuii paiion. [Tpu BceM 3TOM HEOOXOIUMO
0CO3HaBaTh, YTO CTATUCTHUKOI oxBaThiBaeTcs He Oonee 10% Bcex mpeAnpHsTHH, a TpaKaaHe
HE 0XBa4yeHHI BoBce. Vcxons u3 3Toro, o0IIast KapTHHa erie Ooiee cephe3Ha.

OO0mryro Maccy OTXOZIOB B YKpaWHE MPUHATO Pa3leisiTh IO KiIaccaM OMACHOCTH, UX
yetbIpe. [10 TeHe3ncy e OTXOABI M COOTBETCTBEHHO 3arpsi3HCHUS MPUHATO JETUTh Ha 2 OCHO-
BHBIC KaTETOPHH — OTXOJBI POU3BOJICTBA U KOMMYHAIHHO-OBITOBBIE. [IpOM3BOICTBCHHEIE Ta-
KXKE Pa3leNaioT Ha MOAKIACCH. Tak, K MPOMBIIUICHHBIM BHAAAM 3arpsI3HUTEICH OTHOCATCS OT-
XOJIbl MPOU3BOJICTBA U MepepaboTKu (MpsiMOro nukia (00paboTka ChIPbs) WM COMYTCTBYIO-
IIMX MPOIECCOB, HANPUMEP MHOTOTOHHA)KHBIE OTXOABI YIieNoObIuM), SKCIUTyaTanuu o0opy-
JIOBaHMsI, TPAHCIIOPTA, CTOKH M COPOCHI JIOKAIBHBIX OUYUCTHBIX COOpyxeHuit u T.4. K cenbcko-
XO3SUCTBEHHBIM OTXOJIaM OTHOCSTCSl HEMPUTOHBIE XUMHUECKHE CPEJICTBA 3aIlUThl PACTeHUN
(XC3P), oTx0/1pI BEIpAIIMBaHUS KUBOTHBIX U pacTeHHH. K KOMMyHaIbHO-OBITOBBIM IPUHSITO
OTHOCHUTH TBepable ObiToBBIE 0TX0BI (THO), KaHATM3aIMOHHBIE CTOKH | Tak nanee. /s copa-
BKH, cerofHs Ha JlyraHimuHe HacYUTHIBaeTCs Ooliee | MIUUIHOHA KBAapTHUP M AOMOB. M3 HUX K
KaHAJIM3aIUOHHBIM CETSM IOJAKIIOUYCHH He Ooree 59 %. Eme no 5 % obopymoBaHbI 00CITyKH-
BacMBIMHU BBITPEOAMHU, CTOKH M3 KOTOPBIX BBIBO3SATCS Ha OYUCTKY. CTOKH OCTaJbHBIX JKHIIBIX
MOMEIICHUH HANPSMYIO MTOCTYIAIOT B OKPYXKAIOIIYIO CPELy.

Ho cymectByeT eme oqHa KaTeTOpHs OTXOIOB-3arps3HHUTENCH HE MEHEe OIACHBIX,
9YeM NMPOMBIIIUIEHHbIE. 11 uTo camoe BaykHOe, OOpallleHHe C ATOM KaTeropuer MpaKTHUECKH Io-
JIHOCTBIO Ha CETOHS UTHOPHUPYETCS KakK B 00J1aCTH, TaK M B YKpanHe B IEJIOM. DTH 3arpsA3HH-
Tenn 0Opa3yloTcs B KaKIOM JIOME W IPHUpPaBHEHHI K OBITOBBIM oTX0jaM. Hampumep: ctpoure-
JLHBIA MYCOp, JINCTBA U OOPE3KH JIEPEBHEB, OTXOJBI YIAKOBKH, BTOPCHIPhS, XUMHUYECKUX HC-
TOYHHUKOB DHEPTUH, PTYTHCOAEPIKAIIUX JIaMII, TIACTUKA, PE3UHBI, TUIIEBBIX OTXOI0B U T.I.
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Henp3st 3a0b1BaTh M NOTEHIMAILHON ONACHOCTH MEJULIMHCKAX OTXOAOB, YUET U TJaB-
HOE€ YTHIU3alMs KOTOPBIX HA CErOAHS TaKXKe MPAaKTUUYECKU OTCYTCTBYET. XOTs 3aKOHOAATEIb-
HO 3a/IEKJIAPUPOBAHO, YTO 3TU OTXOJbI «IIOTCHIUAIILHO 3aTrPs3HEHBD» U UMEIOT 1-3 knacc oma-
cHOCcTH. Bcero B ceTh yupekIeHHI OXpaHBI 3I0pOBbs obmactu BXomaT 175 GombHUI u 405
aMOyJTaTOPHO-MONMKIMHIYHBIX 00BEKTOB. B 3TH nudps! He BOIIIM MEIKHE MEIITYHKTHI, epe-
BA30YHBIC U T.1.

He yuutsiBaeTcs Takke U BTOPUYHOE 3arpsi3HEHUE OT Pa3NIOKEHHS U B3aUMOJEHCTBHSA
3arpsasHuATenedl. Kpome mpsMoro 3arpsi3HEHHUs MOYB, UAET 3arpA3HEHUE MOBEPXHOCTHBIX U MO-
J3eMHbIX BoA. Tak, B JIucuuano—PyGexaHCKOM peruoHe U T. JIyraHcke yxe Ha CeroJHs BbISB-
JICHO 3HAYMTEJbHOE BiMsHHUE Oosiee yeM Ha 40 B0J03a00OpHBIX CKBaXXMH. B mepByro ouepenb
9TO He(TENPOIYKTHI, PEHONBI, HUTPATHI U IPYTHUE COSANHEHNUS a30Ta.

Tak, B HacTosee Bpems B 30He BnuaHus npeanpustus JIMHWK u B nepByto ouepens
€ro HaKONMTENsl OTMEYAIOTCsS JOKAJIbHBIE OYard 3arpsi3HeHUs HeTenpoaykramH. MIMeHHO
takue npesbinienus 11/IK nabmaronarorcst BOnu3u c. ToroneBka U nepuoJudecku B 2-3 KOJIoJI-
nax B caMoM cene. Ha ceromHs paccMaTpuBaeTcs BONPOC O MOTHOM HEBO3MOXKHOCTH MPOKH-
BaHMS TaM HACEJICHUS X HEOOXOJMMOCTH UX OTCEICHUS.

3arpsA3HEHUIO MOJBEPTAIOTCS M MOBEPXHOCTHBIE BOJHBIE 00BEKTH. K OCHOBHBIM MX
3arpsA3HUTEINSIM OTHOCATCS: B3BEIICHHBIE BEIIECTBA, MUHEpAIU3ays (M B IEPBYIO OYEPEb 3TO
COJIM TSDKETIBIX MeTaJuIoB), pocdaTsl, HeTEPOTYKTHI, HUTPATHI M APYTHE COCTUHEHHS a30Ta.

Henp3s 3a0bIBaTh U 0 BTOPUYHOM 3arpsi3HCHUH, NTOCTYIAIONIEM OT BRIOPOCOB B aTMO-
cdepy IpOn3BOJCTBEHHBIMU O0BEKTaAMHU M aBTOTPAHCIOPTOM. Tak, 1Mo mpeaBapuTeIbHBIM MO
c4eTaM C JIMBHEBBIMM cTOKaMu ropojos Jlyranck, Cesepononenk, Amdesck, bpsuka, [lepso-
Matick, Kpacnonon, Aurpanut, Kpacueiii Jlyd u PoBenbku moctymaet okosio 170 ThIC. TOHH
3arps3HSIONIMX BEIIECTB. B mepByro ouepesib 3TO B3BEIICHHBIC BELIECTBA, HE(TENPOIYKTHI,
coequHEHUs a30Ta, Gocdopa.

IMoasenst uTor, MOXKHO YBEpEHHO KOHCTATHPOBaTh (hakT TOro, 4ro 0e3 panuoHaIbHOH
CHCTEMBI OXPaHbI IPUPOABI €€ CYIIECTBOBAHUE HEBO3MOMKHO.

OnHaKO CEroMHAMIHAS CHCTEMA KOHTPOIISL HUMEET PSJl CYIECTBEHHBIX HEIOCTATKOB. A
UMEHHO:

-pa3pO3HEHHOCTh M TIOBEPXHOCTHOCTh HHCIIEKIIMOHHOM paboTHI;

-HEJJOCKOHAJIbHOCTh JEMCTBYIOILETO 3aKOHOATENbCTBA;

-OTCYTCTBHE HaJa)XEHHOM CXEeMBbI U3BATHUS U3 000pOTa (0OCOOEHHO OT HACENIEHHs) MaK-
CHUMAJIbHOTO KOJIMYECTBA OTXO/IOB ISl YTHIIM3AINH WIH YHUUITOXKEHHS,

-IPaKTHYECKH TOJHOE OTCYTCTBHE MACIITAaOHOM CHCTEMBI MOHHUTOPHHIA OKpYXKalo-
el cpensl U T. 1.

dakTHyecKkoe CBeJIeHHE U KOMIUIEKCHBIM aHAJIN3 JlaXke CYNIECTBYIOIIEH nHpopMaun
OT JCHCTBYIOUINX CyOBEKTOB MOHUTOPHHTA HE OCYIIIECTBISAETCS BOBCE.

st cTabunmu3anuy CymecTBYIOEH MpoOieMbl 1 AadbHEHIIETo YITydIlIeHHs CUTY K
HEO0OX0/IMMO TIPOBE/ICHHE KOMILIEKCAa MEPONPHUATHH 10 Ka)XKJOMY M3 BBIIMICH3JIOKCHHBIX Ha-
MpaBJICHUH.

JUIst BOCCTaHOBIIEHUS] TEPPUTOPUH, yikKe MOABEPIIINUXCS 3arPA3HEHHIO, JOJDKEH TAKXKe
MPUMEHSTHCS KOMIIJIEKCHBIHM MOIXO.

Bo — mepBBIX, 3TO KOMIIJIEKCHAs MHBEHTapU3aIlUs BCEX 3arpsA3HEHHBIX TEPPUTOPHH.
Bropoii aTan — ananus, u TpETUI — IPUHATHE PELIEHUS U CaMO JIEHCTBUE.

Uro kacaetcs uHBeHTapu3amuu, B 2005-2007 rogax takast pabota mpoBoauiach. Bee-
ro 0bUT0 MHBEeHTapu30BaHOo Oosiee 800 3arps3HeHHBIX TeppuTopuii. CoOpaHa nepBUYHas HHPO-
pMals 0 MECTOHAXOXK/IEHHUH, (PaKTUIECKOM MIJIM BO3MOXKHOM 3arpsi3HHUTENe, 00beMax 3arpss-
HSOIIETO BEIIECTBa, IUIOMIAAN PACIPOCTPAHEHHs, OJM30CTH OOBEKTOB, KOTOPbIE MOTYT MO/I-
BEPrHYTHCS yrpo3e (PKWIINIIA, IPOU3BOJICTBA, BOIHBIE 00BEKTHI, BO103a00PHI) H T.1I.

Ha npencraieHHbIX HIDKe (oTorpadusx MpeacTaBiseTcs pa3HOOOpa3HOCTh U Maclll-
TaOHOCTP YK€ MHBEHTAPU30BAHBIX U OIMCAHHBIX MECT 3arps3HEHMUS.
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®oto 5. I'. JIyranck: 3arps3HeHne 0TXOJaMH MeTauryprudeckoro nponssoacrsa 1 THO (2 nosic Bogo3a-
6opa B Beprynke)
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®doro 7. Cxmag Héni)n}onlx XC3 B ryraHCK (KCII 8 Mapra). I[b)lcz[eM CMBIBaeT OpOIIEHHBIE arpo-

XAMHKaThI
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®oTo 9. 3arpsi3HEHNE TEPPUTOPUIH MYHUIIUIATEHBIMHA OTXOAaMH
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dorto 10. ITomuron THO noc. MiBaHoBka
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[MoaBoas wtor, HEOOXOAUMO 3aMETHTh, YTO Ha CErojHs COOpaHHBIM MAaCCHB NepeaaH
JUISL aHaIIU3a, JalbHEeHIIero HakoIIeHUs: MH(GopManui, MOHUTOPUHTA M IPUHSATHS PELICHHH.

Benenue aToii 6a3bl JaHHBIX C MMOCTOSHHBIM OOHOBIICHHEM CBEXeW MH(popMaruei 00
o0beMax U COCTaBe 3arpsA3HUTENeH, MOPaXKEHHOU IUIOIAJU U CTEHNEHH ONACHOCTH MO3BOIUT
o0ecrieunTh MPOBEJCHNE CTPYKTYPHOTO aHAINM3a BO3MOXKHBIX YIpo3 U pucKoB. OHH, B CBOIO
odepenb MO3BOJT ONPEACIATh MPUOPUTETHBIC HANPABICHHUS NEWCTBUN M BBIpAaOATHIBATH HH-
JTUBHUTyalIbHBIC METOIMKH OYUCTKH Ka)IIOW 3arpsA3HEHHOH Teppuropuu. Hampumep: coop, co-
PTHPOBKa, W YTHJIM3alUs 3arps3HUTENCH; COpOMpOBaHME 3arps3HUTENS C yAaJICHHEM €ro B
6e301acHoe MECTO; TTOJIHOE YHHUITOKCHHE KaK 3arpsi3HATENS, TaK U 3arpSA3HCHHOW MOYBbI; WIIH
(ocobeHHO ecr 00bEMBI 3arpsA3HUTENEH BEIHKH, BPEAHOE BIMSHUE HE3HAUNTEIBHO U HET TeX-
HOJIOTHH AJIS YTHIIN3AIMK) KOHCEPBALUS 3aTrpsI3HEHNS Ha MECTe.

[IpaBUIBHOCTh TAKUX JOBOJIOB MMOATBEPIKACHA (hAaKTHUSCKH MPOBEICHHBIMH paboTaMu.
Tak, IMEHHO MeTOJ] KOHCEpBallMH ObIT IPUMEHEH IIPH YHCTKe WiIoB peku KpacHas B CBaToBC-
KOM paﬁOHe, Korjga noJHATbIMH WJIaMHU 6I:IJ'II/I BBICTCJICHBI ACTPpaIUPOBAHHBIC Hey}IOGI/I u CBalJl-
Ka B INIMHSHOM Kapbepe. CBepxy ObUI HAachINaH CJIOH IUIOJIOPOIHOM MOYBBI M BBICAXKEHA MOCa-
JKa. JToi paboToil OBUIO HE TOJIBKO OYHIIEHO PYCJIO PEKH U 3aKOHCEPBHPOBAHO MECTO HECaH-
KIIMOHMPOBAaHHOM CBAaJIKM, HO M BOCCTAHOBJIEHA U 3aJ€CEHa JETrpaJupOBAHHAS TEPPUTOPHS,
KOTOpasi B JalbHEHIIEM MOXKET CIIY)KHUTh YacTbl0 Kopuaopa (popMupyronieicst B 001acTu 3Ko-
CETH.

To ecTh (hakTHIECKH KOMIIEKCHBIN MOJX0J K KOHTPOJIIO U BOCCTAHOBIICHHIO 3arpsis-
HEHHBIX TEPPUTOPUN MyTEM KOHCEPBALMHU, YTUIIN3ALUHM WIH OYMCTKH C U3BATHEM IOJIE3HBIX
KOMIIOHCHTOB 6y11eT SABJIATBCA HE TOJIBKO uenecooGpa3HI)1M " MpaBUJIBHBIM, HO 1 B HCKOTOPBIX
ClIydasx CaMOOKYIIa€MbIM WJIU HaXKE HpI/IGI)IJ'H)HI)IM BUIOM pa60T, MPUBJICKATCIIbHBIM JIs1 UH-
BECTOPOB.
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Jureparypa

YTBOpEHH:, BUKOPUCTAHHS 1 HIOCTaBKa BTOPUHHOI CHPOBUHH 1 BIIXO/iB BUPOOHHUIITBA MiAMIPUEMC-
TBaMH Ta opradizauisMu Jlyrancekoi obmacti. ['onoBHe ympaBiiHHA CTaTHCTHKH y JlyraHchbkiit
obmacrti. JIyrancek 2010.

Joskius Jlyranmuau. ["onoBHe ynpasiiHHS cTaTHCTHKY y JIyraHcbkiit o6macti. JIyrancek 2010.
PerioHanbHI ZOTIOBII PO CTaH HaBKOJIMIIHBOTO MPUPOHOTO cepenoBuia B JIyranchkiit obmacti
y 2008 Ta 2009 pokax. [lep>kaBHe yIpaBIIiHHSI OXOPOHH HAaBKOJHIIHBOTO NPHUPOJHOTO CEPEIOBH-
ma B Jlyrancekiit obmacri. JIyrancek 2009, 2010.

VY po6oTi 3IHCHIOETECS ITEHTU(IKALS Ta CTPYKTYpHU3aLlis Jukepes 3a0pyJHeHb,
BUSBJICHHX Ha TepuTopii Jlyrancekoi obnacti. 3ibpana iH(popMmanis JOIOBHIOETb-
cs JaHUMH CTaTUCTHKU. Takok B poOOTi 3AifiCHEHO aHaNi3 HUHBIIIHBOTO CTaHY
cnpaB 3 OOJIKOM BiIXOJiB, BU3HAUEHO MPOOJEMHI NUTaHHA B Wi ramysi. Y BH-
CHOBKAaXx 3aIllpOINIOHOBaHI OCHOBHI HANPSAMKH il IOJ0 MOJINIIEHHS CHTYaIlil, 110
CKJIasacsl, 3 BKa3aHHAM NMPUKIANy (aKTHIHO BIPOBAKEHOI'O ITO3MTHBHOTO JIOC-
Bifly yTHIIi3amii pidykoBOTO MyIIy.

Kniouoewr cnosa: nosodoicenns 3 gioxooamu, iHgeHmapuzayis 6i0xo0ie, Kuacugi-
Kayis, 3a6pyoneni mepumopii Jlyeanuunu, KomniekcHull nioxio, ymuaizayis, 6aza
OaHux.

In hired authentication and crpykrypusanus of sources of contaminations, educed
on territory of the Luhansk area come true. The collected information is
complemented by data of statistics. Also, the analysis of the nowaday state of
businesses on the account of wastes, certain problem questions in this industry is
in-process carried out. In conclusions basic directions of action are offered after
the improvement of situation that folded, with pointing of example of the actually
inculcated positive experience of utilization of river silt.

Waste management, waste inventory, classification, Luganshiny contaminated
areas, comprehensive approach, recovery, data base.

M.O.HukureHko - HadaJabHUK BiJUIUTY BOAHHUX pecypciB JlepkaBHe yrpaBiiHHS OXOPOHH HAaBKOJIHIIHBO-

T'O MIPUPOTHOTO cepepoBuna B JIyrancekiit obmacri.

Peuensent: Xapkisebkuii b.T. mpod. kad. Exonoris CHY im.B.[lans.
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YK 502:622.83
Kisimenko B.B.
AHTpauT

BUBIP CIIOCOBY 3AKPUTTSA IIAXT I YIIPABJIIHHA IAXTHUMU
JOIIPUIIVIMBAMMA

Po3rnsiHyTO ONTHMANBHI CIIOCOOM 3aKPUTTS MIAXT Ta TiIPOTCOJIOTIYHUI BILUTUB Ha
craH goBkiuid. Ta6m. 1, mk.2.

Knrouosi cnosa: wiaxma, eéodonpuniugu, nikeioayis, 6naue Ha O08KINIA, MACUBU
2IPCbKUX Nopio.

OnruManbHUM criocoOoM JikBimanii maxTtu € ii moBHe 3aTomiaeHHs. Takuii croci
3aKpUTTSI BUMAarae MiHIMaJbHUX TEXHIYHHUX 3YCHJb 1 (iHAHCOBHX BUTPAT, Ma€ IOPIBHSIHO HU-
3bKY €HEPrOEMHICTh y HepcrekTuBi. [IpoTe BiH NPUHHATHUIH JIMIIE B TUX BHUIAJKaX, KOJIU 3a-
TOIUICHHS JIIKBIJOBYBAaHOi IIaXTH HE MPHU3BOAWUTH JO ICTOTHOTO TOTIPUIEHHS E€KOJIOro-
TEOJIOTIYHMX YMOB 1 3arpo3u HOpMallbHil eKCIITyaTalii IPOMHUCIOBUX, TOCIOAAPCHKUX, COILlia-
JBHO-KYJIBTYpHHX 00'ekxTiB. HalvacTine Taka 00CTaHOBKA XapaKTepHa AJIS i30JIbOBAHUX IIAXT,
PO3TaIIOBaHUX HAa TOCTATHHOMY BiIJaJICHHI BiJ HACEJCHHUX ITyHKTIB 1 MPOMHUCIOBUX 30H. [ifa-
paBIiuHMI 3B'SI30K 3 MOBEPXHEBUMHU BOJOTOKAMH, B AKi PO3BAHTAKYBATHMYThCS IIaXTHI BOIX
ITiCIIsl TIOBHOTO 3aTOIUICHHS INAaXTH, SIK MPaBHIIO, JOOPHA, a pO3BaHTa)XECHHS BiAOYBA€THCS Ha
00MEKEHUX JUISHKAX 3alljIaB 1 B HIKHIX YaCTHHAX CXIIIB PIYKOBUX A0JHH. [Ipu oMy cyma-
pHa BeJIMuMHA 30UTKY, NMOB'I3aHOTO 3 aKTHBI3aLI€I0 MPOLECiB MiATOIUICHHS 1 MOTIPIIEHHS KO-
CTI MiJA3¢MHUX 1 MOBEPXHEBUX BOJ, MCHIIIC BUTPAT, HCOOXIIHUX I OpraHi3aiii BOJOMOHHU-
JKSHHSI 1 IPSHAXY MIATOIUTIOBAHUX TEPUTOPIH.

VY OinpuIOCTi X BHUIAJKIB LIAXTH, 10 3aKPHBAIOTHCS, PO3TAIIOBaHI B Oe3mocepeaHii
OJIM3BKOCTI Bijl HACEIEHHX ITyHKTIB 200 MPOMHCIIOBHX 00'€KTIB 1 TiAPaBIiuHO B3a€EMO3B'sI3aHi 13
CYMDKHMMH IMIaxTtamMy. I[IoBHE 3aTOIUIEHHS JIKBIZOBYBAaHHX IIAXT B TAKMX YMOBaX HEMOXIIHBE
y 3B'A3KY 13 3arpo3010 IMPOPHUBIB BOIU B CYCIIHI IIAXTH i IMTUPOKOMACIITAOHUI IPOSB MPOIECIB
MiATOIUICHHS 1 MOB'I3aHUX 3 HUM IHIIMX HECHPHUATIMBUX €K30TCHHHUX I'€OJOTIYHUX MPOLECIB Y
30HaX MPOMHCIOBO-MichKOi arnomeparii. JIikBigamis Takux MIAXT 3a3BUYail POBOJUTHCS dac-
TKOBHM 3aTOIUICHHSIM BHPOOOK /0 MEBHOTO PiBHA. [ TMOMHA 3aTOINICHHS BU3HAYA€THCS Iapa-
MeTpaMH i MICIIeM PO3TalIyBaHHA Oap'epHUX IUTHKIB 1 CTapUX 301HOK i3 CYMIKHUMHY [TaXTaMH,
Jle BUHMKAaE 3arpo3a MpOpHUBY BOJYU B pa3i CTBOPEHHS TiIPOCTaTHYHMX HATHCKIB. B npaHomy
BUIAJIKY JOMYCTHMA TJIMOMHA 3aTOIICHHS [IaXTH MOBUHHA BIIMOBIIATH BiAMITKAM HaWHIDKYIX
Oap'epHUX IUIHMKIB, pO3MIPU SKUX HE BIAMOBIMAIOTH MpaBHUjaM OE3MEYHOTO BEACHHS POOIT y
3aTOIJICHUX BUPOOKaX.

Boponpumnius, mo nocrynae B JIIKBIZOBYBaHY IIAXTy, MEPEPO3MOAUIIETECS MiX Cy-
MDKHHMH [IaxTaMu a0o K BIJIKAYYEThCS HAa MOBEPXHIO 3 BUKOPHCTAHHSIM CTBOJIIB LIAXTH, LIO
3aKpHUBAIOTHCS. YNPABIIHHS [IAXTHUMH BOJONPUILIMBAMH YacTKOBO 3aTOIUIIOBAHOI MIAXTH
MOXYTb 3a0€3MEeUNTH: OpraHi30BaHe NeperTyCKaHHA BOAM i3 3aTOIUIIOBAHOI MAXTH B CYMiXKHI;
CIOpPY/DKEHHS BOJIOBIUIMBHUX KOMIUICKCIB HA NIEBHUX TOPH30HTAX; CIIOPYXKCHHS 130JII0I0YHX
MepEeMHUYOK; OyIIBHUIITBO BOJO3HMKYIOUHX YCTaHOBOK; OYpiHHS CBEpAJIOBHH, SIKi caMi BHIIH-
BAIOTHCS; MPOXO/KA IITOJICHb 1 CTBOJIIB AJIsl OpraHi3allii BWINBY MIAXTHUX BOJI Ha MIEBHUX PiB-
Hsx. [lepeBara mmpu 1[bOMY BiJIa€ThCSI CUCTEMaM, IO HPALOIOTh B IHEPIIHHOMY PEKHMI 3 Mi-
HIMaJBbHOIO BUTPATOIO eHeprii (IepeTikaHHs, CAMOBHIIMBAHHS 1 TaK AaJi).

TMoHM»EHHST PIBHS MiJ3EMHUX 1 IIAXTHUX BOX y OaraTthOX BHIIAJKaX € OJAHUM 3 iH-
CTPYMEHTIB PEryJIIOBaHHS PIBHEBOTO PEXUMY MPH 3aTOIUICHHI OAMHOYHUX 130JIbOBAHUX LIAXT
ab0 OKpeMO PO3TAIIOBaHUX TPYII IIAXT.

[Ipu moraHoMy TigpaBIiYHOMY 3B'S3KY 3aTOIUTIOBAHMX BHPOOOK 3 PIYKOBUMH JOJIMHA-
MM, SIKi Ha KiHLIEBHH epioJ] 3aTOIUICHHS TPaHC()OPMYIOThCS Ha AUISHII PO3BAHTAXKEHHS IlIax-
THHX BOJ, BiI0yBa€ThCsl BUKJIMHIOBAHHS IIAXTHUX BOJ Ha 3HAYHMX IUIOLIAX, IO 3aXOIUTIOIOThH
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HE JIMIIC 3aIUIaBH 1 MiJICTABU CXWIIIB, aj€ 1 AUISHKH CXWIIB 3 BUIIMMU BiIMITKaMU penbedy. Y
IIUX YMOBAaxX, OCOOJIMBO JUIsl ILIAXT, IOJISI IKUX TSDKIIOTH /10 MPOMHUCIIOBO-MICHKOI arjioMeparii,
pEryiIroBaHHS DIBHS 3aTOIUICHHSA 32 JOIOMOTOK0 JPCHAKHUX 1 BOMO3HIKYIOUHX YCTAaHOBOK
4acTo € €IWHUM CII0COOOM TOMEpPeKEHHS TiITOIUICHHS HACEJICHUX IMYHKTIB i IPOMHUCIIOBO-
TOCIIOJAPCHKUX 00'€KTIB.

Ha croromgnimHiil neHs HEMae JTOCTATHHOTO IOCBIAY 3aTOIUICHHS OKPEMHX KPYITHHX
Iaxt abo rpynyu maxt. Y 6araTboxX BUMAAKaX Ma€ MicIle HeBH3HAYCHICTh B OLIHII MipH Tigpa-
BIIYHOTO 3B'S3Ky MK BHPOOKaMH CYMDKHHMX IIaXT MO 30iiKaM, OCOONMBO, SIKIIO OCTaHHI
NPe/ICTaBJICHI CTapUMH TOTalleHUMU BUpoOKamMu ab0 NMpOoWeH] yepe3 30HM NOPYIIEHUX HOPi.

CreunianpHi peXUMHI T1IPOreoNIOriyHi CIIOCTEPEKEHHS HA 3aKPUTHX IAXTax IOYallv
npoBoguTHcs e 3 1997 p. BoHM M03BONMIM TIEBHOK MIipOK OLIHUTH OaraTOIUTAHOBI Mil
3aTOIUICHHX IIAXT Ha JOBKUJLIS.

[Tpu mporHo3yBaHHI 3MiHM TiPOTE€OJIOTIYHOTO PEXHUMY BAXKKO BpaxyBaTH KiNbKiCHI
3MiHH (I3UKO-MEXaHIYHUX 1 (IIBTPaLliHHAX BIACTHBOCTEH MOPiA 1 MOB'S3aHI 3 UM HACIIJKH.
ToMy 3aTOILIEHHS AaXT IOBHHHE IPOTHO3YBATHUCS SIK OSTAIIHUI TIPOIIEC, a KOKEH eTar po0o-
TH [TOBUHEH CYNPOBODKYBATUCS IETAIBHUMH CIIOCTEPEKECHHAMH 32 PESKHUMOM IIaXTHHX BOJO-
MIPUTUIHABIB 1 BCIX YMHHHUKIB T1APOT€0IOTIYHOT 0OCTAaHOBKHM HA MIAXTHOMY HOJMi 1 Y BYTJICIIPOMH-
CIIOBOMY paiioHi, o GpopMye MPaKTUIHO €ANHY TiAporeodinbTpaniifHy cucTemy.

Tabnums 1
I'imporeosroriyanii BIUIUB HAa JOBKIUJUIA IIpH IOBHOMY a00 YaCTKOBOMY 3aTOILICHHI LIAXT

liaporeonoriunuii BILInB Hacainkn

BuitydeHHs i3 KOPUCTYBaHHS CUILCHKOTOCIIOAPCHKUX YTillb,
BTpaTa MPUPOJHUX BIACTHBOCTEH POMAIOYMX 3eMeb, MOTip-
LICHHS POMIOYOCTI 3eMENIbHUX YTinp 3a0pyOHEHHS BOIHUX

IligromnenHus abo 00'exTiB
3aTOIJICHHS JUITHOK 3arudens JTCOBUX MAaCUBIB
3eMHOT IIOBEPXHi Busin i3 excrimyaranii OymiBens, CIOPYH, TIMAX
CeJTHUII

3MiHa BIIaCTHBOCTEH IPYHTIB Y OCHOBI Oy/iBelb i CIIOPYA
3a0pyAHEeHHs MAaXTHUMU BOJIAMHU JDKEPEIT BOJIOIIOCTaYaHHs

3MiHa (3MeHIIeHHs) (i3UKO-MEeXaHIYHMX BIACTHBOCTEH ITI0-
pia mpu BOIOHACHYEHHI, 0 MPU3BOIUTH A0 JIIKBiIallii 3aBU-
CaHb 1 po3IapyBaHb
BuneceHHs mopix B ripcbki BUPOOKH, SIKi 30€peTInucst
PyiiHyBaHHS €lEMEHTIB KPIIUICHHS TOPU30HTAJIBHUX, TOXH-
3BOJIOXKEHHST MaCHBY JIUX 1 BEPTUKAJIBHUX BUPOOOK

TipCHKUX MOpizn 3MiHa BIACTHBOCTEH IOPi/ 3aCUIKH, BUKOPHUCTAHOT
IUIA JTIKBiZALil CTBOMIB MIAXT
AKXTHBI3allis 3pyLICHHS HaJl OYMCHUMHU BUPOOKaMU
YTBOpeHHS TpOBaJiB HaJ MiATOTOBYAMH BHPOOKaMH Ha
Maiii TmouHi
YTBOpeHHs MpoBaliB HaA IIyppaMu, TOXUIUMH 1 BEpTHKA-
JIbHUMH CTBOJIAMH, TEXHIYHUMH CBEPJIOBUHAMHU
[oripiieHHs 6e3mexu
IIpopuBHM BozH i 3aTOIUICHHS TPCHKUX BUPOOOK

JlonaTkoBi HAIXOXKSHHS BOJU B CY-
CiAHI maxTu

BucHoBKH

Buxopnsuu i3 BUIIeCKa3aHOTO, MOKHA BUAUTUTH TaKi TPU OCHOBHI BUAH TiIpOTEOIOTI-
YHOTO BIUIMBY Ha JOBKIUJUIS MPH MIOBHOMY a00 9YaCTKOBOMY 3aTOIUICHHI maxT (Tadin.1): miaron-
JeHHsT a00 3aTOIUICHHS! TEPUTOPii; 3BOJIOKEHHS MAacHBY TipCHKHX MOPiJ 1 Mepei TipChbKHX
BHUPOOOK, 10 30€peraucs; T0AaTKOBI BOJOTIPUIUIMBY B CYCIIHI IAXTH, IO JIIOTh.
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Jlitepatypa

1. TexHOreHHBIE NMOCIEACTBUS 3aKPHITHS YroNbHEIX maxT Ykpauns! /HO.H.I'aBpmienko, B.H. Epma-
KoB U 1p. — Jlonenk, 2004.-206-209c.

2. JomxukoB ILM. IIpoGnemu TipHHLTBa Ta €KOJIOTil TIPHMYOrO0 BHUPOOHMITBA: MOHOIPa-
¢is/[T1.M. Jomxkukos,B.J[.Ps6iues,I".C.JIeBunncekuii Ta iH.] — donerpk: «Bebep» (JoHeubke
BigainenHs ),2007. — 257 c.

PaccMoTpeHBl onTHManbHBIE CIIOCOOBI 3aKPBITUS IIAXT U TMAPOTrE0JOTHYECKOe
BJL,U THUJIPOJIOTHYECKOE BIMSHNE HAa COCTOSIHUE OKPYXKAIOIIEH CPeibl PU MOIHOM
WM YaCTUYIHOM 3aTOIUICHUH YTOJbHBIX maxT. Tabum.1, ncr.2.

Knrouegvie cnosa: waxma, 6000npumori, IUKEUOAYUsl, 6IUAHUE HA OKPYIHCAIOWYIO
cpedy, Maccusvl 20PHbIX NOPOO.

Considered the optimum methods of closing of mines and influence of
geohydrology on the state of environment and influence of geohydrology on an
environment at the complete or partial submergence of coal mines.
Mine, water inflows, liquidation, influence on environment
Kistmenko B.B. - AHTpanMTiBChKHN (haKyIbTET TipHULTBA Ta TpaHCIOPTY CXiTHOYKpPATHCHKOTO
HaIllOHaJBHOTO YyHiBepcuTeTy imeni B.Jlamsa, crapmmii Bukmamad kadeapu
«ImkeHepii Ta 3araNbHOOCBITHIX AUCIHILTIH»
Peuenzent: - Xapokosckuit b.T.,npo¢., k.T.H. kapenpu exosorun BocTouyHOYKpamHCKOTO

HaIlMOHAJIBHOTO YHUBepcuTeTa nuMenu B.lans

Cmamms nadana
02.10.2010
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YK 502:622.25
Kusimenko B.B., Yepusix B.H.,
AmnTpanut, Jlyranck

AHAJIN3 BJIMSIHUS YTOJbHBIX IIAXT HA COCTOSIHUE ATMOC®EPHOM U
BOJIHOI CPEJBI TOPOJIA AHTPALIUTA U AHTPALIIUTOBCKOI'O PAIIOHA

PaccMoTpeH aHanmy3 BIMSHHS YTONBHBIX MIaXT Ha COCTOSIHUE aTMOC(EPHOH U BO-
JTHOM Cpelibl TOpo/ia U paiioHa.

VYeonvnasa npomviuwnennocme, 6uocgepa, waxmusie 800bl, OMCMOUHUKU.

[peanpusiTist yroJapbHOW NMPOMBIIUICHHOCTH OTHOCATCSI K UCTOYHHKAaM HauOOJBIIEro
9KOJIOTMYECKOTO 3arpsi3HEHHs. 3a JiBa CTOJIETHS Pa3BUTHA YIieJ00bIBaIONIeH IPOMBIIIJICHHOC-
TH CITyYHJIOCh H3MEHEHHUE €CTECTBEHHBIX JaHAImadTOB Teppuropnn JJonbacca.

VYronpHas MmaxTa CO3JacT OJHY M3 OCHOBHBIX SKOJOTMYECKHX HArpy3ok Ha Ouocdepy
Jlyranmuasl. IIpu 3TOM «IPHHUMAIOT Y9acTHE» BCE €€ 3JIEMEHTHI: BOJHBIM M BO3IYIIHBIH Oac-
CelHBI, HeZIpa, PACTUTEIBHBIA U KMBOTHBIH MHUp. B mpomecce roprHoro npoussozicTea oopasy-
10TCS M OBICTPO YBETMUMBAIOTCS TIPOCTPAHCTBA, HApyLICHHBIE TOPHOI BBIPAOOTKOH, OTBaIaMu
TIOPOJIBI M OTXO/I0B NepepaboTKu, cOpocaMn BHICOKOMHUHEPATN30BAHHBIX TIOI3€MHBIX BOJI.

K OCHOBHBIM MCTOYHMKAM 3arpsi3HeHUs] OMocdepbl 0TX0aMH TOPHOTO MPOMU3BOJICTBA
OTHOCATCS:

* IOPOJIHBIE OTBAJIBI,

* IUIAMOHAKOTIUTENH U OTCTONHUKH;

* cOpOC LIAXTHBIX BOJ| B IOBEPXHOCTHBIE BOJIOEMbBI M PEKH.

AHTPaIIUTOBCKUNA aJIMUHUCTPATUBHBIN palloH OCTaeTcsl OIHUM M3 HanboJiee HKOJIOTU-
YEeCKH HanpsDKeHHBIX B JIyranckoit obmactu. Pernon HachllieH MOITHBIM YTOJIBHBIM MPOMBIII-
JICHHBIM KOMIUIEKCOM, Ha TEPPUTOPHUH KOTOPOTO PabOTAIOT TPH ACHCTBYIOUIMX YrOJBHBIX IIa-
XTBI, IB€ 3aKPBITHI M OJJHA HA CTAJAUH 3aKPBITHS.

[T10THOCTP TPOMBIIMITIEHHBIX BHIOPOCOB B pacueTre Ha | KB. KM TEPPUTOPHH IoOpoja
AmnTpanurta Oomee 4eM B 5 pa3 BBIIIE cpenHero mokaszarens mo crpane. B 2009 r. cranuoHap-
HBIMH MCTOYHUKaMHU MPEINPHUATHH B BO3MYLIHBIA OacceifH r. AHTpanura ObUIO BBIOPOIIECHO
Gomnee 3 THICSY TOHH 3arps3HAIOMUX BemecTB. KommuecTBO 0OBEKTOB, KOTOPhIE OKa3hIBAIOT
HEeraTUBHOE BIIMSIHHE HAa COCTOSIHUE aTMOC(EPHOTo BO3/yXa ropojia, COCTaBisieT 34 eJINHHIIBI.
JloMuHHpyIoliee BIMSHUE Ha OKPYXKAIOUIYI0 MPHUPOTHYIO CPEIy OKAa3bIBAIOT MPEANPHUATHS
YTOJIFHON MPOMBIIIJICHHOCTH, KOTOPBIE COCTABIIOT 56,2 % o01mero o0beMa MpoOMBIIIIICHHOTO
MPOU3BOJICTBA, a TAKXKe 00BEKTHI Termioobecneuenus (26,5 %) U MPOU3BOACTBA MAIIMH U 000-
pyznoBanus (7,7 %). B cTpykType BeIOpOCOB roposa AHTparmra TBEpAbIX BemecTs -32,5 %,
nuokcuaa azora - 3,5 %, auokeuga cepsl - 16,6 %, okucios yriepona - 43,1 %, npouux -
4,3 %. B pacuere Ha 1 KB. KM TEppPUTOPUH Iroposia 0ObEMBI BHIOPOCOB OT CTAI[HIOHAPHBIX HCTO-
yHUKOB B 2009 rony cocraBuiu 49,472 TOHH, 4TO B 2,5 pa3a BbILIE CPEIHErO MOKa3aTels B
obmactu (19,4 tonH). I[To BaOBEIM 00BEMaM MPOMBIIIICHHBIX BBIOPOCOB 3arps3HSIONINX Be-
IIeCTB B aTMOC(EpHBI BO3yX ropol AHTpanuT 3aHuMaet 12 mecto cpenu 14 ropomos odmac-
THOTO IOJJYMHEHHsI, OCYIIeCTBIIsIs 0kouto 0,6 % oT 0011eo6sacTHOro o0bema BEIOPOCOB.

Cyl1ecTBeHHBIM 3arpsi3HUTENIEM BO3AYIIHOTO OacceiiHa I. AHTpanuTa sSBISETCS aBTO-
TpaHCHOPT. BBIOPOCH! 3arpsA3HSIOMIMX BEIIECTB OT aBTOTPAHCIIOPTA IMPEBBIIIAIOT BHIOPOCH!
CTaIIMOHAPHBIX KCTOYHUKOB MOYTH B 1,4 pa3a. B pacuete Ha 1 KB. KM TEppUTOPUH TOpoa 00b-
€MBI BBIOPOCOB OT aBTOTPaHCHOPTa cocTaBWiIM 69,581 ToHH, uTO B 16 pa3 Oonbie cpenHeos-
JacTHOTO ToKa3arensd (4,3 TOHH).

Ha Ttepputopun, NoguMHEHHON AHTPAIUTOBCKOMY FOPOJCKOMY COBETY HaXoguTcs 5
TOPSALIMX WIN UMEIOIIMX OYard caMoBo3ropanus nmopoansix orsainos (OI1 "laxra "Komcomo-
neckas", I'Tl "AnTtpauut").
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[TyTsamu pemreHus npoOseMbl 3arpsi3HEHUsT aTMOcdepsl B AHTPALUTOBCKOM paioHe
SIBIISIIOTCSL:

- obecrieueHre OpraHaMHu MECTHOTO CaMOYTIPABICHHUS TOPO/a YIyUIICHNUS COCTOSHHUS
ABTOMOOWJIBHBIX I0pPOT, KOHTPOJIS 33 3KCIUTyaTannue 00bEeKTOB TPAHCIIOPTa;

- OCYLIECTBICHHE HAa MPEANPHATHAX YTOJIbHOW NMPOMBIIUICHHOCTH MEPONPUATHH IO
PEKYJIbTHBALNH, TALICHUIO U O3EJICHEHHIO TIOPOJHBIX OTBAJIOB, B TOM YHCIIE BO BpEMs peaiu-
3aIIH POEKTOB 3aKPBITHS MIAXT.

Hpyras rmaBHas npoOiema ropoga AHTpanuTa M AHTPaIUTOBCKOTO paiioHa BO3HHKA-
eT NpH pa3paboTKe MOJIE3HBIX HCKOMAEMBbIX.

Io cocrostanio Ha 14.04.2008 r. cornacHo naHHBIM ['ocymapcTBeHHOrO MH(pOPMAIH-
OHHOTO reosiorndeckoro Gonaa Ykpaussl "['eonnpopm Ykpaunsl" Ha TEppUTOpUH AHTpaLu-
TOBCKOT'O paiioHa CIelUalbHOE pa3pelleHue Ha MOJb30BaHHe HeApamu umeroT 90 mpennpus-
TUHA. 3HAYUTENBHOE YUCIIO HEIpOIoJb3oBaTenaeld TpeOyeT YCHJICHUs] KOHTPOJIS COOIIO/CHHS
CyOBEKTaMH TpeINPUHUMATENbCKON JEeITeIbHOCTH TPEOOBaHUI NMPHPOAOOXPAHHOTO 3aKOHO-
narenscTBa. /s paiioHa XapakTepHa pobieMa He3aKOHHOH JOOBIUH MOJIE3HBIX HCKOMACMBIX.

ITopoxHble OTBaNbI 3aHUMAIOT 3HAYMTEIBHBIC IUIOLIAIHN 3€MENb paliOHa, YTO TaKXKe
HETaTUBHO BIIMSIET HA OKPYXKAIOIIYIO Cpexy BOKpPYT HuX. Ilox Bo3aelcTBHEM pa3sHOOOPa3HBIX
AHTPOIIOTEHHBIX (JAKTOPOB, CPEIU KOTOPBIX 3arpsI3HEHHE aTMOC(EPHOTO BO3LyXa U 3aCOPEHHE
OTXOJIaMH TNIPEANPHATHH Pa3sHbIX OTPACIEil MPOMBIIIIEHHOCTH, BO3HUKAET MPOIECC Aerpaja-
IIMH 3€METb.

[Tnomanp 3eMens AHTPAIMTOBCKOTO paiioHa cocTaBisieT 166,2 ThicAad ra, U3 HHUX:
CEJIbCKOXO3SIIICTBEHHBIE Yrobs - 96,5 ThIcAY ra.

HecbanancupoBaHHOCTh 3€MEJIbHBIX YrOJIWil M 3HAUUTEIbHAs! OCBOCHHOCTh TEPPHUTO-
pHH B COBOKYITHOCTHU C peibe()OM M KIMMATOM CO3Jal0T YCJIOBHS JUIS Pa3BUTHS 3PO3UOHHBIX
mpoleccoB. Tak, OT BOJHOM 3pO3UHU CTPaAalOT 63,7 ThICAY ra MaxOTHBIX 3€MeNb, OT BETPOBOM
3po3ud - 13,9 Teicay ra.

AHTpAIUTOBCKUH palioH OefeH Ha BOAHEIC pecypchl. Ha Tepputopmu r. AHTpammra
npoTekarT ase peku: Harompumk u Kpenenrpkas - OacceiiHa peku Muyc. Beero Ha Tepputo-
puH paiioHa pacroyiokeHo 69 NpyaoB U BOAOXpaHWIKL, NpoTekaeT 16 pek. IIpoekTsl BOgooX-
PaHHBIX 30H ¥ NPHOPEKHBIX TOJIOC BOAHBIX OOBEKTOB HE pa3pabOTaHbl, TPAHMIIBI ITOJIOC B Ha-
Typy HE BBIHECCHBI. BOIOX03HCTBEHHYIO AEATEIBHOCTh Ha TEPPUTOPHU PaiiOHa OCYIIECTBIIS-
et psan maxT I'Tl «ArTpaunt» u AatpanuTtoBckuit nemaprameHT OKII «Komnanus «Jlyranck-
BOJIa», KOTOPHIC SBIISIOTCS 3arps3HUTENSIMH HOBEPXHOCTHBIX BOJHBIX 00BEKTOB. COrjacHo
TOCYJapCTBEHHOM CTaTUCTUYECKON OTYETHOCTH €XETOJHO M3 MPHUPOAHBIX BOIHBIX OOBEKTOB
3abupaercs 23,8 MiH M Boabl, u3 HUX 20,0 MJIH M - MONMYTHO NpH a00bde yris. Exeromano
copaceiBaercst 20,86 MJIH M B roji BO3BpaTHbIX Boj. V3 Hux - 20,3 MiH M (97%) oTHeceHHBI K
KaTeropuy 3arpsI3HEHHBIX.

JlaHHbBIE pETHOHAIBHOTO SKOJOTMIECKOTO0 MOHHUTOPHHIA TTOITBEPKAAIOT IPEBHIIICHNE
TpeboBaHMIl caHUTapHBIX HOPM Kauecmea 600bl 6 peke Muyc, nyxe BriageHus p. Haronpuuk,
IO CIIETYIOIINM ITapaMeTpam:

- xuMmrgeckoe motpedaenue kucmopona (XIIK) - 2,0 ITJK;

- cyxo# ocratok - 1,2 TIK;

- )kecTKoCTh coctapiseT 1,3 TTIAK;

- KUCJIOPOAHBIN PEXUM YJOBJIETBOPUTEIIbHBIN;

Knacc xauectBa Bojbl — 4, "3arpsi3HeHHas".

KadecTBo BOABI B ycThe pexn Haronbuuk He oTBedaeT TpeOOBAHUSAM CaHUTAPHBIX
HOpM 1o cyxoMy ocrarky - 1,2 ITJIK u morpebnenuto kuciopona - 1,4 ITJIK. Kucnopoausrii
PEeXUM yROBIeTBOpUTENbHBIN. Kiace kauecTBa Boau - 4, "3arps3HeHHas".

BaxxHo#t mpoOiremMoit 111 AHTPAIIUTOBCKOTO PaiiOHa OCTACTCS OYHUIICHIE CTOYHBIX BOT
HACEeJICHHBIX MYHKTOB. OYHCTHUTENBHBIE COOPY)KCHHS M KaHAIM3alMOHHAs CEeTh TOpoia HyX-
JIAfOTCS B PEKOHCTPYKIMH U KallMTaJIbHOM PEMOHTE.

TakuM 00pa3oM, OCHOBHBIMH NPOOJIEMHBIMH BOIPOCAMH PETHOHA B YacTH COXpaHe-
HUS BOAHBIX PECYPCOB SIBJISIOTCS:

1. OTcyTCTBHE BOJJOOXPAHHBIX 30H BHIHECEHHBIX B HATYpYy, B T.4. HPUOPEKHBIX
3aIUTHBIX TTOJIOC.
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2. CyniecTByIOIIME CETH JTMBHEBOW KaHAIW3alUM HE NepeJaHbl Ha OanaHc dKcC-
ryaTupyloeii oprannzanuu. OTBeICHHE JIMBHEBBIX U TaJIbIX BOJI C TEPPUTOPUH rOpoja OCy-
IIECTBIISIETCS 0€3 OUNCTKH.

3. N3HOIIEHHOCTh OYHCTHBIX COOPYKEHHH, KaHATN3alMOHHBIX HACOCHBIX CTaH-
LIUHA U KaHAJIU3aI[MOHHBIX CETEMN.

4. He Benercsa paboTa 1mo BBISBICHHIO 0ECXO3HBIX, 3a0pOMICHHBIX, TPEOYIOMIIX
JUKBUAAINH (TAMIIOHAXHBIX paboT) CKBakWH. [1JIs peleHns Bopoca HeoOX0ANMO HAaIPaBUTh
yCHIIHSA Ha!

* PEKOHCTPYKLHMIO U BOCCTAHOBJICHUE KaHAJIM3AIIMOHHBIX CETEH M OYHMCTHBIX COOPY-
JKEHUH;

* IIPOBE/ICHHE WHBEHTAPH3ALUK HAa HPENNPUATUSIX U X03siicTBax paiioHa OECXO3HBIX
BOJ103a00PHBIX CKBaKHH, & TAKIKE CKBKUH, TIOJIEKAIINX JIUKBUAALMH (TaMIIOHAXY );

* YCTaHOBJIGHHE U BBIHECEHUE B HATYpPy BJOJb BOAHBIX OOBEKTOB BOJOOXPAHHBIX 30H,
B TOM YHCJIE TPUOPEIKHBIX 3aIUTHBIX MOJIOC.

BriBOaBI
Takum o0pa3zom, perieHue CyIIeCTBYIONINX B PETHOHE MPOOIeM BO3MOXKHO JIHIIH TIPH
YCIIOBHH YETKO CKOOPAWHUPOBAHHBIX JEHCTBHUH, INIOJOTBOPHOTO B3aMMO/ICHCTBHS H COBMECT-
HBIX YCHJIMH BCEX CHECIHANBHO YIIOJTHOMOYCHHBIX OPTaHOB B BOIPOCAX OXPAHBI IPHPOIHL.

Jureparypa
1. Craructuueckuii coopHuk Jlyranckoit oomactu, 2009.
2. Jlenncenko B. U. 3arpssHeHue okpykaromeil cpeabl U 310poBbe HaceneHus // Haydno - momysm.
aKoJIor. xypHan "Poanas nmpupona". 2002. -Nel.- C.31-33.
Po3rnsiHyTHit aHani3 BIUIMBY BYT'UJIBHUX IIaXT AHTPaLUTIBCHKOTO PErioHy Ha CTaH
aTMoc(epHOro Ta BOJHOTO CepeloBHINA MicTa Ta paiioHy. HaBemeHo skicHHIA
aHaJIi3 BoAM B ycTi pivok Haronpumk ti Miyc.
Kniouoei cnosa: syeinoha npomuciogicmn, 6iocghepa, waxmui 600u, GI0CMItIHUKY.
The analysis of influence of collieries of Antratsitovsky region on a condition of
the atmospheric and water environment of a city and area is considered.
Qualitative water analysis in a mouth of the rivers Nagolchik and Mius is resulted
The coal industry, biosphere, mine waters, sediment bowls.
Kusmenko B.B. - AHTpauuTOBCKUH (haKkyIbTET TOPHOTO JeNia U TpaHcnopTa BocTouHoykpanH-
CKOTO HaIlMOHAJIILHOTO yHHBepcuTera nuMeHu B.Jlans, crapmmii mpenopasa-

tens kadenpsr «VmxeHeprn 1 00111e00pa30BaTeNbHBIX AUCIUTUTAHY

Peuenzent: - XappkoBckuid B.T.,mpo., k.T.H. kadeapn exonorun BocTOYHOYKpanmHCKOTO
HaIlMOHAIBHOTO YHUBepcuTeTa uMeHH B.Jlans

Cmamubs nooana
02.10.2010
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YK 504.064:622.17: 658.504
JomenkaI'. C.,
M. KpacHonon

MOPO/HI BIIBAJIA BYTVIbHUX HNIAINPUEMCTB SIK BAXKJIUBUN
EKOHOMIYHUWI OB’EKT PETIOHY

VY craTTi IpOBEACHO aHAai3 MOKJIMBOCTI BUKOPUCTAHHS MOPOJHUX BiJBAJIB SK
TEXHOTEHHUX MOKJIA/iB KOPUCHHX KOMAIHH. PO3MISIHYTO MOPIBHSUIBHY XapakTe-
PHUCTHKY CKJIamy MOPOJHMX BifgBaiiiB KpacHOIOHCHKOTO perioHy, BUALIEHO CKiIa-
JOBI KOMIIOHEHTH $IKIi MOYKHAa BHJIYYHTH 3 TEPUKOHIB. Y CTaTTi PO3TILIAETHCS
MOJKJIUBICTD BUIIIEHHS 3 MOPOJHUX BiABATIB LIHHUX KOMIOHEHTIB. Tabmn 1, miT.8.

Knrouosi cnosa: nopooui giosanu, mexHozeHHi pooosuwa, NPOMUCIO8I 8i0X00U,
2epManil, 2aniti, MUMmMaw, MOKCUYHICMb, 3a0PYOHEHHS.

ByrinsHa mpomucioBicTs € y KpacHOIOHCEKOMY perioHi MicToyTBoprotodoro. Ha Te-
pUTOpii perioHy 30cepeKeHa BelMKa KUTBKICTh BYTJIEJOOYBHUX IiIIPUEMCTB, a BHIOOYTOK
BYrlUIs 3ajMIIae 1Mo coOl BENUKY KUIBKICTh 0araTOTOHHaXXHMX BiaxoaiB. HaBiTk po3mouara
OCTaHHIM YacOM pecTpyKTypH3allis ByIJIeJo0yBHHX HiINPUEMCTB, HE BHUpIilIye mpoliemMy mo-
POJHHX BiIBaiB.

[TpupoHi BigBaMK HEraTHBHO BIUIMBAIOTh HA HABKOJMIIHE CEPEIOBHUILE, BUKIMKAIOUYH
3a0pyAHEHHs YCiX CKJIAZOBUX Oiocdepu Ta MiABHIIYIOYH PIBCHb 3aXBOPIOBAHOCTI HACEICHHS.
[MopigHi BiJgBajdK ropsTh, OTPYIOIOUM aTMOC(epy OKCHUAAMH CIPKH 1 a30Ty, 3 HUX 31yBa€ThCs
TIAJI, 3 - TiJT HUX TIPOCTYIIA€ BUCOKOMiHEpaIi30BaHa BOAA, BOHU 3aiiMarOTh 3HAYHI TEPHUTOPIi.

OCHOBHMMY YHMHHHKAMH HETaTUBHOTO BIUIMBY MOPIJHHWX BifBaJliB Ha HAaBKOJIMIIHE
MPUPOTHE CEPEIOBUIIE €:

®  [OPYLIECHHS NPHUPOAHOTO JaHAmAa(Ty 3¢MHOI TOBEPXHI;

e  mHIOra3oBe 3a0pyAHEHHS aTMoc(epH;

®  [OPYLICHHS TiAPOJIIOTIYHPOTO PEXKUMY IPHIIETIINX TEPUTOPIH;
e  XiMiuHe i pagioyioriuHe 3a0pyJHEHHS IPYHTIB 1 BOJ.

AJte MOpOJIHI BiiBaIM BYTJIeJOOYBHHX IMIAIPUEMCTB MOXKHA TIEPETBOPUTH 1 HA KOPHUCHI
JUISL peTioHy 00’ €KTH, BAKOPUCTOBYIOUH iX SIK TEXHOTEHHI IOKJIaH KOPUCHUX KOTIAJIHH.

CTBOpEHHS MiINPUEMCTB JJIsI KOMILIEKCHOI pO3pOOKH TEXHOT€HHUX POJIOBHII JI03BO-
JIMTH BUPIIIUTH PAJ MPOOJIEM MIaXTapChbKUX MICT 1 pailoHIB: 3MEHIIUTH HaABaHTAXXEHHs Ha Mic-
[EeBl pUHKY Tpalli, 301IbITUTH 00CATH KOIITIB, IO MOCTYMAIOTh 10 MiCIIEBUX OIOKETIB, IOHU-
3UTH €KOJIOTIUHE 3a0py/HEeHHS HABKOJIMIIHBOTO CEPEOBHINA, TIOBEPHYTH B 000POT 3eMili, II0
3HAXOJATHCS 3apa3 Mi/l TEPUKOHAMH, OTPUMATH LIHHY MPOJYKIIiI0, 3aTpeOyBaHy Ha PUHKY.

CroronHi yBara mpOMHUCIIOBOCTI SIK B JaJICKOMY, TaK i B OJMIKHBOMY 3apyOiXOKi 3HOB
3BEPTAETHCS A0 MOPITHUX BigBaNiB BYrUIbHUX maxT. LIIupokuii cekTp pisHUX XIMIYHHX CIO-
JYK 1 JIEMEHTIB, M0 BKIOYAIOTh TePMaHiil, i piIKo3eMeNbHi, a TAKOXK TIMHO3EM U BUPOO-
HUIITBAa OOKCHUTIB, 3aJTI3HSK 1 0€3M0CEPEIHPO BYTLIS MPH BUCOKIN JOCTYITHOCTI, HU3bKIH ITiHi 1
MPAaKTUYHO HEOOMEXEHUX 00CATrax MOYaTKOBOI CHPOBHHHM - HOPOAH, POOUTH MEPCIEKTHBHUM
BKa3aHUW TEXHIYHHI HAIIPSIM.

ParionasbpHe BHpiLIEHHs POOIEMH NPOMHUCIOBUX BIJIXOJIB 3aJIEKUTh Bil POy YWH-
HHKIB: PEYOBOTO CKJIaJly BIZXOJIB, IX arperaTtHoro CTaHy, KiIbKOCTI, TEXHOJIOTIYHUX O0COOJIH-
BocTeH 1 Tak mani. HalOimpmr e)eKTHBHUM BUPIMICHHSM IPOOJIEeMH POMHUCIOBUX BIIXOJIB €
BIPOBAKEHHST 0€3BiAX0AHOI TexHojorii. [Ipy KOMIIEKCHOMY BHUKOPHCTaHHI CHPOBHHHHX
MaTepialliB IPOMHUCIIOBI BIIXOU OAHAX BUPOOHHUITB € IOYaTKOBUMH CHPOBHHHUMH MaTepia-
JIaMU 1HIIMX. Ba)knBiCTh KOMIIJIEKCHOTO BUKOPHCTAHHSI CHPOBUHHHUX MaTepiaiB MOXKHA poO3-
TIJATH B ACKITBPKOX actekrax. [lo-mepiie, yTuitizamis BiIX0AiB JO3BOJISIE BUPIIIATH 3aBAAHHS
OXOPOHHU HABKOJIMIHBOTO CEPEIOBHIIA, 3BUIBHATH I[IHHI 3€MEINbHI yTifs, 3aliMaHi i BiiBa-
JM 1 IUTAMOCXOBUINA, YCYHYTH IIKIUIMBI BUKUAM B HABKOJHUINHE cepepoBuine. [lo-npyre, Bia-
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XOAM B 3HaYHIH Mipi OKPUBAIOTh ITOTPeOy psiay NepepoOHuX ramyseil y cupoBuHi. [lo-Tperte,
IPU KOMIUIEKCHOMY BUKOPHCTaHHI CHPOBHHHM 3HIDKYIOTHCSI IIMTOMI KalliTallbHI BUTPaTH Ha
OIMHHMIIIO TIPOAYKIII] 1 3SMEHIIYEThCS TEPMiH iX OKYITHOCTI.

Ximiuynmii ckjgang mopoauux BiapaaiB KpacHogoHcbkoro periony

Bceroro B perioni KpacHomoHy 3 ypaxyBaHHSIM JIiKBiTOBAHUX BYTUIBHUX ITiIPHUEMCTB
po3mimeHo 29 mopimHuX BiABaJiB, SAKi 3aiiMaroTh momy 2952,29 tuc. M2, 3 mux 11 IFOYNX
mromero 1172,46 tuc. M°. Ha Tepurtopii periony (yHKIIOHYIOTh 4 MYTOHAKOIMYyBadi, 3ara-
JILHOIO ILIOIIEHO 2,2 THUC. MZ; 00'eTHaHE XBOCTOCXOBHIIIE, IJIOIIA SKOT0 CTaHOBUTH 1080 THC. M
1 HeIiFoY Mt TiApoBinBa miomnieto 184 Tuc. M. 3aranbHa IUIONIA 3alHsTA IIiJ MICI BUAAJECHHS
BigxomiB craHoBHUTH 4359,55 MZ YV Tabm. 1 BiJOOpaKCHUIl MOPIBHAIBHUN XIMIYHHAN aHami3
1opou 3 BifsaiiB gekiibkox maxt BAT «KpacHomoHBYTLIIISE».

VY tabn. 1 HaBeeHUI NOPIBHUIBHUN aHANI3 XIMIYHOTO CKJIaIy NESKUX MOPOJIHUX Bij-
BaiB KpacHOOHCHEKOTO pErioHy.

Jesiki XiMiuHI €IeMEHTH, M0 3HaXOMAThCA Y BifBajaxX € TOKCHYHUMH. [0 TOKCHIHIX
€JIEMEHTIB HAJICKUTh OCpUITiid, BaHA i, BicMyT, KOOAJIbT, MapraHellb, MiJb, MOJIIO/I€H, MUIII K,
HiKeJb, HI001H, pTyTh, CBHHEIb, CEJICH, CipKa, Talil, IUHK, (pochop, PTop, XpoM i XItop.

Takum gnHOM, BEXOAM4M 3 HaHuX Tabn. 1 mepeBumenns ['JIK cmoctepiraetbes momo
tdocdopy, koHneHTpamis akoro ctaHoBUTH 600...700Mr/KT, poTe Hel MOKa3HUK HE MEPeBH-
mrye reosorivHui GoH s rpyHTIB miBaHS JIyraHcekoi obmacTi. KoHIeHTparis MumI'sky 3Ha-
yno nepepuinye I'JIK B 2...3,5 pasa, a reoximiuauii ¢on npudausHo B 1,3 pasa.

Awnanizyrouun naHi miei Tabiumi MoXHa 3pOOUTH TaKi BACHOBKH.

1. [opoaHi BigBaaM MICTSITh Y CBOEMY CKJIaJi TepMaHiil Ta piAKO3eMelbHI CIo-
JIYKH, TITHHO3EM.
2. Jlesiki cronyku, a came rajiiii Ta CKaHIiil MICTAThCS y MOPOJHHUX BilBanax y

MPOMHUCIIOBUX KiTBKOCTSX.
KinpkicTh OKHCHAY aTIOMiHIIO Y TOPOAHUX BiJBaJIaX HAIIOTO perioHy gocsrae 20%
Cepenniit BMicT ramiro Big 8,75 mo 16,0 Mr/kr (peHTabenpHICTE BUAOOYTKY Bin 10
Mr/kr, ckaamito Bix 10,0 o 12 mr/kr (peHtrabenpHicTh Big 10 Mr/kr).
IcHye nexinbka MOXKIMBOCTEH BUKOPUCTaHHS BYT1IbHOT TOPOIY 3 BiBAJIiB.

1. BupoOHHAIITBO OOKCHUTIB 1 aimoMiHi€BHUX criaBiB — 3a ganumu BAT «KacHomoHBYTiII-
Js1» BMICT OKCHJY QJIIOMIHIIO Y IOPOJHMX Bi/IBajnax MicTa CTaHOBUTH npubim3Ho 20%, a Bap-
TiCTh amoMiHio — 2200 gonapis 3a ToHHY[8].

2. BigisieHHs1 MarHiTHAX 3aJ1i30BMICHUX CIOJYK 3 MOPIAHUX BiBaiB.

3. BuzineHHs LiHHUX KOMIIOHEHTIB 3 TIOPIAHUX BiJBaJIiB, TAKHX SIK CKaH/il — BapTiCTh
6mm3bKo 42 THC. oNapiB 3a Kijorpam, raiuiit — Bapticts 1,5 THc. nonapis 3a Tonny. Kpim Toro,
BMicT TuTany Big 3000 no 5500 mr/kr.

4. BunineHHs piIKo3eMeIbHUX €IEMEHTIB 3 TOPIIHUX BiBaJiB, HAIPHUKIA ITPIFO.

5. OTpuMaHHS arJonopuTa 3 MOPiTHUX BiIBaiB.

6. OtpumaHHs OyniBeTbHUAX MaTepialiB (MicKy, rpaBito, MeOeHs, IIEMEHTY).

7. 3acurnka qopir.

8. 3acurka ypBUIIl Ta IHIIUX HETaTUBHUX (HOPM pEIBEDY.

9. IMomnrapoBa nepecurnka cMiTTs Ha mojtironax THO.

10. HarroBHIOBaY 1711 GETOHY.

11. BukopucTaHHs TeIUIa MOPITHUX BiIBaTIB IJIs ONATIOBAHHS KHUTIOBUX MACUBIB (K-
1110 BiJIBaJl 3HAXOIUTHCS HA TEPUTOPIi HACEICHUX MYHKTIB).

12. BukopucTanHsi B CUIbCBKOMY TOCIIOAPCTBI K 100puBa, ajke BMicT Gochopy y mo-
poxi BinBaniB 6mu3bko 600 mr/kr. IlpubnusHa BapTicTh (GochopHUX TO0OpPHB CTaHOBUTH 320
JI01apiB 3a TOHHY[7].
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Tabnuus 1
XimiuHMil CKJIaJl MOPOAHKX BifBaliB, po3ramoBaHux y KpacHoI0HCEKOMY perioHi

Enementu Knac |TAK |T'eono- BusiBneHi KOHIICHTpAIlii, CepeTHE 3HAUCHHS,
Hebe3- |Mr\ Kr |riyHuit MI\ KT
eKu ¢doH s

rpyutie | Cam- |II.50 |LI.To- |II. Cy- |IL. im.

MiBJHI coHOBCh- [PIUYS [piBxiB- |Xx0- H.II.

obmacti, |kas- CPCP |cpka nonsch- |bapa-

MiJir- 3axigHa Kasi- KOBa

pam/kr Bocro-

YHas

Pryth 1 1,0 0,09 0,078 0,62 0,13 0,051 (0,43
dochop 500 699,0 700,0 600,0 |700,0 |600,0 |600,0
CBuHEIb 1 30,0 13,7 14,0 13,3 29,0 18,8 16,3
Minb 2 56,0 28,0 30,0 27,5 30,0 30,0 27,5
Tutan 3041,0 5500,0 4500,0 (4200,0 (3500,0 |3750,0
Murr'sk 1 2,0 50 6,5 6,6 6,0 2,5 2,0
Bamnaniit 1 150,0 [90,0 110,0 92,5 1240 85,0 112,5
Maprasernp |3 1000,0 |575,0 760,0 850,0 (620,0 |450,0 |500,0
Tamiit 11,13 10,0 8,75 16,0 12,5 11,3
Bonedpam |3 3,0 3,0 3,0 3,0 3,0 3,0
Hikens 2 50,0 46,0 50,0 32,5 58,0 50,0 42,5
Xpom 2 100,0 |133,0 100,0 60,0 94,0 77,5 72,5
KobGansT 2 50,0 11Mm 10,0 10,0 11,0 10,0 10,0
Bicmyt 3 2,0 2,0 2,25 2,0 2,0 2,0
Bapiii 3 255 420,0 600,0 |450,0 |400,0 |650,0
HioGiit 20,3 20,0 20,0 20,0 20,0 20,0
MonibaeH 2 40 1,8 1,9 15 2,1 1,25 1,625
O1oBo 3 4,3 5,8 50 7,8 9,3 6,5
JTiTii 1 45,0 38,0 45,0 46,0 45,0 40,0
ITpiit 13,1 16,0 17,5 13,0 13,75 15,0
Huuk 1 100,0 |68,0 88,0 55,0 1240 (100 92,5
Cxanii 10,0 11,0 12,5 10,0 10,0 10,0
Tepmaniii 3 1,4 2,0 2,25 2,3 2,125 12,0

Crymiae yTwmizamii i mepepoOKH BiAXOJIB BYTUTBHUX MiAIPHUEMCTB Ay)Ke HU3BKUH,
BHACJIJIOK YOTO BEJIHKa KUIBKICTh PECYPCHO-IIIHHUX CIIOJNYK, IO MICTATHCS B IIAXTHUX Bi/Ba-
JlaX HE BUKOPHCTOBYETHCS 1 BTPAYAETHCS JIJIsl EKOHOMIKU MiCTa.

Binxoan ByrneBumoOyBaHHS B MicTi He (QaKTHIHO YTHIII3YBaJIUCH, 1 HiZle HE yTUTI3Y-
I0ThCSI.
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VY pO3BHHEHHX IHAYCTpiaJIbHUX KpaiHax CBITY PiBeHb BHKOPUCTAHHS HPOMHCIOBUX
BigxoxiB pocsirae 70-80%, Toxi sixk B YkpaiHi i OnmkHBOMY 3apyOioKi BiH He nepeBuuiye 12-
15%.

VY CHIA, Hampukiag, 3 MpoMBixoAiB oTpuMytoTs 20% Bchoro amomiHiio, 33% 3amisa,
50% cBuHIO 1 TUHKY, 44% Mizi 1 Tak gami.

JlocmiauBImy MOTEHIIaN PeTiOHy MOXHA 3pOOHTH BUCHOBKH, IO TEPUKOHH € BaKIIH-
BUM €KOHOMIYHUM 00’ €KTOM.

Juns BUmoOyTKY iHHIX KOMITOHEHTIB 3 MOPOJHUX BigBaNiB HEOOXiZHO Ha 0a3i mIaxr,
1110 3aKPHBAIOThCA a00 BXKE 3aKPHTI, CTBOPIOBATH IMIANIPUEMCTBA Il po300py TepukoHiB. Ha
Teputopii KpacHOJOHCHKOTO perioHy 3HaXOIUTHCS NIEKUIbKA PECTPYKTYPHU30BAHHX BYTJIE/IO-
OyBHHX mianpueMcTB. CborosHi yac B perioni KpacHomoHy HaliuyeThesl IICTh 3aKPUTHX LIAXT.
Ie: Cyxomonbebka Nel, im. C. Tronenina, im. JIrotikoBa, KpacHonapcrka-Ilinenna, JloHenbka,
«Ilepemora», maxra Tanoscbka, [liBHiuHa. [lepenonaruBim BifBaj, NMPOCTO BHUTATYBATH 3
HOoro mopoau repMaHii, a IIOTiM BE3TH Ha 3aBOJ JJIsl BUILIABKU MeTaly abo BHIYYEHHS 1HIINX
IHHUX KOMITOHEHTIB HENOMIIbHO. HasgBHICTE Ha IIaxTax 3ai3HUYHUX 1 aBTOMOOUIBHUX i 1-
3HHX KOJIiH, MPUMIIIEHb IPOMHCIOBOTO i TOOYTOBOTO IPHU3HAYEHHS, €HEPTeTHIHOTO KOMILIEK-
Cy J03BOJIUTH CKOPOTUTH BUTPATH i TEPMiHH BBEACHHS B POOOTY IUIAHOBAHOTO BHPOOHUIITBA.
Kpim mporo cTBOpeHHS MiANPHEMCTB TaCTh POOOTY JKUTEIISAM IAXTHUX CEIIHIIL.

CTBOpEHHS MiANPUEMCTB JUT KOMIUIEKCHOI pO3POOKH TEXHOTCHHHX POJOBHII JT03BO-
JIUTH BUPIIIUTH PSAA MPOOIIEM MIaXTapCHKHUX MICT 1 paliOHIB: 3MEHIINTH HABaHTa)KEHHS Ha Mic-
I[EBl PUHKH TpaIli, 3017bIIUTH OOCATH KOIITIB, IO MOCTYIAKTh J0 MICIICBUX OFODKETIB, 3HH-
3UTH €KOJIOTIYHE 3a0pYAHEHHSI HAaBKOJMIIHBOTO CEPEIOBHIIA, IOBEPHYTH B 000POT 3eMIIi, 1110
3HAXOJATHCS 3apa3 IiJ TePUKOHAMH, OTPUMATH LIHHY NTPOAYKIIiIO, 3aTpeOyBaHy Ha PHHKY.

J1ist oI HsT €KOJIOTIYHOT 1 COLliabHO-€KOHOMIYHOI CUTYyalii B IIaXTapChbKUX Mi-
CTax HEOOXiTHO CTBOPIOBATH MIANPUEMCTBA 3 KOMIUIEKCHOT IepepoOKH TEXHOTEHHUX POJIOBHILL,
10 YTBOPWJIMCS B PE3YNIbTATi AISTIPHOCTI BYTUIFHOI IIPOMHUCIIOBOCTI, 3 BIAXOIB 3M00M4i i 30a-
TaueHHs BYTUUIA, IO MPHUBEE IO 3HMKEHHS PiBHS 0e3p00ITTS, CKOPOUYCHHS O0CATIB BHKHIIB
MIITY, OKCHUIIB CIPKH 1 a30Ty 3 MOPiTHUX BiIBaliB, a TAKOK BUBUTLHCHHS 3HAYHHX IUIONI, 3apa3
3afHATHX TOPiTHIMH BiIBalaMH.

His 3abe3mederHHs e()eKTUBHOI MiSITPHOCTI MiANMPHEMCTB 3 MEPEpOOKH TEXHOTCHHUX
POIOBHUI MOTPIOHO 3a0€3MEYHTH KOMILUIEKCHICTh PO3POOKH TEXHOTCHHHX POJOBHII 3 OTPH-
MaHHSIM OCHOBHOI MPOAYKILIiI (COPTOBE BYTL/LIA) i Psily MONMYTHHUX KOPUCHUX KOMIIOHEHTIB
(webinp pizHMX (pakuiil) 3 MakCUMalbHUM BHKOPUCTAHHAM TipChbKOI MacH pPOJOBHINA, IO
PO3pOOISIETHCS, 1 MIHIMAJILHUM 3a0pYyJHEHHSIM HAaBKOJHIIHBOI'O CEPEOBHUINA, 3 BUKOPUCTAH-
HSM TBEPAMX BIAXOJIB 30aradeHHs, 10 YTBOPIOIOTHCS, a TAKOX i3 3aCTOCYBaHHSIM HaJiHHOTO
MO/IyJIbHOTO BITYU3HSIHOTO YCTaTKyBaHHS JUIsl IEPEPOOKU TEXHOICHHHUX POIOBHIIL.

[MianpueMcTBa 3 KOMIUIEKCHOT IIEpepoOKH TEXHOTEHHUX POJIOBHIN 31aTHI e(heKTHBHO
NpaLIOBaTH, BUIIYCKAIOUH JCKiIbKa BUIIB MPOAYKLIl, CIPOMOXKHOI Ha pUHKY. B mepury gepry
e Byriwis i mebinp nexinpkox ¢pakmiid (0-150 MM), a Takok MPHUCAAKH 0 HEMEHTY, Gocdo-
pHi mobpuBa. Binxoan nponecy nepepoOKH BUKOPUCTOBYBATHMYTBCS Ul 3aCHIIKH HPOBAJIB
3eMHOi TOBEPXHi.

Po3po0ka TeXHOreHHUX POIOBHIL AO3BOJIUTH HEPEHTH 10 PaLliOHAIBLHOTO NPHUPOIOKO-
PHUCTYBaHHS 13 3a0€3MEUYCHHSIM B3a€MO3B'SI3KIB Pi3HUX €KOJIOTIYHHX 1 COIiaIbHO-CKOHOMIYHUX
YMHHUKIB 3 METOI0 3HW)KCHHS HETaTHBHOI'O BIUIMBY HACIIJKIB JisJIbHOCTI TiPCHKUX IiIMpPH-
€MCTB HAa HABKOJIMIIIHE CEPEIOBHIINEC 33 YyMOBH YpaxyBaHHS IHTEPECIB COI[iaIbHO-
TEPUTOPIATLHOI CIIILHOTH.

Jnst CTUMYIIOBaHHS PalliOHAIBHOTO PUPOIOKOPUCTYBAHHS MIAIPUEMCTB 3 PO3POOKH
TEXHOT'€HHHUX POJIOBHUII HEOOXIHO yJOCKOHAIIOBATH MEXaHI3M B3a€MOJIi IUX HiIIPUEMCTB 3
pETiOHaTPHUMHU 1 MICIIEBUMH OpTaHAMH BJIa]IH.
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BucHOBKH

TakuM 4YWMHOM, pPO3poOKa TEXHOTEHHHMX MOKJIAJIB KOPUCHUX KOIIAJIMH JIO3BOJIUTH
OTPHUMATH 3 IMOPITHMUX BiIBATIB TaKii MaTepiaii i KOMIOHEHTH:

CKaH/Ii;

rajim;

THTaH;

AJTIOMIHIN;

piAKO3eMeNbHI eeMeHTH;

BYTLJLISA;

CWJIIKATHI MaTepiaiu 111 OyiBeIbHUX iJICH;
noOpuBa.

KpiM Toro, koMIuiekcHa po3poOKa MOpOJHUX BiJBaJiB JO3BOJIUTH BUPILIMTH 1Ty HU-
3Ky €KOJIOTIYHUX MPOOJIEM Ta COI[iaIbHUX MPOOJIEM PETioHY:
1.

N

ExonoriyHnX — TEpUKOHM PO3TAIIOBYIOTHCS B Oe3mocepemHiidl OMM3BKOCTI
BiJl HACENIEHNX MYHKTIB, IO NMPHU3BOIUTH 0 3a0pyIHEHHS HABKOJIUIIHBOTO
CepeoBHIIA.

ComianbHUX — CTBOPEHHS HOBUX pOOOYUX MiCIIb.

3eMenpHAX — 3BUTBHEHHS TEPUTOPIi i 3a0y10BY.

JlitTepatypa

TTacopTt mopoaHBIX 0TBanoOB maxThl «CaMcoHOBCKas-3amagHas», OAO «KpacHOZOHYTOIbY.
IMacopt mopoaupix otBanoB maxtel 50 - netus CCCP, OAO «KpacHOZOHYTOIb.

ITacopt mopoaHpIX 0TBanoB maxThl «OpexoBckas», OAO «KpacHOIOHYTOIbY.

ITaciopTt nopoaHbIX 0TBanoOB maxThl «Cyxonoibckasi-Bocroynas», OAO «KpacHOZOHYTOIIbY.
ITacniopt nopoausix orBanos maxtel uM. H.IT. Bapakosa, OAO «KpacHonoHYyroab».

36ipka gonoinei VI mixkHapoaHoi HaykoBoi koH(epeHIii acmipanTiB i ctyneHtis "OXOPOHA

HABKOJIMIIHBOI'O  CEPEJJOBUIIIA TA  PAIIOHAJIbBHE  BUKOPHUCTAHHA
TMPUPOJHNX PECYPCIB". Tom 1.— dorenk, 2007. — C. 50-51.

http://www.mineral.ru/
http:// Fin.Org.ua

B crarbe npoBenieH aHANMKU3 BO3MOYKHOCTU HCIIOJIB30BAHUS MOPOJHBIX OTBAJIOB B
KauecTBe TEXHOT'CHHBIX MECTOPOXKIEHHUI IOJIE3HBIX HMCKONaeMbiX. PaccmoTrpena
CpaBHHTEJbHAS XapaKTepUCTHKA COCTaBa MOPOAHBIX OTBaIOB KpacHoIoHCKOrO
pervoHa, BbIJEJIEHBI COCTABJISIONIUE KOMIOHEHTBI, KOTOPhIE MOXXHO HM3BJIEUYb M3
TeppPUKOHOB. B craThe paccMaTpuBaeTcs BO3MOKHOCTD U3BJICUEHHS U3 MOPOTHBIX
OTBAJIOB IIEHHBIX KOMIOHEHTOB. Taou. 1, nut.8. TlopogHbIC OTBANBI, TEXHOTCHHBIC
MECTOPOKICHHS, MPOMBIIUICHHBIE OTXOMBI, TePMaHHUH, TaUIHH, TUTaH, TOKCHY-
HOCTb, 3arpsi3HEHHE.

The analysis of possibility of the usage of waste dumps as technogenic deposits of
minerals is conducted in the article. Comparative description of waste dumps
composition of the Krasnodon region is considered; forming components which
can be extracted from waste banks are selected. Possibility of extraction of
valuable components from the waste dumps is examined in the article. Table 1,
sources 8. Waste dumps, technogenic deposits, industrial wastes, germanium,
gallium, titan, toxicness, pollution.

Astop — Jlomcrka ["anna CepriiBHa, acHCTeHT KadeIpH MPUPOJHUIHX Ta PyHIAMEHTAIbHUX ITUCIHUILTIH

KpacHonoHchkoTO (hakynbpTeTy iHXKeHepii Ta MeHepKMeHTY CXiTHOyKpaiHCh-
KOTO HaIllOHAJIbHOTO YHiBepcuTeTy iM. B.[lams.

Penensent — Anrekap Muxaiino [lasunosud, nexan KpacHOZOHCEKOTO (akyImbTeTy iHKEHEpii Ta MeHe-

JDKMEHTY, Ipodecop, K.X.H.
Cmammst nooana
06.10.2010
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VJIK 502:621.182.95
Yepueubka H.b., Kanycrin /I A.,
JIyrancek

HIABUIIEHHSA HAJIIMHOCTI I'JIPOTPAHCIIOPTHUX CUCTEM TEC

CratTs MpUCBIYEHA BU3HAYCHHIO CTYIEHS B3a€MOZII TiAPOTPAHCIOPTHHX CHCTEM
TEC 1 HaBKOJMIIIHBOTO CEPEeIOBUIIA, BUABICHHIO OCHOBHUX (DaKTOpiB, 110 BILIU-
BalOTh Ha HaliiiHicTh poboTH rigposonounaneHHs TEC, 1 po3podui 3axoaiB At
301TbIIIEHHS HAMIHHOCT TAKHX CHCTEM.

Knrwuoegi cnosa: ciopompancnopmua cucmema, Haoiinicmo, TEC.

HocTtanoBka mpo6/aeMu. OTHIM 31 IIIXIB MiIBUIIECHHS €()EeKTUBHOCTI, €KOJIOTIIHO-
CTi Ta yJOCKOHAJIIOBAHHS TPAHCHOPTHOI Mepexi YKpaiHM € MOoJajblIIMi PO3BUTOK TPyOOIpO-
BIZIHOTO TiZIpaBJIiYHOrO TPAHCIIOPTY TBEPUX MaTepiaiiB.

Leii BuA TpaHCTIOPTY MIMPOKO 3aCTOCOBYETHCS B 0araThoX rayry3six HapOAHOTO TOCIIO-
JapctBa. Bin HalimommpeHinui y ripHU4000yBHIN 1 BYTilbHIH MPOMHUCIOBOCTI, 8 TAKOXK Ha
TEC.

3acrocyBanns rigporpancnoptaux cucteM (I'TC) mocuts edexTHBHE MPH TiApomexa-
Hi3aIii HaMuBY Tpedenb, 7aM0, TOJOTHA 3ali3HUX Ta aBTOMOOIIBHHUX JTOPIT.

OCHOBHUMH TIepeBaraMi TPYOOIIPOBITHOTO TIAPOTPAHCIOPTY € HOTO 3IATHICTH Oe3-
MIEPEPBHOTO TPAHCIIOPTYBAaHHS OUIBIINX 0OCATIB BaHTaXIB, & TAKOK MOXKJIMBICTH ITOBHOT aBTO-
MaTu3alii TPaHCIIOPTHOTO MPOIIECy i HOTro iHTerpamii y BUpOOHHYI I UK, BUCOKA NPOIYKTH-
BHICTh Ta €KOJIOTiYHa CYMICHICTP i3 HAaBKOJHIIHIM cepenosuiieM. Buxopucranas [ TC He 3a-
JISKUTH Bill penbedy MiCIICBOCTI.

[TpoMucoBU#l TiAPOTPAHCIIOPT TPAHCHOPTYE TiApocyMiln pisHUX (pakuiil 3 migBuU-
ICHOI0 abpa3uBHOIO 3/IaTHICTIO, 10 CHPUYUHSIOTH IHTEHCUBHE CIPALIOBAHHS YCTaTKyBaHHS.
[pouec 3HomyBaHHs okpemux eneMeHTiB ['TC 3aneKuTh Bif peXHMy Ta YMOB TPaHCIIOPTY-
BaHHs, a TAKOX B (DiI3MKO-MEXaHIYHUX XapaKTEePHCTHK TBEPIUX YaCTOK i MaTepiay HOBEpXHi.

Bimmosa I'TC Moske mpH3BECTH 0 3HAYHMX SKOJIOTIYHUX Ta EKOHOMIYHHX HACJIIJIKIB,
TMIOB'I3aHMX 13 BTPATOIO KOUITOBHOI CHPOBHHH, MOPYIIEHHSIM TEXHOJIOTIYHOTO [IUKITy Ta MacIl-
TaOHMM 3a0pyTHEHHSIM NPHITaodoi TEPUTOPii, 110 HAHOCHTH HETIONPAaBHUH 30MTOK HABKO-
JHUIIHBOMY cepenoBuiiy [2].

Mera crarTi. [ligkpecnuti akTyanapHiCTh mpobOieM BIumBY mifcucteM TEC Ha Ha-
BkoynmiHe cepenoBuiie Ta yrockoHaeHHs [ TC TEC i3 meToro 30imbIIeHHs HaJiitHOCTI IXHBOT
pOOOTH Ta TEPMiHY eKCILTyaTaIlii.

Orasn ocrannix myoaikauniii. Tsepnonanusai TEC, mo BupoOmsitots nonan 25%
€JIEKTPOEHEPTii, 32CTOCOBYIOTH TAPOTPAHCIOPTHI CHCTEMH ISl BUAAJICHHS 30JIM Ta IILJIAKIB.

TumnoBa cxema 30JI0LIAKOBUIAJICHHS], 300pakeHa, Ha MPUKIAAlI CXEMH TiIpO30JI0BH-
nanexast TEC Jlyranceka Ha puc.l.
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Puc. 1. Cxema rigposonoBunanenns TEC Jlyranceka
1 - 3osonuTaKoBiABAN; 2 - MAXTHI KOJIOMA31; 3 - OaceifH MposCHEHOT BOIU; 4 - po3/ijoBa qamoba; 5 - BiJK-
puTHIi KaHaw; 6 - MyIBEHONPOBOAN; 7 - HACOC; 8 - MPUAMKH OarepHUX HacociB 1-ro mixiomy; 9 - camorn-
nuBHI KaHanu; 10 - )KyXiIbHI BAaHHU KOTIIB; 11 - 3MuBHI HacocH; 12 - mpUsAMKH OarepHUX HACOCIB 2-TO
migifomy; 13 - mepBUHHUI OIPiOHIOBAY NIIAKiB; 14 - XKyXiJbHA BaHHA 13 CHCTEMOIO BHIAJICHHS IIITaKiB;
15 - crioHyKaJbHi coruia; 16 - 3omoynoBmtoBadi; 17 - GIMMaBKH.

JloHeZaBHa CHCTEMH TiIpO30JIOBUAANICHHST OyJiM HalHOLIbLI JOCKOHAJIMMH: HajiiiHe
BUJIAJICHHSI OCEPE/IKOBHUX 3aJIMIIKIB, TIOBHA aBTOMAaTHU3allisl TPOLECY BUAAICHHS 30JIM Ta IUia-
KiB, MOKJIMBICTh BUKOPUCTAHHS IS KOTIIB OyIb-IKOI MMOTYKHOCTI Ta MPU OYyAb-AKii 30JIbHOC-
Ti MMANKBa, KPalli CaHiTapHI YMOBH, YUM IPH BUKOPUCTAHHI IHIIAX THIIIB 30JI0IIIAKOBH IAICH-
us [3].

Opnak g OyZiBHHIITBA 30JI00TBANIB Ta IXHBOI IHXKEHEPHOI iHPPaCTPYKTYypH (30JI0TI-
POBOJIOB, HACOCHUX CTaHIIN Ta iH.) MOTpiOHE BiABEJCHHS Ta BIIIYYCHHS i3 CLIBrOCIOOOPOTY
3HAYHHX IUION] 3eMENIbHUX YTiib. 30epiraHHs 30J0IUTAKOBBIX BiIXO/IB BUKIIMKAE MTOTPAILISH-
Hs po3unHiB (Haiyacrime marot PH Buie 10) i3 4amn 30J00TBAJIOB Y IMOBEPXHEBI Ta I'PYHTOBI
BOJM 3 TXHIM HACTYITHUM HACHYCHHSM, MUTIHHS 30J1M 3 TIOBEPXHI Yalll 30JI00TBAJIIOB, 0COOINBO
MPY HarpOMa/KEHHI 3HAYHOT iXHBOT KIIbKOCTI Ta BHUYEPIIaHHS BUILHUX EMHOCTEW Ha 30JI0BIiJI-
Baiti (Ha TEC JlonOacy mija 30Ji0U1IaKoBiBa M 3aitHATO 01M3bKo 1,5 THC. Ta TepuTopii). [lix
yac eKcIuTyaTallii BUHHKAIOTh ITOPUBHU ITyJIBIIONPOBOAOB 1 BUTIKAHHS 30JIONUIAKOBOI CyMmimIi 3
BUBEJICHHSM i3 paIiOHaJIbHOTO 3eMICBUKOPUCTAHHS POIIOYNX 3eMenb [4].

[MpnunHaMu nepepaxoBaHUX BHIIE HEJOMIKIB €:
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- HepauioHaJbHE BUKOPHCTAHHS BOJM (HM3bKa MacoBa KOHLEHTpaLis TBEpAOi (a3u B
rizpocyminti);

- BUKOPHCTAHHA MPHUCTPOIB 3aCTapiMX KOHCTPYKIIH (K YIOBIIOBAIBHOTO, TaK i Ha-
COCHOTO yCTaTKyBaHH);

- MOPYIICHHS PEKUMIB TPAaHCIOPTYBAaHHS (TPAHCIIOPTYBAHHS 13 YaCTKOBHM 3aMYyJICH-
HSIM);

- CKIIAIHICTP T1IPOTPAHCIIOPTHOI CHCTEMH;

- BIICYTHICTP YWiTKHX MPABWJI €KCIDTyaTallii CHCTEM TiIpO30JI0BUIATICHHS.

AHaii3 oTpUMaHuX JJaHUX I10Ka3aB, L0 €KCIUTyaTOBaHI CHCTEMH 30JIOLIAKOBU/IAJICH-
Hsl MalOTh OTpeOy B MOJepHi3allii st 30UIbIIEHHS CTyNeHs! IXHbOT Ha IiifHOCTI.

VY nockonamoanHsa ' TC TEC moHa 3po0UTH 3a TAKMMHU HaNpsIMKaMHU:

- 301IbIICHHS KOHICHTpaIii TBepaoi a3y B MyJbIIi, M0 MOKHO 3IIHCHUTH 3aCTOCY-
BaHHSAM QJIbTEPHATHBHUX BUIB TPAHCHOPTY (3aMiHA CIOHYKJIBHHX COMIB y CaMOIUIMBHUX
KaHaJiax I'ipo30J0BUIAJICHHS IHIIMM BHIOM TPAHCIIOPTY O€3 BUKOPUCTaHHS BOJIN);

- mia0ip pexuMy TPaHCHIOPTYBAaHHS 0e3 YaCTKOBOTO 3aMyJIeHHSA (IiA0ip parioHarbHO-
TO JiaMeTpa IITAKO30JIOTIPOBOMIB 3 YpaXyBaHHIM KPUTHIHOI IIBHIKOCTI TPAHCIIOPTYBAHHS);

- CIIPOILEHHS CXEMH 30JIONUIAKOBUAAICHHS, HacaMIIepel ITOB'SI3aHOTO 3 JIKBiJaIlielo
MPOMDKHUX OarepHMX HACOCHHX CTaHIH (3aMiHa BHKOPHCTOBYBAaHMX IPYHTOBHX HAcOCIB
yTiecocaMu, o 3a0e3NeuyloTh OUTBIINI HaITip);

- po3poOKa YITKUX MPaBHJI EKCILUTyaTalii CHCTEM T1APO30JI0BUAATICHHS.

BucHoBku:

1. Bigmoga rizporpancnopraux cucreM TEC moxe mpusBecTH 10 3a0pyAHEHHS Ha-
BKOJIMIIIHBOTO CEPEIOBHUIIIA.

2. JlxepenamMy HEJOMIKIB CUCTEM TiPO30JIOBUAAICHHS € HepalioOHAIbHE BUKOPUCTaH-
HS BOJH, OPYIICHHS PEXXKUMIB TpaHCIOpTyBaHH:, ckinagHicTs [ TC i BIICYTHICTh YiTKHX pa-
BWJI eKCILTyaTarlii.

3. IlixBumieHHs HAAIHHOCTI CHCTEM 30JIONUIAKOBHAAICHHS IIOJSTa€ B 3aCTOCYBaHHI
IBTEPHATHBHOTO BUIY TPAHCIOPTY JUIA 30UIBIICHHS KOHIEHTpAlii TBepaoi ¢a3u B rigpocy-
Milri, migoopi parioHANEHOTO PEXXUMY TPAHCIOPTYBAHHS Ta JAiaMeTpa TpyOOIpoBOIIB, CIPO-
meHHi cxeM ekcroryaToBaHux ['TC 3aBasku JikBigamii (3SHHKEHHIO KUTBKOCTi) IPOMIXKHUX 0a-
TepHUX HACOCHMX CTaHIiH, po3po0lli YITKHX NpaBHIl eKCILIyaTalii CUCTeM 30JI0LIIaKOBHU 1aIe-
Hus s koxHoi TEC okxpemo.
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(axTOpOB, BAMSIOUINX HAa HAJEKHOCTh PabOTHI cucTeM Tuapo3oioyaaitenus TOC,
U pa3paboTKe Mep I YBEIUUCHHS HAJISKHOCTH TAKUX CHCTEM.

Knrouesvie crosa: euopompancnopmuasn cucmema, Haoesxcnocmo, TOC.

Chernetskaya N.B., Kapustin D.A. Increase of reliability of hydrotransport
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YK 62.-522 — 62.525:621.22
JAmurpienko /1.B.,
JIyrancek

BJIOCKOHAJIEHHS CXEM IIMKJIOHHUX ITNJIOBJIOBJIFOBAYIB

[IpoBeneHo TeopeTHyHI 10CTiHKEHHS e()EeKTHBHOCTI CXEM IIMKJIOHHHUX IMHJIOBIOB-
JIIOBaUiB B MOBITPSHUX CHCTEMaxX. 3pOOJCHO BUCHOBOK IPO MEpeBard MUJIOBIOB-
JIIOBaYiB 31 CTYIIEHEBUM BiIBEZICHHIM IMHITY.

Knrouosi cnosa: yukionHuii nun0BI06I08aY, NOBIMPAHA CUCTNEMA.

MocranoBka mpodaemu

3axuCT MOBITPSIHOrO OaceifHy BiJ BUKWAIB IMPOMHCIIOBHX ITIIPHEMCTB i €HEPreTHY-
HHUX OO0'€KTIB € OJHIEI0 3 HAWBAKJIMBIIIUX MPOOIEM Cy4acHOI MPOMHUCIOBOCTI. 3a0pyAHEHHS
MOBITPSTHOTO CEPEOBUIIA BUKIMKATH MOPYILEHHS €KOJIOTTYHUX CHCTEM, IOTIpIIye CaHITapHO-
ririeHiYHui cTaH aTMOC(EPHOTO MOBITPS 1 3aBAAE MIKOAN SKOHOMIIII AEpIKaBH.

JIJis OYHMIIIeHHS MOBITPSI B TPAHCIIOPTHUX 00’ €KTaX YacTO 3aCTOCOBYIOTh CyXi MEXaHi-
YHI MHJIOBIIOBIIIOBAYI - amapaTd 3 Pi3HUMH MEXaHi3MaMH OCaKeHHA (TpaBiTalliifHuM, iHep-
uiitauM 1 BimmeHTpoBuM). OIHUM 3 OCHOBHHX PI3HOBHIIB TaKHX amapaTiB € CyxXi iHepHiiHi
MIIJIOBJIOBIIOBaYi [1], AKi 3HAXOIATh MIMPOKE 3aCTOCYBAHHS HA 3aJII3HUYHOMY TpaHcHopTi (y
MOBITPSHUX CHUCTEMAax IBHUIYHIB BHYTPILIIHBOTO 3TOPSHHSA, CHCTEMaxX OXOJIOKCHHS TATOBUX
CJICKTPOJBUTI'YHIB, Y BEHTHIATOPHUAX 1 KOMIPECOPHUX YCTaHOBKAX, Ta iH.), 3aBISKH IPOCTOTI
TXHBOT'O BUTOTOBJICHHS 1 Ha{IHHOCTI B EKCIUTyaTalfii.

Cepen iHEpUIHHUX MHUIOBJIOBIIOBAYIB IIMKIOHU € OIHUMH 3 HAWMEPCICKTUBHIIIUX
arnapariB OYMCTKH Ta3iB BiJ TBEPIMX YaCTOK 3aBSKHU BiJICYTHOCTI pyXOMHX YaCTHH, HaJiiHINA
po0OTI B HIMPOKUX MeEKaxX TEMIIEpaTyp 1 MPU BUCOKUX THUCKaX, CTAOUIBHOCTI TiIPaBIigHOTO
OTIOpY, IIPOCTOTI BUTOTOBJICHHS T4 PEMOHTY.

CrpumMye mojaipliie po3IMHUPEHHs chepr 3aCTOCYBaHHsI LIMKJIOHIB 3HAYHUH TiJpaBiIid-
Hui omip (1200-1500 I1a) Ta HU3pKa e(heKTUBHICTH BIOBIIOBAHHS YaCTOK PO3MIPOM MEHIIE 5
MKM, TOMY BOHH 9aCTO BUKOHYIOTb TIOTIEPEHE OUNINCHHS Ia3iB.

HaniiiHicTh CHJIOBHX yCTaHOBOK TPAHCIIOPTHHUX, CUIBCHKOTOCIIOJAPCHKHUX Ta IHIINX
MaIIMH 3HAYHOIO MIpOI0 3a0€3eUuyoTh 3aCO0M OYHMIICHHS BiJ MIUTY TOBITPS, IO HAIXOJHTH.
Tomy po3poOka eh)eKTUBHUX | €KOHOMIYHUX MHUJIOBJIOBIIOIOUNX allapaTiB € BaXKJIMBUM 3aBJaH-
HSIM, IO TIOCTA€E Mepe]] HAYKOBIIMHU 1 KOHCTPYKTOPaMHU HOBOT TEXHIKH.

AHani3 nomepeaHix gocaigkeHb

Ha npakTuii mMpOKO BUKOPHUCTAIOTh IMIIHAPHYHI (3 MOJOBXKEHOK HMIIHAPHYHOIO
YaCTHUHOIO) 1 KOHIYHI (3 TOJ0BKEHOK KOHIYHOI YACTHHO) IMKIOHU. L[MIIHAPHYHI TUKIOHU
3a3BMYail HaAJIEKATh JI0 BHCOKOINPOJYKTHBHUX arlapaTiB, a KOHIYHI - J0 BUCOKOE(EKTUBHHUX.
JiameTp nuiHApUYHUX UMKIOHIB He Oinbie 2000 MM, a KOHIUHUX, He Oinbie 3000 Mm.

Just 30inbiieH st e(heKTUBHOCTI MHUJIOBIOBIICHHS B anapaTtax BiALIGHTPOBOIO THUITY BH-
KOPUCTOBYETHCS MUTHIA PsII CIIOCOOIB: iHTEHCH]IKAaIisi 3aKPyTKH T'a30BOTO MMOTOKY Ha BXOJi B
armapar, 3HW)KEHHS BTOPWMHHOTO BiJIHECEHHS MMy, OpraHi3alis CBOEYacHOTO i e()eKTHBHOTO
BUBAHTaKCHHS MY, IIapajielbHe BUKOPHCTAHHS 1HIINX MEXaHi3MiB OCA/PKCHHS 9aCTOK Ta iH.
[lepcrieKTHBHNM IUISIXOM BJJOCKOHAICHHS IIJIOBJIOBIIIOBAIBHOI TEXHIKHM € CTBOPEHHS alaparis,
SKi MOETHYIOTh NMPUHIUIN Jii IEeKUTBKOX pi3HUX amapartiB. Lle mo3Boisie migBucuti eheKkTrB-
HICTh MIJIOBJIOBIIOBAHHS 1 3SMEHIIIMTH BUPOOHHUYI IUIOII, 3HU3UTH CHEPIETHYHI 3aTPaTH y I0-
PIBHSIHHI 3 BUKOPHCTAaHHSM JEKIJIbKOX OKPEMHUX IHJIOBIIOBIIIOBAYIB.

VY psiai po6iT [2,3] OCHOBHOIO MPUYMHOO HU3HKOT €(hEKTUBHOCTI MPU OYHIIECHHI TOBi-
TS BiJ APIOHOAMCIIEPCHOTO MUYy Ta BUCOKOTO TiIPABIiYHOTO ONOpPY HA3MBAIOTh SBHUILE Pajli-
aJbHOTO CTOKY (puc.1).

Bramum TeXHIYHUM pimeHHSIM OyJI0 CTBOPESHHS NMJIOBJIOBIIOBAYA, B IKOMY IO€IHAHI
NPUHIOUIHK i OUKIOHHUX 1 JKIIO3IHHUX amapariB; 3a pe3yJabTaTaMH €KCIIEPUMEHTAIBHUX 1
TEOPETHYHHX JOCHTI/HKEHB [4] BIH BUTITHO BiAPI3HAETHCS B MOPIBHAHHI 3 IIMKJIOHAMU 1 JKAIFO-
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31HIMHU HJIOBJIOBJIIOBAYaMH 3a ITOKa3HUKaMH €()EeKTHBHOCTI MUJIOBJIOBIIOBAHHS 1 32 BEJIMYH-
HOIO TifipaBiiuHOro onopy. [IpoBeneHi gociiKeHHs HOTO MUJIOBJIOBIIOBAYA JIO3BOJIMIIN BU-
SIBUTH HE TUIBKH HOTO IepeBary, ajie i HeJOMIKH Ta HAMITUTH IIISXU X YCYHEHHS.

e

0)

Puc. 1. 300paskeHHs paIialbHOro CTOKY Ta MOTOKIB MOBITPs B [MKJIOH] 32 nanumu: a) — [2], 6) — [3].

VY KOHCTpYKIii BiIIIEHTPOBO-IHEPIIHHOTO MUJIOBIOBIIOBAYA 3 JKAITFO3IHIM BiIBeICH-
HSIM TOBITPS LI HEJOJIIKK CYTTEBO 3MEHIIIEH], €)EKTUBHICTh MUJIOBJIOBIIOBAHHS 1 TApaBIiuHUN
omip moJjimimieHi. Anie i B I[bOMY amapari He BJAJOCs MOBHICTIO MO30YTHCH IMiJCMOKTYBaHHS;
MOTOKOM OYHIIEHOT0 ra3y YaCTUHOK MUY, IO PYyXalThCsl OISl CTIHKK KOpITyca amapara, Ie B
KIHIIEBOMY ITiICYMKY, 3HI)KY€ €(DEKTHBHICTD IIMX anaparis.

[{ukIIoH 31 CTYNEHEBUM BiBeACHHSIM TBepaoi (asu (puc.2) BiApi3HIETHCS THM, HIO B
HBOMY IIepen0adeHo BiOip TBepmoi Gas3u 3a BHCOTOIO amapaTa: IMEePIIi — Py Iepexo/Ii HTi-
HIPUYHOT YaCTHHH KOpPITyca B KOHIYHY, APYyrHid — Ha TIOJIOBUHI BUCOTH KOHIYHOI YaCTHHHU KOP-
myca, TpeTiii — BHU3Y KOHIYHOT YaCTHHH, JIe BCTAHOBJICHHUH BUITyCKHUH KJIAllaH.

? Oymmmere 3
HOBITPA
JammineHe
HOBITPA
1
5

/mn

¢ UacTKH LTy

Puc. 2. LlukioH 3i cTynieHeBUM BinBeneHHSIM TBepaoi dhasu [S]: 1 — ImHIPOKOHIYHUH KOpITYyC; 2 — Ka-
TMO3iiHa penriTka; 3 — nmaTpyOoK MMiABECHHS MUIOTIOBITPSHOTO MTOTOKY; 4 — aTpyOOK BiJIBEICHHS OYH-
LIEHOTO MOBITPs; 5 — BUIYCKHHMIT KIIanaH.
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Take pimieHHs Mae 3a0€3MEYUTH IiIBHIICHHS e(EKTHBHOCTI ITUJIOBJIOBJIIOBAHHS 3a-
BISIKM 3MEHIICHHIO KOHICHTpAL] TBEpAMX YaCTHHOK OiJIs CTIHOK KOpITyca, a, OTXe, 3MEHIICH-
HIO MMOBIPHOCTI IIJCMOKTYBaHHS 1X IIOTOKOM OYHIIEHOT'O rasy, a TAK0X 3MEHILCHHIO BHHOCY
YaCTHHOK 3 HIKHBOT YACTHHH arapara HOTOKOM Ia3y, IO MiAHIMAEThCs.

Mera craTTi

Juis migBumeHAs epeKTUBHOCTI 3aCTOCYBaHHS NIJIOBIIOBIIOIOYHX amapaTiB Tpeba 1o-
CIigUTH (PaKTOPH, IO BILIMBAIOTH HAa €(PeKTUBHICTH Ta TiApaBIigHUA omip. PesynpraTti mocmi-
IDKeHb MOXKYTh MaTH NPaKTUYHE 3HAYEHHS He TUIBKH y cdepi TpaHCIOopTy, ajie i y TUX CBepax
TEXHIKH, 1€ BUKOPHCTOBYIOTHCS MPOILIECH MMUJIOBJIOBIIOBAHHS, HAIIPUKIIAL Y XIMIUHII TeXHOIO0-
rii Ta iH.

MeTo10 NPOBEJCHUX y POOOTI TEOPETHYHUX JOCIIKEHB OYJI0 JOCIiKEHHS e(heKTHB-
HOCTI IIUKJIOHHHX ITHJIOBJIOBJIIOBAYIB 13 CTYIIEHEBUM BiJBEJICHHSM ITHITY.

Martepiaau Ta pe3yabTaTH AOCHiIKEeHbD

[Tpouec ounmeHHs MOBITPsI BiA MWy B HUKJIOHI BiIOYBAa€ThCs IMij BIUIMBOM PsAy He-
TaTUBHUX (aKTOPiB:

- HasBHICTPH paialbHOTO CTOKY;

- 3aBHXPEHHS IMOTOKIB M)XK BUXJIOITHOIO TPYOOIO Ta 30BHIIIHBOO CTIHKOIO ITUKIIOHA;

- TypOyJIEHTHICTB PyXy MOBITPSHOTO IIOTOKY B IIUKJIOHI.

Jo ¢akropis, 1m0 MO3UTHBHO BILUTUBAIOTH HA €PEKTHBHICTH Ta TiAPABIIYHAN OIIip IIHK-
JIOHA, HAJIeXKATB!

- BiJIBEICHHS YaCTHHHU OYMIIICHOTO MOBITPS 3 IUKJIOHA Tepe] BUXJIOMHOK TPYOO¥0;

- BHWD)KEHHS IIBUJIKOCTI MMOTOKY TOBITPsI y BUXJIONHIN TpyOi;

- 3HW)KEHHS Pa/liaJIbHOTO CTOKY Y KOHIYHIN YaCTHHI IUKJIOHA;

- 3MEHIIICHH Mepenajy CTATUYHOTO THCKY Y IUIOCKOMY Tepepi3i [HUKIIOHA.

[Tpu ngocnimKeHHSIX BiJIEHTPOBO-IHEPLIHHOTO MUJIOBJIOBIIIOBAYA i3 CIIPaIbHOIO JKa-
JFO31HHOI0 PEelIiTKOI0, B SKOMY TO€IHAHI MPUHIIAIH il TUKIOHHUX 1 JKAITFO31HUX MHIIOBIIOB-
JFOBAUiB, Ta30BUIl MOTIK PO3IMISAAETHCA SIK CYNMEPIIO3MLIsl JBOX MOTOKIB: INIOCKOIO CTOKY i
IJIOCKOTO BUXOPY. Amapar npH HbOMY 3pyYHO PO30OUTH Ha 30HH, B SIKHX BU3HAYAIOTHCS TPAEK-
TOpii pyXy YacTHHOK Pi3HUX po3MmipiB. [Ipu 1poMy KiHIIeBa TOYKA TPA€EKTOPil Ha MOMEPETHIH
IUISTHII BUKOPHCTOBYBAJIACh JUIS 3aJlaHHS IMOYAaTKOBUX YMOB IPH PO3PAaxXyHKY TPAeKTOpii Ha
HACTYIIHIH.

BukopucTanHsT MaTeMaTHYHOTO MOJEJIIOBAHHS MPH JIOCHIPKEHH] pPyXy MMIOBHX Yac-
TOK TIOJICTIIYE 1 MPUCKOPIOE MPOCKTYBAHHS ITMKJIOHIB, CKOPOUY€E HEOOXIIHY KITBKICTh EKCIIe-
pPUMEHTAIBHUX 3pPa3KiB 1 BUIIPOOYBaHb MPHU JOBEJICHHI KOHCTPYKLIH JUIs JOCSTHEHHs HeoOXi -
HOI €(peKTHBHOCTI OYHMILIECHHS Ta3y.

ITpu TeopeTHyHOMY pO3paxyHKy e(EeKTHBHOCTI IMHJIOBJIOBIIOBAHHS Y BiJLIEHTPOBO-
IHEPIIHHOMY MUJIOBJIOBIIIOBAY] 3 KAJTIO31HHOO PEIIITKOK BU3HAYAIOTHCS TPAEKTOPIT pyxy 4ac-
THHOK Pi3HUX PO3MIpiB, [0 BXOATH B amapaT y pi3HUX TOYKaX BXimHoro matpyOka. [Ipu Bimo-
MOMY pEeXHMIi pyXy MHJIOra30BOro MOTOKY B alapari BUSHAYAIOTh: YACTHHKH SKUX PO3MIPIB i 3
SIKOTO TIepepi3y BXiJHOTO MaTpyOKa 3a yac nepeOyBaHHS B arapari MOXKYTh HOTPAIUTH Ha JKa-
JIO31HHY PEIIiTKY, a SIKUX JOCATAI0Th CTIHKH HOTO KOpITyca i OITyCKalThCs BHHU3 armapara Ours
CTiHKH, 200, HEe BCTHTAIOYU JOCATHYTH CTIHKH KOpITyCca, BUXOISTH i3 HMHJIOBJIOBIIIOBAaYa Yepes
narpyOoK BHUBOJAY IHIY, B SIKA BOHH MOTPAIUISIOTh 3 YACTHHOIO Ia30BOI'0 MOTOKY, 110 TPAHC-
MOPTYE BiJOKPEMJICHUH ML

ToOTo po3paxyHOK 3BOJUTHCS 10 BU3HAYEHHS e(DEKTHBHOCTI BIAIICHHS, 10 AOCSTa-
€TBHCS 3aBJISIKU IIMKJIOHHIN cemnapaliii, To0To 6e3 BpaxyBaHHS PO3JIIbHAX BIACTHUBOCTEH yKato-
31iHOT pemriTku. Po3jinbHa 37aTHICTh PELIITKU OLIHIOETHCS K PI3HULS MK IMOKa3HUKAMH 3a-
rajpHOi e(eKTUBHOCTI, BU3HAUEHOT €KCIePHUMEHTAILHO B THX YMOBax, MapameTpu SKHX 3a-
KJIaJICHI B PO3PAaXyHKOBI PiBHSHHS, i OKAa3HUKaMHU LUKJIOHHOI cenaparii, po3paxoBaHoi Teope-
TH4HO [5].

Ha BigmiHy Bim Monenell po3paXxyHKY BiAIIEHTPOBO-IHEPIIIHHUX MIIOBIOBIIOBAYIB 3
JKaJIFO31{HUM BIJIBOJIOM TOBITPS 1 KaJIF031HHO-BUXPOBOTO NMHUJIOBJIOBIIIOBAaYa, CYTh PO3PaxyHKY
e(peKTUBHOCTI IIMKJIOHA 31 CTYNEHEBUM Bi/IBEJICHHAM IWITy HOJISATAE y MepeBipIi Apyroi HeoO-
X1JTHOT yMOBH cemaparlii YaCTHHOK, a CaMe YMOBH PiBHOCTI BiJIIEHTPOBOI CHJIM YaCTHHKH, sIKa
nepebyBae Ha TPaHMIIl OCHOBOI Tedii 3aTATYBaIbHOI CHIIM PajialbHOTO CTOKY. 3a Ii€l0 KOHIIe-
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MIi€I0 3pIBHOBAYKCHI TAKMM YHMHOM YaCTHHKH 00EpTalOThCS Ha CTAallilOHApHIHM KUIbIEBil opOiTi
1 MaloTh OZJHAKOBY HWMOBIPHICTh OYTH 3HECEHHMH Y BHUXJIONHY TpyOy, ab0 3alMIINTHCH Y
IIUKIIOHI 1 OyTH BIOBICHUMH.

SIKIIO TPHIYCTUTH, IO YACTUHKU IHJIY MaloTh cepruHy (GopMy, iX KOHIEHTpALisd
JIOCTaTHBO Mana (BHKIIOYA€E B3a€MOJIiI0 YaCTHHOK MiX c000I0 i IXHilf BIUIMB Ha PyX ra30BOTO
HOTOKY), @ TAaKOX BBa)KAIOYH, II0 [UKJIOH PO3TAIIOBaHUH BEPTUKAJIBHO, MOXHA CKJIACTH PiB-
HSHHS PyXY YaCTOK y Ta30BOMY ITOTOLIi.

PyX 4aCTHHKM IHILy Macor M, ii paniycom rp B 001acTi MOTEHUIHHOIO BUXOPY 3 110~

CTIHHOO IUPKYJISALIEI0 B ATIHAPUYHII KaMepi OIUCYEThCS TAKUM PiBHAHHAM [6]:

v — =
mpaz th +G (1)

e Fpq = I — PNdS — roJOBHUN BEKTOpP MOBEPXHEBOI TiPOAMHAMIYHOI CHJIM BIUIUBY MOTOKY
s

Ha TBEpIy 4acTKy, 1[0 3py4YHO IPEACTaBUTH 4epe3 cyMy ckiamoBux:. Fy —

cuiy JioboBoro omopy, F, — cmily THCKY NMOTOKY Ha 4acTKy, BHACIiJOK
rpajieHTa THCKY  B3/JOBX  pajiyca IWIHAPUYHOI  Kamepu R;

— - 4 4 = .
G=m p9= § Wy Pp Qg — TOJIOBHUM BEKTOP MaCOBUX CHIL.

l'igpoAnHaMivYHKA ONip YaCTKM pajiycoM Iy, WO PyXaeTbes 3i WBHAKICTIO V) Bix-

HOCHO Ta3y 3 MUTOMOIO Macow 0 , BUPAKAEThCs GOpMyIIOr0:

2
2 Vp
Fq SV P (2)

KoedimieHT AHAMIYHOTO OMOPY I 3aJIeHTH Bif uncia Pefinonsaca. [Ipu pyci 3 Ma-

NUMH MBHAKOCTAME i JAyKe HEBENMKHMH PO3MipamMu dHacTok mopsuky 107 mm, xomm
0<Re<1, w=24/Re, a onip BusHauaethest popmynoro Crokca [7]

Fd =6,V 3)

Jie [ — TUHaMIYHa B'S3KICTh Ta3y.

Cuila TUCKY PIIMHM Ha YacTKy JOCHUTh PiJIKO BPaXOBYETHCS aBTOPaMH, L0 PO3IJIsja-
I0Th PyX TBEPAMX YaCTOK y BHXPOBHX KaMepax IMKIOHHHUX i BUXpPOBHX amapartis [1-5], skimo
HasBHICTb Pa/lialIbHOTO I'Paji€HTa TUCKY HE3HAUYHO BIUIMBAE HA TPAEKTOPIi 4AaCTOK:

r

TN

Fr =2pVZR?

(4)

N

r

ne Vp - IBUAKICTH HOTOKY Ha pajiyci HUTiHAPHYHOI KaMepu R, I' — moTouHumit pagiyc pyxy

YaCTKHU.

Bupinryroun piBHsiHHs (1) YHCENbHUMU METO/JAMH, MOXXHA BCTAHOBHTH 3B'S30K MiX
paziycoM cranioHapHOi OpOiTH YaCTHHKH 1 ii po3mipom.

BigHocHi pasiycn KOJOMOAIOHMX CTaIliOHAPHUX OpOIT y MPOEKLii Ha TOPU3OHTAIBHY
IUIOLIMHY MO>KHA 3HAWTH 3 PIBHSHHS PyXy YaCTKH, BBaXKAIOUH, 110 HAa OpOiTi MIBUAKICTH 4acT-
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KU JIOPIBHIOE IIBUJIKOCTI piinHU (CHiia 1000BOro OMopy JAOPIBHIOE HYJIIO), IO MiATBEPIKYETh-
sl po3paxyHKaMu Ha MaTeMaTH4HiNA Moneni [7]:

v =
mp—t= rs ®)
3BIAKH
— r
rzk_pﬂ, (6)
R p

ne
r=r/R,k ~266.

TakuM 4MHOM, pajiyc cTalioHapHOI OpOITH NPOMOPUIHHUK BiAHOUICHHIO IMHTOMHX
Mac 1 BiJHOIICHHIO pajiiyca YacTKHU J0 pajiyca HUTIHIPUIHOT KAMEPH.

PesynbraTi po3paxyHKiB BiJHOCHUX pajiiyciB opOit 3a Gopmysoro (6) mopiBHIOBAIUCH
3 po3paxyHKaMH Ha MaTeMaTH9HIHA MO i TOBHICTIO 30irIHCS.

Sxmo r >1, To paxiyc pyXy TBepAOi YaCTKH HABKOJIO OCi IIJIIHAPHYHOI KaMepH Oyze
JIOPIBHIOBATH pajiyCcy NWIHAPUIHOI Kamepu abo I =1, Toxi TBepi YacTku OyAyTh pyXaTHCA
Ha nepudepii HUIIHAPUYHOT KaMepH i onaayTh Y BUITYCKHHIA KaHaJl.

CnouaTky Oynu BH3Ha4€HI pajiycH craliioHapHOi OpOiTH YaCTUHOK Pi3HHMX JiaMeTpiB
i3 piBusiaus (6). Lle mamo 3Mory BU3HAYATH, SIKi YACTHHKH MOXYTh JOCSTTH CTIHKH KOpITyca
MIJIOBJIOBIIIOBAYA 1 Yepe3 KiIbLEB] 3a30pH BiJpasy K MOXKYTh MOTPANHUTH Y MHI030IpHIHA OYH-
kep. Po3paxyHku Oysiu mpoBeIeHI s IIIHAPUYHOT YaCTHH JBOX amaparis: miamerpoM 0,4 M
10,1 M (puc.3).

r
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Puc. 3. BigHocHi paziycu cranioHapHOi OpOiTH YaCTHHOK PIi3HHUX JiaMeTpiB B HWITIHAPHUYHIA YacTHHI
amaparis giamerpom 0,1 m (1) i 0,4 m (2).
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3a pe3yibpTaTaMH MPOBEJICHUX PO3paxyHKIB KPUTHYHHUM AlaMeTp YaCTHHOK, SIKI MO-
JKYTh JOCSITHYTH CTIHKH KOpIIyca i, OT>Ke, OyTH BIOBJICHUMHU, B IMJIIHAPUYHIA YaCTHHI TTHIIOB-
noBmroBada giamerpom 0,4 M cTaHOBUTH 3,3 MKM, a y MAIOBIOBIIOBadi giametpom 0,1 m 1,7 -
MKM BiATIOBi/THO, IO CIIIBIIAAAE 3 pe3ylIbTaTaMu [5].

B nwmkioHi 3i CTyneHeBHM BiIBeIEHHSIM MY 3HECEHI YaCTHHKH IMITY HOTPAIUIIIOTH
HE B TOPJIOBHHY BHXJIONMHOI TPyOH, a Ha OOKOBY MOBEPXHIO Ii€l TpyOH, BUKOHAHOI Yy BUI *ka-
JFO31HHOT PEIiTKHY, Je peati3yeThesl PUHIIT il kamo3iiianx BiosmoBadis [5].He Bci wac-
THUHKH, 3HECEHI JI0 BUXJIONHOI TpyOH, OyIyTh BUHECEHI 3 amapaTa — YacTHHA 3 HUX OyZIe BIIOB-
JIeHa 13 3aCTOCYBAHHSM KaJIFO31HHOT PEIIiTKH.

L{MKJIOHN HEOUINBHO BUKOPHUCTOBYBAaTH B YCTAHOBKAX 3 HEMOCTIHHMM PEXUMOM PO-
00TH, OCKIJIbKH IXHs €pEeKTUBHICTh 3MIHIOETHCS MPH KOJIMBAHHSAX BUTPAT rasy Ta HEpiBHOMIp-
HHUX Ta30BHX HOTOKaX. Lleil Hemosik ycyBaeTbcs B MYJIBTHLHUKIOHAX, B SKHX T'a30BHH IOTIK
PO3IOISAETHCS 10 MapaJIeNIbHO MiIKITIOYSHUX IUKIIOHAX, SIKI MAlOTh 3arajibHUN BBIJ Ta BiJBij
rasiB, a TaKoXx 30ipHHUN OYHKep.

Sk mpaBmiio, ofep>KyBaHHN BUTPAll B €(peKTUBHOCTI TOCATAETHCS LIHOIO 301MBIICHHS
EHEepPreTUYHNX 1 KaliTaJbHUX BUTPAT, YCKIATHCHHAM KOHCTPYKIII, ITiABHICHHSIM TPYIOMICT-
KOCTi BUTOTOBJICHHS ¥ €KCIUTyaTalii, 3SHIKCHHIM HaIiHOCTI. Y I[bOMY 3B'I3Ky HaOyBae Bax-
JIMBOTO 3HAYCHHS KYJIbTypa BUPOOHHIITBA Ta OOCIyTOBYBAaHHS, HEOOXiIHICTh OCHAIIICHHS ara-
patiB 3acobaMy aBTOMATHKH 3 OISy Ha 3HAa4YHY 3MiHY XapaKTepHCTHK LIMKJIOHA IPU HecTa-
JHX TlapamMeTpax MOTOKY rasy.

BucHoBku
1.OTpumaHO aHANITHYHY 3aJ€KHICTh PaJiyCiB KOJOMOAIOHUX CTAalliOHAPHUX OpOIT Ya-
CTOK pi3HHX JiaMeTpiB B LMIIHIPUYHIN KaMepi IUKIIOHA.
2. 1711 UKJIOHA 31 CTYINIEHEBUM BiJBEICHHIM MMMy HEOOXiIHO OpaTu 10 yBaru 1o1at-
KOBY YMOBY BUBEJCHHS YaCTOK Iy 3aBASKU BIIMIHHOCTI HOTO KOHCTPYKIIiI.
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B cratbe MPOBEACHBI TCOPETUICCKUE HUCCIICIOBAHUA 3(1)(1)6KTI/IBHOCTI/I CXEM IUK-
JIOHHBIX HI:IJTeyJ'IOBHTeJ'Ieﬁ B BO3YIIHBIX CUCTEMaAX. CI[C.]'IaH BBIBOJ O IMpEUMYyILIEC-
CTBax HLIJ'IeyJ'IOBI/ITeJ'Ieﬁ CO CTYIICHYATBIM OTBOJIOM IIbLJIN.

Knrouesvie cnosa: MMIUZOHHblZZ nslieyioeumelns, 6030yuma}z cucmema.
This paper contains the theoretical researches of cyclone separators schemes
effectiveness in air systems. Advantages of air cleaning devices with stage dust

outlets were concluded.
Keywords: cyclone separator, air system.
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AN ANALYSIS OF PARTICULATE MATTER EMMISSIONS FROM A DIESEL
PASSENGER CAR FUELLED WITH OXYGENATED FUELS

The effects of synthetic diesel fuel oxygenates on a Euro 4 diesel passenger car
particulate matter (PM) emissions were studied under the NEDC cycle. Six
different oxygenates from different chemical families were used. The tests carried
out proved a favorable influence of oxygenated compounds on PM emissions.
They were effective at a low concentration of 5% v/v. The PM emissions
reduction depended not only on the oxygen content in fuel but also on the other
factors, among which the type of oxygenate is very important. The results of the
experiments shown that carbonates as oxygenated fuel components reduced PM
emissions more effectively (by up to 39% during the NEDC) than maleates (by up
to 32%) and glycol ethers (by up to 16%).

Key words:compression-ignition engine, diesels fuel oxygenates, particulate
matter, emissions.
Introduction

The effects of inhaling particulate matter (PM) have been widely studied in humans
and animals and include asthma, lung cancer, cardiovascular issues, and premature death. PM
pollution is estimated to cause ca. 200,000 deaths per year in Europe. The diesel engines are on
the one hand a significant source of the anthropogenic PM emissions but on the other hand in
many aspects (high efficiency, low fuel consumption, low CO, emissions, high durability, etc.)
they are better than the spark ignition engines. Although the diesel engines are more expensive,
they are squeezing out the spark ignition ones, regardless of the fact that the PM emission from
diesel engines is a serious problem as yet unsatisfactory solved. The NO, emission from diesel
engines presents a similar problem. Thus as regards the PM and NO, emissions the diesel
engines are definitely not as good as the spark ignition ones. The following progress in the
development of the diesel engines in future will be dependent in a serious way on the
possibility of getting the reduction in these emissions.

Without fundamental changes in combustion systems, one stand alone method has
difficulty in significantly reducing NO, and PM. Despite the new promising diesel
aftertreatment developments, the task to comply with ever more stringent regulations seems to
be great. This fact has encouraged automotive researchers to look for other options to help
control diesel emissions. One such option is to control diesel exhaust emissions through fuel
modification because it would affect both new and old engines. Modification of diesel fuel in
order to reduce exhaust emissions can be performed by: increasing cetane number, reducing
fuel sulfur, reducing aromatic content, increasing fuel volatility and decreasing fuel density.
However, the potential of conventional diesel fuel for emissions reduction has already been to
a large extent exploited and the most important fuel parameters mentioned above, can
nowadays be changed in a narrow range only. Moreover, the shortfall in NO, and PM
emissions control in diesel engines is so great that much more drastic fuel changes will be
needed. To have the compromise between engine performance and engine out emissions, one
such change has been the possibility of using diesel fuels with oxygenates.

The fuel oxygenates have been widely used for years for gasoline. The gasoline
oxygenates are not, however, suitable to be used in fuel for diesel engines due to their very low
cetane numbers, low values of boiling point, their poor viscosity etc. Up until now the
oxygenates are not commonly used for blending diesel fuels though considering the specificity
of forming of air-fuel mixture and the combustion process in diesel engines the advantageous
effects on emissions could be here much more intensive. In some respects fatty acid methyl
esters (FAME) can be deemed the oxygenates used for blending the diesel fuels, though the



idea of their use is directly linked with utilizing farm production surplus rather than with
supplying fuel with oxygen. The reduction in the PM emissions after using FAME as fuel in
their pure form or in a form of the diesel fuel-FAME mixtures have been confirmed in many
works. However, the amounts of oxygen in FAME are quite small — approx. 10% m/m, so to
obtain some significant effects a considerable amount of FAME should be added. There are
also many technological and operational problems as, among others, FAME have some
hygroscopic properties and poor chemical stability.

The use of the synthetic additives is a more advantageous way of oxygenizing diesel
fuels. Such groups of chemical compounds as ethers, acetals, carbonates, maleates and higher
alcohols, should be taken into consideration. Some compounds of the mentioned groups have
physical and chemical properties very similar to that of diesel fuel. Moreover, they are
characterized with a very high oxygen content (even above 50% m/m). All this shows that
these compounds should be effective even if a small amount of them is added and, moreover,
they should be fully compatible with diesel fuel.

The influence of oxygenates on the diesel combustion process has not been precisely
defined so far. There are not many papers available in which the research with synthetic diesel
oxygenates have been presented, however, most of such studies deal with the PM emissions.
The general mechanism of oxygenates action on PM is that, oxygenated compounds will be
present on the fuel side of a mixing-controlled flame. These oxidizing agents are able to
suppress soot early in its nucleation process and inhibit its peak production. The presence of
oxygen reduces the formation of unsaturated cracking constituents, such as ethylene, which is
considered as precursor of soot and PAH. Reduction in ethylene production suppresses the
formation of polynuclear aromatic hydrocarbons and thus decreasing the formation of soot [1,
2, 3].

The majority of the published papers concerning the influence of oxygenates on
exhaust emissions from diesel engines, have reported the results of research conducted under
stationary conditions, for one or more engine operating points [4 — 16]. From among very few
investigation carried out under transient conditions, the research performed by Delfort et al. [2]
should be mentioned. They investigated the influence of oxygenates during the NEDC for a car
representing Euro 2 technology. Another work worth to be mentioned was carried out by Yeh
et al. [17] who investigated oxygenates over a hot ECE + EUDC test cycle using cars of the
Euro 1 and 2 technologies.

The objective of this study was to analyze under transient conditions (on a chassis
dynamometer) the influence of synthetic oxygenated additives on PM emissions from a
modern (Euro 4) diesel passenger car. The research was carried out in the laboratories of the
BOSMAL Automotive R & D Center in collaboration with the Institute of Internal Combustion
Engines at Poznan University of Technology.

Research Program

The tests were conducted on a passenger car equipped with a direct injection
(Common Rail) turbocharged diesel engine, representing the latest technology in production at
the start of the research. Major data on the vehicle are shown in Table 1.

Table 1.
Specifications of the test vehicle
Vehicle Type Passenger Car
Dry Weight 950 kg
Engine Type Diesel, 4-cylinder in-line
Displacement 1.3dm?
Max. Power 51 kW @ 4000 rpm
Max. Torque 145 Nm @ 1500 rpm
Injection / Combustion Direct injection Common Rail,
Type turbocharged (intercooled)




Continued table 1

Exhaust Gas Electronically controlled
Recirculation (closed-loop)
Emission Control Oxidation catalyst
Calibrated to EURO 4

The New European Driving Cycle (NEDC — Fig. 1) was selected as a representative
test for this study. The test was Urban Driving Cycle (UDC) (cold start), followed by the high-
speed Extra Urban Drive Cycle (EUDC) (hot start). Tests were undertaken in order to
determine the influence of both parts of NEDC on PM emissions.
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Fig. 1. The New European Driving Cycle (UDC+EUDC)
according to the European Directive 98/69/EC

Six synthetic oxygenated additives from different chemical families were tested. Each
of oxygenates in this study was evaluated as a fuel additive at a concentration of 5% v/v in the
same base diesel fuel (some oxygenates were also tested at a concentration of 10%). The base
diesel fuel was the diesel fuel of the Euro 5 class with sulfur content lower than 10 ppm. Its
detailed specification is presented in Table 2. The same diesel fuel was used as a reference fuel
for evaluation of the effectiveness of the individual oxygenated fuels in the PM emissions
reduction. The properties of the oxygenated additives used in tests are given in Table 3. The
oxygenated additives are marked with letters from A to F. The research fuels containing
specific oxygenates are marked with the same letters respectively. Due to different oxygen
content and a different density of the oxygenated additives, the individual oxygenated fuels
differed between themselves with the oxygen content which varied from 1.66 to 3.39 % m/m

(Fig. 2).
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Fig. 2. Oxygen content in the test fuels containing oxygenates at concentration of 5%



Table 2.
Base diesel fuel specifications

Unit Value
Cetane number - 51.8
Cetane index - 53.1
Density @ 20°C kg/m? 831.2
Sulfur content ppm 9.9
Oxygen content %(m/m) 0.0
o @ 20°C mm?/s 4.283
Viscosity 5
@ 40°C mm</s 2.773
E250 %(VIv) 35.3
E350 %(VIv) 97.6
Distillation
T95 °C 341.6
FBP °C 352.0
Total aromatics %(m/m) 23.9
Monoaromatics %(m/m) 214
Aromatic - - 0
hydrocarbons Diaromatics %(m/m) 2.4
Tri+ aromatics %(m/m) 0.1
Total PAH %(m/m) 25

The tests were carried out at BOSMAL Automotive R&D Center’s Emissions Testing
Laboratory using the emissions chassis dynamometer Schenck 500/GS60 (Fig. 3). The CVS
AVL CEC system with full-flow dilution tunnel AVL CET-LD/20 type and particulate
sampling system AVL CEP-LD/100 PTS 60 I/min, controlling system CESAR and Sartorius
microbalance were used to measure exhaust emissions.
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Fig. 3. Schematic of the exhaust emissions measurement system
Table 3.
Oxygenated compounds specifications
Code A B C D E F
. . glycol
Chemical family ether glycol ether| maleate maleate carbonate (carbonate
Oxygen content, %(m/m) 36.0 36.0 37.3 28.1 53.3 40.7




Continued table 3

Boiling point, °C 220 275 225 281 90 127
Density @20°C, kg/m® 987 1010 1064 988 1069 975
Viscosity @20°C, mm?/s 25 4.1 n.a. n.a. 0.56 0.78
Cetane number (calculated) | 144 144 56.8 43.8 10.3 13.8
Vapor pressure @25°C, kPa n.a. <0.001 n.a. n.a. 7.4 11

Test results and discussion

The PM emissions in the UDC phase from the test vehicle fuelled with the neat diesel
fuel and fuels containing synthetic oxygenates from such chemical groups as: glycol ethers,
maleates and carbonates at a concentration of 5% are presented in Figure 4. As it can be
noticed all oxygenates caused a significant reduction in PM emissions, though to a different
extent. At the identical content in fuel, maleates and carbonates were definitely more effective.
Next, among those two chemical groups, carbonates appeared to be slightly more effective.
The reduction in the PM emissions ranged from 13% for the component A (glycol ether) to
35% for the component E (carbonate).

0,016

0,014

0,012
§ 0,010 ~
2 0,008
= 0,006 -
o

0,004 -

0,002 -

0,000 -
Diesel A B C D E F
Fuel

Glycol Ethers ~ Maleates Carbonates

Fig. 4. PM emissions during the UDC for conventional diesel fuel and oxygenated fuels containing
different oxygenates

In the EUDC phase all oxygenates caused the PM emissions reduction (Fig. 5) that
was higher than the one for the previous phase (UDC). Like in the UDC phase the highest
reduction in the emissions was recorded for carbonates, and the smallest one for glycol ethers.
Maleates showed the intermediate values of effectiveness. Reduction in the PM emissions for
the EUDC phase ranged from 19% for the component A (glycol ether) to 42% for the
component F (carbonate).
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Fig. 5. PM emissions during the EUDC for conventional diesel fuel and oxygenated fuels containing
different oxygenates



The PM emissions in the whole NEDC cycle for the neat diesel fuel and the fuel
containing oxygenates are presented in Figure 6. In Figure 7 the effectiveness ranking of the
PM emissions reduction for the tested oxygenates is shown. It should be noted that all tested
oxygenates at their low concentration of 5% caused a significant reduction in the PM emissions.
The PM emissions were decreased by approx. 16% for glycol ethers, 23-32% for maleates and
35-39% for carbonates.

The tested oxygenates were characterized by a different oxygen content, and
differences in the chemical structure and physical properties. It seems that there is an important
question whether oxygen contented in the oxygenated compounds is in equal degree effective
in the PM emissions reduction. The effectiveness ranking for the PM emissions reduction
caused by the tested oxygenated compounds in the NEDC cycle with reference to 1% of the
oxygen content in fuel is shown in Figure 8. It can be noticed that 1% of oxygen in fuel is the
least effective if it is added to fuel in a form of glycol ethers (PM emissions reduction by about
8%). If 1% of oxygen is added to fuel in a form of maleates or carbonates the reduction in the
PM emission exceeds 10% and it reaches even value of 16% (component F).
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Fig. 6. PM emissions during the NEDC cycle for conventional diesel fuel and oxygenated fuels
containing different oxygenates
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Fig. 7. Reduction of PM emissions during the NEDC cycle classified by significance
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Fig. 8. Reduction of PM emissions per 1% of oxygen in fuel during the NEDC cycle classified by
significance

While analyzing the properties of the tested oxygenated compounds it should be
noticed that a higher reduction in the PM emissions is noted for oxygenates which are
characterized by a lower autoignition quality. It can be explained that a fuel with a higher
cetane number will be characterized by a shorter ignition delay, a shorter premixed burning
period and reduced peak of the heat release in the premixing burning period. This leads to a
smaller amount of fuel being consumed in the premixed burning and a larger quantity being
involved in the mixing controlled burning. A longer mixing controlled burning means a longer
soot formation period and in this way a higher PM emissions. Although there are significant
differences in the values of boiling point for the individual oxygenated compounds, it is
difficult to point the effect of this parameter on the PM emissions reduction level in an
unambiguous way.

While analyzing a chemical structure of the oxygen compounds it should be noticed
that in case of maleates and carbonates some atoms of oxygen are bind with the carbon atoms
by double bonds. Moreover, in these compounds, the atoms of oxygen are concentrated in the
central region of a molecule and some atoms of carbon are bind with 2 or 3 atoms of oxygen.
Theoretically, such a structure is disadvantageous as it can lead to a direct formation of CO,
from the carbon atom and the atoms of oxygen bind with it and thereby to consumption of
oxygen which could be used for inhibiting the soot formation. A detailed analysis of that effect
was presented in the paper by Bucholz et. al. [6]. The formation of CO and next its oxidation in
a cylinder by oxygen originating from the charge of air is more advantageous. It enables a
better use of oxygen contained in fuel for inhibiting the soot formation. Such a course of
reaction is more probable in case of the glycol ether structure, where oxygen atoms in the
molecule are distributed in a more even way and there are no multiple bonds. However, the
results obtained by authors show that despite more advantageous chemical structure of glycol
ethers, the PM emissions reduction caused by them is smaller than the one obtained with the
use of maleates and carbonates.

The next important issue is how the effectiveness of the PM emissions reduction
depends on the oxygen (or oxygenated compound) content in fuel. In order to answer to this
question, the PM emissions were tested with the use of fuels containing 5% and 10% of
components A and B. The results of relevant measurements are presented in Figure 9. The
obtained results show that in case of the examined oxygenated compounds, the PM emissions
reduction is directly proportional to the oxygen content in fuel. For the oxygenate
concentration of 5% as well as 10%, the effectiveness of 1% of oxygen in fuel oscillated
around PM emissions reduction by 8%.
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Fig. 9. Reduction of PM emissions during the NEDC cycle
as a function of oxygenate content in fuel

The previous papers showed that the oxygen content in fuel is decisive for the PM
emissions reduction regardless of which type of the oxygenated compound was used. The
recent papers mostly say that there is no absolute relationship between the PM emissions
reduction and global fuel oxygen content. Delfort et al. [2] say, for instance, that the fuel
oxygen content becomes an important parameter in the same chemical family. The
examinations performed by the authors confirmed Delfort’s opinion in case of maleates. In
case of carbonates, the component with a lower oxygen content was more effective. It can be
supposed that a lower effect of carbonate with a higher oxygen content could be related to its
low boiling point. The results of the performed research allow to state that the PM emissions
reduction depends not only on the oxygen content in fuel but also on the other factors, among
which a type of the oxygenate is very important.

Conclusions

e The synthetic oxygenated compounds used in the research at a concentration
of 5% caused a significant reduction in the PM emissions in the NEDC cycle.

e Comparing the both phases of the NEDC cycle a higher reduction in the PM
emissions occurred in the EUDC phase.

e At the identical content of oxygen compounds in fuel, the extent of PM
emissions reduction was dependent on the type of oxygenated compound.
The highest reduction in the emissions was obtained with use of carbonates
and maleates. In case of glycol ethers the reduction was lower.

e The diversity of effectiveness for the different oxygenated compounds does
not only result from the differences in the oxygen content but also from the
different chemical structure and properties. It seems that a very good
autoignition quality of glycol ethers negatively affects the effectiveness of the
PM emissions reduction.

e For a given oxygenated compound the extent of the PM emissions reduction
is directly proportional to its content in fuel. At concentration of 10% the
effect of saturation was not noted.
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B crarbe nmpuMBENCHBI PE3yNIbTATHl UCCIICIOBAaHUN BIMSHUS OKHCIUTENCH JU3eNb-
HOTO TOIUIMBA Ha COJEP)KAHUE BPEHBIX YaCTHUIl B OTPaOOTaBIINX ra3ax JErKOBBIX
aBromoOmneid B Tecte NEDS (Hopmer Euro4). MccnenoBano mecTs pasiddHBIX
OKHCIIUTENICH Pa3INYHBIX XUMUYECKHUX Ipymi. OTMEUEHO MOJIOKUTEIBHOE BIIUS-
HHUE KHCIOPOJI0COICPKANIUX COCTUHEHHUI Ha BRIOPOC TBEpAbIX yacTull. Mx adde-
KTHBHOE JISWCTBUE BBISBICHO NP KOHIEHTpauu 5% OT 00beMa IPHMEHSEMOTO
TOIUINBA. Y MEHbIICHHE BEIOPOCOB TBEPABIX YACTHIL 3aBHCEJIO HE TOJIBKO OT KOH-
LIEHTPAIUK KUCIOPO/a B TOIUIMBE, HO B 3HAYMTEILHOW CTENCHH OT BUJA HCIIOJb-
3yemoro okuciutens. Hanbonee s pextuBHpM B Tecte NEDS oka3zanoch neiict-
BHE KapOOHATOB KaK OKUCIUTENCH TOIUIMBA - YMCHBIICHHE KOHLCHTPALUH Ha
39%, 3arem Mmaiearsl (COJIM MaJIEHHOBOW KHCIIOTHI) YMEHBIICHHE KOHI[CHTPALUH
Ha 32% u riukoseBsid adup (Ha 16%).

Kurouesolre CJloea:Kuczzapodacodepycamue CO@@MH@HM%, ouzenvHoe monaueo,
meept)ble yacmuybl, osueamens ¢ camoeocnjiiameHenuem, 0mpa60ma6mue 2asbl.

V crarTi HaBeeHi pe3yNbTaTH AOCTIPKEHb BIIMBY OKHCIIIOBAYiB JTH3EIBHOTO Ia-
JIBHOTO Ha BMICT IIKiJUIMBAX YaCTHHOK Y BiJNPAaIlbOBAHUX a3ax JICTKOBUX aBTO-
mo6iniB B Tecti NEDS (HopMmu Euro4). JlocmimkeHo WIiCTh pi3HUX OKUCIIOBAYiB
Pi3HUX XIMIYHUX TPyYIl. BigMideHO MO3UTHBHE BILTMBABAHS KHCHEBMICHUX CHOIYK
Ha BUKHJ TBEPIMX YACTHHOK. IXHIO e()yKTHBHY JIif0 BUSBJIEHO TIPU KOHLEHTpALLiT
5% Big 00CATY 3aCTOCOBYBAHOTO MATHBA. 3MEHIIEHHS! BUKUAIB TBEPUX YJACTHHOK
3aJIe)alio He TUTBKH Bil KOHIEHTPALil KHCHIO B MMAJIKBI, ajle 3HAYHOIO MipOIO Bif
BUJly BUKOPHCTOBYBaHMX OKHciroBadiB. Haiibinem edextuBruMm y Tecti NEDS
BUSIBHJIACS JTisi KApOOHATIB SIK OKHMCIIIOBAYIB MalvBa 3MEHIICHHs KOHLCHTpalii Ha
39%, motimM MareaT (coyii ManeiHOBOT KHCIIOTH) 3MCHIICHHS KOHIECHTpamii Ha
32% i rimikonesuii edip (Ha 16%).

Knrouogi cnoga: kucHesmicHi cnonyku, ouseibHe Naiueo, meepoi YaCmuHKU, 08u-
2VH 3 CAMO3AUMAHHAM, GIONPAYLOBAHI 2aA3U.
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SKCIIEPUMEHTAJIBHBIE UCCJIIEJOBAHUS 3BYKOBOTI'O ITIOJISAA KOJIEC
JJOKOMOTHBA

OnpezeneHsl COEKTPHI 3ByKa B XapaKTEPHBIX TOYKAaX 3BYKOBOI'O IOJIS, M3Iydae-
MOTO MOBEPXHOCTSIMU KOJIEC PA3TMYHON KOHCTPYKIUH, 0OyCIOBIEHHOTO KOHTaK-
THBIM B3aHMOJICHCTBHEM B mpoliecce ABkeHus. Puc. 5, ucr 1.

Knrwoueswie cnosa: xoneco, 38yx, 0000, cnuya, OUcK, CheKmp.

IHocranoBka npodaemsbl. OJHUM U3 BaXKHBIX TEXHUYECKUX TOKa3aTesed MoABH-
JKHOTO COCTaBa SIBISIIOTCS €ro BHOPOAKyCTUUECKHE XapaKTEPUCTUKH C MO3UIMU BO3JAECHCTBHA
Ha OKPYXAIOLIYIO Cpely, T.K. TPAHCIIOPTHBIE IIYMBI CTaId OJHON U3 CEPhE3HBIX COLMATIbHBIX U
TEXHUYECKUX MPOOJIeM M3-32 YBEIMUYCHHUSI MHTCHCUBHOCTH JBM)KCHUS M TOSBICHUS CETH CKO-
pocTHBIX MarucTpaiei. [loaToMy U3ydeHne TPaHCIIOPTHBIX IIYMOB M Pa3BHTHE UCCIICIOBAHUN
B HAIPABJICHIH UX CHIDKEHHS CTAaJI0 BYKHOM HAyYHOH M MPaKTUIECKOH 3amadeii.

JIOKOMOTHB — CIIOXKHBI HCTOYHHK ITymMa. ETO OCHOBHBIC COCTABISIOMIAE — CHIIOBAs
YCTaHOBKA C OOCITY>KHBAIOIIMMH €€ CHCTEMaMH U MPOIIeCcC B3aUMOICHCTBHUS KOJIECa C PETbCOM.
[Ipraem mocnemHU SBISACTCS OTPENEITIONINM P CKOPOCTSIX ABIKEHHS Ooiee 80 km/4.

AHaJIu3 NMoCJeIHHUX HccCJeAOBaHUNH M nyOaukanuii. B HacTosmee BpeMs
OCHOBHBIMH CPEJCTBAMHU CHHKECHHUS IIyMa ABIKCHHS KEJIC3HOJOPOKHOTO IKUIAXKA ABIIIOTCA:

e  crienuaibHbIe 00YCTPONCTBA PEIbCOBOM KOJIEH, YCTAaHOBKA DKPAHOB, M30JIs-
Ui OOKOBBIX TIOBEPXHOCTEH PeibCa;

e  IpPUMEHEHHs KOJec ¢ MOJPe3UHEHHBIM KOJECHBIM ILIEHTPOM, HCIIOJIb30BaHHE
CHeLHUaIbHBIX MOKPBITHI (a0cOpOepoB) B KOHCTPYKIINHU KOJIECHBIX IEHTPOB.

Mexay TeM Mo yCIOBUSM O€30MAaCHOCTH 3KCIDTyaTallid HEXKEIaTeNbHO 3aKPBIBAaTh
MTOBEPXHOCTH KOJIEC U PEeNbCOB. B Toxe BpeMs 3((PEKTUBHOCTH 3BYKO3ATIYIICHHUS MOIPE3H-
HEHHBIX KOJIEC HEIOCTATOYHA, a YCTAHOBKA SKPAHOB U CHEIHAITBHOE 00YCTPOUCTBO PETLCOBOI
KOJICH — MEPOTIPHUATHUS CYIIECTBECHHO 3aTPaTHBIC.

Henr craTrpu. Ha TATOBOM NOABIKHOM COCTaBE MPUMEHSIOTCS B OCHOBHOM JIBa
BHa KOHCTPYKIUH KOJIEC KOJECHBIX TMap: 00aHMa)XeHHBIC C JUCKOBBIM KOJICCHBIM LIEHTPOM U
00aH/a)KEHHBIE CO CITMIIEBBIM KOJECHBIM LEHTpOM. 1Io3TOoMy B SKCHEpUMeEHTe, MPUOIMKEH-
HOM K pEaJbHBIM YCJIOBHSAM JKCIITyaTalluH, CTaBUTCS 3ajjauya MCCIEJOBAThH SIBICHHE IIyMOOO-
pa30BaHUSA OT KOHTAaKTHOTO B3aMMOJEHCTBHS 3THUX KOJIeC B Ipolecce KaueHHUs | 10 pe3ysIbTa-
TaM IKCTIEPUMEHTAIBHBIX JAHHBIX OMPEAETUTHCS C BHIOOPOM MX MPUMEHEHUS! B KOHCTPYKIIMH
IKHUIAXKA C LETbI0 CHIDKEHUS IIyMa JABMKCHUS.

B sTtom narHOM ciaydae u3 2-X (akTOpOB IIyMa KOHTAKTHOTO B3aUMOJICHCTBHS KoJieca
U penbca, TeHePUPOBAHUS U U3IYICHUS pacCMaTPUBACTCS BTOPOA.

MaTepuaJjibl U pe3yJbTaThl HCCHeT0BaHMI. MI3BeCTHO, UTO Ha JKENE3HOO-
POXKHOM TSTOBOM TOJBIDKHOM COCTaBE IMPUMEHSIOTCS J[Ba BUIa KOHCTPYKIHHU KOJIEC: CITHIIE-
Bble ¥ 1220 MM 1 1250 MM U ¢ JUCKOBBIM KoJieCHBIM 1IeHTpoM @ 1050 mm, a Takke ¢ nmozape-
3WHEHHBIM KOJIECHBIM IICHTPOM.

C menpio ompeneneHusl KOHCTPYKIIMH KoJieca ¢ MEHbIIEeH MHTEHCHUBHOCTBIO 3BYKOHU3-
JydeHUs! ObLITN BBITIOJHEHBI U3MEPEHHS YPOBHEH 3BYKa B XapaKTEPHBIX TOYKAX 3BYKOBOTO IO-
JI51, U3ITy9aeMOTr0 CITMIIEBBIM M JTUCKOBBIM KOJE€CaMH. DKCIIEPHUMEHT OCYIIECTBIISIICS Ha CTEH-
JIOBOM YCTaHOBKE, CXeMa KOTOpOi mokazana Ha puc. 1 [1].
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Puc. 1. CternoBas ycTaHOBKA!

1 — obangaxenHoe koaeco ¥ 1050 MM ¢ TUCKOBBIM KOJIECHBIM LIEHTPOM, 2 — 00aHAa)KEHHOE KOJIECO CO
CIHILIEBBIM KOJIECHBIM LieHTpoM @ 1250 MM, 3 — xecTKast cBapHas paMa, 4 — TUAPOLMIMHAD, 5 — KOM-
IUTEKT HPYXUuH, 6, 7 — OyKCHI

CreHnmoBast yCTaHOBKa 0OecIieunBaeT peanusamnuio ckopocterd 20...75 km/4 mpu oce-
BoH Harpy3ke Ha kojieco 100 kH. OceBas Harpy3ka co3gaBajach TMAPOLMIMHIAPOM 4 udepe3
MPYXUHBI 5.

XapakTepHble TOYKH pa3MerieHus: MukpodoHa takue. Touka 1 — Ha pacctosamm 150
MM CO CTOPOHBI MOBEPXHOCTU Kpyra kaTtaHusd. Touka 2 —Ha pacctosHHH 150 MM oT 60oKOBO¥
CTOPOHBI KOJIECHOTO IIeHTpa Ha paguyce R=300 MM a1 JUCKOBOTO KOJIECHOTO IIEHTpa W Ha
R=435 MM Jy1s1 CIUTIEBOTO KOJIECHOTO LIEHTPA.

W3mepenust ypoBHS maBieHust ocymiectsisuiock mymomepom «OKTAVA-101A» ¢
norpemHocteio £0,7 1b, knacc Tounoctr — 1. B u3MepuTenbHyIo 1enb NryMoMepa BKIIIOUEH
npeaycunutesab MUKpodoHHbit KMM-400 ¢ mukpodonnbmM kanctoiaem BMK-205. Tlepen us-
MepeHusIMH OblIa TPOBe/ieHa KannOpoBka myMomMepa kanudparopom CAL 200 (Larson Davis).

B cxeMy cTeHIOBOW yCTaHOBKHM BXOJMJIO BCIIOMOTATeJIbHOE 00OpynoBaHHE, 00pasy-
fomiee (oHOBEINA mym. [ToaToMy mepen KaXIpIM HU3MEpPEHHEM B TO4YKax | W 2 u3Mepsuics |
CHeKTp poHOBOTO mryMa (0e3 BpaleHus KoJec).

Wzmepenus BeimonHsuuch B quamazose 100...10000 I'p B 1/3-okTaBHBIX MmoJIocax 4yac-
TOT.

HexoTtopsie pe3ynbTaT UCIIBITAHUN IPUBEAEHBI Ha pHC. 2-5.
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Puc. 2. Cniektp ypoBHeii 3Byka y O0OKOBOI CTOPOHBI KOJIEC IPU V=35 KM/4:
1 — crimneBoe koneco @ 1250 MM, 2 — kosteco ¥ 1050 MM ¢ TUCKOBBIM KOJIECHBIM LIEHTPOM, 3 — (OH
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Puc. 3. Cnektpsl ypoBHeii 3Byka y 60KOBOW CTOPOHBI KoJiec mpu b=70 Km/u:
1 — cnmmeBoe koneco @ 1250 MM, 2 — kosteco @ 1050 MM ¢ AMCKOBBIM KOJIECHBIM IIEHTPOM
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Puc. 4. CriekTpsl ypoBHEH 3ByKa y 000712 KoJec ipu V=40 km/4:
1 — cnuneBoe xoneco @ 1250 MM, 2 — xoseco ¥ 1050 MM ¢ JUCKOBBIM KOJIECHBIM LIEHTPOM
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Puc. 5. CnexTpsl ypoBHel 3Byka y 000aa Konec mpu v=70 km/4:
1 — cnmmeBoe koneco @ 1250 MM, 2 — kosteco @ 1050 MM ¢ MCKOBBIM KOJICCHBIM [ICHTPOM

Vx aHanm3 mokasbIBacT, YTO (DOHOBBINM IIyM NPAKTUYECKH HE OKa3bIBACT BIHMSIHHUS Ha
Pe3yJIbTaThl M3MEPEHHUH NPH pea3aliy ABWKEHHS BBIE 35 KM/4, T.K. Pa3HOCTh ypOBHEH
3BYKOBBIX JIaBIeHUl (hOHOBOrO IrymMa 1 B Toukax 1 u 2 cocrasiser ~10 nb.

JlocTatouHasi TOCTOBEPHOCTh M3MEPEHUH YAaCTOTHBIX JaHHBIX MMEET MECTO B JUara-
3o0He oT 100 I' u BBIIIE.

CrexTpsl ypoBHeH 3Byka B Toukax | (y o6oma) miast o6oux kosec (puc. 4 u 5) B Auamna-
3one yactoT 400..8000 I'y mpakTuuecku paBubl; B Auamazone 200...315 I’y pazHocTh 00ycio-
BJICHA Pa3NIMYHON 0OOPOTHOM YacToTOH Kojec T.K. uXx ¥ 1050 u 1250 mm.

CriekTphl ypoBHEH 3ByKa B TOYKax 2 (Ha OOKOBOH CTOpOHE) puC. 2 U 3 CBHACTENBCT-
BYIOT, YTO HMHTCHCHBHOCTb 3BYKOM3IIYUYEHHs CIIHIIEBOTO KOJECa, 32 HCKIIOYEHHEM 30HBI
500...1000 I’y mpu v=35 KM/4, HIKE, YeM Y TUCKOBOTO.

BriBon. B pesynbrare BBINTOJHEHHBIX HCCIENOBAaHWN YCTaHOBIEHO, YTO B IEJIOM

CITMIICBOC KOJIECO MO CPABHCHUIO C JUCKOBBIM MMECT MCHBIIIYIO HHTCHCUBHOCTD 3BYKOU3JTy4C-
HHA.

Jureparypa

1. TIar. Ne 50466 Ykpaiaun, MIIK (2009) G 01 M13/04, 17/00 CteHn aist ZOCTiIKEHHS TPOLECIB
IpH B3aeMozii kojeca 3 peiikoro / Komeukina H.I., Hocko I'. C. (Ykpaina) CHY imenn B.Jlans -
Ne u 2009 12982; 3ass. 14.12 2009; omy6:m. 10.06.2010. Brom. Ne 11 —3 c.



Bu3HaueHo CIIEKTpH 3BYKYy B XapaKTEpPHHX TOYKax 3BYKOBOTO I10JI, 1110 BUIIPOMi-
HIOETHCSI TOBEPXHAMH KOJIC Pi3HOI KOHCTPYKIi, 0OyMOBIICHOIO KOHTaKTHOIO
B3a€EMOJI€I0 B mporeci pyxy. Puc. 5, mxk. 1.

Knrouosi cnosa: xoneco, 36yk, 00i0, cnuys, Ouck, Chekmp.

Sound spectra in characteristic points of the sound field radiated by surfaces of
wheels of a various design, caused by contact interaction in the course of
movement are defined. Fig. 5, Sour. 1.

Keywords: wheel, sound, rim, spoke, disk, spectrum.

Komeuknna H.U. — acriupanT kadenps «Kene3HoOpOKHEIH TPaHCIIOPT

Penensent: Heuaes I'.1. — npodeccop, TOKTOp TEXHHYECKUX HAYK, 3aB. Kadenpoit «TpaHCIOPTHBIC TeX-
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POSSIBILITIES OF THE ECOLOGOCAL CHARACTERISTICS IMPROVEMENT
FOR NON ROAD SURFACE TRANSPORT VEHICLES WITH COMBUSTION
ENGINES BY THE APPLICATION OPF EOBD DIAGNOSTICS REQUIREMENTS

The paper presents a method of combustion process assessment for a
compression-ignition engine, based on results of parameterizations of a time-
frequency a(t, f) map of an engine vibration signal as an answer for the needs of
the toxic emission decrease required by present and future European emission
regulations and of the on-line combustion engine vehicles diagnostics in the
whole of their exploitation period. The Joint Time-Frequency Analysis (JTFA)
methods have been proposed as a tool for a time-frequency selection of a
vibration signal. An algorithm of the method has been outlined and an example
application of a synchronous averaged Short Time Fourier Transform (STFT) for
extracting vibration signal components related to combustion process has been
shown. Parameterization of a(t, f) map gives measures covariable with misfire in a
cylinder of an internal combustion engine. The method and analyses of the chosen
characteristics and parameters were used in on-line diagnostics of the combustion
process and its lack, what gave the necessary bases for application of the method
in the EOBD (European OBD) system. It might be helpful to use and improve the
strategy of the combustion process control in the engine at on-line conditions and
to assure the reliability of the diagnostic decisions being put in the EOBD strategy
control. Its application will also result in the control of engine processes in the
point of view of the environment protection from engine exhaust gases emission.

Compression-ignition, vibration signal, toxic emission, OBD system, combustion
process, vibration velocity and accelaration, signal selection.

Introduction

A growing impact of the combustion engines on the environment substantially
influenced the design process and the operation of the engine itself. In the whole life cycle of
an internal combustion engine all its functional characteristics are modified, leading to a
gradual deterioration of the operational characteristics. A continuous process of engine
deterioration, being intensified by improper operation, directly leads to a deterioration of the
performance quality, imprecision in mixture formation, distortion in the combustion process,
drop in engine durability and, consequently, to its ultimate failure. Each of the above factors
has the impact on the engine exhaust emissions, which is vital for the environment protection
and human health. That is one of the main reasons why the diagnostics of a unit in its whole
period of operation becomes increasingly important.

A little vehicles harmfulness for the environment, expressed by the little toxic
compounds emission, noise emission and the little fuel consumption (the little CO, emission)
are the requirements which are put forward first during the design process of the contemporary
internal combustion engines. The consequence of the concern with the environment is applying
by the industrial developed countries more and more stringent emission regulations for
vehicles. These actions extract technical progress in the forward of getting less and less
emission levels for each toxic compound of combustion gases. In the aftermath of that,
requirements concerning of the on-board diagnostic of engines were applied, at first in Sl
(spark-ignition) engines, then in Cl (compression-ignition) engines of passenger cars and in
light-duty vehicles. OBD systems give the vehicle owner or a repair technician access to state
of health information for various vehicle sub-systems. The amount of diagnostic information
available via OBD has varied widely since the introduction in the early 1980's of on-board ve-



hicle computers, which made OBD possible. Early instances of OBD would simply illuminate
a MIL (Malfunction Indicator Light), if a problem was detected but would not provide any
information as to the nature of the problem. Modern OBD implementations use a standardized
fast digital communications port to provide real-time data in addition to a standardized series
of DTC codes (Diagnostic Trouble Codes), which allow one to rapidly identify and remedy
malfunctions within the vehicle.The high level of requirements regarding internal combustion
engines and obtained benefits caused, that OBD norms and these systems have been using in
wider and wider group of vehicles applications. On the basis of trends of emission norms (in
the USA and in Europe), the tendency to bring OBD requirements and systems into non-road
vehicles applications is being observed at present. Engine diagnostics with the use of the
accompanying processes can be the way to obtain the reliable control of all important engine
characteristics for the purpose of the OBD requirements application in these groups of vehicles.
The parameters resultant from such a diagnosis provide general information on the engine
condition. It gives a more detailed information on the diagnosed component and process,
mainly the run of combustion or misfire.

Engine measurements in stationary conditions

The research of the misfire detection in combustion engines through vibration
methods has been performed based on the active experiment, meaning a deliberate
modification of input parameters and observation of their impact on output parameters.
Research was performed at the engine test stand on a single cylinder research engine based on
the design of SW 680. SB 3.1 is a 4 stroke compression-ignition direct injection engine with a
maximum power output of 23 kW (n = 2200 rpm) and a maximum torque of 109 N-'m
(n = 1600 rpm).

The operating conditions reflected the engine operation within the load characteristics.
The above characteristics were realized for 4 different engine revolutions: 1000, 1200, 1500
and 1700 rpm. The following torque values were taken into consideration: 22.5, 45, 67.5 and
90 N-m. The additional working point reflected the idle run was taken into account. During the
experiment, the constant coolant temperature was maintained at 75 °C by a peripheral
temperature stabilizer unit. In order to produce a misfire, the engine was subjected to a pulse
fuel cut-off by a mechanical by-pass valve, fitted in the high pressure fuel conduit, between the
injection pump and the injector. The test measuring points were located on the engine head.
The points were selected according to the principle that the sensor should be placed closest to
the point where the tested process-related vibration signal is generated [9, 10].

Measurements signals obtained from transducers were delivering to amplifiers, in
which were amplified and normalized. They were delivering to analog inputs of the data
acquisition card then. Measurements signals were filtered inside the card with the help of
analog and digital filters, after which were processed from the analog to digital form. Signals
obtained in the data acquisition card, in the digital form, were recorded in a computer memory.

The qualitative assessment of the influence of misfires on the time history of the
vibration acceleration, velocity and cylinder pressure was realized for the specified engine
conditions. Based on the time history, for the whole engine work field, qualitative changes in
the vibration acceleration were identified as a result of a misfire (figure 1).
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Fig. 1. The time history of the signals at 1500 rpm and a torque 0 N-m: a) the cylinder pressure (P, ) and
vibration accelerations in X, Y and Z directions (ay, a, &), b) the cylinder pressure and vibration
velocities in X, Y and Z directions (vy, vy, V;)

Ignition and a further development of the combustion process results in an abrupt
surge of the amplitude of the vibration acceleration in each of the recording directions of the
measuring signals. The values of the amplitudes of the vibration acceleration signals in the
cycles are tightly connected to the change in the peak value of the cylinder pressure in these
cycles. In the case of a misfire, the surge of the amplitude of the vibration signals does not
occur. Direction Z was giving the highest values of amplitudes at relatively low amplitudes in
between the work cycles. The vibration velocity signal turned out useless for a diagnosis.

Recorded all time history runs of the measurement signals were taken to time
selection process. All recorded signal was divided into signal sequences including single
working cycles of the internal combustion engine. Divided measurement signals allowed to
consider the influence of the single combustion process on the chosen vibration signal
parameters and, in consequence, calculate differences of these parameters for the proper
combustion process and cycles, in which occurred misfire events. The quantitive analysis of
the vibration signal has been performed through dimensional point measures: mean, effective,
peak, peak-to-peak values and non-dimensional estimators: shape ratio, peak factor, impulse
factor. Dimensional point measures occurred to be the best parameters for misfire diagnosis,
especially peak and peak-to-peak values. Non-dimensional vibration estimators were unreliable
because of too low dynamics and a different behaviour for each of the working points.

The assessment of the measuring signals in the frequency domain enabled to
determine the component frequencies included in the time history of the functions. The
frequency analysis aimed at the determining of the amplitude values of the vibration signals in
the frequency function. Within the frequency analysis, amplitude spectrums of the vibration
accelerations were developed for each direction of the signal recording and various working
points of the engine. The developing of the amplitude spectrums aimed to determine the
frequency range related to the combustion process. The obtaining of the amplitude spectrums
for the effective value of the vibration acceleration signal has confirmed significant differences
of the history of the spectrums for the regular and misfire combustions (figure 2). The
differences occurred in the frequency range 600—1200 and 3000—6000 Hz.
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Fig. 2. The spectrum of the vibration acceleration amplitude in a Z dimension for the cycle with a misfire
(a) and with a combustion process (b), M, = 0 Nm and n = 1500 rpm

The occurrence of a misfire during engine operation in conditions n = 1500 rpm and
M, = 0 N-m resulted in a decrease in the effective value of the vibration acceleration signal,
as opposed to the signals of the regular work cycle, by more than 35% for the frequency range
from 600 to 1200 Hz and by 72% for 4000-5000 Hz.

The basic researches taking place at the engine test stand are described wider by the
authors in [9, 10], in which the all measurement and methodological stages have been
presented.

Non-road vehicle research in exploitation conditions

Research in potential exploitation applications were conducted on a 12-cylinder,
compression-ignition (CI) and direct injection 2112 SSF engine of the diesel locomotive,
a type SU45 [14].

The following elements of a measuring set were used in the tests: vibration
transducers for the Z direction (Briiel & Kjer, type 4391), vibration signals calibration unit
(Briiel & Kjer 4294), crank angle encoder (Wobit MOK), charge amplifier (NEXUS, type
2692), data acquisition card (National Instruments, type PCI-4472), water resistor with the
control system, coolant and lubricant temperature transducers.

The measurements were divided into two parts. In the first of them all cylinders of the
one row were taken into consideration to check if it is possible to use vibration characteristics
in the assessment of the combustion process run for an engine being used in traction vehicles.
This stage was also used to see the differences in sensibility of the vibration signal in each
working cylinder. The second research stage was used to determine the differences between
signals with combustion and misfire for different working points (power changes) for 3
cylinders taken from the prior stage. In the first stage the following velocities were taken into
consideration: 700, 900, 1080, 1300 and 1500 rpm. The following effective power was being
obtained: ~ 0 (idling run), 252, 460, 580, 667 kW. In the second research stage all velocities
and torques defined with the locomotive regulating unit position were taken as the working
points. The test measuring points were located in the engine head. The torque and power was
being measured and controlled with the help of the water resistor stand.

Both stages of the measurements at the diesel locomotive pointed that the vibration
signal can be used to the on-line assessment of the misfire events which occur during normal
working of an internal combustion engine. The ignition causes the impulse changes of the
vibration signal amplitudes and the combustion process has its representation in a vibration
signal. The signal is distinct in each working cycle independently from the cylinder number,



what confirms the reliability of the method in relation to detection procedures being done for
multi-cylinder compression-ignition engines (figure 3).
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Fig. 3. Vibration acceleration runs in the Z dimension of the cylinder heads 1-6 of the 2112 SSF diesel
locomotive engine (n =900 rpm and M, = 2674 N-m)

Changes of the engine effective power were causing the changes dynamics of point
estimators of the vibration signal. It points that vibration signal parameters follow with the
power changes. The increase of the effective power was causing that the peak and peak-to-peak
values in each cylinder were increasing. The point estimator in the each engine working point
was being related to the point value obtained at idling conditions (figure 4).
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Fig. 4. The relative increase of the peak (a) and peak-to-peak (b) values of the vibration acceleration in
the Z direction as a result of the power increase from the idle run to 4th (i = 4) and 7th (i = 7) controller
position for 2112 SSF engine

The fourth cylinder had the lowest and the sixth cylinder the highest relative change of
the point measures in the case when the effective power had changed. These two cylinder
numbers represents the worst and best conditions for misfire detection strategy. When a misfire
event occurred, it caused that the vibration signal amplitude decreased irrespective of the
cylinder number and working conditions. In the case of the fourth cylinder, misfire event
occurrence made the peak value decrease from 8 to 31 times, 2,3-16,8 times for a cylinder 5
and 2,8-21,5 times for a cylinder 6, regarding to the value for combustion process. In the case
of the peak-to-peak value relative decrease of this measure was from 9 to 32 for 4th cylinder,
3-18 for the 5th cylinder and 3,5-22,8 (figure 5).
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Fig. 5. Relative decrease of the peak value (3s,) and peak-to-peak value (8,0,) Of the vibration
acceleration of a diesel locomotive engine for the fourth (a), fifth (b) and sixth (c) cylinder

Joint Time-Frequency Analysis

Analyzing of vibrations that are being generated by the engine, in the range of a single
engine working cycle, one can state that it is a process being changeable in time, both in the
amplitude and frequency domains, as a result of following engine work phases. Application of
joined selections, like e.g. space-spectral [2] or time-spectral [1] selections is purposeful in the
engine diagnostics. The potential wide chances for development and use are seen nowadays for
methods that have been being developed at present which base on time-spectral domains
analysis, among which the most popular are: Short Time Fourier Transform (STFT),

Wavelet Transform (WT) and Wigner Ville Distribution (WVD) — [12].

STFT transform consists on the FFT analysis of short sequences of a signal which can
be treated as a quasi-stationary signal. The input signal extraction of the following data
segments to FFT analysis is realized with the use of the moving window technique [5]. The
time-spectral map of the process being analyzed is obtained when the received spectra are put
together.

A result of STFT analysis can be treated like a series of spectra determined for local,
short time segments. The method advantages are: a short time of a time-frequency map
determination, an easy and intuitive results interpretation and a constant resolution for all
frequencies. The result form depends on the taken time window function and signal processing
parameters: a number of samples in the data segments and the time step of the analysis.
Limitation of the method is, that it is impossible to obtain a high resolution for a time and
frequency domains in the same time. The resolution in the time domain can be improved by
using an overlapping, which consists on partial interference of the analyzed signal segments to
each other. An estimation error of the amplitude and frequency for local maximum values on a
map is minimized by an amplitude-frequency correction - AFC [3, 4].

The mother functions can be each functions in the Wavelet transform [11]. The
Morlet’s function as a mother function is being used in many cases because of the calculation
process simplification. Its application allows for using the FFT procedure in the processing,



which accelerates calculation process effectively. The result form depends mostly on taken
mother functions. This type of an analysis can be equated to a filtration with a constant relative
bandwidth Af/f;. The filter position on the time-frequency map is given by scale and translation
parameters (a — dilation, b — translation). The analysis bandwidth increases along with a
translation to higher frequencies (a resolution of an analysis in the frequency domain
decreases). Then, the resolution in the time domain increases, and inversely. That feature is
useful in the case of a simultaneous analysis and observation with a different time step for a
rapid changeable and high-frequency processes (e.g. a valves opening and closing, a
combustion process) and slow-speed low-frequency processes. The drawbacks of the method
are: the form of a result depends on a taken mother function and the interpretation of a
graphical form of a result is not always intuitive.

Wigner-Ville distribution (WVD) is realized by two-dimensional time-frequency
window. This kind of an analysis allows to take any size of an analysis window theoretically.
When an analysis window size is defined arbitrarily, it may give minus distribution values,
arising interferences in the time and frequency domains, what makes the interpretation process
more difficult. The WVD distribution characterizes a long time of calculations, especially for
long time series, comparing to the prior methods.

The combinations of different methods of a signal selection (e.g. time and amplitude
selection), apart from basic methods of a vibration analysis, were used during the research. The
dynamics of diagnostic symptoms describing misfire events was increased.

The task of time-spectral selection procedures is to get out and/or display pieces of
information connected with the combustion process in an engine cylinder from the vibration
process. In order to decrease estimation errors of amplitude and frequency components for a
map a(t, f), the amplitude-frequency correction procedures can be used as an option. The
further signal parameterization (creation of estimators and characteristics) should lead up to
obtain symptoms that detect misfire events in an engine cylinder.

The application of a time-spectral map parameterization is necessary to obtain
complete representation of an ignition lack in a cylinder on the basis of point measures of a
vibration signal. Time-spectral maps were received in the result of research conducted at the
SB3.1 engine (figure 6). The peak value of the vibration accelerations in the frequency band of
20004000 Hz, which was calculated on the basis of a time-spectral map, was taken as a
parameter describing lack or presence of ignition in a cylinder of the SB3.1 engine. The high
dynamics of parameter changes, reaching 20 dB, was noticed.

The second measurement stage was conducted on a 2112 SSF diesel locomotive
engine. The time-spectral maps were obtained, both for a lack of combustion in a cylinder and
when combustion took place (figure 7). In this case, a peak value of vibration accelerations in
the range of frequency of 3000-5000 Hz, determined on the basis of time-spectral map, was
the parameter that described lack of an ignition in the cylinder or a combustion process for a
diesel locomotive engine. Changes of a parameter were described with the dynamics that
reached 34 dB.

a) b)
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Fig. 6. The example time-frequency map of a vibration acceleration in the Z dimension (a,) of cylinder
heads at the SB 3.1 engine (n = 700 rpm and M, = 0 N-m) for: a) lack of a combustion process, b)
combustion process
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Fig. 7. The example vibration acceleration runs in the Z dimension (a,) of cylinder heads at the 2112 SSF
diesel locomotive engine (n = 700 rpm and M, = 0 N-m) for: a) lack of a combustion process, b)
combustion process

Misfire detection algorithms

Algorithms of misfire detection in an engine are based on signals analyses in the time,
process value, frequency and joint time-frequency domains. They concern the assessment of
point measures and JTFA parameters. The time selection of a vibration accelerations was used
to divide a time run into sections describing working cycles and in the next steps also
combustion processes and their lack (figure 8).
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Fig. 8. Algorithm of an engine combustion process assessment on the basis of a vibration acceleration
estimation

Algorithm of the engine misfire detection that was built, was assessed to create
specific algorithms which would give information about the way of flow and vibration
acceleration analyses. The created algorithm can be, according to a way of a signal time
selection realization:

parallel algorithm,

algorithm that uses window functions in the time selection process,

sequential algorithm.

The parallel analysis of signals obtained from each cylinder takes place in the first of
the algorithm. The same mathematical procedures are in each cylinder for the specified number
of engine working cycles. Detection of a combustion process or its lack with information of the
cylinder number and the amount of misfires that appeared in the specified period of time is the
result of the algorithm run (figure 9). In order to shorten the time that is necessary for the
algorithm to analyze signals, the algorithm that uses window functions to time selection
process and to estimate specific parameters should be used. In this case division of a signal
time runs on working cycles and then for section for combustions and combustion lacks is done
by multiplying time chains with a window function. Sequential flows of measurement signals
and analyses may be used in order to decrease the calculation power of the algorithm. In this
case, a multiplexer can be taken into consideration.
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Conclusions

The method allows to assess lack of an ignition, both for a single cylinder research
engine and multi-cylinder engine of a diesel locomotive. The monitoring of the combustion
process based on vibration signal parameters allows an unambiguous misfires detection, which
is an advantage of those methods over the currently used ones [6—9, 10, 13). It allows to detect
each particular combustion (or its lack) in each engine cylinder and for different operating
engine conditions, assuring that its application in locomotives engines and engines of other
vehicles will not cost too much (its wide application will reduce further costs). The research
conducted at the exploitation conditions for a diesel locomotive engine confirmed a high
precision and quality of the misfire detection with the help of the vibration acceleration. The
obtained results proved high precision of a diagnostic process for the each engine cylinder. The
method is characterized by the high dynamics of parameter changes, which reflects appearing
or a lack of an ignition in an engine cylinder (20 dB for the SB3.1 engine, 34 dB for the 2112
SSF engine) and the relative error of a method did not exceed 10% for the examined engines.

Such a diagnosis gives precise pieces of information on correctness of the process and
its lack, what makes diagnostics more reliable. Deterioration of the engine exploitation
characteristics and subassemblies malfunctions influence on the emissions increase above their
limits. The proper diagnosis assures to find malfunctions and their sources during normal
vehicles exploitation and eliminate them. In the result, railway traction vehicles equipped with
combustion engines can be covered by on-line diagnosis, what will influence on improvement
of their ecological characteristics. The described method concerns the combustion process
diagnosis, so it might be helpful for the on-line control of that process for a better EOBD
strategy.
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CraThsl MOCBAIIEHA METOY OLICHKH IIPOLecca CrOPaHUs B ABUIATENAX C CAMOBO-
CIJTAaMEHEHHEM, OCHOBAaHHOMY Ha pe3yJibTaTaX aHajlu3a CIEeKTPO-BPEMEHHOIT Kap-
1ol (t,f) ¥ BUOpALMOHHOrO CHrHAJIA, MOJTYyYEHHBIX OT ABUraress. PaGoTa BbINON-
HEHA C [ENbI0 BBISBICHHUS BO3MOXXHOCTEH YMEHBILICHHSI CO/IEp:KaHHsI TOKCHYEC-
KHX BEIIECTB B OTPabOTABIINX ra3ax JABUrareieil Ha (poHe CyHIECTBYIOUIMX U Oy-
JyLIIAX HOPM 3MHUCCHH TOKCHUYECHX KOMIIOHEHTOB B EBporie, a Takke TpeGoBaHmii
9KCIUTYaTal[HOHHOTO THarHOCTHPOBaHHs TPAHCHOPTHBIX cpelcTB. B pabore mpen-
CTaBIE€H METOJA CIeKTpo-BpemeHHoro amamm3a (amrn. JTFA-Joint Time-
Frequenency Analysis) kak HHCTpyMEHTa pacrio3HaBaHUsI BUOPAI[HOHHOTO CHT'HA-
na. TIpencraBieH anropuT™ 1 IpUMEp UCIOIb30BaHUSI CHHXPOHHO-YCPEAHEHHOTO
KpaTKOBpeMeHHOTo mpeobpasoBanusi Poyprepa (auria.STET-Short Time Fourier
transform) must BeienieHusT U3 CIEKTpa BUOPAIIMOHHBIX CHUTHAIIOB, TEX, KOTOPBIC
OTHOCSATCSI K TIPOLIECCY CrOPaHHUSI.

AHanu3 CeKTpalibHO-BPEMEHHOM KapThl MO3BOJIAET pa3paboTaTh Mephl, CBA3aH-
HbIe C HapyLIEeHHEM MOMEHTa BOCIUIAMCHEHHs CMECH B JIBUTaTelie BHYTPEHHEro
cropanus. MeToa U BBINOJIHEHHBIH aHAIM3 BHIOPAHHBIX XapaKTEPHCTUK M IHapa-
METPOB TOCITYXKUIIH OCHOBOW 711 GOPTOBOrO (hYHKIIMOHAIBHOTO THAarHOCTHPOBa-
Hust niporiecca cropanus B cucreme EOBD (aurn. European On-Board Diagnostic).
npOBe}leHHbIe HUCCIIENOBAaHUSA MOI'YyT OBITh MOJIE3HEI B COBEPIICHCTBOBAHNUH KOHT-
poJIst TIpoLiecca CrOpaHusl B JIBUTATENIC B YCIOBHSAX MOCTOSHHOM pEruCTpaliy ma-
paMeTpoB M WX aHAIN3a, a TakKKe 0OECIIeUeHHH COOTBETCTBYIOIICH BEPOSTHOCTH
JIMarHOCTHYECKUX OIleHOK B cucteme EOBD.



Knrouesvie cnosa: osucamensv ¢ camoeocnjiameHenuem, 6u6pauu0Han? cucHaimn,
IMUCCUA MOKCUHYECKUX KOMNOHEeHMOos, 60pm060ﬂ cucmema duaznocmupoeaHuﬂ,
npoyecc cecoparus, CKopocms U yCKOpeHue 6u6pauuu, cejllekyusl cueHana.

CTaTTs NpUCBAYCHA METOY OLIHKU IPOLECy 3TOPSHHS B JIBUI'YHAaX camo3aiiMaH-
HS, 110 TPYHTYETHCS Ha Pe3ysbTaTax aHali3y CHEKTPO-THMYacoBoi KapTku (t, f) 1
BiOpamiifHOro cHrHaty, OTpUMaHUX Bif ABUTYHAa. PoGoTa BUKOHaHA 3 METOIO BU-
SIBJIGHHST MO>KJIMBOCTEH 3MEHIIIEHHSI BMICTY TOKCHYHUX PEUOBHH Yy BiAIIpanboBa-
HUX ra3ax JBHUTYHIB Ha ()OHI iCHYI0UMX 1 MaifOyTHIX HOpPM eMicii TOKCHYHUX KOM-
MIOHEHTIB B €BpOIIi, @ TAKOX BAUMOT €KCINTyaTaliifHOr0 AiarHOCTYyBaHHS TPAHCIIO-
PpTHHX 3ac00iB. Y poOOTi IpeACTaBICHO METOA CIIEKTPO-YacOBOTO aHANI3y (AHIJI
JTFA-Joint Time-Frequenency Analysis) sik iHCTpyMEHTY po3ITi3HaBaHHs BiOpa-
LiiHOro curHaiy. IIpeacTaBieHO aaropuT™ Ta MPUKIAL BUKOPUCTAHHS CHHXPOH-
HO-yCEepEIHEHOT0 KOPOTKOYacHOro meperBoperHs ®oyp epa (anria.STET-Short
Time Fourier transform) s BuniieHHS 13 cekTpy BiOpaliifHUX CHTHAIIB, THX,
110 HAJIeXATh 10 MIPOLECy 3TOPSHHS.

AHali3 CIeKTpaIbHO-9aCoBOI KapTH I03BOJISIE PO3POOUTH 3aXOMH, OB'sI3aHi 3 IO-
PYIICHHSM MOMEHTY 3aiiMaHHS CyMillli B JIBUTYHI BHYTpIIIHBOTO 3rOpsiHHS. Me-
TOJ 1 BUKOHAHUH aHai3 0OpaHUX XapaKTEepUCTUK 1 MapaMeTpiB CTaId OCHOBOIO
Ui 60pTOBOTO (PYHKIIOHAIBFHOTO IiarHOCTYBaHHS IPOLECY 3TOPSHHA B CHCTEMI
EOBD (anrn. European On-Board Diagnostic). [IpoBeaeHi DOCTiIKEHHS MOKYTh
OyTH KOPHUCHHMH B yJOCKOHAJCHHI KOHTPOJIO TPOIECY 3TOPSIHHS Yy IBUTYHI B
YMOBaX IIOCTIHHOI peecTparii mapaMerpiB Ta IXHBOTO aHaJi3y, a TakoXx 3abe3re-
YeHHI BiIMOBIIHOT KIMOBIPHOCTI JIarHOCTHYHKX OIiHOK B cucteMi EOBD.

Kniouoei cnosa: 0sucyn 3 camosaiimManHsam, GIOpayitiHuLl CUSHAL, eMicis MOKCUY-
HUX KOMNOHeHmie, 60pmosa cucmema OiA2HOCMYBAHHS, NPOYEC 320PSHHI, WEUO-
Kicmb | npucKopents 8ibpayii, cenexyis cueHany.
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OIIHKA BILTUBY JINBAPHOI'O BUPOBHUIITBA HA EKOJIOTTYHUI CTAH
JEPEBHOI POCJIMHHOCTI

[IpoBeneno mocmimkeHHs ¢izionoriaHoro crany aepes C33 3AT« JUUIM3». Bu-
SIBJICHO CITPOMOXKHICTH POCITHH IIPOTHUCTOSATH aHTPOIIOT€HHOMY HaBaHTa)KCHHIO

Knrouosicnosa: ¢imomeniopayis, pocaunu, anmponozenne 3a0pyOHeHHs, MPAHC-
nipayis, x10pogii.

Onuc IIpOﬁJleMI/[. IlocTaHoBKA 3aBAaAHHA llOCJIiII)KeHHSI

CporosiHi € 3araJbHOBH3HAHHM, 110 aHTPOIIOTCHHE 3a0pyIHEHHS HEraTHBHO BILIMBAE
Ha noBKULIL. Ha TokcuuHi pedoBHHM  aTMoc(epHOro MoBiTps KOKHAa POCIHMHA pearye mo-
ocobmmBoMy. B cBOIO Wepry, pociuHu, B Tilf 9M iHIIINH Mipi IPOTHCTOATH HETATUBHUM 3MiHAM
HaBKOJIMIIHBOTO CEPEOBHIIA 1, OLIBII TOTO, 03XOPOBIIOIOTH HOTO.

JJist cTBOPEHHS IPOCTOPOBOI €AHOCTI YpOO- 1 O10IICHO3IB, IO € TOJOBHUM 3aBIAaHHIM
HamionansHoi ekonorignoi mepexxi (HEM) Ykpainu, HeoOXiTHO BUBYUTH MEXaHi3MH, CIIPSIMO-
BaHI Ha BiTHOBIICHHS (Di310JIOTIYHOTO CTAaHY POCIHH, SKi 3HAXOIATHCS IIiJ] BIDTMBOM aHTPOIIO-
TEHHOTO 3a0pyAHEHHS JOBKiIA [1].

Tomy akTyanbHHM € BU3HAUCHHS CTIMKHX J0 aHTPOIIOT€HHOTO BIUIMBY BUJIIB POCIIHUH,
3aCTOCYBaHHS SKHX JOUIbHE Yy (iTomeniopauii ypOaHi3oBaHUX TepHUTOPiH. MeToro poboTH
OyJi0 BUBYEHHSI CIPOMOJKHOCTI JIEPEBHUX POCIMH CaHiTapHO-3aXMUCHOI 30HM JlyraHchKoro Jiu-
BapHO - MEXaHIYHOTO 3aBOAY MPOTHCTOSTH AaHTPOIIOTEHHOMY HaBaHTA)KECHHIO.

JocnimkeHHsiMU Tiepeidavyanocsi BUBUEHHS —aJalTallifHUX MEXaHi3MIB pOCIUH B
yMOBax 3a0pyJIHEHHS aTMOC(epH BUKUAAMHU JMBAPHO-MEXAHIYHOTO MiJIPUEMCTBA Ta BHU3HA-
YEeHHS IX BIUIMBY Ha MOJIIMIICHHS 010JIOTIYHOT aKTHBHOCTI TPYHTY.

VY xoxmi poOOTH BHBYANH TPaHCIIPYIOUy, KaTala3Hy 1 (OTOCHHTETHYHY AaKTHBHICTh
nepes Ha Teputopii C33 JIJIM3 (30Ha 3a0pyaHEHH:) Ta 1mo3a i1 MexaMu (KOHTPOIIb).

MeToauKa AO0CHAIiAKEeHDb

Jis BUBYCHHS IOKAa3HUKIB (i310JIOTIYHOTO CTaHY JAepeB OyIM B3ATi Taki 00’ €KTH J0-
CIIKeHb: KIIeH KaHanchkuii (Acer tatiricum), tomons wopna — ocokip - (Populus nigra L.),
BepOa Oina (Salix alba L.), abpukoc 3Buuaiinmii, kamrad kincekuit (Aesculus hippocastanum
L.), 8’3 rpabomuctuii (UImus caprinifolia L.), nuna cepuenucra (Tilia cordata L.), Tomomns
nipaminansaa (Populus italika L.),

®i3iooriuHi MOKa3HUKK CTaHy POCIMH BU3HAYAJIM 32 3arajbHONPUUHATUMH METO/IH-
Kamu [2].

Pe3yabTaTn gociigkeHb

Sk mokaszamu JocHipKeHHs 0arathox aBTOpIB [3,4,5], AyTIAHMBICTH PI3HUX BHIIB pOC-
JIMH 10 il TOKCHYHUX PEYOBHH 3HAYHO BUINA, HIXK Y JIIOAWHY 1 TBapuH. ['0J0BHOIO IPHUYMHOIO
IIbOTO € (POTOCHHTETHYHA JisUIbHICTh, B X0/ SIKOi POCIMHAMY HOTIMHAETHCS HE TUIBKU BYTJIe-
KHCJIMI ra3, ajie 1 IIKiJJI1UBi ra3H.

B HOBIlf exo0TiuHIiT 00CTaHOBII, IO CTBOPHIIACS, POCITUHI BUKOHYIOTh BaXKIIUBY T'i-
rieHiuny pojb. OCOOIHUBO BUCOKE 3a0pyTHEHHS aTMOC(EPHOTO MOBITPS aepPO30JIIMH CTBOPIO-
€THCS Y BEJIMKUX MicTaX 1 OIS MiJIPUEMCTB, 110 BUKUAAIOTH B aTMOC(epy 0arato muionomio-
HHUX YaCTHHOK, SIKi PO3MOBCIOKYIOTECS Y HAMIPSIMI BITPY.

3AT «JlyraHcbkuii TMBapHO-MEXaHIYHUHN 3aBOJY € HAHOIIBIIMM BUPOOHUKOM YaBYH-
HUX ONAJIOBATBHUX pajaiaTopiB (€IMHUM B YKpaiHi), JIOKiB OTTISAOBHX KOJOJA3iB 1 JOIIO-
NpUiMadiB, raJbMOBHX KOJOMOK ISl 3aJIi3HWYHOTO TpaHCHOpTy Ta iH. KepiBHHMITBO 3aBOIY
BBAXXAE, 1110 TOCATTH BHCOKOI SKOCTI MPOAYKIIil 1 3HAYHO 3HU3UTH BILUIMB JMBAPHOT'O BUPOOHU-



IITBa HAa HABKOJMIIHE CEPEIOBHIIE B LIJIOMYy MOXKHA TLIBKH LUIIXOM BIPOBAKCHHS HOBUX
cy4yacHuxX TexHousorii. [Tounnaroun 3 2005 poky Ha 3aBOAI BCTAHOBJICHO 1 3aIyIIEHO Cy4YacHe
obmagHanns 3 Typewunnw, [tanii, AHromii.

JocBin BIpoBaKEHHSI HOBUX TEXHOJIOTIH IOBIB, 10 3IiHICHEHHS TEXHIYHOTO Iepeos-
JaTHAHHA BUPOOHUYMX MOTYKHOCTEH HE TIJIBKM €KOHOMIYHO, a i €KOJIOTIYHO JIOIIHHE.

AJe B pe3ysbTaTi MPOXOPKEHH TEXHOJIOTIYHUX MpolieciB Ha JIyraHCBKOMY JIMBapHO-
MeXaHI9HOMY 3aBOJi B aTMoc(epHEe IMOBITPS BCE IIle BUKHUIAIOTHCA 3a0pyIHIOI0UI PEUOBHHU:
OKCHJHM BYTJIENIO, OKCHIHU a30TY, CIpYaCTHH aHT1APHI, BYTJIEBOIHI, OKCHIY MapraHIi0, OKCUIH
XpOMY, aKpoJeiH, popMaibaeria, KCUIo, MAJIONOAIOHI YacTKu. 3a0pyAHECHHS MOBITPS [IUMHU
pPEUOBMHAMH XapaKTEPHU3YEThCSI HEraTMBHUM BIUIMBOM HA 37J0POB’S JIFOJWHM, TBApHH, CTaH
POCIIUH, a TaKOXX Ha BIACTUBOCTI aTMOcdepH.

Hocnimkenns BruuBy BUkumiB 3AT «JlyraHcbkuii THBapHO-MEXaHIYHHIA 3aBO» Ha
€KOJIOTIYHHUIT CTaH JIepEeBHOI POCIMHHOCTI IOKa3ajH, IO KaTaja3Ha aKTUBHICTb Y JIMCTI poc-
JIMH CaHiTapHO-3aXMCHOI 30HH IIbOTO MiANPHUEMCTBA OyJia 3HAaYHO MEHIIA, HDK Y KOHTPOJIbHUX
nepeB (Tabn.1). Anme y JHCTI HOCTiIKYBaHHUX €K3EeMIULIPIB a0puKoca 3BUYafHOTO IHTEHCHB-
HICTh TIpOIECy MiJ BIUIMBOM aHTPOIIOTCHHOTO HABAHTAXXCHHS HE 3HIKyBallach, a HABIIAKH,
Oymna Bumoro. Llet ¢akT, 04eBUAHO, MOSICHIOETHCS IHIMBIAYaIbHICTIO MEXaHI3MY 3aXHCTY 1
CTIHKiCTIO 710 3a0pyTHEHHS (PEPMEHTATUBHOI CHCTEMH IUX POCIIHH.

3a3HaueHO BHCOKY KaTalla3Hy aKTHUBHICTH y JIHCTI BepOm Oinoi. Llelt mokasHHK He3a-
JISKHO BiJl 30HU HOTO BH3HAYCHHS AOpiBHIOBaB 10 Oamam.

Tabnusl
AKTHUBHICTB KaTalasu y JIUCTI AepeB, Oa

Ne Bun pocnunu Konrponb | 3oHa 3a0pyaHeHHs

5 2
1 Kiten xananceknit

10 10

2 Bepba 6ina

6 7
3 B’s13 rpabonuctuii
4 Ocokip 6 3
5 AGpuKoc 3BUYaiHUI 2 5
6 Kamrras kiHChKHI 6 4
7 Jluma ceprienucra 6 2
8 Tormons mipaminanpHa 8 3

BuBueHHS IHTCHCHBHOCTI TpaHCIIpalii pOCIHH MOKa3ajo, Mo Y abprKoca 3BUYaifHOTO
el TTOKA3HUKI He TUTHKH 3aJTUIIAETHCS O3 3MiH, ale i 3HWKYEThCS Y 30Hi 3a0pyaHeHHs (3 58
110 49 r/mM?rox), ToGTO TPOLEC BUIIAPOBYBAHHS BOIM MPOIMXAMHU 3aTHIIAECTHCS CTIHKMM. Y iH-
MIMX JOCHIKYBaHUX IOPiA AepeB 30HW 3a0pyTHEHHS BiCHOCTEPIraiocsi MPUCKOPEHE BHUTpPa-



YaHHS JIOCTYITHOTO 3aracy BOJIOTH B MOPIBHSHHI 3 KOHTPOJbHUMH (HE3aIMJICHUMHE) POCIUHA-
MU (Tadd. 2).

Tabnuns 2
XapakTepUCTHKA IHTEHCHBHOCTI TpaHCIipaii pociuH

[HTCHCHBHICTh TpaHCHIpaLii, r/Mroz
Ne Bun pocnunu
KOHTPOITh 30Ha 3a0pyIHCHHS
1 [Knen scenenmcruit 42 47
2 |Bep0a Oina 50 58
3 | B’s3 rpabormcTwii 32 52
4 [Ocokip 36 48
5 | AGpuKOC 3BIYAIHMIA 58 49
6 |Kammrran kiHCBKHA 22 30
7 |JIvma ceprenicra 30 52
8 | Tomons mipaminaasHa 28 39

VY xoni mocmimpkeHp Oyino 3a3HA4YEHO, IO Y HEMOUIKOMKEHNX 3aMHKAIOYHX KIIITHHAX
MPOANXIB KOHTPOIBHUX POCIHH XJIOPOILUTACTH PIBHOMIPHO PO3CIsHI MO MUTOILIA3MI.

VY nmcri nepeB 30HU 3a0pyIHEHHS BigOyBallocs CKOPOYEHHS iX po3MipiB, a TAKOXK Ha-
OyxaHHS 1 TPYITyBaHHS XJIOPOIUIACTIB B 3aMHUKAIOYHX KIITHHAX MPOAWXiB. Bim 1iporo mpoanxo-
Ba IIITMHA BiIKpHUBAIacs, IO 1 {03BOJISLIO ra3y MOTPAIUIATH BCEPEANHY JIHCTA.

VY HOIIKOHKEHOMY JIMCTI BiIOYBaJOCs MOJANbIIE YPKEHHS MOKPUBHUX KIITHH, IO
CIPUYMHSUIO MOSBY IUIa3MOJIi3Y IMTOILIA3MH 1 IOPYLIEHHS! 30BHILIHBOTO BUIJISY POCIIUH.

BusnayeHHss XJ0podisy B JUCTI JOCIIAHAX POCIHH IMOKA3aJ0 WOro IiJBUIICHUMN
BMICT y KJICHa KaHAICBhKOro -- 26 Mr/i ( B KOHTPOJBHUX pociuHaXxX -17 mr/m), Bepou Oi1oi --
BiAnoBigHO 24 Ta 19 mr/mn, B's13a rpabosmctoro -18 ta 36 Mr/i, karmraHa KiHChKOTO - 23 Ta 32
mr/n, abpukoca 3puuaitnoro— 21 ta 19 mr/a (taba. 3). Omke, GOTOCHHTETHYHA TisITBHICTD Y
IIUX POCIMH NPOXOJUTH OUNBII IHTEHCHBHO B yMOBaX aHTPONOT€HHOTO HaBaHTaKEHHS, IO
CBIIYUTH PO HASBHICTh Y HAX afaNTaIlifHUX MEXaHi3MiB.

Tabnums 3
BwmicT xs1opodiy B JIMCTi pOCIIMH, MI/

Ne Bun pociman Kontpons 30Ha 3a0pyAHEHHS

1 [Kien kananchbkuii 17 26

2 |Bep0a bina 19 24




[Ipononxenue tabn. 3

3 [B’s13 rpabonmcrwit 18 36

4 | Ocoxkip 35 10

5 | A6pukoc 3BHaiiHmiz 19 21

6 |Karuran KiHChKHA 23 32

7 | Jluma cepuenucra 12 15

g | Tonons mipaminansHa 19 21
BucHoBkn

Hepera C33 3AT «JIJIM3» BimmoBigaroTh Ha aHTPONOTCHHE HaBaHTAXXEHHS (HOpMy-
BaHHAM aalTalifHX MEXaHI3MiB, 1[I0 BUABISIETHCSA Y TAKOMY:

-y BepOu 011101, B’s13a rpabOIMCTOr0, KalTaHa KiHCHKOTO, KJICHa KaHAJICHKOTO 3a0py -
HEHHS CTUMYJIIOE KaTajla3Hy aKTHUBHICTH; Y TOTOJI MipaMilaibHOI, TN CePLEINCTOl, 0COKipa
- IPUTHIYYE;

- y abpuKoca 3BHYaiiHOTO IHTEHCHBHICTh TpaHCIHIpalii HE TUIbKH 3aJIUIIA€ThCs 0e3
3MiH, ajie i 3HIKYETHCS y 30H1 3a0pyJHEHHsI, TOOTO MPOIEC BUMAPOBYBAHHS BOJIY MPOANXAMH
3aJIMIIAETHCS CTIMKUM. [HINI NOCijpKyBaHi JepeBa 30HU 3a0pyAHEHHS IPHCKOPEHO, B MOPIB-
HSHHI 3 KOHTPOJILHUMH, BUTpa4ajy JOCTYITHHH 3arac BOJIOTH;

-y JIMCTI JIepeB 30HH 3a0pyAHECHHS BigOyBaJIOCS CKOPOUCHHS PO3MIpiB, HAOpsAKaHHS i
rpyIyBaHHs XJIOPOIUIACTIB Y 3aMUKAIOYUX KIITHHAX MPOJUXIB. Bix mporo nmpoauxosa minnHa
BiIKpHBaacs, 1ie 1 J03BOJISLIO Ta3y MOTPAIUIATH BCCPEIUHY JICTA.

VY NOIIKOKEHOMY JIUCTI BiOyBanocs MOAANIbINE ypaXKCHHs IOKPUBHUX KIITHH, L0
CIIPUYMHSIO TOSBY IUIa3MOJI3y LUTOIUIA3MH i MOPYLICHHS 30BHIIIHBOIO BUIIIAAY POCIUHH; -
(hoTocHHTETHYHA JisSUTHHICTH ¥ KJIEHA KaHAJICBKOTO, BepOu 01101, B'si3a TpabomucToro, KamraHa
KIHCBKOT0, a0pUKOCa 3BUYAHHOTO MPOXOAUTH iHTEHCHMBHO B YMOBaX aHTPOIIOI€HHOI'O HaBaH-
Ta)KeHHS, IO CBITYHTH PO HASBHICTH y HUX aaNTallifHIX MEXaHi3MiB.

OTKe, pOCIMHHE B YMOBaxX aHTPOIIOI'€HHOTO 3a0py[AHEHHS 3a JOIOMOIOI0 CBOiX aJjarl-
TaliiHUKA MeXaHi3MIB CIIPOMOXKHI B Till UM iHIIIH Mipi BUKOHYBAaTH IEPETBOPIOBAIBHY (YHK-
I[i10 - MOJIITIITYBATH €KOJIOTTYHII CTAH HABKOJIHUIIHLOTO CEPEIOBHIIA.

3 MeToro mokpaiueHHst ekonoriuHoro crany C33 3AT «JIJIM3» Ta iHIWUX mignpu-
eMCTB MicTa JIyraHnchka peKOMEHIyeEMO IS TIOAabinol (iromemiopaiii pociuuu: BepOy Oity,
KJICH KaHaJChbKUi, KallTaH KiHCHKH, TONOJIO MipaMilanbHy, B’S3 IpaboNUCTHH, Uy ceplie-
JHCTY, aOPUKOC 3BUYAHUH.
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The paper studied the physiological state of trees sanitary protection zone of
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THE IMPACT OF DISSILVING OXYGEN IN DIESEL FUEL ON THE TOXIC
EXHAUST GAS EMISSION

The Institute of Combustion Engines and Transport has developed a concept of
fuelling diesel engines with an improved mechanism of spray. The proposed
novelty value of spray consists in dissolving either air, exhaust gases, oxygen and
CNG in diesel fuel.

The effervescence of diesel fuel mixed with gases is to facilitate the spray. In the
non-equilibrium states of a solution, formed as a result of dissolving gas in a
liquid, the gaseous phase is spontaneously released from the solution. This
process has a volumetric character and at the appropriate kinetics it is strong
enough to be accompanied by the effervescence (bubbling) of the liquid. At the
moment, widespread researches are carried out in order to evaluate the practical
application of the concept in injection systems. The article presents the results of
tests concerning the impact of oxygen dissolved in diesel fuel on the combustion
process in diesel engines. The tests were done in the piston head of an engine
equipped with a toroidal combustion chamber and direct injection. During the
tests the following factors were measured: the main indicators of motor operation,
the range of pressure values obtained in the combustion chamber and before the
injector, emissions of HC, CO,, CO, NO, and opacity.

Keywords: CI engine, alternative fuels, emissions, dissolving process

INTRODUCTION

Combustion processes that occur in a compression-ignition engine (CI) as the outcome
of the direct injection are of special nature owing to the fact that liquid fuel in a form of fuel
sprays is supplied to the engine combustion chamber right before the piston top dead centre
(TDC). Thus pretreatment of fuel mixture before burning, which includes for instance fuel
spray disintegration into droplets or evaporation and mixing with air, is constrained by a very
short time. This way of fuelling the engine entails significant local differences between the
excess air factor values A in various areas (fig. 1).

The combustion process in the combustion chamber of a direct injection compression ignition engine

As far as the combustion process is concerned, the local deficiencies in oxygen
constitute a major cause of carbon oxide and hydrocarbons formation. Moreover, the local
shortage of oxygen is partially responsible for particulate matter formation, whereas nitrogen
oxides formation is mainly connected with the flame development kinetics that account for



heat released during combustion. Since the spraying quality and air swirls are firmly correlated
with the emissions of carbon dioxide and toxic compounds, fuel mixture pretreatment becomes
of paramount importance if the emissions are to be decreased. In order to achieve this goal and
produce a more environmentally friendly combustion engine, fuel spraying should be, firstly,
analyzed profoundly and later, improved on the basis of the analysis.

To begin with, it is known that the fuel spraying is determined by two critical factors, i.e. the
pressure in the nozzle area right before the nozzle hole and the pressure in the combustion
chamber where the fuel spray is directed to. Currently, the view that higher injection pressure
values improve the fuel spraying is in the injection systems development mainstream. This
preferred tendency is quite noticeable as the major advancements have been implemented in
the Common Rail (CR) system. Each new generation of this system becomes modified to en-
dure higher and higher injection pressure values [1, 2].

However, fuel spraying can be improved not only by means of an increased injection
pressure but also by alternations in the mechanism of the fuel spray disintegration into droplets
[3-7]. So far the fuel spray disintegration has been realized solely owing to the high velocity of
the fuel outflow from the nozzle. Yet, the fuel spray may fall apart into droplets more
efficiently if fuel-gas solution is formed before supplying the mixture into the combustion
chamber. The gaseous phase of the fuel constitutes another critical factor that immensely
influences the fuel spraying, and thus the emissions as well as carbon dioxide formation.
Therefore it is the purpose of this article to describe and explain the ultimate fuel spraying
modification which advances fuel disintegration without rising the injection pressure.

The applicability of the proposed mechanism cannot be evaluated until the physical
aspects of the mechanism become exhaustively clarified to provide a firm ground for the
engine design modifications. Firstly, the amount of gas that can be dissolved in a liquid, and in
the fuel likewise, significantly depends on the pressure of the liquid. A spontaneous release of
gas at the non-equilibrium state caused by the liquid pressure is quite typical for such a
solution. Secondly, the process of releasing the gas from a liquid is of a volumetric nature, i.e.
the gas is being released simultaneously from the whole liquid volume. Finally, as a result, the
thermodynamic potency rises so that the gas which is released always has a tendency to break
the bonds of liquid molecules. Under such conditions the state of liquid is similar to the state of
boiling. The highlighted properties of a liquid are very desirable in the injection system, since
fuel displays similar behaviour if mixed with gas. Hence, the concept of using the
effervescence effect resulting from releasing gas in fuel has been developed in order to
improve the existing mechanism of fuel spraying.

This concept consists in adding the appropriate amount of oxygen to the fuel, then
dissolving it under high pressure conditions (in a high pressure pump) and keeping it in a form
of solution in a high-pressure section of the engine supply system (up to the nozzle) until the
moment of injection as shown in fig. 2. In this case the assumed injection pressure determines
the solution thermodynamic potency at which the equilibrium state is achieved.
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The illustration of a conceived fuel spraying improvement by dissolving gas in fuel [3, 4]

In the case of gas-fuel solution, it has to be pointed out that the gas-fuel injection into the com-
bustion chamber causes a sudden pressure drop which entails a serious disturbance of an equi-
librium state, and thus, the fuel spray becomes disintegrated due to the gas release in the fuel
and the effervescence side-effect. A detailed description of this concept is presented in [3, 4].
One of the gases that



TEST STAND

The tests were carried out on the engine test stand (fig. 3) equipped with the direct
injection compression-ignition test engine AVL 5804. This is a one-cylinder engine with a
four-valve cylinder head and two camshafts. The injector is situated in the cylinder head
centrally in the cylinder axis. The engine had a conceptual supply system of a Common Rail
type controlled by SesubCR system —. a specially system developed for Common Rail unit
electronic control. The test stand had a brake to adjust engine crankshaft speed regardless of
the engine load. The test stand also included the lubricating oil and cooling fluid as well as
temperature stabilization systems. i
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The fuel was supplied to the engine by an accumulator supply system that comprised a
supply pump with an independent drive unit. The fuel compressed in the pump was pumped
(forced) to the accumulator (a container) called the pressure accumulator from which it was
delivered to the BOSCH 0445 110 131 injector. Its work was controlled by SesubCR system.
The relevant injection parameters i.e. the injection start angle and the injection duration time
were set by a computer connected with the SesubCR system. In order to perform a correct
analysis of the changes in the engine operation parameters it was necessary to fill in the
information on the cylinder pressure characteristics just before the injector and also on the
characteristics of the pulses controlling the injector operation as a function of the crank angle.
For those reasons the engine was equipped with a piezoelectric sensor of the indicated pressure
situated in the engine cylinder head just before the injector directly on the injection pipe
connecting the injector with the accumulator. The voltage pulses generated by those sensors,
after their amplification, and the signal from pulses controlling the work of the injector as well,
were sent to the Indiset 620 system provided for recording the quick changing engine processes
given in the voltage form. For the comparative nature of the performed examinations it was
necessary to use two supply pumps, the conventional one, which barely compresses diesel fuel,
and the second one which makes the gas-in-fuel dissolving possible while it is being pumped
(forced) [fig. 4]. During the investigations the tonnage oxygen taken out from the high pressure
oxygen cylinder with the use of the pressure reducing valve was used to be dissolved in fuel.
Oxygen at the pressure value of 1 and 5 bar was supplied to the forcing section area of the
pump through a non-return valve during the piston moving downwards.(fig. 4a). As soon as the
piston reveals the lower passage the gas supplying valve closes and the diesel fuel supplying to
the fuel forcing section starts (fig. 4b). As soon as the piston moving upwards closes the
passage supplying the fuel the compression of the oxygen and diesel fuel in the forcing section
starts, during which a gas-in-fuel dissolving process occurs. The liquid solution obtained in this
way is pumped (forced) to the fuel accumulator (fig. 4c). From the fuel accumulator it is
supplied to the injector, and next to the combustion chamber of the DI engine.
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The realisation of the gas-in-diesel fuel dissolving process [3]

The analysis of results obtained in the course of the research required a relevant
methodology that had to be developed.
Examination procedure

The examination was of a comparative nature so it was carried out in two stages. In the
first stage the engine was fuelled with diesel fuel and the injection parameters were set as
follows:

the simulated engine speed : 1600 rpm;

the fuel pressure in rail: 35 MPag;

the duration time of electric pulse opening the injector: 0.95; 1.05; 1.21; 1.32; 1.49 ms.

In the second research stage the engine was fuelled with diesel fuel -and-dissolved
oxygen at the same settings of the above injection parameters and the oxygen pressure value in
pump: 1 bar.

During the examinations some measurements of the toxic exhaust gas compounds
were performed. In each of the set engine operating points the cylinder indicated pressure
values, fuel in the injection pipe before the injector, and characteristics of the intensity of the
injector opening current values were additionally measured. Those measurements allowed to
estimate the similarity of the parameters of the fuel injection realised in each stage of the
performed examinations. The obtained parameters were subject to the mutual comparative
analysis.

TEST RESULTS AND DISCUSSION

The evaluation of the discussed conception will be made on the basis of the
comparative analysis performed for two groups of values. The first group includes the cylinder
pressure value and the rate of the cylinder pressure rise. These quantities are closely connected
with the combustion process kinetics. The second group includes the basic components of
exhaust gas, the emission of which is subject to the limitation. They are: nitrogen oxides NO,,
carbon oxide CO, hydrocarbons HC and opacity.

Having realized their research project the authors have gathered extensive comparative
material which one cannot help fully presenting here. In this paper only some exemplary
results are presented to show the tendencies how the oxygen content in the fuel influences the
engine operation observed within the whole research range. These results are presented in a
graphic form.

The nature of this impact on the cylinder pressure Pc, characteristic during the
combustion process, is shown on a chosen point of engine work in fig. 5. In this figure the fuel
pressure characteristics in the high pressure rail P and the signal t characteristics are
additionally plotted. Owing to the fuel solution and increased mass of oxygen dissolved in it,
the compression-ignition delay appears to have a tendency to be shortened. In addition, as the
oxygen mass was increasing because of the pressure rise from 1 bar to 5 bars in the pump, the
maximal value of pressure in the cylinder was rising too. The courses of both values are
illustrated in fig. 6, since they recurred in all examined engine operating conditions.



@
o

600

Pc-con

550 Pc-02-0.1

~—
A

= El [MPa]
g ' < 500 2| Pc-02-05
e L\ o [MPa]
o 50 o 450 é’ t-con
< =
7 / / \\ €| —— t:02-0.1 [MPa]
® 40 400 3
“E’_ / / \ / ; —— +02-0.5[MPa]
S - 1 ¥
% 30 /" kY I« \\ 350 g pinline-con
g \ ™. s
=20 74 { [ 300 } p inline-02-0.1
&) | 7 . - [MPa]

10 v [MPa]

1 250 pinline-02-0.5
|
1
L

0

- - 200
40 -30 20 10 0 10 20 30 40 50 60

Crankshaft anale [°]
The pressure in the engine cylinder supplied with diesel fuel and diesel fuel with dissolved oxygen; n =

1600 rpm,
Prail = 35 MPa, t= 1,32 ms

5
/\ ——dp/da-con
4
3 \ dp/da-02-0.1 [MPa]
/1
\ —— dp/da-02-0.5

[ Mg
\ -
1 \//3‘\,3‘

dp/dg, [bar/°CA]
- )
S
s

v "

-5 0 5 10 15
Crankshaft angle []

Pressure rise rate in the function of the crank angle; n = 1600 rpm,
Prait = 35 MPa, t=1,32 ms

The nature of discussed changes is closely connected with the compression-ignition
delay angle. After adding oxygen to fuel a compression-ignition delay angle is subject to a
significant curtailment in comparison to the angle if supplied with fuel without oxygen. The
extent of the curtailment depends on the amount of oxygen dissolved in fuel and, obviously, on
the location of the engine operation point in the general engine characteristics.
Furthermore, the shortened compression-ignition delay angle accounts for the pressure rise rate
decrease, distinctly visible in the combustion chamber. At present, it is quite difficult to pro-
vide a solid theoretical ground for the interdependence between the increase of oxygen dis-
solved in fuel and the lower rate of the pressure rise. In the case of supplying oxygen under the
pressure of 5 bars the maximal rate of the pressure rise was noticeably decreased.
The improvement of the fuel spray was expected to bring about some positive changes in the
aspects of emissions. Therefore, in order to verify the efficiency of the improved fuel spraying
mechanism, the amount of toxic compounds released at particular engine operation points if
fuelled with fuel-oxygen solution were compared with the emissions caused by the engine
fuelled with conventional diesel fuel. The changes in exhaust gas contents as well as toxic
compounds concentrations are given in figures 7-10.
On the basis of the comparative analysis, it can be concluded as follows, firstly, better fuel
spraying causes a temperature growth which is responsible for intensified NO, emissions. NO,
concentration rose by 25% at a low engine load. As the engine load increased the concentration



decreased and it was 5-17 %. However, it was still higher than the concentration measured for
the engine fuelled with diesel fuel.
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Seco
ndly, although the changes in the case of NOy emissions are not presumably desirable,

the carbon oxide concentration in exhaust gas almost halved at some points; yet on a global



scale, it decreased by 10-40%. Thirdly, the hydrocarbons concentration at particular engine
load points diminished by 10-20 %.

Finally, in comparison to the diesel fuel-based fuelling system (fig. 10), opacity of exhaust gas
considerably decreased (in some cases even by 35%) in all measurements conducted on the
solution-based fuelling system. It is widely known that smokiness indicates the content of soot
in exhaust gas to a great extent. Thus, should soot formation mechanism be simplified to crack-
ing, it is possible to draw a conclusion that the liquid fuel phase gives rise to soot. The amount
of formulated soot depends on the physical conditions in which hydrocarbon liquid phase is
maintained void of air.

Conclusion

In the light of the presented results, the above-described physical process that provides
a theoretical foundation for the new mechanism of fuel spraying can fairly account for the
emissions downsizing in combustion engines. Apparently, gas dissolved in fuel, oxygen in this
case, improves fuel spraying and indirectly modifies the contents of exhaust gas, especially as
far as the toxic compounds and carbon dioxide are concerned. In fact, all main toxic
compounds concentrations decreased including the enormous carbon dioxide fall. Furthermore,
the temperature growth proves that the fuel disintegration has become more efficient, but it
additionally entails NOy emissions rise. However, the temperature increase seems to be rather
unavoidable at present since Common Rail advancements also cannot help NOx formation as
the outcome of the temperature growth caused by the increased injection pressure.
Nevertheless, one of priorities of automotive advancements in terms of the nature conservation
is to diminish not NOy, but carbon dioxide which is considered to be highly dangerous
greenhouse that should be fought against by all means.
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B uHCTUTYTE MBUraTenell BHyTPEHHEro cropanus u TpaHcrnopTa [lo3HaHCKoro Te-
XHUYECKOTO YHHBEPCHTETa Pa3pabOTaHbl KOHIENIHS M CHCTEMa TOILTHBOIIO AYH
JBUTATENS C CAMOBOCIUIAMEHEHHEM, B MEXaHU3ME PACIbUICHHS KOTOPOTrO HCIO-
np3yeTcs Ta3 (0TpaboTaBIIMe Tra3bl, BO3MYyX, kuciopon, CNG), pacTBOpeHHBIH B
qu3enbHOM TorumBe. OCYIIECTBICHBI 33IyMaHHbBIE HCCIIEAOBAHHS IO OIIEHKE
MPAKTUYECKON pean3allii TaKoil KOHIEMIMH B CHUCTEMaX TOIUIMBOMOAaud. B
CTaThe COMEPIKATCS PE3yNbTaThl MPEABAPUTENHLHBIX HCCICAOBAHUN BIIUSHHS CO-
JIepyKaHusI KACIOPO/a B TU3EIHHOM TOIUIMBE HA MPOTEKAHUE MPOIIEcca CrOPaHuUs
B nBuratene. MccnenoBanus IpoOBEICHBI HA IBUraTelIe ¢ TOPOUIATBHON KaMepoit
CropaHusi B JIHUIIE MOPIIHS C HEMIOCPEACTBEHHBIM BIIPBICKOM. MI3MepsuTHCh OCHO-
BHBIE ITapaMeTpsl pabOThl IBUraTellsl, BEJIUYNHbI IABICHAH B KaMEPe CrOpaHusl v
MpeJl pachbUTUTENEM, a TAK)KE KOHIIEHTPAIIMH TOKCHYECKUX COEAMHEHHH B OTpa-
6orapmmmx razax- HC, CO2,CO, NOx, DB. Pe3ynbraTsl nccienoBaHHid Ha TpeX



YacTOTaX BpAILIeHHs KOJEHYATOro Baja ABUTATENs MPEACTABICHBI B CTAThE B BUIE
rpadukoB. B cratee comepkuTCA CpaBHUTENbHAS OLEHKA 3KOJOTHYECKHX MOKa3a-
Tenel ABUTaTeNs Mpu paboTe Ha TPaJULUOHHOM TOIUIMBE M C PAaCTBOPEHHBIM B
HEM KHCJIOPOJIOM.

Knroueswvie cnosa: deucamens ¢ CamMo8ocCnidmMeHeHuemM, dibmepHanueHoble moniu-
eda, 0mpa60ma6mue 2ds3vl, pacmeopeHHble 2a3bl.

B iHCTHTYTI ABUTYHIB BHYTPIIIHBOTO 3rOpsiHHS 1 TpaHcnopTy ITo3HaHCEKOTO TeX-
HIYHOTO YHIBEPCHTETY PO3pPOOJICHO KOHIICIIIIIIO Ta CHCTEMY IaIMBOIIOJaqi IBUTY-
Ha i3 camMo3aliMaHHSIM, y MeXaHi3Mi PO3IIICHHS SKOTO BHKOPHCTOBYETBCS Ta3
(BimmpaiboBaHi ra3u, noBitps, kucenb, CNG), po3unHEHH B JU3EIbHOMY ITaJIHBI.
3nilicHeHO 3ayMaHi JOCIiKEHHS 3 OLIHKU MPAaKTUYHOI pearizamii Takol KOHIe-
il B cUcTeMax MalMBO MMojadi. Y CTaTTi MICTAThCA pe3yIbTaTH MOMEPEeIHIX 10~
CIi/KEHb BIUIMBY BMICTY KHCHIO B IU3€JIbHOMY MalMBi Ha mepedir mporiecy 3ro-
psiHHS y ABUTYHI. JloCTiPKeHHS MPOBEAEHO HA IBUTYHI 3 TOPOiJaIbHOIO KaMEePOIo
3TOpSIHHS B JHUIN MOPHIHS 3 Oe3locepenHiM yHOpCKyBaHHSIM. BumiproBamucs
OCHOBHI ITapaMeTpH poOOTH ABUTYHA, BEINYHHA THCKY B KaMepi 3TOpSHHS Ta Iie-
pen po3mmIoBadeM, a TaKOX KOHIEHTpAIii TOKCHYHHX CIONYK Y BiAIpamboBa-
nux razax-HC, CO2, CO, NOx, DB. Pe3ynbrati 1OCTi/)KEHb HA TPHOX YaCTOTAX
oOepTaHHs KOJIHYACTOTO Bajia IBUTYHA HABEICHO y CTAaTTi y BUIIIAAL rpadikiB. Y
CTaTTi MICTUTHCS MOPIBHJIbHA OLIHKA €KOJOTIYHHUX ITOKa3HHUKIB IBUTYHA MIPU PO-
0OTi Ha TpagULIHHOMY TaJIHBI i 3 PO3UNHEHUM Y HHOMY KHCHEM.

Knrouoei cnosa: 0ucyH i3 camo3auMaHHAM, albmepHAmueHi nanued, 8ionpaybo-
6aNI 2a3U, PO3YUHEHI 2a3U.
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OCOBEHHOCTH INPEINIOJABAHHUSA 3KOJIOTI'MU B BBICIINUX YUEBHBIX
3ABEJEHUSAX | -1l YPOBHS AKKPEJAUTALIUN

[TpuBeneH 3apyOexHBIH OIBIT MPEIOJaBaHMs SKOJOTHISCKUX TUCIUIUINH B YHU-
Bepcuterax CIIIA. AKIEHTHpyeTCs BHUMaHHE Ha OCOOCHHOCTSX IPeroJaBaHUs
9KOJIOTUH BUEPAIIHUM 15 — 16 - IeTHUM IIKOJIbHUKAM, OCHOBBIBAsACh HA MUPOBOM
OIIBITE.

Knrouesvie crosa: npenooasanue sxonocuu, “nonegvie” yueOHvie yeHMpwl, KO-
J1e0dxc.

Hu mns xoro He cexper, 9To B YKpawHe, Kak U B npyrux crpanax Osmmero CCCP,
KpaiiHe 000CTPHIINCH MPOOIEMBI IKOJIOTHYECKOH 6€30T1acHOCTH.

C TedyeHHEM BpPEMEHH OCTPOTa M MACIITA0BI ITUX MPOOJIEM yBEIHMYUBAIOTCA C KaTacT-
poduueckoit OpiIcTpoTOi. OyaraMu 3KOJIOTHYECKOH HANpPSDKEHHOCTH, KaK MPaBUIIO, SIBIISTIOTCS
PaliOHbl KOHIEHTPALUU YHEPIreTUUYECKOM, METAJIIyPIruu4eCKOM U XUMUYECKOU IPOMBILUIEHHOC-
TH W TPOMaJIHOE KOJMYECTBO TpaHcmopTta. JlyraHckas 00JacTh OTHOCHTCS HMEHHO K TaKUM
perroHam.

CnoxuBmasicss CUTyaruss o0yCIIOBJICHa, C OZHOW CTOPOHBI, OTCYTCTBHEM KYJIbTYPHI
MpEeANPUHAMATENBCTBA, & C APYTOH - c1a00CTBI0 YKOHOMHYECKOH 0a3bl OOJIBIIMHCTBA MIPOMBI-
IIJIEHHBIX TPEeINpUsATHi. PyKOBOANTENM Pa3NWYHBIX MPEATPUATHH 10 HE3HAHUIO, a MHOTHE
HAapOYHTO, HE CIUTAIOT CE0sl OTBETCTBEHHBIMH 32 PE3yIbTATHI BIHSHUS JESITEILHOCTU UX (pupMm
Ha COCTOSIHUE OKpY»Xatomei cpenpl. OJHAKO OTBETCTBEHHOCTH 32 3KOJIOTHYECKYIO OOCTaHOBKY,
a B OoJiee HIMPOKOM IIJIaHE 332 HOPMaJbHOE CYIIECTBOBAHHE OyMyIINX MOKOJICHUH YKpauHIEB
HE TOJIBKO CBSI3aHA C KaTeropuey NpeJlpUHAMATENed U PYKOBOAUTEIEH, HO U IIPSIMO 3aBUCUT
OT BCEro HaceneHus B reaom [1].

By3bl, rae NOHUMAIOT BaXKHOCTh SKOJIOTHYECKOH KyNbTyphl M T'PaMOTHOCTH, BBOJST B
CBOM yueOHbIE IUTaHbl TUCLIUILIHHBI, CBI3aHHbIEC C PELICHUEM DKOJIOTHYECKHX MPOOIIEM.

Ilenbto paboTHI ABNAETCA: KPATKUI aHAJIN3 MUPOBOTO OIBITA MPEMOAaBaHUSI HKOJIOTH-
YeCKUX AMCHMIUIMH. J[aTh peKOMEHIAMH ISl TAJIbHEHIIETro YIIydIIeHNs TIPEToJaBaHus KO-
noruu B By3ax | —I| ypoBHs akkpeauTanyn (TEXHUKyMax ¥ KOJUISKAX ).

OmbiT 3apyOeXXHBIX CTPaH HOATBEPIKIAeT MIPAaBIIIBHOCTD TaKOTro noaxoxaa. Tak, Haykn
00 okpyxatomieit cpene npenonatotcs B CLLIA ¢ mopaxaronriM BooOpakeHHe pa3maxoM. Tax,
B Kanudopuuiickom yHuBepcurere bepkin B kauecTBe CrelMaln3aliy IpeularacTcss Ha Bbl-
0op 136 KypcoB, Tak WM MHA4Ye CBA3aHHBIX C MCCICIOBAHHMAMH OKpYXaromei cpensl, u 50
KYpPCOB IO “4MCTOM” IKOJOTHH — Jieca, MOpsi, OHOCGhEephl, MUKPOOPTaHH3MOB U T.I. Bce 310
MPEroIaeTcsl KaK Ha CIelHaln3uPOBaHHbBIX (haKyJIbTeTaX — 3KOJIOTHUECKUX HAYK, IKOHOMHKHU
U TIOJIUTUKHU B 00J1aCTH OKpY’KaroIiei Cpepl, SKOJIOTHH U 3[paBOOXPAHEHUS, SKOJIOTUU U MIPH-
POJIOIIONIB30BAHMUS, SKOJIOTHYECKOTO n3aiiHa, — TaK M Ha IMPOYUX, Ka3al0Ch OBl HUKaK HE CBS-
3aHHBIX C JaHHBIMHM HAyKaMHU: apXUTEKTYPHOM, HCTOPUH HCKYCCTB, MEX/YHAPOIHBIX HCCIEIO0-
BaHMH ¥ ApYyrux. TyT-TO ¥ MOHMMAEIIb, HACKOJIBKO IITyOOKO 3KOJIOTHS «BBEIAch)» BO BCE aclie-
kbl )kn3HN CIIA! D10 moaTBepxaeTcst 1 NporpaMMaMy APYTHX aMEPHUKAHCKUX YHHUBEPCHUTE-
TOB, B 4acTHOCTH MuHHecoTckoro u Komopajackoro, HI4eM IpyruM He NpHMEYaTelbHBIX,
KpoMe OJIECTSIEro IpeTolaBaHus HayK 00 OKpy»Karollen cpere. ..

Ho B nmpyrux crtpaHax moja 3KOJIOTHEH IOHMMAaeTcsi HEYTO ropasfo Oouibllee, 4eM
OXpaHa OKpy»xarolllell cpeabl. Benp Ha3zBaHHe 3TON HayKd MPOUCXOJUT OT TPEUECKOrO CI0BA
oikos — “mom”, “xmnuine”, “PoauHa”, W 3aHUMAsCh €10, IMO-HACTOAIIEMY IOHMMAEIIh: HAIII
oM — tuianera 3emuts [2].



B xonnemxe npu npenoaaBaHuu 54 - 4acOBOro Kypca 3KOJOTHH NMPUXOIUTCS CTaNKU-
BaThCsl CO BUEpAIIHUMHU 15-16 - JETHMMU MIKOJILHUKAMH, KOTOPbIE 3HAKOMHJIMCh C OCHOBaMHU
SKOJIOTUH TP M3YYCHHUHU IIKONBHBIX KypcoB Omonorum, reorpadgun u OBX/. IIpuns B By3
MOTy4aTh MpoQeccHy MOPTHOTO, 3aKPOHIINKa, TApUKMaxepa, ciecaps 0 PEMOHTY aBTOMOOU-
JIsI, OHM OTHOCSITCSI K 9KOJIOTHUH KaK K BTOPOCTENIEHHOMY IPEAMETY, KOTOPBIH UM OyJeT He Hy-
xeH. IloaToMy, Ha Haml B3IJISAA, OCHOBHOHM aKIEHT IPH MPETOJaBaHUH 3TOTO Kypca JIOJDKCH
OBITH cIeNaH Ha MPENOaBaHNE SKOJIOTHYECKOH 3THKH U HKOJOTUHN deloBeKa. Llenp m3ydeHus
Kypca: (OpMHUPOBaHHE OCO3HAHHOTO HPABCTBEHHO-YBAXXUTEIBHOTO OTHOIIEHHA K Ilpupone n
mobomy JKuBomy, B ToM umcie u denoBeueckoil Kusuu. [Ipenmonaraercs: nate CTyneHTY
3HaHMS O CYLITHOCTH M OCHOBHBIX IPO0JIeMax dKOJOTHUECKOH STHKH, €€ OCHOBHBIX NMPHHIIUIIAX
U IIEHHOCTSIX; BBIPa0OTaTh y HEr0 CIOCOOHOCTHh M NPHUBBIUKY K pediieKcHd Haj mpobieMamu
IIpupoas:, XKusuu u Cmeptu, MHoro JKuBoro; 03HakOMUTh C HPaBCTBEHHBIMHM CTOPOHAMH aK-
TyaJlbHBIX 9KOJOTMYECKUX IpobieM ero Oymylieil crenuanbHOCTH; MOMOYb ChopMHpOBATH
COOCTBEHHYIO 3THYECKYIO TOUKY 3PECHUS Ha 3TH NPOOJIEMBI M YMEHUE OTCTauBaTh €€; BHIPado-
TaTh YCTOWYHMBYIO OPHEHTAIMIO W TOTOBHOCTD B OyIymiel MpakTHIECKOH ESTENbHOCTH PYKO-
BOZICTBOBATHCS NPHHIUIAME M HOPMaMH 3KOJOTHIECKOH aTukH [3].

Ham mperncraBiseTcs, 94To 3KOJIOTHYECKOe 00pa3oBaHUE AOJDKHO MMETh OOIIEMHPO-
BbIC NIPUHIIMIIBI, JTUIIEHHBIE HCOJIOTHYECKNX, PETUTHO3HBIX U IPYTUX CyOBEKTUBHBIX MOIXO-
JIOB, ¥ OBITh HANIPaBJICHHBIM HA BOCIIUTAHUE TBOPUYECKOH JIMYHOCTH, XapaKTepH3yloleiics Bbl-
COKHMH HOPMaMH 3THKU B MOpaiH. ECTh OCHOBaHMS mosaraTh, 4To IKOJIOTHUECKAs HAyKa ITOC-
TerneHHo copmupyet oOiedenoBedeckue Gunocodckre KOHIENIHU, KOTOPble CMOTYT OCTa-
HOBUTBD CIIOJI3aHHE YEJIOBEUECTBA B O€3/IHY COIMAIBHBIX KaTacTpod.

OOunne uHbOpPMaMK B CHEUUATIBHON JHTEpaType, BO3MOXKHOCTh BXOXKIeHUST B MH-
TEpHET CO3/1aeT BCE YCIIOBHUS ISl CAMOCTOSITEIBHON padoThl CTYIeHTOB. BechMma MmpoyKTUBHA
JIeSITeNIbHOCTh CTYZCHTOB IIPHU HANMCaHWU pedepaToB, MOATOTOBKE KYPCOBBIX M AMUIUIOMHBIX
paboT, ydacTuu B KOH(EPEHIMSIX W CHUMIIO3MYyMax, MOCBAIICHHBIX DPa3IMYHBIM IpobieMam
9KOJIOTHH YeJIOBEKa KaK TI100abHBIM, PeTHOHAIBHBIM, TaK M JIOKATBHBIM [4].

CoBpeMeHHbIE TpeOOBaHUSA K O0YUCHHIO CTYACHTOB TPEOYIOT MaKCUMAaIbHON aKTHBH-
3aUH y4eOHOH IesTENbHOCTH CTYAECHTOB, TaK KaK HKOJIOTHYECKHE 3HaHMS JOJDKHBI CTaTh COC-
TaBHOM YacThI0 MX MHPOBO33PEHHS. DTO CTAHOBUTCS BO3MOXKHBIM IIPH BBEICHHH B IpOIECC
00y4eHHUs COBPEMEHHBIX WHHOBALMOHHBIX 00pPa30BaTENbHBIX TeXHOJNOTHMHA. Ha Ham B3rmap,
(hopMHpOBaHUE MOHSATHI MO 3KOJIOTHH UTPOBBIMH METOAAMH IOBBICUT MOTHBALMIO K H3y4e-
HHIO ATOTo Ipeamera. rpoBbie MeTO/bI HE HMOMYyYMIH €Ul JOJDKHOTO BHEAPEHUS B MIPAKTUKY
o0y4eHus B By3e. YueOHbIE IIeJIH, MOCTABJICHHBIE CKPBITO, pealin3yloTcss HezaMmeTHo. [IpaBu-
JIFHO OpTaHHW30BaHHAs UI'Pa MO3BONAET Pa3BUTh HABBIKHM CAMOCTOSTEIBHOH JAEATeNbHOCTH, pa-
6O0THI ¢ TUTEPaTypPO, aKTyaTU3UPOBATh MPEIMETHBIC 3HAHNSA, OKa3bIBAET 3HAUUTEIBHOE BIIHS-
HHE Ha MX MHTErpHUpOBaHME ¥ (OPMHUPOBAHHE CHCTEMBI HAYUHBIX 3HAHUH, pacmupseT chepy
uX npuioxeHui. HekoTopele TeMbl IpakTHYECKNX 3aHATHI 11e1eco00pa3Ho MPOBOIUTE B BUJIE
TeMaTnieckux KoHpepeHuui, OpeitH-punaroB, KBHoB, omuvmuman. B takom cirygae 3akperie-
HHE MaTepHaja IMPOUCXOIMT B Mpolecce 0OBsICHEHNSI MaTepHana U IPH KOJJIEKTUBHOM 00CY-
JKJICHUW Ha MPAKTUYECKHUX 3aHATHX. JI1 KOHTpOJIst 3HAaHMH JIydIlle UCTIONb30BaTh KOMIIbIOTE-
PHBIE TECTOBBIE OIIPOCHI CTYJCHTOB [0 OCHOBHBIM pa3zenaM Kypca. Mcnosip30BaHNe KOMIbIO-
Tepa yCHIMBAaET MHTEPEC CTYAEHTOB K MPEAMETY, OKa3bIBACT IMOLMOHAIBHOE BO3AEHCTBHE,
CIOCOOCTBYET MOSBJICHUIO MOTPEOHOCTH K CaMOCTOSATEIFHOMY NPHOOpeTeHH o 3HaHui. AHa-
JIU3 TECTOBBIX 3aJJaHUH IMO3BOJISIET MIPOBOJUTH MOHHTOPHHI KadecTBAa 3HAHUHM M MPEIMETHBIX
YMEHHUH (BXOTHOH, TEKYIIUH, TEPUOANIECKUNA, HTOTOBBIN M 3aKJIIOYUTEIBHBIN KOHTPOIIb), IHa-
THOCTHKY OIIMOOK B IEJISX MOC/EIYIOIIEN KOPPEKTUPOBKH Tporiecca o0ydenus [5].

Ha nam B3risiz, 3aciiy’kMBaeT BHUMaHMS ONBIT BeTnkoOpruTaHUK 1O OJIEBOMY IKOJIO-
THYECKOMY 00pa30BaHHUIO NIKOIGHUKOB.

CyImHOCTh 3TOTO IMOAXOJa W NMPAKTUKYMOB TAaKOBA. Ydaliuecs: OONBIIMHCTBA IIKOJ
crapmreii crymenu (13-17 ner) o0y4aroTcsi ¢ MCHONB30BaHUEM “TIPOSKTHOTO IMOAX01a”, TpH
KOTOPOM KaKABbIH ydamuiicst BeIOMpaeT cebe Uil MCIOJIHEHHUs KaKOW-mnbo MpoeKT, Kak Ipa-
BUJIO, — IIPOBEAECHUE CAMOCTOSTENBHOIO MCCIEOBAHUS CO BCEMH NPHUCYILUMHU TOMY BUILY
TBOpUecTBa (hOpMaMH JAEATEIBHOCTH — IIOCTAHOBKOW 3ajad, MO0A00pOM METOIHK, COOpOM



Mmarepuana, ero oOpaboTKOI, OCMBICIICHHEM, HAallUCAHHEM CTaTbhM (OTYETa) M €ro 3aIluTOM.
dakTHueCKH BBIIIOJIHEHNE MIPOCKTa aHAJOTWYHO BBIIIOJIHEHUIO KYPCOBOW (IMIUIOMHOM, AHCCE-
PTalMOHHOW) PabOTH, HO HAa YPOBHE, COOTBETCTBYIONIEM IMKOJBHOMY BO3pacTy. IIpoeKTHBIH
MOAXOM MPAaKTHKYETCS B KaUECTBE AOTOIHEHUSA K «KIACCHO-YPOYHOW» CHCTEME OO0y4eHHS IO
OOJIBIIMHCTBY IIKOJIBHBIX IPEIMETOB, B TOM YHCIIE 110 €CTECTBCHHOHAYYHOMY LUKy H, B CTa-
pIIMX Kjaccax, o IpeaMeTy Science (eCTeCTBO3HAHUE).

B paMKxax mpoeKTHOTO MOIX0/1a BCE MIKOIBHUKH OJWH WIN JBA pa3a B IO BHIE3KAIOT
B CIIeIHaIbHEIE “‘yueOHbIe” (“mosieBbie”) EHTPhI Ha TPaKTHKY. OpraHu3anueii Takux MpaKTH-
KyMOB, Hampumep B BenmmkoOpuTaHHM, 3aHUMAIOTCS pa3jM4YHbIe OpPraHMW3alld, B YaCTHOCTH
Field Studies Council (HerocynapcTBeHHasi oOpa3oBaTesibHas OpraHu3alys, epeBoauMast 10-
cJI0BHO Kak “CoOBeT MOJICBBIX HCCIIeI0BaHUK”, PyHKIMOHAIBHO Oosee TouHo — “LleHTp mnoe-
BOro 00pasoBanus’).

[ToneBbie yueOHbIE HEHTPHI MPEACTABIIOT CO00H «aHcroHaTe Ha 50-100 yenosexk,
pacIooKeHHBbIE B JKHMBOIIMCHBIX M YNAJICHHBIX OT rOpPOAa yrojikax “mukoi” mpuponbl. Bo
BpEMSI IPOBEACHUS NMPAKTUKYMOB JIETH )KUBYT M y9aTCsl B 3TUX LEHTPaX B TEYCHHE 3-X — 7-H
HEMH.

CobcTBeHHO “yueba” 3aKiIFOUaeTCs B CAMOCTOSITETIHHON HCCIIEIOBATEILCKOW paboTe
IIKOJILHUKOB B mpupoje. CIeKTp M3y4aeMbIX TaM IpoOJieM W COOMpPaeMbIX YYaIlUMHUCS JaH-
HBIX 3aBHCHUT, BO-TIEPBBIX, OT CE30HA I'0/1d, B KOTOPBIH MPOXOJNUT MPAKTUKYM, BO-BTOPBIX, — OT
reorpauuecKux 0COOCHHOCTEH MeCTa MPOBEACHHS M, B-TPETbHUX, — OT HAJIMYUS MPEIoaaBa-
Teneil ToM mnu wHOW cnenmanusanuu [6]. B VkpauHe, NpH OTCYTCTBHH LIEHTPOB IMOJEBOTO
00pa30BaHMsl, MOXHO MPEIIOKUTh MNPOBEIEHHE II0JEBOTO 3SKOJOTHUECKOro IPaKTHKyMa.
CryneHThl pab0OTalOT UHIANBUAYAILHO WJIA HEOOJBIIMMHU TpynnaMu mo 2-3 denoseka (Opura-
JlaMH): OPTaHU3YIOT HAOJIIOACHHSI, SKCIIEPUMEHTBI, OTOUPAIOT MPOOBI, IPOBOASIT CHEMKY MECT-
HOCTH ¥ T.JA. [Ipu 3TOM OO CIEKTP BBINOJIHAEMBIX HCCIEAOBATENLCKUX pabOT OYECHb M-
POK — OT HaOIIOJCHUH 3a OBEACHUEM NTHIl JIO COCTABJICHHS IMOYBEHHBIX M I'€OJIOTHIECKUX
KapT MecTHOCTH. OCHOBHBIE M3ydaeMble NPEAMETHI (00IaCTH €CTECTBEHHBIX HAyK) — Ieorpa-
¢ust, 60TaHMKA, 300JI0THS, BOIHAS SKOJIOTHSL, 3KOJIOTHYECKUI MOHUTOPHUHT.

Takue NpakTHKyMBI SBISIFOTCSI HCTHHHO SKOJOTHYECKHMH, a HE CIICIHATN3UPOBAHHO
OGnonornyeckuMu uim reorpadudecknumu. [Ipu ux MpoBeeHNN OCHOBHOW AKICHT JIENAeTcsl He
Ha M3y4EeHUE OTCIBHBIX 00BEKTOB IMPHPOIBI (BUIOB JKUBOTHBIX WM PACTCHHUH, II0YB, MHHEpa-
JIOB WM penbeda), a Ha U3yueHHe 1IeJIbIX IKOCHCTEM C UX CJIOKHBIMU B3aUMOCBSI3SIMU HITH, I10
KpaiiHeil Mepe, Ha U3y4eHHUe SKOJIOTHUECKUX TPy BUAOB [6].

BrIBOaBI

. OKojorudeckoe o0pa3oBaHKHE CTaHET NMPHOPUTETHBIM TOJBKO TOTAA, KOTAA IMpobiie-
MBI KOJIOTUU M COXPaHEHUS MPUPOIBI OyIyT CTOATH Ha OJJHOM M3 MEPBBIX MECT HE TOJIBKO Ha
CTpaHMIIAX «3EJICHOW» MPECcChl, HO M B JOKYMEHTaX IPaBUTEIbCTBA.
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JIyrauck, JIbBoB

HOBBIE HAHOCTPYKTYPUPOBAHHBIE CILIABBI — OYEPEJTHOM IIIAT K
3KOJIOT'MYECKOM BE3OIMMACHOCTH IJIAHETBI

B cratee cnemaH kpaTkuii 0030p CBEICHHH O HOBBIX HaHOCTPYKTYPHPOBAaHHBIX
craBax U crtamax. IlokasaHo, 4To OAHMMH K3 HanOojee MEepPCHEKTHBHBIX BHIOB
cTaneil ABIAIOTCSA BBICOKOA30THCThIE HAHOCTPYKTYpHpOBaHHbIe cTanu. [lomuepk-
HYTO, 4TO UCIIOJIb30BAHHE HAHOCTPYKTYPHPOBAHHBIX CIUIABOB U CTallel ABIAETCS
9KOJIOTHUYECKH OoJiee MPUEMIIEMBIMH TI0 CPAaBHEHUIO C TPaJUIIOHHBIMH.
Kitouessle c10Ba: HAHOCTPYKTYpPHPOBaHHAs CTallb, BHICOKOA30TUCTAs CTalb.

IIOCTAHOBKA INPOBJEMBI

TpaauuroHHO CO3AaHUE CIIABOB MPOXOIUT AONTuil myTh. IlepBoHauansHO - 3TO H0-
Oblua ¥ oOoraieHue pyabl, NepersiaBka B JOMEHHBIX Te4ax (OoJblias MeTaTyprus) U, HaKo-
Hell, — pacIUIaBJICHUE U JISTUPOBAaHUE MaTepuana, JOCTaBICHHOTO B JIUTEHHBIHN 11ex (Manas Me-
Tannyprusi). IlpuMeHeHue CIIaBOB ¢ 3apaHee 3aJaHHBIMHU CBOWCTBAMH, a TaKke CIIJIABOB, KO-
TOpble 00JIA/IAI0T OJIHOBPEMEHHO ILIEJIBIM PSJIOM CBOMCTB, ITO3BOJUT 3HAYUTENBHO YIyYIIUTh
pa3nuYHbIe 3KOJOTMYecKHe IMoka3zaTenu. Hampumep, HCIONb30BaHHE KOPPO3HMOHHO-CTOHKUX
CTanel, B3aMeH OOBIYHBIX, U TPYO MO3BOJIMT MPOMIHUTH CPOK MX IKCIUTyaTallMd. A 3HA4UT,
OTHaJeT HEOOXOAMMOCTH TOOBIBATh ONPENEICHHOE KOJIMYECTBO PYIbI sl 000TaIeHns U T10C-
JEIyIOIeH eperuiaBKy B IOMEHHBIX I1€4aX, B CBSI3H C 3TUM COKPATUTCS KOJMYECTBO YHEPTHUH,
HEoOXOAMMOH /I IPOM3BOACTBA HOBBIX MaTEpPHAJIOB, HE HYXHO OyIEeT MCHONB30BATh KOKC,
BOJLy, aBTOMOOWJIbHBIN M JKEJIE€3HOJOPOKHBIA TPAaHCHIOPT H T.JI.

B 2008 roxy B mupe Obut0 mpousseneno 1 miupa 329,7 miuH T. crany, 4to Ha 1,2 %
MeHbie, ueM B 2007 . DTO CTajo0 MEepBBIM COKPAIIEHHEM TOJI0BOr0 00beMa MPOM3BOICTRA 32
nocienuue 11 ner [1]. Ing npousBoacTBa 1T cTanu pacxomyeTcs ST ChIpbd U 2T TOIUIMBA, AJIS
npousBoacTBa 1 T Meau pacxoayercss 100 T cbipbs U 3 T TOIUIMBA. MeTaTypriuueckoe Mpous-
BOJICTBO SIBJISCTCS YHEPrOEMKHM, JUIsl IPOU3BOACTBA 1T amomMunus pacxoayercs 20 Toic. KBT/4.
Mertanmyprus - KpyInHBIA 3arpsA3HUTENb MPUPOJB], 0koo 40% BceX MPOMBIIIIEHHBIX BBIOPO-
COB MIPUXOAMTCS HMEHHO Ha 3Ty OTpacis [2].

Ceifuac U3BECTHO HECKOJIBKO JIECATKOB THICSY CIIJIABOB, TEM HE MEHEE MaTepPHAIOBE b
MPOJIOJDKAIOT CO3/1aBaTh HOBBIE CIUIABEL. [losiBIeHNE HOBOTO Kilacca HAHOCTPYKTYPHPOBAaHHBIX
CIIaBOB TI03BOJISIET 3HAUUTENHHO PACIIMPUTH 00IACTH MPUMEHEHHMS ATUX CIUIABOB. A Iepexon
K HOBBIM TEXHOJIOTHSIM H3TOTOBJIEHHS CIUIABOB TAaKXKE SBIISAETCS BKJIAJAOM B JKOJOTHYECKYIO
6e3omacHocTh 11aHeTshl. Co3/1aHNe HOBBIX CIUIABOB MOJKET NMPOMCXOANTH M C HCIOIb30BaHUEM
KOMIIBIOTEPHOTO MoenupoBanus [3]. DTo Takxke MO3BOJIUT JACHCTBOBATH IICICHATIPABICHHO U
n30ekaTh MHOTOYMCIICHHBIX IUTaBOK. Tak Kak u3 119 XMMHUECKHX 3JIEMEHTOB, OTKPBHITHIX B
JAHHBIE MOMEHT (M3 HUX MeXIyHapOJIHbI XUMHUYECKUH coro3 oduimansHo npusHan 112
9JIeMEHTOB), 98 oTHOCATCS K MeTaiaM. Eciin ObI BO3HHKIIA HEOOXOIUMOCTh COCTABUTH BCEBO-
3MO’KHOE YHCIIO KOMIIO3HIIMII CIIJIaBOB CO BCEMHU M3BECTHBIMU METAJUIAMH, TO Ha IUIaHEeTe 3eM-
JIs1 HE XBaTWJIO OBI 3aI1aCOB PECYPCOB IS OCYIIECTBICHHUS 3TOH 3aauu.

Henanek ToT nenp, Koraa NporM30oHAeT Nepexos OT “IpsA3HbIX BUJOB MPOU3BOJACTBA” K
CO3JJaHUIO HOBBIX CIUIABOB Ha aTOMApPHOM YPOBHE B COBPEMEHHBIX J1a00paTOPHSIX.

AHAJIM3 NOCJEJHUX UCCJIEJTOBAHUM

CerogHst pacTeT BHUMaHHE K NMOTCHIMAJIbHBIM NPEUMYILECTBAM HAaHOTEXHOJIOTMH B
COBPEMEHHOM MAaIIMHOCTPOSHHH. L[enblif psa KOMIaHWHA W HAyIHO-MCCIEI0BATENECKUX HHC-
TUTYTOB CO3/Ial0T HAHOCTPYKTYPHUPOBAHHBIE CTAJIM U MCCIETYIOT X CBOMCTBA.



HanocTpykTypupoBaHHbIE CTaNM 00Jaaf0T HOBBIIICHHBIMU (U3NKO-MEXaHHYECKUMH
cBoiicTBamu. [IpoyHOCTb TaKo# cTany Bo3pactaer B 3 — 4 pasa, a TBEpJOCTb — Ha NOPSIOK, IIPH
YIIYyULIEHUH XJIaJOCTORKOCTH ¥ MHOTOKPATHOM YBEJIMYCHHH KOPPO3HOHHOM CTOMKOCTH [4].

Hensio padoThl SBILTIOCH CIETATH HEOOIBIION 0030p CBEICHUI O HAHOCTPYKTYPHPO-
BaHHBIX CIUIABAaX U CTAAX, NMOKA3aTh BIMSHHE MEXIy HAHOCTPYKTYPHPOBAaHHBIM COCTOSTHHUEM
U CBOHCTBaMH MaTEpHalioB M B TOM YHCIIE TOAYEPKHYTH NPEUMYINECTBA JaHHBIX MAaTEpUaIOB
KaK “IKOJIOTHYECKH OoJiee MepCIeKTUBHBIX M0 CPABHEHHUIO ¢ OOBIYHBIMH CIUTABAMU M CTAIIMHU.

Kommnanuns «T3K TexocHactka» (MockBa) B IPOMBIIUIEHHOM MaclITade MpUCTYIIIIA
K BBIITYCKY HOCYABI C aHTHOaKTepHanbHbIM 3ddexTtoM. DTOT 3(h(PeKT nocTUraeTcs myTeM BHe-
JpeHHsl B Marepuall, U3 KOTOPOro M3rOTaBIMBAETCS IOCY/a, HAHOYACTHIl cepedpa, KOTOphIe
CO3/JIaf0T Ha MOBEPXHOCTH IIIACTHKA 3aIUTHYIO CAaMOOYHIIAIONIYIOCS TUICHKY, MOABIISIONIYIO
pocT OOJBUIMHCTBA BPEAHBIX OakTepuil U rprOoB. [IJisl 3TOr0 UCMONB3YyeTCsl CHeUalbHas TeX-
HOJIOTHSI, pa3paboTaHHasi Ha OCHOBE M3YYEHHs CBOWCTB cepeOpa, MeXaHH3Ma B3auMOAEHCTBUS
€ro MOHOB C OaKTepUATLHOU MUKPOQIIOPOI.

AnTHOaKTepHaNbHBIHN 3¢ dext qocTuraercs 6maromaps akTHBHBIM HOHaM cepebpa Ag+
B HaHOCTPYKTYpPE TMOBEPXHOCTH ITACTHKA, K KOTOPBIM OaKTEpHH HE MOTYT aalTHPOBATHCS U
noru6arT. MexaHu3M NeHcTBHs Ag+ HAa MUKPOOPTaHU3MBI BBIMJIIUT TAKHMM 0Opa3oM: aKTHB-
HBIE MOHHBI cepedpa Ag+ NMPOHUKAIOT depe3 KICTOYHYI0 MeMOpaHy OakTepuu, W OHa TepseT
CBOIO TpoTenHa3y. Takke HOHBI cepedpa momoraroT pa3pymuTs JHK OGakrepuii n Mukpoopra-
HHM3MOB, KOTOPBIE IIOTHOAIOT, MOTEPSB CIIOCOOHOCTH K JICNICHUIO H pasMHOXKeHHo [5]. M3Bect-
HO, YTO cepeOpsiHas nmocya odJagaeT TakkKe aHTHOAaKTepHaIbHBIM (P HEKTOM U He NCKITIOYEHO,
YTO BBEJCHUE HAHOYACTHII cepedpa B HOBbIE METAJUIMYECKHE CILIaBbl O3BOJIUT C, OIHOM CTO-
POHBI, TaKXKe MOJJICP)KUBATh aHTHOAKTEPUATIBHBIH dPQEKT, a ¢ IPyrod - COKPaTUTh KOJIMYECT-
BO pacxozyeMoro cepedpa.

Martepuajabl M pe3yJibTAThl UCCJIEI0OBAHUM

W3y4yeHne cTpyKTypsl MaTepualoB Ha HAaHOYPOBHE — OYEHb NEPCIEKTUBHOE HAIPaB-
JICHUE MaTEePHAIOBECHUS, METAINIOBEICHHS U METAJUTyPTHH, TaK KaK ITO3BOJISET TOHATH CBA3b
MEKIy XapaKTepPHUCTHKAaMH MaTepualia M €ro CTPOSHHEM, a TaKXKe ONPEAEIHTh ITyTH M3MEHe-
HUA ero cBoicTB. K coxaneHunio, pacrpocTpaHEeHHBIM METOAOM CKaHHMPYIOIIEH 3JIeKTPOHHON
MHKPOCKOIIUH PEKO MOXKHO MOIYYUTh H300pakeHHE TEX WIIM HHBIX CBSI3€H B CTPYKTYpE 3epHA
B HY>KHOM Macuiradbe. Kpome Toro, ajst 4eTKOTO MPEACTAaBICHUS O BHYTPEHHUX CBS3SX HEOO-
XOIUMO TpeXMepHoe n300pakeHue. FIMEHHO Mo3ToMYy OOJIbIlIe BCETO YUSHBIX BIEYATIMI HE
caM CILUIaB, a HOBEMIIMI METOJ IPOEKTUPOBAHMSA U KOHTPOJISA PE3ylbTaTOB, KOTOPBIM CYJIUT
OTPOMHBIE MEPCIICKTHUBBI B CO3/ITAaHUH YHUKAIBHBIX MaTepHaios [6].

CrutaB 7075 — camblif IPOYHBINA U3 BCEX ATIOMHUHHUEBBIX CIIABOB (XMM. cocTaB: 87,1 —
91,4% Al; 0,18-0,28% Cr; 1,2—-2Cu; 0-0,5Fe; 0-0,4 Si; 0-0,2 Ti; 5,1 -6,1 Zn; 2,1 - 2,9
Mg; 0 — 0,3 Mn) u mmMpoKO KCMOIB3YETCs B a3POKOCMHYECKON MPOMBIIUICHHOCTH. Mccmenys
B3aMOCBSI3b MEX/y CBOMCTBAMM 3TOTO MaTepHalla U €ro aTOMHOM CTPYKTYpOM, ydeHbIe HEo-
KUJAHHO OOHApYXKHMJIHM, YTO OAWH M3 00pa3loB 00JiafaeT ropas3fo OOJbIIEH MPOYHOCTHIO H
IUIACTUYHOCTBIO. [IpM M3y4eHMHM MHKPOCTPYKTPBI CIUIABA BBIICHHIJIOCH, YTO HEOXKHJIaHHBIN
CKaYOK XapaKTEpPHCTHK CIUIaBa OOYCIIOBJIEH TEM, YTO BO-TIEPBBIX, JETHPYIOIINE 3JIEMEHTHI pa-
CIIOJIOXKUITHCH BHYTPH 3€PEH MeTaJlIa, YTO yBEJINYMBAET IJIOTHOCTh AUCIOKALUK MeTaIa. Bo—
BTOpax, 0ObEIMHEHHE 3JIEMEHTOB 3ePeH B KJIAacTephl (TpyIa B3auMOICHCTBYIONIMX YaCTHI] —
aTOMOB) OIPaHHUYMBAET POCT HAHOKPHCTAJUIOB, IMOBBIIIAET MPOYHOCTh 3€PEH U YMEHBILIAET
XPYIKOCTb U CcTapeHHe cIuiaBa. [Ipyu ucciieoBaHUM MCHOJIB30BAIM TOMOTpaduio ¢ MOMOIIBIO
aTOMHOTO 30H/Ia, YTO SIBJISIETCSl HOBOW MeTo/anMKoW. HaHovyacTHIIbI cIlaBa B HECKOJIBKO JECsT-
KOB HAHOMETPOB B JIMaAMETPE MMOMECTUIIN B PACTBOP U HAOJIOIANIN, KAK OHU B3aUMOJICHCTBYIOT
MEXay co00H, 1 Kakas MMEHHO (opMa rpaHeil 4acTHIl MMO3BOJSET CO3JaBaTh MaKCHMAJIbHO
MpOYHbIA Matepuan [6].

Cpenn nepcrieKTHBHBIX MAaTepHaIOB MOXKHO BBIJIEIIUTH BEICOKOA30THCTHIE cTaly. BBe-
JICHUE a30Ta MO3BOJISIET MOJYYHUTh CTAJIU CO CIIELMAIbHBIMKI CBOWCTBAMH, KOTOPHIE HEBO3MOX-
HO MOJIYYHUTh C IPYyrHMH dieMeHTamu [7, 8]. BBICOKOMPOYHYIO B KOPPO3HOHHOCTOUKYIO ayc-
TEHUTHYIO CTajb NPUMEHSIOT B MalIMHOCTPOCHUH, aTOMHOW JHEPreTHKe, XMMHUYECKOi Mpo-



MBIIUICHHOCTH # T. A. [9]. UIMeHHO W3 3TOM CTali NPUMEHSUTUCH Oanku BecoM 19 — 22 TOHHBI
JUIS CTPOUTENBCTBA 31aHUSI HOBOTO JKEIEe3HOA0POKHOTO BOK3ana B bepune.

B Poccuiickoit denepannn pa3pabOTKO BEICOKOa30TUCTHIX CTajeld aKTHBHO 3aHUMa-
ercsi LleHTpanbHBIH HayYHO—MCCIEIOBATEIbCKUI MHCTHTYT KOHCTPYKIMOHHBIX MAaTEpHallOB
(UHUMKM) “TIpomereit”. Paspaborannas Tam BAC HC-5T mpeBocXoauT 3amaaHble aHaIoTH
“Asecty-254” u “Ilomapur-774” [10, 11].

B HUUKM “TIpomereit” pa3pabotano Heckonbko BAC, KOTOpBIe HAa3BIBAIOTCS BEI-
COKOIIPOYHBIMH a30THCTHIMH AyCTCHUTHBIMHU CTAISIMU C TAPAHTHPOBAHHBIM YPOBHEM CBOWCTB,
obecrieunBaeMbIX (POPMUPOBAHMEM HAHOCTPYKTYPHI. TEXHOJIOTHS MOJIy4ESHHUS JIUCTOBOTO MPO-
KaTa a30THCTHIX CTajiedl OCHOBBIBACTCS Ha TEPMOMEXaHMUYECKOH 00paboTKe, MO3BOJISIOIICH
(opmupoBaTh 0c000e HAHOCTPYKTYpPHOE COCTOSIHHE, oOecreduBaroliee HeoOXOIUMBIH KOM-
IUIEKC SKCIUTyaTallMOHHBIX CBOMCTB. HOBBIE cTanu mpeqHa3HadeHsl A7 U3TOTOBICHUS OTBETC-
TBEHHBIX M3JIEJINH, IKCIITYaTHPYIOUINXCS B CHIIBHOATPECCUBHBIX KOPPO3MOHHBIX CpeAax; AJst
HEMarHUTHBIX TPYO HampaBieHHOTo OypeHHs B HeTel0OBIBAIONIEH MPOMBILIIEHHOCTH; IS
MEIUIMHCKUX HHCTPYMEHTOB M MMIUIAHTAaHTOB, BXHUBISIEMBIX B YEIOBEUECKHUI OPTaHU3M; IS
HEMarHUTHBIX KOPITYCOB HAYyYHO-HCCIIEAOBATEIBCKUX CYIOB, UCCIEAYIOIINX MarHUTHOE MOJIE
semii. Ot BAC 00mamaloT TakMMH COYETaHHEM XapaKTEPUCTHK: MPEAeNIOM TEKYyYECTH IO
650 Mlla; oTHOCHTENBHBIM y[uIHHEHHEM He MeHee 30%, MarHUTHON IMPOHUIIAEMOCTHI0 MEHEE
1,01, BbICOKOiT KOPPO3HMOHHOW CTOWKOCTBIO B XJIOPUAHBIX cpenax [12].

Poccwuiickas rocyjapcTBeHHass KOMIaHus Panrek maBHO paboTaeT B 001acTH HAHOTEX-
HOJIOTHH, TOJIy4eHHs] HaHOCTPYKTYPHUPOBAaHHON CTald B CPEJHEYACTOTHBIX HMHIYKLIMOHHBIX
IUTAaBUJIBHBIX I€YaX, KOTOPBIE MO3BOJSIOT TOYHO PETyIMpPOBaTH TEMIIEpaTypy BO BCeH Macce
MeTalla ¥ ToJIy4aTh METaJll C 3apaHee 3aJaHHbIMU CBOMCTBaMH. B TypOOMHIYKIMOHHOILIA-
BIJIBHBIX arperatax BMECTHMMOCTbIO 5—10 TOHH OCYIIECTBISETCS aKTUBHOE IEepeMELIMBAHUE
MeTajula U €ro BpalleHHe BOKPYT OCH, 4TO oOeclieunBaeT akTHBHOE B3aUMOJEHCTBUE IIIaka U
paciulaBa MeTajuia B TypOyJICHTHOM IOJ] IIUIAKOM clioe. B pe3ynpraTe KuUIAKUiA MeTayl1, HHTCH-
CHBHO IIEPEMEIINBAsICh, HACBHIIIACTCA a30TOM J0 TpeOyeMoi KOHIEHTpalny, o0eceynBas aK-
THUBHBIN IIporiecc 00pa3oBaHUs HAHOYACTHI] M MEIKOKPHUCTAIIIMYECKHX (Da3, IPHCYTCTBYIOMINX
B paciulaBe KOMIIOHEHTOB — aJlFOMHMHHUS, TUTaHA, BAaHAANS, MapraHna u p. ArperaTsl odecrie-
YMBAIOT BBHICOKOA((EKTUBHYIO IUIABKY HE TOJBKO C TOYKM 3PEHHS KauecTBa METajula, HO U C
TOYKH 3peHus cOepexxeHus areKTposHeprun (pacxon — Ha 30% menbire). CperHeIacTOTHON
TexHoJoruu Bcero 20 JIeT, 3T0 CaMblil COBPEMEHHBIN CIIOCO0 AJIEKTPOIUIaBKU. ECu B 3JIeKTpO-
JIyrOBOH I1€4H IJIaBKa WAET 3a CUeT IyrH (M BOJIM3M IyrH TeMIleparypa MeTajla MOXKeT JOCTH-
raTh 3 TBIC. TPAyCOB, IIPU TOM, YTO y CTEHKH IE€YH METAJII MOXET OBITh XOJIOIHBIM), TO B HH-
JYKIIMOHHBIX I1€4aX HOBOTO IOKOJIEHHS — 3a CYEeT BUXPEBBIX TOKOB B TOJIIE MeTajla: UIET
NpsIMOM, a He KOCBEHHBIH HarpeB Metaiia [13].

Snonckue uccnenosarenu [14, 15] npeanoXunn HOBBIM METOJ TEPMOMEXaHUYIECKOI
00paboTKN, KOTOPBHIH aBTOPHI Ha3BaJlM TEMIIEPAaTypHOH (OPMOBKOH WM TeMI(OPMUHIOM
(“tempforming”). B xauecTBe MOAEIBHOTO CIIIaBa MCIIOIL30BAIACH HU3KOJIETUPOBAHHAS CTalb,
conepxamas 0.4% C, 2% Si, 1% Cr, and 1% Mo. ®opmoBka 00pa3oB NpOU3BOIMIACE C K-
BUBAJICHTHOH nedopmanueil mopsiaka 1,7 mocne otmycka cramu mpu 500°C. ITocmexyromme
MEXaHNYeCKHe HMCIBITaHUs HOBOTO MaTepuaja MOoKa3ajld OTIMYHBIE Pe3yJIbTaThl, O CpaBHE-
HHUIO CO CTaJbl0, 3aKaJCHHOM OOBIYHBIM 0Opa3oM M oTmymeHHoH mpu 500°C. B uwacTtHOCTH,
3HaveHue yaapHoil mpouHoctu no Illaprnu s o6pas3uoB nocie TemmneparypHol (pOpMOBKH
(TP-06pa3en) cocrapnsier 226 [k, uTo mo4td B 16 pa3 GoJibliie, YeM B aHAJOIHYHOM HCIIBITA-
HUU ¢ 00bIuHOM ctanpio. s TP-06pasiioB Habm0gaeTCSl MAKCUMYM B UHTEpBaJe TeMIIEpaTyp
ot -60°C no -20°C, npu fanpHeieM MOBBIIEHIH TEMIIEPaTypsl yAapHas IPOYHOCTh YMEHb-
mraercs. [lonoGHOe moBeneHne 00BACHIETCS MUKPOCTPYKTYypoi cranu (puc. 1). Ilocie Temn-
(hopMHHTa IPOUCXOUT YIUIMHEHHE 3epeH Broib <110> kpucramiorpaduieckoro Hampasie-
HHS, KOTOPOE COBIAJACT C HANpaBIeHWEM MNpokaTku. CpeaHui momepeyHslil pasMep 3epeH
MeTajula coCTaBJIsUI mopsizika 260 HM, pa3Mep chepraecKkux KapOMIHBIX YaCTHII, JUCIEPTUPO-
BaHHBIX B JKeJIe3HON MaTpulle, He Oosee 50 HM.


http://en.wikipedia.org/wiki/Tempering
http://en.wikipedia.org/wiki/Charpy_impact_test

Puc. 1. MuKpoCTpyKTypa 06pasios mocie Temeparyproit Gopmoski npu 500 °C: (A) - m3o6paxenue
MOJIy4€HO METOOM JU(PaKIUK OTPaXKEHHBIX 371eKTpoHOB (EBSD), yron pa3opreHTHPOBKH MEXy 3ep-
HaMH cocTaBisieT MeHblre 5°. RD — nanpasienue mpokatku. (B) - mukpodororpadus (II9M) mokassiBa-

eT pacipezeneHie HaHOpa3MepHBIX KapOUI0oB B MeTajuindeckoi marpuue [14, 15]

OpHUM U3 CIIOCOOOB CO3JIaHUSI HAHOCTPYKTYPHI B PEANBHBIX M3AEIHSAX SBISIETCS BbI-
COKOTEMIIepaTypHas TepMoMexanudeckas oopaborka (BTMO), koropast 3akirouaercsi B IOcC-
JISNOBATEIbHOM BBIIIOJIHEHUH Ollepalliy ropsdyeid nedopmanuu u nocieayromei 3akanke. B
3aBUCHMOCTH OT PEKUMOB 00paboTKM (Temreparypa Jedopmanuu, ee CTeneHb U CKOPOCTb,
cXeMa OXJIAKICHHUS) MOXKET OBITh TONTydeHa pa3lIndHasi CTPYKTypa — OT HaHOpa3MepHOH cyO-
CTPYKTYpPBI C MaJOYTJIOBBIMH TPaHHUIIAMH B BHJC AUCIOKAIIMOHHBIX TOCTPOCHUH IO pEKpHC-
TAJUTH3AIIMOHHON 3epHOBOM CTPYKTYpPHI ¢ OONBIICYTIOBEIMH TpaHunaMu. OOpa3oBaHUE IONH-
TOHABHOW CYOCTPYKTYpHl C HaHOpa3MepaMmH IMPOUCXOTUT IMPH OTHOCHTEIBHO HEOOIBIITUX
CTETIeHAX ropsraeit qedopManuy BOTU3N MUK Ha AHarpamMMme ropstaero nedopmuposanus. Je-
(hopManms ToIHKHA COYETaThCs C TMociieie)OpMAIIMOHHOM BRIICPKKON Tepe]] HadaloM OXJIa-
nenus [16].

OpnHuM 13 3P PEKTUBHBIX CIIOCOOOB MOBBINICHHS 3KCILTyaTal[HOHHBIX CBOMCTB cTajei
sBisieTcs (OPMUPOBAHUE B HUX HaHOKpHcTaunueckux crpykryp (HK) meromamm mHTEHCHB-
HoW ractuueckoi nepopmanuu (UITT). UIT/I myTem X0a01HOH MPOKATKH (HOPMHPYET B HCC-
JIEYEeMOU CTalli MEJIKO3EPHUCTYIO CTPYKTYPY 0. — MapTE€HCHUTa ¢ pazMepoM 3epHa 9 ... 10 HM.
[Tocne 3akanku ¢ 1000 °C cTpykTypa cTamu aByxdasHas; o — MAPTEHCHUT U Yoer. KOTHUECTBO
Yoer cOCTABISIET ~30 % UM 3TO B 3 pa3a BhILLIE, YEM B ropsYeKaTaHON CTaIM MOCJE aHAIOTMYHOU
3aKanku [17].

VY4uTeIBast, 9TO A MONYYCHHS TPEOYIOUIUXCS IKCIUTYaTAllHOHHBIX XapaKTePUCTUK
KOHCTPYKIIMOHHBIC CTaJH IMPETEPIIEBAIOT HECKOJBKO 3TAlloB TEPMOOOpabOTKH (3aKajiKy, OT-
MyCK), CYOCTPYKTYpY yaaeTcs HabIr0aTh TOJEKO B KOHEYHOM cocTossHIA. CyOCTpyKTypa ayc-
TEHHUTa, COPMHUPOBABIIErOCs MPH ropsiuei aedopMaliuy, HacleayeTcsl MapTEHCUTOM, BIIHSS
Ha ero JMCIEePCHOCTh U MOP(OJIOTHIO, M OKa3bIBAET BIMSHHE Ha MPOLECCHI OTIIyCKa, JHUCHepC-
HOCTb KapOuIoB U cyOCTpYyKTYypy eppurHOii Marpuibl. CyOcTpyKTypa (heppUTHOM MaTPULBI
“MeeT pa3Mepsl diieMeHToB B mpenenax 20 — 100 um npu cpeanem pasmepe 30 — 40 am. Paz-
Mepbl Kap6unoB 7 — 10 HM, 3HAUWTEIFHO MEHBINE, YeM IPHU OOBIYHON 3aKajike Jake HpHu
BTMO, BbinosiHsseMoi ¢ 60JIBIIUMHU CTeneHsaMu aepopmariuu [16].

[pucyTcTBHE METKOIUCTIEPCHBIX YacTHUeK (pa3mepoM mo 10 HM) KapOHIOB, KOTOPBIE
MPEMSATCTBYIOT MBMYKCHHUIO JUCIOKAIHA, a TAaKXKe CIIOCOOCTBYIOT UX Pa3MHOKEHUIO, B KOHEU-
HOM WTOTE€ MPUBOJUT K MOBHIIICHUIO MPOYHOCTH CTaNH. HampuMmep, B 3aKaleHHBIX ayCTECHHT-
HBIX cTamsax ¢ 1% anobus (12X18H10B) wrn u3 1% tutana (12X18H10T) npu BeICOKOTEMITE-
parypHoii (~700 °C) BbImep)Ke Ha JeeKTax YIaKOBKH BBIICISAIOTCS KOTEPEHTHO CBS3aHHEIC C
Mmarpuiei kyouueckue kapouast NBC u TIC [18].

WHTepec npencTaBisioT HHTEIICKTya bHbIe ayCTEHUTHBIE CTaJlM C YIPaBIsieMbIM d(-
¢dexrom mamsatu opmbl (DI1D) B pesynbrare popmupoBanus HaHOKapOHI0B VC pa3nuuHOi
dhopmbl u pazmepos. [IpenoxeHHbIe HHTEIUIEKTYalbHbIe cTamu (mareHT PO Ne 2270267) oT-
JIMYAIOTCSI OT M3BECTHBIX BBICOKOH MPOYHOCTHIO, IIACTHYHOCTHIO, TEXHOJIOTMYHOCTBIO ITPOH3-
BOJICTBA, CYIIECTBEHHO MEHBIINM COJICPKAHUEM MapraHiia U KPEMHHs, BO3MOXKHOCTBIO pery-



JMPOBaHMUS BeJIMUMHBI 3 (eKxTa namsTu GOpMbI U MOTYT BBIITYCKAaThCSI B MACCOBBIX KOJIMYECT-
Bax. [IpoBenena BrimaBka npenioxeHHon DIID-cranu Ha 3aBojgax Ypajia U MOJy4YeH JIMCTO-
Boi mpokat mupuHOi 1000 MM. M3roToBIIEHB 000JI0YKH HATPEBAEMBIX IIHHIPHICCKAX CHA-
PSIIOB IUISl TEPMETH3AINH Te(PEKTHBIX 00CaTHbIX TPYO B HEPTIHBIX CKBakUHaX [19].

INomydeHne HaHOCTPYKTYpHPOBAaHHOTO ayCTEHHTa B KOPPO3HOHHO-CTOMKHX CTalsiX
CIOCOOCTBYET CO3JJAHUIO KOHCTPYKIIMOHHOTO MaTEpHasa, KOTOPHIH OTIMYAETCS MOBBIIICHHON
KOPPO3MOHHON CTOWKOCTBIO B YCIOBHAX BEICOKMX MEXaHHIECKUX HAINPSIKEHUH U IIPU MaKpo- U
MHKPOCTPYKTYPHBIX HEOAHOPOIHOCTSX [9].
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VY crarTi 3po0IeHO KOPOTKHIM OIJISA BIIOMOCTEH HPO HOBI HAHOCTPYKTYpOBaHI
crutaBu Ta ctaii. [lokazaHo, 0 OJHUMH 3 HAHOIIbII MEPCICKTUBHUX BHUIIB CTa-
JIel € BUCOKOA30THI HAHOCTPYKTYpOBaHi ctajiu. [ligkpecaeHo, 1o BUKOPUCTAHHS
HAHOCTPYKTYPOBaHHX CIUIaBIB i CTaJledl € eKOJIOTiYHO NMPUHHATHIIINMHU y HOPIB-
HSHHI 3 TPAAUIIHHAMH.

Knrouosi cnosa: HAHOCMPYKMYpoeaHna cmdaib, 6UCOKodzomucma cmaib.

In the article the brief review of information is done about the new nanostructure
alloys and steels. It is shown that one of the most perspective types of steels -
there are high-nitrogen became nanostructure steel. Nanostructure alloys and
steels, is ecologically more acceptable as compared to traditional.

Keywords: the nanostructure steel, high-nitrogen steel.
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YJIK 657.6:504
HInankosckuii U.B., Sikosaesa H.O., I'py6iu T.B.
JIyrancek

HNCCIEJOBAHUE HEOBXOIUMOCTHU BHEAPEHHUSA 3KOJOTI'MYECKOI'O
AYIUTA HA IPEAIIPUATUAX YKPAUHBI

[IpoBeneH aHaMM3 OCHOBHBIX XapaKTEPUCTUK BHYTPEHHETO M BHEIIHETO 3KOJIOTH-
yeckoro ayauTa. OnpezesieHa He0OX0AUMOCTh BHEJPEHHS SKOJIOTHYECKOTO ayIH-
Ta Ha npennpusTud. Puc. 1, Tabn. 1, ucr. 9.

OKonozuueckuti ayoum, oKpyxcarowas cpeod, 9KOI02UYecKas 06e30NnacHOCmb,
npeonpusimue, payuoHaIbHoe NPUPOOONONIb308aAHUE

ITocTanoBka npodaeMbI

OxpaHa OKpyXarlleil cpepl, COXpaHEeHHE U PALMOHAIBHOE UCIIOIb30BaHUE NPUPO-
HBIX PECYPCOB, IKOJIOTMYECKUIT KOHTPOJIb MPUOOPETAIOT BCe Oolbliiee 3HAYCHUE U TPUOPHUTET-
HOCTh BO BHEULIHEH W BHYTPEHHEW MOJIMTHKE OOJBUIMHCTBA TOCYAapCTB MHpa, B TOM YUCIE U
YKpauHbl. ITO CBSI3aHO C TEM, YTO aKTHBU3ALMS KHU3HEACATEIHLHOCTH YEJIOBEYECKOI0 O0IIeCT-
Ba, CTPEMUTEIBHOE PA3BUTHE HAYKH U COBPEMEHHBIX TEXHOJIOTHMI, X HUCIONb30BaHUE, MOTpE-
OneHne MPUPOIHBIX 3aIIacoB, a B HEKOTOPBIX CIydasX M OEcXO3SHCTBEHHOCTh PYKOBOJCTBA
OTJENBHBIX NPEANPHUATHN, IPUBOAAT K YXYyIIICHUIO SKOJIOTUYECKON CUTYyalld B CTPaHE B Iie-
JIOM WJIM K TEXHOTE€HHBIM aBapHsAM M KaTacTpodaM JIOKaJIbHOTO Xapakrepa. B 3Tol cBs3m, cie-
Iysl KOHIIECTIIIMN YCTOWYMBOTO PAa3BUTHS U B IIEIX 00ECTIEUeHHS SKOIOTHUECKOH O€30II1acHOCTH,
BO3HHKAaeT HEOOXOJUMOCTh B CHCTEME ONPEAEICHHBIX MEp U MEXaHHW3MOB, HaIPaBJICHHBIX Ha
OXpaHy OKpY’Karollled cpesl, KOHTPOJIb COCTOSIHUSA U YIYYIICHHUS KOJOTHUYECKOHW CUTYaIlMH,
MPOTHO3UPOBAHUE U MPEAYNpPEexICHHE Ha PaHHUX CTaAUAX MOTEHIMAJIbHO ONACHBIX B 3KOJO-
THYECKOM CMBICIIE NPOLIECCOB Ha MpeAnpusaTHH. Kak mokaspiBaeT MUPOBOI OMBIT, 3G PEKTUB-
HOE€ PEryJIMpOBaHUE U COBEPIICHCTBOBAHHWE MEXaHM3MOB B3aUMOJEUCTBUS CTPYKTYPHBIX 3Jle-
MEHOB NPENPHUATHS WIH MPOMBIIUICHHOTO 00BEKTa, MOXET OBbITh JOCTUTHYTO MOCPEACTBOM
€KO0JIOT0-€KOHOMHYECKHX MEXaHU3MOB €KOJIOITHYECKOT0O ayaHTa.

AHa/lu3 UCCIeJOBAHMNA M NyOauKanuid

HccnenoBanusam B cdepe 3KOIOTMUECKOTO ayIuTa IOCBSAIIEHO MHOMXECTBO OTEYECT-
BEHHBIX W 3apyOeKHBIX TpynoB. Tak, Hanpumep, B.S. IlleBuyk 3aHMMAaNCs pa3paOOTKOW MPHH-
[IMTIOB  OCYIIECTBJICHUS OKOJOTMYECKOTo ayauta B Ykpaune [8]; JLI. MenbHUK u
M.K. llanoyka Gosiee AeTaIbHO MCCIENOBATH (YHKIMH 3KOJIOTHYECKOTO ayAHuTa U ero COOT-
HOIIIEHUE C dKOJIOrmuecKuM MeHekMeHToM [4]; A.A. CaakoB paccMmaTpuBai MpoOIeMbl KO-
JIOTHYECKH  HANpaBIEHHOIO  ympaBieHus  mpenmpustaeMm  [6]; W.A. Anekcanapos,
A.B. ITonossusrii, H.C. KpakoBckas ymensuii BHHMaHHME WHCTHTYIHMOHAJIBHBIM MpobiemMaM
o0ecrieyeHns 3KOJIOTHYECKOTo paBHOBecHs [2]. B To ke Bpems, HECMOTpsI Ha 3HAYUTEIHHOE
BHHMaHHE BOIIPOCAM HKOJIOTHYECKOTO ayANTa, IO CHUX MOP OCTAIOTCS HEPEIIEHHBIMHU PSJ] PO-
6seM, B TOM YHCIIE M OTPEJICNICHHE €r0 HAIPaBIECHUH W HEOOXOIMMOCTH BHEAPEHNUS ISl KaXK-
JIOTO KOHKPETHOTO TIPEIIPHUSTHSL.

eab cTaTbu

HccrnenoBanne M aHaIW3 OCHOBHBIX XapaKTEPUCTHK SKOJIOTHYECKOTO ayauTa U HEe0O-
XOJIUMOCTH €r0 BHEJPEHUS Ha NPEANPUATUAX Y KPaUHBI.



Pe3ynbratsl uccnenoBaHuit

B coBpeMEeHHBIX YCIIOBHUSX Pa3BUTHSI 9KOHOMHMKH Ba)KHYIO POJIb B CUCTEME yIIpaBlie-
HUS 3aHAMAeT SKOHOMHUYECKHH MEXaHU3M 3JKOJOTMYECKOTO PETYIMPOBAHUS, KOTOPBIN IMpen-
CTaBIISIET COOOW CIIOKHYIO MHOTOYPOBHEBYIO CHCTEMY OTHOIICHHWH CYOBEKTOB XO3SHCTBOBA-
HHUS MEXIy COOOH M C BBINIECTOSIIUMHK OopraHaMu. CBSI3yIOIIMM PBIYaroM 3THX OTHOIICHHWH
JOJDKEH CTaTh 3KOJIOTHUECKUH ayInUT — WHCTPYMEHT, BKJIIOYAOMNI B ce0sl OpraHN3alioOHHO-
9KOHOMHYECKHE (DaKTOPHI 3aIINUTHI OKpYyXKarommeil cpensl. OH MO3BONISAET BEIOPATh ONTHUMAIb-
HBIIl  BapWaHT  INPHUPONOOXPAHHBIX  COOPYKEHHH, OpraHW30BaTh  HMH(OPMAIIMOHHO-
AQHAJIMTHYECKUI KOHTPOJIb 32 COCTOSHUEM M CTEIEHBIO AKCILTyaTallMH IPUPOAOOXPAHHOHN TeX-
HHKH, JIaTh SKOHOMHYECKYIO OLIEHKY HaMe4aeMbIX TEXHHYECKUX M TEXHOJIOTHYECKUX yCOBEp-
HICHCTBOBAHUM.

DKOJIOTHYECKUH ayJUT — 3TO CHCTEMaTHYECKUIl JOKyMEHTAIbHO 0(OPMIICHHBIH Mpo-
1[ecC MPOBEPKH IKOJOTMYECKUX ACIIEKTOB NESTENILHOCTU MPEANPUSITHS, a TaKKe 00BEKTHBHO
MOJTy4aeMBbIX M OLICHHBAEMBbIX JIaHHBIX, C II€JIbI0 ONPECIICHUS] COOTBETCTBUS BHJIOB U YCIIOBHIH
9KOHOMHUYECKOH NEATENbHOCTH, CHCTEM aJMHHHCTPATHBHOTO YNPABICHHUA HIM MH(OPMALUH
00 3THX 00BeKTaX HOPMATHBHO-3aKOHOJATEIHFHBIM TPEOOBAaHUAM U KpUTEpHAM 3(hdeKTHBHOC-
TH B 00J1aCTH OXpaHbI OKPYXKAIOIIEH CpeIbl M SKOIOTHIecKoit 6e3omacHocTH [1].

MOKHO BBIJIETUTH JIBA OCHOBHBIX HAIIPaBJICHUS IOHUMAHUS CYTH KOJIOTHYE-

CKOI'0 ayauTa:

1) BUI 3KOJOTHIECKOTO KOHTPOIIS (BHYTPESHHHN);

2) mpaBOBOW MeXaHHM3M OOeCIeUeHH OE30MaCHOCTH B IKOJIOTHYECKOU cdepe (BHeI-
HUil).

BHyTpeHHHIT 3K0NOrHueckuil ayJJuT 00beKTa IPOBOIUTCS MO 3asBKE €ro COOCTBEHHU-
Ka WJIN OpraHa YIOJHOMOYEHHOT'O YIPaBJICHUIO UM Ul cOOCTBEHHBIX HYXk] [1]. BHyTpenuuit
9KOJIOTHYECKHUIl ayUT OCYIIECTBIISIETCS CTIEeHAIbHBIM BHYTPEHHHM IOJPA3IeIOM MpeaIpus-
TSI ¥ €T0 3a/1a4aMH SIBJISIFOTCSL TPOBEPKA CHCTEMbI 00ECIIEYeHHs] IKOJIOTUUECKOM Oe30macHoc-
TH, pa3paboTKa MEPOIPHUATHH M0 YMEHBUICHHIO SKOJIOIMYECKOTO PUCKA, & TAK)KE OH CTAHOBHUT-
Csl OZTHUM M3 OCHOBHBIX HHCTPYMEHTOB HOBBIIICHHS 3((EKTUBHOCTH YIIPABICHUS IIPUPOIOTIO-
JIb30BAHUEM.

BHemHui 3K0I0rMYeCKUil ayJuT MPOBOIUTCS MO 3asBKE IPYTHX 3aMHTEPECOBAHHBIX
cyobextoB [1]. [maBHOI 3amadeii BHEITHET0 HE3aBUCHMOTO SKOJIOTHICCKOTO ayIuTa SBISIETCS
HNOATBEP KJEHUE MTPABUIBHOCTH y4eTa, OTYETHOCTH, OLIEHKA COOTBETCTBUS BHYTPEHHETO 3KO-
JIOTHYECKOTO ayAnTa MOJIUTHIECKON MUCCHH, T.€. OCHOBHOH (I7100aIbHON) e AesTeTbHOCTH
NpeANpUsITHS, NOTyuYeHHe 00beKTUBHON nHpopMaunu. B nambHelmeM 3a pe3ynbTaThl 3K0JIO-
TMYECKOT0 ayJUTa OTBETCTBEHHOCTh IEPEHOCUTCS Ha ayUTOPCKYIO GUpMY.

Takum 0Opa3oM, BHYTPEHHHUI U BHEITHUI YKOJIOTUYECKUHN ayUT BBITIOIHIIOT Pa3HbIE
npaBoBble (PYHKIMYU NPU COXpaHEHHU OOIIEH HANpPaBICHHOCTH HA 3alUTY OKPYKaroleH cpe-
Ji6l. OCHOBHBIE XapaKTEPUCTUKN BHYTPEHHETO M BHEIIHET0 AKOJIOTMYECKOTO ayJUTa MPeCcTaB-
neHsl B Tabmuie 1.

W3 Tabuumpl BUIHO, YTO MOTPEOHOCTH BO BHEITHEM 3KOJOTHUECKOM ayIHWTe HE MCK-
JroYaeT HeoOXOAMMOCTb BO BHYTPEHHEM ayAnuTe. ITO OOBICHIETCS LICHOM NMPOBEICHNUS 3KOJIO-
THYECKOTO ayANTa U MepepacipeielieHHeM OTBETCTBEHHOCTH 32 SKOJIOTHIECKYI0 O€30TI1acHOCTb.

B Ykpaune Heo0X0IMMO PUMEHSThH SKOJIOTHUECKUH ayANT Ha PA3IMIHBIX IIPEIIPH -
tusix. Kaxnoe npeanpusarue, B 3aBUCUMOCTH OT CBOUX II€TIEH, MOXKET CaMOCTOSITEILHO MTPOBO-
JIUTH 3KOJOTMYECKHH ayAuT HeoOxoaumoro HampasieHus. CyIecTByeT HECKOJIBKO HalpaBiie-
HHUH 9KOJIOTHYECKOTO ayANuTa: IPOU3BOJICTBEHHBIN, (MHAHCOBOI NEATEIBHOCTH U HAa COOTBETC-
TBHE JIEHCTBYIONIEMY 3aKOHOIATENLCTBY M YCTAHOBJICHHBIM HOpMaTHBaM (puc. 1).

ITpou3BOACTBEHHBIN 3K0AYJUT COCTOUT M3 ABYX OCHOBHBIX KPUTEPHEB: MPOU3BOIUTE-
JBHOCTH ¥ 3 (HEKTUBHOCTH PUPOJOOXPAHHOIO 00OPYAOBAHUS M ONPEAEISAETCS CIECAYIOIUMHU
(haxkTopamu:

aHaIU3 IWHAMHUKHM U3MEHEHUs COCTOSHUSI OKPYJKAlOIEH Cpenbl 3a MOCIeJHHE HECKO-
JIBKO JIET;

CpaBHEHHUE C APYTMMU MNPEANPHUATUSAMH WIH C NPEINPUATHEM-ITAIOHOM II0 YKOJIOTHU-
YEeCKHM IapaMeTpam;



BBISIBJICHUE BCEX MCTOYHMKOB 3arpsi3HCHUH W MX 00ECIEYeHHOCTH OYHCTHBIM 000pY-
JIOBAaHHMEM, OIICHKA MPOTPECCHBHOCTH NMPHUMEHSEMBIX METOJOB OYMCTKU, U3y4EHHE M OLCHKA
CTPYKTYpPBI COCTaBa M TEXHHYECKOT'O COCTOSHHS OCHOBHBIX IPHPONOOXPaHHBIX (oHIoB. Oue-
HKa COCTOSTHHS TEXHOJIOTHYECKOro 000pyIOBaHUS U IPUPOIOOXPAHHBIX COOPYKEHHH, CHCTEMa
XpaHEHHUs] MaTepHaIOB M 3aXOPOHEHUS] OTXOJ0B, COOMoAeHNEe IIPENEIBHO JOIYCTUMBIX BbI6pOCOB u
cOpoCoB.

Tab6nauma 1
OCHOBHEIE XapaKTCPUCTUKU BHYTPEHHETO Y BHCIIHETO SKOJIOTUYCCKOI'0 ayauTa
OKOJIOTHUECKUH ayauT

XapakTepUCTUKH

BHYTPEHHUH

BHEITHHH

Iens

000CHOBaHHE MTPUCYTCTBHUS IKOJOTHU-
4eCKOW 0nacHOCTH/0e30MacHOCTH

aHaJIM3 U J0Ka3aTCIbCTBO co0ur0-
JCHUA 3KOJIOTHYCCKOI'O 3aKOHOIa-
TE€JIBCTBAa, HOPMATHUBOB U CTaHAAp-
TOB

HepI/IOZ[I/I‘{HOCTL 9KO-
JIOTUYECKOI'0 ayauTa

ITOCTOSIHHBIA KOHTAKT C TEXHOJIOTHYE-
CKMMHU U DKOHOMHWYCCKUMHU C.]'Iy)K6aMI/I

€IMHOBPEMEHHBIH

[Tonp30Barens ayau-
TOPCKUX YCIIYT

COOJIIOIAI0TCS] UHTEPECHl MEHEIKMEH-
Ta

COOMIOAAI0TCA HHTEPECH! KITHEHTOB
MpeANpPHUATHS

CyOBeKT 3K0JI0THYe-
CKOTO ayJuTa

KOJUJICKTUB NPEANIPUATHA

HE3aBHUCHUMBIE 3KOJIOTUYECKHE ayTH-
TOpcKre (GUPMBI, CTICHUATH3UPO-
BaHHbIE LICHTPbI

Pernament

MEXKAYHApOAHBIC CTaHAAPTHI ayaAuTa,
BHYTPCHHSA JOKYMEHTAUA NpEANPU-
SATHA

ayJIUT CHCTEM YIPABIICHUS OKPY-
JKarolien cpeaon u np.

Pesynbrarel u Hampas-
JICHUS UX UCTIOIb30Ba-
HUeE

AyAUTOPCKHUI OTYET C pe3ybTaTaMu
MPOBEICHHOTO UCCIIEA0BAHMS, PEKO-
MEHJIAIUSAMHE IO TOBBIIICHUIO 3D (dek-
TUBHOCTH TIPUPOJIOTIOJIH30BaAHHS

ayAUTOPCKUI BBIBOJI, HCIIOTb3Yye-
MBIH JJIs1 HOJY4YEeHHUs JOCTOBEPHON
nHdopmarmu

®dopma oTueTa

OIpeIeNsAeTCS HEMOCPEICTBEHHO
CIy’k00# BHYTPEHHETO YKOJIOTHYECKO-
T0 ayJuTa MO COTJIACOBAHHIO C PYKO-
BOJICTBOM

OIpe/IEeIISACTCS B 3aBUCUMOCTH OT
BUJIA yCIIyT

O06xBar cdepsl nes-
TEJILHOCTH NPEIPHs-
THS

TEeKyIllee KOHCYIBTUPOBAHHE IO BO-
MpocaM yIpaBJICHHUS OXPaHOH OKpY-
JKaIoUIe Cpesloi U IKOJIOTHUECKOM
TOJIUTUKH

KOPPEKTHPOBKA 3KOHOMHUYECKUX,
9KOJIOTMYECKUX, COLIUANIBHBIX,
Hay4HO- TEXHUYECKUX TCHACHINH

OKoayauT (UHAHCOBOM AEATEIHLHOCTH OCYIIECTBIISICTCS C IIEIBI0 TPOBEPKU MPABUIIb-
HOCTH HCIIOJIb30BAHUsI CPEJICTB, HANIPABIEHHBIX HA IPUPOIOOXPAHHBIE MEPONIPHUATHS, IIPOBEP-
K1 Oyxrantepckoil ((PMHAHCOBOH) OTYETHOCTH, IUIATE)KHO-PACUETHON JTIOKYMEHTALUH MO Iula-
TeXaM M OTYHCIICHUSM 3a 3arpsi3HEHNE OKPYXKAIOIIEH MPUPOIHOI Cpesibl, 32 IPUPOAOIIOIIB30-
BaHME, 32 aBapUIHOE 3arpsA3HEHNE OKPY Katomleld PUPOIHON CPeIbl.
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. IrOSyAHT
MpOMZE0LCTESHHEBR JH0SYAHT B HHEHEOBOR ASATENEHOETH IHOSEYAHT HE COOTEETCTEHE
® CTRYHTYDS, COCTEE, TEXHHMECHOS ® TEHYLW HE 2ETRETH HA OXPAHY " AECTEVIOWES
COLTORHME 0CHOBHBER OH P HEDIWER CReabL ASHOHOASTEALETED,
MPHPOZ00XPEHHER HOMg0s; " (MSTEHH 28 BATPAIHENNS B o MEHIYHEDOAHBIE TPEGOBEHHA
= MCTOYHHNE ANOAOTHYECHOR NPEgenas AHMHTOB, * DA LIHOHENEHOCTE CTRYHTY D ’
O HOCTH, * FATEH 38 C 0PN M HTHDIE 1M PO DAPEHH O
* MROMYEHHRA CNOG0THO T OUHETH b SRFPAS HEHHA] AEATENBHOGCTH,
CODEYHE HHAL * MSTEHH 22 NRPHPOAHBbIE ® HHG O QRS UHO HHERA
» MPOrPECCHEHOCTE METOADE OYHCTHH pacypokL DGECNEYEHHOCTE,

" HEMHTH bHB S Z8TRATE HE
OXPEHY CHEYHAIOLLER Cpe b

= HHHIHEHPOBEHHE HEYIHO-
HCCNEA0BETaNbEHHY padoT
NPHROADOAPEHMOND HEZHEY S HMA

® TEAHHYSCHS S OOSCMEYeHHOCTE;
* YPOBEHE YYETHO=KONTRONBHOR
patoTm

Puc. 1. HanpaBieHus 3K0JOrHYECKOr0 ayauTa npeanpustui [7]

DKoayIuT Ha COOTBETCTBHUE MPEJNICTABISET COOO0I HCCeI0BaHMs HA COOTBETCTBUE 00-
EKTa TPEOOBAHUAM 3aKOHOIATEIBHBIX M HOPMATUBHBIX aKTOB MO 00ECTICUEHHIO MPOMBIIICH-
HOMW, TEXHUYECKOH, TEXHOJIOTMYCCKOM, palHallMOHHOMN, MOKApHOW U T.1. 0€30MaCHOCTH MPEJ-
MPUATHS, HANIPAaBICHHBIX Ha YMEHBIICHHE HETaTMBHOTO BO3/AEHCTBHS Ha OKPYKAIOIIYIO IpH-
ponnyto cpeny [3].

[IpoBeneHue 3KONOTHYECKOTO ayAMTa Pa3IMYHBIX HAIPaBICHUN MO3BOJSIET OXBAaTHUTh
BCE 00JIaCTH JESATENBHOCTH NPENNPHUITHS NPHU ONPENSICHUH MX BO3ACHCTBUSA HA OKpYKalo-
IIYIO CPEexy.

Ha ocHOBaHNM IPOBEAEHHOTO MCCIECJOBAaHMS M aHAIM3a padOT OPYTHX HCCIEeNI0BaTe-
neit [2, 3, 4, 5] MOXKHO OTMETHTh TaKUe 3a/1a4H, KOTOPBIE MOTYT OBITH PEUICHBI TIPEATIPUATHEM
BCJIC/ICTBHE BHEJPCHHUS SKOJIOTHIECKOTO ayANTa:

1. OmnpeneneHue NPUOPUTETOB IIPU IIAHUPOBAHUM TNPHPOJOOXPAHHOM IesiTe-
JIBHOCTH;

2. DOddexTuBHOE pellieHrne BOIPOCOB JBIOTHOTO HAJIOTOOOJOXKEHUs ITPU BHEJI-
peHHH pecypcocOeperaromnx TeXHOIOTHIA;

3. CHmwKeHHE pUCKAa BO3HMKHOBEHHS YPE3BBIYAHHBIX CHTYAIMH, CBS3aHHBIX C
3arpsA3HEeHUEM OKpPY’KaIoIIel Cpebl;

4. MuHUMH3ALMS CIIOKHOCTH TTOJTyHIEeHUS KPEIUTa Ha Pa3BUTHE NIPEATIPHUITHUS;

5. Ceprudukanus npearnpusTHs M0 MEKIYHAPOIHBIM 3KOJIOTHYECKUM CTaHap-
TaM W CTaHJapTaM KayecTBa;

6. OnruMmuzanys yCIOBHHA 3KOJIOTHYECKOTO CTPaxOBaHMS | Ap.

B HacTosmee BpeMsi BO MHOTHX CTpaHaX MPUHATHI HAIIMOHAJIBHBIE CTAHIApTHI U CIie-
IIaJIbHBIC 3aKOHOAATEIbHBIE aKThl B 00JIaCTH SKOJIOTMYECKOTO ayInTa.

3apyOeKHBIH ONBIT TOKa3bIBAET, YTO IPU IMOMOIIM DKOJOTHYECKUX (HPM MHOTHE
MPEANPUSITHS PEIININ MPOOIEMBl YTUIN3ALNH, IPEBPATUB OTXOBI B ChIPhE I JPYTUX OTpa-
cieit, HauwM OoJiee (G GEeKTHBHBIE METOIBI MX OYMCTKH U mepepaborku. ExxeroqHo B mupe
Takue (GupMbl oka3biBaloT yciuyrd Ha 200-230 mupp. JOJUT., IpUYeM STOT MOKa3arellb UMeeT
YCTOWYUBYIO TEHJEHIMIO K pocTy (Ha 4-15% eXeroaHo B 3aBUCUMOCTU OT BUOB MPEIOCTaB-
JsieMbIX yeuyr) [9].

Takum 00pa3om, BHEJPEHNE SKOJIOTUUECKOTO ayIUTa B Hallleld cTpaHe — 3TO HEoOXo-
JUMBIH IIar A UHTErpaldy HALlMOHAIBHBIX U MEXIYyHapOJHBIX MHTEPECOB Ha COBPEMEHHOM
JTane COUUalbHO-?)KOHOMHYECKHX OTHOIICHUI.



BuiBOaBI

Brlmen3nokeHHBIH MaTepuai CBHIETENBCTBYET O TOM, YTO HEOOXOIUMOCTh BHEJpe-
HHS OKOJOTMYECKOTO ayIuTa B  YKpaumHe MOXET OOYCIaBIMBATBCA — COLMANIBHO-
9KOJIOTHYECKHMH NIPHYNHAMH M MOTPEOHOCTSAMH COITyTCTBYIOIIMMHU MHTETPAlUH YKpPaWHBI B
MEXIYHapOIHbIC SKOHOMHYIECKHE CTPYKTYPBL

LlenecooOpa3HOCTh BHEAPEHUS MEXaHU3MOB SKOJOTHYECKOT0O ayIuTa Ha IPeaIpHUITH-
AX, 00yClaBIMBaeTCSd CHIDKCHHEM PHCKA, CBSI3AHHOTO C MX DKOJIOTHYECKOH 0e30IacHOCTHIO,
MOBEIIIeHIEM 3()(HEeKTHBHOCTH pabOTHI IPEANIPUATHI B 00IACTH OXPaHBI OKPY)KAIOIICH CPEIIbI,
panMoHaJIbHBIM TIPHUPOJIONIOIb30BaHNeM. Kpome Toro, BHeIpeHHE HKOJIOTHYECKOTO ayauTa
SIBJISIETCS JIOTIOJTHUTEILHONH BO3MOXKHOCTBIO JJIsI IPEANPUSATHH MTOBBICUTh KOHKYPEHTOCIOCO0-
HOCTb CBOCH MPOJIYKIMH KaK Ha BHYTPEHHEM, TaK M Ha BHEITHEM PBIHKaX.
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ON ROAD EMISSION TESTS WITH THE USE OF A PORTABLE ANALYZER

In order to measure the concentration of exhaust emissions a mobile emission
testing analyzer SEMTECH DS by SENSORS Inc was used. In the study the
results of the vehicle emission tests in the road conditions were presented, as this
was the only way to obtain the information on real vehicle emissions. They
include information on the emissivity of the vehicles in operation and deal with
the real conditions of the vehicle in motion. Reliable measurement results were
obtained which were verified in simulated conditions on a chassis test bed. The
obtained data were used to specify the dependence characteristics for the
influence of the dynamic engine properties on the exhaust emissions. The
dynamic engine properties were indirectly taken into account using all the speed
range and the range of acceleration calculated for the city traffic in order to
prepare a matrix of the emission intensity. The data used were averaged within
each speed and acceleration range, which generated characteristics of engine
operation in each range and a characteristics of the emission matrices of each
individual exhaust emission.

Key words:concentration of exhast emissions, NEDS test, on-board diagnostic
system, information from the GPS, a matrix of the emission intensity, gasoline and
diesd engines, exhaust components (CO, HC, NOx, CO2)

1. INTRODUCTION

At present a clear trend is visible related to dealing with environmental threats from
the automotive industry. Regulations allowing vehicles to operate (homologation tests and
production conformity tests), periodical check-ups of vehicle technical condition and other
legal regulations which pertain directly and indirectly to the production, operation and disposal
of used-up civilization products, treat environmental issues in a comprehensive way. Over the
years individual countries have had different systems of tests and control of the exhaust
emission from vehicle engines. For some time now, however, there has been an advanced
process of unification going on in this matter [2, 3]. Environmentally harmful substances are
also controlled worldwide by carrying out the balancing of the global emission from different
civilization activities such as the automotive industry and other, non-automotive sources (non-
automotive engine applications). In Europe the balancing of emissions of environmentally
harmful substances is coordinated within the program under the name of CORINAIR — the EU
emission inventory program.

A growing number of cars worldwide and environment pollution leads to increased
requirements in terms of the exhaust emission. The present level of technical and technological
advancement in all fields of industry, and also in all kinds of transportation, leads to increased
requirements for production of tools for the measurement of the exhaust emissions. In order to
meet the requirements of the ever-changing regulations it was necessary to draw the attention
of the industry to this matter. Testing exhaust emissions is a complex process. Contemporary
analyzers for the emission measurement require special laboratory conditions and the
homologation procedures include tests on engine test beds and chassis dynamometers which do
not entirely reflect the emissions in real vehicle operating conditions. The latest results of tests
carried out in real conditions show that for some toxic components their actual emission is up
to several hundred per cent higher than in the laboratory conditions [1, 5, 8-10].



2. Test methods

The purpose of the tests was to measure the vehicle level of emissions from a
combustion engine fueled with different fuels (Gasoline, Diesel and CNG meeting the Euro 4
standard) in real operating conditions and at the same time the tests were an attempt to create
an on-board exhaust emission measurement system. The determining of the emissions in the
road conditions and comparing it to values obtained on a chassis dynamometer in the
homologation test allowed to define the emissivity factor. The defined factor was used to
answer the question: are the emissions in road conditions comparable with the emissions in
homologation tests? It was, at the same time, a verification of the driving conditions in
homologation tests (developed decades ago) and real conditions of vehicle in motion.

The emissivity measurements in road conditions were carried out in city traffic
conditions in the city of Poznan (Fig. 1). The tests were carried out on the main streets of the
city around noon, in moderate traffic. The conditions were selected so that they could be
compared to the results of the NEDC test (Fig. 2) — in relation to which the emissivity factors
were introduced. The specified driving route featured parameters similar to the diversified
parameters in terms of the elevation above the sea level with a maximum difference of 25.2 m.
The tests involved the NEDC cycle in terms of driving distance and time as well as average
speed value (Tab. 1). The test included three vehicles fueled with Gasoline, Diesel and CNG
respectively. Table 1 shows the average values for the repeated drives. The differences in the
values in the subsequent trials did not exceed 5% from the average value. The tests involved a
measurement of the concentration of the exhaust emissions (CO, HC, NOx for each vehicle),
and then defining the road emissions with the use of data obtained from the GPS and the on-
board diagnostic system. The objects of the tests were vehicles (Fig. 3) whose engines
complied with the Euro 4 standard. The characteristics of the vehicles have been shown in
Table 2. Despite different vehicle curb weights and engine capacities what the selected vehicles
had in common was that they had to meet the emission limits pertaining to their vehicle
category [12].
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Table 1.
Characteristics of the test (Gasoline, Diesel, CNG) and comparison with the NEDC test
Test parameter Gasoline Diesel CNG EED
Total duration [s] 1175 1110 1183 1180
Max speed [km/h] 108 105 110 120
Average speed [km/h] 36.8 34.2 328 33.6
Length [m] 11,980 11,780 11,734 11.00

\1

P
Fig. 3. The view of SEMTECH DS analyzer mounted in the vehicles during the tests
Table 2.
Vehicle specifications (Euro 4)

Vehicle Gasoline Diesel CNG
Engine capacity [dm3] | 1.4 2.0 2.0
Power output
[kw@rpm] 57@6000 110@4000 80@5400
Torque [N-m@rpm] 115@3000 320@2000 160@3500
E{(qucle curb weight 1030 1770 1550
Aftertreatment TWC DOC, PDF TWC
On-Board Diagnostic EOBD — CAN 2.0/d EOBD — CAN 2.0/b EOBD - ISO
System 9141-1




To measure the concentration of the exhaust emissions a mobile analyzer for emission
tests SEMTECH DS by SENSORS was used [4, 6, 7]. The analyzer measured the
concentration of individual exhaust components (CO, HC, NOx, CO,) and, at the same time,
the mass flow rate of the exhaust. The exhaust gases introduced to the analyzer by means of a
measuring probe maintaining the temperature of 191°C (Fig. 4) are filtered from solid particles
(Diesel engines) and the measurement of the hydrocarbons concentration takes place in a
flame-ionization analyzer. Then, the exhaust gas is cooled down to 4°C and a subsequent
measurement takes place of nitrogen oxides (with non-dispersive method using UV radiation
which enables simultaneous measurement of nitric oxide and nitrogen dioxide), carbon
monoxide and carbon dioxide (non-dispersive method using infrared) and oxygen
(electrochemical analyzer). The data directly sent from the diagnostic system and GPS can be
transferred to the central processing unit. For the purpose of comparison, in the tests the values
of the emissions were used along with the data from the on-board diagnostic system such as
engine speed, engine load, vehicle speed and intake air temperature. Some of these signals
served to define the time density maps of a vehicle in operation in real operating conditions.
The GPS was used for further visualization of the obtained data.

191°C
. . FID
===p Sample line =——p| Filter = HC -1
[T] !
chiller |
4°C !
v i
]
<+—= — NDIR — NDUV !
0 CO, CO, NO, = NO + NO, |1
T T T ]
| | ] ]
1 1 1 ]
1 1 1 ]
Control management
\ \ \
OBD GPS Wireless LAN

Fig. 4. A diagram of a mobile analyzer SEMTECH DS; exhaust gas flow channels (===) and electrical
connections circled (——-)

3. Test results

The recorded values of the exhaust emissions concentration (CO, HC, NOx, CO,)
were presented comparatively for a car fueled with Gasoline, Diesel and CNG. Such an
interpretation is a better reflection of the differences in the concentration of particular
components. It also provides an insight into real vehicle operating conditions for the observed
concentration. At the same time, the engine operating conditions are seen clearly, which should
be subject to a stricter evaluation in terms of the emissions and which should attract
investigative efforts in order to reduce the adverse effects of the vehicle drivetrains on the
environment. Figure 5a shows a comparison for carbon monoxide: it is significant for a Diesel
engine throughout the recorded mileage. No significant CO concentration was observed for
other fuels.



Fig. 5. Concentration of exhaust emissions measured in road tests: a) carbon monoxide, b) hydrocarbons,
¢) nitrogen oxides, d) carbon dioxide (the same scale is applied for each compound, carbon dioxide is
shown as emission intensity)

4. test results Analysis

The obtained data was used to work out the dependencies describing the influence of
engine dynamic properties on the exhaust emissions. The engine dynamic properties were
incorporated indirectly using the distribution of the whole speed range and the range of the
accelerations in the city traffic to prepare a matrix of the emission intensity. The used data
were averaged for each speed and acceleration coordinate to obtain the characteristics of the
engine operation share for each coordinate and the matrix characteristics of each exhaust
component. The greatest engine operation share falls within the idle run, average speeds (10-20
m/s) and zero acceleration of the vehicle (Fig. 6). The obtained results for the vehicle driving
time in the conditions specified by its speed acceleration and the exhaust emission rate were
verified in the European homologation test (NEDC). Then, the comparison was made serving
to define the value of the vehicle emissivity in real vehicle operating conditions in relation to
the vehicle conditions in the homologation test. In the comparison of the driving time-share
within the vehicle speed and acceleration in the road and homologation tests, a similarity



between the two obtained characteristics can be observed (Fig. 6). Conformity of the compared
characteristics is maintained in terms of the distribution of the vehicle driving time. The NEDC
features a greater vehicle driving share at minimum speed and zero acceleration. In the case of
real operating conditions the area of applied speeds and accelerations is larger. The maximum
rates of carbon monoxide emission (Fig. 7), expressed in milligrams per second, are distributed
throughout the speeds of the vehicle within the range —0.2 to 1 m/s>. These values are
correlated with the vehicle acceleration: the greater the acceleration the higher the carbon
monoxide emission. It is unlike the emission of hydrocarbons: for the vehicle fitted with a
gasoline engine a significant emission of HC occurs at maximum velocities and accelerations
of the vehicle, in other areas it is miniscule. For the vehicle fitted with a diesel engine an
increased HC emission occurs at low speeds and acceleration values within —0.6 to 1 m/s2. It
should be observed, however, that it is 50-70% lower than for the gasoline engine. For the
CNG-fueled vehicle the HC emission occurs at coordinates of the vehicle operation similar to
the gasoline engine, but it is lower by about 50%.
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Fig. 6. Characteristics of operating time share (u;) in speed and acceleration coordinates during the road
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Fig. 7. The characteristics of carbon monoxide and hydrocarbons emissions in speed and acceleration
coordinates during the road tests; a) Gasoline, b) Diesel, c) CNG

The area of increased intensity of nitrogen oxides emission (Fig. 8) falls within the
range of increased vehicle speeds and considerable vehicle acceleration, i.e. significant engine
loads. It is related to the increased dose of fuel and, at the same time, to the growing engine
speed. The lowest emission level occurs for the CNG-fueled vehicle (values range from 1 to 3
mg/s, at the maximum acceleration and speed they reach 5 mg/s). The vehicle with a gasoline
engine emits up to 6 mg/s of nitrogen oxides and this value is about 10 times lower than the
typical value for a vehicle with a diesel engine.

Emission of carbon dioxide is similar for all the tested vehicles: it grows with
increased speeds and accelerations of the vehicle. Different is the level of emissions that
derives from different forms of engine fuelling. For the vehicle with a gasoline engine non-
linear growth of CO, emission is observed (for the same acceleration value), while the peak
values of carbon dioxide emission reach 8 g/s (engine capacity of 1.4 dm?, which corresponds
to the CO, concentration in the exhaust gases at the level of 13.5%). For the CNG-fueled



vehicle a linear growth of CO, emission is observed with the increase of speed (for the same
acceleration value of the vehicle). Peak values are comparable to the emission of the vehicle
with a gasoline engine (engine capacity of 2 dm?, which corresponds to CO, concentration in
exhaust gases at the level of about 12%). For the vehicle with a diesel engine again a linear
growth of CO, emission is observed with the increase of speed (for the same acceleration value
of the vehicle). Peak values are comparable to the emissions of the previous vehicles (diesel
engine capacity of 2 dm®, which corresponds to CO, concentration in exhaust gases at the level
of about 13%). The advantage, however, is a lower concentration of this component at part
loads, where the concentration is 2.3-4%.
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Fig. 8. Characteristics of nitrogen oxides and carbon dioxide emissions in the speed and acceleration
coordinates during the road tests; a) Gasoline, b) Diesel, c) CNG



5. Quantity factors of emission

The quantity factors of the vehicle emissivity for specific fueling are shown as a total
accumulated mass of a given exhaust emission (Fig. 9). The comparison indicates that the
vehicle with a gasoline engine clearly emits more carbon monoxide but the least hydrocarbons
and nitrogen oxides. The vehicle with a diesel engine emits the most of the latter. The level of
CO2 emission is rather similar in all the tested vehicles. With the use of values of accumulated
exhaust emission and GPS-registered data road length of the test was defined, and then the
average road emission for each exhaust emission component (Fig. 9). The comparison
indicates that for the vehicle with a gasoline engine only nitrogen oxides emission is exceeded
in relation to Euro 4 standard. The remaining road emission values do not exceed the values set
forth by the standard. For the vehicle with a diesel engine, the NOx emission and the summed
emission of HC and NOx is exceeded (mainly due to nitrogen oxides emission) in relation to
Euro 4 standard. For the CNG-fueled vehicle the emission of all the tested components of the
exhaust gases was lower than the values set forth by the standard. Therefore, in this case the
road emission was lower than in the homologation test.
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Fig. 9. The comparison of the accumulated emissions and the emissions in the road test for vehicles
fueled with: Gasoline, Diesel and CNG with the emission values set forth by the Euro 4 standard

From the above results, e.g. the characteristics of vehicle operating time share at
particular speed and acceleration coordinates, it is possible to calculate the multiplication factor



of emission growth/reduction in the real conditions in relation to the homologation test. The
vehicle emissivity factor (for a given harmful compound) was defined as follows:

kj _ Ereal,j

Enepc, i
where:
j — harmful compound for which the emissivity factor was defined,
Ereal — emission intensity obtained in the real conditions ([g/s]),
Eneoc,j — emission intensity obtained in the NEDC ([g/s]).

The emission intensity in the real conditions can be calculated with the use of the
vehicle operating time distribution characteristics (u,v) and the emission intensity
characteristics for j harmful compound e;j(a,V) expressed in grams per second:

Ereal,j = zzua,v -ej(a,V)
a Vv

The value of the exhaust emission in the homologation test was determined in tests on
a chassis dynamometer. If there is no information on the exhaust emission from a vehicle in the
NEDC, acceptable values can be assumed, in compliance with the Euro standard related to the
exhaust emission, which is applicable for a given vehicle. An acceptable emission value for a
given compound in g/km can be re-calculated into an emission intensity value (in g/s) knowing
the duration (1180 s) and the covered distance (11,007 m) in a homologation test. Such
relations were used to specify the emissivity factors for the exhaust emission of a tested vehicle
(Fig. 10).

2.0
. . 1.7
B Gasoline B Diesel B CNG

S
Q ..
8 Euro 4 = 1 (limit)
> 1.0
>
)
R
= 0.50.5
w

0.0

CO HC NOXx HC+NOx

Fig. 10. The comparison of the vehicle emissivity factor with the use of data on the actual emissions in
the NEDC or assuming the values corresponding to the values acceptable as per the standard

The obtained emissivity factors for a vehicle fueled with Gasoline, Diesel and CNG
characterize the vehicle emissivity in the road conditions in relation to the relevant vehicle
exhaust emission standard. The values of the CO emissivity factor (kco = 0.3-0.5) and
hydrocarbons emissivity factor (kyc = 0.04-0.1) for all the tested vehicles prove that they do
not exceed the average emission of these components in the road conditions in relation to the
Euro 4 standard. It is not the case for nitrogen oxides emission: only for the CNG-fueled
vehicle the emissivity factor is 0.4, which proves that the average emission is 40—70% higher
in relation to the Euro 4 standard related to the exhaust emission. For the summed emission of
HC + NOx (Euro 4 limits the sum of these compounds for diesel engines) the emissivity factor
is above 1 (Kyc+nox = 1.2), thus the standard (of the vehicle homologation) is exceeded by 20%.



6. ConclusionS

The analysis of the data indicates that the emission values obtained in the NEDC

homologation test for the tested vehicle (which meets the Euro 4 standard) and the values
obtained in the real road vehicle conditions differ from each other. These differences for some
exhaust components are significant and amount to, respectively:

1. For the vehicle with a gasoline engine:
CO emission is lower by 50%,

HC emission is lower by 95%,

NOXx emission is higher by 70%,

2. For the vehicle with a diesel engine:
CO emission is lower by 50%,

NOXx emission is higher by 40%,

HC + NOx emission is higher by 20%,

3. For the CNG-fueled vehicle:

CO emission is lower by 70%,

HC emission is lower by 90%,

NOx emission is lower by 60%.

The results of the tests carried out in the real conditions indicate that for some toxic

components of the exhaust the percentage of this emission is higher by tens. Therefore, the
trend to legislate the measurement of the exhaust emissions in the real vehicle operating
conditions in Europe can be observed.
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B cratbe mpeacTaBiaeHbl pe3yNbTaThl HCCIICIOBaHHN BHIOPOCOB aBTOMOOHIBHOTO
TPaHCIOPTa B YCIOBMSX JOPOXKHOIO IBMXKEHHUA. TecThl JUlsl pa3iuyYHBbIX BUIOB
TPAHCIOPTA BBIOJIHEHB! HAa 00pe3Kax MyTH OT HECKOJIBKUX JI0 JIECSITKOB KHJIOMeE-



TPOB B PEAIBHBIX YCIOBHAX KCIUIYaTALMK TpaHcopTa. KoHIeHTpaIust TOKCHde-
CKUX COCAMHEHHI M3MepsieTcsi MOauiIbHbIM aHann3aropoM SEMTECH DS ¢wup-
mbl SENSORS. JIononHHUTEIbHO HCTIONb30BAIKUCH AaHHBIE OOPTOBOM AMArHOCTHU-
YeCKOW CHCTeMBI aBTOMOOMIIS, a TaKXke CUTHaibl HaBuratopa GPS. PesyinbpraTs
HCCIIeOBAaHMIT TTOCITYKUII OCHOBOM /IS TTOKAa3aTess BEIOPOCOB TPaHCIOPTa, KO-
TOPBIN MOXHO HCIIOJIb30BaTh IIPH OLIEHKE 3KOJOTHYECKON OE30ITaCHOCTH aBTOMO-
OWIIsL B aCIIeKTE TOKCHYHOCTH 0TpabOTaBIINX ra30B.

Kniouesvle cnosa: evibpocvr asmomodunvroeo mparcnopma, mecm NEDS, 6op-
mosasi OUAZHOCMUYECKas cucmema agmomoouns, cuenansl Hagueamopa GPS, no-
Kasamenv 8b10p0Co8, OEH3UHOBbIN U OU3ETbHBIL 08U2AMENU, KOMNOHEHMbL 8b10PO-
cos (CO, HC, NOx, CO2)

VY cTaTTi HaaHO pe3yJabTAaTH JOCHTIKEHb BUKUAIB aBTOMOOUIFHOTO TPAHCIIOPTY B
YMOBax AOPOKHBOTO pyxy. TecTu A pi3HUX BUAIB TPAHCIIOPTY BUKOHAHI Ha 00-
pi3kax MUIAXY BiX JEKIIBKOX IO AECSTKIB KUTOMETPIB B PEAIBHHX YMOBaxX eKc-
ryatarii Tpancnopry. KoHIeHTpamisi TOKCHYHHUX CIIOJIYK BHMIpPIOETHCS MOJLIb-
HuM aHanizaropom SEMTECH DS ¢ipmu SENSORS. J/logaTkoBO BHKOPHCTOBY-
BaJIACs JIaHI OOPTOBOI IarHOCTUKU CUCTEMH aBTOMOOLIS, 8 TAKOXK CUTHAIM HaBi-
raropa GPS. PesynpraTé nOCHiIkeHb CTaal OCHOBOIO Ul MOKAa3HUKA BHUKUIIB
TPAHCIIOPTY, SIKMI MOXXHA BUKOPHCTOBYBATH IIPH OILIHII €KOJOTiYHOT Oe3MeKH aB-
TOMOMOOLJIS B aCTIEKTi TOKCHYHOCTI BiAMpPAlbOBAaHUX T'a3iB.

Knrouosi cnosa: euxuou asmomobinenozo mpauncnopmy, mecm NEDS, 6opmosa
oiaenocmuyna cucmema agmomooing, cusHanu Hagizcamopa GPS, nOKasHux euxu-

018, ben3uno6ull i Ousenvhull 08ucynu, komnonenmu euxudie (CO, HC, NOx, CO2)
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Ilo3nann

OCOBEHHOCTH COCTABA OTPABOTABIINX I'A30B COBPEMEHHBIX
JAU3EJBbHBIX JIBUT'ATEJIEN JIETKOBBIX ABTOMOBWJIEU ITPU PABOTE HA
JU3EJBbHOM TOIIMBE U RME

MeTuioBble 3CTPBI KUPHBIX KUCIOT paricoBoro Macna (anri. RME- Rupeseed
Methyl Esters) Bce uariie NpuMEHSIOTCS B KauecTBE TOIUIMBA JUIsl ABUrarescii ¢
camoBociutaMeHeHneM.Bimssane RME Ha TokcH4HOCTE nBHTaTenell coBpeMeH-
HBIX KOHCTPYKIHUH CEroJHs MeHee Bcero u3ydeHo. Llens HacTosmed paboTh- BBI-
sBreHre Bo3MoKHOCTeli RME B yMeHbIIEHNH TOKCHYHOCTH COBPEMEHHBIX AH-
3eJbHBIX ABUTaTeNel. MceaenoBanus BeIMOMHEHH! B Jabopatopun. [lo3HaHbCKOTO
TEXHHYECKOTO YHUBEPCUTETA C UCIIONB30BaHIEM TOpMO3HOH yctanoBku AMX200.
VI3MepeHus: TOKCHYHOCTH OTPabOTaBIIMX Ta30B MPOBOMIUCH C TIOMOIIBIO aHAJH-
3atopoB SEMTECH-DS (CO, CH, NOXx), a Takxe AVL Microsoot Sensor (tsep-
nple yacTuibl). Mizamepenus nposoauinch B Tecte ESC s neurarens ¢ camoBoc-
IUITaMEHEHHEM, ¢ TypOOHaIyBOM M HENOCPEACTBEHHBIM BIIPHICKOM, BBIITOJHSIO-
muM HopMBI EUro4. B McnbITaHHAX HCIOJIB30BANIMCH YETHIPE BUJA TOILIUBA: JTU-
3enpHOE TONBO, RME 1 ux cmecu B20 u B50, conep:kamumu cOOTBETCTBEHHO
20% u 50% RME. Pe3ynbraTsl HccaeoBaHUIA MOKA3aId 3HAUYUTENLHOE BIIHSIHUC
RME Ha ymMeHbIIEHHE TOKCHYHOCTH OTpaboTaBmIuX ra3oB. [lomyyeHo 3HaYUTENb-
Hoe yMeHbleHHe smuccud CH TBEpABIX YacTHIl NPH HE3HAYHTEILHOM POCTE
smuccun CO u NOX.

Knouesvle cnosa: osueamens ¢ camoeocnjiameHerHuem, ousenvhoe monjaueo, me-
mujaoesle ICmpbl HCUPHBLX KUCIOM pancoeoco macia, 6bl6p06bl ompa60ma6mux
2a306.

BBegeHnune m nocTaHOBKa 3aJa4u

HaumHas ¢ BOCBMUIECATHIX TOJIOB MPOILIIOTO BEKa HKOJIOTMIECKUE ACTIEKTHI, SIBIISIOT-
cs1 (hakTopamH, ONPECSIONIMMHU Pa3BUTHE KOHCTPYKIMI YHEPreTUUECKHX YCTAaHOBOK Ha Tpa-
HCIIOPTE ¥ TOBBINIEHNE KadecTBa TOIUIMBA JUIsi ABUTaTeneil BHyTpeHHero cropanus ([ABC).
HecMmotpst Ha 3HaUMTENbHBIC YCIIEXH B Pa3pabOTKe alibTEPHATHBHBIX TOIUIMB, HEPTh OCTAETCS
OCHOBHBIM CBIPBEM JUIS TIOJTyYCHHUS! TPaJUIMOHHBIX TOIUIMB. Ha 3TOM (hoHe mocTeneHHo BO3-
pacrtaeT poisib 6uotoruus . EBponeiickue dupektusst 2009/28/EU  u 2003/30/EU siBasitoTcs
OCHOBHBIMH JJOKyMEHTaMH B 3Toi obsactu. B [lonbie OCHOBHBIMH HOPMaTHBHBIMH JJOKYMEH-
TaMH B 3TO# 00JacTu BIAOTCS moctaHoBiaeHuss Coera munucTpoB ot 2007 roma: «/loaroc-
pOdYHas IporpaMma HepeBosa Ha OHOTOIUIMBO M APYrHe BO30OHOBIISIEMbIE TOIUIMBA B TIEPHO
2008-2014 ronos». Jta nporpaMMa HaKJIaAbIBaET OINPEAEIeHHbIE 003aTeNIbCTBA Ha MPOU3BO-
JUTeNIeH M peann3aTopoB TOIUIMB HAa TOIUIMBHOM phIHKE. HeBbIOIHEHNE TaknX 00s3aTeNbCTB
npeaycMaTpuBaeT Hajlo)KeHHe (PMHAHCOBBIX CaHKIHH.

ITocTosTHHO BBICOKHMH YPOBEHB IIEH Ha CHIPYIO HE()Th M yrpo3a ri00aIbHOTO MOTeTIe-
HHSI CIIOCOOCTBYIOT Pa3BUTHIO PHIHKA TOIUIUB, MOJYYEHHBIX M3 BO30OHOBISIEMBIX MPUPOIHBIX
pecypcoB. B EBpocoroze (EC) ocHoBHbIM TakuM TorutiBoM siBisiercs FAME (anr. Fatty Acid
Methyl Esters — meTHIOBBIE 3CTPBI JKHPHBIX KHCIIOT) , KOTOPOE MPOM3BOMUTCS B BHIC
RME(anr. Rapeseed Methyl Esters — meTuiioBbie 3CTpbI KHPHBIX KHUCIOT PAricOBOrO Macia).
Ceroansa EBpocoro3 sBiseTcss KpyImHEHIIIM B MUpe TIPOU3BOUTENIEM TaKOTO TOIUINBa (pHc.l).
Cunraercs , 4YTO YPOBEHb ITPOM3BOACTBA M MOTpPeOIIEHE TAKOTo TOIUIMBA OyAET BO3pacTaTh B
CBSI3U C pacTyLIMMH MOTPEOHOCTSIMH TOIUIMB JJISl JBUraTelell ¢ CaMOBOCIUIaHEHHsAMH . B Ha-
cTosiIee BpeMsl BCE Jaille K TpaAnalliOHHOMY JU3eJIbHOMY TOTUIMBY 100aBisitoT FAME B umc-



tom Buze. B Ilosbiie Takoit poct moTpediacHus 00bICHACTCS 00Iee HU3KOM [ICHON Ha 3TOT BH]
tormBa ( Ha 20%) 10 CpaBHEHHIO C TPAAUAITHOHHBIM.
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Puc.1 Muposoe npoussojictBo FAME ¢ 2006 roa u nporro3 ua 2010 roaf1]

Iupokoe pacnpocTpaHeHUE TOIUINB, U3TOTOBIEHHBIX, U3 BO30OHOBISIEMBIX HMPUPOI-
HBIX PECYPCOB CETOJHS CBS3BIBAIOT ¢ OoJiee «IHCTHIM» BBIOpocoM oTpaboraBmux razos JIBC.
WX TOKCHIHOCTH ynaéTcsi CHU3UTH BCJIEACTBHE Hcnonb3oBanuss FAME B uncTom BUze mim B
Buze 100aBoK. CyIecTBYeT JOCTaTOYHOE KOJIMYECTBO ITyOJMKanuii, MOCBAIIEHHBIX 3TOH TeMe
[2+9]. Hanpumep , Jlaynepra Ha ocHOBe aHanu3a 160 HaydHBIX pabOT YTBEPIKAAET, YTO MPH-
menenne FAME crnoco6erByer camkenuto smuccuu CO, CH u 1Bepapix uyactun (PM) , HoO
pocty BeiOpocoB NOx[10] (puc. 2)
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Puc.2 PesynbraThl aHanu3a omyOIMKOBAHHBIX PA0OT MO M3MEHEHUIO YMUCCHH TOKCHIECKHX KOMIIOHCH-
ToB T1pu uctonb3oBanud FAME B kayectse Tormsa[10]

Heo6xoanMo OTMETHTB, 9TO 3HAUHMTENIbHAS YacTh MOZOOHBIX pabOT ObLIa BHIIOJIHEHA
Ha JIBC ¢ TpaauallMOHHOM KOHCTPYKIMEW CHCTEMBbI BIpPbICKA TOIUIMBA. COBpEMEHHBIE KOHC-
TPYKIHMU CHUCTEM BIIPHICKa OTJIMYAIOTCS OT TPaAMAILIMOHHBIX, HapUMEp, OoJiee BHICOKUM J1aB-
JieHreM BIpbicka. KpoMme 3Toro, B OOJBIIMHCTBE pabOT M3MEPEHUs] BHIOPOCOB MPOBOAUIKCH
TOJIBKO Ha OJTHOM MJIM HECKOJIbKHX PEKUMaxX paOOTHI IBUraTeNIs, YTO OTPaHMYHMBAET MPE/ICTaB-
nenue o BausHuu FAME Ha TOKCHYHOCTB OTpabOTaHHBIX Ta30B BO BCEM JAMAla30HE PEKHMOB
pa6otsl [IBC. B cBsI3u ¢ 3TUM B HACTOSIICH pabOTEe CTABUIIUCH CICIYIOIIUC 3a1a4uu:

-OTPEIENIUTh COJCPIKaHNE TOKCHYECKUX COCMHEHHI B OTPAaOOTaBIINX ra3ax JBUraTe-
JIell Ipy UCTOIb30BaHUM Iu3enpHOro Tormea, RME wiu ux cmeceit

-IIPOBECTH MCCIICIOBAHMS HA COBPEMEHHOM JM3EIBHOM ABUTATENIE JIETKOBOTO aBTOMO-
OWIs B YCIOBHAX MPOLEAYPHI eBpoteiickoro Tecta ESC.

HccaenoBarelibCKUMl CTEHJ M yCJAOBHUS NMPOBeJeHUS] HCNBITAHMI.
HccrenoBanust MpOBOAMINCE Ha TOPMO3HOH ycTaHOBKe (GUpMBI AUtOMEX, comepika-
el B cBOeil KOHCTPYKIMU AeKTpudeckuii Topmo3 tina AMX-210/100. Mcnons3oBaics aB-
TOMOOWJIBHBIA [IBUTATENIb C CAMOBOCIUIAMEHEHHEM, XapaKTePHUCTUKH KOTOPOTO CBEICHBI B
tabmuiy 1. M3mepeHust BHIOPOCOB TOKCHYECKHUX KOMIIOHEHTOB IPOU3BOIMINCH B YCIOBHSIX
eBporetickoro Tecta ESC (puc. 3). Bo-Bpems paboT apuratens padoTan Ha IU3eIbHOM TOTUTH-
Be (ON), na tommBe RME (B100), cBoiicTBa KOTOPOTO CBEJEHBI B TAOJIHUIlY 2 M UX CMECHX:
B20 (20%RME u 80% ON), B50 (50%RME u 50% ON). [Ipu npurotoBnernu Torums B20 u

B50 yuuthIBaIIOCH, UTO QHM3EIEHOE TOIUIHBO CONEPXKUT B CBOEM cocTase 4,9% FAME.



Texuuueckue xa AKTCPUCTUKU ABUTATEIA

Twun nBurarens

Ju3zenbHbli, 4-UUITHHIPOBBIN

Pabounii 006eM

1,251 om®

MaxkcumanbHas MOIII-
HOCTb

51 kBt npu 4000 mum

MaxkcuManbHbId KpyTs-
WA MOMEHT

180 H/m mipu 1750 mun™

CucremMa MUTaHKUS

HernocpeicTBEHHBII BIPBICK
Common Rail, Typ6onanys

KonnuecTBo Ki1amaHoB

4 Ha KaXI0M LIITHHIpPE

MakcumanbHOE JaBICHHUE
BIIPBICKa

140 MITa

HOpHI/IaJ'ILHOCTB TOILINBA

J0 4 BIIPBICKOB 3a IMUKJI

CucreMma HelfTpanu3anuu

OxwucnuTensHbIA peakrop, EGR

Hopwmst BEIOpOCOB

EURO 4

100

5

Harpy3ka [%)]
h
=

25

Puc.3 EBporneiickuii crannonapusiii nuki (ang. European Stationary Cycle — ESC)

[dononHutenbHble € ll\"‘—

c¢asbl — ucn. npu -
HeobxoaMmMocTu "

5% 5%
OXO2C
()@

Xonocton xon

75 100

YacToTa BpalleHUs KOneH-

yaToro Bana gsurartens

[%]

Tao6umn.1



Tabn.2
Xapakrepuctuku ausenpHoro tommrea(ON) u RME

H‘iﬁi‘;‘gﬁ:ﬂ NO RME (B100)
IleTaHoBO€E YUCIIO — 52,6 51,0
IleTaHOBBIM HHIEKC — 52,8 -
[MnotHOCTH MIpH Temi. 15°C Kr/M° 833,56 883,0
Bsizkocts mpu temm. 40°C Mm/c 2,66 4,46
ConeprxkaHue cepbl MtH 9,9 0,8
Conepxanne FAME %(V) 49 98,5
Conepxanne WWA %(m) 25 -

[TpoOs! oTpaboTaBmIMX ra30B Ul aHalKM3a OTOMpANUCH Nepe] HelTpanuzaTopoM. 13-
MepeHue copaepikaiiee Tokcudecknx kommnoHeHToB (CO,CH,NOX) mpoBOIuINCh HAa aHAIH3a-
tope SEMTECH DS ¢upmsr SENSORS (puc. 4). [y ycraHOBICHHS MacChl TBEPABIX YACTHIT
ucrofb3oBacs aHanuzarop Micro Soot Sensor ¢pupmbel AVL koTopslil onpenensier coaepika-
Hue PM B jamanozone 0+50Mr/mM3, ¢ ucrnonab3oBaHHEM (OTOAKYCTHYECKOTO MeToAa (aHr.
PASS-Photo Acoustic Soot Sensor). Aranuzatop 060pyIOBaH CHCTEMOM MPHTOTOBIECHHS IPOO
(Temmepatypa u pazbaBieHHe Bo3IyxoM). s m3meperns moreMHeHus GrbTpa FSN, koHIIe-
HTpAIlH CaX ¥ MOTEMHEHHUs OTpabOTaBIINX Ta30B HCIONB30BaH aHanmm3atop Smoke Meter
¢upmer AVL.

« | EEPS 30908
emtech DSHY % *x
7 A AN

2

Puc.4 BHemnuii BUJ UCIIBITATEILHOTO CTCH/IA



AHAJIN3 MOJYYeHHBIX Pe3yJIbTaTOB

Pabora nBuratens Ha TormMBax, cojepxamux RME cmocobcTByeT onpenenéHHOMY
YMEHBIICHNIO SMHUCCHH YTIIEBOJOPOOB. 3aMEPHI MOKA3aIHM BBIPA3UTEIBHOE MACHNUE TaCOBOH
SMHUCCHU B Kaxkaoi ¢asze tecta ESC u ynenbHOM, mepecynTaHHON UL BCero TecTa(puc. 5).
Ananmsupys BiusiHAE pa3nudHbex poneit RME B TormBe Ha BeIOpocsl CH MOXHO yTBEpiK-
JIaTh, 9YTO CHIDKCHHE BRIOPOCOB MPOIOPIHNOHAIRHO H3MEHEHUIO KoHIeHTpanuun RME mpu Han-
6ospiem cHkeHHN (Ha 42%) s Tormusa B100 3a Bech TecT. DTOT pe3yabTaT COOTBETCTBY-
et pesynprataM EPA o Tom, uto cpenaee nagenne Beiopocos CH moxxer mocturats 70% mpu
HCII0Jb30BaHuu TomuikBa B Buge FAME.

0,25
E0ON uB20
1 B50 = B100
0,20
= ON nHD (5 1] sEHD
]
0,15
]
0,10
4 -
2 0,05
D

1 2 E] 4 5 a 7 2 L 10 1 12 12 0,00
a) b)

Puc.5 Omuccns CH : a)B otnenbHEIX (azax Tecta ESC [r/gac], b)B Teuenun Bcero recra ESC[r/xBry]

Ha ¢one nonoxurensHoro Biussaus RME Ha Be16pockl CH HECKOIBKO HEOXKUITAHHBIM
OKa3aJIoch ero BiusHue Ha BbIOpocsl CO (puc. 6). 3a uckiaroueHueMm (aszpl 10 oTMeueH poct
amuccun CO miist o, conepxkaminx RME. HeoO6xoanmo oTMETHTh, YTO pa3HHUIIA B BEJU-
yrHax BbIOpocoB CO s TOIIIMB, cofepkaiux pasnnysbie gonu RME Bo mHorux ¢asax He-
3HaunTeNbHa. OKoHuarenbHO Ui Beero tecta ESC momydeH poct BeiopocoB CO, mpu 3ToM
ero MHHHUMAaJIbHas BelMYKWHA 3a()MKCHPOBaHA MPH Hcroib3oBanuu ynctoro RME (B100). B
rpaHMax TOIUB, conepxaminx RME yBenuueHuns ero KOHIIEHTpaLUK CrIocoOCTBOBAJIO Majie-
HHto 3Muccnu CO, 4To COBMAJaeT ¢ pe3ynbTaTaMM JpYTuX HCCleIoBaHuM. 13 aHanm3a Hayd-
HBIX IMyONHWKanui yCTaHOBIICHO, 4TO BenmuanHa SMuccud CO g Torms, copepkamux RME
BBIILIE, YeM Ui Ju3enbHoro tomumsa. [lo Muenuio EPA cymecTByer nuHeiHas 3aBUCUMOCTD
BenmurH BeIOpocoB CO u comepxkanmn FAME. s unctoro FAME monydeHo, B cpemHeM
nagenue Beiopocos CO Ha 50%.
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Puc. 6. Omuccust CO: a) B otnenbHbIX (hasax Tecta ESC [r/gac], b)s Teuennu Bcero tecta ESC [r/xBru]
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Hob6aska RME B nu3enpHOE TOIUIMBO MPUBOINT K pocTy BeIOpocoB NOX (puc. 7). Ta-
Kasi 3aBUCUMOCTh OTMEYaeTCsl BO MHOTHX Hay4HBIX IMyOnmkanusax. OJHAKO TaKOH pPOCT SBISCT-
sl HE3HAUNTEIbHBIM — He TIpeBbimaeT 5%. B cBere nanueix EPA, yTBepxnaronux, 4To ncmo-
nr3oBanHne yrctoro FAME cnocoOcTByeT, B cpeqHeM, yBenudeHuto smrccua NOxX Ooree deM
Ha 10% [11],monmy4eHHBIe NaHHBIE B HACTOSIICH pabOTe MOXKHO CUHTATh MOJOKHTEIHHBIMU.
VYcraHoBieH Tak ke (akT, 4yTo B MepHo]bl Hambounblueil naTeHcuBHOCTH sMuccuu NOX (pe-
JKMMBI MaKCUMaJIbHBIX Harpy3ok), BeioOpockl NOX mist B100 Huke, 4eM Uit TU3eIBHOTO TOII-
JIUBA.
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. 7. Dmuccust NO,: @) B otnenpHbIx (hasax tecta ESC [r/gac], b)s Teuennn Beero tecta ESC [r/kBru]

ITo pesynbraram HccieOBaHUI ONpeaeieHbl BHIOPOCHl TBEPIBIX YACTHI, KOTOpBIE
npeiocTaBlieHbl B rpad)uueckoM BHe Ha puc. 8.
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Puc. 8. Dmuccust TBEPABIX YaCTHUIL: ) B OT/IENbHBIX (asax Tecra ESC [r/uac], b) B Teuennu Bcero recra
ESC [r/kBru]

AHanmu3 BETUYMH B OTHACNBHBIX (Da3ax TecTa MO3BOJSIECT YTBEPKIaTh, uyTO M00OaBKa
RME B mu3ensHOE TOIUIMBO CYIISCTBEHHO CHIDKAeT KOHICHTpauuio PM B orpaboTaBmmx ra-
308 JIBC. OmHOoBpemeHHO ¢ poctoMm noiar RME B mu3ensHOM TormmBe, BEIOpockl PM cymiect-
BEHHO CHIDKAIOTCS. DTO 0COOCHHO 3aMETHO Ha PeXMMaX HaWOONBIINX BEIHYMH YacTOT Bpa-
LIEHMSI KOJIEHYATOr0 Bajla ABUTATENS U HArPY3KHU.

[pumenenns anctoro RME (B100) BbI3Bano 3aMeTHOE MajcHUE SMUCCHHA TBEPIBIX
gactut. [y Bcex (a3 TecTa OHa He MPEeBHIAeT BEIHIUHHI 1,5 1/4ac.

Oco0blil MHTEpEC BBI3BIBAET CpaBHEHHE dSMHUCCHH PM mpu UCHOIB30BAaHHUM YUCTOTO
musenbHoro tomnuBa u B100. Ilpu pabore aBurarens Ha PEKUMax IOBBIIICHHON YacTOTHI
BpallleHUs KOJIEHYATOro Bajia ¥ HAMOOJIBIINX HATPY30K OTIUYUS YACOBOH IMHUCCUU, TOCTUTAIOT
BenmuurHbl 88%. OmHAKO, yIenbHas dMHUCCHs, mojacuuTaHHas 1t Bcero tecra ESC Ha 83%
MeHblIe B ciydae ¢ TomuBoM B100. ITomydeHHble TaHHBIE Jajke HECKOJBKO MPEBBIIIAIOT pe-
3ynbTaThl, monydeHHsle EPA, xotopeie comepkaT 50-TH MPOIEHTHOE CHI)KEHHE BHIOPOCOB
TBEPABIX YacTUL Npu ucnonb3zoBaHuu yuctoro FAME [11].IToaTBepxaeHueM Takoil 3aBUCH-
MOCTH MOTYT OBITh PE3yNIbTAThl H3MEPEHUI JBIMHOCTH OTPaOOTABIINX Ta30B, MPEICTABICHHBIX

Ha puc.9.
4

=ON = B20 B50 mB100

1 2 3 4 5 6 7 8 9 10 11 12 13

Puc. 9. IpiMuocTs oTpaboTtasmux ra3os (FSN) B ornenbabix daszax recra ESC



Ha puc.10 npescraBieHsl 3aBUCHMOCTH U3MEHEHH pacxona Tormsa B Tecte ESC or
BUIa NpUMeHseMoro Torumea. Kak BUAHO U3 TpadMKOB MOIyYeH HEOONBILOH POCT pacxonia
TOIUINBA, ponopurnoHanbHerid qomun RME. [Ina ancroro RME Takoii poct cocraBisieT Bemu-
unny 9%.
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Puc. 10. Pacxon toruuea B Tecre ESC,[r/kBtu]

BrIBOaBI

IIpoBeneHHbIC UCCIICAOBAHMS BRISBIIN CyliecTBeHHOE BiusHue RME, kak n1o6aBku K
TOILUIMBY Ha BBIOPOCH TOKCHYECKUX KOMIIOHEHTOB COBPEMEHHOTO JIBUrATENs C CAaMOBOCILIIaMe-
HEeHHeM, ¢ TypOOHayBOM U cucTeMoit mutanus Commom Rail.

Bribpocst CH B Tecte ESC ymensbmarorcst mo Mepe pocra njonmu RME B nusensHoM
TOIUTHBE M TOCTUTAI0T MUHUMAJBHOMN BEIMYHMHBI B Cilydae nmpumeHeHus gictoro RME (B100).

Owmuccust CO B Tecte ESC Obuia 6ojiee BRICOKOW MPHU UCIOIH30BAHUU TOILIHBA C JI0-
6askoit RME, ogaako ymenpmanace o mepe pocra momu RME.{ng aucroro RME nonyden
pe3yJIbTaT TaKOH e KaK MPH MCIOIb30BaHMUH JU3EIbHOro ToruuBa (pasHuna 6:%). Heobxo-
JUMO OTMeTHTh, cTo CO mpezcraBisieTcsi HAMMEHEe ONAacHBIM I'a30M, TaK Kak OH 3((QEKTHBHO
OKHCJISETCSl B HEHTpanu3aTope.

Omuccus NOX B TecteESC He3HaunTenpHO Bo3pacTaeT (Ha HECKOIBKO IPOIIEHTOB) B
ciydae npumeHeHus Torumea ¢ RME.

Bri6pockl TBEpABIX yacTull B Tecte ESC 3aMeTHO yMeHbIIAOTCS /Il TOIUIUB C 100aB-
koit RME. Ilagenune smuccun PM Ob1TO0 MpONOPHHMOHATIBHBIM JOIH J00AaBKH B ToruuBe. Jlis
yrctoro RME oTmedeHo niecTuKpaTHoe yMeHbIIEHHE BEIOPOCOB 110 CPABHEHHIO C AM3EIBbHBIM
TOILIUBOM.

IMpumenenne RME ne Bnusuo Ha 3¢ dextuBHOCTD padoTsl JIBC, poct pacxona Ton-
J1Ba ObUIT IPONOPLIHOHAIICH YMEHBIIEHUIO TEIUIOTBOPHOM CIIOCOOHOCTH TOIUINBA, COJIeprKallle-
ro RME.

OKOHYATEeTbHO MOXHO OTMETHTH MOJIOKUTEIbHOE BIHMsHUE N00aBok B Buae RME na
TOKCHYHOCTH OTPa0OTaBIIMX I'a30B COBPEMEHHOTO ABUTATEISI C CAMOBOCIUIAMEHEHHUEM B TECTE
ESC. DOto cBszaHO, B mepByr0 ouepenb, C CyIIECTBEHHBIM yMeHbIIeHHeM BbiOpocoB CH, u B
0COOCHHOCTH, C PE3KMM IIaJICHUEM IMHCCHU TBEPJBIX YACTHI[ IPH HEBBICOKOM POCTE BHIOPO-
coB NOX.Pe3ynbTarhl BBIIOJIHEHHBIX HCCIIEJIOBAHUI TOKA3bIBAIOT, YTO HauOosee 3QQeKTuB-
HBIM SBIIsIETCS UcTionb3oBaHue RME B kadecTBe TommuBa B urictoM Bujae(B 100).
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Rapeseed Methyl Ester (RME) is becoming more and more common as a fuel for
diesel engines. In Poland, RME is commercially available as a neat fuel (B100).
Advantageous effects of RME on exhaust emissions form older diesel engines
have been confirmed in many previous studies. However, in case of modern
engines, the influence of RME on exhaust emissions seems to be less recognized
and evident. The aim of the research described in this paper was to evaluate the
potential of RME as a liquid fuel for modern diesel engines in relation to meeting
emissions requirements. The tests were carried out at the Poznan University of
Technology’s Emissions Testing Laboratory using the AMX200 engine test bed.
The Sensors SEMTECH-DS exhaust gas analyzer (CO, HC and NOx emissions)
and AVL Microsoot Sensor (PM emissions) were used to measure exhaust
emissions. The emission measurements were carried out over the 13-mode ESC
cycle. The tests were conducted on a direct injection (Common Rail),
turbocharged, four-cylinder, passenger car diesel engine, representing Euro 4
emissions level. Four different fuels were tested, namely: diesel fuel, RME and
their blends B20 and B50, containing 20 and 50% RME respectively. The tests
showed a considerable favorable influence of RME on engine-out exhaust
emissions. Significant emissions reductions were noted for HC and PM emissions.
CO and NOx emissions increased by a few percent only.

Key words: Rapessed Methyl Ester(RME), exhaust emissions, diesel engines,
diesel fuel.

MeTHIOBI ecTparoH >KHpHHX KHCIOT paHcoBoro Mmacna (anrin. RME-Rupeseed
Methyl Esters) Bce uacTiiie 3acTOCOBYIOTBCS B SIKOCTI MajuBa s JABHI'YHIB ca-
mo3aiiManus. Y Tlombiii RME sk mamuBo B unctomy Burisiai (I 100) momwii min
Ha3Bow Oioectep. BB RME Ha 3MeHIIICHHST TOKCHYHOCTI BipaiboBaHUX ra-
3iB 3 camMO3aiiMaHHs JBHT'YHIB CTAapHX KOHCTPYKILii Oys0 Big3Ha4eHO B OaraTbox
HayKoBHX poborax. [Ipore BB RME Ha TOKCIYHOCTH CydacHHX ABUTYHIB ChO-
TOJIHI MEHII BUBUYEHO. MeToro 1i€i poboT Oyno BUsBICHHS MoxiuBocTeil RME
Yy 3MEHIIEeHHI TOKCHYHOCTI CYy4acHUX AW3ENbHUX ABHUTYHIB. JIOCIHi/KEHHS BHKO-


http://lipidlibrary.aocs.org/market/biodiesel.htm

HaHi B Jaboparopil TOKCHYHOCTI BiAnpanboBaHuX ras3iB [103HaHCBKOTro TEXHIYHO-
ro YHIBEPCHTETy 3 BUKOPHCTAaHHsM rajbMiBHOI ycraHoBKH AMX200. Bumipio-
BaHHs TOKCHYHOCTI BiANpalbOBaHUX ra3iB MPOBOJUINCA 32 JOMOMOTOIO aHalli3a-
topie SEMTECH-DS (CO, CH, NOx), a takoxx AVL Microsoot Sensor (TBepai
qacTku). Bumipu npoBoguucs B Tecti ESC Ha camo3aiiMaHHS JBUTYHIB, 3 TYp-
OOoHamyBOM i Oe3rocepeqHiM YIPUCKYBaHHSIM, BUKOHYIOTH HopMu Euro4. YV Bu-
IpoOyBaHHIX BUKOPHCTOBYBAIHCS YOTHPH BHIM TaNUBa: An3esbHe nanuso, RME
Ta ix cyminn B20 i B50, mo mictarts Biamoigno 20% i 50% RME. Pesynbrati
JIOCTI/DKEHb MoKa3any 3HauyHuid BB RME Ha 3MeHIIeHHS TOKCHYHOCTI BiAmpa-
[bOBaHMX ra3iB. OTpuMaHo 3HayHe 3MeHIIeHHs eMicii CH TBepaux YacTHHOK NpH
He3HayHoMY 3pocTtaHHi emicii CO i1 Nox.

Knrouosi cnosa: 0sueyn camosaiimanis, ouseivHe NAIUBO, MEMUiosi eCmpazoH
JHCUPHUX KUCTIOM PINAKOBOT 0/1if, 6UKUOU 8IONPAYbOBAHUX 2A316.
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JIyrancek

EKOJIOTTYHU MEHE)KMEHT ITIOBYTOBHUX BIJIXO/IIB

BuximodHo BakiuBa mpo6iemMa MOBOPKEHHS 3 HOOYTOBUMH BIIXOJJaMH y PerioHi
MOXe OyTH YCIHIIIHO BHpIlIeHa NUITXOM BIIPOBA/PKEHHS €KOJIOTIYHOTO MEHEIK-
MEHTY BIIXOJiB, OCHOBHHMH 3acafaMH SIKOTO € I[UIECHpsIMOBAHE YIIPABIIiHHS
IUTaHYBaHHAM, po30yIOBOIO Ta EKCIUTyaTalli€l0 HOBITHUX TEXHOJIOTIH y Wil cdepi.

Knrouosi cnosa: meepdi nobymosi 8i0xoou, nonicoH, eKoa02iuHull MeHeOHCMeHM,
PO30inbHULL 30ip 8i0X00i8, ymunizayisa 6i0X00ie, eKOHOMIYHA epeKmMUBHICTNb.

OcHoBHa MeTa 1€l nyOIiKalii noysirae B Tomy, 106 00 €IHATH 3yCHILIS OPraHiB Mi-
CIIEBOTO CaMOYMPABIiHHS, IHBECTOPIB, KOMEPUIHHUX CTPYKTYP, IIUPOKUX BEPCTB HACEICHHS Y
BUpIilIEHHI Mpo0ieMH yTuii3anii MoOYTOBUX BiAXOMAIB MICT 1 HAacCEJCHUX IYHKTIB, IUIIXOM
3aCTOCYBaHHS KOMIUIEKCHOT CUCTEMH €KOJIOTTYHOTO MEHEIKMEHTY, SKa Ja€ MOXKIUBICTh e(ek-
TUBHOTO YIIPaBITiHHS MOBOKEHHS 3 BiX0JaMH Ha BCiX PIBHSX: BiJf iX YTBOPEHHS M0 KiHIIEBOT
YTHIII3aIli] i BUKOPHUCTaHHS BTOPUHHUX MaTepiallbHUX pecypciB.

BHKITIOYHO BXXITMBHM acIlleKTOM MpoOIeMH 3a0pyJHEHHSI HAaBKOJIHUIIHBOTO TIPUPOIHO-
TO CepeloBUINa € TpodiieMa YTIIT3alil BiAXOIB MOOYTOBOTO TMOXOMKCHHSA. Y HAIl 4ac I
npobJeMa Ma€e 3pOCTarody aKTyalbHICTh. I3 3pocTaHHAM M0OpoOyTY HAceICHHS KUTBKICTh Bij-
XOJIB 30UTBIIYETHCS, IO TPU3BOAUTH 0 MOSBU BEIMYE3HOI KUTHKOCTI 3BAJIUII i TIOJITOHIB JUIS
ix 30epiraHHs.

. B Ykpaini mnoma 3Banuin nepesunrye 150 THC. ra Ha SIKMX HOPIYHO HAKONUYYETHCS
0 1 Map/. T TBEpAUX MOOYTOBHX BIAXOJIB, CIIBCHKOTOCIOAAPCHKUX, MPOMHUCIOBHX Ta 1HIIUX
BigxoiB. TBepaMX MOGyTOBMX Bimxoxis (TIIB) micta Ykpainu remepyiots 6ims 40 mn. M%/p
(10 mutH. 1/p), 61 90% TIIB 30upaeThes i BUBO3UTHCS Ha Oimbir Hixk 600 3BauIl, sAKi po3Ta-
IIOBaHI Ha OKOJUIIX Micta. HaitOinpmri miommi mix noxironn 3aifHaTi B JHIIPOTIETPOBCHKIil -
140 rexrapis, Joneuskiit - 330, Omecswkiit - 195, 3anopisekiit - 153, JIyrancekiii obmacti - 129
rekrapis [3].

[Ipob6nema TBepaUX MOOYTOBHX BIIXOMIB € Ay)XKe aKTyalbHOIO W it JIyranchkoi 00-
nacti. CbOTOMIHI CHCTEMOIO CaHITapHOTO OYHIICHHS B O0JIACTI OXOIUICHO TUTEKH 67% TepuTo-
piif HaceneHMX ITyHKTIB oOiacTi, 30kpema 36,6% mpuBatHoro cexrtopy. lllopiuHo B oGmacti
YTBOPIOETHCS OJIM3BKO 4 MJIH. TOHH TBEpPAUX MOOYTOBHUX BiIX0/iB, 3 sikux juie 50-60% BuBoO-
35IThCSI Ha MOJITOHY 1 3BaJIMINA, OCTaHHI 3aJMIIAI0THCS HA TEPUTOPIl HACENEeHUX MYHKTIB Y BHU-
IJs1l HECAaHKIIOHOBaHMX 3Bkl CMITTENEpepoOOHUX 1 CMITTECTIANIOBAILHUX 3aBOJIIB HA Te-
puTOpii 00sacTi HEeMae, TOOYTOBI BIAXOH, 1[0 YTBOPHIIKCS, CKYIMIYIOThCS Ha 3Bajumax.. [1o-
BHUi1 30ip TIIB yCKIamHIOEThCS HEIOCTATHBOK KIIBKICTIO KOHTEHHEPIB Ta HE3aJA0BIIBHUM
CTaHOM TTapKy CMITTEBO3HHUX MariuH [1]

Ha cporomHimHiit neHp NMONIroHHM Ta 3Bajmmia s po3mimeHHs TIIB e exomoridao
HeOe3MmeYHNMH 00'€KTaMH, Ha SKUX BHIUIIETHCS 0ioras, mo 3a0pymaHioe aTMocepHe MOBITPs,
Ta QinbpTpar, AKii 3a0pyIqHIOE TPYHTOBI BOgW. Ha OLIBIIOCTI MONITOHIB BUSABISIOTECS (PaKTH
[Tpn npomy TIIB 3a0pyAHIOIOTH HABKOJMIIHE NPUPOJHE CEPEAOBHIIE T CTBOPIOIOTH CaHITap-
HO-TITiIEHIYHY Ta eMiIeMioNIOTIYHy HeOe3meKy.

[NepeBaxkHa OUIBIIICTH MOJITOHIB Y MicTax 00nacTi He 00JaJHaHI CydacHUMH 3aco0a-
MU 3HEIIKODKEHHS Ta HeHTpai3anii MMI0OBUX Ta Ta30BUX 3a0pyIHEHb aTHOC(HEPHOTO MOBITPSA
IPY PO3BAHTAXKEHHI Ta MEPEMINIeHHI BiIXOAIB, MPAKTHYHO Hi HA OJHOMY 3 HUX HE 3HEIIKO-
JUKYETbCSl GUIbTpaT, BHACITIIOK YOTO TIONIFOHH CTAHOBIIOTHCS JDKEPEIIOM iIHTEHCHBHOTO 3a-



OpyIHCHHS TPYHTY, IOBEPXHEBHX Ta MiJA36MHUX BOJA. Y 00JaCTi BiICYTHI BUCOKOHABAHTAXKY-
BaHi MOJIMOHH, 110 CBITYUTH PO Hee(EeKTHBHE, EKCTEHCHBHE BUKOPHUCTAHHS 3€MEJIb.

BinmpmicTs Aif0OYMX MOJITOHIB Y MICTax MpaIfoe B PEKHUMi MEpeBaHTAXECHHSA, TOOTO 3
MOPYIICHHSIM MPOCKTHUX ITOKa3HUKIB MO0 00CATiB HAaKOMMYICHHS BigxoniB. He Bupimryrotecs
MUTAaHHS CTBOPEHHSA HOBUX IOJITOHIB, TOMY Jif0Ui MOJITOHH PO3MIUPSIIOTHCS, BHKOPHCTOBYIO-
YH M CKJIaAyBaHHS BiAXOIIB HOBI 3eMenbHI Iuromi. Maibke yci HONMroHn morpedyrooTs He-
BiKITaHOI caHamii Ta pekynbTuBamii.. [looBHHA MOMIroHIB MOOYTOBMX BiIXOMIB NpHIIMae
npomucioBi Bigxoau.Kpim Toro, y 6aratbox MicTtax TpHUBa€ MpOIeC YyTBOPEHHS HECAHKI[IOHO-
BaHMX 3BAJHUII OOYTOBHX Bigxois [2].

VY MicTax i HaceleHHX IyHKTaX O0JlacTi 3aCTOCOBYETHCSI HEpaIliOHAJbHUI BalOBHN
30ip BiIXOJiB Ta iX 3aXOpOHEHHS Ha IOJIiroHax Oe3 copryBaHHA. Lle mMpU3BOAWTH O MOBHOI
BTpaTH L[IHHUX CKJIQJIOBHUX BiIXOJIB, sIKI MOIJIM OyTH BUKOPHCTaHI SIK BTOPUHHI MarepiaibHi
pecypcH, HanpHKIIal, MakyjaaTypa, MeTajl, T'yMa, CKJIO, IIaCTMAacH, IEpEeBUHA Ta 1HIIL.

ExomnoriuHicTh y cdepi MOBOIKEHHS 3 BIAXOJAMH IOJISTAE HE TUTBKH B YCYHEHHI X SIK
TaKWX, M0 3a0pyTHIOIOTh MiCBKY €KOCHCTEMY, a Y IEPETBOPEHHI IX y IDKepesio BTOPUHHOI
CHpPOBHHH, HAIIPHUKIIAJ, Y pealbHi MOXIIMBOCTI OTPUMAaHHS €HEpril IpH CIIANIOBaHHI BiAXOIIB
abo Oiora3zy Ha moxiroHax 30epiraHHs TBepIuX MOOYTOBHX BimxomiB . IlepcrnexkTHBHUM y miit
ramy3i € OTpUMaHHS BTOPHHHOI CHPOBHUHY 1 KOMIIOCTYBaHHS OPTaHIYHUX BiIXO/IB, IO iCTOTHO
IiBUIILY€ SKONOTIYHICTD iX BHKOPHCTAHHSA. SIK CBIIYUTH HOCBiA PO3BHHYTHX KpaiH €BpOCOrO-
3y 3acToCyBaHHs po3aiisHOro 36opy TIIB Ta copTyBaHHS mepen 3aXOpOHEHHSM BiIXOIIB 3Ha-
YHO MiJIBUILY€ peHTA0ENBHICTh MIAPUEMCTB, 3alHATHX Y Lil cdepi 1 Jae ynManuii mpudyToK.

Ha croroani poboty mo 300py, TpaHcmopTyBaHHI Ta 3axopoHenHi TIIB y obmacti
31IHCHIOIOTh MAJIOTIOTYKHI KOMYHaJIbHI MIAMPUEMCTBA 3 BiICTAJIO TEXHIKOIO Ta 0OMEKCHUMHU
(inancoBuMH pecypcamu. B TO# ke yac HU3bKa PEHTAOENBHICTb, a 1HOJI 30MTKOBICTH LIUX
HIiANPUEMCTB HE MOXe OyTH MPUBAOIMBUM JUIsl IHBECTODIB.

[IpakTrka mokasye, m0 MoAabie 30UTBIICHAS MacIITaliB 3pOCTaHHS KUTBKOCTI Bif-
XOJIB, BapTOCTI iX YTHII3alii i HETaTUBHOI'O CTaBJIICHHS HACEJICHHS HEMOXIIMBO pPO3ipBaTH
IUIIXOM MPOCTOrO MOCHITIOBaHHS €KOJIOTTYHUX CTAHIAapTiB a00 BIPOBAKEHHSA HOBOTO 00Naa-
HaHHA 1 TEXHOJOTiH yTmiizamii BinxoziB. CrpoOu BUHTH i3 3aMKHYTOTO KOJIa «CMITTE€BOT KPH-
3m» (Man.1.1) MOKNIHBI JUIIE TIPH KOMIUIEKCHOMY BHUPIIICHHI COIiaJbHUX, EKOHOMIUYHUX, €KO-
JOTIYHHUX Ta TEXHIYHUX MPOOJIEeM, OB SI3aHUX 3 CUCTEMOIO ITOBODKEHHS 3 TBEPIUMHU HOOYTO-
BUMH BiJIXO/IaMHU.

JlifioBUM IHCTPYMEHTOM PO3B’SI3aHHS IMX MPOOJIEM € €KOJIOTIYHUN MEHEIKMEHT Bij-
XOJIiB-- IJICCTIPSIMOBAHE YIPABIIIHHS MOBOKCHHS 3 BiIX0AaMHU Ha MPOTs3i BCHOTO JIAHITIOTA iX
ICHYBaHHS: yTBOPEHHS, 300py, TPaHCIIOPTYBAaHHS, COPTYBaHHS, YTUIIi3allil, 3aXOPOHEHHS 1 pe-
KyJIbTHBALIi MiCIb 3aXOpoHeHHs! . T1IbKY ToCHiIoBHA peanizaiis eQeKTHBHUX 3aXO/iB MOBO-
JUKEHHS 3 BIIXOJIaMH, IIepe10aueHNX CTPYKTYPOH Ta BUMOTAaMH €KOJIOTTYHOTO MEHEJKMEHTY,
SKAMH TIepe10adaeTbest GOpMyBaHHS €KOIOTIYHOT HOJMITHKH y cepi MOBOHKEHHS 3 BIAXOJaMH,
PO3pOOKH MPOrpaM IOBODKEHHS 3 TBEPAUMH MOOYTOBUMH BiIXOJaMH, peasizalis LUX Mpo-
rpaM LIOJIO HOBOI opraizauii 300py, TpPaHCIIOPTYBaHHS, COPTYBaHHS, YTWIi3alii Ta 3axX0po-
HenHs TTIO.
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Puc. 1.1. 3aMKHYTE KOJIO «CMITTEBOT KPH3M»

[Nepmmmu KpokaMu y cripaBi BIPOBAPKEHHS €KOJIOTIYHOTO MEHEDKMEHTY € TIPUHHSATA
10 nii perionansHa [Iporpama noBOKEHHS 3 TBEPAUMH MOOYTOBUMH Bigxoxamu y JIyraHChKiH
obmacri Ha mepion 2009 — 2020 p.

OCHOBHOIO METOIO OAOJIAaHHS «CMITTEBOI KPU3M» B PETi0HI

[Iporpama Harosourye CTBOPEHHS YMOB, LIO CIPHATHMYTH 3a0€3MEUEHHIO0 MOBHOTO
30upaHHs, NepeBe3eHHs], yTuii3auii Ta 3axoponenns TIIB i 3anobiranHs iX mkigmmBoi aii Ha
HABKOJIMIIIHE IPUPOJHE CEPELOBHUIILE 1 3[J0pOB'e JMOACH.

Peaizaliss OCHOBHHX IOJIOXKEHB MPOrpaMu OyJe 3A1HCHIOBATUCH LIISXOM: - BIIPOBa-
JUKEHHS CYJacCHHX paI[iOHAIbHUX METO/IIB 30MpaHHs MOOYTOBUX BiJXO/IB;

- OHOBJICHHS 1 MOJIepHi3alii o0xagHaHHs A7t 30MpanHs Ta nepeBeseHHs TIIB ;

- OyIiBHHUIITBA CMITTECOPTYBAIILHUX KOMIDICKCIB Ta Cy9acHUX MOJITOHIB,;

- 3a0€3MeYeHHs BJIOBIIOBAHHS, HEWTpami3allil Ta 3HEIIKOHKEHHS 3a0pyIHIOIOUHX pe-
4OBHH, (PiTBTpaTy Ta 6i0ra3y Ha CMITTECOPTYBBaJIbHUAX KOMIUICKCaX Ta moiironax TIIB;

- MiIBUIIEHHS PEeHTA0CIFHOCTI MIATPHEMCTB Y cepi IMOBOKEHHS 3 BiX0IaMH 3a pa-
XYHOK IIUPOKOTO BUKOPHCTAHHS BTOPHMHHHUX MaTepiaJlbHUX PECypCiB, IO MICTATHCS y BigXO-
ax;

- 3aCTOCYBaHHS TEXHOJIOTil BUpOOHHIITBA Oiora3y i3 XapuoBHX BiAXOIB Ta OpraHiy-
Hux cknagoBux TIIB;

- IpoBe/ieHHs. 1HQOPMYBaHHS Ta HABYAHHS IIMPOKHX BEPCTB HACEJIEHHS LIOAO0 AOLli-
JBHOCTI, e()eKTHUBHOCTI Ta Oe3aJbTEPHATHBHOCTI 3alpPONOHOBAHOI CHCTEMH ITOBOKCHHS 3
BIAXOZaMH.

BrkoHaHHS HaMiYeHHX MPOTPAMOIO 3aBJaHb NMOTPEOyE 3HAYHHUX CHITBHUX 3YCHIb Op-
TaHiB JIEp)KaBHOTO YIIPABJIIHHS Ta MICIIEBOTO CAMOBPSyBaHHs, HAYKOBUX INPALliBHUKIB, ITpel-
CTaBHHKIB Oi3HECY, iIHBECTOPIB, IPOMAJICHKOCTI 1 BCHOTO HACEIICHHS PETIOHY

BucHoBKH

B ymoBax 3pocrarounx 00CAriB TBEpAUX MOOYTOBHX BIIXOJIB MICT i HACENEHHUX ITyHK-
TiB 00J1aCTi CTal0 HEMOXKJIMBUM BUPIIIEHHS Li€l NpoOIeMH MOAANBIINM 3aCTOCYBAHHSIM 110~
YMX 1 BBEJCHHSAM B JIif0 HOBHX IIOJIIFOHIB MOOYTOBUX BiJIXOJiB, HE O0JaIHAHHUX B JIOCTATHIH
Mipi 3acobaMu COPTYBaHHsI BiAXO/iB, 3aXUCTY aTMochepHu, IPyHTIB, TIOBEPXHEBHXI Ii[3EMHUX
BOJI Bijl 3a0pyIHEHHS.

EdexruHe BupileHHs Mpo0dieMu MOOYTOBUX BIIXOJIB MOTpeOye 3aCTOCYBaHHS CHUC-
TEMH EKOJIOTIYHOTO MEHEXKMEHTY BIIXOIB, SKHU B IHTETPOBAaHOMY BHUTIIS/I B MEXax OMHIET
OpraHi3alifHOI CTPYKTYpH KOHLEHTPYE KOMIUIEKCHY CHUCTEMY YIPABJIIHHS BCHOTO JIAHIIOTA
MOBOJDKEHHS 3 BIIXO/IaMHM 1 YTBOPEHHS — PO3AIIBHUMA 30ip, TpaHCIIOPTYBAHHS, 3HEIIKOKEHHS,



COpPTYBaHHsS, BAKOPUCTAHHS BTOpI/IHHO.l. CHUPOBHHHU, 3aXOPOHCHHA i BUKOPUCTAHHSA 3BAJIMIITHOTO

rasy.
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Pernensenr -

HckmrounTtensHO BaxkHas mpobiiemMa oOpanieHus ¢ OBITOBBIMH OTXO/AaMHU B PETHO-
HE MOKET OBITh YCHEIIHO pelleHa ITyTeM BHEIPEHUs 3KOJOTMYECKOTO0 MEHEIK-
MEHTa OTXOJIOB, OCHOBHBIMH HPEIIIOCEUIKAMH KOTOPOTO SIBIISIETCS IleIeHanpaB-
JICHHOE YIIpaBJICHUE IUIAaHUPOBAHHWEM, BHEIPEHHEM M JKCITyaTaruell HOBEHIIHX
TEXHOJIOTHH B 3TO cdepe.

Knrouesvie cnosa: meepovie 6vimosvie 0mxoobvl, NONUSOH, IKOJIOSUHECKULl MeHe-
0orcMenm, pasoenvuvlll cOOp Omx0008, YMUIUIAYUA OMX0008, IKOHOMUYECKAS
agppexmusHocmes.

Chronic problem of waste management in the region can be successfully solved
by implementing environmental management of waste, the main principles of
which are focused management planning, building and operation of new
technologies in this field.

Key words: municipal solid waste, landfill, environmental management, separate
collection, recycling, economic efficiency.
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JOCJILIKEHHSI MOKJIUBOCTI OJEPKAHHSI AHTHOKEJIEJHOI
KOMIO3HUIII I3 BUIXO/IB BAPOBHULITBA COJIU

Jociipkena MOXINBICT 3M00YTTS PiIKOT aHTHOXKeIeHOI KOMITO3UIIii Ha OCHOBI
TICTWIJIEPHOI PIIUHM - BIIXOLy BUPOOHHMIITBA KaJbLUWHOBaHOI comu. IIpoBeneHi
KOpO3iiiHi BUNIPOOYBaHHS 3pa3KiB BYIVIELEBOI CTalli B PO3UMHAX AiCTHIUIEPHOI pi-
JVHU 3 100aBKaMH 1HT10ITOPiB, BUBYEHA (PITOTOKCHYHICTh TaKUX KoMIo3uiii. Ha
OCHOBI JJOCITiKEHb 3alpPOIIOHOBAHMN CKJIAJ aHTHOXeJeIHOoi kommno3uii. Puc. 5,
Tabi.3, 6i6morpadis — 7

Kniouoei cnosa: AnmuooiceneOni peazenmu, 0icmuiiepHa piouna, ineioimopu Ko-
po3ii, pimomokcuunicmo

[ocTtanoBka mpodiaemu HaffOimpIn mKiAIABAM BiAXOJOM BHPOOHHIITBA KaJbIiHO-
BaHOI COJTM aMiadHUM CIIOCOOOM € NICTHIUIEpPHA CYCIICH31s, sIKa YTBOPIOETHCS B KijbKocTi 8 -10
Me mHa 1T comu [1]. ['ooBHOIO CKIIaJOBOIO BIAXOMY € XJOPHIM KaNBIiI0 Ta HATpito. B maHmii
9ac Ii BiAXOM HAKOMUYYIOTh Y NUIAMOHAKOTIMYYBayax MiIPHUEMCTBA i B TABOJOK CKHIAIOTh
y piky CiBepchbkuit lonenp. [llnaMmonakonuuyBadi - Tak 3BaHi «Oili MOps», 3aliMalOTh COTHI
reKTapiB 3eMeNIbHUX YTilb, BOHU € DKEpesaMH IHTeHCHBHOTO 3a0pyAHEHHS ITiI3eMHHX 1 OBe-
PXHEBHX BOJ MiHepaltbHUMHU coisiMu. [1iomna ocepeaky 3a0pyIHEHHS MiA3EMHHUX BOJ 13 CyXHM
aymumkoM monan 1 r/am® gopisrioe 12,9 kv? [2]. Ha JlncuuanckoMy comoBoMy 3aBofi € 2 1i-
IOYUX IIJJAaMOHAKONMW4YyBaya 00'eMoM 3,7 MIIH. M ( Ne3) i 6,0 muH. M (Ne4). 3 1968 poky Ha
3aBOJIi JisIB [IEX IO BHITYCKY TBEPAOTO XJIOPHCTOTO Kajblilo, SKWI B TEHEpINIHIA yac HE mpa-
1ro€. JIOIiIbHO BUKOPUCTOBYBATH PiIKi BIAXOIH B SIKOCTi aHTHOXKEIETHOTO MaTepiamy.

AnTHOoxenenHi Matepianu (AO) sAKicHO 3am00IraloTh a00 YCYBAIOTh JIbOIOYTBOPCHHS
Ha JOPOXKHHX 1 TPOTYapHHUX MOKPHUTTSX, IO POOUTH MOXKIMBHM BUKOPHUCTAHHS JOPIr 1 TpOTya-
piB 3a OyIb-sSKHX MOTOMHUX YMOB. Jl0 HalOLIBII 3aradbHONPUHHATAX XiMIiTHUX AQO B HaII Jac
BITHOCSTH XJIOPUCTHUN HATPiH, XJTOPUCTHI MarHiil 1 XJOPUCTHH KaJbliid. B Toit ke dac, BKH-
BaHHS XJIOPHIIB METaNiB K 3ac00iB OOpOTHOM 3 OOMEp3aHHAM, Ma€ psiJl HEraTUBHMUX MOMEH-
tiB. Lli coni BU3MBalOTh KOPO3il0 MeTaly, IepuI 3a Bce AHUIL aBToMo0LiB. Kpim Toro, ocraro-
YHI KOHIICHTPAIiT XJIOPU/IIB PUTHOOIIOIOTE MIChKY (ayHy (TpaBy, Kyiii). ToMy qocmiTHUIbKA
aKTHBHICTh B 00JIACTi XJIOPWJIHUX aHTHOXKEJIEHUX MpenapariB HalpaBlieHa Ha BUKOPUCTAHHS
J00aBOK, SIKi 3HMKYIOTh HETaTUBHI HACIIJIKU BiJ BYKUBAHHSI XJIOPHJIIB.

AHaJii3 ocTaHHixX AociaimKens i mydaikaunii. Bennka yBara npuninseTscsi BBeICHHIO
no ckiaxy AO iHriOiTOpiB KOpo3ii. B sikocTi 1HTIOITOPIB BBOMATH HEOPTaHIYHI COJIi: HITPHT,
Oopar Hatpiro, ¢ocdaru, Brrodaroun Tpumnomidgocdar i GochoHaTH, KapOOHATH i CHIIIKATH
JTy>KHUX METaJIiB, COJi OPraHIYHUX KHCIIOT: TJIFOKOHOBOI, IMMOHHOI, BUHHOI, ITyKpPOBOI, acrar-
poBoi, itiHOBO1, GeH30HHOI [3,4]

Benuky rpymy iHriOiTOpiB KOPO3ii, 3aMaTeHTOBAHUX SK JTOOABKH IO AHTHOXKEICTHHUX
npenaparis, CKJIaJal0Th BCULIKI a30TyTpUMYyroui crionyku. CepeJl HUX MOXHa BUIIUINTH HACTY-
[Hi: YPOTPONiH, TPHUETAHOJAMiH, COJIi YETBEPTHYHOTO aMOHII0, IOJIETUIICHITONIaMiH
[5].YacTka iHribiTOpiB KOPO3ii, 10 PEKOMEHAYETHCS B AHTHOXKEJICTHUX KOMIIO3UIIAX CKIIagae
Bix 0,05 mo 5% mac. Ix BUKOPUCTOBYIOTh SIK B PO3COJIaX, TaK 1 B TBEPAUX AHTHUOXKEICTHUX
npenaparax.

Jyist koMIieHcalii IPUrHOOIO0YO0T il XJIOPUAIB Ha MIiChKY (JIOPY A0 CKIIAay aHTHO-
JKEeNeAHUX KOMIIO3HUIIIN 9acToO BBOJATH a30THE JOOPUBO — KapOaMif,.

MeTo10 €TaTTi € TOCTIVKEHHS MOKIIMBOCTI 3100yTTS PiIKOT aHTHOXKEIEIHOI KOMIIO-
3WIIiT Ha OCHOBI BiIX0AiB JINCHYaHCHKOTO COIOBOTO 3aBOTY.



Marepiaan Ta pe3yasTaTi AoCHiTKeHHs {151 eKCIIEpUMEHTIB BUKOPHUCTOBYBAIIH [i-
CTWUICPHY PiJUHY 13 IIJJAMOHAKOIIMYYBa4a, yPOTPOIIiH, TPHETAHOJIAaMIH, BIIX0AN BUPOOHHMIIT-
Ba MeHTaepiTpury. [IeHTaepiTpUT OTPUMYIOTH METOJOM ajbIOJBFHOI KOHACHCAIl popmanbie-
Tigy 3 ameTajpleriqoM IpH KaTami3i JiyraMH 1 HaJuIMmKy (opManpierizy. Y BHpOOHHUIITBI
yTBOpIoeThCs 3,8 T/T Bimxoxy, sxkuit Mictuth 19% ¢opmiary Hatpito, 10% nenTaepitputy i
JoMiImok, Mae minbHicTs 1,2 r/em®, pH 5-7. BHpOGHUIITBO MeHTaepiTpuTy i€ Ha PyGixaHCh-
KoMy XiMiuHOMY 3aBomi «3aps». CHpOBHHY aHaNII3yBald, BHKOPHUCTOBYIOUHN 3aralbHOBKHUBAHI
METOJIUKH.

B Tabnuni 1 HaBeneHi AaHi Mpo CKJIak i OCHOBHI MOKA3HUKHU CTIYHUX BOJ (IICTHILIEP-
HOI pianHK) 31 nutaMmoHakonuayBava Ned JIMCHYaHCKOTO COJIOBOTO 3aBOJY

Tabn. 1
Cky1a1 1 OCHOBHI IOKA3HUKH CTIYHUX BOJ 31 NTaMoHaKkonuuyBaya Ne4 JIMCHYaHCKOTO COOBOTO 3aBOAY
HaliMeHyBaHH:I NOKa3HUKIB 3HaYCHHS OKA3HUKIB

1 30BHINIHIN BUIIISIA BbesbapBHa npo3opa pinuHa

2 linbHiCTD, T/cM® 1,13

3 BojaneBuii mokasHuk pH, oquHUIB 8.5

4.BMicT MiHEpaJbHUX COJICH MO 3AITUIIKY 20

micist mposkapenHs, %

5 Bwmict CaCl,, % 13

6 Bumict NaCl, % 7

Jlo cxiiajty pinkoi aHTHOXKeJIEHOT KOMITO3HLIT y JOCIiAaX BKIIOYAIH JICTUILUIEPHY pi-
JIMHY Ta BiAX0J BUPOOHMIITBA NEHTAEePITPUTY B KiibkocTi Bix 0,25 10 1% .

Kopo3iiiai BunpoOyBanHs. BumpoOyBaHHsS ByTJIeeBOl CTaji Ha XiMiYHY CTOHKICTH B
CEpENIOBHUINI AHTHOXKEIECAHO! KOMITO3MIII NMPOBOAMIM B J1abopaTopHHX yMoBax. [l mo-
CIiPKeHb Oy BUKOPHCTaHI 3pa3Kd BYTIIEHEBOi cTaii (cTamb 3) posMipoM 50MM x 20 MM,
TOBIIMHA 3pa3Kky - 3MM. BurotoBneHHs, 00poOKy 3pa3kiB 3iiiCHEHO BiAMOBIAHO 10 BUMor [6].
3BaKyBaHHS 3pa3KiB MPOBOAMIIN Ha aHANITHIHUX Barax 3 TOUHICTIO 10 0,0002. 3BakeHi 3pa3ku
CTaJll 3aHYPIOBAIH Yy NICTHJUICPHY PiIUHY 3 H0OaBKaMH i BUTpUMYBaNH Ha mpoTsa3i 500-650
roaus. IlepioguyHo peectpyBanu 3HaueHHs pH po3umHy, 3MiHY HOrO KOJBOPY, 30BHILIHIN
BUIJIA] 3pa3kiB. [licis 3akiHYEHHsS] BUTPUMKH 3pa3KH BiIMHBAIM BOJOIO BiJl PO3YHMHY, OYHIIA-
JIM Bi IPOJYKTIB KOPO3ii YOPHUIILHOIO TYMKOIO 1 3Ba)KyBaJIH.

B xoni Bcix mocnmifiB BigMideHa 3MiHa 3HaYeHHs pH po3uMHYy B CTOpPOHY OUIbII KHCIIOT
3a paxyHOK peakilii HaJJIMIIKOBOTO JYTy (TIAPOOKUCY KaJlbLil0 B JICTUIICPHIN PiJIUHI) 3 BYT-
JIEKHCIIUM Ta30M TOBITps. Ha moBepXHi po3umHIB criocTepirajiocsi yTBOPEHHS ILUTIBKH COJICH
(xapOoHaTiB KainbIlito). B xoxi BumpoOyBaHb mpu 3MiHi 3Ha4eHHS pH Hmkue 7,5 10 po3unHy
nmonaBanu 44% BoIHUI pO3YMH TiIpooKuCy HaTpiro 10 pH 8,5.

OriHKa OTPUMAHUX PE3yIbTATIB.

Bci 3pazku, mo npodnnIi KOpo3iHi BUNPOOYBaHHS, MiIaBaTH Bi3yalbHOMY OTIIIIY 32
JIOTIOMOTO10 JIyIH 3 8- KpaTHUM 301IbLISHHSIM /IS BCTAHOBJICHHS XapakTepy Koposii. OCHOB-
HHUM IOKa3HUKOM HIBUAKOCTI PIBHOMIPHOT KOpO3ii MeTany € rnokasHuk Barooi koposii (K), e
BIJTHOIICHHS 3MIHU MacHu 3pa3ka JI0 OJUHHII MOBEPXHI 3a OJUHHUIII0 Yacy (r/M2 TOJIMHY), KU
PO3paxoByIOTH 32 popmyiom [7]

_ Mo -,

Fxt
Jie My - NEepBUHHA Maca 3pa3Ky, I
M; —Maca 3pa3Ky MicJisi KOPO3iHHUX BUNPOOYBaHb, I
F — moBepxHs 3pas3ky, M
t — TpuBasicTh BUNPOOYBaHb, TOJIMH

, T /M rosmny, (8]

IBunkicTh KOpO3ii Ha TPOHUKHEHICTH (IOKa3HUK TIIMOMHHOT KOpPO3ii T ) po3paxoBy-
10T 3a (popmyIioro:



8,76x K
T=—

Y
JIe T - IPOHUKHEHICTh, MM/TOJ,
K — moka3Huk BaroBoi Kopo3ii, r/m? TOJIMHY,

, MM /TOJI; 2

Y - winenicts Merany, 1/ cM® (s Byrienesoi crami 7,65 r/ em®)
Koeditient 8,76 - me kinbkicth roauH y pik (8760), moninenux Ha 1000.

Ouinky egexty nii iHriOIiTOpiB MPOBOAATH IO TAKUX IMOKa3HUKAX: CTYMIHb 3aXHCTY 1
KoeimieHT ransMyBaHHA Kopo3ii. KoedimieHT rampMyBaHHS TOKa3ye, y CKUTBKH pa3iB 3MEH-
IIYETHCS MIBUAKICTH KOPO3ii B pe3ynbTati [il iHTi0iTOpY, IeH KoedilieHT 00YnCITIOITE 3a (o-
PMYJIOI0:

=7 3
Jie 1 — MBUIIKICTh KOpo3ii Oe3 iHribiTopa, MM/To
i* - mBHAKicTH KOPO3ii y mpHCYTHOCTI iHriGiTopa, MM/TOx

Cryminp 3axucty (Z) XapakTepu3ye MMOBHOTY TPHIAYIICHH KOPO3ii i MOAaEThCs v Bill-
COTKax:
z=i- it

%100, % 4)
i

Ha pucynkax 1,2 HaBezaeHi JaHi po 3MiHy IMOKa3HHWKA TTHOWHHOI Ta BaroBoi KOpo3ii
CTaJi B aHTHOXKEJIEAHIN KoMIO3uLii 3 100aBKaMu BiIXOIy BHUPOOHMITBA MEHTAEPITPUTY. I3
JAHUX BHUJHO, 0 e(eKT Aii iHribiTopy 3pocTae mpH pocTi KUIBKOCTI J0OaBKM BiIXOIy BiX
0,25% no 0,5-1%. KoediuieHT raapMyBaHHS HalWBHLIMKA Npu BuUKopucranHi 1% Bigxony i
ckianae 7,4, CTymiHb 3axucty-86,4%.
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6e3 iHridiTopa 0,25% nenra 0,5% nenTa 1.0% nenTa

Puc. 1. 3MiHM mOKa3HUKA BaroBoi KOPO3ii CTaji y aHTHOXKEeIHIH KOMITO3UIIii 3 J00aBKaMH BiXOJy BH-
PpOOHHIITBA TIEHTACPITPUTY
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NMOKA3HUK I'NTMOMHHO

0e3 iHridiTopa 0,25% nenra 0,5% nenta 1.0% nenta

Puc. 2. 3Minn nmoka3HUKa IMTUOMHHOT KOPO3ii CTali y aHTHOXKeJIeIHI KOMITO3ULii 3 J0OaBKaMH BiAXOIY
BUPOOHUIITBA IEHTACPITPUTY

Jlnst HOpiBHAHHS MapaliesibHO OyJIM IPOBEAEH! KOpO3iiiHi BUNPOOYBaHHS aHTHOXKEJIe-
JTHOT KOMITO3HIIIT 3 BIIOMHUMH i3 JIITEpaTypH 1HT10ITOpaMu KOPO3ii - CyMmillli ypOTPOIiHY 1 TpUe-
TaHOJaMiHy B KiTbkocTi mo 0,5% kokHOro. B 1ux mocmimax xoedilieHT rajJpbMyBaHHs CKia-
nmaB 7,7, cTymiHb 3aXuCTy-87%. I3 omepikaHUX TaHWX MOKHA 3pOOHTH BHCHOBOK, IO BiAXO[
BHPOOHHUIITBA MICHTACPITPUTY MOKE OYTH 3aCTOCOBAaHUI B SIKOCTI iHT10iTOpa KOPO3ii.

HocmimkeHHs pITOTOKCHIHOCTH aHTHOXKETIETHOT KOMITO3HIIIL.

B crakaH4mMKY 3 TpYHTOM, SIKWi BiniOpamu Oifist aBTOMOOITEHOI TOPOTH 1 3pOCHIH aH-
THOXEIICHOT KOMIO3HIIIEI0 B PI3HUX KITBKOCTAX, OyNO BUCISHO HAciHHA BiBCy. B momampmri
JIHI EKCIICPUMEHTY CIIOCTEPIraiu 3a CXOXKICTIO, TEMIIAMH POCTY POCIIMH, BUMIPIOBAJIH 1X cepe-
JHIO AoBxkuHY. [licae 25 ni6 BUPOIIYBaHHS POCIUH OYJI0 BUKOHAHO BaroOBH aHAi3 KiTbKOCTI
OiomMacu Ha3eMHOI YaCTHHH 1 KOpPiHHs y BHIpOOyBaHHAX. [l LbOrO POCIMHM BUMHBAJIH 13
IPYHTY, PETEeNbHO BHIAJSUIM IPYHT 13 KOPiHHS 0OMHBaIO4M iX BOJOIO, BUCYIIMBAIHU (ijabTpo-
BaJILHOIO OyMaroro. BijokpeMirtoBaiy KOpiHHS 1 HA3eMHYI0 YaCTHUHY, 3Ba)KyBaJIM Ha aHAJITHY-
HHX Barax.

s mocipKeHHs BIDTMBY KOHIICHTPAMIi JICTHIUICPHOT PiIWHY HA PICT POCIHH TPYHT 3POCHIH
JUCTHILTEPHOIO PIMHOIO i3 pO3paxyHKy, mo6 kinskicts CaCl, 3minroBamacs Bizx 0 10 375 r/m?
wromi rpyHTy. KimbKicTh KOMITO3HIIT 3HAI/IEHO HA OCHOBI KPiOCKOIMIYHHX MMOKa3HUKIB. Ofe-
prKaHi 1aHI HaBeeHi B TaONHIIi 2 1 HA PUCYHKY 3.

Tabm. 2
BruiB KoHIEHTpaNil JiCTHIUIEPHOT PiIMHY Ha PIiCT POCINH
Kinekicts po3unny CaCl, | Bara kopinns, % Bix koHT- | Bara HazemHol yacTuHu, %
, /M poIto BiJ] KOHTPOITIO

0 100 100

75 71,8 94,3
150 67,6 85,8
225 64,2 78
300 51,7 76,6

375 43,6 74,2
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Puc. 3. 3anexxHicTs Bark KopiHHs BiBcy ( psix 1) i HazeMHOT yacTiHY ( psi 2) Bif KUTBKOCTI PO3UUHY

CaCl, (B mpolieHTaX 0 KOHTPOJIIO - 6€3 aHTHOXKEICIHOT KOMITO3HIIii)

I3 onepkaHUX pe3ynbpTaTiB MOXKHA 3pOOMTH Taki BUCHOBKH: 3aCTOCYBaHHS HiCTHILIEP-
HOI PIIMHU B SKOCTI aHTHOXEIEIHOTO PEareHTy MPHUTHIUye pocT pociuH. [Ipu 30imbIIeHH
KiTBKOCTI CTHILIEPHOI pismHy Ha 1M? mOBepXHi TpyHTY 10 375 r/M? Bara KOpiHHS 3MEHIIY-
etbes 10 43,6%; Bara HazeMHOI JacTHHU - 10 74,2%, BHCOTa HA3€MHOI YacTHHU - 10 79,6%.
TakuM YHHOM BHIIHO, 10 OUIBIIE CTPaKIA€ KOPIHHS POCIIHH.
VY npyriii cepii MpOBOAMIN TOCIIIKEHHS (PITOTOKCUYHOCTI PO3UUHY AICTHIUIEPHOI PIIMHU IPU
KizpkocTi 300 /M 3 piSHUMH AHTHKOPO3iHIMH 100aBKAMHE, TOOTO AHTHOKEIEIHOT KOMIIO3H-
uii. OnepkaHi fani HaBeAeH1 y TabauLi 2 1 pucyHKy 4.

Taobmn.

B aHTHOXKEIETHOT KOMITO3HLIT HA POCT POCIHH

3

Hassa anTHuko-
po3iitHoi moba-

Bara xopinns, %
BiJl KOHTPOITIO

Bara HaszeMHo1 yac-
THH, % BiJ KOHTPO-

BucoTa HazemMHO1
qacTHHU, % BIJI

IMH

BKU IO KOHTPOITIO
Be3 nobdaskn 51,7 85,8 90,6
1% Bimxomy 28,3 67,2 79,2
MIEHTACPITPHUTY
TEA i ypotpo- 23,3 59,3 72,8
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bes nobaBku 1% Bigxomy TEA i ypoTpormin
TICHTAEPITPUTY

Puc 4. BB anTHOXENETHOT KOMIO3HUIIT Ha PiCT pOCIHH, sl 1- Bara KOpiHHA, psf 2- Bara Ha3eMHOT
YaCTHHH POCIHH

OpepixaHi J1aHi TTOKa3ylOTh, 1110 BUKOPUCTAHHS BiIXOAY BUPOOHMIITBA TIEHTAEPITPUTY
B SIKOCTI aHTHUKOPO3iiiHOI 100aBKM Mae MeHIIMH (DITOTOKCHUHUHA edeKT, HIK BUKOPUCTAHHS
cymiwi rpuetanonamina (TEA) 1 ypotpomiHa.
3 MeToro HelTpanizanii (iTOTOKCHYHOT JiT aHTHOKeJIeTHOI KOMIIO3UIIiT POBEJCHO HU3KY J10C-
J/1iB 3 BUKOPUCTAHHAM KapOaminy K JOOABKH B KOMIIO3HUIII0. B X BUTIpOOYBaHHSAX TPYHT
3pOIIyBaji aHTHOXKEJIETHO KOMIIO3HUINERO B KibkocTi 300 r/m? ‘Jlo ckay KOMITO3UIIi BXO-
Iiia JICTWIIepHA pianHa, 1% Binxomy BUpOOHHITBA IEHTAEPITUPHUTY 1 KapOaMiza y KiTbKOCTI
Bix 0,25 mo 1% Big macu kommno3umii. OnepxaHi JaHi HaBeIeHI Ha PHCYHKY 5
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0
KapOamin KapOamin Kapbamin Kapbamin
0,25% 0,5% 0,75% 1,0%

KOHLeHTpanisa kap6aminy,%

Puc 5. BB kinbkocTi kapOaMuIy y CKJIai aHTHOXKENETHOI KOMIIO3HUIIT Ha picT pociuH: psx 1- Bara
KOpiHHS, psi 2- Bara Ha3eMHOT YaCTHHH



PesynbraTi 1mokasyrots, 1o KoHIEHTpauis kapbaminy 0,75% e ontumansHoro. Bara
KOpIHHS 1 Ha3eMHOT YacTHHH 30UIbIy€eThes y 4-6 pasiB. [Ipu noganpmomMy 3pocTaHHi KijbKoC-
Ti KapOamixy BiIMi4eHO 3HWKCHHS Baru KOPiHHA i HA3eMHOI YaCTHHU POCIIHH.

Ha mincTaBi nmpoBeaeHNX AOCHTIHKEHb 1 OTPUMAHUX TaHUX MOYKHA 3pOOWUTH HACTYITHI
BHCHOBKU.

BuBueHa MOXIIHBICTB 300YTTS PiIKOI aHTHOXKEJIEAHOT KOMITO3UIIl Ha OCHOBI ICTHII-
JIEpHOi piIMHA. AHTHOXKEIEIHI BIACTUBOCTI PifKOl KOMIO3HILIi OyIH MiATBEPIKEHI BUIIPOOY-
BaHHAMH. BCTaHOBIIEHO, IO U JOCSATHEHHS HEOOXiTHOI MipH 3aXHCTy METalliB Bif KOPO3ii
IPY NPUTOTYBAaHHI PiJKOi aHTHOXKEJIEJHOI KOMIIO3UIIi JOLITBHO BHKOPUCTOBYBAaTH J00ABKY
BiZIXOAy BUPOOHMITBA NMEHTACPUTPUTY B KiibKocTi 1% Bix Baru AicTwuiepHol pimvHu. s
3HW)KEHHSI HETaTHBHOI Ji Ha POCIIMHU JI0 CKJIaJy KoMro3uuii HeoOxinHo nonasatu 0,75% ka-
pOaminy.

AHTHOXeJeIHa KOMIIO3HIIiS TAKOTO CKJIaJy [elleBa 3a PaxyHOK BUKOPHCTaHHS Bij-
XO/iB BUPOOHMIITB, Ma€ MOHWKEHY KOPO3iiHYy aKTHBHICTh 1 MO€ BUKOPHUCTOBYBATHCS IPH
Temmeparypax 10 miayc 15°C. Vrumisaris BixoaiB BUPOGHHMIITBA J03BOIHTE BHPILIHTH €KO-
noriuni mpobnemu mict Jlucuuanceka i PyOikHOTO, 3amodirt CKUAaHHIO MiHEpalli3oBaHUX
cTiuaux BoJ B piuky CiBepcbkuii JloHep.
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B crathe mccienoBaHa BO3MOKHOCTh TOJYYHHS JKUAKON aHTHUTOJONCIHOW KOM-
MMO3WIUHU Ha OCHOBE JWUCTWIICPHOH U] KOCTH - OT X0Ja MPOU3BOJCTBA KaJbLIH-
HUPOBAHHON COMBLIIPOBEICHBI KOPPO3UOHHBIE UCTIBITAHUS 00Opa3LoB yriiepoaunc-
TOW CTajH B pac TBOpax MUCTUILICPHON KU KOCTH C JT0OaBKaMH WHTHOHUTOPOB,
n3ydeHa (UTOTOKCHYHOCTh TaKMX KOMMO3uIliid. Ha ocHOBe MccnenoBanuii mpen-
JIO’KEH COCTaB aHTUTOJIONIEAHON KOMITO3UIIK. Puc. — 5, Tabmwui — 3, uer — 7

Kniouesvie cnosaa: anmueononednvle peazenmol, OUCMULIEPHASL HCUOKOCMb, UH-
2ubuUmopuvl Kopposuu, GuUMoOmMoKCUIHOCMb.

In the article possibility of poluchniya of liquid icestorm composition is
investigational on the basis of distillernoy jew of bone - from motion of
production of calcinated sody.Provedeny corrosive tests of standards of carbon
steel in races tvorakh distillernoy jew of bone with additions of inhibitors, the
phytotoxicity of such composition is studied. On the basis of researches
composition of icestorm is offered. Fig. — 5, tables — 3, ist -7

Key slovaa: icestorm reagents, distillernaya liquid, inhibitors of corrosion,
phytotoxicity.
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JIyranck

OLLEHKA D®®EKTUBHOCTH IPUMEHEHMUS CAJKEBOTI'O ®UJIbTPA
C YYETOM JUCIIEPCHOT'O COCTABA YJIABJIMBAEMBIX YACTHIL]

HpeZ[CTaBHeHBI PEIYIbTATHI KOMIUIEKCHOI'O OLICHUBAaHU S(b(beKTI/IBHOCTI/I JAU3ECJIb-
HOro CaxxeBoro (1)I/IJ'ILTpa 110 MoKasaTejIsiM C‘{eTHOfI, HOBerHOCTHOﬁ W MacCOBOM
KOHHGHTpaL[I/Iﬁ TBEPABIX YaCTHUI] C YUCTOM HUX JUCIEPCHOr'0 COCTaBa.

Kniouesvle cnosa: ouzenv, meepovie uacmuywl, caxceguvlii guivmp, s¢h@exmugs-
HOCMb, OUCHEPCHBLIL COCIMAS, KOHYESHMPAYUSL.

BBeagenue

CaxxeBble (DIIIBTPHI ABIAIOTCSA HauOOJIee PacIpOCTPAaHEHHBIM CPEACTBOM HEHTpam3a-
MK JIU3ebHBIX TBepbiX yacTull (TH) — Broporo mo 3uaunmoctu (mocie okcuaoB azota NOy)
3arps3HAONIETO BemecTBa B Boxyomne auseis [1]. s oneHku 3¢ dextnBHOCTH pabOTH QUITH-
Tpa TPAIUIMOHHO HCIONB3YIOT KPUTEPUH OTHOCHTEIHEHOTO CHIKCHHS MAacCOBOW KOHIICHTpa-
min — C, (mmm BeiOpoca) TU B pesynbraTe mporecca QruibTpanmy. JJaHHBINA MOAX0A K OICHH-
BaHUIO () (HEKTUBHOCTH CaXKEBHIX (IIIBTPOB HE SBISACTCS COBEPIICHHBIM, TaK Kak OH HE YUH-
ThIBaeT U3MeHeHul cuetHoi — C, (konmuectBo TY B enunmile 00beMa) U MOBEPXHOCTHOM — Cg
(cymmapnas miomaas nmoBepxHoctu TU B enunuie odvema) konueHtpauud TY. Tlpu atom
BesnimunHbl Cp 1 Cg SIBISIOTCS Ba)KHBIMH TOKCHKOJIOTHYECKHMH TIOKa3aTeNsIMH, XapaKTepu3y-
IOIIMMH CTETIeHb HEIaTUBHOTO BIIMSIHUS JIM3ENIBHBIX YACTUI] Ha OPraHM3M YeJIOBEKa U OKpY-
JKarolyr cpeny. Kak mokaspiBaeT psij MccienoBaHuil [2-4], caxeBble (QUIBTPBI ¢ BHICOKOU
3¢ GEKTUBHOCTHIO, OMpeneieHHON 10 Kputeputo Cp, MPOMyCKArOT 3HAYUTEIBHOS KOJHMYCCTBO
MENKOAUCTICPCHBIX YaCTHUI], B TOM YHCIIe HanOoJee OMacCHBIX — HAHOYACTHII (IHaMETPOM MECHee
50 uM [5,6]), oOnmamaromnX BBHICOKOM MPOHUKAIOMIEH CIOCOOHOCTHIO B CHCTEMY JABIXaHUS de-
noBeka. B manHO# paboTe mpemraraeTcss KOMILICKCHBIN MOAX0/ K OIICHUBaHUIO 3¢ deKkTuBHOC-
TH Ca)XXCBBIX (DMIIBTPOB C HCIOJIB30BaHUEM 3-X KpuTepueB -BenudnH Cp, C, u Ci.

ITocTanoBKa 3aga4u

Lenbro MCcclieIOBaHMIA SBISIIOCh KOMILIEKCHOE OlleHHBaHKe 3()()EKTHBHOCTH CaXKeBBIX
(unbTPOB aU3eell o MoKa3aTeNsIM CUeTHOH, TOBEPXHOCTHON U MaccoBOW KoHIeHTparuii TH
C y4eTOM HX JUCIEPCHOro cocTasa. [l JOCTH)KEHUS NaHHOW LIENH PEIIEHBI CIeAYIOmUe 3a-
Jaun: 1) aHaJIM3 IKCIIEPUMEHTAJIbHBIX JIaHHBIX O KOJIMYECTBE, IUIOMIAAN MOBEPXHOCTH U Macce
JIM3EIbHBIX YacTHUI] Pa3IMYHBIX pa3MepoB; 2) pa3paboTKa METOJHMKH KOMIUIEKCHOH OIEHKH
3¢ dexTuBHOCTH caxeBoro (mibTpa; 3) ucciemoBaHrue PQPEKTHBHOCTH pabOTH (PIIBTpa C
UCIIOJIb30BaHUEM pa3pab0oTaHHONW METOIUKH.

JKcnepuUMeHTAaJbHble JaHHbIe 0 3HAYeHHAX BeJduunH Cm, Cn u Cs

PesynbTaThl 3KCIIEpUMEHTANBHBIX HCCICAOBAaHUKA O BIMSHHM pPa3MEpPOB YACTHI[ Ha
CYETHYIO, MIOBEPXHOCTHYIO M MAacCOBYIO KOHIICHTpAIMK, OOOOIICHHBIC Uil Pa3HBIX THIIOB JIH-
3eJield, mpecTaBlieHbl Ha puc. 1 [6].

IIpu paccMmoTpenun aucnepcHoro coctaBa TY BBIAENSIOT 3 quamazoHa pa3MepoB dac-
tui: ¢pakuuto siaep — 3...30 uM; dpakiuro HakomaeHus — 30...500 HM U QpaKIHIO KPYIHBIX
yactur — nuamerp 6osee 1000 um (1 mxm). IIpencrasnennsie Ha puc. 1| rpaduxu GyHKINI
IUIOTHOCTEH paclpeieieHUs] OTHOCHTEILHBIX CYETHOMW, MMOBEPXHOCTHONW M MacCOBOM KOHIICHT-
pamuit TY oTpaxatoT clieytoliue CBOMCTBA JU3EIbHBIX YACTHII:



- Ha Qpakuuio saep npuxonurcs Haubosbniee konndectBo TH — 88 % or obmiero nx
yucia, 6 % cyMMapHO#H MJIoImaan HoBepXHOCTH U 2 % OT o0Iel Macchl; npu 3toM 85 % uac-
T, 4,5 % cymmapHoil moBepxHOCTH U 1,5% Maccel nmpuxoanTes Ha quama3oH 10+5 HM, B
KOTOPOM KpHBBIE ¢y 1 ’s HMEIOT MAKCHMYM;

- OTHOCHTENBHBIC JONH YacTHIl (PPaKIIMX HAKOIUIEHUS COCTABIIOT: 12 % oT obmero
KosmaecTBa, 94 % oT cyMMapHOI 1ioniau moBepxXHOCTH U 88 % oT 00miei Macchl; B TaHHOMH
(pakmmn Hambodpmee kommdectBo dacThil (11,5 %) Haxommrcs B mmamasone 30...200 HM,
kpuBbie ¢y u ¢’y TMPHHEMAIOT MAKCHMasbHbIC 3HAYeHMs B jamamasonax 100...200 M u
150...300 HM, COOTBETCTBEHHO,;

- (hpakums KpyMHBIX YaCTHIL XapaKTepU3yeTCsl HANMEHBIINMH 3HAYEHUSIMH YHCIICHHO-
ctu — meHee 0,05 % ,cymmapHo# miomianu noBepxaoctu — meHee 0,5% u maccer — 10%.
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HecAaTnyHbin norapudm ot guameTpa yactmu—D, =LgD

Puc. 1. ®yrkunu mioTHOCTEH pacipeneaeHns] OTHOCHTEIBHBIX CYSTHOM, IIOBEPXHOCTHOM U MacCOBOM
KoHUeHTpaui TH

JlanHble, pe/CTaBICHHBIC Ha pUc. 1, KpoMe HH(DOPMAIHK O 3HAYCHUSIX ()YHKIIHIA con,
coS U C m, OTPAKAIOT MX COOTHONICHHE M MO3BOJISIFOT [0 W3MEHCHHIO OJHOW ()YHKIIUU OICHU-
BaTh MU3MEHCHHS JBYX APYrux. JlaHHOE CBOWCTBO OBLIO HCIIOJIB30BAHO MPH Pa3paboOTKe Mmpe-
CTaBJICHHOM HIKE METOIUKU.

MeToaAuKa KOMNJIEKCHONH OMeHKH 3P PeKTUBHOCTH CaKeBOI0

buabrTpa

[pemmaraercs onernBaTh 3PPEKTHBHOCTH MPUMEHEHUS (PIIIBTPa MO 3-M TIOKa3aTeIsIM
OTHOCHTEIILHOTO CHIKCHHUS CUCTHOM, TIOBEPXHOCTHON M MacCOBOI KOHIIGHTPAIIHA, ONpeers-
€MBIX C TIOMOIIBIO CIeIyFoIIei 0000meHHON (POPMYITBL:

(o), ()
D, =t —PF.100%, (1)
P/n/f
rae Op — 3pPeKTUBHOCTE GUILTPA IO MOKA3ATENO P, HOJ KOTOPBIM OHUMAOT: KOJMYECTBO —
N, IOBEPXHOCTh — S WK Maccy - m TU.



(Cp)nir 1 (Cp)f — cyMMapHbIe OTHOCHTEIbHbIE KOHIEGHTPALMY YacTHII, HAXOIAIIMXCS B PaccMaT-
pPHBaEMOM JIMarna3oHe Pa3MepoB, PU OTCYTCTBUH CXEBOTO (GHILTPA U NPU
ero MCIOJIb30BaHUH.

s onpenenenns senuuun C, ucnonssyercs Gopmyna:

DL2
C,= Jc,(D.)-dD, )
Dy,

rae Dy, D, — HagampHOE W KOHEYHOE 3HAYCHHUS WHTEpBaia pa3mepoB (amamerpos) TY mo
LIKaJIe JeCSTUYHBIX JOorapru(MOB;
Cp(DL) — QyHKIMA IIIOTHOCTH pacIpeIeNeHus] OKa3aTels p.
®ynkuus (D) onpenensiercs Ha ocHOBe 0000IIEHHBIX QYHKIMI pacrpeneneHus c’,
¢ u %, IpeaCTaBNCHHBIX Ha PHC. 1, a TaKXKe M3BECTHON IKCIEPHMEHTATBbHOM (DYHKIMH pac-
TpeJie/IeHHs OJHOTO U3 MoKasaTelneil (0603HauaeMoro p ) — ¢'p( Dy):

Cp(DL):Kr(DL)'Kp(DL)'CL*(DL)' (3)
rae K(Dy) — dyHKIMS KOppeKIHH SKCIepuMeHTanbHbIX JaHHbIX; Ky(D) — GyHkius nepexona

OT MTOKa3aTeJid p K MOKa3aTeJIto p.
(DyHKIII/II/I Kr u Kp HaXoJATCs C IIOMOIIBIO BI)Ipa)KeHI/Ifli

(D)

K, (D)= Pt @)
RG]
»(Dy)

K, (D, )=—22t/ (5)
P e oy)

rIe Cop(DL) — 00001eHHOE 3HaUeHNE (PYHKIUH IUIOTHOCTH pacTIpeeICHUs IS IOKa3aTels p;
Cop*(DL) — 0000uIeHHOE 3HaUCHHUE (PYHKINH IUIOTHOCTH pactpeneICHAs IS
IOKa3aTes p*.
Tak, HarpuMep, ecIU U3BECTHA JKCIepHMEHTaNbHas 3aBUcUMOcTh C'y(Dy), To onpee-
JsieMasi ¢ TIOMOIIBIO BhIpakeHUs (3) (QyHKIMS MIOTHOCTH PACIpPECICHUS MACCOBOM KOHICHT-
paiuu UMEeT BHI;

(D )=K,(Dy)-Kpn(D)-c1(Dy)

Il
o |o

Pe3yabTaThl MCCOAEIOBAHUNA M UX aHAJIU3

C NOMOIIBIO NPEUIOKEHHOW METOJMKH NPOBEACHa KOMILIEKCHas OleHKa d(PPEeKTHB-
HOCTH CaKeBOTO (MJIBTPa AM3ENS IPY30BOr0 aBTOMOOWIIS, [ KOTOPOTO Oblila M3BECTHA 3aBH-
CUMOCTh CYETHON KOHIIEHTpAIMH OT pa3dMmepa vactull [3] (puc. 2).

B uccnenyemom nuanazone pazmepoB gactuil — 20...600 HM BBIJENICHBI JiBa y4acTKa:
1-it — 20...40 HM — yyacToK, Ha KOTOPOM HaOJII0/IaJIOCh YBEIMYCHUE CUSTHOW KOHIEHTPAIUU
nocje npuMeHeHus: GpuibTpa, u 2-it — 40...600 HM - y4acTOK, HA KOTOPOM CUCTHAsI KOHI[CHT-
panus CHIDKaJIACh.
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Puc. 2. Pe3ynbraTsl SKCIEpIMEHTAIBHBIX UCCIIENOBAHUI CUeTHOHM KOHIeHTparmu TY

Ha puc. 3 u 4 npeacraBieHsl pe3yiabTaThl onpeneseHuss GYHKIHUHA Cs U Cp, MOJTYYEH-
HbIE C TIOMOIIBIO BhIpaxkeHHs (3), U mokaszareneil 3pQeKTUBHOCTH (UIBTPA, BHIYUCICHHBIX C
noMoInsio BelpaskeHus (1). Ilpu BeIYMcIeHNN HHTErpasioB (2) HCIOIb30BajICad METO Tparenuit
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Puc. 3. 3nauenust GpyHKUMI IUIOTHOCTEH paclpeieNieH s Cs U Cry AJISI UCCIeyeMoro GuiIbTpa
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Puc. 4. ITokazatenn 3 PEeKTUBHOCTH HCCIEAYEMOTO CAKEBOT0 QHIBTPA

Pe3ynbTarsl nccaeqoBaHUM OKa3bIBAIOT:

- xonmgectBo TU: Ha 1-M ydacTke - Bo3pacTaeT B 4,2 pa3a, Ha 2-M y4acTKe — YMEHb-
maetcs B 30,5 pa3, BO BceM uana3oHe — yBenuuuBaercs Ha 12 %;

- IJIOIIA/b TOBEPXHOCTH YacTHUIl: HA |-M ydacTke - yBenuuuBaeTcs B 2,9 pasa, Ha 2-M
y4acTke — yMeHblIaeTcs B 18,2 pasza, Bo BceM Iuana3zoHe — CHIKaeTcs B 5,9 pasa;

- macca TY: Ha 1-M ydacTke - Bo3pacTaeT B 3,55 pasza, Ha 2-M yYacTKE — YMEHbBIIIAETCA
B 49,1 pa3za, Bo BceM quana3oHe — cHuxkaercs B 16,1 pasa.

TakuM 00pa3zoM, Py 3HAYUTETHHOM YMEHBIICHHH CyMMapHOH MOBEPXHOCTH U MacChl
BCEX YacTHI] o0lIee UX KOJIMYECTBO BO3PACTACT 32 CUET YBEIMUYCHUS YKCIIa MEJTKOIUCIIEPCHBIX
gactuil ¢ pazmepamu 20...40 um. [Ipu 3TOM OTHOCHUTENbHAS JAOJS TAKUX YACTHUIL TIPU MIPOXO K-
JeHun yepe3 GuIbTp Bo3pacraer ¢ 26% 1o 98%.

BriBOo

ITpu ouennBanuu 3¢p(HeKTUBHOCTH PAOOTHI CaXKEBBIX (PUIBTPOB HEOOXOIMMO YUYHUTHI-
BaTh (PpaKIMOHHBIN COCTaB yIaBIMBACMbIX YacTHIl. KomIuiekcHas oreHka 3¢GQEeKTHBHOCTH
uccieayeMoro (GuibTpa mokasana, YTo NMpH 3HAYNTEIBHOM CHIKEHHHM MacCcOBOM KOHIEHTpa-
nuu nonHoro noroka THU — Ha 93,8 % cyliecTBEHHO BO3POCIN KOIWYECTBO — B 4,2 pasa, Io-
1a b NOBEPXHOCTH — B 1,9 pa3a u macca — B 2,55 pa3za MEJIKOJUCIEPCHBIX YaCTHILL C pa3Mepa-
mu 20...40 HM.
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HaBeneHo pe3ynpTaT# KOMIUIEKCHOTO OLIHIOBAaHHSA €()EKTHBHOCTI IH3EIBHOTO
Ca)KOBOTO (iIbTpa 3a MOKa3HUKaMU PaXyHKOBOI, TOBEPXHEBOI 1 MaCOBOT KOHIICH-
Tpariif TBEpUX YACTHHOK 3 BPaXyBaHHSIM IX JUCIEPCHOTO CKIIAMY.

Krouosi cnosa: ouzenvb, meepoi uacmunku, ginbmp casica, eghekmuericms, Ouc-
nepCHUil CKIA0, KOHYEHMPayisi.

The results of complex evaluation efficiency diesel soot filter are presented on the

indexes account, superficial and mass concentrations of particulate matters taking
into account their dispersible composition.

Key words: diesel, particulate matter, particulate filter efficiency, particulate
composition, concentration.
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POJIb PECYPCOCBEPEKEHHWSA B PEHIEHUH DKOJOI'MYECKHUX ITPOBJIEM

Pecypcocbepexenne, 3T0 COBOKYITHOCTh MEPOIIPHATHHI 1O TEPEBOAY TEXHOIOTH-
YEeCKHX IIPOIIECCOB IPOM3BOJACTBA Ha OepeximBoe 1 3(p(eKTHBHOE HCIONIB30Ba-
HUE CBIPBS, MATEPUAJIOB, TPYIa, KallkTasla, HEOOXOIUMBIX JUISl CO3JaHMs MaTepH-
aNbHBIX IeHHOcTeH. OHO o0ecreunBaeTcsi MOCPECTBOM HCIIONB30BaHUS HOBBIX
TEXHOJIOTHH ¥ MaTepHaJIOB MPUBOASIINX K CHIKEHHIO (DOHTOEMKOCTH ¥ MaTepH-
aI0EMKOCTH MPOAYKIMH; MOBBIILEHUIO MPOU3BOAMTENBHOCTH TpPYJa; COKpaIlle-
HUIO 3aTpaT )KUBOTO M OBEIECTBICHHOTO NPOM3BOJCTBA; MOBHIIICHUIO KayecTBa
MIPOIYKIHMH; PALOHANIFHOMY HIPUMEHEHHIO pabOTHI MEHEIXKEPOB U MAPKETOJIOTOB;
HCTIONB30BAHHUIO BBITOJ] MEXIYHAPOJHOTO pasfeneHus Tpyaa U 1p. COBOKYIHO
9TH MEpOIPUATHS NMPUBOAAT K CHIDKCHHUIO aHTPOIIOTEHHOTO BO3JCHCTBYS IPOU3-
BOJICTBEHHBIX KOMIUIEKCOB Ha OKPYXAIOIIYIO CPeay, YTO OIOCPEIOBAHO BEAET K
PELIEHHIO 3KOJIOTHIECKUX Mpo0IIeM.

Knioueswl cnosa: pecypcocbepesicenue, sxonocuueckue npoonemvl, 3Hepeodgpe-
KIMUBHOCb, 80300HO6IAEMbIE UCIMOYHUKU IHEP2UU, MEXHO2EHHble OMXO00bl, UH-
HOBAYUOHHbBIE MEXHUUECKUE PEeUEeHUs], «IHEPLOBO3MONCHBIEY OMXO00bL, IKONO2UYe-
CKU Yucmole Mamepuasl

ITocranoBka mpodJieMbl. Bricokast 9JHEPrOEMKOCTb, OTATOIIAIOIIASICS 3aBUCHMOCTBIO
9KOHOMHUKH YKpauHBl OT 3HAYUTEILHBIX 00BEMOB MMIIOPTHBIX SHEproHocuTenel (raza-64%,
He(TH-27%, yrin-12%), 3akynaeMbIX O MUPOBEIM LIEHaM, JUIS HY>KA IIPOMBILUICHHOTO MIPOH-
3BozacTBa M JKKX, ciioxHas 3Kosormyeckast CUTyalus B CTpaHe, KOTopasi B 3HAUNTEIbHONW Mepe
00ycIIOBIICHHAsI BpETHBIMH BEIOpOCcaMH B aTMoc(epy TPAAUIIHOHHOW METAJUTYypriH (IOMEHHOE
MPOU3BOJICTBO) M SHEPIETHKH, PAaOOTAIOIIEH 332 CUET CXKUTaHHsI NCKOMAEMOI0 OPTraHUIECKOTo
TOIUIMBAa. OTO, B CBOIO OYEPEib, BBI3BIBACT HEOOXOJMUMOCTh Pa3pabOTKU M OCYIIECTBICHUS
IUIAHOMEPHOM I'OCYAapCTBEHHOW MOJMTHKH B 00JIaCTH pecypcocOepekeHus, BO Bcex chepax
OO0ILECTBEHHOTO MPOW3BOJCTBA YKpaWHbl, KOMIJICKCHO YYHTBIBAIOIECH BO3MOXKHOCTU pellle-
HUS, TaKHUM 00pa3oM, M IKOJIOTHYECKUX mpobsieM. OCOOCHHO OCTPO Takas mpodiieMa CTOUT B
peruoHax, KyJa AeHCTBUSI BCEBO3MOXHBIX «IIEHTPAJbHBIX» MPOrpaMM IO AaHHOH TeMaTHKe
He BCer/ia JIOXOAAT M3-3a HeJI0CTaTKa (PMHAHCOBBIX CPEJICTB.

Lean u 3agaun uccaeT0BaHMii. 3a9acTyi0 MEPOIIPUATHS HANpaBJICHHbIE HA IEPEBOJ
TEXHOJIOTHYECKHX TPOLIECCOB B PECYpPCO- U HHEprocOeperaroime pexkxnuMbl BEI3BIBAIOTCS TIPHU-
YMHAMH SKOHOMHYECKOTO XapaKTepa U HE YUHUTHIBAIOT BO3MOXKHOCTEH CBA3aHHBIX C COITYTCT-
BYIOIIMM PELIEHHEM 3KOJIOIMYECKUX MPOOJIeM, 4TO CHIDKaeT HX 3(p(eKTHBHOCTh U HE T03BO-
JSIeT B TIOJIHOW Mepe peas30BaTh MOTEHIIMA HOBOBBeAeHUH. [1o 3Tol npuunHe nenecoobpa-
3HO paccMOTPETh U MOKa3aTh TECHYIO JIOTMYECKYIO CBSA3b M POJIb MPOIECCOB U MPOLEAYp pe-
CypcOcOepeKEeHUsI B PEIICHUH KOJIOTHYECKHUX MPOOIIEM.

OcHOBHasi YacTh BbINOJHeHHUs padoThl. [Ipy nocnenoBaTeIbHOM NPOBEACHUH I10-
JIUTHKA SHEProcOepeXeHNs U MOBBIIICHUH 3HEProd(h(eKTUBHOCTH NMPOU3BOACTBA B YKpauHe
3HAYUTEJIbHOC BHUMAHHUE MOXKET OTBOJHUTHLCS U CBS3aHHOI C 3THM OXpaHe OKPYKaroIeH Cpe/ibl.
[Ipu ompezeneHuH MOTEHIMANA dHEProcOepekeHns B YKpauHe U OCHOBHBIX HaIpaBJICHUN
MOBBILIEHHUS Pecypco- U 3HEPTro3(h(HEKTUBHOCTH €€ OOIIECTBEHHOTO MIPOU3BOICTBA HEOOXO0 U~
MO YYHTBHIBATh UX MTOJIOXKUTEIHHOE BINSHUE HA OKPY>KAIOILYIO Cpexy.

MOXXHO O0XHZIATh, YTO NPH YMEHBIICHHH PECYpCcO- M DHEPronOTPeOIeHHs CHU3UTCA
3arpsisHEHNE OKpYy’Karolei cpensl. BHeapenue pecypco- u 3Hepro3h(heKTHBHUX TEXHOIOTHH,
MaliH, 000pyJOBaHMs, MAaTepHAIOB M OBITOBBIX JIEKTPOIPHOOPOB, NMPOBENCHNE AKTUBHOM
sHeprocOeperaromieil MoJIUTHKH, UCIIOJIb30BaHNE HETPAJANIMOHHBIX BO30OHOBISIEMBIX HCTOY-
HHUKOB SHEPruH, aJbTEePHATUBHBIX BHUIOB TOIUIMBA W T.II. Pa3peliar oOECIeUUTh €XEroHYI0
AKOHOMHIO WJIM 3aMELICHUE YHEPropecypcoB, 100bUa M HCIOJIb30BAHHE KOTOPHIX HAa OCHOBE



"IpA3HBIX" 3aTPATHBIX TEXHOJIOTUIl yXyALIaIOT HKOJOTHUECKOE COCTOSIHUE OKpYXKarolel cpe-
JIbl B pETHOHAX.

HeiicTByromas B YkpanHe KoMriuiekcHas rocyapcTBeHHAs IporpaMMa 3Heprocoepe-
xkerns YipawHsl (KI'TID), oqHuM M3 CYIIECTBEHHBIX PBHIYaroB B PEMICHHWH YKa3aHHBIX IPO-
6meM, ompenenseT MPUMEHEHNE HE TPaJUIMOHHBIX BHIOB SHEPTHM: COJHEYHOE H3IydEeHHE,
BeTep, OrMoMaccy, THIAPOIHEPTUIO MAJIBIX PEK, TETIIOBYIO SHEPTHIO OKPY’KAIOMEH Cpebl, SHEP-
THI0O MOPCKHX BOJIH, TEPMaJIbHBIX BOJ, a TAKXK€ TEIUIOBBIE COPOCHI MPOMBIIUICHHOCTH U T.II.,
KOTOpBIE SIBIISIOTCS MEPCTIEKTUBHBIMU 1711 3()(EKTUBHOTO MCHONB30BAHUS Ha TEPPUTOPUH Y K-
pauHbl. Pecypchl HeTpaIMIIMOHHBIX M BO30OHOBIISIEMBIX HCTOYHUKOB 3Hepruu (HBUD) cyme-
CTBYIOT IIOCTOSTHHO M MOTYT OBITh HCIIOJIb30BaHBI B SHEpPreTHKe HaMHOTro 3(ddekTrBHEE, YeM
TpaJUIMOHHOE OPraHUYECKOE TOIIUBO.

Crenyer OTMETHUTB, YTO YKa3aHHbIE BO30OHOBIISIEMbIE NCTOUYHHKU 3HEPTHU SIBIISIOTCS
MPaKTUYEeCKHU HEUCUEPNaeMbIMU, UX NOTEHIMAN MOYTH HEM3MEHEH BO BPEMEHH, TEOPETHUECKU
uX J100bIYa U TPAHCIIOPTHPOBAHUE HE BBI3OBET CIIEUANIBHBIX OCJIOXKHEHHH, a UX MCIOJIb30Ba-
HHE JUIA HY)KI HEPTeTUKH MPAKTHIECKN HE BBI30BET KAKMX-JIMOO 3arpsi3HEHUH OKpY’KaIoIIeH
cpenbl. IIpobiemMa COCTONT B MX «PacCesTHHOCTH», TEXHOIOTUYECKON CI0XKHOCTH aKKyMyJIsi-
UM U TpaHchopMaIim.

B VkpanHe ecTh Bce MPEeANOCBUIKH Al HHTEHCUBHOTO Pa3BUTHUS MCIOIb30BAHUS HE-
TPaAWUIMOHHBIX WCTOYHHMKOB 3SHepruu. CoszmaHa WHGOPMAIMOHHO-aHAINTHYECKAs CHUCTEMa
OLICHKH MOTEHIMajIa BO30OHOBISIEMBIX U BTOPUYHBIX HCTOYHUKOB 3HEPTUH Y KpanHbI — "ATiac
HHEPreTUUECKOro MOTEHIMa a BO30OHOBIISIEMbIX HCTOYHUKOB dHEprun YKpauHsl". B cooTBer-
CTBHM C NMPUBEICHHOW B yka3zaHHOM "Artmace..."undpopmarmen, YKpanHa UMeECT 3HAUYUTEIIb-
Hble BO3MOXKHOCTH JUIsl TTOBBIILICHUSI YPOBHS SHeproodecnedeHus obyiacteil cBoeil 3JKOHOMHUKH
3a CUET UCIIOJIB30BaHMs HE TPAAUIMOHHBIX BUAOB SHepruu. [Ipu 3ToM, B 3HaUMTEILHON Mepe,
MOXeET OBITh YMEHBILIEHO OTPUIATEILHOE BIMSHHE HA IKOJOTUYECKOE COCTOSHHE OKpYKalo-
wei cpens [1].

Jlpyroe HamnpaBlICHHE PECypCOCcOEpPEKEHUSI COCTONT B IPIMEHEHUH TEXHOTCHHBIX OT-
X070B. Ha MpOMBINIIEHHBIX NPEANPUATUAX TOPHO-METAITYPrHYECKOr0 KOMILIEKCA U XUMHYE-
CKOM MPOMBINUIEHHOCTH B XapbKOBCKOM, JlHemponeTpoBckoi, JloHemKoi, 3amopoxckoil u
Jlyranckoil o0macTsX B TEXHOJOTMYECKHX IIPOIECCaX BO3HHKAET 3HAYNTEIHHOE KOJIMYECTBO
«9HEPrOBO3MOXKHBIX» OTXOJIOB, B BHJE HMCKYCCTBEHHBIX M ITPOMBIIUICHHBIX T'a30B, 0OBEMBI
HCIIOJIB30BaHUsI KOTOPHIX HE0OXO0ANMO MHTEHCUBHO HUCIOJIb30BATh I HYX] MPEIIPUITHA U
PETHOHOB, BMECTO IOPOTOCTOSIIETO MPUPOIHOTO rasa.

3HAYUTEIbHBIM HCTOYHHKOM aJbTEPHATUBHOIO Ta30BOT0 TOIUIMBA SBIACTCA METaH
YIOJIbHBIX MECTOPOXKACHUN. Ha TeKkyluii MOMEHT KOJIMYECTBO METaHa, KOTOPBIA IIOMEIAETCs
B YTOJBHBIX MJacTaX YKpawHbI, 110 MPOTHO3aM T'€0JIOTOpa3BeKH, paBHAETCA Oim3ko 12 Tpi.
M°. BEICOKas Ta30HOCHOCTh MPUCYIIAs HEMOCPEACTBEHHO YTONBHBIM ILIACTAM U IIOPOJAM, KO-
TOpBIE 3alIETAI0T BHICIIEE U HU3ILIEE YroJdbHBIX MIacToB. KommdecTBo MeTaHa, KOTOPBIN MMOMe-
IaeTcsl B TaKUX IMOPOAAX, NMPH YCIOBHU 3(P(HEKTHBHOTO HCIOJIB30BAHUS, MOXKET Oosee dem
YJIBOWUTH BBIIICHIPUBEICHHBIN MOKa3aTelIb. DTO TOBOPUT M O BBHICOKOM (hakTope prucka. YToib-
HBIE IaXThl YKPaHBI CYNTAIOTCSI HAaKnOOJIee 3ara30BaHHBIMY, a TIOTOMY 1 HanboJiee OMacHBIMU
B MHpe. B CBs3M ¢ NCIIONB30BaHUEM yCTapeBILIETO MM HECOOTBETCTBYIOLIETO 00OPYHIOBAaHUS,
OTpOMHBIE 00BEMBI METaHa, KOTOPBIE BEICBOOOXKAAIOTCS B TIOXOAKE MPOBEACHUS TOPHBIX padoT,
pPacTOYMTENBHO BBHIOPACHIBAIOTCS CHCTEMaMH BBITSHKHOW BEHTWIISLMK MPOCTO B aTMocdepy u
JIUIIb HEOOJIBIIOE KOMUYECTBO 3TOTO METaHA OTBOAUTCS KOHTPOJIUPYEMBIM CIIOCOOOM, a elle
MEHBbIIIEe KOJMIECTBO METAHA MCIIOJIB3YETCS ISl IOTPEOUTENBCKUX HYX 1. [2].

K anpTepHaTHBHOMY ra30BOMY TOIUIUBY, KOTOPOE TOXE MOXHO HCIOJIH30BATH, MOTYT
OBITH NPHUBJICYEHHBIE T'a3bl, TOOBITEIE C MAJICHBKUX T'a30BBIX, Ta30KOHACHCATHBIX, HedTeraso-
KOHJICHCATHUX MECTOpO’KAeHHH. [IporHo3Hble OGanmaHCOBBIE 3amachl 3THX I'a30B COCTABIIAIOT
30,9 mapa. M°[3].

Uepes moTepu B MecTax XpaHEHHS U 100bIYM HE(TH, a TaK Xke Ipu e€ nepepaboTke, 3a
MCTEKIIINE TOJbI, 00pa30BaINCh TEXHOTEHHBIE MECTOPOXKAEHUS B 00beMax 10 2,5 MIIH.TOHH.
EsxeronHo nonosHuTeNbHas motepsi B HeTenoObIdn cocTaBiseT 28 ThICAY TOHH, B HedTere-
pepabortke okono 0,3 MIIH.TOHH, a C y4eTOM HPHEMO-TPaHCIOPTHBIX omeparuid - g0 0,6



MJIH.TOHH. Heo0Xx01MMo poBOANTb paOOThI 10 M3BSTUIO MOTEPSHHBIX HEPTEHPOIYKTOB H HX
HOBTOPHOTO MCIONbL30Banus [ 3].

O06e3BpexuBaHne, myTeM 3(P(PEKTHBHOTO HCIIONB30BAaHMA, YKa3aHHBIX BBIOPOCOB HE
TOJBKO OKa3bIBAET COACHCTBHE YIyUIICHHIO SKOJIOTHIECKOTO COCTOSHHS OKPYXKAIOIIEH CpeIbl,
HO ¥ OJHOBPEMEHHO pa3pemiacT, 3a CUeT MCIOIb30BaHuA yka3aHHbIX HBUD, momyanTs normo-
JHUTEIBbHBIE 00BEMBI SHEpPropecypcos. IIpu 3ToM Kakaas ThICAda KHJIOBATT-4acOB HIICKTPOI-
HEPTUH, KOTOpasi BEIpadaThIBAETCA M3 yKa3aHHBIX OTXOAOB, MIPEIOTBPAILAET, B CPEIHEM, BBIO-
pockl B atMocdepy o 4,2 Kr. TBEpIABIX YaCTHICK, 5,65 KT. oKcuaa cepsbl, 1,76 Kr. okcuaa a3oTa,
a Kak/1as BbIpabOTaHHAS TUTAKALIOPUS TEIIOTHI - 0,2 K. TBEP/BIX YaCTHUI], CBBIIIE 3 KI. OKCH-
JIOB Cepbl M OJM3KO 1 KT BRIOPOCOB OKCHIOB a30Ta. DTO HATJISIHO HILTIOCTPUPYET B3aUMOCBSI3b
U pOJIb MEPOIPUSITHH 10 PECYpCcO- U IHEProOOECHEeUSHUIO C PEIIEHHEM 3KOJIOTHYECKHUX IPO-
O1em.

O061ue To0BbIe 00BEMBI BO30OHOBIIIEMBIX PECYPCOB OHOMACCHI COCTAaBIAIOT 115,5
MJIH.T., U3 KOTOPBIX BO3MOJKHBIH SHEPreTHYECKUi MmoTeHnuan no ouomacce cocrasiuser 22,0
MJIH. T.y.T., @ TEXHHYECKHN TOCTYITHBIH SHEPrONOTEHIINAT OIEHNBAaeTCA B 13,2 MIIH.T y.T. Ha TOA
[4].

Eme omHuM HampaBiIeHHEM 3HEProoOECHEUCHHMS SBISETCS NMPOAYKIMSA CEIBCKOTO U
necHoro xo3siictB. Ha ceromns, smms 0,3% Bcex sHEPropecypcoB, KOTOPhIE MOTPEOIISIOTCS B
YKpaune, IPUXOANTCA Ha TaKOH BO30OHOBIIIEMBIH NCTOYHHWK SHEPTHHM KaK COJIOMa, XOTS €ro
u3nuieK B YkpanHe oueHuBaetcs B 4,85 MutH.T. [1o O1leHOYHBIM pacueTaM, OOUIHMi MOTEeHIHA
HCIIOJIB30BaHMSI COJIOMBI KaK TOIUIMBA SBJISIETCS JOCTATOUHBIM M co3MaHus 13 ThIC. ManeHb-
KHX TerutoreHepupyoomux mourHocteit (0,1-1,0 MBtren) mmoc 700 TenaoreHepyO4YUx MOII-
HOCTEH JUIsl CUCTEM LIEHTPaJIM30BaHHOro TerocHatkenus (1,0-10,0 MBrren).

PacuetHble chipbeBBIE PECYpChl OTXOJOB JPEBECHHBI B JIECHOM XO35HCTBE YKpauHbI
Ha nepuoa 10 2015 rona cocraBmsaroT okoso 1080 Thic.M3 exXeronHo, IpU 3TOM OTXOJBI IpU
JIECHBIX 3arOTOBKaX COCTABIAIOT 837,6 Thic.M3, mpu aepeBooOpadoTke - 146,6 ThIC.M3 KycKo-
BBIX OTXOJIOB H 96 THIC.M3 MATKHX OTXOJOB (THPCHI, OMMIOK U T.11.) [1].

B motennnan sHeproobecnedeHnss MOKET BXOAUTH ObITOBOIT Mycop. B roponax u mo-
CelKax TOpPOJCKOT0 THUMa YKpauHbI €XErofHO HakamuBaeTcs: okono 40,0 maH.M3 OBITOBOTO
Mycopa, a 00beMBI €XKEroTHOr0 HaKOIUICHHS ITPOMBIIIUICHHBIX OTXOJ0B B YKpaWHe, B Iiepepa-
CYeTe Ha eJUHUILY IUIOIIAIH, IOYTH Ha MOPSAIOK MPEBBIIIAIOT MTOKAa3aTeNNn Pa3BUTHIX CTPaH, a
taoke Poccu. YunThIBas CTOMMOCTh YKPauHCKHX 3€Melb, Aaxe 0e3 MOoJCYeTOB, CTAHOBUTCS
MOHATHOM, KaKhe SKOHOMUYECKHEe YOBITKH HMeeT YKpauHa OT pa3MEIIeHUs YKa3aHHBIX OTXO-
J0B. Bce aTu 0TX0/BI MOUIEKAT pallMOHANBHON MepepaboTke U 00e3BpeKHUBAHHIO C TIOJTyYe-
HHEM JONOJHUTENbHBIX 00bEMOB aJbTEPHATUBHBIX YHEPTOHOCUTEIICH.

VYkpauHa UMeeT MOIIHBIE PECYPChl BETPOBON 3HEPIUM: FOJOBOM TEXHUYECKUI BETPO-
SHepreTrdeckuii moreHnuan pasHsercss 30 mipa. kBT. rog. C MOMONIbI0O BETPOYCTAHOBOK B
YCIOBHAX YKpaWHBI UMEETCSI BO3MOXXHOCTh HCIOJIB30BaHUA 15-19% romoBoro obbema sHEp-
THH BETpa Yepe3 IepeceueHre MOBEPXHOCTH BETPOKOJIEca, KOTOPOE JIaeT BO3M)KHOCTH Ha I1O-
JydeHHE B MEPCHEKTUBHBIX ISl 3TOTO PErHOHaX 00BbEMOB 3JIEKTPOIHEPTHH ¢ 1M2 nepecedeHus
wioniaay Berpokosieca B 800-1000 kBtu/M? 3a roj.

CpenHero10Boe KOJIMYECTBO CyMMapHOH COJHEYHOW pajuaniy, KOTopas MOCTyHaeT
Ha 1M MOBEPXHOCTH, Ha TEPPUTOPUU YKpauHbl HaxoauTcs B rpanunax ot 1070 kBrron/m2 B
ceBepHoii yacti Ykpaunsl U 10 1400 kBtron/m2 u Beiciie B aBTOHOMHOM pecnyOinke Kppim.
OTOT NOTEHNIHAN COJTHEYHOH 3HEPTHH SABJSIETCS JOCTATOYHBIM AJISI IIMPOKOTO BHEIPEHHUS Kak
TEIUIOIHEPTETUIECKOT0, TaK U (HPOTOBIIEKTPHUUECKOT0 OCHAIEHHS MPAaKTHUECKH BO Bcex obiac-
TAX.

I'uaposneprerndeckuit noreHnmai Manbix ['9C Ykpaussl (eAMHUYHAS MOIIHOCTD 10
30 MBT) Ha MabIX pedkax oreHuBaeTcs, 6e3 yueta Mukpo ['EC U mcrmons30BaHs BOJOTOKOB
CHCTEM TeXHHUYECKOro BomocHaOxeHus, B 2300-2400 MBr (12,0-12,5 mupx kBt1/9), uto cocta-
BIIAET OKOJIO 28% 0011ero rupornoTeHnmana Bcex peKk YKpanHbl, a IepBOOYEPEAHBINH IKOHO-
MHYECKH LeJIECO00pa3HbIi U HKOJOTHYecKH Oe30MacHbIi MOTeHIMaN (KOTOphI TpedyerT, ol-
HaKo, YTOUHEHHS - B OOBIYHBIX CUTYalUsIX HE MEHbIIE OJTHOTO pas3a B 5 JIET, a B HCKJIIOUHUTEIb-
HBIX Clly4asx - exxeroqHo) coctasisier 600-700 MBrt (3-7 mapa. kBT. rox). Kpome nemeBusHs



MOJYYCHHOW DJICKTPOIHEPTHH, TJIABHBIM NPEHMYILIECTBOM SBJISCTCS OTCYTCTBUE TOIJIMBHOU
COCTaBJIAIOLIEH B IIPOIECCEe MOIYYSHHUSI TOM 3JIEKTPOIHEPrHU Npu BHexpeHuH Manbix [D9C,
KOTOpAst AA€T MOJIOKUTEIBHBIH SKOHOMUYECKUH U AKOJIOTHIECKUH AP PEKT.

Hanuuue Ha TeppuTopun YKpauHbl 3HAUUTEIBHBIX PECYPCOB FEOTEPMAILHOM SHEPIHH,
o0mmmii MOTEHIMAT KOTOPBIX OIeHUBaeTCs BenuanHon 438 miupa. kBT/4 3a rox (4to paBHIETCS
3amacaMm TommBa B oObeme 50 MIIH. T y.II.), TIPENOTIPENeNseT IeIeCO00pa3sHOCTh Pa3BUTHSA
reoTepPMaNIbHOI SHEPTETHKN U HCIIOJIb30BAHUE T€0TEPMaIbHOI SHEPTUH ISl OTOIICHNUS, BOJIO-
CHaOXCHMS U KOHAWIIMOHUPOBAHUS BO3yXa B XKHJIBIX U OOIIECTBEHHBIX JOMAaX M COOPYKECHHU-
X B TOPOJax M CEIbCKOM MECTHOCTH, a TaKKe JJIsi TEXHOJOTMYECKOrO HCIIOJIb30BaHUS TIIy-
OGuHHOTO TerIa 3eMiIu.

B YkpanHe Ha aHHOE BpeMs SKCILTYaTUPYIOTCS TEIJIOHACOCHBIE CHCTEMBI TEIIOCHA-
O>xeHus 00ILEH TerIoBOH MOIHOCTEIO 8 MBT, KOTOpbIE YKOMIUIEKTOBAHBI MIMIIOPTHBIMH TEIl-
JIOBBIMHM HAaCOCaMH{ WJIM OTE€YECTBEHHBIMU XOJIOJIMIBHBIMU YCTAaHOBKaMHU, KOTOPHIE 3KCILTyaTH-
PYIOTCSL B pEKUME TEIUIOBOTO Hacoca. Pecypchl HU3KONOTEHIIMAIbHON TEIUIOTH! €CTECTBEHHOTO
¥ TEXHOTCHHOTO IIPOUCXOKACHHSI TOCTATOYHBI I CO3/IaHUS TETNIOHACOCHBIX CHCTEM TETIOC-
HaOXeHus 00IIeH MOIIHOCTRIO 0 23 Thic. MBT.

Ucxoms w3 srtoro, emé mocraHoBiIeHWeM KaOwHeta MUHHCTPOB YKpawHBI OT
31.12.97r. Ne1505 Opmma onobpena u peamusyercs «[Iporpamma rocyapcTBEHHOM TOAICPKKH
Y Pa3BUTHA HETPAAHUIIMOHHBIX H BO300OHOBIIIEMbBIX HICTOYHUKOB SHEPTUH, MAJIOH T'HAPO- U TEM-
JIOCHEPTeTUKN», B KOTOPYIO HEOJHOKPATHO BHOCHIINCH M3MEHEHUs 1 gonoiaeHus (2000, 2003,
2004, 2007rr) mia e€ KOHKpPETH3allud M COBEPIIEHCTBOBAHM. B 3THX NMpaBUTEIHCTBEHHBIX
JOKYMCHTax roBOpUTCA O HCO6XO}II/IMOCTI/I HCYKJIIOHHOT'O YBCIMYCHUA 00BbEeMOB TMPUBJICUYCHUSA B
TOHJ'II/IBHO-E)HepFCTI/I‘IeCKI/Iﬁ KOMILJIICKC praI/IHI:-I HCTPpAJUIIUOHHBIX U BO306HOBHHCMLIX HUCTo4-
HHUKOB DHEPTHH U XaPAKTEPHBIX JUISA KAKIOTO PETMOHA ajbTePHATHBHBIX BUI0B ToruimBa [ 1].

OTHMHU pELICHUSMH, ONpPEeSICHBI MEPONPHUSITHS 10 IHEProCOSPEKEHNUI0 B BEAYIIMX
00J1acTAX M CPOKU MX BHEIPEHHS, KOTOPBIE IIPEIyCMaTPUBAIOT PealU3annio IPOTHO3HBIX KO-
HOMHMYECKH IIeJIecO00pa3HbIX IOKa3aTeNiedl moTeHnuana sHeprocoepexkenns B 2010 roxmy -
58,7-65,7 miH. T y.11., B 2015 rony cOepexeHns 3HEPrOHOCHTEIEeH MOTYT cocTaBiiATh 77,7-93,3
MJIH. T y.1I. KanuransHele 3aTpaThl Ha pealn3aniio MEPOIPHATHHA JOJDKHBI cocTaBiATh B 2010r.
33,1-36,5 mupa. rpH., B 2015r1. - 46,5-52,7 mupa. rpH. CTpaTernueckoi 3amadeid mogo0HBIX
nporpamMMm  sIBIsieTcsl gocTikeHne 10 2015 roma SKOHOMH TpPAAWIMOHHBIX TOIUIMBHO-
OHCPICTUYCCKUX PECYPCOB 3a CUCT MCIIOJB30BaHUA HETPAAUIHUOHHBIX UCTOYHUKOB SHEPTHUU U
aNbTEPHATUBHBIX BHIOB TOIUIMBa B 00beMe 8-10% o0Iiero moTpeOIeHUsT SHEPropecypcoB B
Vkpaune[1, 2, 4].

K coxanenuto, depe3 OrpaHHYCHHOCTh LEJNEBOr0 (PMHAHCHPOBAHUS MEPOIPHUSITHN
s10# IIporpamMmMsl 1o rocyrapcTBEHHOMY OO/DKETY, TEMIIBI BBIIOJIHEHUS MPEIyCMOTPEHHBIX
€10 3a/1a4 u3 ucnoib3oBanuss HBMD B 3HaunTeIbHON Mepe 3aMeUTIINCh, a IPOBEICHHE MHO-
T'HX [IEPCIIEKTUBHBIX paboT 10 ee BHINOIHEHHUIO ObIIO0 BOOOIIE MPHOCTAaHOBIICHO.

ITpn 3TOM OAHUM M3 OCHOBHBIX 33JaHUH B yKa3aHHBIX IIPOTpaMMax, KOTOpBIE perJia-
MEHTHPYIOT BHEJIpEHHE HETPaAMIOHHOW SHEPreTHKHM M albTEPHATHBHBIX BHJIOB TOILIMBA,
SBJISIETCS YMEHBILICHUE OTPHUIATEIFHOTO BIMSHMS Ha COCTOSIHME OKPY’KaloIleH, coOIoaeHne
9KOJIOTMYECKOH 0€3011acHOCTH MPOMU3BOJICTBA, TPAHCIIOPTHPOBAHMS, COXpaHEHHs U morpedie-
HUS BEIPaOOTaHHOM YHEPTUH.

PazButne cdepbl anbTepHATHBHBIX HCTOYHUKOB SHEPTHHU TIPEyCMAaTPUBACT TAKXKE Iie-
PCOPUCHTAINIO 3HAYUTECIIBHOTO KOJINYCCTBA YKPAMHCKUX HAYYHO-HUCCIIEAOBATCIILCKHUX U MIPOC-
KTHO-KOHCTPYKTOPCKUX YUYPEXKACHHUH, MPOMBIIIJICHHBIX MPEANPHUIATHI Ha pa3paboTKy U H3ro-
TOBJICHUE KOHKYPEHTOCHOCOOHOTO 3HEPreTHYeCKOro 00OpyNOBaHMS JUIS DKOJIOTHYECKH YHMC-
TOW aJIbTEPHATUBHOW YHEPIeTHKH, KOTOpPOe OyJIeT UCII0JIb30BAThCS JUIsl CO3JJaHUs JHEProreHe-
PYIOIINX 00BEKTOB AIBTEPHATHBHON YHEPreTUKH B YKpanHe, a TakKe, B 3HAUUTEIbHOHN CTere-
HH, MOXET OBITh HAaNpaBJIeHO Ha 3KcHopT. [ImaHupyercs Takke HalpaBUTh YCUIINE yKa3aHHBIX
yupexJaeHuil Ha pa3paboTKy 3Heprod(pQeKTUBHBIX TEXHOJOTHH TOOBIMH HEPropecypcoB u3
HETPaIUIMOHHBIX HCTOYHUKOB YHEPTHH U MCIOJIB30BaHUE AIbTEPHATHBHOIO TOILUIMBA. Bee 310,
KpOMe OCHOBHOTO 3((eKTa, TONOIHUTEIBHO OyAeT OKa3bIBaTh COACHCTBHE CO3/JaHUI0 HOBBIX
pabovMX MecT M OAJEPIKKE OTEYECTBEHHOTO TPOM3BOCTBA.



MO>KHO ¢ yJIOBJIETBOPEHUEM OTMETHTb, YTO Ha CETOJHS B YKpanHe YK€ UMEIOTCS I10-
JIO)KUTEJIbHBIC TIPUMEPBI UCIIOJIb30BAaHNSI HETPAJAUIMOHHBIX U BO300HOBIJISICMBIX MCTOYHHUKOB
SHEPTHUH: HUCTIOIb30BAHNE BETPOBOH YHEPIHHU C IIOMOIIBIO BETPOBBIX AJIEKTPOCTAHIINH, COTHEU-
HOHM 3HEPTUH, YHEPTHH HEOONBIINX PEK, T€OTCPMAIbHON TEIIIOBOM IHEPTUH, NCKYCCTBEHHBIX
TOPIOYMX IIPOMBIIUICHHBIX I'a30B, METaHAa YTOJIBHBIX MECTOPOXKICHHH, COPOCOBOIO 3HEPIeTH-
YECKOT0 TOTEHIHaNa, OMOMacchl U TOOBITOr0 U3 Hee O6uorasa u T.1L.. [Ipu 3TOM, OnHaKoO, cie-
JIyeT OTMETHUTb, YTO HEKOTOPHIM M3 OOJBIIMHCTBA 00JacTe YKpauHbl, KOTOPHIE HCIONB3YIOT
HBUD, B cBfA3U ¢ UX KIMMAaTHYECKUMH YCIOBUSAMH U CHENHU(HUKON pa3BUTHS MaTepHAIBHO-
CBIpbEBOH 0a3sbl, Ie7eco00pa3Ho, B IEPBYIO OYepe.b, HANPABIATh CBOU YCHIIMSI HA Pa3BUTHE
HanOosee ONTHUMAIBHBIX JUIL HUX 110 3(Q(EKTUBHOCTH HampasieHui ucnoib3oBanus HBUD u
CO3/1aBaTh JJIEMOHCTPALIMOHHBIE 00BEKTHI U3 ITHX HAIPABJICHUH.

Ha texymuii MOMEHT, 3a cYeT BHEAPEHUSI TEXHOJIOTHH 110 MCIOJIb30BAHUIO HETPaau-
IIMOHHOW SHEPreTHKU M aJlbTEePHATUBHBIX BUIOB TOILUIMBA, 3a neproxa 2004 r. - 2010r. 6e3 ry-
OMTENHHOTO BIHMSIHUS Ha OKPY’KAIOUIYI0 Cpey yKe 100biTa 23,9 MIIH. T y.T. S9HEPrOHOCUTENEH
(B Tom umcie 3a 2010 rox 3TOT MOKa3aTeNs cocTaBmI 9,8 MiH. T.y.T). Biaarogaps sTomy cako-
HOMJICHBI 3HAUUTENbHBIE 00BEMBI TPAJUIMOHHBIX YHEPTOHOCUTENEH U CPEACTB U3 TOCYAapCT-
BEHHOTO OI0/KeTa Ha X MPHUOOPETEHHE TI0 MMIIOPTY.

@drHaHCHPOBaHHE TTOJOOHBIX IIPOEKTOB LEIECO00Pa3HO OCYLIECTBIATD 3@ CUET JCHE-
JKHBIX TIOCTYTIJICHUH, TIOJTy4EHHBIX OT MPOJAKH KBOT Ha 00€3BpEKHNBAaHUE BBIOPOCOB MapHHUKO-
BBIX I'a30B ¥ TETIJIOBOTO 3arpsA3HEHMS OKPYXKaloIel cpepl, B cooTBeTcTBUM ¢ Krotckum IIpo-
TOKOJIOM U Pamounoii kouBeHimerr OOH 00 m3MeHeHun KiuMaTta. DTH (UHAHCOBBIC PECYPCHI
MOTYT OBITh MCIIOJB30BaHbI Uil pa3paO0OTKKU U MPUBJICYEHHUs HOBEHIINX TEXHOJIOTHIl U Mare-
pHaoB, HEOOXOAUMOr0 OCHAIIECHHS U 000pPYAOBaHUS B chepy IHEpProcOepekeHHs, U aKTUBHOE
BHEAPCHUC UX B IPOMBIIIJIICHHOM ITPOU3BOJICTBEC praI/IHLI.

BrIBOaBI

TakuM 00pa3oM, OCHOBHBIMH HAaIIPaBJICHHSAMH B 00JaCTH YCOBEPIICHCTBOBAHHS U pe-
IFHOTO TNPHMEHEHUs pecypcocOeperaomnx U 3HeprodpEeKTUBHUX TEXHOJIOTUH, MCHOIb30-
BaHME KOTOPBIX, 3HAYUTEIHFHO CHIDKACT TEXHOTCHHBIE HArpy3KH Ha OKPYXKAIOIIYIO Cpexy, Mo-
TYT OBITE:

1) TEeXHONOTMH COBMECTHOTO M3TOTOBJICHHS TEIUIOBOW ¥ ANEKTPHYECKOI SHEepruu Ha
JEUCTBYIOIINX OOBEKTaX JJIEKTPOIHEPIeTUKH, TEIUIOBBIX KOTENBHBIX YCTAHOBKaX IMPOMBIII-
JICHHOCTH, B KOMMYHAIIbHO# cepe, B CUCTEMax Tra3oNepeKavynBaroOINX arperaTtoB. YKa3aHHas
TEXHOJIOTHS paspeliaeT JOCTUYL YMEHBIIEHHs BLIOpOCOB Bpeaubix razos (CO u NOY) 3a cuer
YCOBEPIIIEHCTBOBAHUS TEXHOJIOTHH HCIIOJIb30BAaHMS TOILUINBA, KOTOPOE MMEET MECTO NMPH Kore-
HepALWH, 4 TAK)KE 3HAUNTENHHO YMEHBIIHTb BHIGPOcs CO?, B CBS3H C TEM, Y4TO MPOHU3BOACTBO
3JIEKTPUYECKOI SHEPTUH, ITPU 3TOM, OYJIET OCYIIECTBIATHCS 33 CUeT 3PHEKTUBHOTO HCIOIB30-
BaHMS TEIUIOTHI CrOPaHMs TOIIMBA HA YK€ JEHCTBYIOIMX 00BEKTaX, TO €CTh 0e3 JOIOJIHHUTE-
JIBHOTO MPUMEHEHHS JHEPropecypcoB. ITo yMeHbleHne Bribpocos CO® GyaeT JOCTUTHYTO 3a
CYET CHW)KEHHS MCIOJIb30BAHMUS TPAJUIIMOHHOTO TOIUIMBA AJIsI IPOU3BOJICTBA HIICKTPOIHEPTHH
Ha TOLl. Takoif MOAXO] IMOMOXET PEIIUTh W MPOOJIEMY HMHKOBOH HArpy3KH IO TEIUIOBOH U
3JIEKTPUYECKON SHEPTHUH, a TAKKE MTPEAOCTABUT BPEMs ISl CIIOXKHBIX PaOOT MO PEKOHCTPYKIMH
00BEKTOB OOJIBIIION SHEPTETHUKH.

B 1niestom, 3a cueT KOreHeparMoOHHBIX TEXHOJIOTHH, MOXKET OBITh TOCTUTHYTO :

e  yMeHbIICHHE MOTpeOsIeHNs TOIUIMBA Oe3 yMEHbIIEHH 00beMa IPOU3BOICTBA
HPOAYKIMH U TIPEIOCTABICHUE YCIIYT;

®  JIOTIOJIHUTEIHHOE MPOM3BOJCTBO 3JIEKTPHUECKONH IHEpruu Oe3 MpUMEHEHHS
JIOTIOJTHUTENEHBIX 00BEMOB TOIIMBA M C CE0ECTOMMOCTBIO TAKOH 3JIEKTPO3-
Hepruy, B 2-2,5 pa3a HIKe, 4YeM CYIIECTBYIOIIAs CETOAHS Ha MIEKTPOCTAHIIH-
SIX;

e pHBecTHUMH Ha | KBT ycTaHOBIeHHOH MolIHOCTH Oojee 4eM B 2 paza MEHb-
ie, 4YeM 10 IPYTHM TeXHOJIOTUSIM;



®  BO3MOXXHOCTH NPUBJICUCHHS] 3HAUYUTEIHLHON YacTH CPEJCTB JJIsl HHBECTHLINI B
9HEprod(QPeKTUBHBIC TEXHOJOI'MH OT MHOCTPAHHBIX MapTHEPOB Ha OE3BO3B-
paTHOI OCHOBE 3a CYeT KBOT Ha BEIOPOCH B aTMOChepy;

®  BO3MOXXHOCTbH TIPHBIICUCHUS CPEACTB, BEIPYUYCHHBIX OT PEaIM3aLlH 3IEKTPO-
SHEPTHH, KOTOPhIE 3HAYNTEIHHO IPEBHIAIOT HHBECTUIIMOHHBIE CPEACTBA Ha
BHEJ[PEHHE YKa3aHHBIX SHEPTOCcOEPETArONINX MEPONPHUITHIL, B Apyrue obmac-
TH.

2) TexHoNOTHM COBMeIIAIOIIKE O0IIee MPOM3BOJICTBO MEXAaHHUYECKOH, TEIUIOBOH H
JJIEKTPUYUECKOI SHEPTUH HA JEHCTBYIOMINX Ia30IPOBOJIaX. DTO pa3peluT 00ecneunTh nepeKa-
YKy HEOOXOIMMOI0 KOJIMYECTBA JIONOJIHUTEIBHOrO ra3a 0e3 JOIOJHHUTEILHOT0 NPUMEHEHHUS
TOIUINBA, MOCKOJIbKY HepeKayKa ra3a HOBBIMU Ta30MPOBOAAMH, COOPY)KEHHBIMU B CYILECTBY-
IOIIMX KOPUIOpax, OCYIIECTBISIETCSI C MPUMEHEHHEM DJIEKTPOIPUBOAA IIPU HE3HAYHUTEIBHBIX
MOTEPSIX DJIEKTPOIHEPTUH, KOTOpAasl MepeaaeTcs OT KOMIIPECCOPHBIX CTAHIMH JEHCTBYIOMINX
ra3onpoBOJIOB K HOBBIM Ha HEOOJIBILIOE PACCTOSTHUE.

3) VMlHHOBaIMHU B aBTOTPAHCIIOPTE HANPABJICHHBIC Ha CHIDKEHHE €r0 BPEIHBIX BBHIOPO-
COB B aTMoc(epy MyTeM HCIONb30BaHUS HU3KOMOJCKYIAPHBIX TOIUIMB (€CTECTBEHHOTO Tasa,
TOIUTMBHOTO 3TAaHOJNA B CMECH C HEITWIIOBBIM OCH3MHOM), a TAK)KE MCIIOIB30BAHUE CIICIHATb-
HBIX NIPHUCAIOK K CMa304HBIM MaciaM, KOTOPBIC OKa3bIBAIOT COACHCTBUE YMEHBIIECHHIO ITOTpe-
ONeHNS TOIUTMBA U CHIDKCHHUIO BPEAHBIX BHIOPOCOB aBTOTpaHcHopTa. [IpuMeHeHne kak MOTop-
HOTO TOIUIMBA CXKATOTO ECTECTBEHHOTO Ta3a B 00hEMAX OKOIO 2,5 MIPA. M° Ha FOJ PA3pELIHT
3aMecTUTh 10 1,5 MIIH.T. peaKoro ToruiMBa. [IpiMeHeHue crienuanbHBIX OTEUYECTBEHHBIX MPO-
TUBOM3HOCHBIX NPUCAZOK K CMAa30YHBIM MaTepHanaM Ha OCHOBE CUHTETHYECKOTO JUCYIb(ua
MosnbeHa 00beMoM 160 THIC.T. B TOJl AaCT BO3MOXKHOCTb €XKETOJHO SKOHOMUTH 250 ThHIC.T.
MOTOPHOTO TOIUTMBA, YMEHBIIUTh yrap mMacesl B 2-6 pa3, YBEINYUTh MEKPEMOHTHBIA TEPHO.
paboThl nBHrartens B 2-3 pas3a, COKpPATHTb TOKCHYHBIE BBIOPOCHI OTPabOTaHHBIX ra3oB B 2-4
paza. HeoOXoaumple MHBECTHIIMU Ha MPOrpaMMy BHEIPEHUS NPHCATOK cocTaBaT $2,4 MIIH.
Vcnonp30BaHye TOIUIMBHOTO 3TAHOJA AACT BO3MOXKHOCTH PEATbHO YMEHBUINTH, PH HBIHEII-
HHX YCIIOBHSIX, €KETOJHOE MOTpeOIeHNEe MOTOPHOTO TomnBa Ha 0,5 MIH.T. (TIpH MPUMEHEHUN
8-10% nobaBku k OeH3MHY). boiee cymecTBEHHOrO YMEHBIICHHS ITOTPEOJICHHS MOTOPHOTO
TOIUIMBA MOKHO JIOCTHYb JINIIb TIPH YCIIOBUM HACTOHYMBOM peai3alliy CIEHHaIbHBIX MEPOTI-
PUATHH, HaNpaBICHHBIX HA YBEIMYCHHE 00BEMOB MPOHU3BOCTBA TOILTMBHOIO 3TaHOMA (co31a-
HHE SHEPreTHYEeCKUX IJIAHTALUKA IS BHIPAIUBAHUS KYJIBTYD, U3 KOTOPBIX MOJIYYaroT 3TaHOI,
MOBBILICHHE YPOXKAHHOCTH ATHX KYJbTYp, JUBEPCUPHUKALUN UCTOYHHKOB MOJYUEHHS CHIPbS
JUIsL IPOU3BOICTBA dTaHona u T.11.) [5].

4) YacTHuHBI WM MOJHBIN, B CIIydasx KOT/IAa 9TO TEXHOJOTHYECKH BO3MOXKHO, Iepe-
BOJI IPOM3BO/ICTBA I/I€ B KAYECTBE COCTABHOT'O AJIEMEHTa Iporecca GopMooOpa3oBaHHUS HCIIO-
JB3YIOTCS CBA3YIOIIME MaTepHaibl, HA HOBBIC SKOJOTMYECKH YHCThIE U 3((EKTUBHBIE CBA3Y-
IOIIMEe MaTepHaJIbl HA OCHOBE NMPOAYKTOB MEpepabOTKN pacTUTEIHHOTO CHIPBS (MOIUMUINPO-
BaHHBIE TEXHUYECKUE JIMTHOCYIIB(OHATHI), YTO MO3BOJIUT 3HAYNTEIHHO, a B HEKOTOPBIX CITyda-
SX TIOJTHOCTHIO UCKIIFOUUTh W3 TEXHOJOTMYECKOTO IUKJIA HICTOYHUKH 00pa30BaHMUs KaHIepore-
HOB — MAcIISIHBIE W CMOJISIHBIE CBSI3YIOLIME MaTepHajbl. DTO MO3BOJIUT CYIIECTBEHHO YIIyd-
IINTH SKOJIOTHYECKYIO OOCTAHOBKY B NMPOMBIIUICHHBIX PErHOHAX Y KPaWHBL, I/Ie Pa3MeIaroTcs
METaJlypPruuecKue, JUTEHHbIE U MAlIMHOCTPOUTEbHBIE Tpeanpusatust [6].

5) Pa3Butue BeTpPOIHEPTETHKH, TEITUOIHEPTETUKH, HCIOJIH30BAHNUE THUAPABIUYECKON
SHEPTUHU MaJbIX peK, HapalliBaHHWE NPOU3BOJICTBA U aKTHBHOE HCIIOJIb30BaHUE OHoOrasa, a Ta-
KXK€ MCKYCCTBEHHBIX TOPIOYMX T'a30B METALTYPrHYeCKOW M XMMHYECKOH MPOMBIIUICHHOCTH,
KOTOpBIE PACTOYHMTENILHO BEIOPACKIBAIOTCS B aTMOC(EPY U 3arps3HSIOT BO3LYLIHOE TPOCTPAHC-
TBO.

6) IlpoBenenune KoMIIEKCa MEPONPHATHH IO MOBBIMICHUIO YHEProdPPEeKTHBHOCTH B
KOMMYHAJIbHOM CEKTOpE, HalpaBJICHHBIX Ha YCOBEPIICHCTBOBAHNE Ta30MCIIONIB3YONICH arma-
paTypbl, OpraHNU3alMI0 yueTa SHeproHOCUTeNeH, yTeIUIeHNne CYIECTBYIONINX 3JaHuH, peKOHC-
TPYKIHMIO TEIUIOBBIX CETEH, NCII0JIb30BaHHE HOPMATHUBOB M CTaHAAPTOB, YUUTHIBAIOIINX SHEP-
ro3(GeKTHBHOCTh MPH CTPOUTEILCTBE HOBBIX COOPYKEHHH.



Peanuzanus nepedncieHHbIX TEXHOJIOTHYECKUX MPOLECCOB JAaCT BO3MOXKHOCTh COKpa-
itk Ha 30-50% noTpeGieHus raza IpH NMPOM3BOACTBE IJIEKTPUUECKON JSHEPIUH, HalaIuTh
MPOU3BOJCTBO BBICOKOTEXHOJIOTHUECKUX U3JENUI IMUPOKOr0 CIEKTPa MPUMEHEHUS C BEICOKUM
PBIHOYHBIM MMOTEHIUAIOM U3 YKPAHHCKOTO CBIPBSI.

VYcoBepIIeHCTBOBAaHNE OpPraHU3alUK YIIPABICHUS PECYpPCO- M IHEProcOEpEeKCHUEM,
CO3JJaHUE JEMOHCTPAIIMOHHBIX 30H U 0OBEKTOB, OIPEIEIICHUE ONTHMAIBHBIX IIyTeH U BO3MOX-
HOCTeH (PMHAHCHPOBAHMS M BHEAPECHUS SHEProd(P(PEKTUBHBIX TEXHOJIOTHH MO3BOJIUT 3HAYHTE-
JBHO YIYYIIUTh YKOJOTHYECKYIO CUTYallHIO0 KaK B OTAENBHBIX PETHOHAX, TAK U B YKpaWHE B
LETIOM.

OpraHu3alnnoHHO, B OCYIIECTBICHUH YKa3aHHBIX MEPOIPUITHH Lenecoo0pa3Ho Mak-
CHMAaJIbHO HCIIOJIb30BaTh TMOKKE (POPMBI B3aUMOJICHCTBHSI MEXAY OpraHaMH rocyJapcTBEHHO-
rO YHpaBJICHUs. ¥ HENPABUTEIbCTBEHHBIMU OPraHM3alMsIMU OOLECTBEHHOCTH B HalpaBiICHUH
MOJIEP)KKA MEPONPHATHH, KOTOpble pa3pabaThiBaroTCs Kak Ha [IpaBUTENILCTBEHHOM ypPOBHE
VYKpauHBI, TAK U B perMOHaxX, HA yPOBHE MECTHBIX BiacTel. LlenecooOpa3Ho Ha JaHHOM JTare
KOOPJIWHHUPOBATH 3Ty JESATENBHOCTD C BEAYIINMH B JaHHOH 00IacTH MEKITYHAPOAHBIMH ydac-
THUKaMH, KaK Ha ypOBHE MHCTUTYTOB, TaK U HAa yPOBHE OTIEIbHBIX CIELHAINCTOB U JKCIEP-
ToB. [locienHuMH, MpeXxae BCETo, MOXKET OCYIIECTBIATHCA M HGOPMAIIMOHHAS TTOJACPKKA H
BHEJPEHNE OPUCHTHUPOBAHHBIX HA PBHIHOYHBIC MEXaHM3MBI 3HEProd((HheKTHBHBIX TEXHOJIOTHH
YMEHBIIECHUS TYOUTENBbHBIX I OKPY)KAIOIIEH cpeibl BEIOPOCOB MAPHUKOBBIX I'a30B, BKIFOYAS
TEXHOJIOTHH, KOTOPbIE UCIIOIb3YIOT BO30OHOBIISIEMBIE 3HEPTOPECYPCHI.

Bcé 310 MmmocTpupyeT TECHYIO B3aMMOCBA3b MEPONPHATHH II0 pecypco- U 3Hepro-
cOepeXeHHIO C PellICHHEM KOHKPETHBIX 9KOJIOIMYECKUX MPOOJIeM U OOLIMM YITydIIEeHHEM COC-
TOSIHUS IPUPOJHOM Cpelibl Y KpauHBbl.
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Saving of resources means the aggregate of measures directed to changing of
technological processes of production on more thrifty and effective use of raw
material, materials, labour, and capital, necessary for the production of material
values. It is provided by means of the use of new technologies and materials
resulting in the reduction in consumption of fond and materials of products; in the
increase of the labour productivity; in reduction of living and materialized
production costs; in upgrading of products' quality; in rational application of work
of managers and marketing specialists; in the usage of benefits of international
division of labor et cetera. In common these measures result in the decline of
anthropogenic influence of production complexes on an environment, that is
mediated conduces to the decision of ecological problems.



Key words: Saving of resources, ecological problems, energy efficiency, renewed
energy sources, techno-made wastes, innovative technical decisions,
"energypossible" wastes, ecologically clean materials

Pecypco3bepexenHs 11e KOMIUIEKC Ail COpSIMOBAaHUX Ha MEPEBEACHHS TEXHOJIOTI-
YHUX HpOlLeciB BUPOOHUITBA HA OepeXinBe Ta eeKTHBHE BHUKOPUCTAHHS CHpPO-
BUHH, MatepiaiiB, mpari poOiTHUKIB, KaliTalxy, HEOOXIIHUX JJII CTBOPEHHS Ma-
TepialbHUX HiHHOCTeH. BOoHO 3a0e3medyeThest 3a paxXyHOK BIPOBAKEHHS HOBIT-
HIX TEXHOJOTIl Ta MaTepianiB sKi IPH3BOAATE 10 3HIKEHHS (POHIOEMKOCTI IpO-
JTyKUii; MABUIIEHHS NPOAYKTHBHOCTI Mpali; CKOPOUCHHS BUTPAT HA BUPOOHHUIIT-
BO; MiJBHIICHHS SKOCTI MPOAYKILIi; pamioHamizamii poOOTH yIpaBIiHCEKOTO Hep-
COHaIly; BUKOPUCTAHHA IlepeBar Bil MKHAPOIHOTO po3moniry mpari. Pazom Bce
1Ie BeJie JI0 3HW)KCHHS aHTPOIOI€HHOTO BIUIMBY BUPOOHHYMX KOMIUICKCIB Ha J10-
BKLJIJISL, 1[0 OTIIOCEPEAKOBAHO PO3B’S3y€ €KOJIOTIYHI POOIeMH.

Kniouosi cnosa: Pecypcosbepedicenns, exonociuni npobnemu, enepeoedexmus-
HICMb, NOHOBNIOBAHT OJicepena eHepeli, MeXHO2eHHI 6i0X00U, THHOBAYIHT MeXHIu-
Hi DIWEHHS, «EHEP2OMONCTUBLY BI0XO0U, eKOIOSIYHO YUCmI Mamepianu

CeunopoeB F0.A. — KpacHonoHCkHi (haKyJdbTET WHXEHEPUH U MCHEIKMEHTA, 3aMECTUTEIb JICKaHa,

JIOLIEHT;

Antexapp M. /1. — KpacHogoHCKHIA (aKyIbTeT HHXEHEPUU U MEHEIKMEHTA, IeKaH, Ipodecop, K.X.H.;
Antexapp B.JO. — crymenTka 4-ro kypca KpacHomoHckoro QakynpTeTa WH)XEHEPHH M MEHEIKMEHTA,

oOyyaromiascs 1o CIeNHaIbHOCTH MEHEKMEHT BHEITHEAKOHOMUYECKOU J1e-
SITCIIBHOCTH.
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Jans, nexan, 3aBenyromuid kadeapoir DKOHOMUUECKONH KHOCPHETHKH, TOK-
TOp TEXHUYECKUX HAYK, JOKTOP SKOHOMUYECKUX HAYK.
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PEKPEALIMOHHBIN MOTEHIUAJI FOTO-BOCTOYHOM YACTHU JYTAHCKOM
OBJIACTHU U EI'O UCHOJIb30BAHUE B TYPU3ME

B cratbe paccMOTpeHBI peKpEealiOHHBIE BO3MOXHOCTH IOT0O-BOCTOYHOM 4YacTH
Jlyrancko#t 061acTH, IpeIIokeH CUCTEMHBII MOIXO0 K UX UCIOIb30BaHHUIO, TaHbI
TIPEIOKEHUSI IO OpTaHU3aIMU TYPUCTHUECKOTO OM3HECa Ha MECTHOM ypOBHE.

Kniouesol cnosa: pexpeayus, mypusm, peKpeayuoHHO-MYPUCTIUYECKUL DBIHOK,
NPUPOOHbIE TAHOUADMBL, MYPUCIIULECKUE MAPULPYIIbL, DEKPEAYUOHHbIE PeCYPChbl
AHMPONOSEHHO20 NPOUCXONCOCHUS!, «3ELEeHbIl MYPU3M», 6a3bl OMObIXA, 3aAWUMd
OKpYIHCcaroweli nPpUPOOHOLL Cpedbl.

ITocranoBka npodJemMbl. COrIacCHO 3aKOHOJATENBCTBY Y KPauHBI PETHOHOM CUHTae-
TCSl aAMUHUCTpaTuBHAs o0nacTh [1]. Ha ypoBHE pernona, 0OBIYHO, PEUIAIOTCS SKOJIOTHIECKUE
¥ 5KOHOMHYECKHE 33/a4M, HAMEYaloTCsl CTPATEerMy Pa3BUTHS XO3SHCTBEHHOTO KOMIUICKCA,
3aIUTHI OKPY>KAIOIEH Cpebl.

He mocnenHo0 poib B pa3sBUTHH 3KOHOMHMKH 00JaCTH MOTYT CHITpaTh HE TOJBKO €&
MPOMBIIIJICHHBIA MOTEHINAT, HO U €€ IPUPOAHO-pecypcHble BO3MOXHOCTH [2]. OcobeHHO
HUHTEPECHO, OLIEHUTh PEKPEALlMOHHBIE PECYPChl PETHOHA, BO3MOXKHOCTU UX HCIIONB30BaHUS HE
TOJIBKO JJIs TIOJIHOIIEHHOT'O BOCCTAHOBJICHHS YeNIOBEKa, HO M IS CO3JaHUS CTPATErMU 3KOHO-
MHYECKOT0 pa3BUTHsI 003acTH, GOPMHUPOBAHUSI PEKPEALMOHHO-TYPUCTHYECKOTO PhIHKA, Mpa-
BWJIHOTO MPUHSTHS 1 BBIIIOJIHEHHUS YIIPaBICHYECKUX PEIICHUH B IPUPOIONOIb30BaHMH [3].

Hecwmotps Ha To, uto Jlyranmmna (Boctounsiii JJoHOacc) — MPOMBIIIICHHBIA PETHOH,
OHA UMEET PA3BHUTOE CEIBCKOE XO3SIMCTBO M 3HAYUTENBHBIE PEKPEallMOHHbIE pecypcHl [4].

K pexpeannonnsiM pecypcaM JIyraHckoil 00acTH OTHOCST JIECHBIE MacCHBBI BJOJIb
pexu CeBepckuit JloHen, Oalipaunsple yieca obmacth, peka Ceepckuii JloHer ¢ mpuTOKaMu
(Aiimap, Jepkyn, b.Kamenka u npyrue), mpyabl, BOXOXpaHWINIIA, HEMHOTOUYHCIICHHEIE 03epa.

VIMeHHO TYT HaXOAATCSA MECTa OTAbIXA JyraHYaH — O3I0POBUTENIBHBIC JIarepsl, MaHCH-
OHaThI, 0a3bl OTJBIXA, Aau [5].

[Mpuponueie ganamadTH 00JaCTH NPEACTABICHBI TAKXKE LEITMHHBIMH KaMEHUCTHIMU
CTETSIMHU, Y4aCTKaMH HCKYCCTBEHHBIX JIECOB, CKAaJIbHBIMH BBIXOJaMH, HEKOTOpPBIE U3 KOTOPBIX
SBIISIOTCS 3amoBeIHBIMU. Hanudue 3amacoB Jie4eOHBIX MUHEPATbHBIX BOJ (OpOMO-XJIOPUAHO-
HaTPUEBBIX, CEPOBOJIOPOAHBIX, PaJJOHOBBIX) U JaHAMA(THO-KIMMAaTHIECKHAE PECYPCHI CIIOCO0-
CTBOBAJIM CO3JIaHMIO B OOJIACTH CAHATOPHEB M JETCKUX O3JOPOBHTENBHBIX Jarepeit: «O3zep-
Hbll» B KpemeHckoM, «Kemuyxkuna» B HoBomnckoBckoM, «Bocrounsiit» B KpacHogoHCKOM
paiionax, Ctapobeibckasi BoJoIe4eOHNIIA, NETCKIUH 0310pOBUTEIBHBIN Jareps «JlecHas momus-
Hay» u apyrue [4].

BaXHBIMHU 037J0POBHUTEIILHBIMH LICHTPAMH CTaJIM 30HBI OONBIINX BOJOXpaHuinI Exa-
KHEBCKOT0, JIyTyrHHCKOTO0, oMY ISIPHOCTHIO MOJIB3YIOTCS IEHTPHl OPraHU30BaHHOTO OT/IBIXA B
Kpemennoii, cene Xenrowm, c. bonbmoit Cyxomon [5].

[IpuponHbie peKkpeanvoHHbIE PECYpPCHl IOMOJIHAIOTCS pecypcamMH aHTPOIOTEHHOTO
MPOMCXOXKACHUS: MapKH, UCTOPUYECKHE MaMATHHUKH, MY3€H, PEJIMTHO3HBIE COOPYXKEHUs, Ha-
mpuMep, Takue Kak My3seil «Mosoaas reapaus» B I. KpacHOOH, Xy/10’KeCTBEHHBIN KpaeBeaue-
ckuii, ucropuu Jlyrancka B r. JIyranck, «Kucenea 6ankay, XxpaMoBble coopyxeHus B T. Cra-
pobenbcke. MHTEpec MpencTaBiIsioT 3al0BEIHUKN U 3aKa3HUKU JIyraHIIWHBI, KOTOPbIE 3aHU-
MaroT 2,5% teppuropuii obsactu [6], MOTYT OBITh 00OBEKTaMU SKCKYPCHH M BKIIFOUATHCS B TY-
pHUCTUYECKHE MAPIIPYTHI [5].

OtMeTnM, 4TO B paclpe]elieHnH PEKPealMoOHHBIX PECypcoB HAOJIONAETCsl Ompee-
JIEHHAs! IUCIPOIOPLUSL.



HauGonpmmii cipoc Ha BOCCTaHOBJIEHHE 370POBbS HAOIIOAAETCS B MPOMBIILICHHO-
HACBILIEHHO! I0)KHOW 4YacTh, a HauboJee KauecTBEHHbIE 3KOJIOTMYECKH YUCTBIC MPHUPOIHBIC
pecypchl cocpeloToueHBl Ha ceBepe obmactu [5,6]. [Tostomy B nokymente «IIporpamma pas-
BUTHS Typu3Ma B Jlyranckoit obmacti» Ha 2002-2010rr. [S] OCHOBHOE BHUMaHHE 00paImaeTcs
Ha pa3BUTHE TyPHCTHUECKUX MapIIPyTOB Ha FOTe 0OJACTH, TOIBKO CBS3aHHBIX C MATPUOTHYEC-
KM BOCITUTaHHEM.

Henb padorsl. [TokazaTh, YTO I0r0-BOCTOYHBINH PETMOH IO KIMMATHUYECKUM, PEAKIU-
OHHBIM pEcypcaM, CBOEMY Treorpa()uuyecKkoMy IOJOXKEHHIO MOXKET OCYIIECTBISITH OIHOBpE-
MEHHO CTPaTeruio MPHOPUTETHOCTH PA3BUTHS PEKPEALIMOHHO-TYPUCTUYECKON cdepsl U cTpa-
TETU0, OPUEHTUPOBAHHYIO Ha YIOBJIETBOPEHHE BHYTPEHHMX 3alpOCOB B 0310POBHUTEIBHBIX
yemyrax [7].

H3noxenne ocHoBHOro MaTepuaJja. lOro-socrouynas yacts Jlyranckoii obnacru, Ha-
30BeM e€ «PernoHOM» YCJIOBHO, (TT. KpacHonoH n CBepAsIOBCK U MpUIeraroliue K HUM paio-
HBI) HaxozsTcs BONW3M MEXIyHapoaHbIX Tpacc Jloneuk-M3Bapuno-Bomrorpan, JlyraHck-
PocroB, rpannuar He Tonbko ¢ JIyryruackuM, PoBeHbkoBckuM, KpacHomyuckum, AHTpauuTo-
BcknM, CranngHo-JIyranckum paiionamu obnactu, HO U ¢ PocToBckoii o6macTsio [8].

Pa3BeTBICHHAs ceTh aBTOMOOMIBHBIX AOPOT JAENACT JOCTYHNHBIMHU IJISI TYPUCTOB BCE
YTOJIKH FOTO-BOCTOKA, & aBTOMOOMIIBHBIC M KEJIE3HBIE OPOTH CBSI3BIBAIOT C €T0 ¢ OJNMKHUM
3apy0expeM U co Bcell YipamHOH. CTpOHUTEbCTBO HOBOW aBTOpa3BS3KH Ha Tpacce JlOHEIK-
W3BapuHo caenaet Oojee JOCTYIHBIM Ul MPUE3IKNUX U MECTHOTO HaceleHHs asporopT T. Jly-
raHcka. Takoe BBITOJTHOE reorpaduyeckoe MoJI0KeHHE AaeT BOZMOXKHOCTh Pa3BUBATh HE TOJIb-
KO BHYTPEHHHI, HO U MEXAYHApOIHBIN TYPU3M B PEerHOHE, UCIOJb3ys NPHU 3TOM pEKpealioH-
HBIE PECYpPChI, IPUIIETAIOIINX PailOHOB 00JACTH M pEKpeallnOHHbIE BOBMOXKHOCTH PocTOBCKOM
obnactu (paccrosiaue 1o r. PoctoBa 146 kM, 1o Taranpora — 220 kM), co3/laHHE €BPOPETHOHA
«Jlonbaccy» cmocoOCTBYET STOMY.

YMepeHHO-KOHTHHEHTAIBHBIA KIMMaT, OOJbIIOE KOJMYECTBO COJNIHEYHBIX JHEH IM03-
BOJIIFOT B BECEHHE-JICTHUH MEpHO]] OPTaHU30BaTh OTABIX Ha Oeperax pek, BOJOXPAHWIHUII U
IPYyJOB, KOTOPBIE €CTh B PETHOHE.

Tompko mo Tepputopun KpacHomoHckoro patioHa mportekaeT 5 peuek (b. Kamenka,
Cesepckmii [onern, JIyranunk, JepeBeuka, [lomkuk) Ha rpanune ¢ Poccuert (CBepmioBckuit
paiioH) p. Kynapioups, 3Ta pexa mpoXOIuT U MO 3amoBenHou Tepputopun [IpoBanbe. Brons
p.Cesepckuit [loner ot c. HoBoxuerka u 1o c. ITonoska (KpacHogoHCKHi paiioH) pacionoxeH
3aKka3HUK «CyXxonoJbCKuily y cena J{aBbIJOHUKOIBCK MPEKPACHBIM MECOYHbIN MK, MPUMBI-
KaloUIMi K COCHOBOH pote, y ¢. Kpy)XninoBka yHUKalIbHbIE HCTOYHHUKH CTOJIOBOW MHUHEpallb-
HOM Bojpl. B CeepiioBckoM paifoHe ecTh ACTaXOBCKOE MECTOPOKICHUE CTOJIOBOM MHHEpa-
JBHOI BOABI. YHUKaNbHBIE CKalbHBIE BBIXOJBI UMer0Tcs y ¢. B. JlepeBeuxa (KpacHomoHCKuit
paiion) u c. IlpoBanse (CBepanoBCcKuil paifoH) — reonorudeckuil mamsaTHUK U KoponeBckue
CKaJIbl, TIPUMBIKAIOIIMI B IUIOTHYIO K oTaeneHuto Jlyranckoro 3anoBenHuka «I[IpoBanbckast
CTEIbY.

310 NHIIb HEOONBIION HEepeYeHb MPHUPOAHBIX PEKPEallMOHHBIX PECYpPCOB, KOTOPHIE
MOT'YT OBITh MCIIOJIb30BaHBI BO BCEYKPAMHCKUX TYPUCTCKHX MapIpyTaX, B MapmIpyTax BBIXO-
JTHOTO JTHS.

MHOTro4YHCI€HHOE KOJIHMYECTBO XOPOIIO 000pPYIOBaHHBIX, HO Ceifyac MaloHCHONb3ye-
MBIX 0a3 OTJBIXA MPEIIPUATHHA, MOXKHO C MUHUMYMOM 3aTpaT UCIIOJIB30BaTh IS OpPTraHU3aLuU
TypHu3Ma.

Bonbmioit uHTEpEC HA TEPPUTOPUH «PETHOHA» MPEACTABISIOT U PECYPCHl AaHTPOIIOTeH-
HOTO TIPOUCXOXKICHUS.

IOro-Boctounas yacth JlyraHmuHbel UMeeT OoraToe UCTOpHUecKoe mpouuioe. Ha Te-
PPUTOPUH OTKPBITHI CTOSIHKH JIFOJICH KaMEHHOTO BEKa, KypraHbl — MOTHIIBHHKHA W KaMEHHbIE
62051 ckudoB, capMaToOB, KUIMMEPHUHILIEB. 31€Ch TPOXOAMIN TaTapO-MOHTOJIBI, 3TO Ta TEPPUTO-
pHs, KOTOpast JOJITOEe BpeMsi HOCHIIA Ha3BaHUE «aAnuKoe nose». C ncropuent Kpas MOXKHO MO3Ha-
KOMHTCS B KpaeBeAueckoM My3ee T. CBep/utoBcka U My3ee «Moioast rBapusi».



I'opox KpacHonoH — poarHa repoeB-MoJI00TBapeiiieB, MUPOKO U3BECTHBIN HE TO-
JBKO Ha YKpauHe, HO U 3a e€ ImpejenaMy, MECTO Kyia IPUXOIAT MOKIOHATHCS MIOABUTY JKUTE-
M YKpauHbl ¥ 3apyOe)KHBIE TOCTH.

Ha tepputopnu «pernoHa» MMEIOTCSl PEIUTHO3HBIE COOPYKEHMS KOTOPbIE MPEACTAB-
JSTFOT MHTEpPEC I TYPHUCTOB, 3TO K pUMepy, XpaM B ¢. HoBoanekcanaposka, KpacHomoHcko-
ro paitona, «J{lom» M. MBanoBa B ¢. B. Kynanprouse CBeputoBCKOro palioHa I MHOTHE JIpyTHE.

Oco0oe BHUMaHHE CIIeyeT OOpaTHTh Ha Pa3BUTHE «3€JICHOTO Typm3May. B cemax, pa-
CHOJIOKEeHHBIX BIoNb pek CeBepckuii JJoren n b. Kamenka ects Bce HEOOXOIMMOE IS 3TOTO.

C nHamel TOYKHU 3peHHsl CleLyeT BOCCTAHOBUTh CYIIECTBOBABIINE PAaHHEE MapLIPYTHI
Jlyranck — KpacHonon — A3zoBckoe nibo UepHoe Mope, OpraHM30BaTh MEKIyHapOIHBIH Map-
mpyT Kpacronon — CeepnoBck — PocToB, pa3BUBaTh MEmIEXOAHbIE MAPIIPYTHI 10 3aKa3HUKY
«Cyxononbckuit» U 3anoBenHUKy «IIpoBanbckas CTemb», OpraHU30BaTh BOAHOCIIOPTUBHBIC
MapupyTsl 1o p. CeBepckuii JloHel, TypU3M BBIXOJHOTO JHS U «3€JIEHBIH TYpU3M.

BriBOaBI

Bce BbIIe M3M0XKEHHOE YOEXKIaET HAC B TOM, UTO JUIS PA3BUTHA TYPUCTHIECKOTO On3-
Heca B IOr0-BOCTOYHOH wacTu JIyraHCko# oOJIacTH ecTh Bce HEOOXOAMMBIC IPEANIOCHLIKH.
IIproputeTHOE pa3sBUTHE TypH3Ma, a IMEHHO BBIICIECHHE 30H I CTPOUTENIBLCTBA U pa3Melle-
HUS TIPOMBIIUIEHHBIX OOBEKTOB, PEKPEalMOHHO-TYPHUCTHUECKOTO HCIIONB30BaHMS, Pa3BUTHE
CEJILCKOT0 X031 CTBa JOJIDKHO OBITH B HCHTPC BHUMAHUA MECTHBIX BIIacTeii. DTO OJIHO U3 Ha-
NpaBJICHUH NPEBpaIlEHNUs] YKOHOMUKH TEPPUTOPUU U3 MOHONPOMBIIIICHHONH B MHOTONpO(dU-
JIBHYIO.
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VY crarTi po3MITHYTI peKpealiiiHi MOKIMBOCTI MiBJEHHO-CXiTHOTO perioHy Jly-
TaHCBKOi 00JIacTi, 3aMPONOHOBAHUK CUCTEMHHMHU MigXiZ A0 WOTO BHKOPHCTAaHHS,
JIaHi IPOTIO3UIIi 3 OpraHi3alii TYpUCTUYHOTO Oi3HECY Ha MiCIIEBOMY PiBHi.

Kniouosi crosa: Pekpeayis, mypusm, peKpeayitino-mypucmudnui puHox, npupo-
Oni nandwiaghmu, mypucmuuHi Mapuipymu, peKpeayiiiii pecypcu anmpono2enio-
20 NOXOOJICEHHS, «3eleHUll Mypusmy, 0a3u 6IONOYUHKY, 3AXUCT HABKOIUUHBOLO
NPUPOOHO20 cepedosunya

Recreation possibilities of south-east part of the Lugansk area are considered in
the article, the system approach to their use is offered; the suggestions on
organization of tourist business at local level are given.



Key words: Recreation, tourism, recreation-tourist market, natural landscapes,
tourist routes, recreational facilities of antropoligical origins, "green tourism",
bases of the rest, nature protection
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