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HayYHbIi COTPYAHMK
PecnybnukaHckoro
HayuHO-MCCNIe/i0BaTeNbCKOro
yHUTapHOro NpeAnpuATUA
benHUL| «3konorus»

TAHOBKU

[IKEHINA BbIGPOCOB
B ATMOCOEPY

L

KCIITyaTalyisi aBTOTPAHCIIOPTA,
OTOIIJIEHYIe KMJIBIX U TIPOV3BOJ-
CTBEHHBIX IOMeELIEH N, BbIPa-
60TKa 9/1eKTPOIHEePruu, foOpIua
I0/IE3HBIX VICKOIIAeMBIX, CeNTb-
CKOXO03s/ICTBEeHHAs [lesiTeNb-
HOCTb, BBITYCK IPOJYKTOB, MaTepUANoB
¥ M3/1e/INII IPUBOAUT K 3aTPSI3HEHNIO aTMO-
cdeproro Bo3pyxa. I/ CHUKEHUS yPOBHA
BBIOPOCOB JCIIO/IB3YIOT NIePeXOf Ha ajIbTep-
HATUBHBIE ICTOYHNKY S9HEPIUM, IPUMEHSIIOT
TOII/IVBA C IOHV>KEHHBIM COJlep)KaHIeM yTie-
pOfia, cephl, MPaKTUKYIOT IIpe/IBAPUTENbHYIO
IIO/ITOTOBKY CHIPBSI M TOIINBA, YCTAaHABIIN-
BaIOT QU/IBTPBI HA MCTOYHMKAX BBIOPOCOB.
CornacHO CTaTUCTUYECKUM JaHHBIM, B OTe-
4eCTBEHHOJ TPOMBILIJIEHHOCTY Hab/TI0f1a-
eTCs1 IIOCTeNIeHHOe CHUKEeHe BBIOPOCOB
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3arps3HAIOLINX BELIeCTB B aTMOC(EPHBII
BO37yX. DTO 00YC/IOB/IEHO pPa3IMYHBIMU pakK-
TOpaMM, TAKMMU KaK ONTUMU3ALUSI IPO-
U3BOJICTBA, IIEPEXOJ, OT TBEPAOTO TOIINBA
¥ Ma3yTa Ha ra3 mpyu BeIpaboTKe Temo-
BOJI 9HEPTUN U INIEKTPUYECTBA, B MeTaJI-
JIypruu — IpefiBapUTeNbHas IOATOTOBKA
MUXTHI (CYIIKa, HOIOTPEB), HO CAMYIO Cepbe3-
HYIO POJIb UTPaeT YCTAaHOBKA Ha MPeAIIpuUsi-
TUAX COOTBETCTBYIOIIET0 000PyROBaHMA.
CoracHO 9KOJIOTMYeCKMM HOPMaM I TIpa-
BynaMm OkoHullI 17.08.06-002-2018 «IIpa-
BUJIA 9KCIUTyaTallMy Ta3004YMCTHBIX YCTAHOBOK»,
ra3oo4nctHas ycranoBka (IOY) - coopyxe-
Hye u () 060pyRoBaHMe, IpeHa3HaYeHHOe
/11 OYMCTKY Ta30B, OTXOAAIINX OT VICTOY-
HUKa BBIJIE/IEHNSI 3aTrPA3HAOI[NX BEILeCTB
HOCPEACTBOM (PM3MIECKUX, XUMUIECKUX, O110-
JIOTMYECKUX M JPYTUX METOMIOB VX y/IaB/IMBa-
HUS, HeJITpannu3auyy 1 06e3Bpe>KBaHMs.
Coopy»xeHs1, pacIIONOXKeHHbIE BHY TP
MIOMeIIeH NI, BBIOPOCHI OUMIIIEHHBIX OTXO -
: I[MX Fa30B II0C/Ie KOTOPBIX He MOCTYIAIOT HEello-
CPefCTBEHHO B aTMOC(EPHBI BO3JYX, He AB/IA-
torcs [OY. Aspanonsble GoHapy, KpbILI-
N Hble BEHTUIATOPHI, epIeKTOPEI, IpyTHe
' YCTPOJICTBA, IOCPEACTBOM KOTOPBIX JIOKA/IN-
3yeTcsl MOCTYIICHNE 3aTPA3HAIONIX BEleCTB
B aTMocdepy, HaXOAALINeCs B IIPOU3BOJ-
CTBEHHBIX I]eXaX, He BBICTYNAIOT ICTOYHY-
KaMI1 BBIOPOCOB 3arpsA3HSIOLINX BEIIECTB.
CucreMsl Bo3Bpara 1 (11m) y/aB1nBa-
HUA (peKynepanuiy, ¢prerMaTnsannm, abcopo-
L[U}) TapOB He(PTENPOTYKTOB — TEXHONIOT M-
YecKye CTaZiyyl HIPOU3BOJICTBEHHOTO IIPO-
1jecca XpaHeHWs U pacuperenieHns Hedre-
MPOAYKTOB — TaKXe He ABnArTca [OY.
/3 cka3aHHOTO CJIe[iyeT, 4TO Ta300-
YUCTHOJ CUMTAETCs YCTAHOBKA, Iepepa-
6aThIBAIOIASA OTXO/AMINE Ta3bl OT CTAIM-
OHAPHBIX UCTOYHMKOB BbIJje/ieHN s (T1eUb,
KOTeJI, CTAHOK U T.JI.) ¥ BBIOpachIBaIoOL[asi
UX y)Xe OUYMIeHHBIMU. B ee cocTaB BXO-
AT OBVH U 60jee anmapar OYUCTKHY, 060-
pYyZOBaHMe /s lepeMelleHns rasa (raso-
XOJIBI, BEHTU/ISITOPBI, HACOCHI), Iisi cOopa
Y/IOBJICHHBIX 3arpA3HAINX BelecTs (OyH-
Kepbl, OTCTOHUKN), TEITIO0OMEHHUK,
aBTOMATMKA, CUCTEMBI KOHTpOsA. [maB-
HOe YC/I0BYe Ipu nofbope o6opyaoBa-
Hus — obecrnedenue Bpicokoro KII]I.

9xoHulI 17.08.06-002-2018 paspe-
JISET alIapaThl OYNCTKM Ia30B 110 IIPUH-

LUITy Je/ICTBMA Ha C/IeAyolyie TPYIIIIbL:

C - cyXoit MeXaHMYEeCKOI OYUCTKI OT TBEPABIX
YaCTMNL], IPUHIVII PaOOThI KOTOPbIX OCHOBAaH

Ha X OCa>K/JIeHUY 3a CUeT CUJIBI TAXKECTH,
IEHTPOOEKHOI CHJIBL, UISMEHEHNA CKOPOCTI
MIOTOKA Ta3a;

M - MOKpOIJf OYNCTKM OT TBEPABIX YACTUL,

a Tak>Ke XXUJKMX ¥ Ta3000pa3HbIX 3arPA3HAI0-
VX BEIeCTB;

® - ycTpoiicTBa QUIBTPYIOLIETO TUIA;

J - aneKkTpudecKme GUIbTPDL

X - copbuMOHHOI (XMMIYeCKOTt, 61omornye-
CKOJI) OYMCTKM OT ra3000pa3HbIX 3aTrPs3HSI0-
VX BEIeCTB;

T - TepMI4ECKOT0, TepMOKATa/TUTUIECKOTO

U KaTa/INTUYECKOTO CIOCOO0B 006e3BpeXBaHNUA
ra3000pasHbIX 3arPsA3HAIOIMX BEIeCTB;

A - Ipyrux croco60B OYMCTKIA.

Takoke cymecTByer paspenenue [OY
10 CYXOMY ¥ MOKPOMY IIPMHIINITY Jieit-
cTBUA. B mepBoM crydae anmaparsl pao-
TAIOT C KOH/IeHCaTaMM 6e3 OCTOSH-

HOTO JIOITYCKa B TEXIIPOLIeCC KUIKOCTEIL.

JXupkoctHsele anmaparsl (MOKpble, BIa)KHbIE)
KOHIIEHTPUPYIOT IIbITb Ha 3apaHee CMOYEHHBIX
HOBEPXHOCTSX.

CyIecTBYIOT 1 a/IbTepHATUBHbBIE CUCTEMBI
OYMCTKY BO3/JyXa, TaKye KaK Mac/IAHbIe
JIEHTOYHO-1{eTTHbIe (UIBTPBI, MACTIsIHbIE
¢ abcop6eHTOM, yCTaHOBKM GaKTepyaTbHOM
006paboTKm.

© B rasoouncTHble YCTaHOBKM CYXOTr'0 THUIIa
HeiCTBYUA BXOAUT MV POKas TPyIIa ra30B03-
AYIIHBIX GUAbTPOB. Takue ammapaTsl oKa-
3p1BatoT mocroiubiit KIT/] B 3axBaTe mblie-
BBIX M Ia30BbIX KOH/IEHCATOB, HE COJepKa-
VX VIV C MUHMMYMOM >XUAKOI (a3bl (BOABI,
MHOTO BJIAYKHOTO T1apa, adpo30JId, TYMaHa).
OHM 3a/IeVICTBYIOT MeXaHU3MBI QUIbTPa-
LMY, TPAaBUTALVIOHHOTO OCAXKJEHNA, LieH-
TPOOE>KHOTO U MHEPLVOHHOTO y/IaB/INBa-
HUS TIBUIY, Y MX 11e71eCO00PasHO IPUMEHSATD
B NOOBIBAIOLIEN, XMMIYECKOIL, MeTaJlIy pru-
4ecKoit, papMaleBTUIeCKOl OTPACTIAX, CeNlb-
CKOM XO3AJCTBE, MMIIEBOJ IPOMBbIIIJIEH-
HOCTM, CTPOUTENLCTBE, @ TaAKXXe IIPU IIPo-
U3BOJCTBe OETOHA, [jleMeHTa, acdanpTobe-
TOHA, PE3VHBI, IOPOIIKOBBIX COCTABOB.
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AnmnapaTpl CyXoro Tuma feicTBIA UMEIOT
P IPeMMYILIeCTB: HECT0XHasA KOHCTPYK-
11151 pabOYMX arperaTos, MMHMMAIbHBI 00beM
II/ITaMa M/ TTIOJIHOE €r0 OTCYTCTBUE, COXPaHe-
HIe PU3NKO-XMMUYECKNX XapaKTePUCTHUK 3aTps3-
HuTesell. VI3 HeloCTaTKOB MOJKHO OTMETUTDb IPO-
MO3JIKOCTD, TPeOyILIYI0 60/IbIIOr0 NPOCTPaH-
CTBa IIpY pa3MelleHN! Ha IpefIpUATUN.
Cpenu I'OY cyxoro Tumna fgeicTsus pas-
JINYaIOT IVK/IOHHBIE IIBIJIEYIOBUTENN; TKa-
Hble, Ba/ITHHbIE, HeTKaHble, KAPTOHHBIE, OyMarK-
Hble V1 97IeKTpudecKye GUIbTPLL, CyXue afcop-
Oepbl; MeMOpaHHbIe TATPOHBI MM KAIICION.
LInknoHHble nbineynosnTenn fjs yBenm4eHns
IPOM3BOUTENBHOCTI ¥ CHUYKEHU A OOIEero conpo-
TUB/IeHN ST POPMUPYIOTCS B GaTapeu, Urpasi poib
MHCTPYMEHTA 10 OYMCTKE a30BO3/yIIHO CPebI
OT CYXOJI IIBI/IN, JP€BECHOI CTPYKKH, OIIUIOK, ChIITY-
YUX CTPOUTENBHBIX CMeCel, KPYIIbl, Ty3TH, IIETyXH,
a TaK>Ke Pe3MHOBOI, IIOJIMMEPHOM, METa/I/INYECKOIL,
I/IACTMKOBOIT, KAMEHHOI Kpouku. Takoe o6opyno-
BaHIe XapaKTepU3yeTCs pOTaLlIOHHO-MHEPLVIOHHBIM
HNPYHINIIOM pabOTHI I YHUBEPCATBHOCTBIO IIPUMe-
HeHMA. OHO aKTya/IbHO Ha y4aCTKaX ¢ KPyIIHO- WK
CpefHeUCIIepCUOHHOI B3Bechio. Criennuka IUKIo-
HOB 3aKJII0YaeTCsA TAK)Ke B TOM, YTO OHU He PUIb-
TPYIOT Ta3bl B IPMBbIYHOM CMBICIIE 3TOTO C/I0Ba. Bos-
IYX MOCTYIIaeT B KaMepy LVIMHJPUIeCKO GOpMBI
¥l 3aBUXPSETCS TaM HAaCTOJIBKO, YTO 6osiee TsKe-
JIble BK/IIOYEHU S OT/eNIAI0TCA U 1IOf, AeiCTBUEM IleH-
TPOOEXHO CUJIBI YXOAAT 110 CTEHKaM KOpITyca
B HIDKHIOI0 KOHYCOBYMIHYIO YacTh, I'7le yCTaHOB-
JieH OyHKep-TIblIecOOpHMK. IJMK/IOHBI MOTYT OBITH
JIEeBOCTOPOHHMMM U IIPABOCTOPOHHNMU, B 3aBUCH-
MOCTH OT HallpaBJIeHN, B KOTOPOM OHM OTIIPaB-
NAI0T Ta30BO3AYLIHbIE IOTOKM. [lomyckaeTcs ycra-
HOBKa 3TOJ TEXHMKM B Ka4eCTBE OCHOBHOTO M/IN
JIOTIONTHUTETBHOTO OYMICTHOTO 000PY/JOBaHYA.
TKaHble, BanAHHble GUALTPbI IMPOKO IPUMEH -
I0TCs B IPOMBIILJIEHHO OYMCTKE BO3AYLIHBIX CPefl,
IpeNMYyIeCTBEHHO OT IPyObIX BKItoueHnit. Hecmo-
TPs1 Ha TO, YTO BOWIOK, BaTVH U APyTHe BajAH-
Hble MaTepyaJibl JaBHO VICIIONb3YIOTCA /1A MIpefi-
BapUTENTbHON BO3[JyXO0UNCTKY, COBPEMEHHbIE TeX-
HOJIOTMM M3TOTOB/IEHNA TOHKOJMCIIEPCHBIX HETKa-
HBIX KOMIIO3UTOB B (hOpMe PyKaBOB, IIOJIOTEH, KacceT
U KapTPpUAKel MO3BOMAIOT OCYIIECTBAATD OYUCTKY
oT razokomnoHeHToB. 'OY Ha 0CHOBe pyKaBHbBIX
HeTKaHBIX PM/IbTPOMATEPHAIOB HEPEIKO UCIIONb-
3YIOTCA [/ y/IaBMBaHUA NIbIIN U ra3oB Ha AB3,
B 9HEPreTMYeCKUX Y MeTa/UTyprU4eCKUX MpefNpu-
ATUAX U Ha IPYTUX YIaCTKAX, MMEIOIINX B KaJe-

CTBe MOOOYHBIX IIPOAYKTOB OITACHbIE KMC/IbIE Ta3bl,
Hapbl U Ibl/IeMeXaHN4ecKye B3pecu. TexHonornm
HaJle/lleHsI PyKaBOB >KapOCTOMKVMU U BOJOCTOT-
KJIMU CBOJICTBAMI HO3BOJIAIOT IIPYMEHSATH BOTTOKOH-
Hble PyKaBa, I0JIOTHA, KACCEThI ¥ KAPTPUIKM BO BCe
60sIpIIIeM KOMM4YeCcTBe IPOU3BOJCTBEHHBIX Cdep.
HeTkaHble ¢punbTpaLMoHHble MaTepuanbl
B OCHOBHOM 3KCIITYaTUPYIOT B 9HEPTeTHKE,
Ha acanbTOOETOHHBIX 3aBOJIAX, a TAK)Ke Ha Ipefi-
HPUATUAX, IJie B BO3AYX IOCTYHAIOT Hapbl, KVC-
JIble MJIM TOKCUYHbIE I'a3bl, 0ObIYHAA IIBUIb (MeTaI-
nyprus). Hecmorps Ha a¢dexTuBHOCTD 11 607Tb-
IIYIO IOTITOBEYHOCTDb TaKMX GUIBTPOB, NMEIOII e
YIX B CBOEM OCHAI[eHUY IPeIPUATIS IPOBO-
JLAT CTIOXKHBI KOMIIIEKC Pery/IsIPHBIX O4MCT-
HBIX IPOLETY P, BKTIOYAIOMINX CIIelN(PUIECKYI0
00paboTKY y/IbTPa3ByKOM MY MHPPA3BYKOM.
Cyxue aficop6epbl ICIIONB3YIOT B IIPOMBIIIIIEH-
HOCTI. DPPEKTUBHOCTD TAKUX YCTPOICTB 0becredn-
BAeTCsI MUKPOIIOPUCTBIMYU TBEPABIMU aICOPOEHTaMMU
B Bl IIeJIJIeT, TabeToK 1y rpanyn. Guiabrpann-
OHHBIM CYOCTpaTOM 3aroHeHa pabodast Kamepa
ra3004MCTHON ycTaHOBKM. CKBO3b Hee IIPOHMKAET
3arpsI3HEHHBI [IOTOK 1, IPOXO/A Yepe3 QUIbTPy-
IOIVIT MAacCVB, BEIOOPOYHO «TepsieT» Ha IIOBePX-
HOCTM aficOpOeHTa He)Ke/aTe/IbHbIe MM TOKCUY-
Hble raspl. CaMblit pacipoCTpaHeHHBIN affcOpOeHT —
MUKPOIIOPUCTBIiT aKTUBUPOBAHHBIN YTO/Ib: IPOTpec-
CMBHBIE METO/IbI AKTUBALINMM KapOOHA O3BOJIAIOT
mocturaTtb KII[I=100% B ynaBnuBaHUM MHOXe-
CTBa BBICOKOTOKCHYHBIX ¥ TEXHOIOTMYECKM HEIIPH-
eM/IeMbIX mpuMeceit. [ToMnMo povero akTuB-
HOCTb aicOpOeHTa MOXKeT OBITh «yCHU/IeHa» KaTa-
JIM3aTOPOM, HAIIpUMep a/IIOMUHVEM, MaTHIEM,
MeJIblo, HUKeJIeM Y IPYTUMY MeTa//IaMU, MeTaJI/Ii-
YeCKMMM 1 HEMETA/TNIeCKIUMY OKCuaaMu. B atom
caydae K puanIecKoMy 3aXBaTy HPUCOETMHSIETC
XMMMYeCKoe JIeVICTBHE, YTO ellle CUIbHee TTOBbI-
IIaeT pe3y/abTaTUBHOCTD TexHomoruu. Ho mpume-
HeHVe aicCOPOLVIOHHBIX MOJY/Ieil IMeeT HEKOTO-
pble orpaHuyeHus1. [I71s1 JOCTM)KeH VST HOMUHAIBHOTO
k03 punmenTa nonesHoro pevicreus [OY y raso-
IIOTOKA I0JDKHA OBITh OTHOCUTE/IbHAS BIa>KHOCTD
He Bbinle 70% ¥ 09MCTKA OT MEXaHMYECKOI IBIIN.
Mem6paHHble NaTPOHbI UMM Kancionu — elie
OJIMH KJIACC CYXUX CUCTeM PUIbTpALMy ra3o-
BBIX CMecell, MMeINNX Crelduyeckoe Ipume-
HeHVe. MeMOpaHHBIe KaIICIONM IIPeiCTaBIIAI0T
c06071 CMeHHBIe IIVITMHAPSI JI/151 YCTAaHOBOK abco-
JIIOTHOV CTEPU/IN3ALVIN Y OMOIOTMYecKOoro obec-
IUIO)KVIBAHWSI Ta30BO3AYIIHBIX cpell. Takue ¢pusib-
TPBI MCIIO/Ib3YIOTCA B 30HAX TPAHCIIAHTOJIO-
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TUYeCKOro, papMalieBTUIeCcKOro, IINIIEeBOro
Ha3HaueHNs, B lleXaX ONTUYECKON ¥ MUKPO3/IEK-
TPOHHOII/MHTErPaIbHO-MUKPOCXEMHOI COOPKIL.

KapToHHble 1 6ymaKHble CCTEMbI OUNCTKM TaKKe
CIIOCOOHBI OTCEKATh 3arpsA3HeH s U3 Bo3nyxa. Ouib-
TPBI 3 KapTOHA ¥ OyMary pasHoil INIOTHOCTY IIpyMe-
HAIOT Ha Y4aCTKaX, [7ie Hy>KHO Y/IaB/IMBaTbh ME/IKOJIC-
NePCUOHHYIO B3BeCh. VX BBIIIONHAIOT B BUje Tabu-
PUMHTHBIX CUCTeM, TO(PBI, AYENCTOrO 1 epdoprpo-
BaHHOTO MaTepyasa, «rapMoInek». O6/azias BbICOKIM
ITHEBMOCOIIPOTHB/IEHMEM 1 He IeMOHCTPUPYs HUKAKOI
3G PEKTUBHOCTY B 3a/iep>KaHNU TOKCUYHBIX Ta30B,
CIUIONIHBIe 6yMa)kHbIe U KAPTOHHBIE (PUIIBTPBI XOPOLIO
3a[iep>KMBaIOT METKOAVICIIEPCHBI MAPTUKYIAT. VIHOTma
UCIIONIb3YIOTCA B KauecTBe BCIIOMOIaTe/IbHbIX IIbl/Ie-
YIaBIMBAIOLINX CTYIIEHel Fa3004MUCTHBIX YCTAaHOBOK.
®OubTpEI B BUJie TaOMPUHTA MIMEIOT COITPOTUBIIEHVE
He Bbille 5 [Ta 1 paboTaIOT IO MHEPIIVIOHHOMY IIPVH-
LUIIY: CTPYS 3aBUXPsIETCA BHYTPYU XOfIOB U 3aTrPA3HN-
TeJIb CKAIUIMBAETCS Ha CTBIKaX (POPMUPYIOLINX IIIO-
CKOCTeJ1 U1 B yTO/IKaX roppypOBaHHO FaPMOIIKA.

Takne punbTpaLIOHHBIE CXEMBI IIPUMEHSIOTCS
Ha NPeNNpUATUAX, IPOU3BOAAIINX MaTepyaibl A
CTPOUTENBHO-PEMOHTHBIX KOMITAHUIA, 3aBOflaX
I10 3TOTOBJICHUIO IAKOKPACOYHBIX MaTe€PUAJIOB,
CTPOUTENIbHBIX CMeceli, KeeBbIX cocTaBoB. K Hemmo-
CcTaTKaM TaKUX CHCTEM MOXXHO OTHECTU UX
OJJHOPAa30BOCTb.

dneKTpuyeckne GunbTPbl BO3ECTBYIOT Ha 37I€K-
TPOIIO/IIOCA 37IEMEHTOB 3arPA3HUTE/IS [A30BO3-
AYLIHOM CMecH 3a C4ET MOIIHOTO 3/1IeKTPOMAarHuT-
HOTO IOJIs, B KOTOPOM IPOMCXOAUT 3aXBaT COp-
6ata. B 3aBMCMMOCTY OT THIIA alllIapaTa OHO MOXKET
TeHepUpOBaThCs IIACTUHYATBIMM VJIN TPYOYaThIMuU
aNeKTpofamMy (KOpOHMPYIOIIVMMA ¥ OCaIUTeNb-
HBIMMU), HUTSIMU, HEPaBHOBECHON XOMOIHOI T1/1a3-
MOIJ1, Ta30pa3spASHUKaMI Y VHBIMY 9T€KTPOU3IyYa-
TenAMu. [TaBHOe ycmoBme — 06ecrednTh CTabMIbHOe
TeueHe IOHHBIX TOKOB MeXX[y KaTOfIOM M aHOJJOM.

Januble GpuNbTPHI BecbMa 3¢ PeKTUBHBI
Ha y4acTKax, Ifie TpebyeTcs 3aXBaTUTh clienyiduyiec-
KIJI TIBIJIETa30BbIN COpOAT U3 BO3LYLIHO CPEebL:
IbUIb, MUKPOAVICIIEPCYOHHBIN MeTajl/l, aHNOHBI,
KaTUOHBI, PYTYe YaCTUIIbL, JAOIIVe OTBET Ha 37IeK-
TPUYECKOE BO3/IeICTBIE.

Takue ycTaHOBKM IIpeJiCTaBIeHbI 3/IeKTPOCTA-
TUYECKVMU 1 97IeKTPOMAaTHUTHBIMI QYIIBTPAMI,
Y3KOCIIel a3 pOBAaHHBIMY U HEIIPOCTBIMU
B McIIOTHeHUN. VI HecMOTps Ha JOCTOVHBIN 3aXBaT
TOKCUYECKUX ¥ MUKPOOHBIX KOMIIOHEHTOB, 9/IeKTPO-
¢unbTpsl oTHOCATCA K [OY IOBBIIIEHHO C/TOXKHO-
CTU ¥l HAXOZAT B TPOMBIIIEHHOCTY OTPaHMYeHHOE

InpyMeHeHNe (3HepreTuKa, MeTajUIy prisi, XuMus).
IIpy mpakTu4ecku OTCyTCTBYIOIEM ITHEBMaTHye-
CKOM COIIPOTUBJIEHUY 9NIEKTPOCTATIYECKIIe PUIb-
TpaTOpBI MaI03PPEeKTUBHBI B IPOLEAYPaX OUUCTKY
B/IQ)KHBIX, a9PO30JIbHBIX, C/IOKHOCOCTaBHBIX Ta30-
BO3/IyIIHBIX cpef]. HeparmoHanbHO MX UCTIOND-
30BaTh U JI/IA IPOLIECCUHTA 6ONBIINX 06BEMOB
rasa/mblM BBICOKOI KOHIleHTpauuu. Jlaxke B TaH-
fieMe C pyKaBHBIMMY, KaCCETHBIMM ¥ MHBIMI BOJIO-
KOHHBIMM IIBITIETa300CaANTE/IAMI OHM IIPONUTPHI-
BAaIOT COBPEMEHHBIM, I'MOKVIM ¥ YHUBEPCATbHbIM
anmnapaTaM MOKpPOJ OYMCTKY Ia30B B YaCTV IIPOMU3-
BOJVITETIBHOCTY 11 CIIOCOOHOCTM K CAMOOYNCTKe.

© YcTaHOBKYM MOKpOI ra3004MCTKY 06pabarsi-
BAIOT B3BECY B BO3[IYLIHBIX CpefjaX BOJOI, BBINIOJ-
HSIOT KOATY/ISINIO 3aTrPsI3HEH NI, IOCTIe Yero Halpas-
JSI0T UX B OyHKepbl. OHM pacCYMTaHbI HA MOHTAX
B OTAIlIMBAaeMbIX IOMEIEHN X U He MOT'YT IpU-
MEHATDCS IPY MUHYCOBBIX TeMIlepaTypax B CUITY
crienpUKM paCXOZHbBIX MaTepyuanoB. Takye crcTeMbl
[IeMOHCTPUPYIOT MAaKCUMAJIbHYIO CT€IIeHb OYNCTKY,
CIIOCOOHBI PabOTaTh C MUKPOYACTULIAMY, COYETa-
I0TCS C BBICOKOTEMIIepaTypHbIMM rasamiu. [IpuH-
1y nX QYHKIMOHMPOBaH 0a3MpyeTcs Ha cMa-
IMBAHUU BTN, OFHAKO CIIOCOObI BBIIIOTHEH NS
9TOJ PabOThI OT/INYAIOTCS B PA3TNIHBIX MOJETIAX.
CylecTByeT HeCKObKO KJIaCCUYECKUX KaTero-
Uit )KUJAKOCTHBIX BO3IYXOOUMCTUTENIEN, IPUMEH de-
MBIX Ha IPOM3BOICTBEHHBIX IPEANIPUATUAX U B IPO-
MblieHHOCTH. Cpenyt HuX Hanbosiee MupoKoe pac-
IIPOCTpaHeHNe oYY CKpy6Oepsl 1 abcopbepsl.
CopO1yI0HHbIe CHCTEeMBI HauboIee MHOTO-
gyc/ieHHbl. OHM BKJIIOYAIOT IbIIera3oduib-
TpbI, 6apOOTa>KHO-TIeHHBIe a0COpOepsl, Haca-
Io4YHbIe a0COpOEPBI MU XeMOCOPOEPHL.
MpuMUTUBHbIE MOAENM MbiNerasopunbLTPOB
paboTaIOT 10 BOZHO-PEAreHTHOMY IIPUHLIAITY
(mammpumep, mpombiBatenu CHIOT n Mokpble
IVK/IOHBI). Kak 11 B CyXOM IIVIK/IOHE, IIOTOK BBO-
JUTCSI B KOPITYC allliapara i, pajuaabHo 3aKpydn-
BAsICh, yCTPEMJISIETCS K CTEHKaM pabodelt KaMephl.
Ho, B otinune ot nuknonubx [OY, nonele ckpy6-
6epot 1 CVIOT ocHaujeHbI BOZOIIOAOLIEN CUCTe-
MOJ1 HOPCYHOK, OPOLIAIOIINX BHY TPEHHIOI IOIOCTD
¥ CTeHKU ammapara. [a30mblieBble BKITIOUEHUS
TaKUM 00pa3oM COpOUPYIOTCA B MUKPOIIEHOY-
HOM CJI0€ YCTaHOBKM, IIOKPbIBAIOIEM BHY TPEHHIOIO
IOJIOCTD arperara (a TaK)Xe YaCTUYHO B )KUAKOCT-
HOM TyYMaHe), U HEIIPePbIBHO CTEKAIOT B COCTaBe
BOZIbI B LIJITAMOTIPYEMHBI OYHKep IOJ CUIION T'pa-
Butanuu. Hebonbuoe oTnnyme CKOpOCTHOTO

http://innosfera.by

/Ne11 (225) / Hosabpb 2021/ HAYKA U UHHOBALIUU 25



DKOTEXHOJNOINu iJ14 3J0POBbA I'PVE

ceIrapaTopa OT TPaJiUIIMOHHOTO IIOJIOT0 CKpybbepa —
BBICOKas pajinaibHasA CKOPOCTDb BOABI Ha ITIOBEPX-
HOCTY BHYTPEHHMX CTE€HOK, [T03BO/A0IIaA ONa/iaTh
BHI3 JIMIIb BHEITHUM >KI/IKOCTHBIM CTI0AM. BHY-
TPEeHHIIE K€ C/IOV BOJbI IPOJO/IKAIOT BpallleHNe

10 OKPY>KHOCTH, OXKMJas 3aXBaTa U YT KeTIeHN .

Bap6oTaxHo-neHHble abcopbepbl TpenmyILe-
CTBEHHO VICIIO/Ib3YIOTCA JI/Is y/IaB/IMBAHMA KOM-
I/IEKCHBIX ITBI/IETa30BBIX U ABIMOBBIX CMeceit, 06ma-
HAIOLIMX XMMWUYECKOI/KOPPO3MOHHOI aKTUBHO-
cThI0. B KauecTBe QpuIbTpPa BHICTYIIAET CAMOIIO]-
[eP>KUBAIOIMIICA C/I0J HeCTAOV/IbHOI TIEHBI MU
peareHTa, obpasymnomuniicsa Ha neppopupoBaH-

HBIX Tape/IKax 3a CUeT IIPOXOXKAEeHN A IOTOKA Yepes
oTBepcTus 6apboTakHbIX moAoHOB. Ha moBepx-
HOCTM ITY3BIPHKOB 3 PEeKTUBHO HENTPANTN3YIOTCA
BpeJHble, TOKCMYeCKMe MU TeXHOJIOTMUeCKI HeXe-
NaTe/TbHbIE BEIeCTBA, a TAKXKe «MATKMe» IIblleMe-
XaHM4YecKye KOHAEHCATHI — IeIlesl, 3071a, KOIOTb,
caxxa. CX/IONbIBasACh, My3bIPbKYU 0OpalaloTcsa

B 00J1ee TSKENMYI0, YeM IIeHa, XXUIKOCTb U Iepe-
NMBAIOTCA Yepe3 Kpas 6apboTepoB, yxons (BMe-
CTe C 3arpsA3HNUTeNIeM) U3 aKTUBHO 30HBI ra3000pa-
OOTKM B OTCTOVHMKY, KOTOPBIE IIPEYCMOTPEHBI
KOHCTPYKTUBHO. OVMIBTPHI U3 IIEHBI HEMTPAIN-
3YIOT TOKCMHBI VIV 3aTPA3HEHM A HEIIOCPEACTBEHHO
Ha IIOBEPXHOCTH IIy3bIPAIIETrocs peareHTa.

HacapouHblie abcop6epbl nnm xemocopbepbl —
YHUBepCa/lbHble KOHCTPYKIUY, paboTaole ¢ XVMU-
YeCKMMH peareHTaMU-XUAKOCTSMY U CHOCOOHbIe
yOupaTh 13 BO3[yXa Iapbl KUC/IOT, CIMPTOB, pac-
TBOPUTEJIEN, 11Ie/I0Y€EN, FAJIOT€HOB, YITIEBOJOPO-

IOB, a TAK>Xe KMCIIbIe Ta3bl. VIMeT HeloaBIIK-
HYIO0 (CTaIlIOHAPHYI0) HACATKY, B PO/IN KOTOPOIt
BBICTYIIAIOT CTIO>KHbIE PM3MYeCKye TeNla, BPoyie
konen Pamura. Crienudunxa aToro o6opypona-
HIS B TOM, 9YTO MacCYBHasA HacajKa, pacloloKeH-
Has B paboderl KaMepe, laeT MaKCYMa/IbHO BO3MOXK-
HYIO0 IUIOIalb KOHTAKTa ¢ BO3gyXoM. POpCyHKI
MOJAlOT Ha Haca/IKy BOJY M/IM peareHTbl, B3aMO-
HeVICTBYS C KOTOPBIMY Ia30BO3/YIIHAS CMeCh pac-
MaflaeTCs Ha YMCTBI BO3AYX M 3arpsA3HEHN A, BIIO-
C/IE[ICTBUY BBIBOAMMBIE 13 pabodeit KaMepbl.

MupgkocTHble abcopbepbl, B CBOIO 04e-
penb, IpefiCTaBIeHbl CKPyOOepaMu ¢ KUIIs-
MM C7I0eM 1 Ckpy66epamu Benrypun.

Ckpy66€epbl C KUNALMM C/IOEM CINTAIOTCA Bep-
IIVHOI TIPOU3BOIVUTENTBHOCTH B 9TOM Kj1acce 060-
pyZoBaHUs, TaK>Xe OHM Ha3biBaloTcs FBS-ycTa-
HOBKaMM VU CKpy66epaMu ¢ ICeBIOOXKKEH-

HbIM c71oeM. OHM MMEIOT IO/IHbIe HIapO0OpasHble
Hacafiky 13 MaTepuana PP, mo cnyyaitHoMy anro-

PUTMY IlepeABUTAIOIMECS B XKMIKOCTHOI pabodeit
cpefie 1 obecrieyynBaroI e HAWTYYILINIT KOHTAKT pea-
TeHTa C 3aTPsA3HEHHBIM BO3ayXoM. V3penns feMoH-
CTPUPYIOT MaKCHMAJIbHYIO IPOV3BOANTETbHOCTD,
Han6osee 3¢ GeKTUBHO BBIIOIHAS JBIMOYAA/IEHIE.
CKkpy66epbl BeHTYpM ¢ OHOMMEHHBIMY TPY6-
KaMJ OCHOBAaHbBI Ha Pa3rOHe ra30BO3AYIIHBIX II0TO-
KOB BHYTPY KOHYCOBMHBIX KOHCTPYKIMii (TPyO),
BO BpeMs KOTOPOTO I'a3bl IIPOXOAAT BOASAHYIO 3aBeCY,
¢dopmupyemylo crucreMoit popcyHok. KoHTakT Bo3-
JlyXa ¥ BOZIbI JaeT MUKPOTYMaH, OMOTAOL M
BBIYWICHUTD 13 00pabaTbIBaeMOli Cpefibl MMEIoIIecs
B Hell 3arpssHeHns. C BOJIOI B KaueCcTBe PacXOJHMKA
MJiea/IbHO VICIIONIb30BaTh 3TO 000pyAOBaHME I
IbUIeY/IaB/IMBAHA, C peareHTaMu — st abcopOrun
ra3oB. YCTaHOBKM ¢ Tpybamy BeHTypu 3afieiicTBy0T
B TOPHO/I00bIBAIOILEIT VI METAJIIy priu4ecKoii oTpac-
JISIX, HA MIPEANPUATHUAX MAIIETIPOMa, B KOTETTbHBIX.

AanepHaTlllBHble CUCTEeMbI OUYNCTKN BO3AyXa

IToMMMO yKa3saHHBIX Pa3HOBUJHOCTEI IIbL/IE-
Y/IOBUTeIEN U Ta3004MCTHBIX CHCTEM COBpe-
MeHHasi IPOMBIIITIEHHOCTD UCIIONb3YeT TaKXKe
HECKOJIBKO JIOIIOJTHUTE/IbHBIX KJIACCOB 000py-
JIOBaHUA: MAaC/IAHbIE TEHTOYHO-L[eNTHbIE (VIIb-

TPBbI, Mac/IsiHble PUIBTPEI C abCOpOEHTOM, yCTa-
HOBKI OaKTepuaabHON 00paboTKL.

MacnsHble IEHTOYHO-LeMHbIe ccTeMbI Gpurnb-
Tpaummn cobpaHbl U3 CMaYMBaeMbIX IIACTUH, PacIo-
JIO’KEHHBIX Ha 3aMKHYTOJ JIEHTE, [BVDKYILEIC HaJl
BaHHOII ¢ Mac7ioM. OCHOBHOE IIPEVMYILECTBO 3TOTO
pelleHNst — B CAMOOYNCTKe IJIACTVH 3a CYeT Macyia
(morpy>kascp B BAHHY, 9/IeMEHTHI KOHCTPYKLINA
OOHOBJIAIOT COPOEHT), OHAKO TaKasl yCTAHOBKA OYEHb
crienuduYHa B MCIIOTHEHNY, CHab)KeHa JiBUraTe-
ieM, TpebyeT CI0KHOTO MOHTa>Ka U 00CTY)KMBAHMSL.

MacnsaHble GunbTpbl C a6COPOEHTHBIM NPUHLIU-
Nom feiiCTBUA, IIpeACTaBIALINe CO00IT KaMepy
C Hacazikoi (MeTast, KepaMuKa), KoTopas obpa-
6oTaHa MMHEPAIbHBIM Mac/IOM — BBICOKO3(d dek-
TUBHOE 000pY/0BaHue, TpeOyIolilee PeryIsiPHOTO
CJI0KHOTO O0CTYXMBaHMA (OYUCTKY) C UCTIONb-
30BaHMEeM rOpsYNX KayCTUIeCKIX COCTABOB.

YcTaHOBKW, OCHOBbIBatoLjecs Ha 6akTepu-
anbHol 06paboTKe ra30BO3YIIHBIX Cpefl, CUMTa-
I0TCSI OBHVMU U3 TIEPEOBBIX B OTPAC/IN, XOTSI IIOKa
ellle He BBILIIN 13 SKCIIEPYMEHTA/IbHOI CTafiNN.
OHM IIpefCcTaBIAIT CO00i KOHCTPYKIINUM, B KOTO-
PBIX 32 OYVCTKY I'a30B OTBEYAIOT IIPOTOOAKTEPUNL.

Hanpumep, Kuenenia stuttgartiensis, moegarno-
1[yie aMMUAK U BBIJ/ISION /e BMECTO HETO a30T, UK
Desulfobulbus propionicus, ycTpaHsole 13 BO3Lyxa
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OKCH/JIBI CEpBI ITyTeM IepepaboTKM UX B CynbdaTbl/
cynbduabL. DTO KpajiHe MaTOYC/IEHHAS KATETOPYsI
¢GuUIBTPOB, KOTOPbIE 06/TaIAI0T OTPOMHBIM ITOTEH-

IMIaJIOM ¥ aKTVBHO pa3pabaTblBalOTCs B HALIN JTHIA.

© MeTonb! TEPMMUECKOIT HEMITPANN3aLI UK BPES-
HBIX IIpMMecell BO MHOTMX C/Ty4asX MMeIOT Ipeu-
MylIecTBa nepef criocobamu agcopbunm u abcop6-
LU OTCYTCTBME IMIJTAMOBOTO X03A/CTBa, HeOOIb-
1ye rabapyuThl OUYNCTHBIX YCTAHOBOK, IIPOCTOTA MX
06CTy>KMBaHNUsA, a B psAfie CTy4aeB ¥ IO>KapHas aBTO-
MaTusanusa paboTsl, BbICOKas 3P PeKTUBHOCTD 00e3-
BpPEe>XMBAHM IPU HU3KOM CTOMMOCTY OYUCTKI.
PasnnyaroT Tpy cXeMbl TEpPMUYECKON HENTPAIN-
3al[My Ta30BBIX BEIOPOCOB: NpAMOe Cxcuzanue 6 nid-
MeHU, mepmuecKoe OKUceHUue U Kamaniumu4eckoe
cwuearue. IlepBble IBe UCIIONB3YIOT IPU TeMIIepa-
Typax 600-800 °C; mocnegHiomw — npu 250-450 °C.
Be160p cxeMbl onpezensaeTcss XMMIYeCKIM COCTa-
BOM 3aTrpA3HAIONINX BeIleCTB, X KOHILIEHTpa-
1yieil, Ha4a/IbHOJ TeMIIepaTypoil ra30BbIX BHIOPO-
COB, 00'BEMHBIM PACXOOM Y IIPEe/IbHO JOMYCTH-
MBIMU HOPMaMI BBIOPOCa 3arpsASHSIONINX BEIIeCTB.
Mpamoe cxuraHne cienyer NCIOIb30BATh
TOJIBKO B T€X C/Iy4YasX, KOT/ja OTXOAAIINE ra3bl 00e-
CIeYNBAIOT IOBOJ, 3HAYMTENILHOI YacTy 3Hep-
TUM, HeOOXOMMOII /151 OCYILeCTBICHN A Ipoliecca.
3 sxoHOMUYECKMX COOOpa>keHNI ITOT BKIA[ O
KeH IpeBbIIaTh 50% 00111l Tem/IOThl CrOpaHuUsL.
IIpy NpoeKTUPOBAHNUY YCTPONICTB IPAMOLO CXKU-
raHUA HeOOXOMMO 3HATh IIPeJie/bl B3pbIBaeMO-
CTU VI BOCIIIAMEHAEMOCTY CKUTAaeMBIX OTXO-
JI0B U Ta3000pa3HOrO TOIIVBA B CMECSX C BO3-
AyXoM. OTU JaHHbIe IOKAa3bIBAIOT, Oy/ieT 1K
KOHKPEeTHBII BUJ, ra3000pa3HbIX OTXO/IOB IIOJ-
[lep>KMBATh TopeHue 6e3 JOTIOTHUTETbHOTO IO -
Bofia TomINBa. IIprMepoM Takoro mpouecca siBas-
eTCsl CKUTaHUe YITIeBOJOPOMIOB, COflepXKaIluX
TOKCUYHBIE ra3bl (HallpuMep, UaHUCTBIN BOJO-
POX) HEIOCPeACTBEeHHO B dakesne (TO eCThb IPO-
CTO B OTKPBITOJ TOpeKe, HaIlpaBJIeHHOI Bep-
TUKa/IbHO BBepX). Pakes NIPpUMEHAIOT I/IaBHBIM
006pa3oM AJIs CKUTAHUS TOPIOYMX OTXOJ[OB, KOTO-
pble He MOAAAIOTCSA APYTUM BUAaM 00paboTKIML.
Tepmunyeckoe OKMUC/IEHMNE VCTIONb3YIOT 160
KOT7Ia OTXOJAIMe Ia3bl MMEIOT BBICOKYIO TeM-
HepaTypy, HO B HUX HeT JOCTaTOYHOIO Ko/In4e-
CTBa KMC/IOPOJA, 1100 KOTfja KOHIIEHTpaLs ropio-
9MX IIpUMeceil HaCTO/NbKO HM3Ka, YTO OHU He obe-
CIIeYNBAIOT MTOIBOJ, TEIIOThI, HEOOXOAMMOI /A
nopjepxanus mwiaMenyn. OCHOBHOE IpeuMylie-
CTBO METOfIa — OTHOCUTE/IbHO HU3KasA TeMIlepa-

Typa Ipoljecca, 4YTO IMO3BOJIAET COKPATUTD pac-
XOfIbI Ha M3TOTOBJIEHME KaMephbl CKUTAHNA 1 130e-
KaTbh 3HAYNTETLHOTO 00pa30BaHMA OKCUIOB a30Ta.

© Karammrudeckuit METOJ IPUMEHSIOT /IS TIpe-
BpallleH)s] TOKCMYHBIX KOMIIOHEHTOB IIPOMBIIIIEH-
HBIX BBIOPOCOB B BellleCTBa Oe3BpeHbIe NI MeHee
BpeHBIe [/Is1 OKPY>KaIolllell Cpeibl IyTeM BBefie-
HVS B CUCTEMY JIOIO/THUTE/NbHBIX BEIeCTB — KaTa/ln-
3aTopoB. OH OCHOBaH Ha B3aVIMOJEIICTBUY YAa/Is-
€MBIX BEIIeCTB C OFHMM 13 KOMIIOHEHTOB, IIPUCYT-
CTBYIOIUX B OYMIIA€MOM Ta3e UM CO CIlelIMabHO
nobaBisieMbIM B cMech BeljecTBoM. Katannsa-
TOP, B3aMMOJIEIICTBYSI C OfHUM V3 pearupyouinx
COeIMHEeHMI, 06pasyeT HPOMEXYTOUHOE Bellle-
CTBO, KOTOpOE pacnajaeTcs ¢ 00pa3oBaHMeM Ipo-
IlyKTa pereHepypOBaHHOTO KaTaIM3aTopa.
KaranuTtuaeckoe OKVC/IeHMe OT/INYAETCS
OT TepMMYECKOTO KPaTKOBPEMEHHOCTBIO IIPOTe-
KaHVA Npoljecca (MHOTAa JOCTaTOYHO HECKO/b-
KX JIOJIeil CeKYH/IbI), 4TO TTO3BOJIAET PE3KO COKpa-
TUTb rabapuTel peakTopa. Kpome toro, remmepa-
Typa, HeoOXOMMas /ISl OCYIeCTBICHNS peak-
IV OPTAHNYECKNX I'a30B U NIAPOB C KUCTIOPOLOM,
camkeHa (1o 300 °C) 1o cpaBHEHUIO C TeEpMMYe-
ckuM okucneHneM. O6beMHYI0 CKOPOCTD OIlpefie-
JISIIOT KaK OTHOIIIEHNe pacxofia o6pabaTbiBaeMoro
rasa (M’/4), IpMBEEHHOTO K HOPMaJIbHBIM YCIIO-
BUSM, K 00'beMy KaTa/In3aTOPHOI Macchl (M?).
OcHOBHBIE KpUTEPUM BBIOOPA KaTa/IN3aTOPOB —
VX aKTUBHOCTD 1 JJONTOBEYHOCTD. O 1epBoii CyaaT
I0 KOJIMYEeCTBY IPOAYKTA, IIOJTY4aeMOTO C eAVHMI[BI
obbeMa KaTannuaaTopa, Uiy o 06’beMHOI CKOPO-
CTM KaTaJIMTUYECKOIl peaKI, IpU KOTOPBIX 0be-
crieunBaeTcs TpebyeMas cTeleHb 00e3BpeXXMBa-
HIs1 06pabaTbIBaeMoro rasa. [lyst oCcyiecTBIeH s
Ipoliecca HeoOXOAVIMbI He3HAUNTeNbHbIE KOMude-
CTBa KaTa/M3aTopa, pacloloKeHHOT0 TaKuM obpa-
30M, 4TOOBI 00€CIIeYNTh MAKCUMAJIbHYIO IIOBEPX-
HOCTb KOHTaKTa C Ta30BbIM NTOTOKOM. Katannruye-
CKUIA CJION TOJDKEH CO3[jaBaTb YMEPEHHO HU3KUI
Hepenaz faBieHns, 06ecrednBaTh CTPYKTYyPHYIO
11e716CO00Pa3HOCTD U OITOBEYHOCTb KaTalmn3aTopa.
CreyeT OTMETUTD, 9TO /151 9P PEeKTUBHOTO CHU-
YKeHMsI BBIOpocoB Heobxoayumo nonbupars ['OY, onu-
pasich Ha COOCTBEHHOE IPON3BO/CTBO, @ UMEHHO —
Ha KOJIMYeCTBO ¥ Ka4eCTBO BbIOPOCOB. 1151 Hanbomb-
mero a¢pexTa crefyeT paccMaTpUBaTh OUYNIIECHIE
OTXOJAIVX I'a30B CTYHEHAMH OT IPyOOIt OUMCTKY —
K TOHKOJ1, OT OOIIVX BEIeCTB — K YaCTHBIM. [
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