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BBEJAEHHUE

AKTyaJIbHOCTH Po0JyemMbl. [IbuieBoli gakTop B MPOU3BOACTBE LIEMEHTA
HanOoJiee 3HAUYNTEIBHBIN Cpear BceX (PaKTOpOB, BO3MCUCTBYIOMNX HAa paOOTHUKOB
oTpaciy. DTOT BBIBOJ XapaKTepeH M uis npeanpusaTii Pecry6mukn Memen. IThuis
LIEMEHTHOTO KJIMHKEpa, TJIMHBI, TUIICAa B BbIOpOCcax MNPEANpUATHI IOIMAaaaeT He
TOJILKO B aTMoc(epy M OKPYKAIOIIyI0 Cpeay, HO M B pabouyio 30HY, U Ha
TEPPUTOPUIO OpeanpusaTuii. OJHUM W3 TJIaBHBIX CPEICTB KOJUIEKTUBHOM 3alllUTHI
pabOTHHUKOB  CiIyXaT cucTeMbl oOecnbumBanus. s mogdopa  y3i0B
oOecnbUIMBaHUs, TbUICYJIABIMBAIOIIETO OOOPYJOBAaHUA W JAPYIHX JJIEMEHTOB
cucTeM 00€CTIbIIMBAHUS BAXKHO OMPEICIUTh UCXOHBIC IAHHBIE U1 UX pacuera, u B
MEPBYIO0 OYEPEAH K HUM OTHOCUTCSI AUCIIEPCHBIN COCTAB MbUINA, a3POAUHAMUYECKUE
XapaKTEPUCTHUKH.

Onnoit u3 npuynH HEAIPDEKTUBHON pabOTHl CUCTEM OOECIBUIMBAHUS SBIISIETCS
MOCTYIUICHUE HA TKAHEBBbIC (PUIBTPHI MOTOKOB C OOJBIION KOHIEHTpPALUEH MbLIH,
YTO TPUBOJMUT C OJIHOM CTOPOHBI K CHHXEHHUIO TpeOyeMbIX OOBEMOB BO3/IyXa
yAQISIEMBbIX OT TEXHOJOTHUYECKOTO 000pYyIOBaHUs, C JIPYrod CTOPOHBI, STO MOXKET
IIPUBECTH K CPBIBY PYKABOB U TOBBIIICHUIO MBUICBBIACICHUN B pabOuyi0 30HY H
3arps3HeHUI0 atMocepsl BOJMM3M W Ha Tepputopuu mnpeanpusituid. IlosTomy
AKTyaJIbHBIM SIBJISIETCS HMCMOJIb30BaHME B O3TUX CIydasix Ha IMEPBOM CTYNEHU
yJIaBJIUBaHUS — MMBUICYJIOBUTENICH Ha BCTPEUHBIX 3aKpydeHHBIX oTokax (B3II).

OpHoit U3 npodsieM Uil PEANPUITHIT CTPOMMHAYCTPUU SBIISETCS 3arpsi3HEHHE
OKpYXarUEH Cpelbl MEJIKOAUCIIEPCHOM MBUIBI0. [103TOMY Ba)XHO OLEHHUTH IOJIIO
yactuli, PMjijg u PMjs B MbUIEBOM 3arps3HEHWH, W OILCHUTH BBINOJIHECHUE
HOPMAaTHUBOB JJISl MEJIKOAUCIIEPCHOMN MbUIA B BO3IyXe pab0O4MX 30H U OKpYKaoIIei
cpene.

Takum 00pa3oM, akTyallbHbIM SIBJISIETCS HCCIEIOBAHHWE, HANpaBJICHHOE Ha
U3YyUYCHUE  XApaKTEPUCTUK TbUIM, BBIICIAIOMIECHCS OT  TEXHOJOTHYECKOTO

o0opy0oBaHUsI TPOU3BOJCTBA IEMEHTa, B ToM uucie PMiy u PMjs, a Takxke



COBEPILIEHCTBOBAHUE CUCTEM OOECTBUIMBAHUSA W MBUICOYUCTKU C HMCIOJIb30BAHUEM
anmaparoB B3Il myis cHuXeHUs BBIOPOCOB TBUIM B OKPYXKAIONIYI0 CpPeAy U B
pabouyro 30HY.

PabGoTa BbIMONHSIACH B COOTBETCTBUM C TEMATHYECKMM ILJIJAHOM HAay4yHO-
uccinenoBatensckux pador ®I'BOY BIIO Bonarorpaackoro rocyaapcTBEHHOTO
TEXHUYECKUN YHUBEPCUTETA.

Crenedb pa3palOTaHHOCTH TeMbl JUCCEPTAIMOHHOTO  HUCCIEIOBAHUS.
Bompocamu wuccnenoBanus mhIIEBOTO (DakTOpa HA MPEANPHUATHAX IIEMEHTHOMN
IIPOMBIIIVIEHHOCTH U TOBBIIEHUS 3(PHEKTUBHOCTH PaOOThI CUCTEM OOECIBIITUBAHUS
3aHUMAJIMCh U 3aHUMaroTcss MHorue yuensle-H.A. ®ykc, M.II. Kanunymkun, E.N.
borycnasckuii, B.H. Azapos, H.B.Men3enunnena, B.B. Helinun, E.A. IlItokMman,
J1.B.Komrre, B.U.becnanos,K.1.JIoraues,Al-Neaimi  Y.l,MaslehuddinM., Al-
AmoudiO.S., RahmanM.K.,Saleh A.O,u npyrue.

OpHako Ha CETOAHSIIHHMM JIEHb OCTAeTCSl aKTyaJbHOW MpoOiieMa 3arpsi3HEHUS
BO3/yXa OKpYXawmiel cpeabl U paboyux 30H MPEANPUSTHNR MEITKOIUCIICPCHOM
neutbto PMyg u PMys. Baxnoit 3amaueil oOecnedenuss 3(Q(PeKTUBHOM padOTHI
CUCTEM OOCCTBIIUBAHUS SBISETCS MOA0O0P TMBUICYIABIMBAIONINX aMMapaToB C
Y4ETOM JAUCIEPCHOTO COCTaBa U (PU3UKO-XUMUUYECKUX CBOMCTB MbLIH.

Leab padoTbl COCTOMT BIOBBIMICHUN IKOJIOTHYECKON O€30MacHOCTH, KOTOpas
HanpapjicHa Ha CHI)KCHUE HEraTUBHOTO BO3JEHCTBUSI TBUIM MPEANPUATUN 110
MPOU3BOJICTBY I1IEMEHTAa Ha OKPYXKAOIIYI0 Cpeay IOCPEACTBOM TMOBBIIICHUS
3¢ PeKTUBHOCTH PabOTHI CUCTEM 00CCIIBIIIBAHUS.

J{nst qoCTHXKEHUs TOCTABJICHHOM 11eJIM B paboTe pelainuch CaeAyoIue 3a1aun:

- OIIEHKa 3allbUICHHOCTH BO3JyXa pa0O4MX 30H W MPUJICTAIOIIUX TEPPUTOPUIA
MPEANPHUATHIN 110 TIPOU3BOJICTBY IIEMEHTA KaK BPEIHOTO MBUIEBOTO (haKTopa;

- aHaJgu3 CHUCTeM OOECNbUIMBAHUS, MPUMEHSIEMBIX Ha MPEANPUATUIX IO
MIPOU3BOJICTBY 1IEMEHTA ;

- OIleHKa BO3JeHCTBUSI TbUIEBOTO (akTopa, B ToM umcie PMiy u PMys Ha

3I0pOBbE PAOOTHUKOB IIEMEHTHBIX 3aBOJIOB ;



- NOPOBEJCHUE CPABHUTEIBHOTO aHAIN3a COCTaBa KOMIIOHEHTOB CBIPbEBBIX
cMecedl IS MpOM3BOACTBA HeMeHTa B Pecry6muke Memen m Poccmm, a Takxke
uccienoBaHne (PU3NKO-XUMUYECKUX CBOMCTB IIEMEHTHOM MbUIH;

-COMOCTABJICHUE AaHaIW3a JHUCIEPCHOTO COCTaBa IIbUIM, MOCTYMAKOMEH B
atMoc(epy BONMU3M TEPPUTOPUU TPEANPHUATHN MO TMPOU3BOACTBY LIEMEHTa B
PecnybOnuke Wemen u Poccn;

- OIIpeZIeNIEHNE BEPOSITHOCTH MTPOCKOKA TBEPABIX YacTull B anmapartax B3I1;

- pa3paboTka CHUCTEMbl OOECHbUIMBaHUS C anmapaToM Ha BCTPEYHBIX
3aKpPYUYEHHBIX MMOTOKAX U PyKaBHBIM (UIBTPOM U ompejeneHue ee 3pPeKTUBHOCTY;

- pa3paboTKa MPAKTUYECKUX PEKOMEHIAIMHN [0 CHUYKEHUIO MbUIEBBIICICHUN B
BO3/IyX pabounX 30H U B BEIOPOCAX IIEMEHTHBIX 3aB0I0B Pecrry6mikn Memen.

OcHoBHasi maes pPaOOTHl 3aKIHOYaIACh B KOMIUIEKCHOM IIOAXOJE IO
CHW)KEHUIO HETaTUBHOIO BO3JEWCTBUS NBUIEBOrO (akTopa, B TOM YHUCIE
MeJkoaucnepcHou nbui PMig u PMj sHa nipeinpusaTUsaX 1o npou3BOICTBY LEMEHTA
B Pecny6muke IemeH, a Takke B TIOBBIIEHHH 3(PMEKTHBHOCTH pabGOTHI
CUCTEMOOECTIBIIIMBAHUS PEANPUATUN, ITOCPEACTBOM VCIIOJIb30BaHUsA
IBYXCTYIEHYATBIX CUCTEM OYMCTKH c anmnaparoM B3Il u pykaBHBIM (GUIABTPOM.

Hay4nasi HoBU3Ha pa0doThI:

- TOJYYEHHUE OHKCIIEPUMEHTAIBHBIX HaHHBIX a0 PMio, PMys miua mbuim,
BbIACIIAIONICNCS B aTMocepy U B BO3AyX paOodeil 30HbI Ha Pa3IMYHBIX dTanax
TIPOM3BOJICTBA IIeMeHTa B Pecny6nnke Memen;

- pa3paboTKa SKCIEPUMEHTAILHOM YyCTaHOBKM Ha Oase ammapata B3Il u
PYKaBHOTO (pUIIbTpa JJ1s1 OLIEHKU BEJIMYMHBI BBIOPOCOB MbUIH B aTMOchepy;

- YCTaQHOBJICHBI PETPECCHOHHBIE 3aBUCUMOCTH JUIsl BEJIMUYMHBI BHIOPOCOB MBLIH
1eMeHTa B aTMocdepy U pabouyio 30HY,

- pa3paboTka MaTeMaTUYECKOM MOJENU JJisl pacyeTa BEpOSITHOCTH MPOCKOKA B
atMocdepy MENKOJUCTICPHBIX fojied mbuthn 1memMeHta PMig u PMys mpm

UCIIOJIb30BaHUHU YCTaHOBKHM ouncTKU armnapara B3I1 u pykaBHoro ¢puiabTpa;



- COIMOCTABJICHUE aHAJIM3a KOMIIOHEHTHOTO U IMCIIEPCHOTO COCTABOB LIEMEHTHOM
MIBLTH, TIOCTYTAOIIEH B BO3AYX pab0UYNX 30H U OKPYXKAIOUIYIO0 CpeAy Ha IEMEHTHOM
3aBoje Pecry6muku Memen u Pocenw.

Teopernueckasi 3HAYUMOCTH PadOTHI:

- ONpEIEIICHBl 3aBUCUMOCTH ONPEACIISIIOIINE BEPOATHOCTD NMMPOCKOKA TBEPABIX
yactuy PMig u PM,s B ammaparax B3Il y4eToM OCHOBHBIX KOHCTPYKTHMBHBIX
apaMeTpoB amnmnapara, peKrMa €ro padoTbl, CKOPOCTEH MOTOKA Ha BXOJE B 30HBI
BBOJIa MIOTOKOB, U COCTaBa MOCTYNAIONIETO (PPaKIIMOHHOTO MOTOKA;

- HaWJIeHbl 3aBUCHMOCTH, MO3BOJIAIONINE OMpeneanuTh 3Q(PEeKTUBHOCTh pabOThI
ycTaHoBKH ¢ annaparoM B3Il u pykaBHbIM (HIBTPOMB 3aBUCUMOCTH OT Pacxoja u
CKOPOCTH BO3yXa B BO3JYXOBOJI€, KOHLIEHTPALlUU NbUIM U COOTHOLIEHUN BO3/yXa
II0aBa€MOT'0 Ha BBOJ.

IIpakTnyeckoe 3HaYeHHe padOThI:

-onpesienieHbl 3HaueHud PMig u PMy s B BeIOpocax B aTMocdepy U B pabouyio
30HY Ha 3aBojax PecnyOnuku PIeMeH;

- pa3paboTaHbl NPAKTUYECKHE PEKOMEHAAIMU IO CHUKEHUIO BBIOPOCOB
PEANPUATHAN TIO MPOU3BOJICTBY IIEMEHTA U MOCTYIUICHHUIO MBUTH B aTMOocdepy;

-pa3paboTaHa YCTaHOBKA YJaBJIMBaHUS C HCIOJIb30BaHWeM armmapatra B3Il u
pyKaBHOTO (pUIIbTpa JIs1 CHUYKEHHUS BHIOPOCOB MBLIM IIEMEHTa B aTMOChepy;

-pa3paboTaHa W  HCHbITaHa Yy4yeOHas O3KCIEpPUMEHTalbHAas  yCTaHOBKa
neuteynaBiuBanus Ha kageape BXKICul'X MAuC BOJII'TY u BHenpeHue ee B
y4eOHBII MpOoIece AJis MOATOTOBKYA MaruCTPOB U aCIIUPAHTOB.

Peanm3zanus pe3yabTaToB padoThI:

- MOJIYYEHBI SKCIIEPUMEHTAIIBHBIE JAHHBIE IO coAepxkaHuto 10 PMio u PMys
B JUCIEPCHOM COCTaB€ TBUIM B BO3IyXe pabOyux 30H WU Ha TEPPUTOPUH
IPEAIPHUATHIA 10 IPOU3BOJCTBY LieMeHTa Pecry6muxu emen;

- YTOYHEHBI CBEICHHUS 110 KOMIIOHEHTHOMY M JMCIEPCHOMY COCTaBY IIbLIN

nemenTa B Pecriy6iuku Memen;
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- pa3paboTaHa MaTemMaTH4ecKasi MOJAEINb JIJIsl OMUCAaHUsI BEPOSITHOCTH MPOCKOKA
NbUIM LEMEHTa C pasMepamu TBepAblIXx dyacthl Menee 10 m 2,5 MKM B
AKCIIEPUMEHTANILHON yCTaHOBKE Ha 0a3e anmnapara B3I1 u pykaBHoro puibtpa;

- pa3paboTaHa PKCIEepUMEHTaIbHAS YCTAaHOBKA JJII OYMCTKU BO3/yXa OT MbUIX
IIEMEHTa ¢ ucrnonb3oBanueM ammapara B3Il u pykaBHOrO (prybTpa, Ha KOTOPYIO
nosydeH narent ([lat. RU 2015140195/05(061736);

- pa3paOOTaHBINMPAKTUYECKUE PEKOMEHIAIMU 10 CHUXEHUIO BBIOPOCOB
MPEANPUATANA 110 TTPOU3BOJICTBY IIEMEHTA W MOCTYIUICHUIO MBUTH B aTMOC(EPy IS
3aBoj10B Pecriy6mku Hemen.

IToJ10:keHUs1, BBIHOCHUMbIE HA 3AILUTY:

- DKCIIEPUMEHTAJIBHBIE JAHHBIE 110 JUCIIEPCHOMY COCTaBY IbLIN, ITOCTYIIAKOIIEH
B BO3JIyX pabouux 30H U aTMOc(epy MPUIETAIOMUX TEPPUTOPUM MPEATPUATUN TIO
IIPOM3BOJCTBY LIeMeHTa B PeciyOuuke Hemen;

- IIOJyYEHHBIEMATEMATUYECKUE3aBUCUMOCTH, IO3BOJIAIOIIAE  OIPEACIUTD
BEPOSITHOCTh MPOCKOKATBEPAbIX yacTull PMio u PM ;5 B anmaparax B3II ¢ yuerom
OCHOBHBIX KOHCTPYKTMBHBIX TIapaMETpOB ammapara, pexuma ero padoThl,
CKOPOCTEM NOTOKA Ha BXOAE B 30HBI BBOJA IIOTOKOB U JUCIEPCHOIO COCTaBa
MOCTyNaromero (pakiimoOHHOTO MOTOKA;

-3aBUCUMOCTH, TO3BOJISIONINE ONPENeTUTh 3 (HEKTUBHOCTh PAOOTHl YCTAHOBKU
¢ annapatoMm B3Il u pykaBHbIM (DUIBTPOMB 3aBUCUMOCTH OT PacxoJa U CKOPOCTH
BO3JyXa B BO3IYXOBOJ€, KOHILEHTpPAUX THUIM H COOTHOIICHUWA BO3IyXa
0JaBaeMoro Ha BBOJI.

CreneHb J0CTOBEPHOCTH HAYYHBIX MOJIOKEHUW, BBIBOJOB M PEKOMEHIAIIHA
COOTBETCTBYET  COBPEMEHHBIM  TpeOOBaHMSIM; O0OOCHOBaHAa IMPUMEHECHUEM
KJIACCUYECKUX TOJIO)KEHUN TEOPETUUYECKOTO aHalii3a; SKCIEPUMEHTAIbHBIM U
YUCJIEHHBIM MOJICJIMPOBAHUEM HU3yYaeMbIX MPOIIECCOB; MJIAHUPOBAHUEM U BEIOOPOM
METOAUK MPOBEACHHUS JJII OKCIIEPUMEHTOB; IMOATBEPXKACHA CXOAUMOCTBIO
MOJTYYEHHBIX PE3YJbTATOB SKCIEPUMEHTAIBHBIX HMCCIEIOBAHUMN, BBIMOJHEHHBIX B

J1a00PATOPHBIX YCIOBUSX.
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AnpobGanusi pe3yabTaToB PadoTbl. OCHOBHBICMIOJIOXEHUS W PE3YJIbTAThI
paboThl AOKIAABIBATUCH, M TONyunian opoOpenue Ha: XII  MexnyHapomHoi
Hay4YHO-IPAKTUYECKas KoH(pepeHus «I"opona Poccuu: po0JIeMbl
CTPOUTEILCTBA, WHXKEHEPHOTO obOecrneueHus, OJaroyCTpoucTBa M HKOJIOTHUN,
Ilen3za, 2013; koH(pepeHINH MONOJBIX WHXKEHEPOB-3K0JIO0TOB «IIpobaembl oXpaHbl
IPOU3BOJICTBEHHOM U OKpy»karomieil cpeas» (r. Bonrorpan, 2014 r.); eXeroHbIX
HayyHO-TexHHUeckux  KoHdpepenuusx  OI'bOY  BIIO  Boarorpaackoro
roCyJapCTBEHHOIO apXHTEKTYpHO-CTPOUTENBHOIO yHUBepcuteTa, (r. Bomrorpag,
2010-2017 r.); XIX MEXIYHApOJHOW HAyYHO-MPAKTUYECKON KOH(DEpeHITuu
«TexHnyeckne HayKM-OT TEOpPUM K MpakThke» TI. Yda, 2013; Bcepoccuiickoit
HAy4YHO-TIPAKTUYECKOM KoHbepeHIuy, r. Yoda , 2014.

Iy0ankanuun.OCHOBHBIE PE3YNBTATHl MCCIEAOBAHMM MO TEME JUCCEPTALMU
M3JI0KeHbI B 17 paboTtax (Bkiaj couckarens — 47,54 nedyaTHbIX JUCTa), B TOM YUCIIC
1 crates, uHAekcupyemoii B «web of science», 5 craThsx, MHACKCHpPYEeMOW B
«Scopus», 4 craTbax, OMYyOJMKOBAaHHBIX B W3JAHMUSIX, pEeKoMeHayeMmbix BAK
Poccun, 1 narent P® Ha none3Hyro MOJIEIb.

O0béM m cTpykTypa padoThl. J(uccepTaiusi COCTOUT U3 BBEJCHMS, YETHIPEX
IJ1aB, 3aKJIIOUYEHHS], CIUCKA MCIOJIb30BAHHOW JIMTEPATYphl U NMpHiIokeHUuH. OO0mmmii
o0beM paboThl coctaBnseTr 123 crpanuny, B Tom umcie: 120 crpaHui; — OCHOBHOIA
TeKCT, comepkammii 15 Tabmuir Ha 14 ctpanumax, 50 pucyHkoB Ha 41 cTpaHUILE,
criucok auteparypsl u3 103 HauMmeHoBanuii Ha 13cTpanumax; 3 MPUIOKEHUS Ha 3

CTpaHUIIaX.
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I''TABA 1 CTEIIEHb PABPABOTAHHOCTHU TEMbI U BBIBOP
HAITPABJIEHUA UCCJIEJOBAHUA

[To nmamueiv CPCB (CentralPollutionControlBoard) [99,100,101,102,103].
LIEMEHTHAsg MPOMBIIUICHHOCTh BXOJIUT B 4uciao 17 Hambojee BpEIHBIX I
OKpYXalolleld cpeapl MPOU3BOJACTB. MHUpPOBOE MPOU3BOJICTBO LIEMEHTA C KaXKIbIM
roJIOM YBEJIMUMBAETCS, a COOTBETCTBEHHO PACTET U KOJIUYECTBO BHIOPOCOB BPEIHBIX
BemecTB. Cpeau BemIeCcTB, COAEpXKAIMXCS B BBIOpOCaX MPEANPUATHN 1O
IPOU3BOJCTBY LIEMEHTA MOHO BBIJCIINUTH: MbUIb [IEMEHTA, WU3BECTH, ITa3000pa3HbIe
BbIOpockl CO2, SO2, nuokcunbl u ap. Haubosnee omacHbIM BpPEeIHBIM BEIIECTBOM,
colepKalluMcsl B BbIOpOCax IIEMEHTHBIX 3aBOJIOB, SIBJIAETCS IMbUIb I[EMEHTA,
oOpa3ymomascs Ipu 00XKHUIe ChIpbEBOW CMECH CYXHM CIOCOOOM, T.K. COAEpKaHUE
MenkoaucnepcHor ¢pakuuu meHee 10 MKM Ha pa3HbIX 3Tamax HPOU3BOACTBA
neMeHTa coctaBiigeT oT 10 10 75%.0co0eHHO 0CTpO CTOUT MpodieMa 3arpsi3HEHUS
atMocdepsl TBEPJIBIMU YaCTUIIAMU B CTpPaHaX, PACIOJOKEHHBIX B MYCTHIHHBIX U
TIOJTYIyCTHIHHEIX 30HAX, TAK HANPUMEpP, B LEMEHTHOH MPOMBIILIEHHOCTH Memena

npu npou3BoacTBe 1 T ieMenta oopasyercs 0,14 T meutu[21,76].

1.1. AHaamu3 TeXHOJOrH4eCKOro Nnpouecca Npou3BoACTBA IeMEHTa KaK
HCTOYHUKA 3arpsi3HEeHUs1 padoueil 30HbI U OKPYKAIOLIEH cpelbl B YCJIOBUAX

Pecny6anku Hemen

Opnum 13 Hambojee BOCTPEOOBAHHBIX HA PBIHKE CTPOUTEIBHBIX MAaTEpPUAJIOB
SABJISIETCA 1IeMEHT. lleMeHTHoe MNpOM3BOACTBO CUMTAETCS OJHUM U3 HauboJjiee
BIIUATENIBHBIX (PAaKTOPOB JJISI PA3BUTHS SKOHOMUYECKOM JIESITEIbHOCTH rOCy1apCTBa

N CTAHOBJICHUA IIPOMBIINIJICHHOCTH CTPOHTCIIBHBIX MATCPHAJIOB. Bo Bcem MHUPC
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€KEroJHO  yBEJIMYMBAETCS €ro MoTpedjieHhe MW MPOU3BOJCTBO. AHAIU3
TUTEPATypHBIX UCTOYHUKOB [19-91, 54] mo3Boamn cienaTh BBIBOA O TOM, YTO MPHU
MPOM3BOJICTBE IIEMEHTA, B pabo4rMe 30HBI MPEANPHUATHNA U OKPYKAIOUIYI0 CPEeIy
BBIJICTISICTCS.  3HAYUTEIBHOE KOJMMYECTBO MbUIA.IIpOM3BOACTBEHHBI  IPOLIECC
M3TOTOBJICHHS LIeMEeHTa B Pecry6imke VeMeH Ha pa3iHYHBIX STAmax IpOU3BOACTBA
CXOXK C mpou3BoACTBOM IeMeHTa B Poccuu. COBpEMEHHBIM, C TOYKH 3pEHHS
SKOHOMHH SHEPIeTUUYECKUX PECYPCOB, SABISETCS MPOU3BOJICTBO IIEMEHTA MO CyXOMY
croco0y, HO B TOKE BPEMs Ha Pa3IMYHBIX dTarax MPOU3BOJICTBA B BO3AYX pabOUnxX
30H MpEanpusTUss U B arMocdepy IMOCTymaeT OOoJblIee KOJIUYECTBO TBEPABIX
gactuil. B PecriyGnuke MeMeH eMEHT MPOM3BOIMTCS TONBKO 1O CYXOMY CIIOCO0Y.
[Ipu sTOM criocobe mpPOoU3BOACTBA IIEMEHTA BHIOOP CXEMBI 3aBHUCUT OT COCTaBa
ChIpb U €ro (GU3HKO - XHUMHUYECKHX CBOMCTB.ChIphe JOOBIBAIOT B Kapbepe,

PaCIOJIOKCHHOM HEAAJICKO OT IIPOM3BOJCTBA. 3aTeM camMocBaJlaMH JOCTaBJISACTCA

710 IMHUY, TPAHCTIOPTUPYIOIIEH ChIpbe Ha MpeAnpusTue (pucyHok 1.1).

PucyHoxk 1.1 - Jlo6bI4a 1 TPaHCTIOPTHPOBKA CHIPhs B Pecny6imke Memen . AMpan

Ha pucynke 1.2 mnpeacraBieHa TEXHOJOTMYECKas CXeMa M3TOTOBJICHUSA

[IEMEHTa 110 cyXxuM crocodom [21,53,101,102,103].
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Jlpofaenue H3BecTHAKa poficune TimHN

Cywka Cyurxa

| |
Lo

Hameabyenne
(nozyyenne CHpbesoll MyKn)

KoppektnpoBka chipbesoit Mykh
I'panyasuus cHpbesoil MykH

OG:xur rpanya
(noxyuente xaunkepa)

Pucynok 1.2 —TexHONOrust U3roTOBJIEHUS LIEMEHTA CYXHM CHOCOOOM

[Ipon3BOACTBO LIEMEHTHOIO KJIMHKEPA BKIIOUYAET CIEAYIOIIME BUJbI OIEpALIUN.
[Tocne npoOmneHus Chipb€ BHICYIIMBAIOT J0 BIAXKHOCTH IpuMepHO 1%, mocie dero
MU3MENBYAIOT 0 COCTOSHMS CBhIPbEBOM MyKH. [lomos m CymiKy chIppeBOM cMecH
IOPOU3BOJAT B CENapaTOPHBIX MesbHULAX. Takoil crmoco® Mpou3BOJCTBA SIBISETCS
HanOosiee HPQPEKTHUBHBIM W  HCHOJB3YETCA Ha  OOJBIIMHCTBENPEINPUATUH,
paboTarOMIUX IO CYyXOMY CITOCO0Y.

ChIpbEBYI0O CMEChC ONPENETECHHBIM COCTAaBOM KOMIIOHEHTOB TOJY4YarOT
MOCPEJICTBOM J00aBJIEHUS KOMIIOHEHTOB CHIPbSi B MEJIbHHILY, C MOCJIEIYIOLIUM
PEryJIMPOBAHUEM COCTABAUCXOJHOM NIMXTHI B CIENUATN3NPOBAHHBIX CHJIOCAX, Ky/1a
JOTIOJTHUTENIBHO TMOAAETCSl ChIPbEBAasi MyKa C ONPEIEICHHBIM COJEpKaHUEM
KapOOHAaTa KaJIbIIHS.

3areM cChIpbeBas CMECh IIOCTyHaeT B LUKIOHHBbIE TEIIOOOMEHHUKH M
MOCJIEIOBATEIBHO MPOXO/ISl YEPe3 CTYNEHHU LUKIOHOB MOMAJaeT BO BPALIAIOIIYIOCS
neyb, I71€ MPOUCXOIUT MPOIecC 0OKUTa CHIPHEBOM CMECH U MOIYYEHHE LIEMEHTHOTO
KJIMHKepa. 3aTeM KJIUMHKEp IMOCTYNAaeT B KIMHKEPHBIM XOJOAWIBHUK, TN€ IOCHe
OCTBIBAHMSITIEPEHANIPABIISIETCSA Ha CKIIA/.

WNHorna neMeHTHBI KIMHKEpP MOCIE OCThIBAHUS B XOJIOJAMJIBHUKE IOCTYIIAET

Cpazy B IIEMEHTHbIE MEJIbHMIIBI, KOTOpBIE pacrojaraloTcs B I€Xe [OoMoJa.
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[IpenBapuTeNbHO KJIMHKEP M3MENbYalOT COBMECTHO C THUIICOM U JAPYTUMHU
no0aBKkaMu, HEOOXOIWMBIMU IS TIOJYYCHHS TOPTIAHAIEMEHTa C 3aJaHHBIMU
cBoiicTBamu. M3 1iexa momosa MeMeHT CHUCTeMON MTHEBMOTPAHCIIOPTA MOJAETCs Ha
CKJIaJ] B LIEMEHTHbIE CUIOChl. OTKyJa NMPOU3BOAUTCS OTIpy3Ka LIEMEHTa OO B
¢dacoBaHHOM BHjE - OymMakHble MemKy 1o 50 Kr, Tu00 HaBajJOM B CHEIUATbHBIC
aBTOIMCTEPHBI, JINOO B KEJIC3HOJOPOKHBIC BarOHBI.

JlutepaTypHbIii 0030p Tokazan [21, 53, 94,99], uTo npu NMPoU3BOJICTBE IIEMEHTA
HauOOJBITUK BKJIAQA B 3arps3HEHHE BO3ayXa pabouux 30H MPEANPUATHS W
OKpY)KaloIIel cpeapl BHOCAT CIEAYIONIME WCTOYHUKH: TI€YH, pPa3MOJIbHbIC,
CYIIWJIbHBIC, U APOOWIIbHBIC YCTAaHOBKH, YIIAKOBOYHBIC MAIIMHBI I[EMEHTAa, MECTa
MOTPY3KU LIEMEHTA B JKEJIE3HOJOPOKHBIE BarOHBI U aBTOTPAHCIIOPT.

Crnenyer Takke OTMETUTh, YTO MOBBIIICHHBIE 3HAYCHUS 3aIbUIEHHOCTH BO3/1yXa
Ha TPEANPHUATHAX IO TMPOW3BOACTBY IIEMEHTA, MPUBOIAT K IOTEPSIM CHIPhSI U
rOTOBOT'O MPOAYKTA, a TAK)KE€ HETaTUBHO BIUAIOT HA 3/I0POBhE PAOOTHUKOB OTPACIH

1 OKPY’KAIOIIYIO Cpeay.

1.2. MHccaenoBanue Bo3jieiicTBe IeMEHTHOI NMbLIK HA OPTraHU3M

YeJ10BCKa Hpel[HpI/ISITI/Iﬁ IO MPOU3BOACTBY HEMECHTA

Exxerogasie  meguruHCKHe — TPO(GOCMOTpBI  pabOTHUKOB  IIEMEHTHOM
MIPOMBINIUICHHOCTH TIOKa3aJii, YTO OHU BXOMAT B TPYIITY BBICOKOTO PHCKA IIO
3a00eBaHUsIM JbIXaTeNbHBIX MyTell. Ha mnpousBoiacTBe pabOTHUKH BIBIXAIOT
IIEMEHTHYIO MMBLJIb B OOJIBIIIOM KOJIMYECTBE U MPOAOKUTEIIBHO 10 BpeMeHH. [Ibuih
MOJKET JUTUTEIIBHOE BpEMS 3a1€PKUBATHCS B IbIXaTeNIbHBIX opraHax [85-4]. Eciu He
3 GeKkTHBHO PabOTAIOT CHCTEMBI aCIUpAIlUd U OOCCIBUIMBAHUSI, TO ITOCISICTBHS
MOTYT OBITh BEChbMa CEpPbE3HBIMU: CO BPEMEHEM, CIU3HUCTas 000J0YKa MOTEpsieT
CIIOCOOHOCTH 33JIEP>KUBATh MBUTH, W TIHLJIb HAYWHACT MOMAaAaTh MPSMO B JIETKHE, T/IC

BBI3BIBACT H€O6paTI/IMBI€ HU3MCHCHHUS B JICTOUYHBIX TKAHIX.
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Yactuupl nguamerpoM oT 3 g0 10 MKM MOTYT pacnpOCTPaHSATBCA IO BCEMY
TpaxeoOpoHxuanbHOMY fepeBy. Yactuibl quamerpom ot 0,1 710 3 MKM B OCHOBHOM
ocelaloT B ajbBeojax, a yacTuipl MeHee 0,1 MKM OCTaroTCsi B MOTOKE BO3AyXa U
BBIJBIXAFOTCH.

[IpoBoguMBIE B TIOCIAEAHUE JECATUIIETUS WCCICAOBAaHUA IOKa3aiu, 4YTO
LIEMEHTHAasl MbUIb MpPU IMONAJAHUH B JbIXAaTEJIbHBIE MHYTH MOXET BbI3bIBAThH
W3MEHEHUSI JIETOYHOW TKaHHW, YTO B TIOCICJICTBUM TPUBOJUT K HEOOPATUMBIM
(GYHKIIMOHATBHBIM ~ WM3MEHEHUSM JIeTKHX. [[HEeBMOKOHMO3, BO3HHKAIOMUNA B
pe3yabTare JUINTEIBHOTO BO3IACHCTBUS LIEMEHTHOM MbUIM, IPOBOLUPYETCS
TUOKCUIOM KpemHus. Takke y paboyumx [EMEHTHOM MPOMBIILIEHHOCTH
BCTpeYaeTcsl XpoHuueckuit Oponxut. HayuHble wuccienoBaHusi, B TOM YHCIE H
npoBoaumbie BO3, NOATBEPKIAIOT CBSI3b MEXKAY 3albUICHHOCTHIO BO3IyXa
MEJIKOJIUCTIEPCHBIMU YaCTUIIAMU M OTKJIOHCHHMSIMU B COCTOSIHUU 3JI0pOBbBS JIFOJEH,
BKJIIOYAsl XPOHUYECKHE 3a00JI€BaHUS BEPXHUX JbIXaTEIbHBIX MYTEW, OJBIIIKY,
00JIeBOM CHUHIPOM BO BpPEMs JbIXaHUS W JIaK€ CIydau MPEKICBPEMEHHONW CMEPTH
[43, 8].

[TpousBoauTENN MOPTIAAHIAIIEMEHTA CTPEMSTCS K Han0oJiee TOHKOMY TTOMOJTY H
K Oojpliell OJAHOPOAHOCTH cMecu. B CBs3M C ITUM BO3HUKAET OMACHOCTh
MOCTYIJICHUSI B paldourie 30HBI M OKPYXAIOIIYI0 CpEeAy YacTUIl TMBUIH C
pasmepamumenee 10 MkM, HauOosiee OMacHBIX JIJIsl 3I0POBbS uelioBeka. 3BecTHO
[89], uTo mBUTL BABIXacMas YEITOBCKOM 3aJICP)KUBACTCA HA CIM3UCTOH 000JI0YKE
HOCA, U BEPXHHUX JIBIXaTEJIbHBIX MYTEW, U TOJIBKO HE3HAYUTEIbHASA YaCTh (IPUMEPHO
10%) nmocturaer OpOHXMOJ W albBeoJ, IA€ mHoaBepraercs ¢arouutoszy. OTKyaa
MBUTMHKYA MOTYT MPOHUKATh B JUM(ATUUECKYIO CUCTEMY JIETKUX, U 3aJIePKUBASCh
TaM, MOTYT SIBJISITbCSI TPUYMHOM pa3BUTHS ATOJIOTUYECKUX MPOIECCOB.

[Ib11e auamMeTrpom MeHbile 10 MKM MOXKET JOCTHUTaTh TPaxeoOpOHXHAIbHBIC
oOyacTedl MpIXaTeIbHOTO TpakTa. YacTWIbl MU pa3MepoM 2-3MKM U MEHBIIE
MOTYT JIOCTUTHYTh aJIbBHOJI B Tiepudepru JErkoro, Mo3TOMY OHU PACCMATPUBAIOTCS
KaK BJbIXaemass TbUIb. B 3aBUCUMOCTH OT (PU3UKO- XUMHUYECKHUX CBOMCTB

KOMIIOHCHTOB CMCCH OTMCUYCHEI ClIYy4dald BOSBHUKHOBCHUS Y pa6OTHI/IKOB HeMeHTHOﬁ
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NIPOMBIIIUICHHOCTH TTHEBMOKOHHMO3a WJIM CHJIMKO3a. Takke BCTPEYArOTCs TaKue
3a001€BaHUsI KaK acTMa, Pa3HOBUIHOCTH OPOHXHTOB, CPAICHUATKAHEH IUICBPHI,
BOCIIAJIUTEIbHBIC  MPOIECChI XPOHMYECKOTO XapaKTepa,a TaKKE BO3HHUKHOBEHHUE
MIOJIUTIOB B CIIM3HCTON HOoca. KpoMe TOro, oTMedaroTcs Ciydad BBISIBICHUS SI3BBI
KEITyJKa W JIBCHAAIATHIICPCTHON KHUIIKWA, BO3HUKHOBEHHE KOTOPBIX, BEPOSTHEE
BCEro, OOYCJIOBICHO crHenu(uueckuM BO3ACHCTBHEM IIEMCHTHOW TMBUTM Ha
CIIM3UCTYIO JKEIyIO0YHO— KuieyHoro Tpakta [89]. i Toro, 4roObl m30ekaTh
HETIPUSATHBIX TIOCICJACTBUIA Ha TIPOU3BOJICTBE, MEIUKH B TEPBYIO OYEpEIb,
PEKOMEHIYIOT COTPYJHUKAaM HCIOJIb30BaTh CPEJCTBA MHIWBUIYaTbHOW 3aIIUTHI -
pecniupaTtopsl. PeryisipHble MEZOCMOTPHI ITOMOTYT TIPEIOTBPaTUTh, BOBPEMS

AUArHOCTUPOBATDL U BbUICUNTH BO3HHUKAIOIIUC HpO6JI€MBI CO 3JO0POBBLCM.

1.3 AHa/u3 CylmecTBYKIIMX CHCTEM 00eCNIbINBAHUSA NPEeANPUSTHIA 110

MpOU3BOJACTBY IEMEHTA

[Ipon3BOACTBEHHBIN TEXHOJIOTMYECKUN MPOLIECC HA MPEANPUATUAX LEMEHTHOM
OTpaCIIHU COMPOBOXKIAETCS 3HAUUTEIbHBIM MOCTYIUICHHEM TbLTH B aTMocdepy (ot 10
mo 20 ™® 3anbIeHHBIX Tra3oB Ha | K& IIOJy4aeMoOro  LEMEHTA).
ITo cymectByrommmMuopmatuBaMI[JIK B BO3ayXxe MpPOM3BOACTBEHHBIX IOMEIICHUN

2—6 mr/mM® (2 mr/mP— 0
HE JOJDKHA TPEBBIIIATH Mmr/m® (2 mr/m IIPU COACPKAHUM B MbUIK OoJiee
10% cBobGomHoro kpemuesema, 4 Mr/mM>— 1pu copepkanuu ero menee 10% u 6
3
MI/M°— TIpH MOJIHOM OTCYTCTBHHU KpemHesema) [11].

HccnenoBanus mokaspiBaioT [96], 4TO mpu NpPOM3BOJACTBE IIEMEHTA CYXHM
CrIOoCOOOM BEJIMYMHA 3aMbUJICHHBIX Ta30B, YJAJISE€MbIX W3 COBPEMEHHBIX IE€UeH,
COKpaTmiioch Ha 25-45 %, Ho mpu 3ToM Temmeparypa ux gocturaet 350-400 °C, a
HEMOCPEJICTBEHHO Macca AMCHEPCHOM NbUIM Ha | TOHHY LIEMEHTHOrO KJIMHKepa

coctasisieT 50-120 xr.
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[To panHbIM [96], KOJMYECTBO KIMHKEPHBIX YaCTHUI[ B CYXOM TOpsSYEM
BO3ayxe,(c Temneparypoit 150-290°C) BrIxoAsIEM U3 KIIMHKEPHOTO XOJIOUIbLHUKA
COCTABJIICT HA KXy TOHHY KiIuHKepa 7-10 kr.

B Poccum s CHMDKEHMSI  KOHIIEHTpaUMW Ta30oB  OTXOASIIUMX  OT
nevyepadboTalonmx M0 MOKPOMY CIIOCO0Y MPOM3BOACTBA MPUMEHSIOT B OCHOBHOM
ANEKTPOPUIBTPHl paznuyHoro Ttuma. OOBIYHO SJIEKTPOPUIBTPHI YCTAHABIMBAIOT
CHapyXH 3JaHHUs MEXIY NbLICOCATUTEIHLHON KaMepod IMeYd U JIBIMOBOM TpyOoOii

(pucynok 1.3).
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Pucynok. 1.3 - Cxema O4MCTKH OTXOASIIMX Ta30B BPAILLIAOLICHCS TTeUn
anektpodunbTpoM [17]: 1 — meus; 2 — mpuIeocaIuTeIbHAS Kamepa; 3 —
[IAMOTIUTATENh; 4 — 3NIeKTPOoPMIbTP; 5 — ABIMOcoC; 6 — nTpIMOBast TpyOa; 7 —

MHEBMOBHUHTOBOW HACOC.

[lbuth  1EeMeHTa, SABIAETCS TOTOBBIM IMPOIYKTOM, TIOOTOMY YJIOBJICHHAS
ANEKTPOPHIBTPOM  MBLIb, TPH  TOMOIIMITHEBMOBHHTOBOIO  Hacoca, IO
TpyOONIpOBOy  BO3Bpamiaercss B medb.Ecnum TemmepaTypa yxXoAsmmx Ta3oB
MPEBBINIACT JOMYCTUMYIO IS 3JICKTPO(PHIBTPOB, TO JHUOO COBEPIICHCTBOBYIOT
IIEMTHYIO 3aBECy MEYH, MO0 MPUMEHSIOT BRICOKOTEMITIEPATyPHBIE 3JIEKTPODUILTPHI,
KOTOpBIE JIOMYCKAIOT OJKCIUTyaTalnio mpu Temieparype razoB a0 400 °C.

YcaoBusimu st BEIOOpaA AeKTpOGUIIbTpa SABISIIOTCA — 1) CKOPOCTh Ta30B B HEM HE
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JIO0JIKHA TIpeBbIATh 1,2 M/c; 2) BpeMs npeObIBaHUs 3albUICHHBIX Ta30B B aKTUBHOM
30HE MEKTPOPUIBTpa JOHKHO OBITH HE MeHee 8 C.

[Ipu oTkioHEeHUU PabOTBI 0OOPYIOBAaHUS OT ONTHMAIBLHOTO PEKUMA MOXKHO
IpPOrHO3UPOBAaTh yBelMYeHHEe oObeMa 3ambUleHHbIX TrazoB  (mo 20 %).
OddexkTuBHOCTH PabOTHI TOMOOHONW CHUCTEMBI MPU KOHICHTPAIIMU 3allbUICHHBIX
rasos 1pu Bxoze B dnekrpodmisTp 10 — 20 /M3 coctaBnser 98-99 %, uto maer
3HaueHHe NpPOCKoka neum B npexenax 0,10 — 0,5 r/m® Takas creneHs
3¢ (PEKTUBHOCTH OYUCTKHA MOXKET OBITh HEIOCTATOYHOM, T.K. HE YUYUTHIBACTCS, UTO
HAJEKHOCTh, MU KOADDUIIMEHT UCHOJb30BAHUS DIEKTPOPUIHTPOB HIDKE IO
CPaBHEHMIO C BPAIAIOIIUMHUCS €YaMHU U KOJIOCHUKOBBIMU XOJOAWIBHUKAMU, YTO U
PUBOJIUT K CHIKEHUIO 2(P(EKTUBHOCTH TbIICYIaBIUBAHMUS.

[ToaToMy pekoMeHayeTcss Il  OOECHbUIMBAHMS Ta30B  KCIOJb30BaTh
NBYXCTYNEHYAThIE CHUCTEMbl OYHUCTKH, TJI€ Ha TMEpBOM CTYNEHU OUYUCTKHU
YCTAaHABIIMBAaTh  HWHEPIMOHHBIE  NbUICYJOBUTENIN, HANPUMEP, ULUKIOHBI C
3 PEeKTUBHOCTHIO yiaBIuBaHUsl KpymHOU mnbuiu (cBeime 20 mxm) 10 80 %, a B
KaueCTBE BTOPOM CTYNEHH — HOBBIE, COBPEMEHHBIE SJIEKTPODHUIBTPHI, KOTOPbHIC
JIOITyCKaroT paboTy mpu Temmneparype razos mo 330 °C.

Bpamaronuecs neun cyxoro crocoda npou3BOACTBA MOTYT ObITh KOPOTKUMH U
JUIMHHBIMUA C 3all€YHBIMH TEIUIOyTWIM3aTopaMu U 0e3 TakoBbIX. B KkauecTBe
3aMEYHBIXTEIUIOYTHJIN3aTOPOB MOTYT OBITh HCIIOJIb30BaHbl MHOTOCTYIIEHUYATHIE
LUKJIOHHBIC TEIUIOOOMEHHUKH, BUHTOBBIC TEIUIOYTHJIM3ATOPhI, KOHIIEHTPATOPHI
jamMa, KoHBeHepHble KoHIeHTpaTophl [44]. Hanbonee 3¢ GeKTHBHBIMU SBISIOTCS
KOPOTKHME BpalIalOLIUECs MEeYU C 3ale€YHbIMH YTUIM3aTOpaMH TeIula Kak MpaBuilo,
yXOJAIIME  Tra3bl TaKWX  Meded  O0eCHmbUIMBAIOT B JBYXCTYIEHYATHIX
MbUICYJIABIMBAIOIINX yCTaHOBKax. Ha mepBoil CTyNmeHH OYHMCTKH HCIOJB3YIOT -
IIUKJIOHBI, & HA BTOPOM 3JEKTPO(UIBTPHI, WM PYKaBHbIC PUIBTPHI C pyKaBaMU U3
ruApohoON3NPOBAHHON U TPAPUTHZUPOBAHHON CTEKIOTKAHM.

MenkoaucnepcHass — IbUIb  MMEET  TaKo€  YJEIbHOE  AJIEKTPUYECKOe
CONPOTUBJIIEHUE, TNpPHU KOTOPOM APGPEKTUBHOCTH PpabOThl  3AETPOPUIBTPOB

coctaBisieT 75-80 %, uTo TpeOyeT MOMOTHUTENHHOTO YBIAKHEHUS Ta30B Ha BBIXOJIE
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U3 IUKJIOHOB W Tepea mojpavyeid ux B AeKTpouiabTpbl. OOBIMHO AJI 3TOH LU
MPUMEHSIOT CHEIHalIbHbIe CKPYyOOephl — CTaOUIU3aTOPhl, B KOTOPBIX HCHOJIB3YIOT
Ha BXOJIe CHELHaIM3HUPOBAHHOETA30paCHPECIUTENIbHOE 000pYAOBaHUE U Pl
(GOpCYHOK, KOTOPBIE PaCIbUIAIOTKUAKOCTHIa30BO3AYIIHOM MOTOKE MO/ JaBICHUEM
2-3 MIla. Takue ycTaHOBKH JJISl YBIAKHEHUS U OXJIAXKACHUS TIEUHBIX Ta30B HAIUIN

npuMeHeHue kak B Poccun, Tak u 3a ee npenenamu (pucyHok 1.4).
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Pucynok1.4 —3aneunas cuctema o0eCTbIIMBAHUS TUHUN TPOU3BOJICTBA
[IEMEHTAa CyXUM Cr1ocoboM:1 — reun; 2 — MUKIOHBL;, 3 — cKpyOOep-cTabmmmsaTop; 4 —

AMEKTPODUIBTP

Ha HCKOTOPBIX MPCAIIPUATHUAX HCMCHTHOﬁ IMPOMBINIJICHHOCTH ITPHUMCHAIOT
KCTAaHOBKH HCIIAPUTCIBHOIO OXJIAKIACHHUA OTXOAJAIIMX TI'a30B B TIa30xodax

BEPTUKAJIBHOTO THIIA TIEPE BXOJIOM B 3JeKTpopmibTp (pucyHnokl.5) [17].
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PI/ICYHOK. 1.5 - Cxema HCIIApUTCIIBHOTO OXJIAXKACHUA IIBIJICTA30BOI'0 IIOTOKA OT
Bp&HI&IOHlCﬁCH IICYH:

1 — nacoc; 2 — popcyHka; 3 — HacOCHI.

N3meHenne BIQKHOCTH W CHIDKCHHE TEMIIEpaTypbl Ta30B, OTXOISIIMX OT
BpalIaIoNUXCANeYepadoTaroNMX M0 CyXOMy CIOCOOY MPOU3BOJACTBA, a TAKXKE OT
KJIIMHKEPHBIX XOJIOIUIHBHUKOB, KaK MPaBUIIO,TPOU3BOIAT B CYIIHIBHO-APOOMIEHOM
WIA B CYIIMJIBHO-TIOMOJIbHOMOOOpYynoBaHuK (pucyHok 1.6) [17], wucmonb3ys
TEIJIOTYYXOSIIMX Ta30B JUIsl CYIIKH BJIQKHBIX KOMIIOHEHTOB CBHIPHEBON CMECH.
Ecnu BnarocojepkaHue M CTEIIEHh HAPTETOCTUTA30B HE COOTBETCBYIOT TPEOYEeMBIM
3HAUYEHUSM, TO Tas3bl CHayajla YBIAXHSIOT KOHAWIIMOHEPOM TEepena mojadyeil ux B

CBIPbEBYIO MeNbHUILY (pucyHok 1.7) [17].
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Pucynoxk. 1.6 - Cuctemao6ecnblIMBaHUs TEXHOJIOTUYECKOTO 000PY10BAHHUS
IIPOU3BOJICTBA [IEMEHTA CYXUM CIIOCOOOM (CTpEIKaMHU MMOKAa3aHO HAMpaBIICHUE
JIBIKEHUS MTOTOKA Ta30B): 1 — neub; 2 — KOJIOCHUKOBBIN XOJOIUIBHUK; 3 —

YroJjibHasa MCJIbHHUIIA, 4 — CbIPbCBAsA MCJIbHUIIA, 7— BJICKTpO(l)I/IJ'IBTp.
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Pucynox 1.7 — Cucrema obecniblIIMBaHMS BpATAIOIIEHCS TTeYH, KIIMHKEPHOTO
XOJIOUIBLHUKA, CBIPhEBOI METLHULIBIL:
1 — pykaBHbIi GUIBTP; 2 — KIUMHKEPHBIN XOJIOIUIBHUK; 3 — BpalaoMIascs MeUb;
4 — nexapOOHMU3ATOP; 5 — UKJIOHHBIC TETUNIOOOMEHHUKH; 6 — KOHAUITUOHED; 7 —
JILIMOCOC TIe4H; 8 — ChIpheBasi MeNIbHUIIA (BaJIKOBas); 9 — anekTpouiabtp; 10 —

IeIMOBasi Tpy0a; 11 — BEeHTUIIATOP METLHUIIBI.
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[TonoOHyrOCHCTEMYOOECTIBUIMBAHUSYXOJAIIMX Ta30B UCIIOJIb3YIOT HA MOIIHBIX
neyax Juisl MOJy4YeHUsl KIIMHKEPa CYyXHM CIIOCOOOM € MPOU3BOAMUTEIBLHOCTBIO Ooliee
3000 1/cyT, nHA TE€X, KOTOpHIE pabOTaIOTHA OJTHOW JTMHUU C CHIPHEBBIMU CYIIHILHO-
IIOMOJIBHBIMHM YCTaHOBKaMH.

YcTaHoBKa ISl YJIAaBJIMBAHMS TBUIMIIPEICTABISIET COOOM: 3NEKTPOPMIBTP CO
BCTPOCHHBIMH  JKAJIIO3IMH WM IPAMOTOYHO-IMKIOHHBIMU  3JIEMEHTAMH, Ha
KoTopeiXx ocaxpgaercs 80 % mnocTtynaromeid mnbuIM. PacnbuiMBaHue BOJABI TPHU
OXJKICHUH OTXOMASIINX Ta30B OCYIIECTBISIOT CHEIUAIBHBIMU (POPCYHKAMH TPU
nasnenuu 0,5-1 MITa.CkopocTh OYMIIa€MbIX T'a30B B 30HE AIEKTPOPUIBTPA T0JIKHA
Haxonutbea B mpenenax 0,8-1 m/c.llpu oxyaxaeHUW U yBIQKHEHUM YXOISAIIUX
razoB 3(Q(EKTUBHOCTh OOECIBUIMBAHUA B 3NEKTPOPUIBTPAX MOXKET JOCTUTATh
99 %.

OO0ecnpUTMBaHKE ra30B YXOIAIIUX OT KOJIOCHUKOBBIX XOJIOAWIBHUKOB KIMHKEPA
OPOUCXOIUT C HCIOIB30BAHWEM B KayeCTBE IbUICYJIABJIMBAIONIMX AaIlllapaToB
3€pHUCTBIX WM PYKaBHBIX (PUIBTPOB, a TAKKeE ANEKTPOPUIBTPOB. [l MOBBILICHHUS
paboThl 3JIEKTPO(UIBTPOB, a TAKXKE [JIS CHUKEHUS YAEIBbHOTIO 3JIEKTPUYECKOTO

COITPOTHUBIICHUS MBUTA PUMEHSIOT METO/]T YBJIaKHEHHs ra3oB (pucyHok 1.8) [17].
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Pucynok. 1.8 - Cxema u3MeHeHUs BIAXKHOCTH BO3AyXa OTXOAIIETO OT
KIIMHKEPHOTO XOJIOAWIbLHUKA TISYH TIEPE] BXOJIOM B 3JICKTPOPHUIBTD:
1 — snekTpoduiabTp; 2 — Imogava BOJABL, 3 — XOJIOAUIBHHK; 4 — ICYb;

5 — ocTpoe 1yThe; 6 — olIee aTyThe.
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B Takoii cxeme yBIaXHEHHUS HCHOJB3YIOT LIEHTPOOEKHBIE MEXaHUYECKHE
dopcyHku C BUHTOBBIMU3aBUXPUTEIISIMH, KOTOpBIE 000py10BaHbI
CHEIHATbHOM3AIMTON M3 MeTaia, MPEAOXPAHSIONEH OT KOHTAaKTa C TOpPSIYUM
MIOTOKOM BO3/yXa, KyJa MOJaeTcs BO3AYX OT BEHTHJIATOpPA OCTPOTO MIIHM OOIIETO
OyThs. J[naMeTp BBIXOTHBIX OTBEPCTHH (POPCYHOK OKOJIO 6 MM.

JlaHHasi ycTaHOBKA OCHAIllEHA aBTOMATHKOMW, B YaCTHOCTH, MIOCTYIUICHHE BOJIBI B
XOJIOJUJIBHUK TPEKPAIACTCs MPH OCTAHOBKE MEUM WU XOJOIWIbHHMKA, THOO MpHU
CHIDKCHUU TEMIIepaTypbl BO3/AyXa, OTXOMSIIET0 €3 XOJOIWJIbHHKA, HHUXKE
OIIPEJIeIICHHOTO 3HAYCHHUS.

BrIcokas 3ambUIeHHOCTH Bo3ayxa (10 500 r/m3), u nossimerHoe 3Hauenue YDC
U OTHOCUTEJIIBHO HH3KOE BIIAroCOJI€p’KaHuE IbUIETA30BOTO IMOTOKA CO3/aI0T
OTpe/ieNIEHHbIE TPYIHOCTH NPU HCHOJIb30BAaHUHU 3JIEKTPOPUIBTPOB B KayeCTBE
obecnbuinBaroiero obopyaosanus. [lo3roMy mmMpokoe pacnpocTpaHeHHe, Kak B
Poccunm Tak um B PecnyGimke lemeH mHoiyumnm cXeMbl ¢ IIpHMEHEHHEM
BBICOKOIIPOU3BOIUTENBHBIX PYKaBHBIX (PHIIBTPOB.

PykaBHbIe (UIBTPHI NPUMEHSIOT KaK OJHY U3 CTYINEHEH OYHMCTKH B COCTaBe
CUCTEM OOECHbUIMBaHUS, TaK W OTAEIbHO YCTAaHOBJIEHHOE MbUICOYHCTHOE
obopynoBanue. [lockonmbKy  BO3AyX, yHAalIsieMblii OT  TEXHOJIOTHYECKOIO
o0opy/noBaHusl MpH MPOU3BOACTBE LIEMEHTA, UMEET MOBBILICHHYIO 3alblJICHHOCTD,
TO Ha pyKaBHbIE (PUIBTPHI MOTYT TOCTyHaTh OOJBIINE TMOTOKH 3albUICHHOTO
BO3/yXa. DTO MOXET MPUBOAUTH K KOJIeOaHUSIM 00bEMOB BO3[yXa, YAAIseMOro OT
000py10BaHusl, MOBBIIIEHHOMY a3pOJUHAMHYECKOMY CONPOTHUBJICHHUIO, a TAKKE K
HCTUPAHUIO PYKAaBOB B MECTax KperieHUs W ux oOpbiBy. [loaTomy menecoobpasHo
HCIOJIb30BaTh PyKaBHbIE (MIBTPHI Ha BTOPOH CTYNEHU OYHUCTKH, MOCJIE OYHCTKH
BO3/yXa B NIbUICYJOBUTENSAX MHEPUUOHHOTO THHa. Ha pucynke 8 mpencraBieHa
cXeMa JBYXCTYNEHYaTOW OYUCTKM AaCIHPAIMOHHOTO BO3AyXa MEIBHUI] C

nprMeHeHHeM pyKaBHoro duibtpa [98].
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Pucynok 1.9 - Cxema IByXCTyneHYaTOM OUYUCTKU aCIIMPALIMOHHOTO BO3/1yXa C
IPUMEHEHUEM pYKaBHOTO (uibTpa: 1- HeMEeHTHAsi MEJbHUIIA, 2- acIUpallMOHHAs
KOpoOKa IIaxTHOIO TUMa, 3-0aTapesi IUKJIOHOB, 4- pyKaBHBIN (QUIbT,

5- BEHTUJISITOP, 6- IUII030BbIN 3aTBOP, 7-1ITHEK, 8- Kaopudep, 9- BEHTUIIATOP

oOpaTHOI 00/1yBKH I'a30B.

B I[EMCHTHOH  NPOMBINUIGHHOCTH  pecnyOnuku — Memen — HamGonee
pactmpoCTpaHEHHBIM OOOpPYJOBAaHMEM TpU OOECIBUIMBAHUN Ta30B  SIBISIFOTCS
pyKaBHbIE (DUIBTPBI, TIPH IKCIUTyaTallMM KOTOPBIX MPUXOIUTCS CTaTKUBATHCS C
HEKOTOPBIMHU CJIOKHOCTSIMU. CBsi3aHBI OHU, B OCHOBHOM C MPOCKOKOM IBUIM Ha
HayaJbHOM OJTamne (QUIbTPOBaHMs, 3a0MBaHMEM TIOp TKAaHW M Kak CJCACTBHE,
MOBBIIIEHHOM a’pOJMHAMUYECKUM comnpoTuBieHneM. KpoMe 3Toro, orMmeuaroTcs
HECTaIllMOHAPHBIC BBIOPOCHI T B paboyvre 30HBI MPEIIPHUATHS, B MOMEHT CPHIBOB
PYKaBOB, KOTOPBIE HHOT/Ia TPOUCXOIST B TIEPHOBI MX pereHeparuu. Ciydaercs 3TO
BCJICJICTBUE MCTHUpAHUSI TKAaHU B MECTaX KPEIUICHHS PYKAaBOB K METALTUYECKOMY
KapKacy.

AHanmu3 CyHIECTBYIOIIUX CHUCTEM OOCCHBUIMBAHMS MPEINPHUATUN IEMEHTHOM
MIPOMBINTUICHHOCTH TIOKa3all, 4TO HamboJjee pacnpOCTPaHEHHBIM O0OpPYIOBAaHUEM,

MMPUMCHACMBIM IJIs1 YJIABJIMBAHUA HeMeHTHOfI IIbUIKM Ha IIPCAIPUATHAX OTPACIU B

Poccun SIBJISIFOTCSA ANEKTPOPUIBTPHI. ITockonbky 3TOT croco0
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00eCILUTUBAHUSSBIISICTCS A0CTAaTOYHO OHEPro3arparTHbIM M AOPOIOCTOAIIMM, 3TO
ACJIaCT HCBO3MOKHBIM HCIIOJIB30BAHHUC €TI0 HA IIPCAIIPUATHAX B p€CHY6JII/IK€ ﬁeMeH.
HO3TOMY NpeaACTABIIACTCA NHTCPCCHBIM IIPOBCCTU AHAJIN3 0oJice JKOHOMUYHBIX M HE
MCHCC 3(1)(1)6KTI/IBHBIX allrapaToB U CUCTEM IJIA 00eCIBLUTMBAHUS BO3yXa, HAIIPUMCP

allrrapaToB HHCPIHUOHHOT'O THUIIA.

1.4. OnbIT Hcnoab3oBanuda annapaToB B3I B cucremax odecnblUIMBaHUS

Cpenu 601b110T0 pazHooOpasusi yCTAHOBOK MHEPIIMOHHOIO THUIA B MOCTEIHUE
roJibiIBce OOJICEIMPOKOE TMPUMEHEHUE [IJII OYMCTKH TIBUIEBBIX  BBIOPOCOB
IPOMBINIJICHHBIX TMPEANPUATHN HAaXOAT amnmapaThl Ha BCTPEUYHBIX-3aKPYUCHHBIX
nmotokax (B3II) [7,23,24, 83,84]. bonwimoe pa3zHooOpa3ne KOHCTPYKIIUH D3THX
MBUICYJIOBUTEIIEMOOYCIOBUIIO  MIMPOKOE TMPUMEHEHHWE WX B  HUHXKEHEPHO-
AKOJIOTMYECKUX  CHCTEMax  Ha  OPEANpUATHAX  pPa3IMUHBIX  OTpaciei
MPOMBINUICHHOCTH. Pa3paboTkoii W COBEPIICHCTBOBAHMEM  amlmapaToB Ha
BCTPEUHBIX 3aKPYUYEHHBIX MOTOKAX 3aHUMAJIUCh MHOTHE YYEHBIE U UCCIEI0BATEIH.
Cpenun xotopeix MOxxkHO oTMeTuUTh:CaxkuHa b.C., Jlatkuna A.C., boryciaBckoro
E.N., Azaposa B.H., I'yauma JI.C., Kyrenoa A.M., JlykaueBckoro b.II., HyBnuio
E.A, KomkapeBa C.A, Boposkosa /I, Cepruny H.M, Jlykanuna J[.u npyrux.
[12,13,14,15,25,33,34,61,65,67,74,75,76]. DtuMu yueHbIMH ObLIM pa3pabOTaHbI
pa3zHoOOpa3HbIe KOHCTPYKIIUM alllapaTOB HAa BCTPEUYHBIX 3aKPYUYEHHBIX MOTOKAX, U
UCCIICIOBAaHbI MEXaHW3MBbI TIbLICYIaBINBAHUS.

Pa6ota anmaparoB B3II 3akitouaercs B cnenyromeM. Anmnapat B3I cocrout u3
Kopmyca  IWIMHAPUYECKOM  (OpMBI,  KOTOpBIM  BKIOYaeT B ce0s
JBABXOJANI3aKPYICHHBIX TbUIE BO3AYIIHBIX TMATOKOB(BBIPXHUA W HIDKHUN)
UCOOPHHUK MBLIM KaK MPaBUIIO HUIMHAPUIECKOH Gopmabl [7].

3ambUICHHBIN BO3IyX BBOJHUTCS B ammapar cpa3y MO JIBYM BBOJAaM: TEpPBBIA
MOTOK TO MAaTpyOKy pacmojiO)KEHHOMY B HW)KHEW YacTH YCTaHOBKH, KOTOPBIH

COJICP)KUT 3aBUXPUTENb, a JPYrod MOTOK — IO NaTpyOKy, B BEpXHEW YacTH
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MBUICYJIOBUTENS, TZI€ PACIOJIOKEH BBIXOJ OYMIIEHHOTO BO3ayxa [7]. Bozmyx
COJIepIKaIIHil YaCTUIIBI TBLTH MOJIKpPYyUHBaeTCA 3aBUXPUTETIEM, u
HEHTPOOEKHBIECUITBI JCHCTBYIONINE HA YACTUYKH MBUIM OTOPACHIBAIOT UX K CTCHKAM
anmapara, IJ€ OHM IONMAJaloT B 30HY TIJ€ BpALACTCs BTOPUYHBIM MOTOK.
B3aumojeiicTBuE MOTOKOB Tra3a MPHUBOJUT K YBEIWYCHHIO LIEHTPOOESKHBIX CHII,
JECHCTBYIOIIME Ha 4YaCTHUIbl NbUIM, KOTOpass 3(QexkTUBHO oTOpachiBaecTcsi W,
JOCTUTasi CTEHKU IWIMHIPHUUECKOTO KOPIyCa, HAMpaBIIETCS B HIDKHIOI YacThb
anmapata (MbuTecOOPHHK) o 0TOOHHYI0 1Iaii0y. OYUIEHHBINH BO3TyXOTBOIUTCS
yepe3 NaTpyOOK, pacloJIOKEHHBIM BBEpXy anmapata. BHyTpu anmapata
B3IInoToKMBpaIIatoTCsAB OTHOM HarpaBieHuu [7].

CreneHb OYMCTKU 3albUIEHHOTO BO3ayxa B nbuieoTaenutensx B3II 3aBucur
OT BEJINYMHBI LIEHTPOOEIKHOM CUIIbI, KOTOpasi 0TOpAChIBAET TBEP/IbI€ YACTUIIBI MBLIH
U3 TOTOKA ra3a, Mo3TOMY MHOTME KOHCTPYKTOpBI Ipu pazpadoTkeanmapatoB B3II
00JIbIIOE BHUMAHHUE YAEISAIOT KOHCTPYKTUBHBIM OCOOEHHOCTSIM O(OPMIICHUSMECT
BBOJla TMEPBUYHBIX M BTOPUYHBIX TOTOKOB3AMBUICHHOTO BO3AyXa, a TaKXKe
pa3paboTKe KOHCTPYKTHMBHBIX  DJIEMEHTOB, KOTOpPBHIE  TO3BOJISIOTYBEIHUUTH
3aKpY4€HHOCTh MIOTOKOB.

AHanu3  JUTepaTypHBIX ~ UCTOYHMKOB  [7,69,29,88] mokazanm  Gosbloe
pazHooOpaszue KoHCTpykumii ammapatoB B3II, wucnonb3dyemMbpix B cuUCTEMax
oOecnbpITUBaHUS, aCTIMPAIMH U THEBMOYOOPKHU MPEANPUATAN Pa3InIHBIX OTpacie
NPOMBINIIEHHOCTH. Tak aBTopamu [68], Hampumep pa3paboTaHa KOHCTPYKIIUS
aCHHUPALMOHHON YCTAaHOBKM KOTOpasl BKJIIOYAET MECTHBIE aCIUpPallMOHHBIE OTCOCHI,
MbUICYJIABIMBAIOIEE YCTPOWCTBO, BEHTHJIATOP, amnmapar MOKPOW OYHUCTKH U
IBIMOBYIO TpYyOy (pucyHok 9). [IbineynaBiuBatoliee ycTpoilCTBO BBIIIOJHEHO B BUJE
JBYX BUXPEBBIX MHEPIMOHHBIX MbIJICYJIOBUTENEH, K BXOJaM KOTOPBIX MOIKIIOYESHbI
MECTHBIE aCIUPALIMOHHBIE OTCOCHI OT TEXHOJOTHYECKOTro 00opynoBaHus. Bepxuue
BBIXO/IbI TBUICYJOBUTENEH OOBEAMHEHbI, a HIDKHHE BBIXOJbl TOIKIIOYEHBI K

NbUIEBOMY OYHKEDY.
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Pucynok. 1.10 - Acnimpanmonnas yctaHoBka KoHCTpykuuu A3zaposa B.H. u np.

KoHcTpykiuss  1O3BOJSIET  3HAYUTENIBHO  MOBBICHTH  CTENEHb  OYUCTKU
3aMBIJIEHHOTO BO3JyXa 3a CYET MHOTIOCTYNEHYATOM OYUCTKH B JIBYX BHUXPEBBIX
MBUICYJIOBUTEIIAX U B alllliapaTe MOKPOW OYMCTKH, KPOME 3TOr0 BO3AyX U3 OyHKepa
OBUICYJIOBUTENEH  ouuIIaercs B  pykaBHOM  (uiabTpe. OTO  MOBBIIACT
3¢ (PEeKTUBHOCTH PabOTHl ACHMUPALMOHHOW YCTAHOBKH. 11 yiydIeHUs yCIOBHA
OCEllaHMsl YacTHI] W MPEJOTBPALIECHUS YHOCA YJIOBIECHHOM MbUIM B OYHKepe
CO37IaCTCSl Pa3peKeHHE IMyTEeM OpraHu3aluu OallmacHOW JIMHUU U3  30HBI
a’pOJMHAMUYECKOTO 3acTOsl OyHKEepa K BCACHIBAIOIIEMY OTBEPCTHIO BEHTUJISTOPA.
DTO0 3HAYUTEIHHO MOBBIIIAET YPPEKTUBHOCTH OUUCTKHU.

Astopamu AzapoBbiM B.H. u Uepeuuenko E.O. pazpaboTaH IByXCTyIE€HYATHIM
BUXPEBOW NBUICYJIOBUTEND [69], MpeaqHa3HAYEHHbIN 1S YIaBJIMBAHUS MbUICBUIHBIX
BbIOPOCOB, XapaKTEpU3yEeMbIX OOJIBIION CIEKNBAEMOCTbIO MBUIH.

Anmnapatsl B3Il pearupyroTHa M3MEHEHHsSI COOTHOIIEHUHPACXOJIOB BO3ayXa
KOTOPBICTIOAABAIOTCS Ha 00a BBOJBI B almapar, HO3TOMY TpeOyroTcs MoIepKaHue

ONTUMAJILHOTO 3HAYEHUS 3TUX NapaMeTpoB (pucyHok 1.11).
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Pucynok 1.11 - J/IByXcTyneH4YaThbIi MbUIEYJIOBUATENb KOHCTPYKIMU A3apoBa

B.H., YUepesnuenko E.O.

Jnsa nonnepkaHus ONTUMAIBHOIO 3HAYEHHUs PacXoJ0B BO31yXa, IIOAABAEMOI0
Ha HIWKHMM W BEPXHHUM BBOJ MBUICYJIOBUTENS NEPBOM CTYNEHU, B JaHHOMU
KOHCTPYKIIMM I107ja4a IBUICBO3AYIIHOW CMECH OCYLIECTBIIAETCA C I[OMOILBIO
CKATOro Bo3Ayxa. Pacxon Bo3ayxa Ha BEPXHMM M HWKHHUW BBOJBI PETYIUPYETCS
CUCTEMOI yNpAaBICHUSI C MHTEJUIEKTYyaJIbHbIM (pa3u MOJYJIEM, BBIXOJAOM KOTOPOIA
ABJIIETCS.  MEPEMEILEHUE PEryJUpPYIOLEro ycTpoilctBa. 3JTo obecreunBaer
YCTOMUYMBYIO padOTy MbUICYJIOBUTENS U NOBBIAET 3()(PEKTUBHOCTH OUUCTKHU.

O030p nUTEpPaTYpHBIX MCTOYHMKOB MOKa3aJl, YTO CHUCTEMBbl OOECIBUIMBAHUS C
annaparamu B3I1 o0nanaroT psaoM npeMMyliecTB, MO CPAaBHEHHUIO C CUCTEMAaMH C
MCIIOJIb30BaHUEM JIPYTUX WHEPIUOHHBIX TbUieynoButeneit [28,29,22]. Tak B
annaparax B3II Oosee ueTko opraHum3oBaHa 3aKpyTKa 3albUICHHOTO MOTOKa rasa,
ITOCPEACTBOM BBOJIa BTOPUYHOTO 3aKPYYEHHOIr'O MOTOKAa. Kpome Toro, BUXpeBbIE
MbUICYIOBUTENN 3PGEKTUBHBI IPU YJIABIMBAHUY MbUIA C Pa3MEpaMU YaCTHUI] MEHEe
20 mMxm [22].

Kpome Toro, mpoBojisi CpaBHUTENBHYIO OLIEHKY MapaMeTpoB padOThl anmnapaToB
B3I1 u, Hanpumep, IUKIOHOB, OTMEYAETCS, YTO IIPH OJUHAKOBOH 3(P(PEKTUBHOCTH
ounctkn y anmnapatoB B3Il ormeuaercs psa npemmymiectB. Tak, BHUXpEBbIE

NBUICYJOBUTENIM OYMINAIOT B JBa pa3a OOJIbIIE pacxojia BO3AyXa MPU MEHBIIUX
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3aTparax SHEPTuu, U KOHCTPYKTUBHBIE pa3Mepsl anmnapaTtoB B3I1 xapakrepusyrorcs

0oJiee KOMITAKTHBIMH pa3mepamu [46].

1.5 Teopernueckoe ucciaenosanue ko3¢ duuuenra 3pPeKTUBHOCTH

nbLIeyJIaBJauBanus annaparos B3I

OCHOBHBIM IMapaMETPOM, XapaKTEPHU3YIOIIUM 3PPEKTUBHOCTh €ro padoThI
SBISICTCS ~ CTemeHb ounmctku 1 [27,35,39,41,42,52,59]. DToT mokasateib
OTIPE/EISAETCS OTHOLUIEHUEM KOJUYECTBA YJOBJIEHHON MBUIM K Macce IbLIEBBIX
YacTHIl, TOCTYMAIOIIKUX B allapar ¢ MbUIETa30BbIM MOTOKOM, 3a OIpeaeICHHBIN
oTpe30oKk BpeMmeHU. Ha mokazarenb 3(p(PEeKTUBHOCTH OYUCTKH OPUEHTUPYIOTCS MpPH
BBIOOpE ammapaToB OYUCTKM B COOTBETCTBHH C TPEOOBAHMAMH K KOJHYECTBY

TBCPAbIX YACTHUIL COACPIKAIUXCA B BO3AYXC ITOCJIC OYUCTKH.

M ; M - M M V] (ax
Rz . 100 — &x 6bIX 100 — i . 100 — CQO Cebszebzx — 1_ QﬁhGCRhlx

M@c M&x‘ M)/fl + M«bzx C«szx stcm ’(11)

77:

rae My, My, My — Maccel yacTHl, KOTOpPBIE COIEP/KATCS B BO3IyXE OO HX
MomnajaHusi B amnmapar, YJIOBJICHHBIX BHYTpPHU allllapata U B BO3JYXEHa BBIXOJE U3
arrapara;

Cex ¥ Cpux — CpeIHsISl KOHIISHTpAIIMs IBUICBBIX YAaCTHI] B BO3JYyXEe Ha BXOJAC U

BBIXOJIC U3 aIllapara;

Q:x 1 Qpux— pacxoj Bo3ayxa, Ha BXOJIE ¥ BBIXOJC U3 anmapara.

PaBeHCTBO KonMMYecTBa BO3AyXa, MOCTYIAKOIIETO U YIAILEMOr0 U3 armapara,
FOBOPUT 00 OTCYTCTBUM IIOJICOCOB BO3[yXa, B OTOM Cllydyae CIIPaBeIJIMBO

cootHotenue [92,93]:

. :1_%.100. (1.2)

8xX
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B ciIy4dac €CJIM HECKOJIBKO alIapaToB OYHMCTKH 06’I>CILHHCHI>I B OIHY YCTAaHOBKY,

CYMMapHaﬂ CTCIICHb OYUCTKU COCTABUT.
n=1-01-n)-0-n,)..A-n,), (1.3)

rac ni, nMz,... Nn — CTCIICHb OYNCTKH 3aIIbJICHHOI'O BO3JyXd COOTBCTCTBCHHO B

IIE€PBOM, BTOPOM 1 N-HOM IBUICYJIOBUTEIIC.

B ciydae, korma mnpu ONpENEICHUM CTENEHW OYMCTKM armaparta i
B3BEILIEHHBIX YACTULl U3BECTHBI PPAKIIMOHHBIE (PPEKTUBHOCTU yJIAaBIMBAHUS IbLIH,

MO>KHO BOCIIOJIb30BaThCst (popmynoit [93]:

_ N5y + N52P, _— N @,

, (1.4)
100 100 100

n

rae @1, @y,... @y — KOJIUUECTBO MBLIU OMPEACICHHON PpakiuK Ha BXOJIE B
armapar, %o.

®paxkimonHas 3G (GEKTUBHOCTD OUYUCTKH 1) BhIpakaeTcs hopmyioit [45]:

o —-D (1-
ns = 6x q;blx( 77) , (15)

6x

rae ®py, Oy — comepxanue onpeAesieHHON Gpakiyy B BO3AYIIHOM MOTOKE

COOTBCTCTBCHHO Ha BXOAC M HAa BBIXOJC M3 allllapara, %.

B psage ciayuaeB mpu MOCTpOEHUM KPHUBOW (pakHMOHHOW 3(PGHEKTUBHOCTH
MBUICYJIOBUTENII B BEPOSITHOCTHO-JIOTApU(PMUIECKON CETKe, OHa MPUHUMACTBU]
OpsIMOM JIMHUHM, YTO TOBOPUT, O TOM, YTO OHa JOTapu(MUYECKH HOPMAIBLHO

pacinpcacicHa U I03TOMY MOZKET OBITH 3aIlMcaHa B BHUAC MHTCIpala BCPOATHOCTHU

[93]:

Ig(d,s /dso) 1 % d 6
= - ___.e 7 d| lg= ) 1.
s _J; Igoy]«/Zﬂ {gdso} (1.6)

rne Ig(d,/d,,)- nmorapudM OTHOIIEHHS TEKyIIEro pasmepa dvactun ds K

MEJIMaHHOMY JTUaMeTpy YacTull dso;

lgos— cTangapTHOE OTKJIOHEHUE (DYHKIIUU pacIipeaeieHusI.
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B cnyuae, ecau (pakiIMOHHBINA COCTAaB YJOBJICHHBIX B allllapaTre 4acTHUL] MbUIN
MOIYUHSETCS JIOTapuPMUIECKU-HOPMAIBHOMY PaclpeeeHnIo, T0 KO3 (OUIUEHT

OYMCTKH MOKHO Haiitu 1o hopmyie [93]:

1%
gje 2dx = d(x), (1.7)

o0

77:

JIpyruMm ToKa3aTesieM CTCTIICHH OYMCTKH Ta30B MOXKET CIYXHUTh KO3(P(PHUIIMECHT
MPOCKOKA TBEPABIX YaCTHIl, KOTOPBIH OIpPEIeNsIeTcs OTHOIICHHEM KOJHYECTBA
IBUICBBIX YAaCTHUIl HA BBIXOJAC M3 IBUICYJIOBUTCIIA K 061H6My KOJIMYCCTBY TBCPABIX
YacTUI[ B TBUIEBOM TMOTOKe. KOd(pHIMEHT MPOCKOKAa € MOXHO pPacCUuTaTh IO
dopmye [93]:

£=100—7. (1.8)

Koadduurent mnpockoka omnpeneseHHOW (pakiMu paBeH OTHOIICHUIO
KOHIIEHTpAIIMU YacTUIl KOHKPETHOM (pakuuu 0 Ha BbIXoje W3 ammapara CBBIX K

KOHIICHTPAIIMHU MBUIEBBIX YACTHUI] 3TOM K€ (Ppakiivu Ha BXoJie B annapaTCBX:

C...(0)
= 7 1.9
7 Cex (O-) ( )
Bennuuna
n,=1-K_ (1.10)

Ha3bIBaeTCs KOdPPUIMEeHT GpakiMoHHON YPHEKTUBHOCTH YIIaBIHBAHUS.
OO6muit ko3 unreHT mpockoka [93] paBeH OTHOIIEHUIO O0IIel KOHIIEHTPaIlUuU

Bcex (pakiuii MOCIe MbUICYJIOBUTEINS U Ha BXOJIE B HETO:

Sowr (111)

K. =
z ngz

a o0muit KodhHUIMEHT MbUIeyIaBIuBaHus [45]
ny =1-Ky.  (1.12)

[Ipockok TBUIM MOXET OBbITh OIpEAeSieH WHTErpajoM, KOrja HU3BECTHA

muddepennranbras QyHKITUS pacpeIeTICHIs YaCTUII TI0 pa3Mepam:

K, = [K,g(e)do, (1.13)
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a 3¢ (PEKTUBHOCTH TbUICYJIABIMBAHUS:
ny =1-Ky =1- K, g(o)do . (1.14)
0

ABtopamu [87] ObLIO COCTaBICHO ypaBHEHHE I pacuéta 3(h(EKTHBHOCTH

yiaBnuBaHus nbun annapatom B3I :

d, = (8/228) (il p)- = - MEIA—7)E+(Q 7)), (115)

rae d, — MHUHUMaIBHBIA pa3Mep 4YacTHull, yJaBIMBAaEMBIX C 3aJaHHOMN
CTENeHbI0 Y PEKTUBHOCTHU 7] yIIABIMBAHMUS;
S=4 — onTUMaNbHOE YUCIO 00OPOTOB CMEIIAHHOTO MOTOKA

rasa B alriapare;

[ — JIMHAMHUYeCKas BA3KOCTB rasa;
Py —  IUIOTHOCTH MaTepUasa YacTHII;
Q2, Q1 — COOTBETCTBEHHO pAacXOAbl BTOPUYHOTO M IEPBUYHOTO

ITOTOKOB Ias3a;

r= ﬂRgH /(Q +05Q,) — Bpems MpeObIBaHMS CMEIIAHHOTO MOTOKA
rasa;
H - BbIcOTa amnmapara B3I1.

@pakUMOHHBIM COCTAaB IBUIW,BBIICIIEMON HaA MPEINPUATHIX CTPOUTEIBHOU
MHAYCTPUUB PsiJie CIydaeB UMEET HOpMaIbHO-I0rapu(pMUUIECKOE paclpeiesieHue C
napamMeTpamu 0sp U 6. 3BectHa [87] 3aBUCHMOCTD 1Jis onucaHus 3h(HEKTUBHOCTH

YJIaBJIWBAaHUA IIbUJICBBIX YaCTHUII:

19650 —1961,2 ,,-50
X1,2 = > > .
\/Ig o+lg o121 (1.16)

Jlnst onpenenenus a3 exTuBHOCTH yinaBnuBaHus nbutd B anmapate B3I HyxHO

3HAaTh (PAKIIMOHHBIMN COCTAB IMBIJICBO3AYITHON CMECH, a TaK)Ke MapamMeTphl G12,1 U
012,n=50 dpaknuoHHOW >(PGHEKTUBHOCTH ammapara, KOTOPbIE OMPEICISIOTCS
KOHCTPYKTUBHBIMH  OCOOCHHOCTSIMH  ammapara W PEKHMOM €ro  padoThL.

OKCIEpUMEHTANIBHBIE HCCIIEIOBAHMUS MOKa3ad, 4TO y nbuieyjoBurene B3I1
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napameTp o1z, N = 1,471. Ilapametp 012, M=50u3MeHsIeTCS B 3aBUCHUMOCTH OT
CKOPOCTH TpHU MPOXOJAE Yepe3 ammapar, BETUYMHBI Pacxoja, KOHCTPYKTHUBHBIX
pa3MepoB armapara, a TakkKe MIIOTHOCTU MBLIEBBIX YaCTHUIl U BI3KOCTH MOTOKA.
Koaddurmentsl QpakiiMOHHOTOYTABIMBAHUS C YYETOM JOTapuMUUYECKHU-
HOpPMaJIbHOTO pacrpeaeneHus 3(pQeKTUBHOCTH yIaBIUBaHUS (HpaKIHil MBUIEBOTO
MOTOKA, MOCTYMAIOUIEr0 ¢ OOOMMH TOTOKAMH, OIPENENSIOTCS C TNPUMEHEHUEM

ta0ynupoBaHHoro [88,86] nnrerpana BepoOsSTHOCTH:

100 n 2, 2 29 (1.17)
,=——| (1—Kk) |e dt+k |e dt |,
N, oz _{o _.[O
rae  X12=(19 6 — 19 812.1=50)/19 G124
Oi —  pa3Mep yJIaBIMBaE€MbIX YacCTHIl JaHHOU (ppakiuu;
O12nq — TApaMeTp KpHUBBIX (PPaKIMOHHON 3((HEKTUBHOCTH.

1.6. BoiO6op HanpaBjieHUsI UCCJIEIOBAHMS

[leMeHTHOE TPOM3BOACTBO CUMTAETCS OJHUM M3 Hauboyee KpPYIHBIX
MCTOYHHMKOB 3arpsA3HeHUsi aTMoc(epbl TBepIbIMU yacTulaMmu. et oOpa3yercs Ha
BCEX JTamax MpOM3BOACTBAa LeMeHTa. (OCOOEHHO OCTpPO CTOMT THpodiema
3arpsi3HEHUs] aTMoc(epbl TBEPABIMH YacTHIIAMHM B CTpaHaX, PAacIOJIOKEHHBIX B
IyCTBIHHBIX U MOJYIYCTBIHHBIX 30Hax. Hanpumep, B IEMEHTHOW MPOMBILIJIEHHOCTH
Memena npu nmpowmssoactee 1 T mementa obpasyercs 0,14 T mpum. OGYCIOBIEHO
ATO HEIOCTATOYHO d(PPEKTUBHOM PabOTOM CUCTEM 00ECTIBUIMBAHUSI.

B cucremax oOecnbUiMBaHHS TPEANPUATANA IIEMEHTHOW MPOMBIILICHHOCTH
leMeHa MCIIONB3YIOT TPAJMIMOHHEIEC AINapaThl OYMCTKH JUIA 3TOM OTPACIH - 3TO
pykaBHble GunabTpbl. OpHaKo, MpU AKCIUTyaTallMd MX, HA MPOU3BOJICTBE YacTO
CTAJIKMBAIOTCS € MPOOJeMaMHi UCTUPAHUS TKAHEW B MECTax KpEIJICHUS PYKAaBOB U
UX OOpbIBAMH. YTO HECOMHEHHO YBEIMYMBAET MOCTYIUJICHUE HEOpPraHW30BaHHBIX
BBIOPOCOB TBLIM IIeMEHTa B padouue 30HBI Mpeanpuatus u atMmocdepy. Takxke
onHou u3 npuunH npesbiieHus [I/IK Ha npennpusTusx Hemena sBisieTcst TO,4TO

MbUICYIaBIMBalONIee O000py/IOBaHWE BBHIOMpAaeTCss B OCHOBHOM 0e€3 yueTa
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OCOOEHHOCTEW pacmpoCTpaHEHUs IIEMEHTHOW TbBUIH, €€ (U3UKO-XUMUIECKUX
CBOWCTB M IUCIIEPCHOTO COCTABA.

Hcnonp3oBaHne Ha TPEANPHUATHAX IO MPOU3BOJICTBY IIEMEHTA B PECHYOJIMKE
MeMmen crcTeM 00ECIIBUIMBAHMS C UCIIONB30BAHHEM BBICOKO3(DMEKTHBHBIX CPEICTB
OUMCTKH, KakK, HalpuMmep, 3JIeKTpOGUIbTPHI, OTPAHUYEHHO BBHUAY HUX BBICOKOU
SHEPrOEMKOCTH.

[ToaTOoMy, aKkTyasibHOM sIBiIsieTCSl pab0Ta, HAIIpaBJICHHAs! HA COBEPILIEHCTBOBAHKE
paboThl cucTeM OOECHbUIMBAHUS MPEANPUITHH 1O MPOU3BOJACTBY IIEMEHTA
pecnyGmuky  MemeH, ¢ mcromb3oBaHMeM S(QGEKTHBHBIX, B TOM YHCIE H IO

MEJKOAUCIIEPCHOM IMBUIH, MBUICYIABIMBAIOIIMX YCTAHOBOK Ha 0a3e anmapaTtoB B3I1.

1.7 BbiBOABI 110 NIEPBOH IJ1aBe

1.AHanu3 TUTEPATYPHBIX UCTOYHUKOB IMOKA3aj, YTO IEMEHTHOE MPOW3BOICTBO
SIBJISICTCS] HAN0O0JIee MOIITHBIM HCTOYHUKOM MOCTYTUICHHUS 3arPs3HSIONINX BEIICCTB B
pabouyto 30Hy u atMocepy. Ha sramax momosna, oOxura, TPaHCIOPTHUPOBKH,
3arpy3Ku, YIaKOBKH IIEMEHTA B BO3IYX BBIIEISACTCA 0O0JIBIIIOE KOJTMUYECTBO MBUIEBBIX
BbIOpocoB. CojepikaHne MeIKoAuchepcHor (pakiuu meHee 10 MKM Ha pa3HbBIX
ATarnax Mpou3BOJICTBA IIeMeHTa cocTaBisieT ot 10 go 75%.

2. JlnutenbHOe mpeObIBaHUE JIIOJIEH B MECTAaX C MOBBIIMICHHBIM COJEp>KaHUEM
ObUIM IIEMEHTAa B BO3JyXe pabodeil 30HBI W aTMOc(hepbl MOXKET BbBI3BIBATH
000CTpEeHHE XPOHMYECKUX 3a00JIEBAaHWMA, W SIBISITHCS MPUYMHOW BO3HUKHOBCHHUS
npodeccroHambHBIX 3a00I€BaHUM, TAKUX KaK THCBMOKOHHO3.

3. B cucremax oOecnbUIMBaHUS MPEANPHITHH IEMEHTHOW MPOMBIILICHHOCTH
MeMeHa MCIHONB3YIOT pyKaBHBIC (UIBTPHL [Ipm okcrIyatanum WX, Ha
IIPOU3BOJICTBE YaCTO CTAJKHUBAIOTCSA C MPOOJIEeMaMHM WCTHPAHUS TKaHEH B MecCTax
KpEIJICHUS pPYKaBOB M WX OOpBIBAaMH, YTO YBEJIMYHMBACT IOCTYIUICHHE
HEOPTraHW30BaHHBIX BHIOPOCOB MBLIM I[EeMEHTa B pabodue 30HBI MPEANPUSTHS H

aTMocdepy.
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4. AHanu3 cucteM OOeCHbLIMBAHUS NPEINPHUITHI MO MPOU3BOACTBY LIEMEHTa
II0KA3aJl, 4TO MEPCIEKTUBHO HCIIOJIb30BaHNE MHEPLUHUOHHBIX aIlllapaToB, HAIPUMeED,
anmnapaToB Ha BCTPEUYHBIX 3aKPYUYCHHBIX MOTOKAX JJISl MOBBIMIEHUS 3PPEKTUBHOCTH

pabOThI CUCTEMBI U CHUKEHUSI HATPY3KH 10 MbUIH Ha pyKaBHbIC (DUITBTPBHI.
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I'JTABA 2 CBOP UCXO/JHbIX TAHHBIX JJISA ITIPOEKTUPOBAHMUSA
CUCTEM OBECHIBIVIMBAHUA HA TIPEJANTPUATUAX
IEMEHTHOM INPOMBIIIJIEHHOCTH

2.1. CoBepuieHCTBOBaHME PACYETHON MO/IeJIH MPeICTABJEHUS HHTETPAJIbHOM
(yHKIMH pacnpenejieHusi MacChbl YaCTHIL N0 1MaMeTPaM NbLIU B

cucreMax 00ecnblIMBAHUSA

[Ipu npoBeneHun pabOT MO MCCIEIOBAHUIO 3KOJOTMYECKONW O€e30MacHOCTH
paboThl CUCTEMOOECTIBUIMBAHUS, BaXKHO 3HaTh (PYHKLIMIO (PPAKLIMOHHOIO MPOCKOKA.
B peanbHBIX yCIOBHSIX TUCHEPCHBIM COCTaB MbUIM, OTOOPAHHBIN B pabo4Mx 30HAX
NpEANpPUATHA, KaK TMPaBWIIO, SBISIETCS MOJUWAMCIEPCHBIM, [O3TOMY IS
omnpezaeneHuss Kod(p@uIUeHTa IPOCKOKAa MOXKHO BOCIOJB30BaThCS CIEAYIOLIEH
dbopmyIoi:

fo (9) (2.1)
* £ ()

f (o) f

raefo- oOmui MPOCKOK MbLIH, %o, ax (9) I pepeHTmanbable QYHKIHH
pacmpenenieHuss Macchl YacTuil pasMepoM (0) Julsl TBUIM Ha BXOJIE€ M BBIXOJE W3
MBUTICYTIOBUTEIS.

CnoXXHOCTBIO TPAKTUYECKOTO TpuMeHeHus (popmynbl 1 sSBAsSeTCs, TO 4YTO B
YUCIUTENIC W 3HAMEHATelle HaXOAATCs (YHKIHU, SBIISIONIAECS MPOU3BOIHBIMH OT

MHTErpagbHbIX (QYHKIHMM pacrpeaesieHus yacTull mo nuamerpam DBoix(0), Dx(0):

a _ .4 - (2.2)
ds Dgx (5)_ f@x (5)1 ds ngzx (5) f@bzx (5)!

Jns neueynoButeneituna B3Il ¢yHkuus mpockoka yObIBaoIias Mo Mepe
YBEIMYCHHUS TlapaMmeTrpa O4, Tak Kak J(G(EKTUBHOCTh THUICYIABIUBAHUS C
M3MEHEHHUEM pa3Mepa YacTHUI] YBETUINBACTCA.

CrnenoBatenbHo u3 popmysl (2.1)
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20..00), £-0.6)
do /dé - 910 yOBIBaromas (yHKIHs, MO3TOMY €€ IMPOU3BOIAHAS

MMeeT OTpHIlaTeIbHOE 3HaUeHHe. [loaTomMy, rpaduueckoe npeacTaBicHue QyHKIINH
IpoXoJla MacChl 4YacTUI[ TbUIM B KoopAuHaTax (X,y) OyneT mpeacTaBisTh
BO3PACTAIOIIYIO BBITYKIYIO BBEpX KpHBYI0[16-17].

W3 ypaBuenmss (2.1) cuemyer, dYro i ompeneicHus (PaKIHOHHON
s pexTuBHOCTH NBLICYJIOBUTES UHEPIIMOHHOTO TUIIA cleyeT
npoauddepernrpoBaTh GYHKIMM MPOXOa IJIs MbUIA B BBIOPOCAX TOCIE CHUCTEM
oOecnplIUBaHus, T.e. HPOAUGGEPEHIIMPOBATh JKCIEPUMEHTAIbHYIO KpHBYIO[16-

17]. Cpennuii MHTETpaIbHBIN MPOCKOKA (GPAKIIUU 3aIUIIEM B BHJIE:

d,
P =d; J.g(d,{)dd,, (2.3)

* B qmin dllmln

[Tocne unTerpupoBanus ypaBHeHus (2.2) Toraa, korjaa GyHKIHS MPOXo1a Ha BXOJE

B CUCTCMY OYUCTKH OITMCBIBACTC:A prIMOP'I J'IPIHPIGfI, YPaBHCHUC IIPUMCT BU!:

V() = ra(x,) (2.4)

K"‘x (x _xmin )

& (x)= &

B pPE3YyJIbTaTC UMCCM, YTO Ha OCHOBAHHNH SKCIICPUMCHTAJIbHBIX JaHHBIX (1)YHKI_[I/H/I €

(duy) MOkHO HaTH 3P PEKTUBHOCTD YIABIMBAHUS UHEPIIMOHHOIO MbUICYJIOBUTES:

7(@.) =1-2(d,) =1- [ -x_ )] (2.5)

PesynpraTel Pacuera ouenku QpakiuonHoi sddexruBHocTr anmapata B3I
YCOBEPILIEHCTBOBAHHBIM METOJOM MO PE3YJIbTaM 3KCIEPUMEHTOB U HU3MEpPEHUU

aBTOpa rpaduvecKu NpecTaBicH Ha (pUCYHOK.2.1).
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1 2 3 4 5 6 78910 20 30 50 100

Pucynox 2.1 - Kpussie ¢ppaximonHoit 3pdexruBHoctu anmapata B3I1: 1-
MOCTPOCHHOH 0e3 anmpoKCUMaInH, 2 —TIOCTPOSHHOM METO/IOM T€OMETPUIECKOTO

mudepeHurpoBanus, 3- KpuBasi, HOCTPOCHHOW 110 METOJY CTIaKUBaHUS.

2.2. UceieoBanme JUCIEPCHOTO COCTABA MBI B IPOU3BO/ICTBE IIeMEHTA

[Ipon3BOACTBO 1LIEMEHTA, TAKXKE KaK W IPOM3BOJCTBO JAPYTHX CTPOUTEIIBHBIX
MAaTEpPHUAJIOB, COIMPOBOXKIACTCS 3HAYMTEIBbHBIMU BBIACICHUSIMUA MbUIA B BO3IAYyX
paboueil 30HBI U B OKPYKAIOIIYIO IPUPOIHYIO cpeay. Kak mpaBuiio, NbLIb SBISCTCS
nommdpakroHHon. [Ipu 3ToM gacTuibl mbuk pazMepom MeHee 10 MKM 0coOeHHO
BpeIHBI U COCTABISAIOT OT 20-75% 0T 00111e#1 MacChl TBEPABIX YACTHI], BBIICISIEMBIX
Ha pa3jIuyHbIX 3Tanax mpousBoAcTBa. PMip 1 PMjys 310 - 4acTuubl BAOpIXaeMoro
pasmepa, KOTOpbI€ B IMEPBYIO O4YEpE/lb OCENAI0T B TPaxeoOpOHXHAIBHOW 30HE
NbIXaHUs, W, CJEIOBATEIbHO, MOTYT SBJISATHCA NOTECHUHAIBHOW IPUYAHOU
3a00JIEBAHUS JIETKUX.

s 0OBEKTUBHOM OIIEHKH BO3JCHCTBUSI MEIKOIUCIIEPCHON MBLIN Ha 370POBHE
YeyioBeKa TpeOyeTcss 3HATh MPOICHTHOE COJEPIKAHME YACTHUIl MaJbIX Pa3MEpoB.
[ToaTOoMy HOpPMHpPOBAHME KOHIICHTPALMM TMBUIEBBIX YaCTUI] Pa3MEPOM MEHEE

10mMkMu pazmepom MeHee 2,5MKM (cooTBeTcTBEHHO PMig u PMys) cunrtaercs BO



39

BCEM MHpEe HauOoJiee aKTyaJbHBIM BBHUIY UX PAa3IMYHOTO JCHCTBHS Ha OPTaHU3M
YeJI0BeKa U JITUTEIFHOCTh HX HAXOXICHUS BO B3BEIICHHOM COCTOSIHUH [ 8].

B kauecTBe 00BEKTa JJIS1 HCCIEAOBAHUS COJIEPKaHUs B BO3yXe paboueil 30HbI
CTPOUTENBHBIX MPOU3BOJACTB MbUIEBBIX 4YacTull pazmepoMm menee 10 mxm(PMig) u
pasmepom menee 2,5 MkM (PMys) Obuim OTOOpaHBI MPOOBI OCEBIICH MHUIM Ha
IIEMEHTHOM 3aBojic «AMpaH» B pecnyOmuke Memen B rTopoge AMpaH.
HccnenoBanusi IUCIIEPCHOTO COCTaBa MBUIM, BBIJACIAIONICHCS B IMPOU3BOJCTBE
[IEMEHTa, MPOBOJMINCH IO METOAUKE MHUKPOCKOMMYECKOrO aHallh3a TUCIEPCHOTO
cocTaBa ¢ IIOMOIIBI0 KoMmbioTepHO# nmporpammbel «SPOTEXPLORER» [51,53].

[Tpo6bl ObUTM B3STHI HA PA3IMYHBIX YYacTKaxX MPOU3BOJCTBA: Ha Yy4YacTKax
TPAHCIIOPTUPOBKU M3BECTH, (pTOpUIA Kanus, THIICA, TPYHTA, YUaCTKE MOATOTOBKH
CMECHM U YYacTKE YIMAaKOBKM TOTOBOM mpoaykiuu. [lo momydeHHbIM [aHHBIM
MOCTPOCHBI HWHTETPAIBbHBIE KPUBBIE PpACIpENENCHUs] MAacChl YacCTHUI] MBUIM TI0

auaMeTpaM (pucyHok 2.2-2.7).
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Pucynok. 2.2 - IHTerpajibHble KpUBBIE PACTIPEAEICHHS MacChl YaCTHL] 10 JUaMeTpa
JUTSI TIBLTH, BBIJIETISIIOLIENCS B BO3AYX paboueil 30HbI IPU TPAHCIOPTUPOBKE

TUIICaA.
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PucyHnok. 2.3 - IHTerpanbabie KPUBBIE PACIIPEACIIEHUS MACChl YaCTHULL 110
JaMeTpaM JJIs IIbLIH, BBIACIISIONIEHCS B BO3AYX paboyeil 30HbI Ipu

TPaHCIOPTUPOBKE IPyHTA
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PucyHok 2.4 - InTerpajibHble KPUBBIE PACIPEACIICHUSI MACChl YaCTHII IO AUAMETPa)

JJIs1 TIBIJIN, BBIJICHHIOHlCﬁCH B BO3YyX pa60qel71 30HBI IIPHU YITAKOBKE LIEMCHTA
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PI/ICYHOK 2.5 - I/IHTGFpaJIBHI)Ie KPHUBBIC PaCIIpCACICHUA MAaCChl YaCTHII 110 AUaMCTpal

JUTSI TIBUTH, BBIETISIOLIENCS B BO3AYX padoueid 30HbI IPH TPAHCIOPTUPOBKE U3BECTH
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Pucynok 2.6 - InterpanbHble KpUBBIE paclpeesieHusl MacChl YacTHUIL 1O
IUaMeTpam JJis bUIM, BBIACISIONIecs B BO3yX paboueil 30HbI pu

TPaHCIIOPTUPOBKE (PTOPHIA KAJTHS



42

Bfctsf &
99.5

93.5
39

98
97

35
30

80

70 /
0 ’ﬂ:
40 ,“/:'
1 /)
20 /

N4
10
5 /

/
2
] yd
05 / -
01 W,
1 2 10 20 100 s pmmnr

Pucynok 2.7 - InTerpaibHble KPUBBIE PACTIPEACIICHUS] MACChl YaCTHIL IT0 AUAMETPaN

JJIA IIBLIN, BBIJICIISIONICHCS B BO3YyX pa60qeﬁ 30HBI IIPU IIOAT'OTOBKE CMCCH

[Ipu TpancnopTHpoBKe TUIca (PUCYHOK 2.2) COJAEpKaHME YACTHUIl MBUIH C
pasmepom PMjo cocraBmsier 16 % mo macce, PMys — 0,3 % mo wmacce. Ilpu
TPaHCIIOPTUPOBKE TpyHTa (pucyHOK. 2.3) PM1g coctasmsitor 10 %, PMys— 0,1 % ot
oOmeit maccel nbui. Cogepskanue PMig Ha ydacTke yrmakoBKHU IIeMEHTa (PUCYHOK.
2.4) — 100 % oT oO1iei Macchl TbLIK, W3 HUX Ha YacTUIbl PM;stpuxomutcs 3%.
[Ipu TpancnmopTHUpOBKE U3BECTH (PUCYHOK. 2.5) monst yactull PMign PMys Oyner
cOoCTaBJsITh cooTBeTcTBEHHO 90 m 3 % or o6meil wmaccel mnbum. [lpu
TpaHCIIOPTUPOBKE GTopuaa Kamus (pucyHok. 2.6) PMig coctasmsrot 100 %, PMys —
7 % ot obmeit maccel e, Conepxanue PMio ipu moAroToBKe cMecu (PUCYHOK.
2.7) — 45 % ot o011ei Macchl MBUIM, U3 HUX Ha 9acTUbl PM; s npuxomutcs 1 %.
Kak mokazan aHajin3 mojiy4eHHBIX JaHHBIX, HA HEKOTOPBIX Y4acTKaxX MPOU3BOJICTBA
(ymakoBka 1ieMeHTa (pUCyHOK. 2.4), TpaHCHOPTUPOBKA (propuma kamusi (PUCYHOK.
2.6) IpaKTUYECKH BCS BBIJEISIONIASCA B BO3YyX padoudeil 30HBI MbLUIb COCTOUT U3
gacTull, ruamerpom menee 10 Mxm (pucyHok 2.4, pucyHok2.6) [86].

[TockonbKy KOHIIEHTpallMs THLIM B BO3AyXe BHYTPU II€XOB KoyieOaaach B

npeaenax 3-7mr/m3,a BOnu3M 1nexoB B mpeaenax 0,3-4mr/m3,70  3HaYEHUS
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KOHUEeHTpauui PMio u PMys 1714 B3BELIEHHBIX YACTUI[ B HEKOTOPBIX CIIydasx
npuMepHo B 2-5 pa3 Obumm  Beime 3HaweHwid [IJIK mms PMio m PMys (I'H
2.1.6.1338-03) [17,18], uT0 CBHUACTEILCTBYET O 3HAYUTEIILHO OOJBIICH BPEIHOCTH
MenKuX ¢Gpaknuil MUK B JaHHOM Ipou3BojacTBe. Kak mpaBuimo, Takue xe
3apucumocTH [1JIK coxpansitorces u anst paboueit 30HbI.

CrnenmoBaTeslbHO, MOXXHO CJieJlaTh BBIBOJl O II€J€CO00Pa3HOCTH OIpeeacHuUs
KOHIICHTpaluy B3BelIeHHBIX 4acthl PMijg m PMjs, a He TOmBKO MaccoBou
KOHICHTPAIIMA B3BCUICHHBIX BEIIECTB, I OLECHKH COCTOSHUS IIBIJIEBOU
00CTaHOBKM B BO3JyX€ W Ha TEppUTOpUH 3aBoda. Kpome TOro, 1aHHBIC
WCCIICIOBAaHUST  TOJTBEPXKIAal0  HEOOXOJUMOCTb  YCTAHOBJICHHUS  HOpPMaTHBA
MPENCIBbHO JOMYCTUMBIX KOHIEHTpPAlUMN B3BEIICHHBIX 4acTull PMiou PMjs mis

BO3/lyXa paboueit 30HbI U OKPY>KAIOIIHM cpeibl U it PecniyOnuku Memen.

2.3. AHAIM3 2IPOAUHAMHUYECKUX XaPAKTEPUCTHK HEMEHTHOM MbLIH,

MOCTYNAKIIeil B BO3IYIIHYIO Cpexy

OpHoii W BaXHEHIIMX XapaKTepUCTUK TMpu  BeIOOpEe 3 (PEeKTUBHOTO
MbUICYJIOBUTEIS u OLICHKECTEIIEHU BO3JICHCTBUSA Ha 310pOBbE
PaOOTHUKOBIIEMEHTHOMN MPOMBIIIJIEHHOCTH SIBISIETCS CKOPOCTh BUTAHUSIIBLIY.

OnHMM U3 METOJOB omnpezesieHus (PaKIMOHHOIO COCTaBa U CKOPOCTH OCEAaHUS
MbUIA SIBJSIETCA METOJ cujaeMeHTtomeTpuu. [Ipu moppakimoHHOM OCeTaHUUIBLIN
aHanu3upyemas mpoda Marepuana, Kak MpaBujio, TUCIIEPTUPYETCS B BEPXHEH 4acTH
cTonba aucnepcuoHHO cpennl [51-58]. B mepBoHavyanbHBINA TEPHO MTPOBEICHHUS
3aMEpOB CKOPOCTH OCEJaHMs BBINAJACT NbUIb Haubosiee KPyHHBIX (pakiuid,
KOTOpBIE, TPOXOAS 3a BpeMs? BBICOTY CToj0a H, OCaXOAIOTCAi Ha JIHE

cequmeTomeTpa. [lo CKOpOCTH OCaXIeHUs YacTHIlw = H/7 ONpeAessioT JuaMeTp

HauoOoJiee MCJIKMX,0CCBIINX K MOMCHTY r 4YacCTUIl, 4 II0 MAaCCOBOMY KOJIMYCCTBY

ocaJgKka OoIpCACIAIOT IMIPOLUCHT 4YaCTHL, UMCIOIKUX AUAMCTP MCHBIIC 0.
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ABtopamu [51-58] mist ompenesnieHUs TUCIEPCHOTO COCTaBa IMBUIM METOI0M
CEAMMEHTOMETPUU B BO3IYIIHOW Cpele MPEeAJIOKEHO HCIIOIb30BaHUE Mpubdopa,
Ha3bIBAEMOI'0 BO3YIIHBIN CEIMMEHTOMETP (PUCYHOK.2.8).

[TbUTb ¢ pa3IMYHON CKOPOCTBIO OCEIAeT Ha JIUIIKOU JICHTE (ITPO3PavHbIi CKOTY),
3a(UKCUPOBAHHON Ha JIGHTOYHOM TpaHCHOpPTEpe. TpaHCHoOpTep PUTMHYHO
IEpPEeIBUTacTCd HAa BCIMYMHY PAaBHYK JUAMETPY UIWIWHApPAa 3a OJIMHAKOBBIC

IIPOMEXYTKHA BPEMEHMU.

A_“ A-A 4
4
-
‘ 1
H - ) ' 2
%
I
&3 ! ks

LN
Pucynok 2.8 - DkcriepuMeHTanbHas yctaHoBka [58]: 1 —

HuimHApCEAMMEHTOMETPA; 2 — MOJICTABKA; 3 — TPAHCIIOPTED C

3a()UKCUPOBAHHBIM CKOTYEM; 4 — pACIbUIUTEILHOE YCTPOMCTBO

CKOpoCTh BUTAHMS LIEMEHTHOM TBUIM ONIPEACIIsIach ClaeAyonuM oopazoM. s
UCCJIeIOBaHUM Obla B35iTa IIEMEHTHAs TMbUIb, BBIICISIONIASICS OT MEJIBHUI[ B IEXE
nomoda. [lepen BbITONHEHHEM PKCIIEPUMEHTA TOTOBUJIMCH HABECKH MPOO MBUIX IO
50Mr, KoTOphI€ VYKIAIbIBAIIMCh HAa YHUCTHIM JIMCT OyMard W PaBHOMEPHO
pacrpenessinuch 1o HeMy.

PacnbuivBaroiiiee yCTpoiCcTBO PE3KHMM MOTOKOM BO3/lyXa HAIpaBiIsio TMbLICBHIC
YaCTUIIBl B CEJUMEHTAIIMOHHBIM IWUIUHIpP, TJ€ OHM OCEeJald B HEMOABHKHOM
BOo3ayxe. Uepe3 paBHbIE NPOMEKYTKH BPEMEHM JIMIIKas JICHTA, PACHOJIOKEHHAs Ha
TpaHCIIOPTEPE MepeMeliaiach Ha BEIMYMHY JUaMeTpa MWJIUHPA, a YaCTHUIII MBLIH

C Pa3JIMYHON CKOPOCTHIO, MO/ ICHCTBUEM CHUJI TSHKECTH OCEJAIN HA HEM.
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[Tocne mpoBeneHUsT IKCIEPUMEHTa ObLT M3YYEH AMCIEPCHBI COCTaB MbLIH
METOJIOMMHKpPOCKOrUH  [9], B  OCHOBY  KOTOpOTO  IIOJIOKEH  CITOCOO
¢dororpadupoBaHus YaCTUI] BUIH YBEIHMYCHHBIX 1101 MUKpockorioM B (200 — 2000)
pa3. Pe3ynbTaThl aHanM3a AUCHEPCHOTO COCTAaBa MbLIM MOXHO MPEJACTaBUTh B BUJE
WHTETPAIBHBIX KPHUBBIX MAacChl YacTHI[ 1O JWaMeTpaM B BEPOSTHOCTHO-
norapu(MHUUECKOd CETKe Ha PHUCYHOK.2.9. DKcnepuMeHTa MOATBEPAUII, YTO C
TEYCHHEM  BPEMEHH  KPYMHOCTh  MBUIEBBIX  YacTHIl  yMeHblIaeTcs.Tak
gacTHIBIIBLTHNAS0, BEIOMBAIOIIMECS B IIPOIECCEe TIOMOJIa IIEMEHTA COCTaBHII: 3 CEK.
- 36 MxM; cmyctsa6 cek.— 30 MrM; criycts 12 cex. — 23 MkM; ciycts 18 cex — 15
MKM; cirycts 21 cek —4 MkM; crrycta30 cek — 2 MKM.

1o pe3ynpTaTaM IpOBEAEHHOIO JUCIIEPCHOIO aHAJIN3a OCTPOECHBI 3aBUCUMOCTH
CKOPOCTH OCEIaHHs OT HSKBMBAJIECHTHOTO JUAMETpPa YaCTUIbl B JOrapuMUUYECKOM

CCTKC.
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Pucynok 2.9 - IaTerpanbable KpUBBIE MACChl YaCTUIL ITbUIH, BBIACIISIFOLIEHCS B
BO3JlyX pabouell 30HbI 11€Xa MOMOJIa IEMEHTA, M0 JUaMeTpaMm B BEPOSITHOCTHO-
norapuMHUIecKon ceTke: 1 — s mbUIeOCeaHMACTYCTSI3 CeK; 2 —CIycTsi6 cek; 3 —
cinycts 12 cex; 4 —cnyers 18 cek; 5 —cmycrd 21 cek; 6 —crycTa30 cek.

[Toy4yeHHbIC 3HAUEHUSI CKOPOCTEH BUTAHUS MTPUBEEHBI B TabmuIe 2.1.
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Tabnuma 2.1 - A’poauHaMHYECKHE XapaKTEPUCTUKU MBLITH

Bpewms,c CkopocTh BUTaHUS, TOTYyYEHHAs
Me THAHHBIH THAMETD, MKM AKCIIEPUMEHTAJIbHBIE CITOCOOOM, M/C

2 34 Boiee 0,73
> 29 0,3-0,73

10 22 0,15-0,3

1 14 0,097-0,15
20 5 0,072-0,097
23 3 0,056-0,072

HpOB@I[eHHBIC OKCIICPUMCHTAJIBHBIC UCCICAOBAHUA IMOATBEPAUIN 3aBUCUMOCTD
CKOpPOCTH OCCHAaHUs IIbIJIM OT MCAUAHHOI'O JHAMCTpa YaCTHIIBI. Onu IIOATBCP NN
BBIBOJ O TOM, 4YTO HauOOJIbIIIee KOJIMYECTBO JacTul IIbUIXM U I10 YHUCITY, X 110 MAaCCC,
T.€. HanbOoee KPYIIHBIC, BBIINIAAAIOT HAa Ha4YaJIbHOM 3Tall€ 3KCIICPHMCHTA. KpOMe
TOro, 4aCTULbI IIbIKM C AUAMCTPOM MCHCC 10 MKM MOI'YT HaXOOUTCA MJIUTCIBHOC

BpEMA BO B3BCILICHHOM COCTOSHHHU.

2.4. UccaenoBanne 0OCHOBHBIX (PU3HKO-XUMHYECKHUX CBOMCTB IEMEHTHOM NbLIN

OneHuBaTh MbIIEBON (PAKTOpP HA MPEANPUATHUAX [IEMEHTHON MPOMBIILICHHOCTH
CIeyeT IO CTETEeHH BO3JICUCTBHUS Ha 370pOBbE PAOOTHUKOB NPEANPUSTHN H
HAceJICHUE, MNPOKUBAIOIIECE HA MpPWIErarolnX TeppuTopusix. CTENneHb BIUSAHUSA
3aMbIJIEHHOTO BO3/lyXa Ha pab0OTOCIOCOOHOCTh, CAMOYYBCTBUE U 3/I0POBBE JIOJICH,
MOHO TOJIKO C y4€TOM COCTaBa, AUCIEPCHOCTH U (PU3UKO-XUMHUUYECKHUX CBOMCTB
NbUTH. DTH MapaMeTpbl HEOOXOAUMO YYUTHIBATh W MPHU BBHIOOPE MBIJICOUUCTHOTO

000pyI0OBaHUSI CUCTEM acCIUpaIiii U 00eCIbUINBAHUS.
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B Ta6J'II/II_Ie 2.2Hp€I[CTaBJICHBI pE3YIbTAaThl CPEAHCCTATUCTUYCCKUX aHAJIM30B

COCTaBa CbIPbS HMCIIOJIB3YCMOI'O IAJIsI IIPOU3BOJACTBA IMOPTIAHAICMCHTA B Poccun u

Uewmene [73,100,102].

Tabnuma 2.2 - CocTaB ChIpbs HCIIOJIb3YEMBIil JIJIs1 MPOU3BOICTBA

MMOPTIIAaHALICMCHTA
Marepuan [ToTepu Conepxanue, %

1ipu Ca0 MgO Si02 Al203 | Fex03 SO3

MPOKaJINBaHUU, %o
Poccus
U3BECTHSIK 40,88 51,8 0,76 4,82 0,53 0,34 -
IIECYaHHUK 13,85 15,86 0,76 62,29 3,05 1,45 0,09
JKeJle3Has 3,0 0,2 0,2 7.8 45 84,0 -
pyna s
Hemen

U3BECTHSIK 42 57 54,31 0,06 0,81 0,15 0,12 0,27
IIECYaHHUK 2,14 0,92 0,85 92,01 1,17 0,93 0,44
JKeJe3Has 1,74 1,84 0,09 0,73 1,49 95,78 0,95
pyna

AHanu3 mokasaj, 4TO COCTaB ChIPbs HCTIOIB3YEMBbIH ISl IPOU3BOJICTBA IIEMEHTA
B Pecniy6imke MeMeH, OTIMYaeTcs MO MPOLEHTHOMY COAEPIKAHUIO, B TOM YUCIE U
Mo TakoMy KOMMOHEHTY Kak SiOp, MOITOMY BaXXHO YTOYHUTh U (UBHKO-
XUMHUYECKHE CBONCTBA TTHLIH.

[TeutUnpeanpuUsITHII IO MPOU3BOJCTBY LIEMEHTA IO CBOUM (PU3UKO-XUMHUYECKUM
CBOWCTBAM pa3/elsatoTcs Ha cienyrontue rpymmsl [20]:

1. IIpuM, mosydaeMble B TpoIecce APOOJICHUS W TPAHCIIOPTHUPOBKHU CHIPHS;
MMEIOT pa3Mepbl 4vacTul KpynHee 5 MM (okono 70 %), a Temmeparypa u
BJIQXKHOCTH PaBHBI MTapaMeTpaM OKPYIKAIOIICH CPEIbl.

2. ITbuth BBIENSIONIASICS OT CYIIMJIBHBIX Oapa®aHOB, 00JIaaeT MOBBIICHHBIM

BJIAroCoaCpKaHucM HOIIPCACIICHHBIM JHUAIIa30HOM N3MCHCHHUS KOHLICHTPALMU ITbLJIN

(15-70 r/m3).
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3. Ilputb BHIOMBAIOMIAACS OT CHIPHEBBIX MEJBHUIL, COJIEPKHUT BBICOKYIO
xoHIeHTpamuo (10 500 r/mM%) M 3HAYMTENHEHOE KOJIMYECTBO YACTHI] IBLUIM HMEIOT
pa3Mep 5 MKM (10 65 %)

4. [1pub OT BpalIarOMIMXCs Me4Yeil MPOU3BOACTBA LIEMEHTa MOKPBIM CIIOCOOOM
XapaKTepU3yeTcsl BBICOKMM  BJArocoJepKaHUEM U TEeMIepaTypod, KoTopas
koJsie0nercs B quamaszone ot 170 mo 380 °C.

5. Ilputh OT BpamAIOMUXCS TMe4Yed, padoTalIMX IO CYXOMY CHOCO0Y
MPOU3BOJICTBA; OTJIMYAETCSI TUCTIEPCHBIM COCTABOM C YAaCTUIAMH IBUIUM PazMepoOM
meHee 5 MkM (10 75 %) , BeicokuM Y JIC 1 HEBBICOKMM BJIarocoepaHueM .

6. Ilpumm Bpam@romUXcs TeYeH ¢ 3aledYHbIMUA  TEIUIOyTHIH3aTopaMu (0T
KOHBEMEpPHBIX KAJIBIIMHATOPOB) OTJIMYAIOTCS MaJlbIM  BJIArocojiepkaHueM |
coJiepKaHUEM YacTUIIbI TLUTK pazMepoM Oosiee 5 MM (80 % vactuir).

7. Ilpuib  oTXonsimiass OT  XOJOAWIbHUKOBKIMHKEPA; OTIMYACTCAMAIIBIM
coJiepKaHUEM Bjaru, U OOJBIIMM JIMANa30HOM M3MeHeHHs: Temmeparypsl (90-290
°C) coneprKaHue YacTUIpazMepoM cBbiiie 5 MKM (80 %).

8. IlpuiM OT MeNbHUIl TTOMOJIA; OTINYAETCA BBICOKOW KOHIEHTparuen (10 960
r/M3),d U3MEHSIOIMMCS BJIAr0COJEPKAHUEM.

Jns ompenenieHus CEAUMEHTAIIMOHHOTO JWaMeTpa MbUICBBIX YacTUIl U TpHU
NPOCKTUPOBAHUM  KOHCTPYKTHUBHBIX  DJIEMEHTOB  CHUCTEM  OOCCIBbLIMBAHUS
HEO00XOJIMMO 3HATh CBEJICHUS O TUIOTHOCTHU MBLIH.

C 1enpl0 NPOBEACHUS CPAaBHUTEIBHOIO aHajdu3a ToKaszaTelaed (pUu3uMKo—
XMMHYECKHX CBOICTB TBUIM IeMeHTa B PecryOmuke lemeH ObLIM NpPOBEIEHHI
HCCIICIOBAHMS COCTaBa U CBOMCTB MbLIU IIEMEHTA, KOTOPhIE OMPEIeIIsIach COTJIACHO
METOMKAaM HU3JI0KeHHBIM B[58].

CBoiicTBa ompenessIuch Ha MbLTH, 0TOOpaHHOM Ha 3aBojge AMpan Pecrybnuka

HemeH B Ipon3BoICTBEHHOI TaGopaTopuu (pucyHok.2.10.) mo Meroaukam [58,62].



Pucynoxk 2.10 - Jlabopatopus onpeseneHus Gru3nKo-XUMHUUIECKHX CBOMCTB

HCMCHTHOﬁ IIBIJIM 3aBOJa «AMpaH» I‘.AMpaH.

PesynbTaTel BiccnenoBanus (PU3NKO-XMMHUYECKUX CBOWMCTB MBUIM NPUBEACHBI B
tabnuiie 2.3.

Tabmuna 2.3 - DuU3NKO-XUMHUYECKHE CBOMCTBA [IEMEHTHOM MBLUIH.

CBOICTBO NbLIM, €IMHULIBI U3MEPEHUS Benuuuna
VICTUHHAS UIOTHOCTB, T/CM° 2,610 -2,840
Kaxymasicsa nnoTHoCTb, r/em® 1,430-1,080
HachimHast I0THOCTD, T/cM® 0,704 - 0,817
YV nenbHas MOBEPXHOCTh, CM2/T 2670-3140
Cratuyeckuil yroji ecTeCTBEHHOTO OTKOCa, rpaj 53- 57
JlnHamM14ecKnii yrojl ECTECTBEHHOI'O OTKOCA, Tpajl 41-46
PaspeiBHas ioTHOCTS cinos, [1a 410-490

2.5 Ouenka 3pPeKTHBHOCTH JIOKAJTHU3YIOIIUX YCTPOHCTB B CHCTEMAaX

o0ecnibInBaHus MeToaamMu boryciasckoro-A3zaposa u Ilocoxuna

Jlns onpeneneHusi 0COOEHHOCTEW PACHPOCTPAHEHMS MBUIM B BO3JyXe pabounx

30H U HAa TEPPUTOPUM MPEANPUSITHS, a TakkKe s pa3paboTku >(PGEeKTUBHBIX
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CUCTEM OYHCTKH, HEOOXOAMMO 3HATh KOJUYECTBO IIbUIM, BBIACTSIONICHCS Ha
Pa3IUYHBIX dTarax MPOU3BOACTBA OT TEXHOJOTHUYECKOTO 000Dy I0BAHHUS.

MeTonuka 1Mo ompeneneHNu0 CyMMapHOWBEINYUHBI TTHUICBBIICICHUIBIIEXObIIA
npemioxeHanpodeccopamuE. . borycnasckumuB.H. A3aposeim [36] M, r/4:

M=M,+M, +M,, (2.6)

I'me Mi-  wmaccamsim, yIamsieMasiBCUCTEMaMU BEHTWISIIUA UACTIUPAIiH, T/C;
M2-  mpue, YHOCHMAsICKBO3BITPOEMBITIOMEIICHHS], T/C;

M3 - Maccamblid, OCaXAaCMasaHAIIOJIUTCXHOJOTNYCCKUXIIIOIMAaAKaxX1Icxa, F/ C.

[lepBbie cnaraembie hopmydibl (2.6) onpenenstoTcs N0 U3BECTHON METOIUKE,
a Mmacca IbLIH, OCaX1AEMAasTHAIIOIMTEXHOJOTHUECKUXITIONaIKax1exa,
OTIpE/ICTISICTCS IyTEM IPOBEACHHS 3aMEPOB MHTCHCUBHOCTH TBLIICOCEIaHMSI.

Jljis 3TOrO Ha MOJ MPOU3BOACTBEHHOI'O MOMELIEHHs Ha paccTosiHuM 1,5-2 M oT
UCTOYHHMKA IMBUICHUS 10 OKPYXHOCTU Ye€pe3 Yroil m/4 paccTaBisAIOTCA TapEIOYKU—
JIOBYIIIKH, Ha KOTOPBIX OCaKAaeTcs MbLUTb [36].

CornacHo 3TOM METOAMKH MOKHO JOCTaTOYHO TOYHO ONPECIUTh KOJIUYECTBO
MBUTH, TIOCTYTMAOIMIEH B BO3IYX MOMEIICHUS OT TEXHOJIOTUYECKOTO 000pyI0BaHUS,
Opy  BEIWYMHE TUIOTHOCTHM TIBUIM, OCENalomell Ha MOBEPXHOCTH ToJla W
TEXHOJIOTHYECKOM 060pynoBanuy, B npeaenax (0,1 — 100) r/(m?-u) [10].

[Tei1e mocie ocenaHusl Ha TapesIoUuKH B3BEIIMBAETCS, a 3aT€M OIpenessieTcs

WHTEHCHBHOCTS Tbuicocemanus Gomo dhopmyne [10,58]:

G
G, = = (2.7)
I'me G - xomudecTBOMBIIHN, OCEBIIEHHATAPENOUKE, KT
F - nnomansrapenouxu, M
T - BpEeMAHAXOXICHUSTAPEIOYKUB3OHEIBIIICOCEaHuS, U.

IIo BemmumnHe IMOJIYUYCHHBIX ITPH PaCUCTC 3HAUYCHUM BBISABIISIOTCS MaKCUMaJIbLHBIC
U MHHUMAJIBHBIC 3HAYCHHUSA IINIOTHOCTHU IIBIJICOCCOAHMHSA - Gmin u Gmax- [Io >TuMm

3HAa4YCHUAM Gmin n Gmax BCAYT JIMHHUIO, KOTOpas SBIIACTCA CpG}IHeI\/’I JJIA 30HBI
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NBUIEOCEIAHMS OT OINPEAEIEHHOIO UCTOYHUKA MbUIEBBIICICHUS. 3aTEM 3Ty 30HY OT
(UKCHPOBAHHOTO HMCTOYHHMKA JEIAT Ha JBa CEKTOpa C yIIOM PACKPBITUSA /4, TO
€CTh MOJIy4YaloT MO JBa CEKTOpa C MUHUMAIbHBIM U MaKCHUMaJlbHBIM OCEIaHHEM
neua [10]. Tlociie 3Toro mpoBOAST OCHOBHBIC 3aMEPHI, IO KOTOPBIM U OTIPEIETSETCS
IUIOTHOCTH TbUTeocenanus. [lpu npoBeAeHUN dKCIEPUMEHTATbHBIX UCCIIEI0BaHUN
ObLIO B II€XEe MOMOJIa HAMU YCTaHOBJICHO, YTO MpPeObIBaHHE TapeIOUeK JIOBYIIEK B
nexe Oosee NpOAOHKUTENBHOE BpeMs 4eM 4 yaca He OKa3bIBAET CYIIECTBEHHOIO

BJIMSTHUA HAa PE3YJIbTAThI 3aMCPOB.

1,6

3,2

M 1:25

2
IlnoTHOCTS NbUleOcenanust /(M 1)

Pucynok.2.11 - [1nan pacctaHOBKH TapeaoyeK-JIOBYIIEKB II€X€ TOMOJIa

YUCTOUYHHUKABBIACIICHUAIIBLIN 1—y36J'I 3arpy3Ku mapoBbIX MEJIBHUILI, 2‘M€J’II)HI/IHa

PGSy.TIBTaTBI 9KCIICPUMCHTAJIbHBIX 3aMCPOB INIOTHOCTH  IbUICOCCAAHUAHA

PaCCTOSIHUM OTUCTOYHUKA MBLICBBIICIICHHH MTPEICTaBIICH Ha PUCYHOK (2.12).
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0 0,5 1 1,5 2 2,5 3 3,5 4
PacctosHue OTUCTOYHUKAX ,M

Pucynok. 2.12 -Pacnpenenenue mioTHocTUIbLieoce1annsi GoHapacCTOSTHIHA X
OTUCTOYHHKA

Pacnpenenenue IUIOTHOCTHUIBUICOCENAHUS GO HaygajaeHuu X

OTTGXHOJIOFPI‘IGCKOFOO60py,Z[OBaHHHMO)KHO OIINCAaTb YPABHCHUCM:

G =168,8¢ 7365 (2.9)

AHanu3 QyHKIIMU pacrpeieieHusl INIOTHOCTH BEPOSTHOCTH MOMAJaHus IEMEHTHON
neUTd (pucyHOK. 2.13) B Bo3ayx paboueii 30HbI U aTMOc(epy MoKa3all MPEBBIIICHNUE
KOHIIEHTpALMY LEMEHTHOU nbuh HaJ ypoBHeM [1/IK.

C uenplo MpUBENCHUS MApaMETPOB BO3/yXa pabouux 30H K TpeOyembIM, ObLIN
MPOBEJICHbI 3aMephbl KOHIICHpAIlMW TMbUIM TMPU Pa3IUYHBIX pacxojax BoO3ayxa
yaanasieMoro oT oOOpyJOBaHMs,CHUCTeMa OOECHbUIMBAHUA M TaKUM 00pa3oMm
HAXOJMJINCh PAaCcXOJibl ra3a, MPU KOTOPBIX MapaMeTphl 3albUICHHOCTH BO3JyXa HE
BBIIIIE HOPMUPYEMBIX . Takoil METOJ OonpeiesIieHUs] pacXoJ0B BO3yXa, yAAISIEMOTO
OoT 000py/I0BaHUs, OCHOBAaH HA SKCIIEPUMEHTAILHOM TIOJIX0JIe, 1 peKOMeHA0BaH B.
H. ITocoxunbim [72]. W3MepeHHs] KOHLUEHTpPAlMM TbUIM B  BO3AYLIHOM cpeje
MPOU3BOIUIIMCHIIO CTaHAAPTHBIM METOJUKAM C HCIOJIb30BAaHUEM CTaHAAPTHOTO
obopynoBanusi [61].UccnenoBanus mpoBoauiuchk B paboueill 30HE omeparopa

1apOBLIX MCJILHUII I€XAa ITOMOJIAa KIIMHKEP.
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Pe3ynbrartel MccinenoBaHus TOKAa3ald, YTO HOPMHUPYEMBIE IapaMETPhbI
KOHLIEHTPALMK MbUIM B BO3AyXe paboyeil 30HbI ONepaTopa MapoOBbIX MEIBHUI] LEXa
nomoJja ObUIM JOCTUTHYTHI MPHU PacxXoje BO3AyXa yJalsieMOro OT MECT 3arpy3KH

KJIMHKEpa B MeJIbHHIBI paBHOro 5700 M%/4 (pucynok. 2.13).

C, meg/M3

16

14

12

10

8

6 [14Kps
4

2

4000 5000 6000 7000 L,M3/u

Pucynoxk. 2.13- 3meHeHne KOHIIEHTpAIMH MUK B BO3IyXe paboueit 30HbI
B 3aBUCUMOCTH OT 00bEMOB BO3/lyXa, YAAIIEMOr0 MECTHBIMUA OTCOCAMH OT

MCCT 3arpy3Ku KJIMHKEPa B MCIIbHUIILI.

2.6 OueHKa BepOSITHOCTH NMPOCKOKax0au yacTul PMyo u PMy5 B

annaparax B3II

Mertopsl pacueta 3¢ dhextuBHOCTH NbUIeyaaBauBanus B3Il moxoxu ¢ pacyeTom
MUKJIOHHBIX amnmapatoB [1]. Cauraem, yto 00mas 3)PEKTUBHOCTE MOXKET OBITH
Ipe/cTaBlieHa JIOrapu(pMUUECKU-BEPOSITHOCTHON (PYHKIMEH, MmapaMeTpbl KOTOPOM
COOTBETCTBYIOT KOHKPETHOMY THUIly U PEeKUMY padboThl anmnapara. [loHsTHO, 4TO
NOMOOHBI MPUHIMI BO3MOXKHO pealu30BaThb C MO3ULUU BEPOSATHOCTHO-
CTaTUCTHYECKOTO TMOJIXOJa Takke, kak B paborax [2,15].Teopus ciydaiHbIX

IpoHecCCOB K ABJICHUAM IIPOTCKAIOIIMX B aA3PO30JIiAX, ObLIa YCIICHIHO ITPUMCHCHA
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®dykcom [96].I1ozxke [2,3,5,11,12,15,13,14,15] Ob1 pa3paboTaH BEpPOSTHOCTHO-
CTATUCTUYECKUN TOIXO] Ui permeHus 3amad oOecnbutnBanus.[Ipodeccop E.U.
borycnaBckuii momaras, 9YTro B TOJU(PAKIMOHHBIX IMOTOKaX MPOSBIISIOTCS
JETEPMUHUPOBAHHO-CTOXACTUUECKHE 3aKOHOMEPHOCTH, IMPOIECC MaccolepeHoca B
paccMaTpuBaeMOM 00bEME PACCMATPUBAETCS KaK MPOIECC BEPOITHOCTHBIM.

Jns  anmapaToB CO BCTPEYHBIMH 3aKpPyYCHHBIMH ITOTOKaMH HEOO0XOoauMma
Ipyras,He KaK y IHMKJIOHA TIOCTaHOBKa 3ajayu, 0ojiee 0OOCHOBAHHAS C TTO3HITHHA
BEPOATHOCTHO-CTOXacTuyeckoro nojaxonaa. Ilycte C-coObITHE COCTOUT B TOM, YTO
YacTUIIE M3 TOYKM O TIONajeT B OyHKep WM ymajaeT BHU3. [l perieHus
BOCIIOJIb3YyEeMCSl MOHSTHEM O BEPOSTHOCTHU Mpoliecca oOecHbUIMBaHUS B alapare
B3II [12,13]. BeposATHOCTH TaKOI'O CI0KHOTO IpOoIEcca MbLICYIaBINBaAHMUS 3aBUCUT
oT BeposiTHOCTel Pa 1 Py, OHa MOkeT ObITh ompejiesieHa mo gpopmysie:

_ P, My Py My,
Mees + Mg (2.10)

P

Onumem BepoATHOCTH, coObiTUit Po u  Pp  ypaBHeHHEM BEpOSITHOCTH

MacCCOIICpCHOCA B HHHHHI{pH‘{eCKOﬁ CUCTCMC KOOPpJAHHAT:

W 2 2.11
Py PP g P (2.11)
ot o r Op or
[»)
le—] |-
A 1 a.
\W ‘ﬂﬁl F\%
r W..| has|Y
D Ao —
2
\Y -l v

-

Pucynoxk. 2.14. Cxema o onpeneneHuto GpakiroHHon 3¢(HEeKTUBHOCTH anmapara

B3I1 6e3 orcoca
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Cxewma perienns ypaBaenus (2.11) uzBectHa u3 pabor [14-16]. Orcrona nmeem:

Py _ s 8P, (2.12)
or or?

oP, _w, P oP, W oP, (2.13)

or 8r T a(p

Pemenus ypaBHeHU (2.12-2.13) ObLIM Haiinensl borycnasckum E.W. B BUzE
P —erf (Y), erf(Y)=-2fetdt, Y R® (2.14)
=e , = — , = , .
' \/_ 2 yzb(r —179)

rje:

R — paauyc annapara;

1 — KO3 PUIMEHT TMHAMUYECKOH BS3KOCTH;

b — koaddunment quddy3un NHUIEBBIX YaCTHII;

(T—To) — BpCM:A HAXOXKACHUA YaCTHUIBI B allllapaTe.
P2 — (1_ Ce_irH (1_Wr /Vr ))’

rIe.

A — mapameTp pa3AcieHus IePEMEHHBIX;

l'+— KOOpIMHATA TOYKH YaCTHIIBI, IOCTYNAIOIEH B arapar;
W, V\ — paauanbHble CKOPOCTH YaCTHII U Ta3a;

¢ — KOHCTaHTa UHTETPHUPOBAHUS.

[Ipu pemenun ypaBaenus (2.13) ObLI0 UCIIONB30BaHO MPEOOpa3OBaHUE

do = ,
v r-V,

Takum o6pazom, dpakirionHas 3h(PEKTUBHOCTH MbUICYIABIUBAHUS I YACTHII

auaMeTpoM d, MOCTYMaoMMX B ammapaT B TOYKE C KOOPAMHATOM I = ry, Oymer

onpeaenatees hopmyoit (2.15).

P:(l—ce"ﬂrH (1"WFNV))-en‘ (Y). (2.15)
BeposiTHOCTH MacconepeHoca 1o BXOJHOMY MaTpyOKy 30HbI 4 paBHa
Ry 2.16
p—_ 1t | Pdr, (2.16)

R, —

T Ry
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i [14-16]

a~AEART _ a=AEARH
l-c-

2 ExRy R J-erf(Y), (2.17)

rIe:
Ru, RT— paauychl IIMHIPUIECKON 9acTH KOPITyca U BHIXJIOITHOMN TPYOBI;
Ex=1-W,/V,.
KoHCcTaHTy WHTErpHpoBaHUS ¢ OMpeneanM Hu3 (PU3NISCKH O0OOCHOBAHHOTO
ycnoBus, 4to Pa = 0 ipu W, = V.

Torna E4 =0 u ayis onpeaeneHus 3Ha4€HUs ¢ TOJIy4YrM ypaBHEHUE:

e—ZEARr _ o~/EARk
l=c-
AEA(Ry —Rr)
Bbrauciium npejien o npasuity Jlonurais:
lim e MEART _gEARK lim — ARpe AR LR eTEARH R + AR,
En>0 AEA(Ry —Rp)  Ea-0 ARy ~Rr) ARy ~Rr)

CrnenoBaTenbHO, KOHCTAHTA UHTETpUpoBaHus ¢ = 1.
OkoHYaTeNbHO 1S 30HBI A TIOJIy4aeM YTOUHEHHYIO0 OpMyITy AJis BEPOSATHOCTh
MAacCCOIIEpEHOCA:
( a~2EART _ o= 4EARY
Py={1-

A-Ea(Ry —Ry)

]-erf (Y). (2.18)

OmnpenennM mapameTp pasieieHHs MEPEeMEHHBIX A U3 rpaHnyHbIX yciaoBuid W, = 0
mpu P,=0,5.
Nmeem:

1

— —ﬂrH — 1 1
2erf(Y)

2erf(Y)

—e_’ﬁtrH uim e

05=(1—e ™ frf (v),

[Tocne nmorapudMupoBaHus MOTydaeM BBIPAKEHUE TSI OTIPEICIICHUS A

z:-iln(l ! j (2.19)

R, L 2erf(Y)
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rae

v 2
Ie_tzdt, Y = 2R =k-R=k-(Ry —Ry),
0 2u°b(r —17y)

2
erf(Y) = ﬁ
K — ombITHBIN KOA(hDUIIUEHT.

Otmetrum 4to dopmyina (2.19) Bemomnasercs npu Beex erf(Y) > 0,5, mostomy
3HavyeHue k> 1.
[TpoananusupoBaB ypaBHeHus (2.18) u (2.19) , nemaem BbIBOJ, UTO BEPOSTHOCTH

MaccollepeHoca He 3aBUCUT OT R , a 3aBucuT TOiabKO OT Rpy. Iloaromy pemenue

YPAaBHCHHA MOXKHO 3aIlicaTh B BHJC.

e—/lEART _e—/IEARH 220
P, =[1- T .
g ( )“'EA(RH_RT)) ’ ( )

e
2
T=1- (alt +a,t’ + a3t3)- e " — 9T0 NPUOIMKEHHOE 3HAYEHHE MHTErPaa

1

2 .
1+a-Y,’

Jr

Ru, Ra, Rg—DTO COOTBETCTBEHHO paauyChl UWJIWHIPUYECKOM dYacTH KoOpIyca,

YA 2
erf(Y,) = (J)e*t dt,u t=

BBIXJIOITHOW TPYOBI M TPyOOTpOBOAA TSl TIOJaYd BTOPUIHOTO TOTOKA W3 30HBI B.
Koabduiment nuddysun moroka b MokHO cunrtath a1 30H A 1 B o1MHAKOBBIMHU.
Bpemst mporecca MaccomepeHoca COOTBETCTBEHHO s 30H A u B Oymer
OTIIMYAThCS, T.K. YACTHIIhI, BBIXOIAIIME M3 30H A W B, mpoXxomaT pa3nmuyHbIe
PACCTOSIHHS U C Pa3IMIHBIMU CKOPOCTSIMHU.

Takum 00pa3om, cpaBHUBAS TEOPETUICCKUE U IKCIIEPUMEHTAIBHBIC 3HAYCHUS P4,

MOYKEM OMPEACTUTh ONBITHBIN KO3 durment K. Hanpumep, a1 KpymHBIX 4acTHI

d.=20 mxwMm, E,=0,9, A=20, k=5, P,=0,937.
U TSI MEJIKHX YaCTHII
d.=10 mxm, £,=0,5,A=20, k=5, P,=0,854.
BeposiTHOCTh MepeHoca MacChl JIJIs 30HbI B ompeiensercst aHaJIorngHo.

[Tonyyennsie GopMysbl HO3BOJISIIOT PACCUUTATh (PPAKIIMOHHYIO 3PPEKTUBHOCTD

B3Il ¢ ydeToM OCHOBHBIX KOHCTPYKTHUBHBIX MapamMeTpOB ammapara, pekuMa €ro
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pa6OTBI, MAacCChbl 9aCTHUIl, ITOCTYIIAOIINX B 30HbI Amn B, CKOpOCTeﬁ IIOTOKAa Ha BXOJEC

B 30HKI A u B.

2.7 BbIBOABI 110 BTOPOIi I1aBe

1. IlpennoxeHa yCOBEpPILIEHCTBOBAaHHAs pAacU€THas MOJENb MPEICTaBICHUS
UHTETPaJIbHOM (PYHKLIMU paclpenesieHUus] MacCchl YacTUI MO AMAMETpaM IbUIM B
cucTteMax oOOeCHbUIMBaHUS TIpU oONpeAeneHUur 3P(EKTUBHOCTH YyJIABIUBAHUS

WHEPITMOHHOTO THUICYJIOBUTENS C Y4eTOM (DYHKIIMH MPOXoja, OompenesseMas IIo
bopmyie:

d .
n(dq>=1—e(dq>:1—5[(x—xmm e

2. IIpoBeneH aHanu3 JUCIIEPCHOIO COCTaBa MbUIM MPU TPAHCIOPTUPOBKE THUIICA,
KOTOPBIM TOKA3aJl, YTO COAEPKaHUE YaCTHILl ITbUIH ¢ pasmepom PMio coctasister 16
% mo macce, PMys — 0,3 % no macce. [Ipu TpancnoptupoBke rpyHTa PMig
coctaBisroT 10 %, PM2s — 0,1 % ot o6mieit maccsl melu. Conepxanue PMio Ha
y4acTke ynakoBkH riemeHTa — 100 % ot oOiieil Macchl MbLIM, U3 HUX HA YaCTHUIIbI
PM; s npuxoautcst 3%. Ilpu TpaHcnopTUpOBKE M3BECTH A0JIs YacTuil PMion PMy s
Oyner cocTaBisiTh cOOTBETCTBEHHO 90 u 3 % ot obmieil maccel nbuid. [lpu
TpaHcriopTupoBke dropuaa kaust PMig cocrasisitor 100 %, PMys— 7 % ot oOuieit
Maccel e, Copepikanare PMjo mpu moaroroBke cmecu — 45 % ot oOmieir Macchl
NBUIH, U3 HUX Ha yacTullbl PMj s ipuxoautcs 1 %.

3. IlpoBeaeH CpaBHHUTENbHBIM aHAIU3 COCTaBa ChHIPHEBOM CMECH, OMpPEAECICHBI
OCHOBHBIC (DM3HKO-XUMHUYECKHE CBOWCTBA IIEMEHTHOW TWBUIM 3aBoja AMpaH
r.AMpaH, KOTOpbIH TTOKa3aj, 4YTO MPU OMPEACICHHON pa3HUIle B CHIPhEBOM COCTaBE
DH3MKO-XMMUYECKHE CBOMCTBA MBUIM LeMeHTa B Pecrmymmke MemeH cXoxu c

LIeMEHTa npou3BoAcTBa Poccun. Tak onpeneneHo uro:
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VcTUHHAS TUIOTHOCTB, T/CM° 2,610 -2,840

Kaxymascs II0THOCTb, I/cM> 1,430-1,080
HacpImHAas TIOTHOCTB, T/CM° 0,704 - 0,817
YV enbHas MOBEPXHOCTD, CM2/T 2670-3140
CraTtnyeckuil yroj eCTECTBEHHOTO OTKOCA, IPaJl 53- 57
JIlnHaMUYEeCKHUM YroJl €CTECTBEHHOT'O OTKOCa, Tpajy 41-46

PaspsiBHas mmoTHOCTSH cnos, [1a

4. IlpoBeneHbl TEOPETHYECKHE U  OKCIIEPUMEHTAJbHBIE  HUCCIEIOBAHUS
a’POJIMHAMUYECKUX XaPAKTEPHUCTHUK MbLIX HEMEHTA KOTOPBIE MMOKA3JIA, YTO XOTS 110
COCTAaBY TWBLIb IEMEHTA, TNPHUBE3CHHAs W3 pECNyOIuKH VleMeH, HecKoIbKo
OTJINYAETCS OT POCCHMCKOW, IO a’3pOJAMHAMMYECKUM XAPAKTEPUCTHKAM BCE XK€
Oyn3Ka ¢ Hel.

5. IIpoBenena oneHka 3(pPEKTUBHOCTH JTIOKATU3YIOIIUX YCTPOIMCTB B CHCTEMAaX
oOecnpumuBanusl Merogamu borycnaBckoro-Azaposa u Ilocoxuna.lloctpoeHnsr
(YHKUIMU TUIOTHOCTH pacipeiesieHus BEPOSITHOCTUA NMOCTYIUIEHUS! LIEMEHTHOM MbUIH
B BO31lyX paOoyeil 1 Ha TEPPUTOPUIO NMpeAnpusITHs (pUCyHOK. 2.13, 2.14), koTopbie
IIOKa3aJI PEBBIICHUE KOHIIEHTPALMU UEMEHTHOM NbLUTA HaJ ypoBHeM [1JIK.

6. IIpoBeneHbI 3aMephl pacXoJ0B BO3AyXa, yAAIsEMOro OT O0OpYyIOBaHUS, C
LENbI0 MPUBEICHUS ITUX MOKa3aTeNed K napaMerpam, Ipu KOTOPBIX 3alblIIEHHOCTb
BO3JlyXa paBHa HopMmupyemoil. MccnegoBaHusi mokaszaiu, 4yro B paldodeil 30HE
oreparopa IIAPOBBIX MEJBbHMI] PACXOJ] BO3[AyXa YIAISIEMOro OT MECT 3arpy3ku
KIIMHKEPA B MIAPOBBIE MEILHHUIIBI J0DKEH ObITh He MeHee 5700 m/u.

7. IlpoBeneHa orneHka 3pPpekTUBHOCTH KOA(PUIMeHTa MPOCKOKA B ammaparax
B3II. ITonyyena pacyeTHas 3aBUCUMOCTb.

8. IlpoBenena oreHKa MPEBBIIIICHUS HOPMATUBOB MO coaepkannio [IJIK B

BO3/lyX€ pabO4YMX 30H U HA TEPPUTOPUH MPEATPUSITHIA.
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I''TABA 3 TEOPETUYECKHUE U OKCIIEPUMEHTAJIBHBIE
UCCJEJIOBAHUSA BBIBPOCOB B ATMOC®EPY IPEJINPUATUI 1O
MMPON3BOJACTBY HEMEHTA

3.1. DkcnepuMeHTAJIbLHbIE UCCJIEIOBAHMS OCAXKAEHHSI YACTUIL IEMEHTHOMI
NbLIA BHIOPOCOB IIeMEHTHBIX 32aB0/10B

B MupoBOM ImIpakTMKE N0 peKoOMeHJauusaM BceMupHOM OpraHM3alun
3npaBooxpaHeHus (BO3), B psje cTpaH OCyIIECTBIIEH MOAXOJ 110 HOPMHUPOBAHUIO
COJICp’KaHMsl B BO3JYIIHOW Cpelie YacTHIl MbUIM C pazMepaMu He Oosiee 2,5 MKM
() 10 mxMm. B Poccun B urone 2010 rona BBeJCHBI B ICMUCTBUE TUTUEHUYECKHE
HopmatuBbl T'H 2.1.6.2604-10 [50], koTOpble yCTaHABIMBAIOT MPEACIbHO-
nomyctuMyto koHueHtpauuto (IIJIK) 3arpsssgrommx BemectB B aTMoc(hepHOM
BO3[yXe HACENICHHBIX MECT B MI/M° JUISl B3BELICHHBIX BELIECTB YACTHII Pa3MEPOM
menee 10 mxm (PMio) 1 1t gactui pasmepom Meree 2,5 MkM (PMys).

B kauecTBe 00beKTa I UCCIEIOBAHUS COACPKAHUS B BO3YyXE CTPOUTEIbHBIX
IPOU3BOCTB MbUIEBBIX YacTUl] pazmepom MeHee 10 mkm (PMig)) 1 pasmepom meHee
2,5 MM (PMys) Obutm oTOOpaHbl MPOOBI OCEBIICH MBUTM HA TEPPUTOPUI
LIEMEHTHOTO 3aBOJa «AMpaH» B peclybinke VemeH, W B NpUIEraromei Kumoil
30He B ropoje Ampan [79].

[TpoObI OBLTM B3ATHI HA PA3JIMYHBIX YYacTKax MPOU3BOJACTBA U Ha rpanuue C33,
doTorpaduu NI YBEIUYEHHOU 1O MUKPOCKOTIOM MPUBEEHBI Ha pUCyHOKe 3.1.
1 3.2. 0 MOJYyYEHHBIM JAHHBIM MOCTPOCHBI HHTETPAJIbHBIE KPUBBIE PACTIPEACIICHHUS

MacChl YaCTHII MbLIU 1O AuameTpaM (pucyHok.3.3, 3.6).
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Pucynok. 3.1 - CHUMOK 4acCTHI] IIEMEHTHOM MbUTH, OTOOPAaHHOM U3 paboyeii 30HbI

orepaTopa Iexa moMmosna
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Pucynok. 3.2 - CHUMOK 4aCTHI] IIEMEHTHOM MBLIN, OTOOPAHHOM MOCe anmnapara

B3I1
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Pucynok.3.3 - IHTerpanbHble KPUBBIE PACIIPEACICHUS MACChI YACTHULL 110
IaMeTpaM B BEPOSTHOCTHO-JIOTapU(PMUUECKON CETKE AJIs IbLIM OTOOpaHHOM Ha
rpaHule eMeHTHOro 3aBoja (Memen).

Dfetel &
99.9,

995

10 20 100 e mmtnr
Pucynok.3.4 - InTerpanbHble KpUBBIE paclpeIeIeHUsI MacChl YaCTHULL 110
JUaMeTpaM B BEPOSITHOCTHO-JIOTApU(PMUUECKON CeTKe AJIs MbUIA OTOOpPaHHOM B
YKUJIOM ITOCENKE PACIOI0KEHHOM Ha paccTosHu S00M OT LIEMEHTHOTO 3aBoja

(Uemen).
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Pucynok 3.5 - IHTerpansHbie KpUBbIE PaCPEICICHUS MACChl YACTHII T10
JaMeTpaM B BEPOSTHOCTHO-JIOTapU(PMUUECKON CETKE AJIs IbLIM OTOOpaHHOM Ha

TEPPUTOPUM IIEMEHTHOTO 3aBojia (eMeH)
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Pucynox 3.6 - InTerpanpHbie KpUBBIC pacipeiesIeHUs MACChl YaCTHII 10
JMaMeTpaM B BEPOSTHOCTHO-JIOTapU(DMUIECKON CeTKE JJIsl IEMEHTHOM TMBLITN

oTOOpaHHOM B IIeX€ IMOMOJIa Ha IleMeHTHOM 3aBojie (Memen)
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[Ipu TpaHcOpTUPOBKE LEMEHTHOM MbUU (pUCYHOK.3.3.) coliep>KaHHE YacTHIl
nbUI ¢ pazmepoM PMig cocrasisieT ot 51-80% mno macce, PMys ot 0,7 - 1,5% no
Mmacce, (pucynok 3.4.) PMj coctaBisiror 100 %, PM3s ot 7— 16 % ot obmmiei Mmacchl
neud. Copepskanue PMig Ha yyacTke ynmakoBkM IieMeHTa (pucyHok.3.5.) — PMyg
cocraBisitor 21 - 50% ot oOmeit Macchl TBLIA, W3 HHX HA YaCTHIIBI
PM; snpuxonutcsa ot 0,2 — 1 % ,(pucynok 3.6.) nonst yactuny PMio u PMys Oyner
cocTaBiaTh 64% u 0,4 — 1,8% ot 0011eH MacChl IBJIM COOTBETCTBEHHO.

Kak BUIHO U3 pe3ynbTaTOB MPOBEAECHHOTO aHAIU3a MBI 3HAYUTEIbHYIO YacTh
po0 COCTABJISIIOT YaCTUIIbI, pa3MepoM MeHee 10 MKM.

3HayeHUs TMPEAETbHO JOMYCTUMBIX KOHIEHTPAlUA [JIi B3BEIICHHBIX YaCTHI
npuMepHO B JBa pasza Bbime 3HadeHwid [IJAK mms PMig u PMys[50], uro
CBUJICTEIBCTBYET O 3HAUUTENILHO OOJIbIIIEH BpEHOCTH MENKUX (pakiuii nmeumm. Kak
npaBuiio, Takue ke 3apucumoctu [1/IK coxpanstorces u ajs padboueid 30HbI.

CrnenoBaTellbHO, MOKHO CJeJlaTh BBIBOJ O M HEOOXOJIMMOCTH YCTAHOBJIICHUS
HOpMaTHBa MPEACIbHO JIOMYCTUMBIX KOHIIEHTPALM B3BEUIEHHBIX YacTUl] PMig u
PMjys nns Bo3Ayxa SKWIBIXHM padouux 30H. A Takke O LenecooOpa3HOCTH
NPOJIOJKEHUN  TPOBEICHUSI  HMCCJIEAOBAHUM  HANpABICHHBIX HA  CHIKEHHUE

MOCTYIUJICHUSI MEJIKOJAUCTIEPCHOM MbLIN B aTMOCchepy.

3.2. JkcnepuMeHTAIbHBIE HCCJIeI0BAHNS NMbLIEYJIABINBAIOLIEH YCTAHOBKH

Panee oTMeuanoch, 4YTO OCHOBHBIM OOECIHBUIMBAIOIINM 000pYIOBaHUEM,
HCIIONb3yeMbIM Ha [[EMEHTHBIX 3aBOJAX PeCryOnKH VeMeH, SBISIOTCS PyKaBHbIC
bunbTpel. ONBIT NPUMEHEHUS ATOr0  OOECHBUIMBAIOIIETO  O0OPYIOBAHUS
[56,65,74,75,94,95,97] moka3biBaeT, YTO HMMEIOTCS OIPEAEICHHBIE CI0KHOCTA B
IpOIECCe €ro OKCIUTyaTalldd, TaKWe KaK TOBBIIICHHOS a’pOJAMHAMHYCCKOE

COTIPOTUBIICHUE, CJIOKHOCTHU CBSI3aHHBIE C TTOJ00POM PYKABOB, X PEreHEpaIluei, u
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ap. st cHUKeHHs Harpy3Ky T0 MbUTM Ha pyKaBHbBIE (DUIIBTPHI, MpeAiaraeTcs nepen
MoJiavyeil Bo3/ayxa Ha OUYMCTKY B PyKaBHBIN (DUIIBTP MPOU3BOIUTH MPEABAPUTEIHHYIO
ouncTKy raza B annapare B3II. [{ns storo Oblia pa3paboTaHa 3KCIEpUMEHTAIbHAS

ycraHoBka ¢ annapatoB B3I u pykaBHbIM GUIBTPOM.

3.2.1 Onucanme IKCNEPUMEHTAJIbHOM YCTAHOBKH

OKCIEpUMEHTAIBHBIE  UCCJENOBAHMS 1O  ONpeAeNeHut0 3(PQPEeKTUBHOCTH
BUXPEBOIO HMHEPLUHUOHHOTO MBUICYJOBUTENS CO BCTPEUYHBIMU 3aKPYYEHHBIMU
MMOTOKaMU C PYKaBHBIM (PUIBTPOM MPOBOJIMUIIUCH HA SKCIEPUMEHTAILHON YCTAHOBKE

OYHMCTKH BO3/yXa OT IbLIH, TPEICTABICHHON Ha pucyHOK 3.7. [61,62]

3KCNEPUMEHTOABHOR YCTOAHOBKA
4A8 QUMCTKM BOZIAYXA OT MblAN.

23

26

L %]

Pucynok.3.7. Cxema 3KCIEpUMEHTAIIBHOM YCTaHOBKH JJIs1 OYMCTKH BO3yXa OT
nbUIA: 1| — BUXPEBON MHEPLIMOHHBIN NBLICYJIOBUTENL CO BCTPEYHBIMU
3aKpPYYEHHBIMHU OTOKAMM;2 — UIMHAPUIECKUN KOPIYC U3 OPraHUYECKOro
CTeKJa;3 — KOHWYECKU OyHKep AJIs TpUeMa yIOBICHHOM MBUIH C OCEBBIM
naTpyoKxoMm;4 — BHIBO/IBI YJIOBJIEHHOM MBUIM C OCEBBIM NMAaTPyOKOM;S — BBIBO

YUCTOrO BO3/1yXa;6 — BEpXHUI BXOJHOM MaTpyOOK;7 — HUKHUI BXOJHOM maTpyOOoK
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JUISl IOAAYM B TIBUICYJIOBUTEND | BUIEBO3AYIIHOW CMECH;8 — KOHUYECKYIO
0TOOMHYIO 1120y, KOTOpasi yCTAHOBJICH HA BBIXOIHOM KOHIIE HUKHETO BXOJHOTO
naTpyoka 7; 9 — mepBblil BBIABMKHON IMIHOEP, KOTOPBIA yCTAaHOBJICH Ha aTpyOke 4
BBIBOJIA YJIOBJIEHHOM IbLIK U3 OyHkepa 3; 10,33 — nutaTenu s 3arpy3Ku MbLIY;
11 — nmepBsIit TpyOOIIpOBO; 12 — nepBasi HOBOPOTHAs 3acioHKa; 13 — BTOpoi
TpyOomnpoBo; 14 - BTOpas MOBOPOTHAsS 3aCIOHKA; 15 — yIUTOUYHBINA 3aBUXPUTEb;
16 — pykaBHbIil puiibTp; 17 — KOHUUECKH OyHKep AJIs TpHeMa yJIOBICHHOH MbLUIH;
18 — matpyOoxk ynoBieHHOH mbutn; 19 — BTOpO# BBIIBIKHOM mubep; 20 — Tpetuit
TpyOorpoBoa;21 — BXxoaHOM NaTpyOOK pykaBHOTO (huiibTpa 16; 22 — BEIXOIHOU
naTpyO0ok pykaBHoOro ¢punbsTpa 16; 23 — yeTBepThIil TpyOOIIpOBOI; 24 —
BCACHIBAIOIINM MaTpyOOK BEHTHIIATOPA 25; 25 — BEHTHIATOP; 26 — BBIXOIHOM
naTpyOoK BeHTuJsiTopa 25; 27 — mmbep Ha nepBoii Tpydonposoze 11 ans
MOAKIIOYEHUE KOHTPOIBHO U3MEPUTENIBHOIO MPUO0pa; 28 — IITyLEP HA TPEThEM
TpyOoImpoBoze 20 ISIMOAKIIOYEHHE IEPBOTO KOHTPOIBHO U3MEPUTEIBHOTO
npuodopa; 29 — mwryiep Ha Y4eTBEPTOM TpyOomnpoBoe 23 1Jisi MOAKIIOYEHUE BTOPOTO
KOHTPOJBHO U3MEPUTENILHOTO TTprbopa; 30 — mtyep Ha TpeTheM TPyOOonpoBoe
JUIS TTOJIKJIFOUEHUE BTOPOTO0 KOHTPOJIBHO U3MEPUTENLHOTO pubdopa; 31 — mryep
Ha TPETbEM TPYOOIPOBOJIE AJIs MOAKIIOUYEHUE TPETHETO KOHTPOIBHO
U3MEpPUTETHLHOTO TIpuOopa;32 — CMEHHBINA OTBO/I.

VYcTaHOBKa MO3BOJISIET MPOBOJUTH MCCIEIOBAHUS C HUCIOIB30BAHUEM ammapara
B3Il u Bcero oOopymoBanus (pucyHok 3,7). Kpome Toro, B ciaydae CHSATHS
CMEHHOI'0 OTBOJIa 32 M MCKJIOYEHUs] U3 cxeMbl amnmapara B3Il Bo3aMoXHaA olleHKa
3((PEKTUBHOCTHU TOJBKO OJHOIO PYKaBHOTO (DUIIbTpA .

DOTO SKCIEPUMEHTAIILHOW YCTAHOBKH MPECTABICHO HA PUCYHOK. 3.8
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Pucynok.3.8 - DkcnepuMeHTanabHasi yCTAaHOBKA JIJIsT OYMCTKHU BO3/AyXa OT MBLIH.

YcTaHOBKAa  COAECPXKUT  BUXPEBOM  MHEPUMOHHBIM  MBUICYJIOBUTENbL  CO
BCTPEYHBIMHU 3aKPYYEHHBIMH TMOTOKAMH C LWIMHAPUYECKUM KOPIYCOM H
KOHUYECKUM OYHKEpPOM JIJisi TIpreMa YJIOBJICHHOW MbUIM U C ATPyOKOM BBIBOZA €€
u3 OyHKepa, C OCEBBIM MAaTPyOKOM BBIBOJIa YHCTOTO BO3/1yXa, C BEPXHUM BXOTHBIM
MaTpyoOKOM M C HWXKHUM BXOJHBIM MNaTpyOKOM [l MOJAaud B TBUICYJOBUTEIb
MBUICBO3AYIIHOM CMECH, IPU OTOM Ha BXOJHOM KOHILE HHW)XHETO BXOIHOTO
natpyoka yCTaHOBJICHa KOHHMYECKas OTOOMHas Iaida, MuTaTesb JJIsl 3arpy3Ku
MBUTM COEJIMHEH C MEPBBIM TPYyOOMPOBOOM, KOTOPBIN CBOMM BBIXOJOM IMOJKIIIOYEH
K BEpPXHEMY BXOJHOMY TMaTpyOKy TMbUICYJIOBUTENS, M COCIUHEH C BTOPHIM
TpyOONPOBOJIOM, BHYTPHU KOTOPOTO YCTAHOBJIEHA TIEpBasi MOBTOPHAs 3aCJIOHKA, MPHU
ATOM BTOPOW TPyOONPOBOJ CBOMM BBIXOJOM TMOJKIIOYEH K HUKHEMY BXOJIHOMY
natpyOKy JJis MOJAa4u B TBUICYJIOBUTENb MBUICBO3AYITHON CMECH, KpOME ITOTO
YCTAHOBKA COJICPXKUT  TOCJIEAOBATEILHOE COCIMHEHHBIE OCEBOM MaTpyOOK
MBUICYJIOBUTEIISA, TPETUM TPyOONPOBOJ, (PWIBTP M BEHTWISATOP C BXOJHBIMH H
BBIXOJHBIMM ~ TAaTpyOKaMH, YCTaHOBKA TaKXKe COACPXKUT  INTYUEpPHl IS

MOJIKTFOYEHHUST KOHTPOJIBHO-U3MEPUTEIbHBIX TprbopoB[49,64,81,82].
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3.2.2 Ilnan mpoBeaeHNUsl M METOAUKA IKCIIEPUMEHTA

HpI/I IMPOBCACHUHN I/ICCJ'ICI[OBEIHI/Iﬁ MCTOAaMM IINIAaHUPOBAHUS SKCIICPUMCHTA 110
OIIPCACIICHUIO 3(1)(1)€KTI/IBHOCTI/I IIbUICYJIABJIMBAHUA B BUXPCBOM HHCPLIHOHHOM
arIrapare CoO BCTPCYHbIMU 3aKPYUYCHHBIMU ITOTOKAMHU B KAa4CCTBC BAPbHUPYCMBbBIX

¢dakTOpoB ObLTH BHIOPAHKL:

V- OTHOCHUTENbHAasi CKOPOCTh MOTOKA B MONEPEYHOM CEUEHHUH arapara, paBHas
OTHOLIEHUIO Pacxoja ras3a, oCTynaruero Ha O4MCTKY, K IUIOMAa1
MOTIEPEYHOr0 CEUEHUs anmnapaTa 1 OTHECEHHas K 1 m/c;

Kh-  1ons pacxoja rasa, moJlaBaeéMoro B anrmapar 4yepe3 HWKHUN BBOJ ;

C-  oTHocuTenbHas KOHLEHTpAIMs IbUIM B OUYUIIIAEMOM IOTOKE BO3/AYyXa,

paBHAs KOHIIEHTPALUH IIbUIM HAa BXOJE B allllapaT, OTHECEHHOM K 1 /M3,

O¢ddexTUBHOCTh  MbUICYJNABIMBAHUSA  OMNpelesylacb  Ha  OCHOBaHHUH
COTIOCTABJICHUSI MAaCC TBUTH, TIOCTYTAIOIIEH U BBIXOAIICH, KOTOPBIC OMPEACIISITUCH
Ha OCHOBAaHMU OTOOpa MpoO M M3MEpEHUi, MPOBOAUMBIX B 3aMEPHBIX CEUEHHUSX
BO3/yXOBOJIOB.

B xome skcmepuMeHTa i1 3aMEpOB 3albIJICHHOCTH BO3yXa, MCIOIB30BAJICS
KOMIUJIEKT TbUIE3a00PHOTO O0OpYAOBaHUS, KOTOPBIM pa3paboTaH M HM3TOTOBJIIEH
HUNOI'A3[30]. Jnst Toro 4roObl 00eCHeYnTh MACHTHYHOCTH OTOOpa MpoO, 3TOT
IPOLECC OCYIIECTBISUICS OJTHOBPEMEHHO BO BCEX 3aMEPHBIX CEUCHUSIX.

Benuuunbl faBieHuil, B BO3AYXOBOZaxX OIpPEAETSUINCh MPU  MTOMOIIU
MukpomanometpoB MMH-250 u tpyOok Ilpanatis, TepMO3JIEKTPO aHEMOMETPOM
TESTO-425 onpenensnuch: oOmMi pacxod BO3AyXa B YCTAaHOBKE; COOTHOILIEHHUE
pacxoloB  THUICBO3AYIIHOW CMECH B  BEPXHUX W HIKHMX  BBOJAAX
NbUICYABIMBAIONIETO ammapaTa; pacxoJl BO3[yXa, OTCachlBaeMoro u3 OyHKepa

IBUICYJIOBUTCIIA.
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KoHueHTpanuss OblIM Ha BXOJE B CHUCTEMY 3a/aBajlach, IPEXKIE BCETO,
BPEMEHEM 3arpy3Kd, KOTOpoe (PHKCHPOBAJIOCh NpPHU IOMOIIM CEKYHIOMEepa H

pacueTHOM MacCo¥ UCXOTHOM 3arpy3KH, ornpeaesiemMoit mo gopmysie [31]:

C,-L (3.1)
G, = T,
60
I'ne Go — Macca HAaBECKH IBLIH, T
Co — HadalbHas KOHIEHTPAIMS HA BXOJE B CHCTEMY, I/M>;
L —pacxon Bo3ayxa, M%/c;
7 — BpeMs 3arpy3KH, MUH.

[Ipy wucmonb30BaHUM MaTEMAaTHUYECKOM MOJECIM B BHJE TMOJUHOMAa BTOPOTO
nopsiIka OBUTH MCIIOJIB30BaHbI TUTaHBI HA TpeX ypoBHsaX Tuma 3n [30,45,47,48] (roe
n = 3 — uyucno (akTOpoB), MPU STOM OBUIM pPEATU30BAaHBI BCE BO3MOXKHBIC
HETIOBTOPSIONINECS KOMOWHAIIMM YPOBHEHM HccleayeMbIX (aKkTopoB (MOJHBIN
(aKTOpHBII SKCIIEPUMEHT).

[Ipu mepexojie OT MaTpUIlbl TJIAHUPOBAHUS K pabodeil MaTPHIThI SKCIIEPUMEHTA

UCTIOJIB30BAJIOCH CIICAYIOIIEee TpeoOpa3oBaHue:

X — X — Xig (3.2)
' Al '
'me X; — KoaupoBaHHOE 3HaYeHME (aKTOpa;
X, — HaTypajJbHOE 3HaUeHHE (PaKkTopa;

X~ HaTypaJlbHOE 3HaY€HUE OCHOBHOTO YPOBHS;
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Tabnuna3. 1 - YpoBHU 1 HHTEpBaJIbI BAPbUPOBAHUA (DAKTOPOB

NutepBans

YpoBHU hakTOPOB

®DakTopsl OcHoBHOM Bepxuuii HwxHnii
BapbUPOBAHUS 0 11 1
x1 — L- oOmuit p%cxo;[ rasa B 60 180 240 120
cHUCTEME M°/4ac
x2 - Kn ntonst pacxoja rasa,
M0IaBaEMOT0 B ammapar uyepes 0,1 0,3 0,4 0,2
HUKHHAH BBOJ
x3 — C- oTHOCHTEBHAS
KOHIICHTPALIUS TIOCTYIAFOIIEH 8 10 18 5
BT Ha OYHCTKY, OTHECEHHAs K |
/v’
Tabnuua 3.2 - Marpunna riaHupOBaHus IKCIEPUMEHTAIBHBIX UCCIEA0BAHUN
Ne onbiTa PaxTope!
X0 X1 X2 X3
1 +1 -1 -1 -1
2 +1 -1 -1 0
3 +1 -1 -1 +1
4 +1 -1 0 -1
5 +1 -1 0 0
6 +1 -1 0 +1
7 +1 -1 +1 -1
8 +1 -1 +1 0
9 +1 -1 +1 +1
10 +1 0 -1 -1
11 +1 0 -1 0
12 +1 0 -1 +1
13 +1 0 0 -1
14 +1 0 0 0
15 +1 0 0 +1
16 +1 0 +1 -1
17 +1 0 +1 0
18 +1 0 +1 +1
19 +1 +1 -1 -1
20 +1 +1 -1 0
21 +1 +1 -1 +1
22 +1 +1 0 -1
23 +1 +1 0 0
24 +1 +1 0 +1
25 +1 +1 +1 -1
26 +1 +1 +1 0
27 +1 +1 +1 +1
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JUisi MMHUMH3allud BIUSIHUASL Ha PE3yJIbTaT HEynpaBisieMblX (aKTOpoB ObLIa
OCYUIECTBJIEHA PAaHAOMM3allMsd XOJa BBINOJHEHUs ONbITOB. B Xxome pa3paboTku
JKCIIEpUMEHTa JJI1  IPOBEPKHU

BOCIIPOU3BOJIUMOCTH n IMPOBCACHUSA

CTaTUCTHYCCKHUX OLOCHOK PEC3YJIbTATOB OKCIICPUMCHTA IIJIaHA, INNIAHHPOBAJIOCH

MPOBEICHUE TPEX MAPAUICIBHBIX CEPUM OMBITOB.

3.2.3. Pe3yJbTaThl IKCIIEPUMEHTAIBHBIX H3MePeHU

Tabnuna 3.3 — Pe3ynbpTarhl 3KCIEpUMEHTAIBHBIX UCCIIEIOBAHAN YJIABIMBAHUSA
1eMeHTHOH mhuTh anmapaTtom B311-150
I[OJ'ISI pacxoaa OtHocUuTenbHAA
O06mwmit pacxon rasa, KOHIICHTpAIUs 2(()1::?3;2;143&
Pexum ra3da B CUCTEMEC ImogaBacMoro B HOCTYHaI-OH_[eﬁ
Mm3/qac amnmapar 4epe3 | mbUIH HH;’
HIDKHUH BBOJ Ha OYHUCTKY, /M3 N, 7o
02 89,69 75,72
’ 89,87 75,74
89,90 75,78
90,07 75,66
200 0.3 90,16 75,64
90,24 75,68
04 90,08 75,54
’ 90,17 75,55
90,25 75,51
02 90,16 75,84
’ 90,23 75,85
90,33 75,94
90,42 75,73
L=1D 350 0,3 90.55 75.76
90,66 75,75
04 90,42 75,52
’ 90,55 75,66
90,60 75,60
02 91,25 76,08
’ 91,33 76,05
91,44 76,08
91,55 75,89
500 03 91,66 75,85
91,73 75,86
04 91,53 75,63
' 91,65 75,67
91,77 75,68
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Tabnnua3.4 — Pe3ynbTaThl 3KCIIEpUMEHTANIBHBIX UCCIIETOBAHUM YJIABINBAHUS
eMeHTHOM neun anmnapatom B3I
Hons pacxona | OTHOcUTENNbHAS
O6mwmit pacxon rasa, KOHIICHTpalUs gc(i(i;s;?;;msa-
Pexum rasa B CHCTEME [10JJaBa€MOTr0 B | MOCTYIAIOIIEH
m3/qac ammapar 4epe3 | mbUIH HH;’
HIDKHUH BBOJ Ha OYUCTKY, /m® N, 7o
0.2 89,75 78,74
’ 89,85 78,85
89,92 78,92
90,05 79,05
200 0.3 90,16 79,16
90,27 79,27
04 90,01 79,01
’ 90,12 79,12
90,28 79,28
0.2 90,19 79,19
’ 90,25 79,25
90,34 79,34
90,44 79,44
L=2D 350 0,3 90 51 7951
90,63 79,63
0.4 90,45 79,45
’ 90,55 79,55
90,65 79,65
0.2 91,25 80,25
’ 91,39 80,39
91,42 80,42
91,55 80,55
500 0.3 91,69 80,69
91,77 80,77
04 91,51 80,51
’ 91,61 80,61
91,75 80,75
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Ta6numna 3.5 — Pesynbrarsl 5KCIEpUMEHTAIBHBIX UCCIENOBAHUN YJIABIMBAHUSA
LIEMEHTHOM nbUIH anmapatom B3I1
Houns pacxona | OTHOcUTENbHAS DdexTup-
OO6mwmit pacxon rasa, KOHIIEHTpAaIUs HOCThYTaBHBa-
Pexum ra3a B CUCTEMC moaaBacMoro B HOCTyHaIOHleﬁ
M3/gac arnrmapar yepe3 | IbUIH HH;I )
HIDKHUI BBOJ Ha OYUCTKY, /M n. %
200 0o 89,75 73,15
’ 89,86 73,36
89,93 73,54
0.3 90,04 73,74
’ 90,14 73,94
90,27 74,17
04 90,08 74,27
’ 90,18 74,48
90,25 74,65
L=3D 02 90,11 74,91
’ 90,27 75,17
90,38 75,38
90,46 75,53
350 03 90,54 75,74
90,68 75,95
0.4 90,44 76,07
’ 90,51 76,25
90,65 76,46
02 91,25 77,42
’ 91,33 77,65
91,44 77,85
500 03 91,54 78,08
’ 91,69 78,25
91,72 78,42
91,55 78,60
0,4
91,61 78,75
91,73 78,92




74

3.2.4. O0padoTKa MOJy4eHHBIX JAHHBIX

Pesynbratel 3ppexkTuBHOCTU yIaBIUMBaHMUS LIEMEHTHOM MbLau amnmaparom B3Il

g pexxuma L=1D npencrasnensl Ha pucyske 3.9 — 3.11.

76,10

n %

w
]

| A4

75,90 — — ——0,2 20
// =i=0,3 20
/ / —&—0,4 20
75,80 L— — —
—<—0,2 40
~__5 —4=—0,3 40
j

0,4 40

75,70 i/_//”
——0,260
75,60 — / 7 0,3 60
0,4 60

75,50 /

\
F,

75,40

80 90 100 110 Loﬁ% Ka/M?

Pucynok 3.9 - DkcniepuMeHTanbHbIe 3aBUCUMOCTH 3()D(PEKTUBHOCTH yIaBIHMBaHUS
neMeHnTHo# nbiy anmapatoM B3I1 150 ¢ aynmuo# natpyOka HUXKHETO BBO/IA
L=150M™m npu:
c=20:1-1,/L,, =022~ L,/L,=03;3- L, /L, =04
C=40:4-L,/L, =025~ L,/L,=036-L,/L, =04
c=60:7-L,/L,,=028-L,/L,=039-L,/L, =04
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—_— 20 80
== 40 80
—— 60 80

— 20 100

—4— 40 100
60 100
—t— 20120
40120

60 120

0,2 0,3 L,/ L

o6y

Pucynoxk 3.10 - DxcnepuMeHTanbHbIE 3aBUCUMOCTH 3 (HEKTUBHOCTH
yJIaBIMBaHUs IeMeHTHOM nbitu annaparoM B3IT 150 ¢ anuuo# natpyOka

HrkHero Beoga L=150mMm npu:

Lou = 80: 1— C =20:2— C=40:3— C = 60:

Lo = 100: 4— C = 20:5— C=40; 6 C = 60;

L _ — —
oy = 120: 7 C =20; 8- C=40;9- C =60;
7 %%
76,00
75,90 /_4__ 800,2
Sl - —m—800,3
~—_8 —a—800,4
75,80 N\ [ ~c—1000,2
T S~ 1 —+—1000,3
75,70 2 = | 100 0,4
T T\J— T e 120 0,2
75,60 e 1200,3
3 J J 120 0,4
75,50 J L] T
75,40 T
20 25 30 35 40 as 50 O, ae/ne®

Pucynok 3.11 - DxcniepumeHTanbHbIe 3aBUCUMOCTH 3P (HEKTUBHOCTH
yJIaBIMBaHUs HeMeHTHOH nbin annaparoM B3IT 150 ¢ anunoi natpyOka

HkHero BBojaa L=150 npu:
bou=g0: 1 bi/beu=02;2 - bl beu=03;3- b/ba =04
Lo =100:4 - b/bu =02;5 - b/ bua=0,3;6 - b/ b = 0,4;

tin=120:7- Llbes = 02,8 - B/ ba=03;9- Ll = 0,4;



76

YpaBHeHue perpeccuu 0yJ1eT UMETh BU/I:

Y = 90.75 + 0.00503X, -142X, + 0.000639X,

Y = 90.75 -5-L,,, -17,2-L, /L, —2-C

Pe3ynbpTaThl 3(hPeKTUBHOCTH ylaBIMBaHUA IEMEHTHOUM mbut amnmapatom B3II

s pexxuma L=2D npencrapnens Ha pucynke 3.12 — 3.15.

7% ‘
-9
80,50 = ~ 2=
5 ——0,2 20
3 : —m—0,3 20
s . ——0,4 20
80,00 7
| —=—0,2 40
/ —4—0,3 40
/ 0,4 40

79,50 1 —_
| / e (), 2 60

0,460

80 90 100 110 L

— K2/Mm?

Pucynok 3.12 - DxcniepumeHTanbHbIe 3aBUCUMOCTH 3PEKTUBHOCTH YIaBIMBaHUS
neMenTHou nbutn anmapaTtom B3I1 150 ¢ quHol natpyOka HIKHETO BBOAA
L=300mm mpu:

C=20:1- b/ba=02:2- bL/ba=033- b/ba =04

C=40-4- Y/ba =025 L/ba=036_ L/l =04

C=60:7- b/be =02;8- L/ba=03;9- L/ba =04,
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80,50 “
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80,00 A— GO 80

—— 20 100
5 == —— 40 100

4 60 100

79,50
I~ 3 ——20 120
///ﬁ - 40120
79,00 60 120
2
%
78,50 t

0,2 0,2 Lo/ Loy

Pucynox 3.14 - DxcriepuMeHTanbHbIE 3aBUCUMOCTH 3P(HEKTUBHOCTH YIaBIUBAHUS
neMeHTHOH nbity annaparoM B3II 150 ¢ anmHoi naTpyOka HUKHETO BBOJA

L=300mm mipu:

b= 80: 1- C =20;2- C=40;3- C = 60;

Lou = 100: 4— C = 20; 5 C=40; 6— C = 60;

L —_— — —
o =120: 7 C =20; 8- C=40; 9- C =60;
9
_—\~ | . b v
! T ~
80,50 8
—p— S0 O, 2
7S eS80 0,3
80,00 0 0,4
=100 0,2
5 —6“__ 100 0,3
79,50 ! 1 7 100 0,4
f 3 — 120 0,2
120 0,3
79,00 — 120 0,4
78,50 - 1

1
20 25 30 35 40 a5 50 55 O, amaind®

Pucynok 3.15 - DxcniepuMeHTanbHbIe 3aBUCUMOCTH 3G (HEKTUBHOCTH YJIaBIUBAHHUS
nieMenTHO# nbiu anmapatoM B3I1 150 ¢ aymuoi natpyOka HukHero BBoga L=300

npu:

tou=80: 1- blbas=0,2;2 - b/bai=03;3- L/l = 04;

bon=100:4— b/ b =02;5 - L/ bw=03;6- b/ b = 0,4;

b= 120: 7 b/ b = 02,8 - b/ b= 0,39 - b b = 0,4,
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YpaBHeHue perpeccuu 0yJ1eT UMETh BU/L:

Y = 90.74 + 0.0374X,+ 172X, + 0.00514X,

Y =90.74 -5-L,, +14,2-L,/L,, -2-C

Pesynbrarsl 3 pexTHBHOCTH ynaBIMBaHUSA IIEMEHTHON mbutd anmapatom B3I

s pexxuma L=3D npencraBnensl Ha pucyHok 3.16 — 3.17

n % ‘
_S\
80,50 & ~ 2>
—e—0,2 20
5
3 ; —m—0,3 20
20.00 2 Cer —air—0,4 20
'y 7
—=—0,2 40
. / —+—0,3 40
79,50 1 — ] 0,4 40
1
| —+—0,2 60
79,00 A/ 0,460
78,50 -
80 90 100 110 L Ka/m?

oby,

Pucynox 3.16 - DxcriepuMeHTanbHbIE 3aBUCUMOCTH 3PHEKTUBHOCTH YJIABIMBAHUS
nieMeHnTHOM nbiu anmnapatoM B3I1 150 ¢ qynmHo#M naTtpyOka HUYKHETO BBOJIA

L=450MmMm nipu:

C=20:1- b/ba=02;2 - b/ba=03;3- b/ba = 04;
C=40:4- 5/ba=02;5- L/ba=036- b/ b =04;

C=60:7- b/t =02,8- b/ba=039- b/ba =04
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= 3 ——20 120
/ = 20120
79,00 60 120
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1
78,50 -
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Pucynox 3.17 - DxcriepuMeHTanbHbIe 3aBUCUMOCTH 3P(HEKTUBHOCTH YIaBIUBAHUS
neMeHnTHo# nbuy annaparoM B3I1 150 ¢ aynuHo# natpyOka HUXKHETO BBO/IA

L=450mMm npu:
Ly =80: 1— C =20:2- C=40:3— C =60
L = 100: 4— C =20:5— C=40: 6— C = 60

Lt = 120: 7— C =20: 8- C=40:9— C = 60

9
— T . ! : T
T ! ~ .
80,50 8
=0 0,2
7/ == 80 0,3
80,00 00,4
100 0,2
5 -5 100 0,3
79,50 ¢ ! - i 100 0,4
;E l 3 — 1200,2
% 1200,3
79,00 1200,4
_1( T
78,50

1
20 25 30 35 40 45 50 55 C, wmeaiad®

Pucynox 3.18 - DxcniepumeHTanbHbIe 3aBUCUMOCTH 2(PHEKTUBHOCTH YIIaBIMBAHUS
neMeHTHOU nbuty anmaparoM B3IT 150 ¢ gnuHoM natpyOka HkHero BBoga =450
npu:
bou=g0: 1 bi/baw=02;2 - bl beu=03;3- b/ba = 04

b= 100: 4 S/ ban = 02,5 - bl ha=03;6 - bl b = 0,4;

Lgﬁm - 120 7 o Ln / L06W — 0’2’ 8 . LH / L06u4: 0’3’ 9 o Ln / Loém — 0’4’
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YpaBHeHue perpeccuu 0yJ1eT UMETh BU/L:

Y = 77.17 + 0.11X,+ 527X, + 0.0101X,

Y = 77.17 -4,995-1,, +49,7-L, /L, —1999-C

[Tomy4ueHHbIE pe3yabTaThl a3pOAMHAMUYECKOT0 conpoTuBieHus ammapata B3I

JUTS TPEX PEKUMOB IpeicTaBlieHbl Ha prucyHke (3.19 — 3.24.)

AP,
lla
140

T

60

40

20

0

80 20 100 110 L ooy, k2/007

Pucynok 3.19 - DxcniepuMeHTanbHbIe 3aBUCUMOCTH a3POIMHAMHYECKOTO
conpotunenust anmnapara B3I 150 ¢ qnunoit natpyOka HuxkHero BBoja I=1-D :

1—-Lu/Lobu=0,2;2—Lua/Lo6mt=0,3;3—Lu/Lobu;=0,4.

AP,
Mo

=
1 a0y
/ —
120 e !
-
LR ,‘ /
1
BO e / —
il
-
(=1e]
e ls]
20
(=]
©.2 o, Lot Losu

Pucynok 3.20 - DkcnepuMeHTalbHbIE 3aBUCUMOCTH a3pOJUHAMHYECKOTO
conpotuBieHus: anmnapara B3I 150 ¢ anunoi natpyOka HuxkHero BBojaa I=1-D :

LoOmr = 80; 2 — Loomr = 100; 3 —Lo6mx = 120.
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YpaBHeHue perpeccuu 0yJ1eT UMETh BU/L:

Y = —67.13-0X,+ 135X, + 100X,

Y = -67.13 —4,932-L,,, +997-L, /L,

AP,
Ila
350

i /
300 r

1 /2;/ —

80 90 100 110 Lo, K2/

150

100

Pucynok 3.21 - DOkcnepuMeHTaANIbHBIE 3aBUCUMOCTH a3pOINHAMUYECKOTO
conpotunenusi anmnapara B3I 150 ¢ qnunoi natpyOka HukHero Boja 1=2-D : 1

—Lua /Lobu; =0,2; 2—Lu /Lo6m = 0,3; 3 — Lu /Lo6mr = 0,4.

ar,
Ma |
350 | - 3

300 ’

:
J
X

100 - I
0,2 0,3 LH ’f Laﬁu;

PucyHok 3.22 - DkciepuMeHTaIbHbIE 3aBUCUMOCTH a3pOJNHAMHYECKOTO
conpotunenus: anmnapara B3I 150 ¢ qnunoi natpy6ka HukHero Boaa 1=2-D : 1
— Lo6m = 80; 2 — Lo6mr = 100; 3 —Lo06mug = 120.

YpaBHeHue perpeccun OyJaeT UMETh BU/I;

Y = -136.22—0X,+ 341X, + 14167X,

Y = 13622 —4,829-L,,, +1414-L, /L,
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AP,
e

350

300

250

80 a0 100 110 Lo, Ke2/00%
Pucynok 3.23 - DkcnepuMeHTalIbHbIE 3aBUCUMOCTH a3pOJIMHAMHYECKOTO
conpotunenus annapara B3I1 150 ¢ qnunoii natpyOka HukHero BBoaa 1=3-D :

1-Lu/Lobm=0,2;2—Lua/Lo6m=0,3;3—Lu/Lobu;=0,4.
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250
200
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50
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PucyHok 3.24 - DxkciepuMeHTaIbHbIE 3aBUCUMOCTH a3pOAUHAMHYECKOTO

conpotunenus: anmnapara B3I 150 ¢ qnuno# natpyOka Hikaero BBoaa 1=3-D :

1 - Lo6m = 80; 2 — Lobur = 100; 3 —Lo6ur = 120.

YpaBHeHue perpeccuu Oy1eT UMETh BU/I;

Y = —316-0X,+ 522X, + 228.33X,

Y = 316 —4739-L,,, +2280-L, /L,
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Tabnmuua3.6. —  Marpuna pe3yJbTaToB 3KCIEPUMEHTAIbHBIX UCCIIEI0BAHUM 110

onpenencHuto 3 (HEKTUBHOCTH MbLICYJIABINBAHUS

Ne dakTopsI D¢ddexTuBHOCTD "N" 1paca %
",%"
x1 x2 X3 "1
1 -1 -1 -1 77,5 98,03
2 -1 -1 0 78,7 65,22
3 -1 -1 1 80,2 97,64
4 -1 0 -1 77,8 68,8
5 -1 0 0 88,0 36,81
6 -1 0 1 91,0 70,02
7 -1 1 -1 83,1 68,6
8 -1 1 0 92,1 70,36
9 -1 1 1 93,5 80,8
10 0 -1 -1 80,2 63,77
11 0 -1 0 81,6 30,14
12 0 -1 1 82,3 61,75
13 0 -1 -1 82,3 32,87
14 0 0 0 89,1 63,5
15 0 0 1 97,2 79,9
16 0 0 -1 79,2 48,3
17 0 1 0 89,2 7,7
18 0 1 1 81,6 715
19 1 1 -1 79,1 58,5
20 1 1 0 82,6 74,4
21 1 -1 1 88,6 78,2
22 1 -1 -1 81,0 30,14
23 1 -1 0 81,4 34,98
24 1 0 1 95,9 90,5
25 1 0 -1 82,4 77,1
26 1 0 0 87,1 80,8
27 1 1 1 92,5 97,9
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Onenka BOCIIPOU3BOJAMMOCTH HKCIIEPUMEHTATBHBIX UCCJIEI0BAHUM,
MPUBEJACHHBIX B TaOnuia 3.6, BBHIMOJHEHA HA OCHOBAaHWUU COIMOCTABJICHUS
pacyeTHOro W Tabmu4yHOrOo KpuTepueB KoxpeHa, Ha ypOBHE JOBEPUTEIHLHOM
BepositHoct  p=0,05  pe3ynabTaThl  AKCIEPUMEHTANBHBIX  HCCJIEIOBAHUM
Bocnpou3BoauMbl [30]. B pe3ynapTaTe ammpoKCHMAIMH ASKCIIEPUMEHTAIbHBIX
JAHHBIX TOJIMHOMAaMU BTOPOM CTEMEHU C YYETOM 3HAYMMOCTH BBIYMCICHHBIX

K03 PUITMEHTOB, YpaBHEHNE PETPECCUU 3aITUIIIEM B BHJIC:

- 07913{L—180j+018 K,-03 _O,ZS(C—loj_lj[L—lSOj K,-03
60 01 8 60 01
+058 K,-03 (C—10j+01816[L—180j(C—10J+35’89£{L—180)L
0,1 8 60 8 60

2 2
+ 30,97(1{11—_0’5j + 32,621(%”}

3HaYUMOCTh  KOA(DPUIIMEHTOB YpaBHEHUS PErpecCHHd ONpenessaach 1o
kputeputo CTbroJieHTa. AJEKBAaTHOCTh YPAaBHEHUW pPErpeccur IMpoBepsIach
COMNOCTABJIEHUEM PACUYETHOTO M TAaOJUYHOro (IIpH 3aJaHHBIX ( M YUCIE CTENEHEU
cB00O/bI) 3HaueHU kputepus Puiuepa F, npeacrapusioniero coboil OTHOLIEHHE
JUCIEPCUM aJIeKBaTHOCTH K OIIMOKE OmbITa. BpimogHeHWe BO BCeX cCiydasix

ycnoBui Fp<Fm cBueTenbCTBYET 00 aJIcKBaTHOCTH MOIydeHHON Moenu [30,63].

3.3. AHa/IM3 pe3yabTATOB MCCJIeT0BAHUM

1. DKCnepUMEHTAIBHO YCTAHOBJIEHO, YTO ONTHUMAJIBHBIM 3HAYEHUEM MapaMeTpa
JUIMHBl HWXKHEro mnaTpyOka sBiserca |=2-D, BcieactBue TOro, 4To HHU3KOE
a’pOJMHAMUYECKOE CONPOTUBIIEHUE HIKHETO MarpyOKa MO3BOJISIET BTOPUUYHOMY
IIOTOKY BXOJWTh B CENAPALMOHHYIO KaMEPY C ONTHUMAJIbHBIMU XapaKTEPUCTUKAMHU

3aKpYTKH;
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2. BoisiBiieHO, 4TO, HE CMOTPSl HA MUHUMAJIbHbBIE 3HAYEHUS a3POJIMHAMUYECKOTO
compoTuBieHus pexkuma 1=1-D, Bo BTOpUIHOM MOTOKE 3aKpYTKH HE HAOIIOAacTCs,
YTO BBI3BIBACT HAPYIICHUE adPOIMHAMUYECKOTO pekrma padoThl ammapara B3I,

3. BoisiBiieHO, 4TO MpW AJWHE HWKHET0 TOPU30OHTAIBHOTIO NaTpyOKa, paBHOU
tpem muamerpam B3Il (1=3-D), aspoamHamMuveckoe CONMPOTHUBICHHWE YCTAaHOBKHU
ABJISIETCS. MaKCUMalbHBIM, HaOJIOMAeTCs 3aTyXaHWE KpPYTKM Ha BXOJE B
cernapalroHHYI0 KaMepy.

4. DKCIIEpUMEHTATLHO  TOATBEPXKICHBI  3aBUCHUMOCTH  3(PPEeKTHBHOCTH
ynaBinuBaHus annapara B3I oT ”HTEHCUBHOCTH KPYTKHM Ha BXOJI€ B arlapar.

5. BeisiBieno, wurto g pexumoB |1=2:D wu I=3-D  onTumanbHOe
a’pOJIMHAMUYECKOE COMPOTHUBIICHUE JIOCTUTAETCs B AMana3zoHe 3HaueHui Lu/Looi
=0,29 — 0,39, a mpu pexume I=1'D, ontumanbHOEe 3HAUYEHHE CONMPOTHUBIICHUS
otMmedaetcs rpu padote anmapara B3I1 ¢ coorHomenunem Lu/Lo6mr =0,2.

6. DKCIIepUMEHTAIbHO YCTAHOBIICHO, YTO IIEMEHTHAsl MbUIb, MIIOTHOCTHIO 2240
Kr/M® M MEIMaHHBIM JUAMETPOM 4YacTHL[ 12 MKM, CyIIECTBEHHOIO BJIHSHUS Ha
a’poarHaMuyeckue xapakrepuctuku anmnapara B3I1-150 He oka3biBaer.

7. BcrnenctBue  pazsnu4HOrO — adpOJUHAMHYECKOTO  COMPOTUBIICHMS, JJIMHA
narpyoka OT 3aKpyduBaTels /10 CEMapallMOHHOM KaMmepbl BJIMSIET Ha 3aTyXaHUe
3aKpy4YEHHOTO MOTOKAa, U3MEHEHHE €ro Ilara BUTKAa, YTO B UTOI€ B 3HAYMTEIbHOMN
CTETMEHU OIpeesieT UHTEHCUBHOCTh 3aKPYTKHM BTOPUYHOTO TMOTOKAa Ha BXOJE B
cernapanuoHHyto kamepy. [TapameTpsl BTOpUYHOTO 3aKPYUYEHHOI'O MOTOKA HAa BXOJE
B CEMapallMOHHYI0 KamMepy B 3HAUUTEIHHOU Mepe ompenensioT 3(PGeKTHBHOCTD
YJIaBJIWBAHUSA U a3pOIMHAMUYECKUM pexxum anmapara B3I1.

8. AHanmM3 pe3yNbTaTOB WCCIACAOBAHHS TMOKa3ajd, YTO U3MCHEHHE JJIMHBI
natpyOka  BTOPUYHOTO  TBUIETA30BOTO  TMOTOKA HAa  a’pOJAMHAMHYECKOE
conpotuBieHue anmnapara B3I1 He oka3pIBaeT 3HAYUTEILHOTO BIUSHUS, U, B TO KE
BpeMsi, UMeeT OoJbIlIoe 3HaueHue sl 3((PEKTUBHOCTH yIIaBIMBaHUSI YCTAHOBKU B
LEJIOM.

9. Db dexkTUBHOCTD yIaBIWBAHUS IIEMEHTHOW MbUIM MO JaHHBIM AKCIEPUMEHTA

nocturaet 81%.
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3.4. BbIBO/BI 110 TPeTheil Ii1aBe

1.IlpoBeeHBl  KCIEPUMEHTAIbHBIE  HCCJIEAOBAHUS  OCAXIACHUS  YaCTHIL
IIEMEHTHOM TBIJIM B BBIOpOCAX ILIEMEHTHBIX 3aBOJIOB. Pe3ynbTarhl HCCeT0BaHMMA
MOKa3aJiv, 4TO MPU TPAHCHOPTUPOBKE IIEMEHTHON MBUIM COJEPKaHUE YACTHUI MbLIN
¢ pazmepoMm PMjo coctaBmsier 51-80% mo macce, PMy5 0,7 - 1,5% mo macce, PMig
coctaBisaroT 100 %, PMys 7— 16 % ot obmeit maccel nbuiu. Coaepskanue PMig Ha
y4acTKe YMakoBKU IeMeHTa— PMjo coctaBisitor 21 - 50% ot 0611eit Mmacchl b,
U3 HUX Ha YacTuilbl PM;s npuxoautcs ot 0,2 — 1 %, mons gactury PMioun PMas
Ooynet coctaBmaTh 64% u 0,4 — 1,8% oT oOmieil Macchl MBLIM COOTBETCTBEHHO. Ha
OCHOBAaHHUM YEro MOXHO CJIeJIaTh BBIBOJI O TOM, YTO B BO3AyXe pabOuyux 30H
NPEANPUITAS W Ha NPUJICTAIONIUX TEPPUTOPHUIX PACHPOCTPAHSIETCA TbUIbL C
pasMepamu yactull MeHee 10 mxm.

2. Pa3paboTaHa ycTaHOBKa OYMCTKH BO3JlyXa OT IMbUIA, KOTOpas COJAEPKUT
anmapat B3I1 u pykaBHbIi GUIbTp.

3.1IpoBeneHsl DKCIEPUMEHTAIIbHBIE UCCIIEIOBAHMS s pexTuBHOCTH
1a60paTOPHON YCTAaHOBKH, B XOJI€ KCIIEPUMEHTA YCTAHOBJICHO, YTO ONTUMAJIbHBIM
3HaYEHUEM MapaMeTpa JJIMHBI HUKHEro narpyoka siisiercst 1=2-D.

4. OmpepneneHo, 4TO MpPU 3HAYEHUU MapaMeTpa JJIMHBI HIKHEro mnarpyOka
1=2-DonTtumanbHoe a’pOIMHAMHYECKOE COMPOTHUBJICHUE JOCTUTACTCS B JHMAMAa30HE
3Hauenui Lu/Loomny; =0,29 — 0,39.

5.9¢heKTUBHOCTH ylaBIUBaHUS 1IeMEeHTHOM nbutn anmnaparoM B3II mo manapiM

sKcnepuMeHTa jocturaet 81%.
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I'JIABA 4 IIPAKTUYECKASA PEAJIN3ALUA PE3YJIBTATOB
NCCIEJOBAHUA
4.1. CoBeplIeHCTBOBAHHNE CUCTEMbI 00€CTIbIIMBAHUSA TEXHOJIOTHY€ECKOIr0

00opy10BaHMs NpeINPUATHS M0 MPOU3BOJCTBY IEMEHTA

C 1enpl0 COBEpIICHCTBOBAHUS CHCTEM OOCCHBUIMBAHUS MPEANPHUATHI 1O
IPOU3BOJICTBY ILIeMEHTa Obula pa3zpaboTaHa W MpEJIOKEeHa SKCIepUMEHTalbHas
YCTaHOBKA JUIsl OYMCTKU BO3yXa OT mbutn [83].

YcTaHOBKa OTHOCHTCA K TEXHHUKE OYHCTKH BO3JyXa OT MbUIM U MOXKET
UCIIOJIb30BaThCSl B MPOEKTHBIXJIA00PATOPUSAXIPU  HCCIEJOBAHUM  IPOLECCOB
NBUICYABIMBAHUS. Y CTAHOBKA COJICPKUT BUXPEBOI MHEPIIMOHHBIN MBLICYTIOBUTEH
CO BCTPEYHBIMU 3aKPYYCHHBIMH IMOTOKAMH C IWIMHIPUYECKUM KOPIYCOM U
KOHMYECKUM OYHKEpOM JJIsl IprUeMa YJIOBJIEHHOM MbUIM U C MAaTPyOKOM BBIBOJA €€
u3 OyHKepa, ¢ OCEBBIM MaTPyOKOM BBIBOJIa YHCTOTO BO3/1yXa, C BEPXHUM BXOJIHBIM
naTpyOKOM M C HW)KHMM BXOJHBIM MAaTpyOKOM JUIsl MOJA4YM B IBUICYJIOBUTENb
ObUJICBO3AYIIHOM CMECH, MPU 3TOM Ha BXOJHOM KOHIIE HM)KHEIO BXOJHOIO
naTpyOKa yCTaHOBIIEHA KOHHWYECKas OTOOiHas Iraiida, MUTaTeNb A 3arpy3Kd
BTN COEIMHEH C MEPBBIM TPYOOIIPOBOAOM, KOTOPBIM CBOMM BBIXOJIOM MOJKIIIOUEH
K BEpXHEMY BXOJHOMY NAaTPyOKy TBUICYJIOBUTENS, W COCAUHEH C BTOPBHIM
TPyOOIIPOBOZOM, BHYTPH KOTOPOTO YCTaHOBJICHA TIEpBasi MOBTOPHAS 3aCIIOHKA, MIPH
TOM BTOpPOW TPyOONpPOBOJA CBOMM BBIXOJIOM MOJKIIIOUEH K HU)KHEMY BXOJHOMY
naTpyoOKy Uis MOJa4dl B MBUICYJOBUTENb MBIICBO3AYIIHOW CMECH, KPOME ITOTO
YCTaHOBKAa COJEPKUT IMOCIEAOBATEIbHOE COEAMHEHHbIE OCEBOM MaTpyOOK
NBIJICYJIOBUTENS, TPETH TPYOONpPOBOJ, (UIBTP W BEHTHISATOP C BXOJHBIMH U
BBIXOJIHBIMH ~ MAaTpyOKaMu, YCTAaHOBKA TaKXe COACPNKHUT  INTYLEpPHl A
MOJIKJIFOUEHUS] KOHTPOJIbHO-U3MEPUTEIBHBIX TPHOOPOB.

VYcraHoBka — oTiMyaeTcsi  OCOOCHHOCTh  pa3pabOThIBAEMOW  YCTAHOBKH

3aKJII049acTCsA B TOM, 4YTO I_[I/IJII/IHI[pI/I"ICCKI/Iﬁ KOpIIyC NBUICYJIOBUTCIISI BBIIIOJHCH W3
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OpraHUYeCKOTO CTEKJa, BEPXHUHM W HWKHUN BXOJHBbIE MaTpyOKH KoOpmyca
NBUICYJIOBUTENS BBIMOJIHEHB TAHTEHIIMAIBHBIMH, BHYTPU BEPXHEro BXOJHOTO
TAQHTeHIIMAJBLHOTO TaTpyOKa YCTAaHOBIEH YJIUTOYHBIM 3aBUXPHUTENb, Ha HaTpyOKe
BBIBO/IbI YJIOBJICHHOW MbLIM U3 OYHKEpa YCTAHOBJICH MEPBbIM BBIABUKHON 1IHOEp,
BHYTPH IEPBOTO TPYOOIIPOBOJa yCTAaHOBJIEHA BTOpasi MOBTOPHAs 3aClIOHKA, (GUIBTP
BBITIOJIHEH B BHJI€ PYKaBHOTO (UIbTpa C KOHHMYECKUM OYHKEpOM U MaTpyOKoM
BBIBOJIbI YJIOBJIEHHOW IMBUIM, HA KOTOPOM YCTaHOBJIEH BTOPOW BBIABIXKHOM ImIMOeEp,
YCTaHOBKA IMPHU 3TOM COACPKHUT MOCIEI0BATEILHO COCAMHEHHBIE OCEBOM MaTpyOOK
NBUICYJIOBUTENS, CMEHHBIM OTBOJA, TPEeTHl TpyOOMpoOBOJ, BXOJHOM mMaTpyOOK
pYKaBHOTO (uibTpa, pPYKaBHbI (UIBTP, €ro BBIXOJHOM OCEBOMl NaTpyOOK,
YEeTBEPThI TPyOOIIPOBOJ], BCACHIBAIOILIUI MaTpyOOK BEHTHIIATOPA, CAM BEHTUJISTOP
C BBIXO/IHBIM naTpyOkoM. Kpome 3Toro mryneps! i1 KOHTPOJIbHO-U3MEPUTEIBHBIX
npruOOpPOB YCTAHOBJICHBI HAa IEPBOM, TPETbEM, 1 UETBEPTOM TPYyOOIIPOBOAX.

OTO MO3BOJIAET PACHIMPUTH BO3MOXHOCTU MNPOBEACHUS HKCHEPUMEHTOB IS
WCCIICIOBAHMS BIHUSHUS PA3UYHBIX MAapaMeTPOB HA COBEPIIEHCTBOBAHUE PaOOTHI
BHUXPEBOTO MBUICYTOBUTEINS U PyKaBHOTO (QUIIBTPA.

CyIIHOCTh 3KCIEPUMEHTAILHOM YCTaHOBKMUIIOSICHSETCS UEpPTEeKOM, Il Ha
pucyHok 4.1 mokaszaHa SKCIIEpUMEHTAlIbHAS YCTAaHOBKA JJISi OUYMCTKU BO3IyXa OT
TIBLINA, OOIIMI BHU]L.

DKcrepuMeHTalIbHAs YCTAaHOBKA JII1 OYMCTKH Bo3ayxa oT mbumn [64,81,82],
cofepkamiasi BUXPEBOM  HMHEPIMOHHBIM  MBUICYJIOBUTENh CO  BCTPEYHBIMU
3aKpY4YE€HHBIMH MOTOKAMU C LHJIMHAPUYECKUM KOPITYCOM U KOHUYECKUM OyHKEpOM
JUTA TIpUeMa YJIOBIIEHHOHW MBUIM M ¢ MaTpyOKOM BbIBOJa €€ n3 OyHKepa, ¢ OCEBBIM
naTpyOKOM BBIBOJIa YHMCTOTO BO3/yXa, C BEPXHUM BXOJHBIM MNATPyOKOM U C
HIOKHUM BXOJHBIM TaTpyOKOM [UIsl MOAAuu B MbUICYJIOBUTENb MbUIEBO3TYIIHOM
CMECH, TIPH 3TOM Ha BBIXOJHOM KOHIIE HIDKHETO BXOJHOTO MaTpyOKa yCTaHOBJICHA
KOHUYecKasi oTOOMHas 1maiba, muTaTeiab A 3arpy3Kd MbUIM COEAMHEH C MEPBBIM
TPyOOIIPOBOZOM, KOTOPBIA CBOMM BBIXOJOM IOAKIIOUYEH K BEPXHEMY BXOIHOMY
naTpyOKy TBUICYJIOBUTENS, W COEAWHEH C BTOPHIM TPyOONPOBOAOM, BHYTpHU

KOTOPOTO YCTAaHOBJIEHA TIepBas IMOBOPOTHAs 3aciOHKa, MpPH 3TOM BTOPOM
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TpyOONPOBOJ CBOMM BBIXOJOM MOAKIIOYEH K HU)KHEMY BXOAHOMY NaTpyOKy s
M0JIa4 B TMBUICYJIOBUTENb MBUIEBO3AYIIHOM CMECH, KPOME 3TOr0 YCTaHOBKa
COJICP)KUT TOCJEI0BATEIIbHO COEAMHEHHbIE OCEBOM MAaTpyOOK MbUICYIOBUTEIS,
TPETUl TpyOONpoBOA, (QWIBTP U BEHTWISATOP C BXOAHBIMH M BBIXOJHBIMH
naTpyoOKaMu, YCTaHOBKA TaKXe COJACPKUT INTYHEphl I MOJKIIOYCHHS
KOHTPOJBHO-U3MEPUTENBHBIX MPUOOPOB, TPU 3TOM HWIMHIPUYECKUN KOPIYC
MBUICYJIOBUTEIIS BBIIIOJIHEH U3 OPraHUYECKOr0 CTEKJIa, BEPXHUN U HUKHUI BXOJHBIE
naTpyOKu KOpIyca TBUICYJIOBHUTENS BBINOJHEHB TaHTEHLIUAJIbHBIMUA, BHYTPH
BEPXHET0 BXOJHOTO TaHTEHIIMAIBHOIO naTpyOka yCTaHOBJIEH YJIWUTOYHBIN
3aBUXpPUTENL , HA MaTpyOKe BHIBOJAA YJIOBJICHHOW MbUIM M3 OyHKEpa yCTaHOBIICH
HEpPBbIN BBIIBUKHOM 1IMOEp, BHYTPU MEPBOro TPyOOIIPOBOJa YCTAaHOBIIEHA BTOpas
IOBOPOTHAsl 3acCJOHKa, (QWIBTP BBHINOJIHEH B BUAE pYyKaBHOro (QuibTpa ¢
KOHUYECKHMM OYHKEpPOM M NaTpyOKOM BBIBOJA YJIOBJICHHOW MbLIM, Ha KOTOPOM
YCTaHOBJIEH BTOPOW BBLABM)KHOM IIMOEp, YCTaHOBKA IMPU ITOM COACPIKUT
MOCJIEIOBATEIbHO COEIMHEHHbIE OCEBOM NAaTpPyOOK TMbUICYJIOBUTENS, TPETHI
TpyOONpPOBOA, BXOJHON MNaTpyOOK PYKaBHOTO (pUIIbTpa, pyKaBHBIM (UIBTP, €ro
BBIXOJTHOM OCEBOM MaTpyOOK, YETBEPTHI TPyOOIIPOBOJ, BCACHIBAIOIIMKI MAaTPyOOK
BEHTUJISITOPA M CaM BEHTWJISATOP C BBIXOAHBIM MaTPyOKOM, KPOME ATOrO IITYLEPHI
JUI KOHTPOJIbHO-U3MEPUTENIbHBIX MPUOOPOBYCTAHOBIIEHBI Ha MEPBOM, TPETHEM U
YEeTBEPTOM TPYyOOIPOBOJAX.

DTO TNO3BOJISIET PACHIMPUTH BO3MOKHOCTHM IPOBEIECHHUE SKCIEPUMEHTOB 0€3
3arpsi3HEHHS]  OKpYJXKalomied cpeapl st OHeHKH A(P(GEeKTUBHOCTH  pabOThI
MBUICYJIOBUTENIA MpPU MaJlbIX pa3Mepax YacTHI] MbUIM, Koraa 3(QQeKTUBHOCTb
anmapata Maja, a TpPOCKOK TbsUIM — Oosbmioil. Kpome TOro, BO3MOXKHO

MCCJICIOBAaHNE COBMECTHON PaOOTHI MBUICYIOBUTENS U PyKAaBHOTO (PHIIBTpA.
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4.2. Cxema pa3paGoTaHHOM IKCIIEPUMEHTAIbHON YCTAHOBKH

CymHocTh  pa3pab0TaHHOWAKCIIEPUMEHTAIBHOM ~ YCTAaHOBKU — MOSICHSIETCS

YepTEKOM, MPUBEICHHBIM Ha PUCYHOK. 4.1.

3KCMNEPUMEHTOABHOA YCTAHOBKA
448 OUMCTHKKM BOZAMXA OT MblAM.

28

26

17

19

PucyHok.4.1 - DkcniepuMeHTallbHas yCTaHOBKA JIJI1 OYMCTKH BO3yXa OT MbUIM:

OKCIIEpUMEHTAIbHAs YCTAHOBKA JUISi OYHMCTKM BO3AYyXa OT MbUIM COAECPKUT
BUXPEBOM WHEPLHUOHHBIM MBUICYJOBUTENL | CO BCTPEYHBIMH 3aKpYYCHHBIMU
IIOTOKAMH C UWIMHAPUYECKAM KOPIYCOM 2 W3 OpPraHMYECKOTO CTeKna, C
KOHMYECKUM OyHKepOM 3 JUIsl IpUeMa YJIOBJICHHOU MbUIM U C OCEBBIM MaTpyOKkoM 4
BbIBOJIA YJIOBJICHHON WBUIM, a TAaKXXE OCEBbIM NaTpyOKOM 5 BbIBOJIAa YHCTOIO
BO3/yXa.

[logaua B mbuieyn0BUTENDL | MBUIEBO3AYIIHOM CMECH OCYLIECTBISIETCS 4Yepe3
BEPXHUU BXOJTHON 6 W HI)KHUHN BXOJHBIC 7 TaHTCHIMAJIbHbIC MATPYOKU, MPU ITOM
Ha BBIXOJAHOM KOHIIE HHYKHErO BXOJHOIO MaTpyOka 7 yCTaHOBJIEHa KOHHUYECKAs
oTOoiiHas maiiba 8.

Ha nmarpyOke 4 BbIBO/A YJIOBJIEHHOW MbUIM U3 OyHKepa 3 yCTaHOBJIEH MEPBBIN
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BBIJIBIDKHOM 1mnudep 9.

[Tutatens 10 mns 3arpy3kd ObUIM COEIMHEH C MHEPBBIM TpyOompoBoaom 11,
BHYTPM KOTOPOTO YCTAaHOBJICHA IIepBas IIOBOPOTHAas 3acilOHKa 12, KOTOpBIA
COCIMHEH C BEPXHUM BXOJIHBIM TaHTEHIMAIBHBIM MaTpyOKOM 6 U CO BTOPHIM
TpyOOonpoBoaOM 13, BHYTpH KOTOpPOTO yCTAHOBJIEHA BTOpasi MMOBOPOTHAs 3aCIOHKa
14, mpu 3TOM BTOpOM TpyOOIpoBOA 13 CBOMM BBIXOJOM COEIWHEH C HWKHUM
BXOJIHBIM NATPYOKOM 7 JJIs Mo1aur B | MBUIEBO3AYIIHON CMECH.

BepxHnii BXOJ/IHOM TaHT CHIINATbHBII naTpyoox 6 CHa0»XeH
YJIUTOYHBIM3aBUXpUTENEM 15.

YcTaHoBKa CONEPKUT pyKaBHbIN (puiibTp 16 ¢ KoHMUeckUM OyHkepom 17 mis
npremMa YIOBJIEHHOM TMbUIM, Ha KOTOPOM YCTaHOBJIEH marpyObok 18 BeIBoma
yJIOBJIEHHOU TbUTK U OyHkepa 17. Ha matpyOke 18 ycTaHOBJIEH BTOPOM BBIABUKHOM
mmbep 19.

YcTaHoBKa IpU 3TOM COJNEPKUT IIOCIENOBATEIBHO COCIMHEHHBIE OCEBOMU
narpyook 5 meuieynoButTenss 1, cMeHHbI oTBoA 32, Tpetuil TpyOGompoBoa 20
nmHOM He MeHee 30 nuameTpoB, BXOJHOM maTpyOok 21 pykaBHOro ¢uiastpa 16,
€ro BBIXOJHOW MaTtpyOoK 22, 4eTBepThI TpyOOmpoBOJ 23 Ha KOHIE KOTOPOTO
YCTAHOBJICH BCACBIBAIOIIUM MAaTpyOOK 24 BEHTUJIATOpA 25, MPU ATOM BBIXOIHOM
naTpyOok 26 BeHTUIsITOpa 25 COeAMHEH ¢ aTMOC(hepoil.

Ha nepBom TtpyOomnpoBojsie 11, Ha TpeTbeM TpyOompoBojae 20 U Ha YETBEPTOM
TpyOonpoBoze 23 ycraHoBieHbl mTyuepsl 27, 28, 29, 30, 31 cOOTBETCTBEHHO I
MOIKJTFOYCHHS] KOHTPOIHHO-U3MEPHUTEIBHBIX MPUOOPOB.

DKcIepUMeHTalbHas YCTAHOBKA Pab0TAET CIICIYIOMIUM 00Pa30M.

[Tox neiictBueM pabOTHI BEHTUJISITOpA 25 BO3AYX M3 aTrMoc(epbl MOCTymaeT B
nepBblii TpyOorpoBoa 11, B KOTOPOM OH CMEIIMBAETCs C MBUIBIO, M0JIaBaeMOil B
pacueTHOM KonudecTBe yepes nurarens 10. [lanee npuieBO3AyIIHAS CMECH, PACXO
KOTOpPOM peryiupyercs TMepBOM MOBOPOTHOW 3acioOHKOM 12, mocrymaer 1o
TpyOonpoBoay 11 B BepXHuUi BXOJHOU NaTpyOOK 6 U HUKHUN BXOAHOU 7 maTpyOoK
yepe3 BTOpoil TpyOompoBoa 13 u  BTOpYIO TMOBOPOTHYHO 3aCJIOHKY 14,

PEryJIMPYIONIYI0 TOAauy MbUICBO3AYIIHOW CMECH B HIKHIOK 4acTh Kopmyca 2
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NBLIEYJIOBUTENS 1, a Takke yepe3 0TOONHYIO 1maioy 8.

O0a moToka MbUIEBO3AYIIHOM CMECH 3aKPYyUHMBAIOTCS B OJHOM HAINpaBIICHUU
IIPU POXOXKICHUN Yepe3 TaHTCHIUAIbHBIX MaTpyOKoB 7 U 6. ITOMY CIIOCOOCTBYET
TaK)K€ 3aKPYYMBAHHE ITI0TOKA B YJIINTOYHOM3aBuUxpureie 15.

[ToTOKHM MBUIEBO3AYIIHON CMECH HAIPABIISIIOTCA HABCTPEUy JIPYTr IPYry U MOJ
JEHCTBUEM LEHTPOOEKHBIX M MHEPLMOHHBIX CHUJI MbUIb OTHAEISETCS OT BO3AyXa W
HaIpaBJIsIeTCs B HUKHIO 4acTh mbuieynoButenss 1 B Oyakep 3. Uepes maTpyOok 4
OyHkepa 3 MbUIb MEPUOJUYECKH BBITPY)KACTCA MPH HCIOIB30BAHUU TIEPBOTO
BBIIBJKHOTO 1moepa 9.

[loBopoTHBIE 3acinoHKH 12 u 14 OCYIIECTBISIIOT IOOCTHUKEHHUE PACYETHOIO
KOJIMYECTBA I10JJaBa€MO Ha OYMCTKY IIBUIETa30BOM CMECH.

OuuileHHbIH B BUXPEBOM IBUICYJIOBUTENE BO3JyX 4€pe3 OCeBOW MaTpyoOok 5,
CMEHHbII oTBOA 23 W Tperuil TpyOompoBoa 20 HampapisieTCs 4Yepe3 BXOAHOU
natpy6ok 21 B pykaBHbIN GUiIbTp 16.

Ha mepsom 11 u Tperbem 20 TpyOOmpoBOJax YCTaHOBIEHBI KOHTPOJIBHO-
U3MepUTeNbHble TpuOopbl B mTynepax 27 m 28. JIjis OUEHKH CTENEHW 3aKPYTKH
nocJie MbUIeyJIoBUTENs 1 Ha TpeTheM TpyOonpoBojae 20 yCTaHOBJICHBI MPUOOPHI IS
M3MEPEHNS CKOPOCTH MOTOKA M 3aKpyTKU ero B mryuepax 28 m 30, a Takxke Ha
CMEHHOM 0TBojie 32 B mtyiepe 31.

Hcnonb3yemblii B yCTaHOBKE pyKaBHbIM (uiabTp 16 MO3BOJSET MPOBOAUTH
JOTIOJTHUTENBHYIO OYMCTKY BO3/1yXa, MOCTYHAIOIIEr0 MOCIE€ OYUCTKH B BUXPEBOM,
WHEPIIMOHHOM TbuIeynoButene 1. PykaBubiii ¢unbTp 16 obOecrneuynBaeT OYUCTKY
BBIOPOCOB B aTMOC(EPY MbUIM HEYJIOBJIEHHOM MbLICYJIOBUTENEM 1.

B pykaBHoM ¢uibTpe 16 mbuth ocemaer B KOHMYECKOM OyHkepe 17, oTkyna
gyepe3 naTpyook 18 u BTopoit BeIIBIKHOM 1HOep 19 BhITpykaeTcst B OTBAJL.

OunieHHbI B pykaBHOM (puiibTpe 16 BOo3ayx uepes BbIXOJHOM marpyook 22 u
4eTBEPTHIA TPyOOmpoBOJ 23 TMOCTymaeT uepe3 BcachIBAIOUIMN TaTpyOok 24 u
BBIXOJIHOU MaTpyOoOK 26 BEHTUIIsATOpa 25 B aTMOochepy.

JlononHuTenbHAs OLEHKA NapamMeTpoB paldOThl YCTaHOBKH (ukcupyercs

KOHTPOJIbHO-U3MEPUTEIHHBIMA TIPHOOpPaMH  yCTaHaBIMBaeMble B ITylepe 29
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4eTBEPTOM TpyOoIrpoBoe 23.
[IpennoxxeHHass cucTeMa OYKMCTKA B JBYX CTaauaX TO3BOJIIET OIECHUTH
3¢ (PEKTUBHOCTH yJIABIMBAHUS KAaK KAKIOTO W3 MBUICYJIOBUTENSI | W PyKaBHOTO

(I)I/IJ'IBTpa 16 B OTACIBHOCTH, TAK U BCE€H CUCTEMBI B OCJI0OM.

4.3 JKcnepuMeHTaIbHbIEe Uccae0BaHusl 3(P(PeKTUBHOCTH yIABIMBAHUSA

PYKaBHbIX pUJILTPOB

OddekTuBHOCTL  pabOThI  TKAaHEBOrO  (QuibTpa MPSMO  3aBUCUT  OT
WCIIONIb3YEMOT0 B HeM Marepuana. lcmonb3oBanue (GUIBTPYIOMIETO MaTepuaia
TpeOyeT MHAMBUIYAIBLHOTO MOAX0/Aa K BbIOOpY Tuma TkaHu. [lapamerpsl BhIOOpa
3aBUCAT OT T[apaMEeTpPOB TEXHOJIOTMYECKOro IMpoliecca: OT TEeMIEparypshl,
KOMIIOHEHTHOTO COCTaBa BO3/yXa, (U3NKO-XMMHUYECKUX CBOWCTB mWhUIH. Kak
IOPaBUJIO, TaKOW MOAOOP OCYIIECTBISIOT IO SKCIEPUMEHTAIbHBIM JaHHbIM. C
LEJIbI0 onpeienieHus: Hanoosee 3(p(HEeKTUBHON TKaHU PYKaBHOTO (UIIBTPA, KOTOPAs
MOXKET OBITh HCIIOJNB30BaHA B YCTAHOBKE OUYWCTKMA BO3AyXa OT TBUIH, OBLIH
IIPOBENICHBI IKCIIEPUMEHTATbHBIC UccaeAoBaHus d(P(HEKTUBHOCTEH CIEAYIOMMNX 3-X

BUJIOB (PUIBTPOBAJIBHBIX MAaTEpUaAJIOB, HUX XapaKTEPUCTUKU TMPEACTABICHBI B

Tabnuiie 4.1
Tabmuua 4.1 - [lacnopTHbIE XapaKTEPUCTUKHU UCCIIEIYEMBIX MaTEPHAJIOB
Mapxka marepuaina benpTuHT dJI-4 AERTES
1 2 3 4
TepmocToiikocts, °C, He Gonee 150 150 150
MuHuManbHbIIN pasmep 5 10 5
3aJIepI)KUBACMBIX YaCTHII, MKM
DddexTuBHOCTh OUUCTKH, %o 98 98 93
V aenbHbl Bec, /M2 500 402 400
B031yXONpOHNIIAe-MOCTb, IM°/M2C 250 150 180
BonokHuCTHIN cocTaB MaTtepualia I1/9 100% HOMDKC MeTa-apamMuj

B xoxe uccnenoBanus TJIIAaBHOM 3a7ja4€ul SIBJISITIOCh YCTAHOBJICHUE 3aBUCUMOCTHU

3 PEeKTUBHOCTY YyJaBJIMBaHUs I[IEMEHTHOW MbUIM, XapakTepHoil i HMemena
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(UIBTPOBAILHBIMEU MaTepHallaMy OT THIA (GUIBTPOBATBHON TKAHU, OTHOCUTEIHLHOU
BJIQKHOCTH M CKOPOCTH (PHIIBTpAIlUK OYHIaeMoro raza. Cepusi mpeaBapuTEIbHBIX
DKCIIEPUMEHTOB II0Ka3aJa,4TO TPU TOCTOSHHBIX CKOPOCTH (UIBTPAIMH H
BJIQKHOCTH TEMIIEpaTypa He BIHsIeT Ha 3PPEKTUBHOCTH YIIaBIMBAHHUS.

Bce uccnenoBanus mpoBOAWINCH B ABYX BapuaHtax :0e3 ammaparta B3Il u c
anmaptom B3II (puc 3,7).

Bce m3mepenus mpoBOAMIIMBIIPY YCTAHOBUBIIIEMCS JBHKEHUH TIOTOKA BO3IyXa.

[To 3amepam BeNWYMH JABJICHWI, OMpEACTSIM OOIIUI pacxod BO3AyXa B
yYCTaHOBKE.

CkopocThb (GUIBTpaIliy ONPeaessuIn 1Mo Gopmyie [6,14]

yoLb_ L (4.1)
l-7d -n-60

' TF,

Ine ;L — pacxon Bosmyxa, M/,

F¢ — momans puisTpanuu , M2,
| — muHa pykagsa, M,

N — 9UCJI0 PYKaBOB,

d — nuamerp pykaBa, M.

Ins  ompenenenus mnoteph nasienus AP, [Ila] mpousBoawiuch 3amepsl
pa3pexeHusi Ha BXOJIe M BBIXOJIE U3 YCTAHOBKHU. M3MepeHus KOHIEHTpaIMK TbUIA B
OTOKE BO3[yXa MPOBOJWINCH II0 CTaHAApTHBIM MeTomukam [61,62]. s
W3MEPCHUI WCIOJI30BAMCH CTaHIAPTHOE OOOpYAOBAaHHE, HCIIONB3YEeMOE TIPH
poBeieHnH dKcriepuMeHTOB. OtneHka 3()PEeKTUBHOCTH PabOThl pyKaBHOTO (pUIHTPa
OCYIIECTBIISIACh HA OCHOBE COMOCTABJICHHS TMOCTYMHAIONIEH W BBIXOJSAIIEH MaCChI
nbUIM. 3MepeHue OTHOCUTENIbHOM BIIAXXHOCTH NPOBOAMIIOCH [0 CTaHAAPTHOMU
metoauke [55,57,66,68].

[Ipu mpoBeneHnm wuccienoBaHul S(PPEKTUBHOCTH YCTAaHOBKH METOJIaMH
mianupoBanus dkcrepumenta [30] B kadecTBe BapbUPYyEeMbIX (PAaKTOPOB ObLIH
BBIOpAHBI:

-Tuna tkanu (bensTunr, ®JI-4, AERTES)

V gy~ CKOPOCTH QHIBTpaIuH, M>/M>MuUH;(M3MensIack 010,510 2,5 M3/M*MuH)
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Py — OTHOCHUTCJIbHAA BJIAXXHOCTb OYHMIIAEMOI'0 BO3AyXa, %.(I/ISMGHSIJIaCL oT

55% 1o 95%).
7S KaXIOro U3 TpeX BHUIOB TKAHH OBLI pealn30BaH (DaKTOPHBIHA
Y P P

skcnepuMeHnT [26,35,85,92,90] mopsaka Ttuma 32 (rge 2 — uucno (akTopos),

MaTpulla IUTAHUPOBAHMSI KOTOPOTO TMpHUBeAeHa B Tabnune 3.2., MOpU 3TOM
omnpeaensomue GakTopsl ObLIM NPUBEAEHBI K BUTY:
X :\M_ Py—¢@ Y0
! AV, (4.2) Xp =——— (4.3)
Ag y
= - 0e3 pa3MepHble 3HAYEHUs aKTOpOB B IIEHTpE
Ine Vg, @, — P P aicrop P
IUIaHA;
AV gy A(p_v - 0e3 pa3MepHble WHTEPBAJIbI W3MEHEHUW 3HAUYCHUS
: (hakTopOB.

VYPOBHM ¥ MHTEPBAJIBI BAPbUPOBAHUS ONPEAEIAIOMNX (PaKTOPOB IPUBEACHBI

B Tabnuue 4.2.
Tabnuua 4.2 - YpoBHH U MHTEPBAJIbl BAPbUPOBAHUS ONPEACIAIOMUX PaKTOPOB

YpoBHU (hakTOpOB
HuTepBansl » = >
®axTopsl OcHoBHOM Bepxauit | Huwxuui -
BapbUPOBAHUS
0 +1 1
1 2 3 4 5
Vy — CKOpOCTh  (HIBTpaLMH, q 00 15 25 0.5
oTHeceHHas Kk 1 M/MuH; 1 ’ ’ ,
[0 — OTHOCHUTEJIbHAs
BIIQYXKHOCTh OYHIIIAEMOTO 20 75 95 95
BO3JlyXa, OTHECeHHas K 1 %.

HpOBe,Z[eHHLIe OKCIICPUMCHTAJIBHBIC HCCIICOAOBAHHUSA IIO3BOJIMIIM  IIOJYYUTD

JaHHbIE, TPUBEJICHHBIC B Tabiuia 4.3.
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Tabmuma 4.3 - Pe3ynpTaThl SKCIEPUMEHTAIBHBIX UCCIICIOBAHNN yIIaBIIMBAHUS
IIEMEHTHOM MBI QUIbTpOoBaIbHBIM MaTepuaiom ¢ B3I1 u 6e3
B3I1.
CxopocTh
Marepian | g, | pasosocrs rase| s, | O
PYKaBOB . I ‘ > | ylaBiIMBaHMUS,
V¢, M/MUH © % M, % 6e3 B3IL |y o ¢ B3I
1 2 3 4 >

55 99,2 99,4
0.5 75 99,3 99,5
95 97,6 99,7
S 15 55 97,1 98,8
75 98,4 99,1
95 98,5 99,4
25 55 94,1 99,1
75 94,5 99,3
95 94,9 99,6
55 99,2 99,4
0.5 75 99,4 99,6
95 99,7 99,8
1,5 55 97,8 99,0
OJI-4 75 98,9 99,4
95 99,1 99,6
2,5 55 94,7 99,2
75 94,9 99,4
95 95,1 99,8
55 99,1 99,1
0,5 75 99,3 99,4
95 99,6 99,7
AERTES 1,5 55 95,7 98,7
75 95,6 99,0
95 95,3 99,3
25 55 93,7 98,2
75 94,3 98,9
95 94,7 99,5

JIns  OIEHKHM  BOCIPOHM3BOJAMMOCTH  DKCICPHUMEHTAJIBHBIX  HCCISIOBAHUM,

BBITIOJIHEHO COIOCTaBJIEHUWE PAcCUYeTHOrO0 W TabnuuHOro kpurepueB Koxpena, Ha
YPOBHE JOBEpUTEIBHOU BepoATHOCTH p = 0,05 pe3ynapTaThl 3KCIEPUMEHTATBHBIX

I/ICCJ'IGI[OBaHI/Iﬁ BOCIIPOU3BOJAHMBEI. B kauectBe q)YHKHI/II/I OTKIIMKa OIIPCACIIAIaCh
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5(¢(}EeKTUBHOCTh  yJIaBIMBaHUS YCTAaHOBKM. B pe3ynbrare anmpokcumaruu
AKCIIEPUMEHTAIIBHBIX JTaHHBIX IIOJMHOMAMH BTOPOM CTENEHU C yYETOM 3HAYMMOCTH
BBIUHCICHHBIX KO3 duinenToB, Ha ypoBHe 3HauuMocT o = 0,05 mpuHsATOM IS

TCXHUYCCKHX 3KCIICPUMCHTOB, YPaBHCHUC PEIPECCUU UIIEM B BUC.

Jloist TkaHH Bexwunra ;= 99,853 1,288 X —0,005 X, +0,333 X2 +833.105x2 (4. 3a)
Tl TkaHu D4 4 =99164 —0,854 X +0,0095X, +02X7 +217.102x2 (436
Jlns Tkann AERTES © 7= 98,898 - 1,323 X +0,0139 X, +0,1 X7~ 4,167.10°X 2 (4. 38)

Jlucnupcun On MPOKCMALMM JTAHHBIX I[UIAHUMOM BTPOW CTENEHU COCTABJIAT:
coorsercTBeHHO R?=0.977, R?=0.975, R?=0.9700, 4T0 CBUIETEIBLCBYET O BHICOKOM
CTENIEHU TOYHOCTH.

3HaYUMOCTh KOA(D(PHUITMEHTOB ypaBHEHUS PETPECCUH OMPENesIach MO KPUTEPHUIO
CrprofeHTa. AIEKBaTHOCTh YPAaBHEHHM pErpeccHH MpoBepsach COMOCTABICHUEM
pacyeTHOro v TabJUYHOTO (MPH 33aIaHHBIX ( U YUCIe CTeNeHel CBO0O1bI) 3HAUCHU N
kputepuss OPumepa F, mnpexacrasmstoniero coOOdM  OTHOLIEHWE JUCHEPCHU
aJIeKBaTHOCTU K OIIMOKe ombITa. BrimonHeHue Bo Bcex ciydasx ycnoBuil F,<Fp
CBHUICTEILCTBYET 00 aJCKBaTHOCTH ToJTydyeHHou moxaenu [37,38,40,80].

Pe3ynpTaThl 3KCIIEpUMEHTa IIOKa3aldM, YTO MakKcuMaibHas 3()(PEKTUBHOCTH
ylaBiuBaHusi orMeudaercsa il Tkanu DJI-4, koTopast MOCTUTAETCS MPU CKOPOCTH
dunapTpammu 0,5 M/MUH, U IPYU 3TOM OTMEYACTCS MOHMKEHHOE adpPOIMHAMHYECKOE
COIPOTMBIIEHME  TKaHM, M  Majlbldi  pacxol  O4YMIIAsAMOro  rasa.Takum
oOpa3oM,cpaBHEHHUSI PE3YJbTATOB HCHbITaHUNW ycTaHoBKkU (mateHT PO RU
2015140195/05(061736) u omHOTO (pHIILTpa MOKA3BIBACT,YTO YCTAHOBKA arrapara
B3Il crabwmmsupyer paboty ¢uinbTpa TMNpuU BCEX HCCIEAYEMBIX TKaHSX.
3 (PEKTUBHOCTH  yJaBIWBAaHMS TIOBBIIIACTCS ©M TPU  BBICOKUX  CKOPOCTSIX
bunpTpanmii 10 TpeOyeMbIX HOPM . DTO NPUBOAUT K CHUKEHHUIO BHIOPOCOB B

aTMocdepy TPy MOBBIIIEHHBIX PacXojaxX OYMINAaeMOro rasa.
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4.4. CoBepuieHCTBOBaHMe KOHCTPYKUui annapaTos B3I1

KauecTBO O4yMCTKM Ta3a B amnmapaTe 3aBUCUT OT BEIIMYUHBI LEHTPOOEKHOM
CUJIbI, BBIOpACBHIBAIONICH YaCTHUIlbl MBUIM W3 MOTOKA, MOTOMY MHOTHE aBTOPHI,
pa3pabaThIBalOLIME BUXPEBbIC MBUICYJIOBUTENH, OOJBIIOC BHUMAaHHUE YICISIOT
KOHCTPYKTUBHOMY O(GOPMJICHHIO y3Ja BBOJIa BTOPUYHOTO TOTOKA Ta30IbLICBOM
cMecH, pa3paboTKe BHYTPEHHHX  YCTPOWCTB, IIO3BOJISIONMIMX  YBEIHUYHTH
3aKpy4eHHOCTh MOTOKOB [70,71].

[Ipu ywacTtum aBTOpa paszpaboTaH P U TPEAJIOKEHA IO COBEPIIMHCTBO
arnmapara,[78,79,80,81]. BaxHOI 0COOCHHOCTBIO KOTOPBIX SBJISICTCS TO, YTO CTCIICHD
OYMCTKH 3aBUCUT OT COOTHOLLIEHUS PACX0I0B IEPBUYHOTO U BTOPUYHOI'O ITIOTOKOB U
OT KOHIIEHTpalluu TBep/Ior (ha3bl B MblIeTa30BOM MoToke. Hampumep, B anmaparax
I[IBB3I1 u BUII ontumanbHas 3P¢GEKTUBHOCTh JOCTUTAETCS TMPU OTHOIICHUH
pacxoja TMOTOKa, IMOJAaBa€MOT0 HAa HWKHUK BXOJl ammapara K oOIleMy IMOTOKY,
MOCTyNarIIeMy Ha O4YHUCTKY, B mpeaenax oT 0,23 mo 0,27. Oto TpebyeT OveHb
TOYHOTO PETyJIUPOBAHUSA allapaToB U MOCTOSHHOTO KOHTPOJIS 3a uX paboroit. s
MOBBIIICHUSA YCTOMYMBOCTH CUCTEM C BUXPEBBIMH MBUICYJIOBUTEIAMU NPEAJIOKEHO
MCIIOJIb30BaTh MPEIBAPUTEIIbHOE paszeiicHue MOToKoB [19]. OmHMM M3 BaKHBIX
KOHCTPYKTHUBHBIX PEUICHUH SBISIETCS TO, YTO ISl TOBBIIIEHUS HAIEKHOCTH PaOOTHI
anmapata B3Il (pucyHox 4.2) 3akpydyuBaTelhb BTOPUYHOIO TOTOKA MOXKET

BBIHOCHTCS 3a TIpeensl kopmyca [32,33,34].

i

Pucynoxk 4.2 - ITeueynoButens B3I1 konctpykunu Azaposa B.H. u ap. ¢

BBIHCCCHHBIM 3a IMPCACIIbI KOPITyCa TAHT CHIUAJIIBHBIM 3aKPY4YHUBATCIICM
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Opnnako, B cBs3u ¢ TeMm, uro ammaparbl B3I, y KOTOpBIX TaHTCHIIMAIbHBIN
3aKpy4HBaTelb BIHECEH U3 Kopmyca [32]., TpeOyroT Oosiee TOUHOE peryaIupoBaHUe
U KOHTPOJb 3a (PYHKIMOHHPOBAHHWEM, Ha JUIMTEIBLHOC IOJJICp)KAHUE pPEKUMa
paboTHI CYIIECTBEHHOE BIUSHUE OKa3bIBACT CTPYKTYpa MOTOKA HMYKHETO BXOJIHOTO
naTpyoxa.

I[Ipu coxpaHeHMHM HEOOXOJWMBIX 3HAYCHUH HWHTCHCUBHOCTH 3aKPYTKH
MBUIETA30BOTO IMOTOKA ITOCJI€ TAHTCHIIMAIBLHOTO 3aKpyduBaTels W JI0 BBOJA B
CemapaloHHyI0 KaMmepy Oynaer oOecnedeH HauOosiee OJarompusATHBIA IS
nbUICYJIaBIUBaHU peXuM GyHKIHoHUpoBaHusa anmapata B3Il ¢ coxpaneHuem
MUHHAMAJIBHBIX 3HAYCHHUH MOTEPh YHEPTUHU Ha TBIJICOYNUCTKY.

[TpoBenennnie uccnenoanus [70,71,77,78,80] mokazanu, 4ro, ¢ yBeIUYECHHUEM
JUTMHBI TOPU30HTAJIBHOW YacTH HIDKHETO BBOJAA YIJIOBAas CKOPOCTh B BBIXOJHOM
CCYCHUM yMCHBIIACTCS, MaKCHUMaJbHbIC 3HAYEHUS YIJIOBOH CKOPOCTH, TIPH

OpraHu3ainuu 3aKpyTKHU IIOTOKa Ha6JIIOIIaI-OTCSI B HpHCTGHOqHOﬁ 30HC.

4.5. PazpaGoTka peKoMeHIaluii 10 COBEPIIEHCTBOBAHNIO CHCTEMbI
00ecnbLUINBAHNS TEXHOJIOTHYECKOr0 000Py/10BaHMSI TUHUH 10 MIPOU3BOACTBY

nHeMcEeHTa

B kauectBe pexomeHmaluii NI BHEAPEHUsS] HA MPOU3BOJICTBE B Pecrmybiunke
MeMeH ¢ Lembio CHIDKSHHUS coaeprkanus b PMig, PM 25 B Bo3yxe pabouux 30H
Y Ha IPWIETAIOIINX TEPPUTOPUSIX MOKHO MPEIIIOKHUTD:

-MIOJTHAs ~ TepMETU3AIUsl  TEXHOJOTUYECKOTO  00OpYyIOBaHUS C  IEJIBIO
MPEIOTBPAILCHUA MTOJICOCOB BO3AYyXa;

-peTyJIMpOBaHUE PACXOJ0B BO3/lyXa yAAISEMOr0 aCUpPalMOHHBIMU YCTAHOBKH ;

- C IENBI0 CHIDKCHHSI HArpy3KH MO MBUIM Ha pyKaBHBIC (DUIBTPHI, B Ka4eCTBE
NpEIBAPUTEILHON CTYNEHU OYUCTKH NPEJIOKUTh HCHOJIb30BaTh CB CHUCTEMAX

o0ecbUTMBaHUS armapaTtbl HA BCTPCUHBIX 3aKPYYCHHBIX ITOTOKAX;
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-AJI1 IIOBBIIICHUA YCTOI\/i‘II/IBOCTI/I CUCTEM C BHUXPCBLIMH IIbUICYJIOBUTCIAMU
MMPCIJIOKCHO HCIIOJIB30BATh IMPCABAPUTCIIBHOC pa3aCICHUC ITOTOKOB. Hcnonb3oBaTh
IJIs1 9TOro3aKpydrnBaTCiib BTOPUYHOI'O ITIOTOKA, KOTOpBIﬁ TaKKEC MOXCET BBIHOCUTCA

3a nmpejenbl Kopiyca.

4.6. IK0JI0r0-3K0OHOMHUYeCKU IPdeKT npuMeHeHus pa3padoTaHHOI

CUCTEMBI OYMCTKH B0O31yXa OT NIbLIN

[TockonbKy BHeIpeHUE cUCTeM OOeCHbUIMBAaHUSI TPeOyeT 3KOHOMHYECKOTrO
000CHOBaHUS, NPOBEIEM CpPaBHUTEIBHYIO OLIEHKY 0a30BOr0 W MpeaIaraeéMoro
BapUaHTa OYMCTKH BO3AyXa OT HbUIA. J[JIsI CpaBHEHUS MCIOJIB30BAIUCH CHUCTEMA
o0OecnbUIMBaHUSl C IPUMEHEHUEM PYKaBHOTO (DUIIbTpa, U CUCTeMa 0OECTIbLITNBAHUS
c anmapatom B3Il u pykaBubiM pusibTpoM. Llennto pacueTa siBasieTcsl onpeacicHue
rOJIOBOTO IKOJIOT0-3KOHOMUYECKOTO 3¢ (dheKTa, MpeJoTBPaIlIEHHOTO yiepoa.

B kadecTBe 9JKOJOTMYECKOTO TMOKa3aTesisl BBICTYNAET MPEAOTBPAICHHBIN
sKosiormdeckuii ymep0 [50]

AY=Y 5603 = Yo6.s (45)

¢ Yoo — IPEAOTBPAICHHBIN DKOJOTHUCCKUN yIIepO OT 3arpsa3HeHus
OKpY’Karolen cpesibl i1 0a30BOr0 BapuaHTta, pyo.;

VYos. — TPEenoTBpAallCHHBIA 3KOJOTMYECKHMH ymepO OT  3arps3HeHus
OKpY’Karoleh cpesibl, pyo.

Yo6.6a3 = Yorx. 6a3 T Y arm. 623 (46)

1€ Yorx. 6as - TNPEIOTBPAIIEHHBIN JIKOJOTHYECKUN yIepO OT 3arps3HeHUus
TBEPBIMHA OTXOJIaMU JJi 0230BOTO BapuaHTa, pyo.;

VYame, 6as - TPEAOTBPAIICHHBIM JKOJIOTUYECKUN yIIepd OT 3arps3HeHus
aTMocdepsl BEIOpocamu isi 0a30BOT0 BapuaHTa, pyo.

y06 = yOTX.+ yaTM; (47)
rne Yo, - NPEIOTBpAIICHHBIM 3KOJIOTMYECKH yiepd oOT 3arps3HeHus

TBEPIBIMH OTXOJIaMH, PyoO.;
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Vary, - IPEAOTBPAILEHHBIN SKOJIOIHYECKHI yIIepO OT 3arpa3HEHUs aTMOC(EpHI
BBIOpOCamMu, pyo.
B I[aHHOﬁ cucrteMe O00O€eCIIbUIMBaHUA YJIOBJICHHAA IIblJIb BO3BpamacTCsa B
IPOM3BOACTBO. I105TOMYy yIIepO OT 3arpsA3HEHHs TBEPABLIMU OTXOJAMH OTCYTCTBYET.
yaTM. 6a3— yyz['63a3.Bo3z1 f ZAiBOSH’ABm(S 06a3) (48)
rae Apus 62 — KOIMYECTBO MOCTYMAIOIIETO B BO3AyX BELIECTBA JUIsi 0A30BOTO
BapHaHTa, T./TO.
Vam. = yyn'03a3.303/:[ f zAiBO3H'ABLI61 (49)
rAc ABHﬁ— KOJIMYCCTBO IIOCTYIIAOMICTO B BO3YX BCUICCTBA, T./FOI[.

OKOHOMUYECKHH ylepd OT 3arpsa3HeHuss arMoc(epbl pacCUUTHIBAETCS IO

dopmyie [90, 91]

Yaru. 6a= yyﬂ'03a3.303/:[ f 2AP Apui 6as) (410)
rAc ABHﬁ 6az — KOJIMYCCTBO ITOCTYIIAIOIICTO B BO3AYX BCUICCTBA AJIA 0a30BoOro
BapuaHTa, T./TOJ.
Vam. = yyﬂ'csas.Bosn f X AP Apys, (411)
rae Ague— KOJIMYECTBO IOCTYNAKOLIETO B BO3AYX BEILECTBA, T./TO.
[0mOBOM  JKOJIOrO-5KOHOMHUYECKMH J(P(EKT ompenensercs Kak pa3sHOCTh

MPUBEACHHBIX 3aTpaT 0a30BOr0 U mpeaioraeMoro Bapuantos. [90, 91]
c] c]
O, =3¢, -3 +11, (4.12)
[IpuBeacHHBIE 3aTpaThl It 6a30BOr0 BapyaHTa:

3%213 = yo6.6a3.+ Ces 6as T En Ko, (4-13)

rie Ce 6as - IUJIATa 3a pa3MEIICHUE OTXOJ0B U 3a BBIOPOCHI B armocdepy
3arpsI3HSIONINX BEIIECTB, JUisi 6a30BOro BapuaHTta, pyo.

Ces 6as = Cosorx 6as T Cosnut 6as (4.14)
171€ Cesorx 623 - TJIATA 32 pa3MEIICHUE OTXO0B JJis1 0a30BOT0 BapuaHTa, pyo.;
Cessui6 623 - TIIATA 32 BEIOPOCHI B aTMOC(epy i1t 6a30BOr0 BapuaHTa, pyo.

Cesorx 61 = CorxAorx 6a (4.15)

rae Corx — HOPMATHUB TIJIATHI 32 pa3MeNieHne 1T oTxo10B, pyo.,
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Cor = 497-1,91,3 = 1227,6 py6./1.,

rjae 497 — HopMaTuB 1IaThl 3a pasmenieHue 1 1. orxonoB Il kiacca omacHocTw,

py0./1.;
1,9 — xoapunment sxonoruyeckoit 3HaunMocTu st [TIoBomKCKoro paiioHa.

Cespnis 6a3 = Conio Apnio 6a3s (4 16)

rae Cy,e — HOPMATHB TUTATH 32 BEIOpOC 1T 1ieMenTa, pyo.,
Cowo = 21:1,9-1,3 = 51,87 py6./1.,

rae 21 — HopMaTuB IJIATHI 32 BEIOpOC B atMocdepy 1T. iemMenta, pyo./T.;
A6 623 — KOTMYECTBO BHIOPOCOB B aTMOCc(epy uist 6a30BOro BapuaHTa, T./TO/I.

[TpuBeneHHBIE SKOJIOTO-2KOHOMHYCCKHE 3aTPAThl PABHBI:
3’=3+¥=C_,+E, ‘K, + VY, (4.17)
rne Ce; - TiaTa 3a pa3MelieHHe OTXOJI0B M 3a BBIOpOCHI B arMochepy
3arpsA3HSAIONINX BEIIECTB, PYO.:

Ces = Ceorx + Cespuios (418)

r71€ Cesorx - TUIATA 32 PA3MEIICHUE OTXOJI0B, PYyO.;
Cessio. - TIIATA 32 BEIOPOCHI B aTMocdepy, pyo.

Cesorx = CorxAorxs (419)
CC3BLI6 = CBLI6'AB}>16; (420)

/1€ Apue — KOJIMUECTBO BHIOPOCOB B aTMocdepy, T./TO.
C yuerom (4.22) u (4.26) dbopmyna (4.21) npuHUMAaET BU:

31“ = y06.6as +EH ) Kcs +C _(yo6 +Cc3 +EH ) I<c3) +11, (421)

c3.0a3
9r = C036a3 - Cc3 + AV + H:

rae [1 — npuObuik OT peanuzaiuu NpoayKIiuu, pyo.

I[I=11-Ay,, (4.22)
rae L[ — ctroumocts 1T iemenra, pyo./T.;
Ay, — KOIMYECTBO YJIOBJIEHHOW IIbUIM, BBIIEJSAIOLICHCS B IIpoLecce

IPOU3BOCTBA, T/TOJ. PacueTsl mpeacraBiacHsl B Tabauiax (4.4,4.5,4.6)
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Tabmuua 4.4 CmeTHas CTOMMOCTh OCHOBHOT'O M BCHOMOTaTENbHOTO MPOU3BO/ICTBA

N Tparicriop Croumocts | Uto-
IIperickyp | Bcero THO MOHTAKA o Hopm
HaumenoBanue aHTHas |mpeickypa|3aroTroBuT a |Cymma
Yucno TpyOOIPOBOJIO | CMET-
obopymoBaHus CTOUMOCTh| -HTHAas |-eJILHBIE U Awmop |amoptu
CIMHHUI] B, KUII n Has
€IMHULIBI, | CTOUMOCTb | CKJIaJICKHE TH3all | 3alUU
crerl. paboT, |cToum
THIC. pyO0. |, TBIC. pyO. | pacxosl, ThLC. DVE ocrs | T
TBIC. PYO. - PYO-
1 2 3 4 5 6 7 8 9
1. OcHoBHOE
00opy0BaHue
1.1 B3II 2 80 160 2 4,5 166,910 16,65
1.2 PyxasHbtit 1 1600 1600 20 10 |1630{10 163
buabTp
HUTOI'O o
OCHOBHOMY 1796 179,7
000pYyIOBAaHUIO
2.
Bcnomorarensn
oe
000opyI0BaHue
2.1 Benrunarop 1 50 50 0,7 3 53,7 |10 5,37
2.2 lInro30BoH 2 35 70 0,7 0,5 71,2 |10 7,12
3aTBOP
NTOI'O 1o
BCIIOMOTaTeNbH 1249 12,49
oMy 000pY/IOB.
BCET'O 1921 192,19
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Ta6J'II/II_Ia 4.5 - CMeTHAast CTOUMOCTh OCHOBHOTO M BCIIOMOTAaTEJILHOT'O
IMPpOU3BOACTBA IJIA 0a30BoOro BapHaHTa
Tpauncnop
N Bcero CroumocTh H
5 ET—— IIpenckyp e THO- Uroro | Hopm | Cymm
peickypaH MOHTaXa
aHTHas 3arOTOBUT CMETHa| a a
e Yucno THast TPYOOIIPOBO.T
CTOUMOCTD CJIbHBIC U a AmMop |amopT
000py/IOBaHUS | €IMHMI] CTOMMOCTb, oB, KUII u
SIMHUIIBI, CKJIaJICKUE CTOMMO | TH3AaI[ | M3aLHx
TBIC. pY0. cre. pador,
TBIC. pYyO. rp.3-(.2 pacxoneL, | T o CTh 1701 u
P37 TBIC. PYO. - BYO:
1 2 3 4 5 6 7 8 9
1. OcHoBHOE
000py10BaHNUE
1. PykaBHelit | 1000 1000 20 10 1030 (10 103
buIbTp
HUTOT'O no
OCHOBHOMY 1030 103
000pyIOBaHUK
2.
Bcenomorarensi
oe
000py0BaHNg
2.1 Bentuiiaro] 1 50 50 0,7 3 53,7 |10 5,37
2.2 IIT030BOA 35 70 0,7 0.5 712 |10 |72
3aTBOP
HUTOT'O no
BCITOMOTaTEITb} 124,9 12,49
oMy 000pyI0B
BCET'O 1281,4 128,14
Tabnuma4.6- DKOJOTro-3KOHOMHYECKHE MTOKa3aTeln
OTtHocuTeIbHASI ONACHOCTh, PUHECEHHAs JIJIs YeIOBeKa a; 10
VYuiep06 ot 3arpsizHeHus atMocdepsI 1711 6a30BOTO BapruaHTa Y amw.6as, PYO. 152,24
VYiiep6 ot 3arpsizHenus atMmochepst Yan., pyo. 101,5
OO6muit yiep6 amnst 6a3o0Boro BapuanTta Y os, 6as, PyO. 152,21
OO6mwmit yep6 Yos, pyo 101,3
[IpenoTrBpamennsbIil yiepoAY, pyo. 54,64
DxoHomuueckuii 3¢ ekt Iy, pyo 384,835
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Takum 00pa3zoM 3KOJIOr0-3KOHOMUYECKUN 3((PEKT OT BHEAPEHUS YCTAHOBKHU
OYMCTKH BO3AyXa OT mbUIH C ammapatoM B3Il u pykaBHBIM (UIBTPOM, COCTaBUI

384,835 py6./ron.

4.7. BbIBOJBI 10 YeTBEPTOH IjiaBe

1. Pa3pabotana ycranoBka (marentr P® RU 2015140195/05(061736) ouuctku
BO3/yXa OT IbLIH ¢ anmnapatoM B3I1 u pykaBHBIM QUIBTPOM.

2. [IpoBeaensl AKCHEPUMEHTAJIbHBIE UCCIIEOBaHUS b dexTuBHOCTH
VJIaBIMBaHUS PYKaBHBIX (UIBTPOB, KOTOpbIE TIOKa3ald, YTO Hauboiee
3¢ (EeKTUBHBIMU JUIS YJIABIUBAHMUSI MEJIKOJUCHEPCHOM MbUIM IIEMEHTA SIBIISIFOTCS
TKaHU TUNabenbTUHT, CO CKOPOCThIO puuibTparuu 0,5 M/MUH.

3. YCcTaHOBIEHO, YTO JJi TOBBIIICHUS HAACKHOCTU paboThl ammapatoB B3II
OJIHUM W3 BAXKHBIX KOHCTPYKTHBHBIX PELICHUI IPU COBEPIICHCTBOBAHHHM CUCTEM
o0ecnbUIMBaHUs, SBJIAETCS, HCIOJIb30BAHME 3aKPy4YHMBATENs] BTOPUYHOTO IOTOKA,
KOTOPBI MOKET BBIHOCUTCS U 3a MIPEIEIIbl KOpITyCa.

4, Pa3paboTHBI ~ pPEKOMEHJAIMK  TIO COBEPIIICHCTBOBAHUIO CHUCTEMBI
00ecnbUIMBAaHUSL TEXHOJIOTUYECKOTO OOOpYAOBaHHUS JIMHUM 1O MPOU3BOICTBY
LEMEHTA.

5. OmpezeneH  3KOJIOr0-3KOHOMUYECKUNA 3(PQPEKT OT BHEAPEHHS YCTaHOBKHU
OUYMCTKHM BO3Ayxa oT mbutk ¢ anmapatoM B3Il u pykaBHbIM QUIBTPOM, KOTOPBIHA
coctaBui 384,835 py0./ro.

6. Takum 0OpazoM, cpaBHEHHE Pe3yIbTATOB UCIIBITAHUH yCTaHOBKH (mateHT Pd
RU 2015140195/05(061736) u omgHoro ¢uiabTpa MOKA3bIBAET,YTO YCTaHOBKA
armmapata B3Il crabwmmsupyer paboTy ¢uiabTpa TpPH BCEX HUCCIEAYEMBIX
TKaHIX.9()PEKTUBHOCTH yJIaBIIMBAaHUSI TOBBIIIAETCA U TPU BBICOKUX CKOPOCTAX
bunbTpammii 10 TpeOyeMbIX HOPM . OTO MPUBOJAUT CHIDKCHHUIO BBIOPOCOB B

aTMocdepy Py MOBBIIIEHHBIX Pacxojax O4YMIAaeMOoro rasa.
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3AK/IIOYEHUE

B nuccepranmonHolt paboTe AaHO pellleHre aKTyalbHOW 3ajaul 0OecredeHus
HKOJIOTMYECKON 0e30MmacHOCTH Ha OCHOBE HCCIENOBAaHHs MbUIEBOTO (akTopa u
COBEPILIEHCTOBAHUS CUCTEM OOECTBUIMBAHUS JJII CHUKEHUSIbUIEBbIIeTeHUH PMig
u PMys Ha npeanpuaTUsaX Mo NPOU3BOACTBY LIEMEHTA.

Ha ocHOBaHMHM TIPOBEACHHBIX TEOPETHUUECKUX U  DKCIEPUMEHTATBHBIX
UCCJIeIOBAHUIM MOXHO CJIeaTh CJIEIYIOIINE BBIBOIBI MO pabore:

1. IpeanpusiTus MO MPOU3BOJICTBY LIEMEHTA SIBJISIIOTCS HamOOJiee MOUIHBIMU
MCTOYHUKAMU TIOCTYIUICHUSI 3arpsA3HSAIONIMX BEHIECTB B padodyyld 30HY U
atmocdepy. Ha stamax momosna, 00xkura, TpaHCIIOPTUPOBKHU, 3arpy3KH, YITAKOBKH
[IEMEHTa B BO3JyX BBIJEISAETCS OOJIBIIOE KOJUYECTBO TBUICBBIX BBIOPOCOB.
ConepsxkaHue MeNKOIUCTIEpCHON (dpakuuu mbiieBbaenenuii PMjo 1 PMjys  Ha
pPa3HBIX ATalax MPOU3BOJICTBA IIeMeHTa cocTaBisieT oT 10 mo 75%.

2. AHaM3 cucTeM OOeCTIBUIMBAHUS MPEANPHUATHH MO0 MPOU3BOJCTBY IIEMEHTA
IIOKa3aJ, 4TO B YCIOBHAX PecryGmuku MeMeH NepCreKTHBHO MCIIONb30BAHHE
MHEPLUHUOHHBIX allapaToB HAa BCTPEUHBIX 3aKPYUCHHBIX MOTOKAX ISl TOBBIIICHUS
3 PeKTUBHOCTH PabOTHl CUCTEMBbl M CHUKEHUS HArpy3Kd MO MbUIM Ha PYyKaBHBIE
(bUIABTPHIL.

3. IIpoBeneH aHaaM3 TUCIIEPCHOTO COCTaBa MBUIU, BBIACIAEMON Ha Pa3IHMYHBIX
ATanax MPOU3BOJCTBA ILIEMEHTA, KOTOPBIM IMOKa3aj, YTO B OCHOBHOM, B BO3IYyX
pabounx 30H MPEANPUITUS U OKPYNKAIOIIYIO CPeAy MOCTyNaeT MEJIKOAUCIEpCHas
MbUIb ¢ pa3Mepamu (pakuuii Mmenee 10 MKM.

4. Ha ocHOBaHMM peav3alldd BEPOSITHOCTHO-CTOXACTUYECKOr0 MOAXO0Aa
npoBesieHa oleHKa 3(dexkTuBHOCTH Kod(puiumenta npockoka B anmapartax B3II.
[TonyueHna perpeccuoHHas pacuyeTHasi 3aBUCUMOCTb.

5. PazpaboTana sKcrieprMeHTalbHAS YCTAHOBKA IS OYMCTKHA BO3/IyXa OT TMbUIA
IIEMEHTa ¢ ucnojib3oBaHueM ammapara B3Il u pykaBHOro ¢uiabTpa, Ha KOTOPYIO

nosydeH nateHt (I[Tat. RU 2015140195/05(061736).
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6. CpaBHeHUE pe3yJabTaTOB UCIBITAHUM ycTaHOBKM (matreHT P® RU
2015140195/05(061736) u ogHOTO (DMIIBTpPa MOKA3LIBACT,YTO YCTAHOBKA armapara
B3Il crabwmmsupyer paboTy ¢uiasTpa TMpU  BCEX HCCIEAYEMBIX TKaHSX.
3¢ (PEKTUBHOCTU  yJaBIMBAHUS TOBBIIIAETCS M TPU  BBICOKUX  CKOPOCTSIX
¢unpTpanii 70 TpedyeMbIX HOpPM. OTO MPHUBOJUT CHIKEHUIO BHIOPOCOB B
aTMocdepy IpH MOBBIIIEHHBIX Pacxojax O4YMIIaeMoro rasa.

7. Pa3paboTHBI peKOMEHIALIMY IO COBEPILIEHCTBOBAHUIO CUCTEMOOECTIBIITMBAHHUS
TEXHOJOTHYECKOT0 O00O0pYyIOBaHHUS MPEANPHUSATHI MO NPOU3BOACTBY IIEMEHTa B
Pecny6uuke Hemen.

8. Dxomoro-skoHoMHuYecKHid 3(PPEeKT OT BHEAPEHUS YCTAHOBKA OYHCTKH
Bo3ayxa oT mbutn ¢ anmapatroM B3Il u pykaBHbiM unbTpom, coctaBun 384,835

pyo./rox.
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