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OBIIIAA XAPAKTEPUCTUKA PABOTbI

AxTyanabHocTh mnpobsemsl. [Ipu oCyleCTBJIEHUM MHOTHMX TEXHOJOTMYECKUX
MpPOILIECCOB, B YACTHOCTH, MPU IPOOJEHUU, UCTUPAHUU, TPAHCTIOPTUPOBKE MOPOIIKO-
00pa3HOro Chipbsi U MPOAYKTOB U T. A., B pabouyue 30HbI MPENNPUITUI BbLACISIETCS
00JIbIIOE KOJUYECTBO MeJKoAucTepcHOU nbliu. [Ipu 3ToM 0coOylo rpymiy cocTaB-
JISIIOT MIPOU3BOJCTBA, HA KOTOPbBIX 30HbI 3arPSI3HEHUS MbIJIEBBIMU BBIOPOCAMU OT OpP-
raHMW30BaHHBIX U HEOPraHM30BAHHbBIX MCTOYHUKOB COBIANAIOT TakxXe ¢ paboOuuMu
30HAMU, PACTOJOXEHHBIMU Ha MPOMBILLIEHHBIX MIOLAAKAX (ac(halbTOOETOHHBIE 3a-
BOJIbI, 3aBOJbI XeJNe300eTOHHBbIX M3AeAui W aAp.). [losTroMy mnpu aHaau3e MbLICBON
00CTaHOBKM B TaKUX CJaydyasx MPUXOIUTCS ONHOBPEMEHHO peliaTh NPoOieMbl oxXpa-
HBI TPYIla U OXpaHbl OKpYXawuieil cpeisl.

B Hactosiiee BpeMsi JOCTATOUHO M3Y4YEH MaTOreHe3 BO3AEUCTBUS MblJIEBbIX Yac-
TUI Ha OpraHU3M paboTaloIlero, MpUYeM UX pa3Mep SBJSETCS OYeHb BaXXHbIM (ak-
TOopoM. Oco0yI0 ONacHOCTb MPEACTABIISIIOT pecpade/ibHbIe M TPaxeoOpOHXUAJIbHbIE
NBUIMHKM, CIOCOOHbIE MPOHUKATh B ajibBeOJibl U B epudepuu Jerkoro. B muposoi
NpakTUKE C yYyeTOM peKOMeHJaluii BcemMupHoil opraHuszainuu 3ApaBOOXpaHEHUs
(BO3) B psime cTpaH OCYLIECTBJIEH MEepexoi Ha HOPMUPOBAHUE COAEpPXAHUS B BO3-
JNYUIHOW cpele YacTUI NbLIM C pa3MepaMu He 0ojiee 2,5 MKM u (uau) 10 mxm. B Poc-
cuiickoii Denepali B HaCTOsIIlee BpeMsi HOPMUPOBAaHME 3aMbLICHHOCTH BO3MYIIHOM
cpelibl OCYLIECTBsIETCSl 6€3 yyeTa KOHKPETHOTO JUCIEPCHOTO COCTaBa HbLIU.

Pazpabotka a3 beKTUBHBIX MHXEHEPHBIX PEUICHUI MO 3aluTe paboTaloIiiux OT
NbUIM IOMUMO TEOPETUYECKUX U IKCTIEPUMEHTAIbHbBIX UCCIENOBAHUI 3aKOHOMEPHO-
CTeli, CBSI3aHHBIX C MPOIECCaMy BblAEIEHMS, pACIPOCTPAHEHUS, OCeNaHusl, YaaBIu-
BaHUs MbUIA, TpeOyeT OObEKTUBHOUN OLIEHKM MblIEBON 0o6cTaHOBKU. KoMIsieKCHO B
o01eM ciiyyae OIICHUTh MbLJIEBYI0 OOCTAHOBKY Ha MPEANpPUATUSIX BO3ZMOXHO TOJbKO
NpU HAJIMYUU AAHHBIX O GU3MKO-XMMUYECKUX CBOMCTBAX IMbIJIU, MHTEHCUBHOCTHU 00-
pa3oBaHUs U BbIJCJEHUS MbUIM OT OPraHM30BaHHbBIX U HEOPraHU30BAHHBIX UCTOUYHU-
KOB, pacnpenejeHUU KOHLIEHTpalMii b, O MbIJIEBOM OajaHce A1l U30JMPOBAHHBIX
00beMOB, 00 OlIEHKE pucKa MPEeBbILIEHUsI HOPMATUBHbBIX KOHIIEHTpAllUil MbUIK B pa-
00YMX 30HaX M BIMSIHUU €€ Ha OLIEHKY pucKa 3a00JieBaHUs pabOTaIOLIKX.

HecmoTpss Ha MHOrue TeopeTMYeCKME UCCIeAOBaHUSA M TMpaKTUYecKue
pa3paboTKM B OSTOM HAaMpaBJeHWU, B HAcTOsIIee BpeMsi OTCYTCTBYET e€AuHas

METONOJOTUSl KOMIIJIEKCHOUM OLIEHKM TblIEBOM OOCTAHOBKM Ha MNPENNpUsITHUSX.
[Tpoueccrl, cBI3aHHBIE C BbIAEIECHUEM, pacnpocTpaHeHUeM, ocelaHueM,
yJAaBJMBaHUEM IbUIM, UMEIOT CTOXacTUYeckyio nmpupoay. [lostomy mnpencrasisiercs

* NEPCHNEKTUBHBIM KOMIIJIEKCHO OLI€HUBATH IbIJICBYIO O6CTaHOBKy C MCIIOJb30BaHUEM
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METOJOB KJIACCUYECKOW TEOPUU BEPOSTHOCTU W  ammapara TEOPUM CIy4YalHBIX

MPOLIECCOB. DTO TO3BOJISIET 00Jee TOYHO OXapaKTepu30BaTh MbUIEBYID OOCTAHOBKY

Ha TMPEeINpUSITUM W PElIaTh LEbId psO KOHKPETHBIX 3aady C Y4eTOM Pa3IUYHBIX

(akTopoB.

PaGora BbIMONHsJIACH B COOTBETCTBMM C TEMAaTUYECKUM IUIAHOM Hay4HO-
KCClIeloBaTeIbckuX pabor Oxojornvyeckoro ¢oHga Bonrorpaackoit obmactu 1o
KOMIUIEKCHOM 1ieJIeBOil mporpaMMe pa3BuTHsi Boarorpamckoro mpupomooxpaHHOTO
KomIuiekca AngMuHucTpauuu Bonrorpaackoit ob6iactv, a TakXe TeMaTUYECKUMU
MJIaHAMU HAYYHO-KCCIIE0BATEIbCKUX paboT POCTOBCKOro rocymapcTBEHHOTO CTPOU-
TEJIbHOTO YHUBEpCUTeTa U Bosrorpagckoit rocymnapcTBEHHON —apXUTEKTYpPHO-
CTPOUTENBHOW aKaJEMUU.

Ieas padotbl. CoBeplIeHCTBOBAaHUE CUCTEMbl KOMITJICKCHOM OLICHKM TIbLIe-

BOif OOCTAaHOBKM TMPOMBIIIJIEHHBIX MPENNPUITUI U pa3paboTka Mep (Ha ee OCHOBE)

10 CHUXEHUIO MBIJIEBBIX BBIOPOCOB B MPOU3BOICTBEHHYIO U OKPYXAIOIIYI0 Cpeny ¢

LIeJIbI0 MMHMMHU3alMM WX BPEAHOTO BO3IEMCTBMS HAa 3M0POBbE PAaOOTAIOIIMX.

JIist IOCTUXEHUS eI PEeLIauCh CeAyIolne 3a1auu:

- aHaJu3 OCHOBHBIX (HakTOPOB, 00ycIOBIMBAOUINX (HOPMUPOBAHUE TIBIIEBON 00-
CTaHOBKM Ha MPENNpPUATUU, U1 OLEHKM KOTOPbIX HEOOXOAMMO paccMaTpuBaTh
JIUCTIEPCHBIN COCTaB U (DPaKLIMOHHYIO KOHIEHTPAIIUIO MbUIU KaK CiydyaiiHble Be-
JAYUHBL;

- pa3paboTKa MareMaTU4YeCKUX MOJEJNeil, OMMChIBAIOIIMX O0LIyl0 U (PaKIMOHHYIO
KOHLIEHTpAIlMU, XapaKTepuCcTUKU (GpakIIMOHHOTO COCTaBa MbLIM B BO3AyXe pabo-
YKUX 30H, MHXEHEPHO-3KOJOTUYECKUX CUCTEMAX, a TAKXE OMMCHIBAIOIINX Mapa-
METpPbI, XapaKTepPU3YIOIME TbUIEBYI0 OOCTAHOBKY IPOW3BOJCTB;

— COBEPIIEHCTBOBAHWE METOAUKH aHAIN3a IUCIIEPCHOTO COCTABA MBI PA3JIUYHBIX
MPOU3BOJCTB (CTPONMHAYCTPUS, XUMUS, HEPTEXUMUSI, METALITYPTUs, iepepaboTka
3epHa W [p.) Ha OCHOBE MUKpPOCKOMUYecKoro merona ¢ npumeHeHueM [1K u wuc-
MOJIb30BaHMEM Pa3pabOTaHHOM MporpaMMbl 00pabOTKU M300paKeHU YaCTUIL;

- aHanu3 oOuieit 3(GEeKTUBHOCTU TMbIICOYNCTKM MHEPIMOHHBIX anmapaTtoB B pe-
JbHBIX YCIOBUSAX (DYHKIIMOHUPOBAHUSI TEXHWYECKUX CPENCTB KaK MCTOYHUKOB
3arpsi3HEeHUs, Koraa oouias KOHUEHTpAlusl U AUCTIEPCHBIN COCTaB MbLIU B ra3o-
BO3AYLUIHOM TOTOKE, MOCTYMAIOIIEM Ha OYUCTKY, SIBJISIIOTCSI COOTBETCTBEHHO CTO-
XaCTHYECKOM BEIMINHOMN U CIYIaliHOM (DYHKIINEH;

- pa3paboTKa METOOMKM KOMILJIEKCHOTO OOC/Ie0BaHUSI MPEANPUITUIA KaK MCTOY-
HUKOB 3arpsI3HEHUS BO3AYIIHOM CpeNbl MBUIBIO U €€ anmpodanus Ha TPeATPUSTUSIX

CTPOUTENIbHOM WHIYCTPUHU U IPYTUX OTpacjieil MPOMBIIIIEHHOCTH;
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- pa3paboTKa KOMILIEKCA TEXHUUECKUX MEPONPUATHIA, B TOM UHCJIE COBEPLICHCTBO-
BaHME METONOB IPOEKTUPOBAHUS MHXKEHEPHO-3KOJIOTMYECKMX CHUCTEM C UCIOJIb-
30BaHMEM aIllapaToB CO BCTPEUHBIMU 3aKPYYEHHBIMM MOTOKAMM [AJISI CHUXKEHUS
HETaTUBHOTO BO3MEHCTBUS MEIKOAMCIIEPCHON IBLIM Ha 3H0POBbE JIOACH W OKpY-
XKaUIylo cpemdy. '

OcHoBHast maes padOThI COCTOMT B  HCIOJb30BAHUU  BEPOSITHOCTHO-
CTOXaCTUYECKOIo MOAXO0Aa A MPOTHO3UPOBAHMS COCTOSIHUMS BO3AYIIHOM Cpeabl Ha
IPOMBINITCHHBIX MIPEATIPUATHSIX U pa3paboTKH Mep IO e YIYYIIEHHMIO, a TAKXKE IS
olleHKU 3(D(PEKTUBHOCTH CHCTeM OOCCIBUIMBAHMS W IIBUICOYMCTKH, B TOM YMCJIE IPHU
BBIICJICHUM MEJIKMX, HauboJyiee OMACHBIX JJIS 300POBbS paboTaomux, ¢hpaKuuil MbI-
JId.

Metoapl HCCaeAOBAHHSA BKIIOYANIM. aHAJIUTHYECKOe O00OIIEHME W3BECTHBIX
HAY4YHBIX ¥ TeXHUYECKUX PEe3yIbTaTOB, MaTeMaTHUeCKOe U (Pu3MUecKoe MOIETUPO-
BaHMe, 00pabOTKy OAHHBIX 3KCINEPUMEHTOB METOAaMU MAaTeMAaTUYECKOM CTaTUCTUKU
¢ npumeHeHneM IIK, comocTaBieHne MONTYYECHHBIX PE3yIbTaTOB SKCIIEPUMEHTAb-
HbIX UCCJI€A0BAHUIA, BHITTOJHEHHBIX B J1a0OPATOPHBIX U MPOMBILIJIEHHBIX YCIOBUSX, C
pe3yJabTaTaMM, MOJYYEHHBIMM IPYTUMU aBTOPAMMU.

Hayunas HoBH3Ha Hambosiee CYIIECTBEHHBIX pe3yJbTaTOB pabOTHI M HMX 3HA-
YHUMOCTb COCTOSIT B TOM, YTO:

- 000CHOBaHO MnpejacTaBieHre GpaklMOHHON KOHUEHTPAIlMKU U GYHKIMi aucTepc-
HOTO COCTaBa IBIJIM B BO3MyXe pabouyuX, CAaHUTAPHO-3aIIMTHHIX 30H, B MHXEHEp-
HO-3KOJIOTUYECKHUX CUCTeMaX IIPeANMPUATHM KaK CIydaiiHBIX PYHKIIHI

- 000CHOBaHO IpeacTaBleHHE 00IIel 3(HD(PEKTUBHOCTH IBUICOYMCTKHM B PeabHBIX
YCIOBUSIX (PYHKIIMOHMPOBAHUSI WHXCHEPHO-3KOJIOIMUSCKMX CUCTEM KaK CIIydaii-
HOW BEJIMYKHBI;

— paspaboTaHa METOLOJOTH KOMIUIEKCHOM OLEHKH ITBUIEBOI 0OCTAHOBKH C YYETOM
CTOXaCTUYHOCTH IIpollecca MacCoIepeHoca MbUIeBBIX (ppaKUuil, AUCIIEPCHOTO CO-
cTaBa 1 00IIei KOHIICHTPAIlUK HBIIM, a Takxke 1udGepeHIIMPOBAHHOIO ITOAX01a K
MEJIKUM U KPYITHBIM QpaKIIusaM;

- 00OCHOBaHBI METOABI IPOEKTUPOBAHUS MHXKCHEPHO-IKOJOTHUYECKMX CHUCTEM C
ygyeTroM pekoMmeHayemMoro BO3 momxoma K HOpMHMPOBAaHUIO KauyecTBa BO3MYLIHOM
Cpelbl Ha OCHOBE PerIaMeHTHPOBAaHMS KOHIIEHTPALUi METKUX (hpaKIIuii;

- TO0JlydYeHa aHaJIUTUYeCcKas 3aBUCUMOCTb, XapaKTepu3ylolllas PUCK MPEBbILIECHUS
BO3MOXHBIX HOPMATHBHBIX IIapaMeTPOB IO (paKIMOHHON 3albUIEHHOCTU Ha OC-
HOBaHMU 001Ieil KOHIIEHTpauuy 1 JIucIiepcHOTO COCTaBa;

ptlarid
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% 3ABHCHMO-
- pa3pa60TaHb1 CTOXaCTUYCCKUEMOACIUUTIONYYCHBIaHATUTUYCCKHUEC3aBH -

CTH, OIIMCBIBAIOIIMNE 3AaKOHOMEPHOCTU IMPOHECCOB MACCOIECPECHOCA IIbIJIN OT TEXHO ™
JIOTUYECKOTO 060pyﬂOBaHI/IH N HHU3KO PACIHOJJOXEHHBIX HCOPraHM30BAHHBIX MC-
TOYHMKOB IBIJIEBBIX BbI6p0COB; SKCIIEPUMECHTAJIbHO IMOJYYCHbI 3aBUCUMOCTHU, Xa-

PAKTECPUIYIOIIME ITPOLECCHI BBIACACHUA 1 OCEIaHNMs ITBLIIN

- pa3pa60TaH1>1 CTOXaCTUYCCKHUEC MOACIN U IIOJYYCHBI aHAJIUTUYCCKUEC 3aBUCHUMO-

CTH, XapaKTepU3YIOIIKe MPOIECCH MbIIEOYMCTKU B BUXPEBBIX MHEPIIMOHHBIX aml-
rmapaTax CoO BCTPEUHBIMHU 3aKpydeHHbIMU moTtokamu (B3I1) pazmmunbix momudu-
KallMii; 3KCIEePUMEHTATbHO TTOJNyYeHBl 3aBUCMMOCTH, OIKMCBHIBAIONINE KOHCTPYK-
TUBHBIE ¥ peXMMHBIE TapameTphl ammapaToB B3I

JloCTOBEPHOCTDh HAYYHBIX MOJIOKEHHil, BHIBOJIOB U peKOMeHAaluii 060CHOBA-

Ha MPUMCHCHUEM KJTACCUUYECKUX MOJIOXECHU A TCOPUU MEXAHUKHN a3po30nel71, NCII0JIb-

30BaHUEM COBPEMCHHBIX MECTOAMK MCCICAOBAHUA, CXOOUMOCTHIO aHAIUTUYCCKUX U

3KCMEePUMEHTANIbHBIX PE3YJbTaTOB (OTHOCHUTENbHAS IMOTPEINHOCTh He Gojee +15%
Mpu NoBepuTeNbHON BeposiTHOcTH (0,95) U mosyyeHueM mporHo3upyemoro sddexra B
MTPAKTUIECKOM HCIOIb30BaHUMU.

IIpakTHYecKoe 3HAYeHHEe PAOOTHI 3aKITI0YAETCS B CIISIYIOIIEeM:
Ha 6asze TPEATOXEHHOW METOMOJOrMM pPa3paboTaHbl PEKOMEHNAIMU TI0 KOM-
MJEKCHOM OLEHKE TMbLIEBO OOCTAHOBKM Ha MPOMBILUUIEHHBIX MPEANPUATUSIX,
BKJIIOYaloled B ce0sl: OLEHKY 3albUIEeHHOCTH BO3[yXa B pabOYMX 30HAX; OMUCa-
HUe GPaKIIMOHHON KOHIIEHTPAIlMK U AUCTIEPCHOTO COCTaBa MbLIM B BO3IyXe pabo-
YMX 30H; OIIEHKY TePMETUYHOCTH TEXHOJOTMUECKOTO 00OPYIOBAHMS U T.1I.;
pa3paboTaHa, ampoOMpoBaHa W BHEAPEHa METOAMKA TEOPETUYECKOTO M SKCIepH-
MEHTAJIbHOTO OIpe/ieleHNs] MOIIHOCTU TbLIEBBIIEIEHUSI OT TEXHOJOTMYECKOTO
000pyI0BaHHUS C LEJNbI0 OLIEHKU €r0 FePMETUYHOCTH, IOCTAaTOYHOCTU MEPOTIPUsI-
THUH 10 06eCTIBUIMBAHUIO U B3PBIBOTIOXAPOOTIACHOCTH TIPOU3BOJICTB;
paspaboraHa, ampoOuMpoBaHa M BHeEApeHa MeTOOMKa NHMCIIEPCMOHHOTO aHaau3a
MBI B BO3yXe paO0OYMX 30H MPEANPUATHI U B MHXEHEPHO-IKOJTOTUIECKIX CHC-
TeMaxX C MCIMOJb30BaHWEeM IM(MPOBON 00pabOTKM M300paXeHWs] YacTHIl, HOBM3HA
KOTOPO# TOATBEpXAEHA CBUACTEHCTBOM 00 aTTeCTalldd METONWKW O BBHITTOJHE-
Huu usMmepenuii I'occranmapra Poccum No 18-03;
pa3paboTaH MOIMOUIIMPOBAHHBIN PSJ anmapaToB Ha BCTPEYHBIX 3aKPYYEHHBIX
MoToKax  (TMBIICYJOBUTENN, Ppa3neUTeTM-KOHLIEHTPATOPbl, TbIICYIOBUTEIH -
KOJIIEKTOPHI, OTBEMBATENM U 1p.), TpeIHA3HAYEHHBIX IJIS1 CHUXEHUS TBLIEBBIX
BHIOPOCOB B BO3MYIIHYIO CPEMy, a TAKXE IS CHUKEHUSI aHTPOTIOTeHHOTO BO3/IEH -
CTBUS OTXOJIOB, OOpa3yIOIIMXCS B CUCTEMax IbUICOUYHUCTKH, HOBU3HY KOTODBIX
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MOATBEPKIAIOT MATeHThl ¥ aBTOPCKME CBUICTENBCTBA HAa W300pETeHMs, a TaKXke
MaTeHTHl ¥ CBUAETENHCTBA Ha IOJIE3HBIE MOIEIH;

— paspaboTaHbl, ampoOMpPOBaHbl ¥ BHEAPEHBI CXEMbl KOMIIOHOBKM HWHXEHEPHO-
9KOJIOTMUECKMX CUCTEM C armapaTaMy TbLJICOYMCTKU U OTBEMBAHMS Ha BCTPEUHBIX
3aKPYYEHHBIX MTOTOKAX M CHCTEMbI a3POJMHAMUYECKOTO pa3ieeHUs MbLIEBUIHBIX
OTXOI0B, HOBU3HY KOTOPBIX IOATBEPXKIAIOT TMAaTEeHThl Ha M300peTeHHe, MaTEeHTHI
U CBUIETEIbCTBA Ha IOJIE3HBIE MOIEIIH.

Peanu3anus pe3yabTaToB padoThI:

— Ha OCHOBaHMM Pe3yJbTaTOB OOCIeIOBaHMWI, MPOBEACHHBIX II0 pa3pabOTaHHON U
arnpoOMpPOBAHHON METOAMKE, BbIpabOTaHbl M MPAKTUYECKM pealn30BaHbl PEKO-
MEHJALMK IO YIYYLIeHUIO YCIOBMI Tpyla Ha pabouymX MecTaX, MOBBIIIEHUIO 3(-
(DeKTUBHOCTM M HANEXHOCTH HHXEHEPHO-9KOJOTUYECKUX CHCTEM CJICAYIOLIMX
MPOM3BOJCTB: acOeCTOLEMEeHTHHIX u3nenuit (r. TamOoB, T. MuxaiiioBka), Xeyne-
300eTOHHBIX u3menuit (r. Bonrorpam, r. Actpaxanbp), acaibToOETOHHBIX 3aBOJOB

' (B Bonrorpanckoit o6mactTu — 12 mpeanpusaTuii), 3aBOIOB TEXHUUECKOTO yIiiepoaa
(r. Bomrorpan, r. MBanoBo, r. fApocnasnb, r. Crei3panb, r. CtaBpomoab U Ap.),
MOJATOTOBUTENBHBIX 1IeX0B TTpou3BoacTB miuH U PTU (1. Bomxckuii, r. bapHayin,
r. HuxHekaMck u p.), Ha MPeANPUITHUSX TI0 XpaHEHUIO U MepepaboTke 3epHa (B
Bonrorpanckoit obmactu - 27 mpeanpusATHii, B AcTpaxaHcKoit objactu, Pecmy6-
muku Kanmeikus) u mp.;

— BHeapeHo Ooiee 250 ammapaToB CO BCTPEUYHBIMHU 3aKPYYeHHBIMM ITOTOKAMM pa3-
JIUYHBIX MoauduKanuin (BUXpeBbIe MBLICYJTOBUTEIH, KOJITEKTOPBI-
MBUICYJIOBUTENHN, Pa3NeuTeTN-KOHIIEHTPATOPHI, allllapaThl 10 pa3ae e HUIO TThIJIe -
BMIHBIX OTXOJOB) Ha MPEANPUATUSX cTpoiuHaycTpuu (r. Bosrorpam, r. Muxaii-
noBka Bonrorpanckoii obmactu, . Daucta, 1. fpocnaBns, KpacHomapckuii Kpaii,
r. Pynnprit, YepHoBuukas ob61actp u 1Ip.), allOMMHUEBON MPOMBIIIEHHOCTH (T.
Bosrorpan, r. Camapa u 1p.), MpeanpusITUSIX TI0 XpaHEeHUIO W TepepaboTKe 3epHa
(r. Bomrorpan, r. CypoBukuno, T. Muxaiinoska, r. Kanau-na-/lony, ['oponumieH-
ckuii paiton Boarorpanckoit oomactu, T. Dmucra, T. ACTpaxaHb M JAp.), Ha TIPOU3-
BOJCTBe KapOuaa Kanbliusi (r. Bosirorpam), Ha KOMOMKOPMOBBIX MPOM3BOACTBAX
Bonrorpanckoit obmactu (MnoBnunckuit m MuxaiiioBcKuit pailoHBl W 1Ap.), Ha
MPEeANPUATUSAX, TPOU3BOASAILINX U MOTPEONSIONIMX TEXHUYECKHUIA YIIIepoT
(r. Bomxckuii, r. Boponex, r. bapnayn, r. bamakoso, r. fSIpociasias, 1. ['opioBka
W JIp.), U Ha psijie APYTUX MPOU3BOACTB.

Ha 3amuty BbIHOCATCSH:

= CTOXaCTUYCCKHUE MOACIM M AaHAJUTUYCCKHUE 3aBUCUMMOCTHU, OIIMCBIBAIOIIUC
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- Nt v
MPOLIECCHI MAacCOIepeHoca MbLICBBIX YACTHIL B BO3Myxe pabOYMX, CAHMTAPHO-

3alllMTHBIX 30H. B anmaparax cC¢O BCTPECYHbIMM 3aKPYYCHHBIMU I10TOKaMU

Pa3IMYHBIX MOTU(UKAIIWIA;

- OlIeHKa JUCTEPCHOTO cOCTaBa MbUIM U (PpakIIMOHHON KOHIEHTPAlMU KaK cnyqaﬁ—
HBIX (PYHKIIMI 1 001eit 3¢ HEeKTUBHOCTH MBIIEOUYUCTHBIX YCTPOMCTB KakK cnyqaﬁ—
HOM BEJIMYMHDBI;

- METOJOJIOTHS KOMIJIEKCHOW OIIEHKM TIbUIeBOM OOCTAHOBKM Ha MPOMBIIIIEHHbBIX
MIPENNPUSITUSAX;

- Pe3y’abTaThl dKCMEPUMEHTATIbHBIX U OMBITHO-MIPOMBILIIIEHHBIX MCCIENOBAHUMN TIbI-
JIeBOM OOCTAHOBKM, armnapaTtoB MbIICOYUCTKHY;

- QHAJIUTMYECKWE U CTATUCTUYECKUE 3aBMCHMOCTH, XapaKTEepPU3YIOIIUe PUCK Ipe-
BBIIIEHUST BO3MOXHBIX HOPMAaTUBHBIX TapaMeTPOB Mo (HPaKIIMOHHON 3aMbUIEHHO-
CTHU BO3AYLIHOM Cpelbl.

Anpobanus pa6orsl. OCHOBHBIE TIOJOXEHHUS U Pe3yabTaThl paboThl ¢ 1976 Mo
2003 roabl DOKJIaAbIBATUCh U MOJIYYMIN ON00peHHe Ha MEeXIYHAPOMAHBIX KOH(hEpeH-
uusx (r. Cankr-IlerepOypr, r. Boarorpan, r. PocroB-Ha-ony, r. Ilensa, r. HuxwHe-
kamck, IBeuus, @unnsguaust, Hopserusi, Typuusi), Ha Bcecolo3HbIX COBEIIAHUSIX U
Bcepoccuiickux ceMuHapax 1o mpo6aemMaM oxpaHbl BO3AYIIHOTO OacceiiHa U OXpaHbl
Tpyna (r. Mocksa, r. Camapkann, r. EpeBaH, r. PoctoB-Ha-/loHy), Ha MexXpecmyO.u-
KaHCKOM, MeXOTpacjaeBoi, 00JacTHBIX M By30BCKUX KOH(pepeHLMsIX (I. Mocksa,

r. Cankr-IletepOypr, r. Pura, r. Ilenza, r. Boirorpan, r. Bomkckuit), Ha perMoHab-

HBIX U obnactHbix ceMuHapax (r. Cankrt-IlerepOypr, r. Ilensa, r. Bomarorpam), Ha

TEXHUYECKMX COBEIAHUSIX Pa3NU4YHBbIX Npeanpustuii (r. baphayn, r. Bomarorpan,

r. Boponex, r. UBaHoBo, T. fIpocnaBib u mp.).

Tlyonnkanuun. OCHOBHBIE PE3yJbTaThl TUCCEPTALMOHHBIX MCCICIOBAHMIA WH3-
JoxXeHbl B 145 paGoTax, B ToM uucie: B 1 MoHorpaduu, B 2 TeMaTUYECKUX 0030pax,
112 cTaThsix, 27 aBTOPCKUX CBUAETENLCTBAX U MATEHTaX Ha M300peTeHue, maTeHTax U
CBUETENbCTBAX HA TOJE3HYIO MOJIeNb, B 1 CBUAETENLCTBE 00 aTTECTAllMU METOAUKHU
BBIMTOJTHEHU Sl U3MEPEHU, a TAKXKe HAYYHO-TeXHUYECKUX OTYETAX.

Oo0beM u cTpykTypa paGorel. [lucceprailusi COCTOUT M3 BBEAEHMs, IIECTH
IJ1aB, BBIBOJIOB, CIIMCKa MCIIOJIb30BaHHOU JTUTEPATyphl U NMpuaoxeHUi. O0muit 00b-
eM pabotel - 597 cTpaHuil, B TOM uucie: 334 cTpaHUIbl - OCHOBHOW TEKCT, COAEP-
xamuii 142 pucynka Ha 114 crpanuiax u 41 tabnuiry Ha 42 cTpaHMIIAX; CIMCOK JIU-

Tepatypbl u3 357 HauMmeHoBaHMii Ha 30 cTpaHuiax; 11 mpuioxeHuit Ha 263 cTpaHu-
1ax.




OCHOBHOE COAEPXXAHUE PABOTbI

[TbieBy0 00CTAaHOBKY Ha MPEANPUSITUSIX CTPOUTEIbHOW WHAYCTPUU U B IAPYTUX
OTpacjsX MPOMBILIJIEHHOCTH MOXHO pacCMaTpMBaTh B YaCTHOM UM 00IIeM ciydasix. B
YaCTHOM cJiyyae OOBIYHO TOJ TMbIJIEBOM 00CTAHOBKOW MOHUMAIOT CUTYalMIO TOJIBKO B
pabouyux 30HaX BHYTPU MPOU3BOJCTBEHHBIX MOMEIICHUI, U €€ OlleHKA BKJIIOYAET: UC-
clieloBaHUEe 3aKOHOMEPHOCTEN pacrpeieieHUs KOHIEHTpalluil NI B BO3AYXe pa-
0oueil 30HBI; aHAAU3 CBOMCTB MbUIN ((PUBUKO-XMMUUYECKHUE CBOMCTBA, AUCTIEPCHBIN
CcOCTaB U JIp.); COCTaBJieHUE TbUIEBOro OajaHca sl U30JMPOBAHHBIX MOMEIIEHUN B
LIEJIOM U OLIEHKY TaKMX €ro BaXXHBIX COCTaBJSIONIMX, KaK MOIIHOCTb IbIJIEBbIACE-
HU OT TEXHOJOIMYECKOro 000pyaIoBaHUs B pabovyi0 30Hy U MHTEHCUBHOCTD TIblJIe-
ocelaHus MO BCEeW IUIONIAAM ATUX MoMelleHuil. B obiuem ciyuyae, Hampumep, Ais
MPOU3BOJICTB, Y KOTOPHIX 30HBI 3arpsiI3HEHUS] TBUIEBBIMU BBHIOPOCAMU OT OPraHM30-
BaHHBIX U HEOPTaHU30BaHHBIX MCTOUYHUKOB MepeceKalTcsi ¢ pabouuMu 30HAMU, pac-

3 MOJIOXKEHHBIMU Ha TEPPUTOPUU TPOMBIILICHHBIX TJIOIIAA0K B OLEHKY MbLIEBON 00-
CTAaHOBKM, KpOMeE BBIIIE MEPEeYNCICHHOr0, BKJIIOYAIOT OLIEHKY MOIIHOCTU MbIJIEBbIX
BBIOpOCOB B aTMochepy, olleHKY 3(DOEKTUBHOCTH CUCTEM MbIJICOYNCTKH, UCCIen0Ba-
HUe 3aKOHOMEpPHOCTell pacrpenaesieHus] KOHIEHTpaluu MbJIK B aTMocdepe U T. .
M3ydeHreM pa3IMUHBIX aCITEKTOB 3TUX BOMIPOCOB YCIEIHO 3aHuManuchk: H.A. ®dykc,
M.II1. Kanunymkus, JI.C. Knauko, I1.A. Koy3os, [I.B.Konres, E.M. borycinaBckui,
E.A. IrToxman, B.I1. Xypasnes, B.A. Munko, B.W. becnanoB u apyrue ydyeHbie.
OpHako 1ist OOIIero ciiydyasl IbLIeBOW OOCTAHOBKM C YYE€TOM CTOXaCTUYHOCTH pe-
aJlbHBIX TIPOU3BOACTBEHHBIX TMPOLIECCOB UCCIENIOBAHUI TTPOBEIEHO HEAOCTATOYHO.

BaxHyto posib B CHMXXEHUW IbJIEBOrO 3arpsi3HEHUs JUISL psiga TpearnpusiThil
CTPOMUMHAYCTPUM U APYTMX OTpacjieil MpOMBIIUIEHHOCTU MIPAIOT CPeACTBa MHEpILU-
OHHOI MBUICOYUCTKU. BormpocaMu coBepllleHCTBOBaHUS TMPOLIECCOB MbIJICOUUCTKN B
LHeHTpoOexxHoM Tojie 3aHuManuch: A.U. TMupymos, I1.A. Koy3os, E.Il. MenHukoB,
b.C. Caxun, B.JI. Ycnenckuii, [I.B. Kontes, E.U. borycnasckuii, JI.W. I'ynum, 3. B.
lypransckuit, A.C. JlatkuH, A.B. AKya1u4d u MHOTHe Apyrue uccienoBareau. OnHa-
KO pa3paboTKa HOBBIX KOHCTPYKILMI anmnapatoB M MOSIBJIEHME Ha UX OCHOBE CXEM
o0ecTnbIIMBaHUS TPeOYeT AalbHEIIero pacliupeHss HayYHbIX UCCIIETOBAHUIA.

[TpoBeneHHBIN aHaJIU3 TbLJIEBON 00CTAHOBKU, XapaKTEPHOM ISl MpeanpusaTuil

CTpOMTCJ’[LHOﬁ MHAYCTpUU, MOAXOAOB K HOPMUPOBAHMIO Kadye€CTBa aTMOC(l)epHOFO
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BO3ayxa IO COACPXKAaHUIO TBEPALIX YaCTUL], ITPUHATLIX B MI/IpOBOfI IMMPaKTUKE, BJIUA-

HUSl pa3MYHBIX TapaMeTpoB Ha (DPaKIIMOHHBIA COCTaB, (GPAKIMOHHYIO M OOLIYIO
KOHIIEHTpAIIMIO TThUTM B BO3MyXe paboueil 30HBI, CYIIECTBYIONIMX METOMOB OMUCAHUS
TUCTIEPCHOTO COCTaBa MBI, OMbITa MPUMEHEHHUS CTOXaCTUYECKHMX METOIOB U OTIbITA
KOHCTPYMPOBaHMS aImapaToB CO BCTPEYHBIMHM 3aKPYYEHHBIMU TIOTOKAMM  TTO3BOJIKLI
BBIIEUTh OCHOBHBIE (haKTOPHI, 00ycIoBIMBaoNIMe HOPMUPOBAHKE TBIIEBOI 06CTa-
HOBKY Ha MPeANPUATHH. [IJIT KOMIUIEKCHOU OILIEHKHM TIOC/eTHe Ha OCHOBE BBISIBICH-

HBIX (HaKTOPOB M pa3pabOTKU Mep IO ee YAYUYNICHUIO ¢ TO3UIMI eIMHOTO Moaxona

BbIpabOTaHa METOMOJOTHs, BKIIIOUYaromas cleayloline OJI0KH:

- ONOK TeOpeTHMYECKUX MOJeJieid, KOTOpbIe MOTYT ObITh MPUMEHEHBI TS OTIMCAHUS
COCTOSTHUSI BO3AYIIHOM cpelibl B pabOYMX 30HAX MPOMBILIIICHHBIX TPEITPUSTHIA
W JIJIS OTMMCAHUST MapaMeTpoB (GYHKIIMOHMPOBAHUS MHXKEHEPHO-3KOMOTHUECKUX
CUCTEM;

- WHGOOPMALMOHHBIN OJI0K, BKIIOYAIONIMI CHOCOOBI, MPUEMbl U METOAMKH cOopa
WCXOMHBIX JAaHHBIX, B TOM YMCJe METOAMKHU BBITIOJHEHUS M3MepeHUN u obpa-
OOTKM MOJNYYSHHBIX TaHHBIX, TTO3BOJISIONINE TOJYIUTh MHOOPMAIINIO O MBLICBOI
00CTaHOBKE Ha MPOMBILNUIEHHBIX MPEINPUATUAX B MOJHOM 00beMe AJIsl BhIpa-
GOTKM KOHKPETHBIX MEPONIPUSATHIA O ¢ YIYyUYIIeHHIO;

- OJOK Mofeseil TeXHUYECKUX PellleHU, KOTOPBIe MOTYT OBITh MPUMEHEHBI B TOM
WM MHOM cJTydae TSl YIyYIIeHUs TbIIeBOM 06CTaHOBKY Ha TIPEANPUATHH:

- Omok Mojedell IS peanu3allii TeXHUYSCKUX PEIICHWH IO YAYYIIeHUIO IhlTe-
BOIf 06CTAaHOBKY Ha MPEINPUATUN U OLIEHKU UX 9PGHEKTUBHOCTH.

KomruiekcHast olleHKa MblIeBO 00CTAHOBKY MPEIoaraeT :
- HUcclefoBaHHe (HUBNKO-XMMUYECKUX CBOWCTB ITBLIH;
- ONpefeieHue MOUTHOCTA 06pa30BaHMS W BBIIEIEHUI MBIJIEBBIX YaCTUIl OT
Pa3IMYHBIX UCTOUHUKOB,;

- YCTaHOBJIEHUE PACIIPENENCHUSI KOHLEHTPALW MbLUIM B BO3MYIIHOW CpEIE;

- aHaJW3 MbUJIEBOrO OajlaHca IS U30JUPOBAHHBIX OOBEMOB;

- pacyeT pucKa MPeBbINIEHUS] BOZMOXHBIX HOPMAaTUBOB (PPaKIIMOHHBIX KOH-
LICHTpaUHUii;

OLICHKa pHuCKa 3a00J1eBa€MOCTHU pa60Ta}01111/1x.

Hns (bOpMHpOBaHI/IH 0yi0Ka TCOPETUYECCKUX MojeJieid HeoOXOAMMO: COCTaBJIEHME
BEPOATHOCTHLIX MOJIEJIE, ONTUCHIBAIOIIUX 06111y10 u (1)paKIlI/IOHHyIO KOHIECHTpalIuu n
XapaKTCPUCTUKKU OUCIIEPCHOIO COCTaBa IIbIJIM B BO3OYXC pa60‘{I/IX 30H, HWHXCHCPHO-
9KOJOr'MYECKUX CHUCTEMAX, a4 TAKXE OIIMCBhIBAIOIIMX IMapaMETPLI, XapaKTCPUIYIOLIUC
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MBUIeBYI0 00CTAHOBKY; pa3paboTKa CTOXaCTMYECKUX MOIeJiell, OMUCHIBAIONINX 3aKO-
HOMEPHOCTH MacCOlepeHOoca YacTHI] MBI, BBIOWBAIONIEHCS OT TEXHOJOTUYECKOTO
000pyIOBaHUST W OT HU3KO PACIOJOXEHHBIX MCTOYHUKOB HEOPTAaHU30BAHHBIX BhI-
OpOCOB; COCTaBJIEHNE CTOXAaCTUUYECKMX MOJeNIei, OMUCHIBAIONINX 3aKOHOMEPHOCTHU
MPOLECCOB YIABIMBAHUS B Pa3pabOTAHHBIX MHEPLIMOHHBIX BUXPEBBIX armaparax co
BCTPEYHBIMU 3aKPYYEHHBIMU MOTOKAMU Pa3TUIHBIX Moaudukanuii. Mupopmanmon-
HBIW GJIOK BKJIIOYaeT B ceOsl: COBEPIIEHCTBOBAHWE METOJIUKU aHATN3a TUCIIEPCHOTO
coCcTaBa MBUIM Ha OCHOBE MUKPOCKOTIMYECKOTO Merona ¢ mpuMmeHeHuem [1K u wmc-
MOJb30BaHNWEM aBTOPCKOUW MpOTpaMMbl 00paGOTKM M300pakeHWil JacTHull; ampoba-
110 0000IIEHHOTO MOAX0/Aa K OlleHKe NMCIEPCHOTO COCTaBa MBLTU Pa3JIMIHBIX MPO-
U3BOJICTB; pa3paboTKy METOIUKYU OIIEHKU TeXHOJOTUIECKOT0 000pyIOBaHUS KaK HC-
TOYHUKA MBUIEBBIIETCHUS. B 3aBUCUMOCTH OT MBLJIEBOI 0OCTAHOBKM Ha MPEATPUSITUYN
BBIpabaThIBaeTCSl OJIOK TEXHUUYECKUX PEIIeHU, KOTOPHIM MOXET BKIIIOYaTh: pa3pa-
GOTKY MOIUGUIIMPOBAHHOTO pPsifia BUXPEBHIX WHEPIIMOHHBIX amnapaToB CO BCTPEY-
HBIMU 3aKPYYEHHBIMU TTOTOKAMU U allllapaTOB OTBEUBAHUS U Pa3IesICHUS MbIICBUI-
HBIX OTXOJIOB; COBEPIICHCTBOBAHUE CMOCOOOB YKPBITMH HEOPTaHW30BAHHBIX MCTOY-
HUKOB BBIOPOCOB; COBEPIIEHCTBOBAHWE CUCTEM acNUpali U MHEBMOYOOpKU. Biok
MoJleNiell peaTn3alid TeXHUYEeCKUX PeIleHU U OIeHKU UX 3P (HEeKTUBHOCTU BKITIO-
YaeT 3a7auu, CBSI3aHHbIE C BHIOOPOM KOHKPETHOTO MPOEKTHOTO PEIleHU s, C AHATM30M
OTBITAa MYyCKO-HAJIAMOYHBIX paboT M BHIPAOOTKONW PEKOMEHIAIUI 1O TOBBIIIEHUIO
TepPMETUIHOCTU 000pynoBaHUs U 3(DGHEKTUBHOCTH CUCTEM OOECITBITMBAHUS, OTITUMM-
3a1ueil pexknMoB paboOThl alMmapaToB CO BCTPEYHBIMU 3aKPYYCHHBIMU IMOTOKAMU U
NIPYTUX WHXEHEPHO-3KOJOTUUECKUX CUCTEM.

B Hacrosiliee BpeMsI B TEOPUM M TPAKTUKE OIEHKU TBIJIEBOUW 0OCTAHOBKM B
paGoueil 30He TIPEATNPUSATUN W YCIOBUU (GYHKIIMOHUPOBAHUS WHXEHEPHO-
9KOJIOTUYECKMX CHUCTEM IPUHSAT NEeTePMUHUPOBAHHBINM TOAXOJN K W3MEPEHHUIO U
OTMMCAHUIO JUCIIEPCHOTO COCTaBa TMBUTM, KOTOPBIA TIPEACTABISIETCS B BUJE
nuddepeHIIMATBHBIX UM WHTETPATbHBIX KPUBBIX KaK COAepKaHWe CPETHEro Jucia
YacTUI[ JTaHHOTO pa3Mepa WM MX Macchl. CuMTaeTcs, 4TO IS LEJIOTO psifa PacueToB,
B KOTOPBIX HCIIOJNB3YIOTCS pE3yabTaThl aHajiu3a JWCIEPCHOTO COCTaBa, YIOOHO
aHAJIUTHYECKOe oOmucaHue OGYHKIUNW pacTlpeneieHusT 4YacTWIl 10 pa3MepaMm.
Hanmpumep, Hanbosee 4acTo UCMOIb3YyeTCs UHTeTpaibHas GYHKIUS pacripeieseHust
MAacchl YacTHIl 1Mo AuaMeTpaM uiau dbyHkuus npoxoxaa D(d,), T.e. 10yl 4aCTUILL NBLUIH,
MpOIIEAIIMX Yepe3 CUTO C 3aJaHHbIM pa3MepoM sdeek d,, B oOueil wmacce
MpoceuBaeMoii MPoOkI, BEIpaXkeHHas B MpoiieHTax. [IpryeM B GOIBITMHCTBE CTydyaeB

IJid MbLIN, coaep)l(ameﬁc;l B BO34YyX€ pa6otmx 30H U UHXCHCPHO-3KOJTOTUYECCKUX
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cuUCTeMax, paclpefeieHMe  4YacTHUILl [0  pa3MepaM  SBISIETCS  yCEYEHHBIM
JorapuMUIeCKM-HOPMaJbHBIM, M C BBICOKOI CTENEHbIO TOYHOCTU  (DYHKIIMS
MPOX0Ja MOXET OBbITh anpOKCMMHUPOBAaHA ABYX3BEHHBIM CILIaiiHOM (puc. 1).
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Puc. 1. HHrerpanbHbie GYHKIIMM pacIpeieieHUsT MacChl IO AMaMeTpaM YacTHII
IUT TIBLIM, OTOOpaHHOM B BO3Myxe paboveil 30HBI IIPOM3BOACTBA CUJIMKAT-
HOTO KMpPITMYa Ha PaCCTOSHUIX OT y3J1a MEPECHITTKU:
1-2,5m;2-1,5m;3-0,5Mm

O6cnenoBaHusl, MPOBEACHHBIE HA TMPEANPUATHUIX CTPONMHIYCTPUHU, MMOKA3AH,
YTO B pe3yjbTaTe MU3MEHEHUH TEXHOJIOTMYECKOro TIpoliecca B psiae ClydaeB
KoJicOaHMUsI JAUCIIEPCHOTO COCTaBa TMbUIM OYyOyT 3HAYMUTENIBHO BBIIE, YeM
MOTPELIHOCTh METOAOB M3MepeHMil. B KauecTBe mpumepa Ha puc. 2 MpeACTaBICHBI
pe3yibTaThl aHalM3a JUCIEPCHOrO COCTaBa MbUIM B BO3AyXe pabouyeil 30HBI
MPOU3BOACTBA CUJIIMKATHOTO KMpIuya. B 3ToM cityuae pasdpoc 3HaueHUH GYHKIUU
nmpoxofa ClielyeT OTHECTH He K paspsily OHIMOOK, a K OCOOCHHOCTSIM CJIydyailHOTrO
rnpoiecca, KOTOPbIA B CHJY BIAUSHUS Pa3IUYHBIX TEXHOJOTMUECKUX (haKTOPOB
(TeMIiepatypa M CKOpPOCTb MOAa4Yd TOIUIMBA) U U3MEHSIOIIUXCS B OMpPEIeIeHHBIX
npeneiax IapaMeTpoOB BO3OYIIHOW cpeasl B pabodedl 30He (BJIAXHOCTb W
MOABUXHOCTh BO3IyXa U T. I.) ompelenserT GpakKUMOHHBIA cocTaB MbLIK. [ToaTomy
MpeacTaBIsieTCsl  1IeJecoo0pa3HbiM — paccMaTpuBaTh (DYHKIMU, OMUCHIBAIOIIKE
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TWCTIEPCHBIM COCTAaB B3BEIIEHHBIX YacTHI[ B paboyeil 30H€ M B MHXEHEPHO-
9KOJIOTMYECKUX CUCTEMaxX He Kak JeTepMUHMPOBAHHbIE, a KaK CIyJYaiiHbIe.

B cooTBeTCTBMM C 3TMM MOXHO CUMTaTh, YTO (YHKIIMS TPOXOAA - HEKOTOpast
cnyyaiinag ¢ynkuma D(d, , w), mapameTpoM KOTOpOW MPUHUMAETCH AUAMETP YacTH-
ubl d, , u3MeHAomuiica B uHTepane A-[d ., d ], a ® - 3TO 3;EMEHTapHOE COOBI-
THE, T.€. 3KOJOTO-TEXHONOTMUECKHME YCIOBMA, TTPU KOTOPBIX MPOUCXOTUT OTGOP TIPO-
0bl. B Kaxmom KOHKpETHOM ciydyae M3MepeHui (w-const) D sBnsgeTcs yxe He ciy-

JaifHOH, a IeTepMUHUPOBaHHOU (DyHKIMe# mapamerpa d, , KOTOPYI0 MOXHO Ha3BaTb

g 9
TpaeKTOpuel UiIn peanmusauueit ciaydaitHoit dpynkuuu D(d,, o). Hampumep, kpusble,
MpeacTaBIeHHbIe HA PUC. 2, SBASIOTCS peaqu3alusiMyU HEKOTOPOH ciyyailHON (GyHK-
uu D(d, , o).
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Puc. 2.  ®ynkuuum mpoxonma AJsl YaCTHUI] TBUIM, 00pa3yloleiics mpyu MPOU3BOACTBE
CUJIMKATHOTO KMpNHUYa U OTOOpaHHOW B Bo3oyxe paboueil 30HBI Ha pac-
CTOSIHMH 2,5 M OT y3Jla TIepEeCHITKY:
a Tpu paboTaolleil cucTeMe acnupaly U KOHUEHTPALUU MBI
3- 37 MF/MJ’; 0 - mpu HepaOoTaloIIel cucTeMe aclMpaluyd U KOHIEHTpa-
mmu et 6,2 - 18,7 Mr/M’; 1 - 16 - HoMepa po6
Crnenyer OTMETUTb, YTO MCIOJb30BAaHWE TePMUHA "Cly4yaiHbIN Tpolecc” BMe-
CTO MOHATUSA "clyyaiiHad (QYHKUMA" HEKOPPEKTHO, IMOCKOJBbKY MapaMeTp d, Helab3s
MHTEPIPETUPOBATh Kak BpeMs. BMecTe ¢ TeM, BO MHOTUX CIIyJasx JJIsl UCCIIeIOBaHUS
cnyyaiinbix Gynkuuit D(d,, ®) npuMeHuM anmapaTr TeOpUM CIy4ailHBIX MPOLECCOB, B
YaCTHOCTH - "MapKOBCKMX'.
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ITpu 11060M GuKCHpoBaHHOM 3HayeHUM napamerpa d, € A ciayyaiiHas QyHKUUS {
D(d,, w) yxe sBasercs ciy4ailHO! BeJIMYMHOM, Ha3bIBa€MOM CEYEHUEM CilydyalHOM
dynkuuu. Tak, nns yactuu pazmepom d, = 2,5 MKM (puc. 2 0) 3Ta ciayyaiiHas Belu-
YyyHa NpUHUMAaET 3HaueHus ot 2,4 1o 6%. Ha puc. 3 npencrabieHbl GyHKIUY TUIOT-
HOCTHM pacrpeneeHust (BeposiTHOcTed) 3HaueHuit D(d, ) B ceueHusx ciyyaidlHOM
(YHKIIMK MPOXoAa HbUIM, OTOOpaHHOW B BO3AyXe padoyeil 30HbI MPOM3BOICTBA CHU-
JIMKATHOTO KMpPIuUYa 151 pa3MepOoB YacTHll, HauboJiee XapaKTepPHBIX IIPU OLIEHKE BO3-
JIEUCTBUS Ha 310POBbE PadOTAIOLIUX.

Jpyroii BaxkHeiilieii xapaKTepUCTUKOM MbIJIEBOK OOCTAHOBKM Ha MPEANPUSITUU

cienyeT cuMtaThb QYHKUMIO (PpaKIMOHHON KOHLEHTpaLUU Cd’(d.l ) MBUIM B BO3dYyXe

paboyeil 30HbI, COOTBETCTBYIOILYI0O MacCOBOM KOHLEHTPAaLMU BCEX YACTHUI[ C pasMe-

pamu ot d , 10 d,, KOTOPYIO TakXe MOXHO PacCMaTpUBATh Kak Cly4aiHylo (pyHK-

nuio. B kauecTBe mpumepa Ha puc. 4 NMpuBeIEHbl WHTErpajbHble HYHKIIMKA KOHLEH-
Tpaluu MbUIM B BO3Iyxe paboyeil 30HBI OKOJO CYHIMJIbLHOrO OapabaHa acdanbTode-
TOHHOTO TPOM3BOJCTBA. 3aMbUIEHHOCTh BO3/lyXa Ha paboyMx MecTaXx B JaHHOM IIpoO-
M3BOJCTBE OMpeAeseTCs] He TOJbKO BbIOMBAHUEM IBbUIM U3 TEXHOJOIMYeCKOro obo-
pYIOBaHUs, HO U BEIOPOCAMU M3 MBUIEOYUCTHBIX YCTAHOBOK. 3aMepbl TPOU3BOIMUIUCH

B TeUeHHUE OJHOro padouyero mAHs1 uepe3 Kaxabie 0,5 yaca.
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Puc. 3. ®yHKIMM IUIOTHOCTH pacrpeneneHus 3HaueHuil D(d, ) B ceueHusx ciayvaii-

HOi GyHKuuu npoxopa D(d, , o) g nbuin, comepxalueiica B Bo3nyxe pabo-

Yeil 30HbI IPY MPOM3BOACTBE CHJIMKATHOIO KMpIKya:

a - npu paboTarolleil cucTeMe acnupalMd W KOHILEHTpauuu neuim 3 - 3,7

MF/MQ; 0 - npu HepaboTalolIel CUCTeMe acClIMpallMM U KOHLEHTPAUU MbUIA

6,2 - 18,7 Mr/M’ anst: 1 -du= 2,5 Mkm; 2 -du= 5 MKm, 3 - d, = 10 Mxm, 4 - i

du=20MkM, 5 - du =40 MKM

Habop cratucTuyeckux HaHHBIX, MOJYYEHHBIX AJIs ABYX Haubojee XapakTep-

HBIX CJlydaeB HampaBieHus ¢akena BbIOPOCOB, MO3BOJWI BBISIBUTh CYLIECTBEHHbIE
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pasnuuusl B pacrpeneNeHud (GpaklMOHHOW KOHIEHTPALMU TbUIM B BO3MYIIHON Cpe-
Jle, a UMEHHO: cayvaitHas dynkumsa C*(d, ) B MepBOM cllydae MMeEET TUIABHO MEHSIO-
IIHecs peaanu3aly 1 OOJbIIYIO IIpeacKa3yeMocTh (puc. 4 a); mpu Ooilee BHICOKOH (B
5 - 7 pas) 3anbUIEHHOCTH BO3Myxa BO BropoMm ciydae dynkuus C*(d, ) umeer ckau-
KooOpasHble peaiu3alliu, BO MHOTOM OIpeleiseMble HaIMYMEeM KPYITHBIX YacTHII,
ocemaonmx u3 ¢akena BelOpoca (puc. 4 0). Takoif xapakTep XOpOILIO MJUTIOCTPUPY-
10T KoppenaunonHele pynkuuun K (d

uo?

d,), 3HaYeHMSI KOTOPBIX, BHIYMCIEHHBIC IS

d4yo 5 MKM, ITOKa3aHbI Ha puc. 5. : ’
Oyukunio C*(d,) MOXHO TIPENCTAaBUTbL KaK IMpPOU3BENEHUE OOUIEH KOHIEHTpa-

uuu e C,, KOTopasi TakkKe MOXET paccMaTpuBaThesl KaK ClydyaiiHas BeIMYMHA, U

crnyvaitHoit gyHkuum npoxoga D(d, ,m):

C*d,)=C, D{d,»). (M

Cid, ) i’ Cid, b mrh’
15

17
1]

"
d'i" - MEN pp) -

35 Lo Ul R M

| d!', MKM

Puc. 4. ®pakuuvoHHass KOHUEHTpAlMs MBI B BO3MyXe paboyeil 30HBI OKOJIO CY-
IUILHOTO GapabaHa achaabTOOETOHHOTO TTPOM3BOACTBA NIPY HAIIPaBICHUN
(akena BEIOpOCA B CTOPOHY:
a - TIPOTUBOIIONIOXHYIO OT paboyero mecra; 6 - paboyero mMecra
Takoii MoAXox MO3BOJISIET HE TOJNBKO TOJYYMUTh XapaKTePUCTUKU TUCIEPCHOTO
coCTaBa MMBUTK B BO3IMyXe paboyveii 30HbI, HO 1 OTNPEAETUTD PSIIl TOTIOJTHUTEIBHBIX TI0-
KazaTenei. Tak, MOXHO OILIEHUTh BEPOSITHOCTb P TOTO, UTO KOHIIEHTpaIUsl Haubosee
OTaCHOM ISl 3M0POBbSI YeJoBeKa MBLIM pa3MepoM, HampuMmep, He OGojiee 10 MKM,
MPEBBICUT BO3MOXHBI HOpMaTuB. [l ompeneieHus] 3Toi BEPOSITHOCTH JOCTATOYHO
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3HaTh (YHKIMIO TUIOTHOCTHU pacnpeneneHus B cedueHun d, =10 MKM Al ciydyailHOM
dynxkuuu dpakumonHoit konuentpauuu C*(d, ) M GpyHKINIO MIOTHOCTH pacrpeee-

HUST 001Iel KOHIIEHTPAIIVH.

Kx(de.da),
18 - . ;
i ; : . -4
1 1 1 I o s 17
| | | N S B
10 | ; 1 : L
d - H
i S L ! - |
— - T
\ | ;
- _ _11 [
bl 5l I N ! 0 I
i 2 ; : o S ——
: \?;:li., i L LI
I ll +—= T E A, MEM
a0
[ (11} 50

Puc. 5. Koppenauunonnsie dynkuuu K (d,, , d, ) ciydaitHoi GpyHKUMY KOHUEHTpALUKA
B BO3/yxe paboyeil 30HbI OKOJIO CYIIMJIbHOrO GapabaHa acanbToOETOHHOTO
MPOU3BOJICTBA:

1 - nnsg gaHHBIX puc. 4 a; 2 - A5 JaHHBIX puc. 4 6

Torma MoXHO paccuyuTatb pUCK HNPCBLIIICHUA (bpaKLII/IOHHOfI KOHLCHTpalunu

BO3MO2KHBIX HOpPMAaTHUBHBbIX 3HAaYEeHU U KOHICHTpalluKn C :

HODM *

4] ( L] :
P(C'b(d,{)} Cnupu )= JfC@J _[fD (d'r hD(du} dCO' (2)
] Ciropae /L0
Hampumep, nist CeOGpsiKOBCKOTO acOecTOIEeMEHTHOTO 3aBoia Ha puc. 6 Tipeln-
CTaBJIEHbl 3HAUYEHUS! PUCKA (BEPOSTHOCTU) MPEBBILNIEHUS BO3MOXHON HOPMATHBHOM
BEJIMYMHBI 25 MKT/M’ Il KOHLEHTPALMK YacTUIl pasMepoM 1o 10 MxM. B 3tom ciy-
yae JJisl pacCcTossHUS 1=2,5 M BEpOSITHOCTb PUCKA He MpeBbiliaeT BeauduHsl 0,05.
[TosTOoMy OiHA U3 3aa4 AUCCEPTAIMOHHBIX UCCAE0BaHUI CBOAMIACH K OLIEHKE
peanuuHbl C°(d,) B 3aBMCMMOCTM OT QMCIIEDCHOTO COCTaBa IBLIM, MOLIHOCTH M,
MbUJIEBbIICIEHUS U3 000PYIOBaHUS U APYTUX XapaKTEePUCTHUK.
B oOieM ciyyae B MOMEHT BpeMeHH t TSl paboueil 30Hbl A, UMeIleil 00beM
V,, MOXHO MoOKa3aTb, YTO CpellHee M0 00bEMY 3HaUEHHME MHTErpalbHOi (ppaKiMoH-

HOM KOHILCHTpAIUU OMPEACTAACTCA CIACAYIOIIUM o6pa30M:
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1 D(“’w) ! T 1 T
3 2 -
an(ﬂ,“l):? J' Iﬂfr(x—n—T]dDT[b,fmrl—T? f 3)
A 6 -ty “ -
Bid, b -
! I :
:-:,V— t-:,}‘{?-[f_tl-"“i' DTLS,J—'E.“?}
A » A
PICY, =25’y
0.6
05 {4+— —
0.4 4~
0.3 R - t _____
0,2 {-—-1%- - [
0‘! : || | —_— e e
! i l i
il . * T - : + In
0 2 4 <] 8 10 12 14 16
Puc. 6. BennuuHa pucka MpeBbIIEHUST BO3MOXHOTO HOpMaTWBa ISl GpakIAOH-

HO# KoHueHTpauun C°, B 3aBUCHMOCTH OT PaCCTOSHUS MEXIY Pabodnm
MECTOM U Y3JIOM TEPECHINKU KUPMUYHOTO Tpou3BojacTBa CeOpsKOBCKOTO

acOecTOLEMEHTHOTO 3aBoja

@QyHKUMU T, ¥ T, 3aBUCAT OT HECKOJBKMX [TapaMeTPOB: PacCTOSIHUI, KOTOpbIE Mpo-
XOIUT YacTUIla COOTBETCTBEHHO N0 paboueil 30Hbl M BHYTPU Hee, TUIOTHOCTH BO3MIY-
Xa U YacTHL; 3KBUBAJEHTHOTO AuameTpa dacTulbl d,; Ko3dULMeHTOB, XapaKTepu-
syrounx popmy vactuinl (K, K, S,), u ap. Tlockonbky Ko3h@uLMEHTbI, OTHOCA-
muecs K MOCJAenHell rpynme, A1 Kaxaoi yacTULBl ¢ pazMepoM d, MOTYT Ciy4aifHbIM
00pa3oM MpUHUMATh 3HAYSHUsI B COOTBETCTBUHU CO CBOeH (DyHKIIMEN pacmpeneeHus,
TO OHU SIBJISIIOTCS CTOXacCTUYECKUMM, M, CJIeIOBATEIbHO, CTOXaCTMUECKMMHU TaKXKe
ABISAIOTCA U (QYHKUUU T, U T, M3BeCTHO, 4TO AN YaCTUL TBUIM C pasMepaMy

10MxM< d, <200 MKM BeJMYMHBI 7, U T, (MX I€TEPMUHUPOBAHHAS 4acTb) ONpele-

JIAI0TCA U3 COOTHOIICHU A,

T =0 (d« .-':dso )"’ K.q)‘z Ji=1,2, | @
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[lpy HanMMUMKM HECKONBKMX CTAIlMOHAPHBIX MCTOYHMKOB (C HoMepaMmHu j=I-:-N)
MbLIEBBIACACHUN, KOTAa MHTEHCUBHOCTD MbIIEBBIACICHUS OT 000pyIOBaHUS SIBISET-
cCcIy4yalHOM BEMUYMHOIM:

W) 5)

. T
C?*d, 1)= ZT_O“ I K;[di_] Dy ,(3).
i A ¥} b
N3 Boipaxenus (4) ciaemyer, 4To IJIsS HEKOTOPBIX YaCTHBIX CIy4aeB (JOTHOP-
MaJbHOTO W MOTEHIMAIbHOTO paclpeeseHuii) cpeqHuil Mo o0beMy AMCIEPCHBIN Co-
CTaB TIBUIM B BO3MyXe paboueil 30HBI OyIET MMETh TOT Xe XapakKTep pachpeieiecHus,
4TO M OUCTIEPCHBINM COCTaB TBUIM, BBIOMBAIOIEics M3 000pyMOBaHUS, HO CO CMelle-
HueM rpaduka GyHKUUU MPOXOaa BIEBO.
JI1 KOMIIJIEKCHOM OIIEHKM TBIIEBOM 0OCTAHOBKY Ha TPEANPUITHSIX, B TOM UHC-
Jie ¥ ISl OTTUCaHUs ClydyallHbIX QYHKIM, XapakTepu3yIoluX Mpoliecc BbIOMBaHUS
MblIM U3 000pyAOBaHUS, HEOOXOAMMO  MpoOBeAeHHE OOJNbLUIOTO 4YHUCjia aHAIU30B
(paximoHHOTO cocTaBa MbUTK. PazpaboTaHHas METOIMKA MUKPOCKOITMYECKOTO aHa-
J13a IMCIEPCHOCTH MBUIM C quamna3oHoM auaMmeTpoB 0,25 - 100 MKM ¢ mpHMeHEHH-
em IIK ocHoBana Ha doTorpadpupoBaHUM YBEIMYEHHBIX IMOI MUKpocKormoM B 200 pa3
MoJied MbUIEBUAHBIX YACTMI, 3aKPETUIEHHBIX Ha MPEAMETHOM CTEKJe, C MOCeayio-
UM CKaHUpoBaHWeM (oTormnacTuHOK. OTCKaHMPOBaHHOE M300paXkeHUe TIEPEBOIUT-
¢ B yepHO-Oemoe u coxpaHsercs B ¢opmare Windows Bitmap (.bmp). dna cHuxe-
HUS TPYHOEMKOCTM Tpoliecca 00pabOTKM TaHHBIX AMCIEPCHOTO cOCTaBa Oblia pas3pa-
OoraHa crneuunanbHas nporpamma DUST, kotopas mo3BosisieT MPOBOAUTH LUGPOBYIO
00paboTKy MOJYYEHHBIX MUKPOGOTOrpaduil MbIIEBBHIX YaCTUIl M TOJYYUTH PN Xa-
PakTepUCTUK TN ((akTopbl POpMbI, KOIDPUIIMEHTH CHEPUIHOCTH U UX KOPpPEIs-
IIMOHHBIE 3aBUCUMOCTH JJISI YaCTUIl, UMEIOIIUX OMMHAKOBYIO CKOPOCTh OCENaHMUs).
C momomipio pa3paboTaHHONW METOAMKM AMCTEPCHOHHOTO aHain3a U MpOorpam-
Mbl DUST npoBeneHbI MpakKTUIeCKUE MCCIEI0BAHUS 110 OMpPEAeIeHII0 GPaKIIMOHHO-
T0 COoCTaBa TBLIM, COAepXKalleiics B BO3Myxe paboueil 30HBI MPEANPUATUI CTPONUH-
NOYyCTPUU, METAJTyPruyeckoil, XMMUUECKO U HeQTeXUMUYECKOH MPOMBILIIEHHOCTH,
MPeANPUATHIA TIO XpaHEHMIO U TepepaboTKe 3epHa, KakK caydailHbIX GyHKimit. Ha oc-
HOBE TOJYYSHHBIX PE3yJbTaTOB TOCTPOEHBI (DYHKIIMU KOHLEHTPAUUU U (YHKIIUH
Mpoxoja Kak MaTeMaTUUeCKHUe OXUAAHUS CIydalHbIX QYHKIIWI, TIOCTPOSHBI CEUeHUS
STUX CIYyYalHBIX QYHKUU 111 Haubojiee TUTHEHMYECKU U 9KOJOTUYECKH 3HAUUMBbIX

+
0

napametpos: C'), | c’ - C, , m ap. KpoMme TOro, BbIYMCIEHBI KOBapHalLMOHHbIE

GbyHKIIMK, ompeneseHbl BEPOATHOCTHBIE KOPUIOPHI M PSI APYTMX XapaKTepUCTHK,
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MO3BOJISIIOIIUX CYOUTh O XapaKTepe paclpeneeHUs YacTWIl IbLIM, 3HAaUYEHUSX KOH-
LIEHTpALMUA U JUCIIEPCHOM COCTaBe IMbUIU.

OCOOEHHOCTBIO TEXHOJIOTUYECKUX IPOLIECCOB MHOTMX IPOU3BOACTB SIBISIETCS
HaJu4yue pa3IUdyHBbIX MHIPEIUEHTOB, IOoJaBaeMbIX B o0opymoBaHue. [1losTomy HeoO-
XOAMMO pPacCMOTpPEHHUE Ipolecca MblJIEeBbIIeTCHNUS IS Pa3JIMYHbIX, XOTs Obl Xapak-
TEPHBIX, Pa3MEPOB YACTHUL M MUX IJIOTHOCTU, T.e. NModpakiMOHHO. BBuay Hanuuusa
001I€OOMEHHOI BEHTWISLIMM, TEIUIOBBIX ITOTOKOB, BO3MOXHBIX MECTHBIX OTCOCOB
pacrpesieJieHMe CKOpPOCTeli BO3AYIIHOTO IOTOKA BOJM3M TEXHOJOTMYECKOTO 060py-
MOBAaHUS MMEET CJIOXHYIO IMPOCTPAHCTBEHHYIO CTPYKTypy. Kpome Toro, 4acTulibl,
HauyMHas ¢ OonpeleeHHOTO 3HAaYeHMsI MacChl, MPaAaKTUUYECKM HE BCACHIBAIOTCS JaXe B
HEIOCPEeICTBEHHOM OJM30CTH OT MblIeNpueMHUKa. TakuM o0pa3oM, IIPOUCXOAUT Iie-
PEHOC YacTH YaCTHIl OT TEXHOJOTMYECKOTro 00opynoBaHUsI B pabodyio 30HY, a 3aTeM
ocelaHue MbUIM Ha TOBEPXHOCTh padoyveil MIoiagKu.

BBumy sToro mpencraBiseT 3HAUMTENbHBIM MHTEpEC pacCMOTpPEHHUE Ipoliecca
MaccoliepeHoca OT TEeXHOJIOTHYECKOTO O00OpyAOBaHMsS, 00IyBaeMOIO TIOPU3OHTAJb-
HBIM ITOTOKOM, IPU HaJU4YUU BEPTUKAILHOTO BOCXOISIIETO TEIJIOBOTO IMOTOKA WMIU
00J1aCTM BcachbiBaHMSI MECTHOTO OTCOCA TakKXe C BepTUKaJIbHBIM IMOTOKOM. Bo3Moxk-
HBI cleaylomuye Gu3ndeckKrue MOAean Mpoiecca MaccolepeHoca OT TeXHOJIOTHIECKO-
ro 0o0OpYyIOBaHMS: COBIAICHME HAIpPaBJIEHUS CKOPOCTEU IBMXXEHUS YacTUIl M BO3-
OYIIHOTO TIOTOKA B HampaBJICHUMU X; IMPOTUBOIOJIOXHOE HallpaBlieHWE NBUXEHUS
YaCTUIl U BO3AYIIHOTO ITOTOKA.

Jlns onmucaHUs Mpollecca MaccoliepeHoca MOIYT ObITh MCIIOJb30BaHbl pa3jiny-
Hble ypaBHeHUs, Hanpumep, Pokkepa-Ilnanka-Konxmoroposa, [Tontpssruna u op. B
OCHOBY MaTeMaTMYeCKOW MOJENM, OIMCHIBAIOIIEN BEpPOSTHOCThL Ipoliecca Maccolle-
peHoca B paccMaTpMBaeMOM OObeMe, HaMU IOJIOXEH IMOIXOM, MPeAJ0XEHHBIN Mpo-
deccopom E.N. borycnaBckum. C yuyeToM HauboJjiee CylIeCTBEHHbIX CTOXaCTUYECKUX
SIBJICHUU U OCpPeIHEHUs CKOPOCTel NBUXKEHMUS YACTUIL IO IJUHE TPACKTOPUM IOy~
yeHa (opMysia BEpOSITHOCTU MaccollepeHOca MBLIM OT TeXHOJOTHYECKOTO 060pymo-
BaHUS:

H Y ina
P=1-|1- f’*----—i k
exP. W, ]{H h)J {H ~h)]

-’]]ll(};l er_ :)z{ _]_—{2 . {6)

b,

Ananus BbIpaX€HUA (6) IIOKa3bIBA€T, YTO BEPOATHOCTb MACCOIIEPEHOCA HA HUXK -
HIOIO MOBEPXHOCTb IMPOU3BOACTBEHHOIO NMOMCIICHUA YMEHBIIACTCA C YBEJIUMYCHUEM

pacCTOAHUA 1 oT ucTouHMKA TbLIeBbIAETEeHUN. YeM OJiMKe UCTOYHUK TbLIEBbIAEIE-

HUM PpUOJIMXKEH K HUXXHe moBepXxHocTu nmoMeuieHus (H-h)->0,Tem 6osblie
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BesmunHa P->1. B cJydyac YyBCJIMYCHUA CKOPOCTHU BOCXOAAIICTO IMOTOKA ITPOUCXOOUT
YBCINYEHUE KOHLUCHTPAlMXU YaCTUIl MaJIOro pasMeEpa B 00beMe BbIlIE 30HBI MbIJIEBbI-
NeJeHuit. YBeIndeHue CKOpPOCTH HaberarIiero BO3OYIIHOTO IIOTOKa TMPUBOAUT K
N3MCHCHUIO HallpaBJCHUA NIBUXCHUA NMBIJICBbIX YaCTUIl U HAKOIIJICHUIO IbIJIU 3a UC-
TOYHUKOM MbIJIEBBIAECIECHUN.

,HIISI OLICHKHN 3aKOHOMepHOCTCﬁ pacnpoCTpaHCHUA IIbLIH, BbIOMBAIOILIEHCA OT
TEXHOJOTNYECKOI0 060pyHOBaHI/IH, NnpruHATa NTHTCHCUBHOCTD IBIJICHAKOIIJICHUA (l'[bI-

neocenanus) G, , KoTopas MpeacTaBiseT coboii KONMM4ecTBO MbIIU, oceBleit Ha 1 M’

on

miom@aan B €AUHULY BPEMCHU. HpC,Z[CTaBI/IB BEPOATHOCTL MacCCOII€pEHOCa P yepes
OTHOMIEHUE Macce, B])I6paB B Ka4€CTBE€ BPEMECHMU IIpolECCa T”:l CEK U NPUHAB hz :h,

MOXHO IMOJYYUTH CPECIAHIOI BEINUYNHY MHTCHCUBHOCTH IBIJICHAKOIIJICHUA Gon Ha I10-
BEPXHOCTH I10Ja MPOU3BOACTBEHHOI'O0 NMOMECIICHUA M 3aTEM BBIYUCIUTL MOIIHOCTH
NBIJICBBIACICHUA M3 TEXHOJIOTMYECKOTO 060py£[0BaHI/IH:

My =Gyl =G, PF.

= mpl| 2 oo, 2 (7}
T T Tt S fexpl—af i erflY. ).
360 03 P (I? a\‘ v p( G k) , f( ks )

HpI/I 9TOM ITapaMETPhl a U G OIIPEACIAIOTCA Ha OCHOBE 3KCIICPUMCHTAJIbHBIX

max

JaHHBIX N0 G, .

JlaGopaTopHbIe 3KCTIEPUMEHTHI IO MCCIET0BAHNIO 3aKOHOMEPHOCTEN MPOIIeCcCOB
pacrpocTpaHeHUs M OCeaHMs TIbUTM B paboueil 30He TPOBEAEHBI Ha MOMESIX BUHTO-
BBIX M JICHTOUHBIX KOHBEWepOB, B y3JIax MEePEChINIKM U 3arpy3Kh B eMKOCTHOE 000py-
noBaHWe. B KauecTBe MccienyeMoro MaTepuaia UCIoIb30Balach Mblb, OTOOpaHHAs
M3 Ta30X0M0B M OYHKEpPOB MbLICYJaBIMBAIONINX allapaToB B CUCTeMaX 00ECITbIIH-
BaHMS Ha MPOM3BOJCTBAX CMIIMKATHOTO KMpIHYa, achaabTOOETOHHBIX cMeceid, Moj-
TOTOBUTEJIBHBIX 1IeXOB IIMHHBIX 3aBOJIOB, 3aBOJIOB TEXHMUYECKOTO YIJepoaa, Melb-
HWI[ TIIEHNYHOTO W PXAHOTO MOMOJa, KOMOMKOPMOBBIX MPOM3BOACTB. B Momenun
TeXHOJOTMYECKOTO 000pyIOBaHMS MOIaBaJICs MaTepua, 1Mo TUCTIEPCHOMY COCTaBy M
OU3NKO-XMMUYECKIM CBOMCTBAM MICHTMYHBIM MBI, BBIACISIONIEHCS] TPU COOTBET-
CTBYIOIIIEM TEXHOJIOTMYECKOM ITpoIiecce.

OCHOBHBIM (DaKTOPOM, BITUSIOIIMM Ha OCOOEHHOCTH pacripeeieHUs UHTEHCHB-
HOCTH OCEIaHUs TIbUIM, BBIAEISIONIECS OT 00beMHOTO MCTOYHMKA, SIBISIETCSI CKO-
POCTb BO3IYLTHOTO TIOTOKA. B ciyyae TMHEWHOro MCTOYHMKA XapakTep pacrpocTpa-
HEHMS TIBITY, B OCHOBHOM, OTpEeAessIeTCsl HalpaBJieHueM BO3IYIIHOTO MTOTOKA 1O OT-
HOIIIEHWIO K OCH MCTOYHWKA TbIIeBbIAeeHUs. [Ipn yBeTMIEHUN CKOPOCTH BO3oyXa
pacmupsieTcsl 06J1acTh pacTipOCTPaHEHUS TIBUIM, BHIOMBAOLIEHCS OT 0OBEMHOTO MC-
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TOYHMKA TbUICHMUS. AHAJIOTMYHAs KapTUHA HaOJII0daeTcs NpU PacIOJOXCHUU IIPH-

TOYHBIX M BBITSIKHBIX OTBEPCTUN MEPHEHAUKYIAPHO OCU JMHEHHOTO MCTOYHHUKA.
BeauyrHa HOpPMaJbHOM COCTABISIONIEH CKOPOCTUM BhIOMBAHMS PE3KO yMeHbIa-
eTcs Mo Mepe ymajeHus OT MCTOYHMKA MbUIeBbIAeAeHMIA. BMecTe ¢ TeM, BO3OyIIHbIE
i TeyeHMs MOAXBATBIBAIOT Meakue yacTuubl ¢ d, < 10 MKM M pa3HOCAT MX Ha Gonbluue
paccrosdHuss. MHTeHCHBHOCTD ocelaHus Haubojee KpymHbIX yactul ¢ d, > 100 Mk
HMeeT MaKCUMYM MpPU PacCTOSIHUSX OT MoJeau McToyHuka nbuieHus 0,1- 0,2 m. Ha
puc. 7 B KauecTBe MpMMepa MOKAa3aHa 3aBMCHMOCTb, MMECIOLIAs BHI, AHATOTMYHbIIL

KkpuBoii 'aycca, KOTOpyl0O MOXHO MaTeMaTMYeCcKM OMUCAThb CAENYIOIIMMU YpaBHEHM-
eM

G =G g expi-aly Y erf{5), Glon = € JL ST (8)

M

G okiisou
nt

N |
"

G0 0l 03w 0F De Y ME O LU |y

: Puc. 7. WIHTEHCUBHOCTb OCEHAHMSI MbIJIM TEXHMYECKOrO YIjaepoja, BhIOMBAIOLIEHCS
' OT LIHEKOBOIO TPaHCIIOPTEpa:

1 - mpu momepeyHOM OOTEKaHMM IIHEKa BO3MYXOM; 2 - y TOpla IIHeKa MpH
MpOJOJbHOM OOTEKAHUU BO3AYyXoM; 3 - Ha paccrtosgHuu 0,5 M OT TOpua npu

MPONOJbHOM OOTEKAaHMHM BO3AYXOM; 4 — Ha pacCTOSIHMM 1 M OT Topla mpu

NMpOJOJbHOM OOTEKAHUU BO3AYXOM
Ha ocHoBe mojyuyeHHBIX pe3yJbTaTOB pa3paboTaHa METOAMKA SKCIEPUMEHTalb-
HOTO OMpEAeJeHUS] MOLIHOCTU MbIJIEBbIACIEHUS OT TEXHOJOTMYECKOTO 00O0pYAOBa-
HUS 4epe3 MHTEHCUBHOCTDb MbIJIEOCENaHUS, OTIMUYMEM KOTOPOM SIBJISIETCS] 30HMPOBA-
HUE TTOBEPXHOCTHU MbLIEOCENAHMS.
[pennoxennas MeToAMKa  ampoOupoBaHa s psaAa  MpeAnpuiATUi
CTPOMUHAYCTPUU, IPEANPUITUIA MO XpaHEHUIO U NepepaboTKe 3epHa, MpPeANpUITUI

MeTaJJIypTMYeCcKoil, XUMUYECKO M HedTeXMMHYECKON MpoMmblllIeHHOCTH. Ha ee

OCHOBC mpoBoaUJIaCh OILICHKa CTCIICHU TF€pMETUYHOCTU TEXHOJIOTUYECKOTO
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000pyIOBaHUs, TOCTATOYHOCTH ACTMUPAIIMOHHBIX 00BEMOB BO3IyXa U YCTONIMBOCTU
paboTHl cUCTeM acmupalny, a TakXe OBUTM TOJy4YeHBl WCXONHbIE NaHHBIE IJIsT
pacyera pucKa BO3HUKHOBEHUs aBapuii M OIEHKU B3PHIBOTIOXApPOOE30MacHOCTU
TIPOU3BOJICTB.

AHaAJOTUYHBIE WCCIEeNOBaHUs ObUIM TIPOBEAEHBI JJISI CIydyaeB PacCIIOJOXEHUS
paboueif 30HBI HAa MPOMBIIIUIEHHBIX TUIOMIAAKAX MPEATPUATHS, KOTa UCTOUHUKH BbI-
JIeJIEHWs] TTBITM MOTYT pacCMaTpUBAaThCs KaK HEOPraHW30BaHHBIC MPU3EMHBIE UCTOY-
HUKU BBIOpOCOB. [Ipu 3TOM 0COOBIT MHTEpeC MPEACTaBisieT U3ydeHe 3aKOHOMEPHO-
CTell MPOIECCOB pacTIpPOCTPaHEHUsT B aTMOC(HEPHOM BO3IyXe B3BEIIEHHBIX YACTUIL OT
UCTOYHUKOB C Pa3BUTOU MOBEPXHOCTHIO 1 HEPABHOMEPHOCTHIO 11O MTOBEPXHOCTHU TIBI-
neBbineeHnii. [lomydyeHBl aHamUTUYeCKWE 3aBUCUMOCTH, XapaKTepU3YIOUIue KOH-
LIEHTPALINIO 3aTrPSI3HSIONINX BEIIECTB B paOOYNX 30HAX HA TEPPUTOPUU TIPEITTPUSITUS:

b M(I-P)

i .
Co=-: f—r1 —dS=-1C,{i- P)S, 9
o Ssj A= Pk )

:
IWUW W -,
rie P= |[1-ex ———-"'——:—( e I‘i) exf (Y oSS . (10)
5 ; H;;WXII_kWZIWX -h zs'

Takum o6pa3oM, aHAIUTUYECKU IOKA3aHO, YTO KOHIIEHTPAIUs B3BEIIEHHBIX
BEIIECTB Ha yIaJleHU! OT HEOPTraHW30BAHHOTO MCTOYHUKA BHIOPOCOB C MEPEMEHHOU
TJIOTHOCTHIO TIBUIEBBIICTICHUSI 3aBUCHUT OT pacIipeieSieHUs] TUIOTHOCTU TIbUIeBBIAEIIE-
HUS TO TIOBEPXHOCTH, BBICOTHI MCTOYHWKA M Apyrux daktopos. OrmpeneieHHOe
BJIMSIHUE MOXET OKa3biBaTh KOHCTPYKIIMSI M OPHEHTAlUsl YKPBITUSI, €CIi OHO Oymer
YCTaHOBJIEHO HA HEOPTAHU30BaHHOM UCTOYHMKE BEIOPOCOB.

[MonyyeHHbIe SKCTIEpUMEHTAIbHBIE JaHHBIE MONTBEPXKIAIOT, YTO HE3aBUCUMO
OT HaIpaBJIeHUS] BeTpa KOJTUYECTBO OCENAIONIell Ha IMOBEPXHOCTU TBUIU (HATIpUMeEp
OT OTKPBITOTO CKJIa[ia XpaHeHUSI MecKa) U3MEHSIETCS C PACCTOSTHUEM 110 9KCTIOHEHIIH -
anbHOMY 3akoHy (puc. 8). IIpu 3ToM omnpenensiomum ¢GakTopoM sIBISIETCSI CKOPOCTb
BeTpa. O6paboTKa pe3yabTaTOB KCIEPUMEHTOB TO3BOJIIIA TOJYIUTh PErpecCUOH-
Hble 3aBUCUMOCTH, XapaKTepU3ylolie W3MEHeHWe IUIOTHOCTU TMbUleoceqaHus Ha
Pa3IUYHBIX paccTosTHUSIX X (TOe y - paccTOsSHUE OT MUCTOYHUKA, OTHECEHHOE K €ro
JUTMHE) TIPY Pa3JIMYHBIX CKOPOCTSIX M HAIPaBJICHUSX BeTpa B KOHKPETHBIX YCIOBUSIX.
AHAJIOTUYHBIN XapaKTep MMeeT PaclpoCTpaHeHWe KOHILEHTPALWil IMBIIX B aTMO-
chepHOM Bozayxe (puc. 9).

OTH uccliefoBaHUs JIETJIU B OCHOBY METOAMKHU ITOJHOTIO o0cenoBaHus npen-

HpI/IHTI/II7I KaK UCTOYHUKOB IIbIJIEBOTO 3arpA3HCHUA BOSHyHlHOfI Cpeabl.
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oy

t. & =125exp(-0,12%)

2.

7 =8,08¢exp(- 0.047)

~

3G =924exp(- 0,227)

4.

73 =13,38expl- ,08%)

o

5. G =29,14expl~ 0,23%)

] Puc. 8. M3meHeHME IUIOTHOCTH IIBLIEOCENAHUSA OT UCTOUYHMKA BHICOTOH 3 M ¢ pac-
_ CTOSIHMEM TIpU CKOPOCTH BeTpa V' <2 M/c U Npu HampaBJeHUSX BETpa OTHO-
( CUTEJILHO MPOIOJIBHON OCH MCTOYHMKA MOM YIJIOM:

1-20° 2-40°, 3-50°;4-60° 5- 80°

3
Co, Mrim

X
Puc. 9. 3anbiieHHoCTh aTMOC(epHOro BO34yXa Ha BbICOTE€ 3 M Ha pa3jMYHbBIX pac-
CTOSTHUSIX OT OTKPBITOTO CKJIafa XpaHeHWs Iecka MpU CKOPOCTH BeTpa
V<2 M/c 1 Tpu HampaBIeHUsIX BETpa OTHOCUTEIBbHO TMPOJOJIbHON OCH HUC-
TouHuKa mox yriaom: 1 -20°% 2-40° 3 - 50°; 4 -60° 5- 80°
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Ha MHoOrux mpeanpusiTusix, HampuMmep CTPOMMHAYCTPUHU, BBHIOPOCHI BO3MyXa C
OCTAaTOYHOU 3HAYMMOCTBIO MIPOU3BOMASTCS Ha BHICOTE 2 - 6M OT MOBEPXHOCTH 3€MJIU.
DTO CcrMocoOCTBYET YBEIMUEHUIO, M YACTO CYLIECTBEHHOMY, KOHIEHTpAIMU MbLIA U
npeBbimieHnio HopMmatuBoB [1IK. B pe3synbraTe cocTossHMe BO3AYIIHON cpembl pabo-
YMX 30H Ha TEPPUTOPUU MPEANPUATUS U Ha MPUJIETAIONINX TEPPUTOPUSIX OKa3biBaeT-
csl HeymoBIeTBOpUTENbHBIM. ClienoBaTebHO, BOMIPOCH CHUXEHUST MOIIHOCTH TbLIe-
BbIX BBIOPOCOB MOCJIE MHXEHEPHO-IKOJIOTUUYECKHUX CUCTEM aKTYaJbHbl U B Psae CIy-
YaeB JOJIKHBI PelIaThcsi KOMIUIEKCHO ¢ IPYTMMHU BOTIPOCAMU OOECTIBIIMBAHUS.

Ins moBbieHUsT 3)GEKTUBHOCTU CHUXXEHMS MOIIHOCTH BBHIOPOCOB OT MHXKeE-
HEPHO-3KOJOTMYECKUX CUCTEM MbLICOYMCTKY ObUIM Pa3pabOTaHbl CXeMbl KOMITOHOB-
KM YCTAaHOBOK OOECMBbUIMBAHMSA U MOAU(UUMPOBAHHbIA PSL annapatoB ¢ MCIOJIB30-
BaHMEM TPUHIIMIA BCTPEUYHBIX 3aKPYYEHHBIX MOTOKOB (TIBLICYJIOBUTENHU, MbIIEKOH-
LIEHTPATOPbI, MbLIEYIOBUTEIN-KONIEKTOPBI, cemaparopsl, oTBeuBarenu) (puc. 10),
Ha KOTOpbIE MOJyyeHOo 0oKoJo 30 aBTOPCKUX CBUAETENbCTB M IATEHTOB Ha M300peTe-
HUe, a TAKXe MAaTeHTOB W CBUAETEJbCTB Ha MOJE3HbIE MOIEIH.

OnHMM U3 Takux amnmapatoB sBiasgercsa ammapat BUIL. XapakTtepHoe oTinuue
TaKOTO TbLICYJTOBUTENSI OT IIMKJIOHHOTO ammapara COCTOMT B TOM, YTO KpPOMe TPaju-
LIMOHHOTO TaHTEHIIMAJIbHOTO BBOAA 3aMbLIEHHOTO BO3dyXa OCYIIECTBJSETCS BBOJ
BTOPMYHOIO MOTOKA IO OCHM ammapaTta B HUXHel ero yactu. OcobeHHoctoio BUIIL, B
OTJINYME OT aHAJOTWYHBIX ammapatoB Tuma B3II, sBasercss To, 4yTo 3aKpyuumBaTesb
BTOPUYHOTO MOTOKA BHIHECEH 3a Mpelesibl KOpryca, U3MEeHEHbl pa3Mepbl U Pacroo-
KeHMe HEKOTOPBIX 2JIEMEHTOB armmapaTa, YTo MO3BOJMJIO TOBBICUTh HAaJIEXHOCTh pa-
00THI ammapara u ero 3(gdekTuBHOCTh. PazHoBuaHOCTSAMHU anmnapata BUII asnsioTcs:
ammapar ¢ OTCOCOM BO3/yXa U3 OYHKEPHOIi 30HbBI, MbUIEYJIOBUTENb C MPEABAPUTEb-
HBIM pa3lefieHUeM TMOTOKOB M OpraHM3alueil oTcoca M3 OYHKEPHOI 30HbI, BEpPTH-
KaJbHBIN KOJIEKTOP-TBIIEYJIOBUTEb C HECKONbKUMU BEPXHUMU BBOAAMU; TOPU3OH-
TaJbHBIM KONJIEKTOP-TIbIIEYIOBUTENb.

Ipu m3yyeHUM mpoliecca MbUICOYUCTKM B BUXPEBOM ammapaTe CO BCTPEUHBIMU
3aKpYYEeHHBIMU TMOTOKAMM OBUT MCIOJBb30BaH TOT (aKT, YTO MAcCOMEPeHOC B HEM
MPOUCXOIUT U3 HECKOJbKMX BXOAHBIX 30H. B o0lieM ciyyae B ammapate MOXHO yc-
JIOBHO BBIIENUTh CIENYIOUIME TPYMIBI 30H: 30HBI A; - 30HBI BbIXOAA MOTOKOB U3
BEPXHMX BXOAHBIX MaTpyOKOB; 30Ha B - 30Ha BXoma HMXHEro MOTOKA B KOPIYC ar-
napaTa; 30Ha MepeTokKa YacTH HUXKHETO MOTOKAa HEMOCPEACTBEHHO B OYHKEp - 30HA
1. Ing xkaxnoi u3 30H U3 ypaBHEHMsI BEPOSITHOCTU MaccollepeHoca B IMJIMHApUYe-
CKOIl cucTeMe KOOpIMHAT aHATUTUYEeCKUE 3aBUCUMOCTHU, XapaKTepPU3YIOIIe BepOsT-

HOCTb yJiaBnuBaHus yactuubl (P, , P,). C y4eTOM €ro OCHOBHbBIX KOHCTPYKTUBHBIX
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rapamMeTpoB, pexXuma ero paboThl M CBOMCTB IMOCTYIAIONIETO AMCIIEPCHOTO IOTOKA
9TU 3aBUCHMOCTHU OyIyT UMETh BUM (HampuMmep, s 30HbI B):

P, =|1- cXP(—l(I - Vs )Rsr)' Exp(— I_‘:_(_l _W”’/V’R)'Rh'—)]erf &f_._ 05K, ¥ 0.5
- WealVem Y&y — Rer) 207h{z, ~ 1)

a Asmopckue 6
ceudemenvcmea -
Ne 1445761 =
Ne 7984 u 1p. J?P
-
llamenmor PO Lj
Ne2124384 TN
Ne2137528 =+ @
Ne2142323 S
B No2176935 1 1p. !
T‘ llamenmot u ceu- r“'.'n:]lT
’ M o — ! ‘ | demeascmea PP el i]
| | i | t Ha nosesmyio mo- rT_Jr:’ 'T": E
' L—{ i ‘ denb ’ | &
—oAn || Ne 12919 r'rr
\_ I Ne 17457 ‘ L =T
Ne 16701 I
Ne 19642 VT
A Ne 25853 |
I_T Ne22061 u gp. 1 I
| ‘ e -
Lo !
Lr; z”/:]'ﬂ_u-" \”_-J i
7o o i : B
! | i [— . l e b
u i s Ji g
V ; A, /
i / IA !/ |

Puc. 10. Cxemsl pa3paboTaHHBIX KOHCTPYKIIMI arrmaparoB:
a - neuieyaoButeb BUIT, 6 - MbUIEKOHLEHTPATOP; B - TOPM3OHTAIbHBINA
KOJUIEKTOP-ITbLICYJIOBUTEb; r - BEPTUKAJIbHBIN KOJLIEKTOP-
noeuteyaoButeab KIT-B3I1; o - BepTuKaabHBIN armapaT OTBEMBaHUS

BAOT-3; ¢ - ropu3oHTalbHBIN LEHTPOOEXKHBIN pazaeauteas ['LIP-200-4
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OpaximoHHass 3QGeKTUBHOCTb arnmapaTa B LEJIOM MOXET ObITb ONpejesieHa Ha
OCHOBE BEPOSITHOCTH CJIOXHOTO Tpollecca obecblInBaHus 0 (hopmye:

N N
P= memm +Pgmy +Pymy / me +mp + Mg | (12)

i=1 [ Nist

C 1e/blo ONTUMM3AIKMKM PEXUMOB pabOThl BUXPEBBIX allapaToB CO BCTPEUHBIMU
3aKpPYYeHHBIMU TOTOKAMU TMpPU HAJMUYMUM CTYNEHYATHIX OTKJIOHEHWU pacxoja BO3yxa
Ha BXOJIe B CUCTEMY TbLIEOYMCTKHU U OTCOCa U3 OYHKEPHOI 30HBI arrmapaTa MnpoBejie-
HbI JJabopaTopHbie U OMBITHO-TIPOMBIIIJIEHHbIE UcCaefoBaHus. [loaydyeHHbIe pe3yiib-
TaTbl MOKa3anu, 4to npu ymeHbuieHuu nmapamerpa K, mpu K, < 0,15 u Bospactanuu
ero pu K, > 0,35 ymenbmaerca 3¢ deKTuBHOCTb MblIEOUNCTKH (puc. 11 a) u Bospac-
TalOT MoTepu AaBaeHus (puc. 11 6 ), YTO MPUBOAUT K HEMPUEMIIEMOMY PEXUMY pa-
0OTBl KaK OTHENbHBIX ammapatoB, Tak M Bceil cucteMbl B 1enoM. OcyliecTBieHUe
oTcoca Bo3lyxa M3 OYHKEpHOIl 30HBI ammapaTa B obbseme K = 0,15 - 0,25 mosbimaer
3 GeKTUBHOCTD MBIJICOYMCTKM U TPUBOAMT K CHUXEHUIO ad3POJUHAMUYECKOTO CO-
MpoTuBIeHUs amnmapata (puc. 11 0). YBenuueHue BeJMYMHBI CKOPOCTM BO3IYLIHOTO
MOTOKA B CPEIHEM CEYEHMM TbUICYJOBUTENS MPU MOBBINIEHUN YIaBIMUBAIOIIEH CIO-
cobHoctu ammapata (puc. 11 a) compoBoXmaeTcsl CylIeCTBEHHBIM BO3pacTaHUEM a3-
porMHaMuYeckux motephb (puc. 11 6). DKcmepuMeHTalbHBIE MCCIEIOBAHUS ITOKa3a-
JY, YTO MPU YMEHBIUEHUU OTHOLIEHUS KOHIIEHTPALMU MbUIM B HUXHEM M BEPXHEM
1oTokKax 3¢ eKTUBHOCTH MbuteouncTKY anmapara BUJI yBenuunBaeTcs. YBennueHue
OTHOIIIEHHUS 3alblJICHHOCTH B MOTOKAX, MOJAaBAaeMbIX HAa HUXKHUN W BEPXHUN BBOJIBI
nblIeyoBuTeNsl, HauumHas ¢ 0,3 He oka3bIBaeT BIAUSHUS Ha 3G(HEKTUBHOCTD TbLIEO-
YUCTKHU.

YcTaHOBIEHO, YTO MpPY 3HAYEHUSIX BEJIUYMHBI COOTHOIIEHUS PAcXOJOB BO3/yXa,
MoJlaBaeMoro yepe3 HUXHUI BBOJ amrmapara, ¥ oOIIero, MoCTyMawuero Ha OYMCTKY
B anmnapart, B npegenax 0,25 < K, < 0,4 yacTuusl B cenapalMOHHOI KaMepe ABUXKYTCS

KOHCOJIUANPOBAHHOM JIeHTOH (mHYypoM), (puc. 12 a). Ilpu apyrux 3HauYeHUSIX BeIU-

YUHBI COOTHOIIIEHUST PACXOMOB MPOMCXOAMT pa3MbiBaHKe HIHypa (puc. 12 6).
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Puc. 11. BOkcnepuMeHTalbHbIE 3aBUCUMOCTHU, XapaKTepU3YIOLIUE PEXUMbI paOOThI
anmapata BUII ¢ orcocoM 13 OYHKEpHO# 30HBI:
a - 3((GEeKTUBHOCTH TMBIIEOYNCTKU OT OTHOILIEHUS Pacxoa, MojaBaeMoro
& annapaT Yepes upxawl Brog, k obmeMy: 1. 2.3, 4 —apu ¥V ~ 33 u Kone
=01, Ko = 0,2, Kppe= 0,25, K= 0,3 coorseteraenHo: 5, 6, 7, & - np

V=430 K= 0,1, Kome= 0.2, Ko 0.25, Kome= 0,3 cootsetcTaento; 9,
10, 11, 12-nipn ¥ = 5,3 8 K= 0,1, Ko™ 020 Ko™ 0,25, Kne=0,3 co-
otseTcTRelHY; 6 - kosduumcHTa £ OT YCAOBHOM cKOPOCTH f ,2,3-

mpu K, =0u K =0,1, K,= 02, K

ome ome

npu K,=02u K =0,1, K. =02, K

ome 0TC=

npu K,=0,3 u K, .= 0,1, K, =0,2, K = 0,3 cooTBeTCTBEHHO

ome

= 0,3 cooTBeTCTBEHHO; 4, 5, 6 -
0,3 coorBercTBeHHO; 7, 8, 9 -

Hcnonb3oBaHue pasnennTeneli-KOHIIEHTPATOPOB HE TOJbKO TMO3BOJISIET TMOBbI-
CcUTh 3G PEKTUBHOCTD yJIaBIMBaHUS, HO U o0ecreynBaeT 6oiee yCTOMYMBYIO paboTy
CHCTEMBI MBUICOYUCTKU Gnaromapsi bonee IIMPOKOMY AuanazoHy usMmeHeHus K. Ilpu
WCCIEIOBAaHUM  TapaMeTpoB  3aKPYYEHHOTO  TEUEeHWsST B pasleluTelNsIx-
KOHIIEHTpaTOpax M B ammaparax OTBEMBaHUSI OCOOCHHOCTH JIOKAJTbHOM CTPYKTYpPBI
MIOTOKA M €r0 MHTerpajibHble CBOMCTBA XapaKTepu30BalIUCh (HOPMITAPAMETPOM KPYT-

KH.
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a

Puc. 12. ®ororpaduu IBMXEHMS YaCTUII KOKCOBOM ITBIIM B CelMapallMOHHOM Ka-
Mepe BUXPEBOTO aliapaTa cO BCTPEUYHBIMU 3aKPY4eHHBIMKI
notokamu BUII-1 80:

a - KOHCOJIMIMPOBAHHBIN IIHYP; 6 -- pa3MBITHII ITHYD

[Ip11e0UNCTHBIE YCTPOUCTBA, B TOM YMCJIE U CO BCTPEYHBIMU 3aKPYYEHHBIMU TI0-
TOKaMH, TPEICTaBIAIOT CO0OM, KaK MpaBWUJIO, ammapaTbl C YETKO OINpeaeJeHHOI
dbpakunoHHOi 3¢ deKTUBHOCTBIO 1, . OnHAKO, KaK OTMeYaJocCh BbIIE, BCJIEICTBUE
M3MEHEHUI B TEXHOJOTMYECKUX TMpolleccax B anmapaT Ha OYMCTKY MOXET IMOCTyMaTh
MBLTb C U3MEHSIOMIUMCS TUCTIEPCHBIM COCTaBOM, U 0011as 3¢ GeKTUBHOCTD €ro B 3a-
BUCUMOCTH OT CJIyYalHBIX CKAYKOOOpa3HbIX M3MEHEHMI TEeXHOJOTUYECKUX IapaMeT-
poB mpouecca OyaeT MeHSIThCS ciaydyaiiHbiM obpasom. Torma oburyio 3¢heKTUBHOCTD
1M, MOXHO BBIPa3uTb (OPMYJION:

K aman ( 1 3)
= I @OdD@y) = [n,(dy1dD,).
i

A

Mockonbky D(d,) - cayvaitHas GyHKuUMSA, TO 17, TakxKe sABAsSETCS CAy4allHOI Be-
nuyuHoi. O4eBUIHO, 4TO 06Iast 3 (MEeKTUBHOCTD Mpoliecca MbUICOYMCTKHU 3aBUCUT
HE TOJIbKO OT MPOEKTHbIX XapaKTEepUCTUK armnapara, HO U OT BEPOSITHOCTHOTO pac-
npeejeHus 3HaueHni# B ceyeHusaAx dyHkunu npoxona D(d,) Ans meliu B moctynato-
1eM Ha OYMCTKY raze. B kauecTBe mpumepa Ha puc. 13 mpeacraBieHbl KCIIEpUMEH-
TaJibHble 3HAUYEHU S MATEMaTUYECKUX OXUAAHUT HpaKIIMOHHOW 3G PEeKTUBHOCTH pa3-
JUYHBIX TBIJIEOYMCTHBIX ycTpoiicTB (mmkinona, BUII, BHUII ¢ orcocom u3 GyHKepHOM

30HBI M PyKaBHOTO (UIbTPA) C MOJIYYCHHOU dKCIIepUMEHTaAbHO PpaKIIMOHHOM! 3(d-

CbCKTI/IBHOCTbIO yjlaBJIMBaHUA KOKCOBOW IIBIJTH.




" Puc. 13.
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DKcnepUMeHTaIbHbIe 3HAUCHUST MaTeMaTUYECKUX OXUIAHUN (DPaKLIMOH-
HOIl 3((EKTUBHOCTH YIaBIMBAHUS KOKCOBOM IBbLIM UIS IbIJIEOYMCTHBIX
armnaparosB:

1 - muknon CLH -40; 2 - BUII; 3 - BUII ¢ orcocoM u3 OyHKepHOI 30HEI

npu K _=.0,1; 4 - pykaBHBI QUILTP

ame

OYHKIUKY TIOTHOCTH pacrpeaeneHust obmmeid 3¢hdOEKTUBHOCTU MbIICOYNCTKH

KOKCOBOM TMBITM IS 9THX YETHIPEX ammapaToB, pacCuUTaHHbIe 1Mo dopmyre (13) Ha

OCHOBaHMU ciydailHoi Qynkumn D(d , ) u ¢pakumonHoil sdpektuBHOCTH M, (PUC.

13), mpencraBieHsl Ha puc. 14.

Puc.14.
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@OYHKINY IJIOTHOCTH paciipeaesieHusT obmieil 3(GeKTUBHOCTH OUYUCTKU OT
KOKCOBOI MbIIU JJIS1 aliapaTos:
1 - uuknon CLIH-40; 2 - BUII; 3 - BUII ¢ orcocoM u3 OyHKEpPHOI 30HBI

npu K, _=0,1;4 - pykaBHbI1 GUIBTP
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AHanu3 3aBUCUMOCTEN, MPUBENEHHbIX Ha puc. 14, ToKa3bIBaeT, YTO, HAMpPU-
Mep, s anmapata BUIT ¢ orcocoM 13 OYHKEPHOI 30HBI ¢ BepOSTHOCTBIO 50% 3¢b-
(heKTUBHOCTD MBIICOYMCTKY OyleT HaXOMUThCs B Tpeaenax oT 86 mo 90%, ¢ BeposT-
HocThblo 20 % oHa OymeT HaXOAMTHCS B Tpeaenax oT 83 mo 93%, wu c elle MeHbIIIeH
BeposiTHOCTBIO (10%) oHa OymeT HaxOOUThCS B Ipeaeiax MeHee 83 wiam Goiee 93%.
Takum 0b6pa3zoM, oueBUAHO, YTO 3 HEKTUBHOCTH MPOLIECCa MbLIEOYNCTKY 3aBUCUT HE
TOJIBKO OT MPOEKTHBIX XapaKTepUCTUK armapara, HO M OT Cly4yaiiHoil GYHKIHUKM TIpo-
xofa D(d,) a1 mbuM B MOCTYMAIOIIEM HAa OYUCTKY rasze. AHaJOTMYHO MOXHO TIO-
CcTpouTh GYHKILMU MJIOTHOCTU pacipeesieHus ob1ieil KOHIEHTPAM KOKCOBOW TIbI-
JIM Ha BBIXOJI€ U3 PA3JIMYHBIX MbIJIEOYMCTHBIX anlmapaToB (puc. 15).

W3 naHHBIX, TpeNcTaBIeHHbIX Ha pUC. 15, BUOHO, YTO AJs pyKaBHOTO (GUIbTpa
KOHIEHTpALUs TBUTK Ha BEIXOJle COCTaBUT OT 2,6 10 18,2 mr/M’, mns BUII ¢ otcocom
U3 GYHKepHOii 30HbL - oT 20 g0 45 mr/M’, misg BUII - ot 30 go 70 Mr/M’, A LUKIO-
Ha - oT 40 1o 130 mr/m’. Ha ocHOBaHMU MOJIy4EeHHBIX 3aBUCUMOCTEH MOXHO OIpe-
NIeJIUTh, C KAKOH BEPOSTHOCTBIO BO3MOXHO MOJTyYeHUEe MUHUMATbHOU KOHIEHTPallu 1
MbIIM Ha Bbixozie. [1o aHaornyHoi cxeMe MOXHO TIOCTPOUTh 3aBUCUMOCTU DYHKILIM I
IJIOTHOCTY pacTpeneseHus ISl CiydaitHoil YHKIIMY MPoXoJa ISl YaCTHUIL C pa3Me-
pamu He 6onee 2,5 wiu 10 MKM.

fr, %
b

| |

-
]
|
H

i C,, mr/M’

160 180 200
Puc. 15. ®yHKUMY TUIOTHOCTH pacrpenesieHUs o0Ield KOHIIEHTPpAalluy MbLIY Ha

BBIXOJIe U3 IBLICOYUCTHBIX aliaparoB:
1 - nuxnon CIHH-40; 2 - BUII; 3 - BUII ¢ oTrcocom u3 OyHKepHO 30HBI

ome

npu K =0,1;4 - pyKaBHBII QWILTP
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Takoii MoOAX01 MO3BOJUT HE TOJHKO B CPEIHEM OLEHUTh OXuIaeMylo 3ddek-
TUBHOCTb M OXMIAeMOE TMbUIEBBIIENEHUE B OKPYXAIOIIyl0 Cpeny, HO U OICHUTH Be-
POSITHOCTH TIPEBBIILIEHUS PAacCMATPUBAEMbIM TMapaMETPOM YCTAHOBJIEHHBIX HOPM
TpeaesbHO TOMYCTUMBIX BHIOPOCOB. B Hactosiiee BpeMsi HOpMUPYETCS TpeaeibHO-
JOMYCTUMBI BBIOPOC MBIIM B aTMocdepy, XOoTd Oojiee Iienaecoo6pa3Ho ObUIO OBI TO-
BOPUTb O HOPMMPOBAaHMM MOILIHOCTH BBIOPOCOB YACTHUI[ TMBLIM C OMPEAENCHHBIM pa3-
MEpPOM U OLIEHUBATh BEPOSITHOCTU TIPEBIMICHUSI KOHIEHTPAIIMU 3TUX YaCTUI] HOPMMU-
pYeMBIX 3HAUEHUIA. ’

Kax oTMeuanoch BbIllle, OAHUM M3 CIIOCOOOB TOBBIIEHUS 3(PGHEKTUBHOCTU
WHEPLMOHHBIX anmnapaToB MOXET CJIYXUTb OpraHU3alusl oTcoca U3 OYHKEepHOi 30HbI
armapara, 4To MO3BOJISIET: MPEAOTBPATUTh IMbLIEBbIIEICHNE TTPU BBITPY3KE YJIOBICH-
HOTO MPOAYKTA; YMEHbIIUTH abCOJIOTHOE 3HAUYEHUE AaBJIEHUs B ammaparte, 4To, B
CBOIO ouepellb, NMPUBEACT K CHUXEHUIO BHIOMBAHUS TIBLIW; MCKIIOUYUTH YCTAHOBKY
IIJTI030BOTO TTUTATENIs, YTO TakXe obecrneyrBaeT CHUXKEHUE KOJUYECTBa IbUIM, BbI-
OuBalolIeiics U3 anmapaTa NblJICOYUCTKH; TOBBICUTh HAIEXKHOCTh PabOTHI CUCTEM ac-
MUpaluy B pe3yibTaTe CHMXEHUs BEPOSITHOCTU 3abuBaHus ammaparta. [lpu sTom
MOXET OCYLIECTBISTHCS BO3BPAT YJIOBJIEHHOTO MPOIYKTa B TEXHOJIOTMYECKOE 000py-
JOBaHWE, WHXEHEPHO-3KOJOTUYECKYIO CUCTEMY WM WHXEHEPHO-3KOJIOTMYeCKoe
obopynoBanue. OcobeHHO IieJiecoo0pa3Ha cxeMa KOMIIOHOBKM C BO3BPAaTOM YJIOB-
JICHHOTO TPOAYKTa HA BXOJ B CHUCTEMY TMPU PEKOHCTPYKIIMHU CYIECTBYIONIIUX YCTAHO-
BOK TBIICOYMCTKM MPU 00beMe oTcachiBaeMoro Bodayxa g0 10 - 15% ot o6iuero
pacxona, MOCTYMAIEro Ha OYUCTKY, C YYETOM MPOU3BOAMTEIHLHOCTH U Haropa yc-
TAaHOBJIEHHOTO BEeHTWJATOPA. [Ipy TPOEKTUPOBAaHUM HOBBIX OOBEKTOB IMPEMIIOUTH-
TeJibHEe KOMITOHOBATh CHUCTEMY MBUICOUYMCTKM C Tofavell Bo3ayxXa, OTCAChIBAaeMOTO
13 OYHKEpHOI 30HBI ammaparta BTOPO#l CTyMeHU, Ha HUXHUN BBOJI ammapara IbLIeo-
YUCTKU MEpBOi cTyneHu. Takas cxema Mo3BoJisieT CHU3MTh TOACOCH BO3/yXa B yCTa-
HOBKE M MOXeT OBbITh peaqu3oBaHa TpU MPUMEHEHUM BUXPEBBIX ammapaToB CO
BCTPEYHBIMU 3aKPYUYEHHBIMHU TOTOKAMMU.

Ha puc. 16 mpeacTaBieHa cxeMa PEKOHCTPYMPOBAHHOW CHUCTEMBI MTBITEOYNCTKH,
oOcyXuBatonieil cymuabHbl O0apabaH kupnuuyHoro iexa CeOpsSIKOBCKOTo 3aBoia
acOecToleMEeHTHBIX u3aeauii. st nosbieHus 3G (MeKTUBHOCTH MBIJIEOYNCTKH, CO-
CTaBJISBINEN MO PEKOHCTPYKIUU CHUCTeMbl 54,4%, OCYIIECTBIEH OTCOC BO3IyXa W3
oynkepa Gatapen nukioHoB CIIH-40. OtcackiBaeMbIii TOTOK B 06beMe 15% oT 00-
miero oo6beMa TbIIera3oBoil CMeCH, MOCTyNalolleil Ha OYUCTKY, HarpaBiseTcs B arl-
napat BUI1-400 u 3areM - B KOJJIEKTOp OUYMIIEHHOTO Ta3za. B pe3ynbTrare mpoBejieH-

HOW PEeKOHCTPYKIMU 3(PGHEKTUBHOCTb CHCTEMbI MbIIEOYMCTKH Bo3pocna 1o 87,5%,
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4TO 0becneynsio CHUXeHMe MbUIEBBIX BEIOPOCOB B aTMocdepy ¢ 2,15 1/c mo 0,49 r/c,
M, COOTBETCTBEHHO, BaJIOBOTO BBIOpoca - ¢ 66,96 T/ron no 14,476 1/Tom.

Puc. 16.  Cxema CHCTEMBI MBLIEOYNCTKHU, OOCTYKMUBAIOIIEH CYLIIUIbHBII
OapabaH kuprnuyHoro nexa CeOpsKOBCKOTO 3aBoJa acOeCTOLIEMEHT-
HbIX M3ICHIA:
1 - cymmnbHbI OapabaH; 2 - ycTaHOBKA OaTapeiHBIX IIMKJIOHOB
CILH-40; 3 - xojiekTop OuYMINEHHBIX Ta3oB; 4 - mpiMococ JAH-11-
2A; 5 - anmmapat BUII-400

OnbIT 3KCMIyaTallid MHEPLMOHHBIX MbLICOYUCTHBIX aIMapaToB C OTCOCOM U3
OYHKEPHOU 30HBI TMO3BOJMJ MPEAJTOXUTh DSl HOBBIX CXeM KOMITOHOBKM CUCTEM
MBIJICOYMCTKU IBIMOBBIX Ta30B, OTXOMSIIUX OT CYIIMJIbHBIX OapabaHOB acdaabTobe-
TOHHBIX 3aBONOB.  CylIECTBEHHOI OTJIMYMTENbHON OCOOEHHOCTBIO Mpe/JiaraeMbix
CUCTEM SIBJISIETCSI OCYIIECTBJIEHUE pPa3MblKaHUsl KOHTYpa AbIMOCOC-IIbUICYIOBUTEIb-
PeUMPKYIASIMOHHBIN IIMKIOH ¥ BO3BPAT YJIIOBJIEHHOTO MPOJYKTa B TEXHOJOTMYECKOe
obopynoBanue. OnuMH U3 BAPUAHTOB CXEMbl KOMIIOHOBKU YyCTAHOBKHU MbIJIEOYUCTKHU
MmokKaszaH Ha puc. 17.

Takast cxema 1 ee MoAMGMUKALIMY BHEAPEHBI U aripoOMpPOBaHbI Ha psilie MPpearnpu-
STU oTpacau B Bosirorpaackoit oonactu. B pesynbrate o61as 3(pheKTUBHOCTD IbI-
JIEOUMCTKY YBeJIMUYUIaCh B cpeiHeM Ha 8 - 13%.

OnHUM U3 BaXHEWIIMX JOCTOMHCTB KOMIIOHOBKM CHCTEM TBIJICOYMCTKU U3
0JIOKOB aNMapaToB CO BCTPEYHBIMM 3aKPYYeHHBIMU TMOTOKAMM M pasdesuTeneii-
KOHIIEHTPaToOpOB SIBJIAETCSA TO, YTO JAMANa30H M3MEHEHMs OTHOLIEHMS DPacxoia,
10/1aBa€MOT0 Yepe3 HUXHUI BXOI anmapara, U oOILero, moJaBaeMoro Ha O4MCTKY,
MpyU  KOTOPOM  JOCTUTaloTCsl ~ MakCUMaibHas  3(PQPEeKTUBHOCTb  OYUCTKU U
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MUHHMAaJbHOE a9POIMHAMUYECKOE COMPOTUBIICHHE, paciuupseTcs u coctannseT 0,2 —
0,3. TakuM 006pa3oM, HMCIOJb30BaHKME pa3leNUTEICH-KOHIIEHTPATOPOB HE TOJIbKO
MO3BOJISIET TOBBICUTh CTEMEHb OYWCTKM, HO M Onaromaps Gojiee IIUPOKOMY
WHTEpBaTy WU3MEHEHHUS COOTHOILIEHMsI PacXodoB obecrieunBaeT Oojiee yCTOWYMBYIO

pa60Ty CUCTEMBI B LICJIOM.

Puc. 17. CxemMa KOMIIOHOBKM CUCTEMBbI MbIJICOYMCTKH TBIMOBBIX Ta30B OT CYLIMJIb-
HBIX GapabaHOB ac(hanbTOOETOHHBIX 3aBOJOB C PA30MKHYTBIM KOHTYPOM
TBIMOCOC-TTBIICYIOBUTENb - PELIMPKYIAIMOHHBIN IUKIIOH:
| - cymunbHbIi 6apabaH; 2 - pelMPKYISIIUOHHBIN IIUKJIOH BHYTPEHHETO
KOHTypa; 3 - BBIXOA OYMIIEHHBIX Ta30B; 4 - JBIMOCOC-TIBLICYJIOBUTEND
JH-10; 5 - BUII-400; 6 - mHek; 7- TpyOOIpOBOJ BO3BpaTa YJIOBIEHHOIO

MPOAYKTa B CYLIUJbHBIN OapabaH

[MonyyeHHBIe pe3yabTaThl OBIIM MPAKTMYECKHM PEAJM30BaHbI B MPOM3BOACTBE
kapouna kanbims (uex Ned() Bosrorpamckoro OAO "Xummpom" nipy NpoBeeHUU
PEKOHCTPYKIIUU CUCTEMbI aCIIMPAllMU TBIMOBBIX M JIETOYHBIX Ta30B 3JICKTPUUYECKON
neyn (puc. 18). OCHOBHOM YaCThIO CUCTEMBI OUMCTKY SBIISIOTCS OJIOKU ammapaToB Ha
BCTPEYHBIX 3aKPYYECHHBIX MOTOKAaX M KOHIEHTPATOPOB. 3amblUIcHHBIC Ta3bl CcHavaja
MOJAIOTCS Ha TMBbIJIEKOHIIEHTPATOP, YCTAHOBJIEHHBIM Ha BXojae B ammapaT. [locie pa3-
NeJIeHUsT B KOHILIEHTPATOpe Ha JBa IMOTOKA BbICOKOKOHIICHTPUPOBAHHBIN TMEePBUYHBII
JIOTOK HarpaBisgeTcs O BO3AYyXOBOAY Ha BTOPOW MBIIEKOHIEHTPATOP, a BTOPUYHBII
MOTOK - B BEpXHIOI0 YacTh ammapara. JIJs yiaydiIeHus yCJIOBUI ocelaHMs YacTHIl U3
OyHKepHOW YacTU armapaToB OpraHu3oBaH otcoc. OTBOAMMBIN OT OYHKEpHON YacTh
TMBIJIETa30BbIi TOTOK 10 PEIMPKYISIIUOHHON JUHUU BHOBbL MOCTYIAeT B cucTeMy. B

“
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pe3yabTaTe BHEAPEHUS] OMBITHO-MPOMBIIIJIEHHON YCTAHOBKM TBIIEOYMCTKU MaKCH-
MaJjibHasl 3amblIEHHOCTh Ta3oB, BbIOpachiBaeMbIX B aTMocdepy, cHu3miaach ¢ 3950
mr/M’ 1o 840 mr/m’, a BaoBble BHIGPOCH MBUIM OT MCTOYHUKOB KapOUIHOIO Mpo-

M3BOACTBA cokpatuiauck ¢ 4800 t/ron no 1300 T/rom.

Puc. 18. CxeMa ycTaHOBKM OYMCTKM JBIMOBBIX U JIETOUHBIX Ia30B:
1 - TpexdasHas KapOuaHasg meub; 2 - JeTka; 3,4- 30HT; 5 - npiMococ JIH-
21,5; 6 - mbLIEYTOBUTENb Ha BCTPEYHBIX 3aKPYYEHHBIX MTOTOKAX; 7 — MblIe-
KOHIIEHTpaTop; 8 - OYHKEep MpueMa YJIOBJIeHHOM NMbuiK; 9 - nbiMoBasl Tpyba

[TpoBeaeHbl OMBITHO-TIPOMBILIIEHHbBIE UCITBITAHUS alapaToB pa3AeeHus] U OT-
BEMBaHUs, NpeAHa3HAYEHHBIX [J51 CHWXEHUSI HeraTUBHOTO BO3AEMCTBUS IMbUIEBUII-
HBIX OTXOJOB Ha OKPYKaIOIIyl0 Cpery, B TOM YHMCJe W Ha 3alblJIEHHOCTh BO3IyXa.
PesynbTaThl, TOyYeHHbIE [UIS TOPU3OHTAIBHOIO IIEHTPOOEXKHOIro  pa3ieauTesst
(I'lIP) n BeptukanpbHoro ammapara otBeuBaHusi (BAOT), mokaszaiu He3HaYMTENbHOE
BIMsSIHUE Ha 3P (HEKTUBHOCTD pasfeeHus KOHLIeHTpallMy MaTepuia Ha BXOJ€e B ala-
pat B mpenenax oT 50 1o 150 r/M’ U 3HAUUTENBbHYIO 3aBUCUMOCTb 3)HEKTUBHOCTH OT
BEJIMYMHBI (hopMapameTpa KpyTku B nuamnasone ot 0,5 mo 2,5. [Ipu pa:mme;x 3Ha-
YEeHMSIX BapbUpyeMbIX (PaKTOpoB 3P (PEKTUBHOCTb FTOPU3OHTAIBHOTO LIEHTPOOEXKHOTO
pasfenuTeNs ¢ IByMsl OyHKepaMM cocTasiisuia oT 22 10 55 % 1 BePTUKAaJIbHOIO - OT
17 no 77%.

B uenom BHempeHo Oojiee 250 pa3paOoTaHHBIX allapaToB CO BCTPEUHBIMU 3a-
KPYYEHHBIMM TTOTOKAMM pa3IM4YHbIX Moaudukaiuii. Pe3ynbraTel BHEApEeHUST pa3pa-
OOTaHHBIX MHXXEHEPHO-3KOJOTUYECKUX CUCTEM U OOOpYAOBAaHUS JISl 3alUMThl 310pPO-
Bbsl pabOTaIONIMX U oxpy>kalome17l cpenbl OT MbUIEBBIX BHIOPOCOB MpeACTaBICHBI B

Tabxa. 1.
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Tabnuua 1 - Pe3ynbTaThl BHEAPEHUS] CUCTEM TMbLJICOYUCTKHU
] I ]Kon—' M/TIB
1
i I
. Haumenosanue | HaumeHoBanue mpous- HaHMeHOBaHI/Iel Mecro BHenpe- 1o
| 06 BOJICTBA TBUTH rma| fiocne BHE-
1 0bopynoBaHMsI il 4 BHeIpe-
pato IpeHust
! HHS
— [ S S
1 2 3 4 ; 5 8 9
[Tb1bp HEopra- ' r. MuxaiinoBka,
HUYECKasic Bonrorpaackas .
CHWJIMKAaTHOTO KMpITHYa |
1 comepxanuem | 9 obacTb 1,05-1,12  0,95-1,0 |
SiO, Kpacnonapckwuii |
menee 20% Kpait Ii
[Teute Heopra-
HUYeCKas ¢ Bonrorpaackas u ‘
AchanbTo6eTOHHBIX
N comepxanueM [ 8 | AcrpaxaHckast 1,0-1,2 0.9-1.05
cMeceii
| Sio, obactu !
Gonee 20% [
Kop_jf_l-IHOBofo nopou.n(a TTo bKOpyHZl_J\_. i 1 0- 2 7 1,0- 1 3
Kene300eTOHHBIX 1/1311e— " Tiementrast T. Boarorpal. | T
Py P 1,0-1.1 00,9091
i BLTb i r. Bomkckuit
- - Y ‘ r. Bonrorpan, II
B I Bourorpanckas {
HXPEBbIC MHEP- eBecHast
p P CTONSIpHBIX U3AETUI ! P ] 00JacTh 1,5-2.1 0,85-0,9
LIMOHHbIE ara- BLITb
1 YepHoBuukas 1
paThl Ha BCTpeY- !
] o0nacTb i
HBIX 3aKpy4eH- U EEPPS S o 4
T. Bonrorpaﬂ,
HBIX TIOTOKaxX .
I'mca rI/IHCOBaﬂHLII[bJ 9 | KpacHomapckwmii | 1,0-1,2 0,97-1,0
Kpait
CTponTéﬁi}ll_l;l_{- Wsond- | TIbiTb MuHe- | T . Bonrorpa al, T
r 5 P 0511 0,95-1,0
LIMOHHBIXMAaTEPUANIOB [ PaJbHOM BaThl r. SIpociasib
e e N i — Bz)n_x(cmn_ - ]
1 bapHayun,
[Mei1B Texyrne—]
Pesunsl mist mmme u PTU 26 | Bamakoso,Bopo-] 1,0-1.1 0.99-1,0
ozna
P HeX. SIpociasib,
T'opnoBka
- SR U SRS
H IT. Bonrorpaﬂ,
Texuuueckoro yriaepo- |[Teuib Texyrie-
12 Spocnasinp, 1,0-1,1 0,99-1,0
na pozna !
] C1>13pal-n> )
Kombukopmo- BonrorpaHCKa;{
Komb6rkopmoB 35 1,0-1,05  0,95-0,98
Basi MbLIb [ 00J1acTh
I'pacduroBas I ) T
r.T. Camapa,
ANOMUHKS MblJIb, KOKCO- | 7 1,3-2,1 0.95-1,05
Bonrorpan !
Basi MbLIb !
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| 2 3 ERE [T [ 71 ]
Buxpesbie [Tb1b KOKCA U Kap- |
! Kap6una kanbuust . 7 r. Bonrorpan | 1,02-1,4  0,97-0.99
HI/IHeleI/IOH— Ouna KajbLust
Hble mblIe-i T T, Bom‘orpaﬂ,
!
YJOBUTEIN I Bousrorpauckas
l Ha BCTped- | ! 06acth, ACT—
]H"'X 3aKpy- Myxku " Ilstb MyuHast 54 | paxaHckast 06- 5 1,0-1.05  0,95-0,96
!I YEeH HBIX ! JIaCTh. Pecny6—l!
MOTOKax . nuka Kammbi- |
KMl l
. L 4 [ N, IV —
Bosnrorpanckas \
obnactb, ACT- !
paxaHckast 00- !
DJeBaTopsl M CKJIaabl 3epHoBas MblUIb 110 1,0-1,2 0,95-0,98
nactb, Pecny6- |
nuka Kanmbr-
KUst
[TepepaboTka 10
CBUHLIOBOCOJEPXKALIUX [MTbu1b cBUHLIA 4 r. Bosrorpan 1’05 0,99-1.0
OTXOI0B | ’
TTbUTh HMHKA, TTBLTH :'
rr. Bouaro-
JIpyrue XuMHu4ecKue METHOHUHA, IbLJIb
| 20 rpai, Boyk- 1.1-1,4  0,95-1,05
TPOU3BOJCTBA cynbgara HaTpus, N
CKUii
(beHosoHa u ap.
58
a2 %
E "é Bonrorpan-
2 g S ckas AcTpa-
[N 4 [peanpusitus no [Tbu1b 3epHOBas,
E =2 XaHcKas 00- 1,0-
£ 5z XpPaHEHUIO U MyYHas, KOMOU- Il 0,9-0,97
2 E E nactu, Pec- 1,05
- nepepaboTKe 3epHa KOpMOBast
= a | GJKKa
= 2oz | | Tyon
-} 1
2 : : Kanmbikus
iz ;
EX ]
I i S S SO
Pasznenu- [MpounsBoncTBo Tbutb KOKCa 1 !
6 | r. Boxrorpan | 1,2-1,4  097-0,99 !
TeNu- KapOuaa KajablUus KapOuza KajabLus
| KOHLIEH- Komb6ukopmoBoe mpo- Kom6ukopmoBas . Bosrorpan- 1— 1,0- 0.95-0.98
TPaTOphI M3BOJICTBO :' TBLTb cKas 06J1aCcTh 1,05 B
T [Mpeanpustus, Npous- rr. Bosro-
Anmnapa- BOISILIME U MOTPed- IMbu1b TExyriepona 6 rpax, Top- 1.0 0,92
THI pas- i JIAIOLIUE TEXYIIIEPOI JIOBKa ’
JleIeHU s [nuHKUCTBIE YacTH- o Bosrorpan- T
ITpoun3sBoaCTBO 11eOHs 1.8-2.5 0,8-1,0
U OTBEU- L(bI, OTCEBBI IIEOHS cKasi obJacTb |
BaHUs [Tpon3BonCTBO ATIO- TAnHo3eMHbIe i
2 r. Boarorpan

MUHUS

CMETKH, TNIMHO3EM
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[IpoBeneHHbIe TEOpETUYECKHE U KCIIEPUMEHTATIbHbIE UCCAEN0OBaHMUsI TTO3BOIM-
JI1 TIPEUTOXUTh KOMIIJIEKCHBIM MOAXO0J K OLEHKE IbIIeBOM OOCTAHOBKM Ha MPOMBIIL-
JIEHHBIX MPEeNnpUsITUIX, KOTOPbI BKJIIOYaeT B ceOs: aHaIU3 OUCIIEPCHOTO COCTaBa U
KOHIIEHTPALlMU MbUIM B BO3Myxe pabo4yux 30H KaK BHYTPU MPOU3BOACTBEHHBIX IO-
MELICHWI, TaK MU Ha MPOMBIIIJIEHHON IUIOIIAAKE; OLEHKY TEXHOJOTMYEeCKOro 000opy-
JIOBaHUS KaK UCTOYHMKA MbLIEBbIAEIEHUS, ONIpeaeJeHe MOLHOCTY MbUIeBbIAEIEHUS
M WMHTEHCUBHOCTM TMbUIEOCEIAHUSI BHYTPU IPOM3BOACTBEHHBIX IOMEIIEHUH, MOIyde-
HUE MCXOIHBIX JaHHBIX TS OLIEHKU B3PBIBOMOXAPOOTACHOCTH, PUCKA BOBHUKHOBE-
HUS aBapuil U OLIEHKM CTEMEeHM NOCTaTOYHOCTH CPEACTB OOECTbLIMBAHUS; OLIEHKY
3¢ deKTUBHOCTH, KaK GpaKIIMOHHOM, TaK U CyMMapHOM, bJIEOYUCTKHU B YCTPOMCTBAX
IpU CTOXaCTUYECKOM XapakTepe KOHIIEHTpaUuW M JUCIIEPCHOTO COCTaBa TbLIM B
BO3/lyXe, IOCTYMAIOIIeM Ha OYMCTKY; OLEHKY BJIMSIHUS TbUIEBBIX BHIOPOCOB (B TOM
quciae U OT HEOPraHM30BaHHBIX MCTOYHMKOB) Ha KayecTBO aTMOCC(EpPHOro BO3dyXxa
NpY pacroyioxXeHuu paboyeid 30Hbl Ha TeppuTopuu. OIHUM U3 BaXHEHIIMX MOKa3za-
TeJlel MbIIeBOM 0OOCTAHOBKM TIpe/UiaraeTcss CYMTaTh BEJIMYMHY PUCKA MPEBBILICHUS
HOPMAaTUBOB (BO3MOXHBIX) ISl OOINEH KOHLIEHTPAUMKU W KOHLIEHTPALMM MEJIKUX
(pakuuii MbLIK.

g pa3pa®oTKM MepONpUSITUN MO CHUXEHMIO 3albUIEHHOCTH Ha pabouymx
MecTax OoJIbllIOe 3HAUEHME MMEIOT MCCIENOBaHUSl BIMSHUSI TUCIIEPCHOTO COCTaBa U
KOHIIEHTpAIMX TbUIM B BO3AyXe pabOyMX 30H Ha (PYHKIIMOHAIbHOE COCTOSIHUE U 3a-
0oJieBaeMOCTb PAaOOTHUKOB (Hampumep, GYHKIIMM BHELIHEro abixaHus). [lposeneH-
Hble€ COBMECTHO CO creuuanucramu BoJsrorpaackoro rocynapcTBEHHOTO MEIULIMH-
CKOro yHMBEpCHUTETa O0CJeNOBaHUS U MEIMIMHCKHE OCMOTPhl PabOTHMKOB 1IEJIOTr0O
psaaa npodeccuil MO3BOJMIM OXapaKTepU30BaTh CTPYKTYPY 3a001€BaeMOCTH U Clie-
JIaTh BBIBOJ O MpeobafaHuM MaTOJOTUM CUCTEMbI AbIXaHWS U BOCHAJIMTEIbHBIX 3a-
0oJieBaHUII OPTAaHOB IbIXaHUS, YTO CBSI3aHO C JEHCTBUMEM HEOJarompUsSITHBIX MPOU3-
BOJICTBEHHBIX (DaKTOPOB, HAMpUMep, MbUIM B BO3Ayxe pabodeil 30HBI. sl Kaxmoro
o0ceoBaHus ObLIM MOJTYYEHBI Cleylouiue MokasaTeJd (PYHKUMM BHEUTHErO AbIXa-
Hust: KEJI (xusHeHHast eMkocthb Jjerkux), ®KEJI (hopcupoBaHHas XU3HEHHAsT M-
KocTb Jierkux), O®B1 (o0beM (popcupoBaHHOIO BbIIOXa 3a MEpBYIO ceKyHay). Ilo-
CTpPOEHbl U TMPOAaHAJU3UPOBAHbI paclpelneieHuss IMokaszatejedl GYyHKIMA BHEIIHETo
NbIXaHUs U OCYLIECTBIEH KOPPEJSIIMOHHBIN perpecCMOHHbINA aHAIN3 3aBUCUMOCTEH
(GYHKIMHI cUCTeMBbl BHEIHETo IbIXaHUSl OT KOHILIEHTpauuu nbutk. [IpoBeneH aHanu3
3aBUCUMMOCTH PUCKA BO3HMKHOBEHUSI 3a001€BaHUI HE TOJBKO OT PUCKA MPEBBILIEHUS

HOPMaTMBOB O0LIEl 3aMbIIEHHOCTY Ha pabOvYMX MECTaX, HO U OT TUCMEPCHOCTU Tbl-

JI1 B BO31yxe paboyeil 30HHI.




Ha ocHoBaHuu o0cienoBaHUiA, MPOBENEHHBIX MO METOAMKE KOMIUIEKCHOM
OIIEHKM TIbIJIEBOM OOCTAHOBKM, pPa3paboOTaHbl M PEaTM30BaHbl PEKOMEHIAIMU TI0
yAY4YIIEHUIO YCJIOBMM Tpyla Ha pabdOYMX MecTax, IMOBBHIILEHUIO 3(PGhEKTUBHOCTU U
Ha/IeXXHOCTU CUCTEM OOECTbLIMBAaHUS W  T€PMETUYHOCTM OOOpYyIOBaHUS AJS psna
ClefyIolIMX TPOU3BOACTB: Xene300eTOHHbIX u3fenuit (r. Bonrorpam, r. AcTpaxaHb),
acbecrolieMeHTHbIX uzfenuii (r. TamOoB, r. MuxaiinoBka), acdajibTOOETOHHBIX 3a-
BonoB (Boarorpaackast obnactb - 12 mpeanpusiTuil), 3aBOJOB TEXHUYECKOTO YIJIepo-
na (r. Bomrorpan, r. MBaHoBo, r. Apocnasib, r. Cei3panb, r. CTaBpoIioab U Op.),
npousBonactB muH u PTU (r. Bomxckuit, r. bapHayn, r. HuxHekamck u ap.), Ha
NpeaNpUITUIX M0 XpaHEHUIO U TmepepadoTke 3epHa (Boarorpamckas obmacts - 27
npennpusaTtuii, Pecnyonuka Kanmpikus) u ap. - 78 npeanpusiTuii.

CyMMapHbI 3KOHOMUYECKMM 3(DP(EKT OT BHEAPEHUS CUCTEM M peKOMeHIAlMii

coctaBus Oonee 3 MiH. pyb./ ron B meHax 2002 r.

SAKIIIOYEHUE
B paGote naHo pelieHWe aKTyaJbHOW 3alaud MO COBEPLIEHCTBOBAHMUIO KOM-
MJIEKCHOM OIIEHKHU MbIIEBOM 0OCTAaHOBKU M pa3pa0dOTKe Mep IO CHUXKEHUIO 3alblIeH-
HOCTU BO3JYIIHOM Cpelibl TPOMBIIIJIEHHBIX MPEANPUATUIA C LIEbI0 YIYUIIEHUS CaHU-
TApHO-TUTMEHUYECKUX YCJIOBUI Tpyda U CHUXEHUS HEraTUBHOTO BO3AEHCTBUS Ibl-
JIEBBIX BbIOPOCOB Ha OKPYXKAIOLIy10 CpeLy.
Ha ocHoBaHMM NpOBEeNEHHBIX TEOPETUUYECKUX U 3KCHEPUMEHTAJbHBIX HUCCIE-

JNIOBAaHUK MOXHO CHAeJaTh CJICOYIOIIME BBIBOJBI:

1. AHanu3 IUMCIEepCHOro COCTaBa MbUIM B paboueil 30He psiga MPeaNnpUsITUN CTPOM-
UHIYCTPUM TIOKa3all, 4To pa3bpoc 3HauYeHUIl psana mapametpos (d, u ap.) cyuie-
CTBEHHO IIPEBBIIIAET OUIMOKY U3MEpPEHU. DTO OOBSICHSETCS TeM, YTO BbIOMBaHME
MbIIM U3 000PYIOBaHUS B PEaNbHBIX TEXHOJOTUYECKUX MPOIIECCaX MPOUCXOJIMT,
KakK MpaBuJio, He 1eTEPMUHUPOBAHO, a CIy4ailHbIM 00pa3oM, T.e. CTOXaCTUYECKHU.
JIns1 OILIEHKM COCTOSIHMS TMBIIEBON 00CTaHOBKM B pabo4MX 30HAaX IeJiecooOpa3Ho
paccMaTpuBaTh BEIMYMHY MAacChl IIbUIM, BBIOMBAlOIEHCS M3 0O0OpYHOBaHMSA, 00-
LIyI0 KOHIEHTPAUMIO MbUIM B (GUKCMPOBAHHBIX TOYKAX KaK cily4yallHble BEJIUYU-
HBbI, @ XapaKTePUCTUKM AMCIIEPCHOTO COCTaBa - KaK ClyvyailHble HYHKIIMY.

2. CdopmynupoBaH oOIIMI MOAXOA A onucaHUs QYHKUMIA AMCIIEPCHOTO COCTaBa
W (QYHKIMM KOHIEHTpallMM TbUIM B BO3OyXe pabOUYMX, CAHUTAPHO-3AIUTHBIX
30H, B HHXEHEPHO-IKOJOTMYECKMX CHCTeMax MPeANpUITUI KaK ClaydyalHBIX
Gynkuui. Bo MHoOrux ciaydasx MoxXeT OBITb HPUMEHMM ammapaT Teopuu
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ClIyyailHBIX "MapKOBCKMX' TIpOLIECCOB, TIE BMECTO IapameTpa BpeMEHHU
MCTOJIBb3YETCSl SKBUBAJEHTHBIN TUaMETp YacTull d,,.

3. VcoBeplieHCTBOBaHA METOMMKA AUCIEPCHOTO aHAIM3a MbLIM Ha OCHOBE MUKPO-
ckonuyeckoro merona ¢ npuMmeHeHueM I1K u aBTOpcKOii mporpaMmsl U poBoit
00paboTKu M300paXkKeHUN YacTUII.

4. Ha ocHOBe BepOSITHOCTHO-CTOXaCTHUYECKOTO II0AX0jAa pa3paboTaHa MaTeMaThye-
cKasi MoJieJib Tpoliecca MaccolepeHoca IMCIEePCHOTo MaTepuaia U3 TeXHOJOTHU-
yeckoro obopymoBaHus B pabouyio 30HY. [lonyueHbl aHanuTHYECKUE 3aBUCHMO-
CTHU, CBSI3BIBAIOIINE MOIIHOCTb MbLIEBBIIEACHUS M3 TeXHOJOTUIECKOTO 000pyn0-
BaHMSI ¢ UHTEHCUBHOCTDIO MBIJIEHAKOTUIEHUSI, YCIOBUSAMM OCENaHUs TUCTIEPCHOTO
Marepuaaa, pacCTOSHUEM OT TEXHOJOTMYECKOTO 00OpYMOBaHUS U OPYyruMu (ax-
TopaMu. Pa3paboTaHa MeTOAMKa SKCTIEPUMEHTAIBHOTO ONpeneSeHUs] MOIIHOCTH
MbLIEBBIACAEHUST OT TEXHOJOTUYECKOTO 000pYA0BaHUS C 30HUPOBAHUEM MOBEPX-
HOCTH TbUICOCEAAHMS I OLIEHKU TePMETUYHOCTH 00OPYIOBaHMSI, B3PBIBOTOXA-
po06e30MacHOCTH MPOU3BOICTB, TOCTATOYHOCTH U YCTOMUMBOCTU PabOTHI CPENCTB
0becTbUIMBaHMS, TIOJTYYeHbl UCXOMAHBIE JTaHHBIE AJIS1 pacueTa pucka BOZHUKHOBE-
HUs aBapuil.

5. Ha ocHOBe BEpOSITHOCTHO-CTOXAaCTUYECKOTO IOAXOAa pa3paboTaHbl MaTeMaThye-
CKHMe MOJeJy Tpoliecca MaccorepeHoca AMCIepCHOro MaTepuaia OT MPU3EeMHbBIX
MCTOYHMKOB HEOPTraHMW30BaHHBIX BbIOpOCOB. [IpoBeneH aHaiu3 MPOLECCOB pac-
MPOCTpaHeHUs MBI B aTMOC(HEPHOM BO3AyXe CAaHUTAPHO-3AIIUTHBIX 30H TMpPeJ-
npusiTuil. TeopeTnuyecknu U dKCIEPUMEHTATbHO YCTAHOBIEHBI 3aBUCUMOCTH, T10-
3BOJISIIONIME OLIEHUTh TJIOTHOCTb OCENAaHMsI TbLUIM, COYBAEMON C TOBEPXHOCTH
CKJIala OTKPHITOTO XpaHEHUs! MHEPTHBIX MaTepUaloB, Ha Pa3IMYHbIX PACCTOSTHU-
SIX OT MCTOYHMKA C YYeTOM HampaBjeHMsI, CKOPOCTU BeTpa M APYrux ¢akTopoB.
YcTaHOBJIEH pUCK TPEBBLINIEHUS 3HAYSHUSIMU KOHIEHTPALMI 4acTUI] MEJKUX
dbpaxkuumii B Bozayxe pabounx 30H BO3ZMOXHOTO HOPMATHBA JJisl U30JIMPOBAHHOTO
MOMEIIEHNUS, Ha OTKPHITHIX IJIONIAAKaxX, a TakKXe B BHIOpOcaX MCTOUYHUKOB 3a-
IPSI3BHEHUsT aTMOC(EPHI U HAa TPaHUIle CAHUTAPHO-3aLIMTHOM 30HbBI MPEATNPUSTHIA.

6. DKCrepuMEeHTAIbHO MOKa3aHOo, 4To 00mIas 3GGHEeKTUBHOCTD MbLIEOYNCTKU UHEP-
LIMOHHBIX AIMapaToB B peaJbHbIX MPOU3BOJACTBEHHBIX YCIOBUSX SBISETCS CIy-
YalHOW BEJIMYMHOI.

7. Ha ocHOBe BepOSITHOCTHO-CTOXaCTMYECKOro Iojxoda pa3paboTaHa MaTeMaThye-
CKas MojieJib TIpollecca TBUIEOYMCTKM B MHEPIMOHHBIX anmaparax co BCTPEUHbI-
MU 3aKpYYEHHBIMU MOTOKaMHU. [ToydyeHbl aHATUTHIYECKIE 3aBUCUMOCTH, OMTUCHI-
Batolue GpakiuMoHHY0 3G HEKTUBHOCTD B 3aBUCUMOCTHU OT UX KOHCTPYKTUBHBIX
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napaMeTpoB, pexuMa padOThl, CBOMCTB YJaBIMBaeMOIo AMCIIEPCHOIO MaTepuaia,
COOTHOIICHUSI 00bEMOB U CBOICTB MEPBUYHOTO ¥ BTOPUUHOTO MOTOKOB U APYTUX
(akTopoB. PazpaboTaHbl KOHCTPYKIIMM alnapaToB MbUIEOYUCTKU, KOJIEKTOPOB-
NbLICYJIOBUTENEN, pa3aeauTeseil 1 KOHIEHTPATOPOB MbIJIEBUAHBIX MaTEPUAIOB,
OTBeMBaTeNei, pa3JIUYHBIX YCTPOMCTB IJISI CO3JAaHMSI 3aKPYyYEHHBIX IOTOKOB U
Np., HOBU3HA KOTOPBIX, TOATBEPKIEHA aBTOPCKMMU CBUAETENbCTBAMU U TMATEH-
TaMU Ha U300peTeHUS U CBUIETEIbCTBAMM Ha MOJIE3HbIE MOJENH.

8. PaszpaboTaHa MeToAMKa KOMIUIEKCHOTO OOC/IeA0BaHUsl MPEANPUATUN KaK MCTOY-
HMKa 3arps3HeHMs] BO3AYIIHOK Cpeabl MbLIeBbIMU BbiOpocaMu. Ha ocHoBaHuu
o0cJie1oBaHusI, TIPOBEACHHOIO M0 JaHHOW MeToaukKe, pa3paboTaHbl peKOMeHaa-
MU JJ1s1 YAYy4YIIeHUsT YCJIOBUI Tpyda Ha paboyux MecTax, MO MOBBILIEHUIO 3(]-

| (EeKTUBHOCTU U HaEXHOCTU CUCTEM OOECIbIIMBAHMS psilia MPOU3BOACTB: acOe-

‘ CTOLEMEHTHBIX u3fenuii (r. Tam6oB, e. MuxaiiioBKa), Xeae3006 TOHHbIX U3IeTU I

| (r. Boarorpan, r. ActpaxaHb), acanbTo0eTOHHBIX 3aBo10OB (Bosrorpaackas o6-

JacThb - 12 mpeanpusaTuit), 3aBOJ0OB TeXHUYECKOTo yriepoaa (r. Boarorpan,
r. UBaHoBo, 1. Apocnasis, r. CeizpaHb, r. CTaBpOMmoJb 1 1Ip.), IOATOTOBUTEIbHbBIE
niexa npousBoAcTB wnH U PTH (r. Bomxckuit, r. bapHayn, r. HuxnekaMmck u ap.),
NpEeANpUSITUI MO XpaHeHUI0 U mepepaboTke 3epHa (Bojrorpamckas obmacte - 27
npeanpusatuii, Pecnyonuka Kanmeikus) u ap.

9. Buempennl 6osee 250 emuMHMIL MbUIEOYMCTHOTO OOOPYIOBaHMS (BUXPEBbIE MHEP-
LIMOHHBIE amnmapaThl CO BCTPEYHBIMU 3aKPYYEHHBIMU IOTOKAMU, KOJIIEKTOPHI-
NbLJICYJOBUTENM, Pa3neIUTeNM-KOHIEHTPATOPhl, ammaparbl MO pa3ie/ieHUuIo IIbl-
JIEBUJHBIX OTXOMOB C Pa3IMYHON KOMITOHOBKOHM B CHCTeMax aclupalii, MHEBMO-
yOOpKU, MbUIEOYUCTKHU ) Ma MPeanpusaTusX cTpoinHmyctpuu (r. Bomrorpan,

r. MuxaiinoBka, r. Omucra, r. Apocnabnab, . PynHbiii, YepHoBuULIKasg 00JacTb U
Ip.), allOMUHMEBOX MpoMbliieHHocTH (. Bonrorpam, r. Camapa u np.), mpea-
NpUSATUSIX TIO XpaHEHMIO M mepepaboTke 3epHa (r. Boarorpan, r. CypoBUKUHO,

r. MuxaiinoBka, r. Kamau-na-JloHy, r. Dmaucra, r. ActpaxaHb, ['opoauIiieHCKui
paifoH W ap.), Ha MPOM3BOICTBEe KapOuma kanblus (r. Bosrorpam), Ha KoMOuKOp-
MOBbIX Tpou3BonacTBax (MnopnuHckuil paiioH, MuxaiioBCKMil pailoH M Op.), Ha
MPEaNpPUSTUSIX, TPOU3BOISIIMX U TOTPEOJSIONIMX TEXHUYSCKUI YIIepoT

(r. Bomxckuii, r. Boponex, r. bapnayn, r. banakoso, r. fIpocnasnb, 1. ['opioBka
M JIp.), 1 Ha psijie APYTUX MPOU3BOICTB.

10.9KoJi0ro-aKoHOMUYECKUIA dIPGhEKT OT BHEAPEHUSI CUCTEM M peKOMeHAaluil co-
craBua Oosiee 3 MutH. py6./ rox B ueHax 2002r.
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YCJIOBHLBIE OBO3HAYEHMHA
d, d, ,d., , d, - pasMepbl 4YacTHL, COOTBETCTBEHHO 3KBUBaJE€HTHBIN,

MHUHUMAaJbHBIA, MaKCUMaJbHBI, MeIWaHHbI; D(d, ) - WHTerpajgpHas QYHKLIUS
pacrpefe/ieHMs MacChl 4YacTWUIl MbUIM IO JauaMeTpam, %; Cm(dq ) - MaccoBas
KOHIIEHTpALMs YacTull pasmepoM He Gonee d, , mr/m’; K (d,,, d, ) - KOppeasiMoOHHas

dyukuus, Co - obmasg KOHLEHTPALUs TbUIH, MF/M‘g; C — BO3MOXHBI HOpMaTUB

HopM
IUTSL KOHLIEHTpALMK MeJKiX dpakuuii wactuu, mr/m’; €7, , C°., €, - maccoBas
KOHLIEHTpAllMsl 4YacTUIl pa3MepoM He Ooliee 2,5 MkMm, 5 wMkM, 10 MKMm
COOTBETCTBEHHO; D(d,,w) - ciydaiiHas GyHKUUSA NPOXOAA;j - HOMED MCTOYHMKA; t —
BpeMs, C; T/ -Bpems, 3a KOTOpO€ 4YacTulla, BBIOMBIIASICS M3 TEXHOJOTMYECKOTO
obopynoBaHus, Momnajna B pabouyio 30HY, C; T, -BpeMsl, B TEUEHUE KOTOPOTO YacTHLA
HaxoauTcs B 30He, c¢; O-TeKyuuid pasMep, IO KOTOPOMY TPOUCXOIUT
uHTerpupoBanue, M; K, - KoadpuuueHt Gopmbl; a; - K03GUIUEHT, 3aBUCAIUIMNA OT
pacmoyioXeHUsI UCTOYHUKA, pa3Mepa paboyeil 30HbI, MOABUXHOCTU BO3IyXa;y, q -
K03(GUIMEHTHI, 3HAaYeHUST KOTOPHIX 3aBUCST OT pa3Mepa dactul; H - paccrosiHue,
MPOXOAUMOE YacTUllell Mo BepTUKAJIU O MJIOCKOCTU ocelanusi, M; H-h - paccrosiHue
OT MCTOYHMKA MbIICBBIICICHNS N0 HUXHEH MMOBEPXHOCTH MOMEIEHUS, M; -
CTEeTIeHb YBJIEUEHMS] YaCTULBI MyJbCUPYIOLIENH Ta30BOd cpenoil; b, - koaddunueHt
auddy3uu ra3oBoro MoToka, M’/C; T,- BPeMs MpolLecca MEPEHOca MacChl YacTHIl Ha
IJIOCKOCTb OCelaHus, C; d,,d, - KO3(hOUIMEHTHI, XapaKTePU3YIOLINE PACIIONIOXEHHE
HUCTOYHUKA TbUIEBbIIEIECHUS, MIOCKOCTU MbLIEOCEAAHUSI U HalMpaBieHUE TBUXEHUS
BO3MYIIHOTO TOTOKa; a- KOO(POUUMEHT, 3aBUCAIIUNA OT CKOPOCTU BO3AYIIHOTO
notoka, 1/M; W, -CKOpPOCTb ABUXEHUS YaCTUIIBI B TOPU30OHTANBHON MIOCKOCTH, M/C;
G*,, - WHTEHCUBHOCTb IbUIEHAKOIUIEHNUH, Kr/(M 1); C . - MakcuMmanbHas
MUHTEHCUBHOCTh MblIeHAKOIIeHUs, Kr/(M™u); 1, , I, -paccTosHME OT TOYEK TOYEUHOTO U
TOYEK  TOBEPXHOCTHOTO  MCTOYHUKA  TMbBUICHUS, M;  @-yrod  PacKpbITUS
paccMaTpUBaeMOro CeKTopa IPOM3BOACTBEHHOro nomewenus; R,,R., R,, R, R, -
OTHECEHHble K JUaMeTpy CenapallMoOHHOW KaMmepbl KOHCTPYKTUBHBIE MapaMeTpbl
nbUIeyNI0BUTENS; JI - TMOCTOSIHHAs WHTerpupoBaHus, 1/m; W, - cKopocTh YacTHIL

MbIJIM Ha BXole B 30HY B meuteynosutensi, m/c; V.

r

, - CKOPOCTb Ta30BOTO MOTOKa Ha
BXOJI€ B 30Hy B mbLieynosutens, M/c; #, - dpakurmonHas sGpekTuBHOCTS, %; H,,

BBICOTA PACTIOJIOKEHMSI UCTOYHUKA HATl YPOBHEM 3€MJIU; A - - 30HA BBIXOJIA TIOTOKOB
U3 BEPXHUX BXOIHBIX MaTPyOKOB B MbUICYJIOBUTENb; B - 30Ha BXOJa HUXHEro MOTOKA

B IIbUICYJIOBUTECIIDb, IT - 30Ha nepeToKa 4aCTUu «HUXKHETO» IMOTOKA HEIMOCPEACTBEHHO B

e
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COOTHOIIEHME DPACXOJ0B BO3lyXa, OTCACHIBAEMOTO W3 OYHKEPHOM

oyHkep; K

ome

30HBI NBUICYJIOBUTENS, U IOCTYNAIOLIET0 B ammapaT; K, — [0oJs pacxoja BO3yxa,
M0/1IaBa€MOT0 Yepe3 HMXKHUIA BBOJ B anmapar oT o0IIero, rmojiaBaeMoro Ha OUUCTKY B
TbUIEYJIOBUTEND; P - BEpOSITHOCTb coObitust; P, ,P, P, — BEpOATHOCTb YJIaBIMBAHU

4yacTul, MNOCTYNMUMBHIMX B amnmnapatr CO BCTPCYHbBIMU 3aKPYUYCHHBLIMU ITOTOKaAMM

COOTBETCTBEHHO B 30HbI A, , B, II;m,,, m,, m, - MaccoBblii pacxom dacTwuli,

. T
nocTynawnuux B amtapat B3 coorsercTrendo B soHsl Aj, B, TT; MT[r—t, 3”)-

MOWHOCTH  NBACBLIACICHHA H3 TCXHOMOTHYECKOIO OGOpyIIOBaHHS B MOMEHT

{
BpEMCHH [I—t]—%} KIYe; Drlé.:—r,-%]- dyukund npoxofa AN EBLIM,

e T~
BRRIOHBANOMENCH W3 TeXHOIOrHYECKoT0 OGODYJIOBaHHE G MOMEHT BpeMenH -1, -*-;- '

M, - obmas 3bGeKTUBHOCTb MbIEOYUCTKH, %; & - KO3(p@PUUUEHT MECTHOro
COMPOTUBJIEHUS TBIJIEYJIOBUTENSI, OTHECEHHBI K YCIOBHOW CKOPOCTH B CpeIHEM

CeyeHMHM anmapara; V, - OTHOCUTEJbHas YCJIOBHas CKOPOCTb B CPEIHEM CEYEHMH

annapara; V, - o0beMm paboueil 30Hbl, M; H, - 3ddexTBHasg BbICOTa UCTOUHUKA
BbIOpoca; @(S) - dyHKUMS MJIOTHOCTU paclpe/eseHUus] BEPOSITHOCTU CPbIBA YAaCTHUIL
IbLIY C TOBEPXHOCTY HEOPTAaHU30BAHHOTIO UCTOYHUKA; W, , W, — IpOeKLIUM CKOPOCTU
YaCTULl MBI COOTBETCTBEHHO Ha ocb X U z, M/c; f, f, f - dyHKuuM mrotHocTH
pacrnpefieieHus] COOTBETCTBEHHO MJisi 3HAYEHUU MpOXoAa Macchl YacTUIl, OOuIei
KOHLIEHTpaluy Nl U 3dpdexTuBHOCTU NbUleouncTKY; F,. V, - muiomans u ¢poHoBas
CKOPOCTb BO3MYLIHOTO NMOTOKA; C,; — KOHUEHTPALUs MbLIM HAa BBIXOJE U3 UCTOUHUKOB
BbIOpOCa, MF/M37; M - MOUIHOCTh TMBUIEBBIAEIEHUS OT HEOPTaHW30BAHHBIX
VICTOYHUKOB, Kr/4; h_ , h* 4 - I1apaMeTphl, XapaKTEepU3YMOIlMe OCOOEHHOCTU

B3aMMHOTIopacroJ0XCHUANCTOYHUKOB.
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