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BBEJIEHUE

Ha npotsxkeHnn mnocneqHuX MOECATWICTHH  BO3PACTaeT AaKTYaJlbHOCTh
M3y4YE€HUs BO3JICUCTBUSA PA3JIMYHBIX BUIOB TEXHOTCHHBIX 3arpsA3HEHUN HA YEI0BEKa
U OKpyXalomlyro cpeny. Tak, B pe3yiabTare paboOThl MPOMBIIUICHHBIX
MPEANPUATUNA, TEXHOJOTUYECKUX U TPAHCIOPTHBIX MAIIUH B OKPYXKAIOLIYIO Cpeay
BBIOPACHIBAIOTCS 3HAUUTEINIbHBIE KOJMYECTBA Ta3000pa3HbIX U KOHJIEHCUPOBAHHBIX
MPOAYKTOB, HANpUMEp OKCUAbI yIJIEpoAa, a30Ta W CEPbl, AIbACTUIBI,
Oen3(a)upeH, caxa, CBHHEN W Jp. [Ipu OmpeaesieHHBIX METEOPOJOTHYECKUX
YCJIOBUSIX JaXe HE3HAYUTEIbHBIE BBIOPOCHI 3arpsSi3HAIONIMX BEIIECTB CO3JAI0T
HEONAronpusTHYI0 3KOJIOTHUECKYI0 00cTaHOBKY. C Jpyrod CTOpPOHBI, s
CYIIECTBYIOIIMX MAIIMHOCTPOUTEIBHBIX TMPOU3BOJICTB, YYaCTKOB OOKaTKU U
UCMBITAHUM ~ OOBEKTOB  aBTOTPAKTOPHOTO  MAIIMHOCTPOEHHUS  HaumboJjiee
XapakTEPHBIMU U TPYAHO-YCTPAaHMMBIMM  ONACHBIMU M BPEAHBIMHU
npou3BoACTBeHHbIMH  aktopamu  (OBII®)  sBusitoTcs:  3ara30BaHHOCTS,
3aNbUIEHHOCTh W HEYJIOBJIETBOPUTEIIBHBIE MapaMETpbl MPOU3BOIACTBEHHOIO
MUKpOKJIMMaTa B paboueit 30He.

[TosTOMy HE BBI3BIBAET COMHEHMS, YTO 33/a4a CHIXKEHHUS BpPEIHOTO
BO3JECHUCTBUS TEXHOJIOTUYECKUX U TPAHCIIOPTHBIX MAIIMH HA OKPYKAIOLIYIO CPELY
ABJISCTCS OJHOW U3 MPUOPUTETHBIX. PemuTh €€ BO3MOXKHO 3a CYET peain3aluu
KOMILUIEKCAa MEPOIPHUATUN KaK B MCTOUHUKE 3arps3HEHUs (IBUTATENb), TaK U Ha
NyTH  PACOpPOCTPAaHEHHS  MeToAaMH  (U3MYECKOTO U MaTEMaTHYECKOTO
MOJETUPOBAHUS.

Hayynas 3HauuMoOCTh HacToflled MoHOrpaduu JEKUT B obJacTu
WCIMOJIb30BaHUS METOA0B MATEMATHYECKOTO U KOMIIBIOTEPHOTO MOJICIIUPOBAHUS
nporieccoB ¢popmupoBanus OBII® B mpou3BoACTBEHHOM cpelie B IITATHBIX U
ABAPUMHBIX YPE3BBIUANHBIX CUTyalHSIX C Y4ETOM KOMIUIEKCHOTO XapakTepa HX
BO3JCHCTBUSI HAa 4eJIOBEKA. B CBsI3M C Te€M, UTO JKCHEPUMEHTAJIbHOE HU3YUYEHHUE
BBIIICYKA3aHHBIX SBJICHUN SIBIACTCSA JOPOTOCTOSIINM, & B OTJICIbHBIX CIIy4asX HE
MPEICTABIIACTCSI BO3MOKHBIM TPOBOJUTH TMOJHOE (PU3NYECKOE MOACIUPOBAHUE,

NpeaACTaBIAIOT HWHTCPEC TCOPCTHUYCCKHUEC MCTOALI MCCICAOBAHHUA — MCETOAbI



MaTEMaTHYeCKOT0 MOJAeIUpoBaHus. B 3ToM ciiydae OOBEKT H3yUeHHs] HE CaMo
ABJICHHE, a €ro MaTeMaTu4yecKas MOJEIb, KOTOpas Hampumep, MOXKET
MPECTABIATh coOom CHUCTEMY nuddepeHIanTbHbIX ypaBHEHUI c
COOTBETCTBYIOIIMMU HAYaJIbHBIMU U TPAHUYHBIMU YCIOBUSIMH.

NmenHo 3Tomy B MOHOTpaduu yaeiaseTcss HanboJbpliiee BHUMaHUE.

[Ipy wm3ydyeHUM NOPOILIECCOB PACHPOCTPAHEHUS M ACCUMWIISIIUA BPEIHBIX
BEIIECTB B OKPYXKAIOWIEH W MPOU3BOJCTBEHHOM Cpelax Ba)XKHOE 3HAYECHHUE MMEET
JIOCTOBEPHOE OMPEECICHUE XapaKTEPUCTUK MCTOUYHUKOB 3arps3HECHUs. Y YUThIBaS,
YTO HMCTOYHHKOM SIBISCTCS TaKOM CIOXHBIA 00BekT, kak JIBC, IIeHHOCTBIO
HacTosAlled pPabOThl SIBISIOTCA pa3padOTaHHBIE MAaTEeMaTUYECKUE MOJIeNU
oOpa3oBaHUsS M BBIJCICHUSA TAaKUX TOKCHYHBIX BEIIECTB Kak OeH3(a)IHpeH u
okcuabl azora. [IpencraBieHHbIE MOJIEIM TOKCUYHOCTA OPTaHUYECKH BBICTPOCHBI
Ha 0ase Mojiesiel ropeHusl, KOTOPhIE IMOIPOOHO OCBEIICHBI B MOHOTpahUH.

CrnemyeT OTMETHTh, YTO B MOHOrpaduH HapsJay ¢ MpeJACTaBICHHBIMU
MaTeMaTHYECKUMU  MOJICISIMU,  OIKCHIBAIOIIUMHM  TIPOILIECChI  0Opa3oBaHUf,
BBIJICJICHUSI M PACOpPOCTpPaHEHHUS  BPEIHBIX BEIIECTB OT TPAHCIOPTHBIX H
TEXHOJIOTUYECKUX  MAIllUH, TPEACTaBICHO  pa3pabOTaHHOE  MPOTrPaMMHOE
obecricueHre, KOTOPOE IIO3BOJISICT HAxXOJWTh WHTCHCHBHOCTH BBIOpOCa U
OTIEPATUBHO ONPEJETATh ONMACHBIC 30HbI 3ara30BAHHOCTH B MPOM3BOJICTBEHHOW U
OKpyXKaromien cpenax. BoO3MOXHOCTM  KOMIIBIOTEPHOTO  MOJICJIMPOBAHUS,
peanu3oBaHHbBIC B MOHOTpaduu, P PEIICHUH IMOCTABICHHBIX 3a/1a9 OMPEACIISIIOT
€€ MPAKTUYECKYIO [IEHHOCTD.

ABTOPBI BBIPAXAIOT NPU3HATEIBHOCTh PEIIEH3EHTAM: JTOKTOPY TEXHUYECKHUX
Hayk, npodeccopy A.H. Uykapuny u AokTopy (PU3MKO-MAaTEMaTHYECKUX HAYK,

npodeccopy A.H. ConoBbEBY 3a LIEHHBIE COBETHI U MTOMOIILIb B padoTe.



I''TABA 1 O0630p MozaeJieii ¥ MeTOAUK 00pPa30BaHUsl U BblJeJeHUS Bpe/-

HBIX BEIIECTB B HCTOYHUKAX 3arPA3HCHUS.

1.1. UcTtopusi pasButus Teopuu padodero npouecca /IBC na nmytu k moze-

JIAM TOKCUYHOCTH.

C camoro Havana co3aHusl TEIUIOBBIX JBUraTelied BO BCEM MUPE BEIUCH pa-
OO0TBI 10 pa3pabOTKE TEOPUU pabOUEro MpoIEcca, PACUETHBIX METOIOB €ro aHaJIH3a.
[emnoii ruiesiioN y4eHbIX ObLTN BBHIOJTHEHBI UCCIIEOBAHUS 110 YCTAHOBJICHHUIO CBSI3el
MEXIy MapaMeTpaMu MHAUKATOPHOrO Mpolecca, pa3paboTaHbl TEOPETUUYECKUE TO-
JIO’KEHHUS JJI UCCIeI0OBaHus paboyero mpoiecca B LUauHApax asurareneil. [Ipasnaa,
Ha nepBbIX cryneHsx pa3putus teopuu IBC, B konne XIX u B camom Hauane XX
CTOJIETHSI PACYET IMPOU3BOAMIICS BECbMa NPUMHUTUBHO. PaccunThiBanu HaeaIbHBIN
IPOLECC M0 OJHOMY W3 M3BECTHBIX TEPMOIAMHAMMUYECKHUX LUKIOB (UukI OTTO WM
Juzens), a 3aTeM Jienajiy Mepecuer MOIMYYeHHbIX Pe3yJbTaTOB Ha JCHCTBUTENbHBIC
YCIJIOBHSI IIPU MTOMOIIHU JABYX MOIMPABOYHBIX KOI(DPHUIIMEHTOB: MEPBOr0 — JUIsl IEPEXO-
J1a OT TEOPETHYECKOr0 CPEIHEr0 MHAMKATOPHOI'O JABJIECHUS K JNEHCTBUTEIBHOMY U
BTOPOro — /I Mepexofa OT TEOPETUYECKOro KOod((UIIMEeHTa MOJEe3HOro JEeHCTBUS
(KI1M) x neiictBuTenbHOMY. [lo100HBIE pacyeThl OBLIN MPAKTUYECKH (HOPMATBHBIMU
Y HE MOTJIM 00€CIeUUTh Ha/IeKHBIX U JOCTOBEPHBIX PE3ylbTaTOB. Takoe MOJI0KEHNE
IIPOIOJIKANIOCH BILIOTH 10 1906r.

B 1906 rony mpodeccop B.M. I'puHeBenkuil mpeayiokusl METOJ TETIOBOTO
pacueTa, KOTOpbIM B ganbHeieM Obil pa3BuT u jgonojgHeH E.K. Masunrom, H.P.
bpununrom, b.C. CreukunbsiM, A.H. BounossiM, H.B. UnozemiiessiM, .. Bube,
A.C. OpnunsiM, H.A. TI'maroneBsim, A.D. Cumconom, H.A MBamenko, I0.A., P.3.
Kasrapanze, FO.A. Marautckum, 3.3. Mauewm, A.I1. Kyapsmowm, H.®. PazneiitieBbim,
E.E. KocoBbiM, B.A. 3B0oHOBBIM, P.M. IleTprue€HKO 1 MHOTMMH IPYTUMH YUEHBIMH.

CyIHOCTB 3TOr0 METO/1a 3aKJII0YAeTCs B TOM, UTO BMECTO JBYX OOILIUX MOMpa-
BOYHBIX K03 uumentoB B.W. 'puHeBenikuil BBEN LIENbII PsAJl YACTHBIX MapamMeTPOB
JUISL OTAENIbHBIX 3JIEMEHTOB TEIUIOBOTO pacyeTa, KOTOphIE ObUIM HAWIEHBI IIyTeM aHa-

JIn3a OKCIICPUMECHTAJIbHBIX I/ICCJ]C)IOBaHI/Iﬁ HECKOJIbBKHUX JIBI/IFaTCJIGI\/’I.
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VYpoBeHb yKa3aHHBIX Pa3pabOTOK OBLT HACTOJIBKO BBICOK, YTO OCHOBHBIE METO-
JIbl PACYETOB MPUMEHSIIOTCS U B HACTOSIIIEE BPEMSL.

B nocnenyromue rojpl ObLIO BBIMOIHEHO OO0JBINOE KOJUYECTBO HCCIEI0BA-
HUM, CBSI3AHHBIX C COBEPIICHCTBOBAaHMEM METOJIOB pacyeTa paboyux MpOLECCOB, B
TOM YHCJIE€ MPOIIECCOB cropanusi. OJHaKO, HECMOTPsI Ha OOJIBIIIOE KOJIUYECTBO padoT,
MOCBSIIICHHBIX BOINPOCAM HKCCIENOBAHUS U PACUETOB IpOLEcca CropaHus, 10 Ha-
CTOSIILIETO BPEMEHU OTCYTCTBYET MOAPOOHAs OOLIENMPU3HAHHASA TEOPHUS 3TOr0 IMpo-
recca [83], [40], [35]. IToaTomy omucaHue yKa3aHHBIX MPOLIECCOB 3aMEHSICTCS YIIPO-
HICHHBIMU METOJAWKAMH, MPUTOJAHBIMU ISl BBINOJHEHUS WHKCHEPHBIX PACUETOB U
HCCJIEIOBAHU.

B ucropun monenupoBaHusi pabouMX MPOIECCOB JBUTATENCH HaMOOJIbIIEe
PaCIPOCTPAHEHUE TOJYYHJI KIACCHYECKUN TEPMOJMHAMUYECKHM aHaW3 LUKJIA 10
merony B.W. I'puneBenkoro u ero Mmoaudukanuu 1jisi MHOTOTOILTUBHBIX MOPIITHEBBIX
MaiuH. TepMoIMHaMUUECKUI aHalu3 paboyvero mpoiecca OCHOBaH Ha amnmpoKcUMa-
UM PEATTBHOTO MPOIIECCa UACATTU3UPOBAHHBIM, 4 UMEHHO NPUHATOW COBOKYITHOCTBIO
JIBYX TOJUTPOIHBIX, U30XOPHOTO U M300apHOro mporeccoB. HeoOxoaumble juist ar-
npokcuManuu ko3hOUIIMEHTH BHIOUPaTNCh HA OCHOBAHUU MPOIIJIOTO SMITUPUIECKO-
ro onbiTa. OJJHAKO OTKA3aThCsl OT YCIOBHOCTEW B 3TOM pacueTe ¢ €ro MHOTOYUCIIEH-
HBIMH ONBITHBIMU KO3 duimentramu He yaanocb. CaMm aBTOp MeTO/Ja MpHU3HABAI:
«...3aKOHYEHHOT'O M BIIOJIHE JOCTOBEPHOTO METOJA pacyera MpoLecca CropaHus C
YYETOM IPOTEKAHUS ITPOLIECCa BO BPEMEHH €I1I€ HE CYLIECTBYET.

['maBHBIM HEZOCTATKOM KJIACCHUYECKOrO0 TEPMOAMHAMHUYECKOTO aHAIU3a SIBIIS-
€TCsl MpeHeOpeKEeHUe BPEMEHHBIM (PAKTOPOM, YTO MOJHOCTHIO MCKIIIOYAET, HANpU-
Mep, MapaMeTPUIECKyI0 ONTHMH3AIIAI0 Ha €r0 OCHOBE OBICTPOXOJHBIX JBUTATENICH,
B KOTOPBIX MPOLECCHl MEXAHUYECKOU, (PU3NUECKON M XUMHUECKOW MPUPObI UMEIOT
COIIOCTaBUMBIE XapaKTEPHbBIE BPEMEHA.

Jpyroii HEIOCTAaTOK CTALMOHAPHBIX TEPMOAMHAMUYECKUX MOJEJIEH BbIpa)ka-
eTcsl B HE0OOXOAMMOCTH 3aJ1aBaTh B UCXOJHBIC JaHHBIC HAOOp MapaMeTpOB, 3HAYCHUS

KOTOPBIX U CBA3U MCKIAY KOTOPBIMH U3Y4YCHBI HCAOCTATOYHO. HaHpHMep, TaKHEC KaK:



CTEIICHb IOBBIIICHUS JABJICHMS, JIOJISI TEIUIOThI, BBIACIECHHAs K BEPXHEU MEPTBOU
TOYKE, U MHOTHE APYrHe XapaKTEPUCTUKHU IpoLecca.

Kpome storo, tepmonnnamuyeckuii pacuer JIBC HaleneH Ha ompeacsiceHue
VCKJIFOYUTEIIBHO JHEPreTUYECKUX XAPAKTEPUCTUK LHMKIA, IIPU ITOM CYLIECTBEHHAs
JUTSL 1IeJIel DKOJIOTHU TePMOXUMUSL pabodero mpolecca OcTaeTcs 3a paMKaMu pacue-
TOB.

Haxonen, ctanmonapHeie TEpMOAMHAMUYECKAE MOJEIN OPUEHTUPOBAHBI B OC-
HOBHOM Ha pacyeT HOMUHAJIBHOTO peXrMa paboThl JBUTATENs, 1aBasi CEpbE3HbIC HC-
Ka)KeHUs 1pu orieHKe padoTel [IBC Ha 4acTUYHBIX HAarpy3Kax.

HecmoTtps Ha mepeyncineHHble HEAOCTATKY, NPOCTOTAa M HATJIAIHOCTh TEPMO-
JUHAMHYECKOI0 IMOJAXO0Jla K aHalu3y pabouero LUKIA IBUTATENS ONPEAEIsIOT €ro
IIPUBJICKATEIBHOCTD ISl MHXKEHEPHBIX pPacdyeToB. Takue MpOCThIE MOJENIU, B KOTO-
pBIX pabOuYUM TEJIOM SIBJISJICS BO3AYX, YUUTHIBAIOT BIIMSHUE CTENEHU CKATHUS Ha
MOIIHOCTh U SKOHOMHMYHOCTH TEIJIOBOM MamuHbl. O/IHAKO, KOI/la B HUX ObUIM BBe-
JICHBI 3aBUCUMOCTH JUIsl ONIPEAEIIEHUS TEPMOJINHAMUYECKUX CBOMCTB MPOIYKTOB CTO-
paHusl, BBIICHWIOCH 3HAYUTEIBbHOE BIMSIHUE Ha OCHOBHBIE IIOKA3aTEIMN JBUTATENS CO-
OTHOILICHMS «TOIUIMBO-BO3AYyX». IMEHHO M3-3a HEBO3MOXHOCTH JOCTOBEPHO MOJE-
JUPOBATh MPOLECC CrOpaHHsl U BO3HHUKAeT MHOXeCTBO mpobiem. Ilponecc ropenus
OBITAJIUCh MOJEIUPOBAThH JIMIIL MYyTEM HEAOCTATOYHO OOOCHOBAHHOIO J00AaBICHMS
TEIJIOTHI B IIUKJ. Kpome Toro, mpouecc Termioo0MeHa OMUChIBAJICs IEPEHOCOM OIlpe-
JIEJIEHHOTI'0 YCPEIHEHHOI0 KOJMYECTBA TEIUIOTHI B KaXKJIOW CTaJAUM LUK TEIJIOBON
MAaIlIAHBI.

EcrecTBEeHHO, 4TO pacnpocTpaHEHHWE MPOCTBIX TEPMOJUHAMUYECKUX METOIOB
pacuera TEIUIOBBIX MAIllMH CPeAM HCCIIeoBaTeNieil MHOTUX CTpaH ObUIO CBSI3aHO, C
OJIHOW CTOPOHBI, OTPAHUYECHHBIMU HA TOT NEPUOJ BPEMEHU BO3MOKHOCTSAMH BBIUKC-
JUTENBbHON TEXHUKH, a C APYroil CTOPOHBI, HETOCTATOYHBIM 0a30BBIM YPOBHEM 3Ha-
HUI 1 HECTIOCOOHOCTHIO MAaTEMAaTUYECKU BBIPA3UTh CIOKHBIE (PU3NUECKHE U XUMHUYE-
CKHE SIBJICHHUS, IPOTEKAIOLINE B IBUTATEIE.

C mosiBIIeHHEM Y HCCIEAOBaTENeN BBICOKONMPOU3BOAUTENbHBIX DBM mnosBu-

Jlach peajbHasi BO3MOXKHOCTh PE3KO YBEJIMYHUTh 00bEM BBIUMCIICHHM, UTO HEOOXOU-
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MO TpPU CO3AAHUU JOCTOBEPHBIX MOJENIeH HECTAllMOHAPHBIX TEPMOJUHAMHUYECKUX U
TEPMOXHUMHUYECKHUX TMPOILECCOB. B Takux MOAENSAX TOpPEHHs JBUTATENb YCIOBHO Jie-
JUIICSL Ha HECKOJIBKO TEPMOJMHAMUYECKHX cucTeM. Jls KakJIoW M3 TaKMX CHUCTEM
3alMChIBAIMCh YPAaBHEHHUS COXPAHEHMsI SHEPTUHU, MAacChl U COCTOSIHHS, IPOBOIMIACH
anmpoKCUMAITS Tpolecca TeIUIoNnepeadd U CTENCHH MPEeBpalleHHs YHEPTUU XUMU-
yecKUX peaknuid. B mocrienyromem moiydeHHbIE TEPMOJWHAMHYECKUE ypaBHEHHS
UHTETPUPOBAIKCH IO MIEPUOJTY 32 OJUH PAOOUHIl LIUKIL.

B sTux Mozmensix paccMaTpUBaUCh IMJIMHIP, BCACHIBAIOIAS CUCTEMa, BBIINY-
CKHasl cucTeMa, TypOOKOMIpeccop WM HarHeTaTeNlb KaK OTAENbHBIE CUCTeMbl. [1o
BCEMY TPaKTy JIBUTATelIs CBOMCTBA pabOuero Teixa MMEIH HEKOTOpPHIE YCPEIHEHHBIC
3HAYEHUs, €CJIM HE PaCCMaTPUBAJICA JIBUraTellb C HCKPOBBIM 3a)KUTaHUEM, B KOTOPOM
IIpU CTOPAHHUU TOIUIMBA HAOIOMAIOTCS YETKO pa3inyuMble 30HBL. B mocnemnem ciy-
Yyae Ka)kJasi U3 30H pacCMaTpUBaJIach Kak OT/IeIbHAasi TEPMOJIMHAMUYECKasi CUCTEMA.

JlanpHeliee yBelIn4eHHEe BO3MOKHOCTEH KOMIIBIOTEPOB IPUBEJIO K TOMY, YTO
OTPaHUYUBAIOLIUM U CIEPKUBAIOIINM (AaKTOPOM B Pa3BUTUU MOJACITUPOBAHUS CTAITU
HaIlll CIOCOOHOCTH MaTeMaTUYeCKU ONUCATh TAKHUE CIIOKHBIE SIBJICHUS, IPOTEKa0-
1K€ B IBUTaTesie, Kak CropaHue, TeromMaccooOMeH 1 MHoroe pyroe. Kak usBectHo,
BBIPQXEHUS JUIsl ONpEENIEHUs] KOJMYECTBA OTBEJIEHHOM TEMJIOTHI, UCIIOJIb3yEMbIE B
HECTAllMOHAPHBIX MAaTEMaTHYECKUX MOJENSIX, ObUIM MOJy4YeHbl B OCHOBHOM IpU 00-
paboTKe SKCTIEPUMEHTAIBHBIX TAHHBIX U SIBJSIFOTCS CIIPaBEITUBBIMH TOJIBKO TSI OTI-
peleseHHbIX THUIIOB ABUTraresieil. B HUX Takke HE YYUTBIBAIOTCS HM OCOOEHHOCTHU
CHCTEMBI 3KUTaHMsI, HI OCOOEHHOCTH pa3MEIIeHHs €€ B KaMepe CropaHusi, HECMOT-
ps Ha TO, 4TO TeIUIonepeaaya BseTcs: GyHKIMEH TUX mapaMeTpoB. XapaKTepUCTH-
KU CKOPOCTH CTOpaHHUs TaKKe OINpEeNesUINCh TpU aHalIM3€ JKCIEPHUMEHTATbHbBIX
JAHHBIX, TIOTYYEHHBIX ISl OTPEACIICHHBIX KOHCTPYKIMA KaMep cropanus. [lockoms-
Ky OHU ObUIM HE CBSI3aHBI C (PyHIAMEHTAJILHBIMH MapaMeTpaMH, TaKUMU Kak TypOy-
JEHTHOCTh NOTOKa B LMJIMHAPE, CKOPOCTh BOCINIAMEHEHHUS U T.A., TO OHH HMEIOT
BEChMa OTPAaHMUYEHHOE MMPUMEHEHHE K JPYTUM KOHCTPYKIHUSIM KaMep CTOpaHus.

HecmoTpsi Ha BbIlIENEPEUUCIICHHbIE HEIOCTATKH, MOJEIHU HECTAI[MOHAPHBIX

TEPMOJMHAMHUYECKHUX MPOLECCOB MOJIYYUIU O0Jiee IIMPOKOE paclpOCTPAHEHUE, YEM
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CTAI[MOHAPHBIE TEPMOJUHAMUYECKHE MOJICIH, U3-3a TOTO, YTO OHU CIOCOOHBI C OTI-
peIeIeHHON TOYHOCTBIO OLICHUTH BJIMSIHUE HA OCHOBHBIE XapaKTePUCTUKHU JIBUTATEIS
TaKUX MapaMeTpoB, KaK BpeMs CrOpaHus, XapaKTep KPUBOM TEIUIOBBIICICHUS U €€
MIPOU3BOJIHBIX, KECTKOCTh MPOIECCA CTOPaHUsl, MOMEHT OKOHYAHMUS, CTETICHb CXKaTHUs
U T.JI.

[Ipu Kcronb30BaHUM HA TPAKTUKE HECTAIMOHAPHBIX TEPMOJUHAMUYECKUX MO-
nenei OblIO BBISICHEHO, YTO XOTSI CBOMCTBa pabouero Teja mo BCeil cuctemMe pa3ind-
HbI, UCTIOJIb30BAHKUE YCPEAHEHHBIX 3HAUEHUN CBOMCTB MPUBOJUT K JOCTATOYHO YA OB-
JIETBOPUTEIBHBIM PE3yJIbTaTaM.

[TonoxeHue cepbe3HO N3MEHWIIOCH TIOCIIE YKECTOUEHUS TPeOOBAaHUM K COCTaBY
BBITYCKHBIX Ta30B JIBC u BBefieHUS! €BPOIEHCKUX CTaHAAPTOB TOKCUYHOCTH BBIOPO-
coB. [Ipu pacueTax cocTaBa BBIITYCKHBIX ra30B MPUMEHEHUE YCPEIHECHHBIX 3HAUCHUI
CBOMCTB paboyero Teia NPUBOJUT, B YACTHOCTH, K MOJYYCHHUIO 3aHMKEHHBIX 3Haue-
HUi KoHIeHTpanui okcuaoB azota (NO,). DTo 00BICHIETCS TEM, YTO CKOPOCTH XU-
MUYECKUX PEaKlHil, MPOTEKAIOIINX B ABUTAaTENE, B TOM UUCIIE U PEAKIUU, BEAYIIUE K
oOpazoBanuio NOy, B 3HAUUTETHHON CTENEHHU 3aBUCST OT JIOKAJIBHBIX TEMIIEPATYpP U
KOHIICHTpAIIUN pearupyromux KOMMOHEHTOB. CreqoBaTelbHO, BO3HHMKAET HEO00OXO-
JTUMOCTH OTIPEJIEICHHS] TIPOCTPAHCTBEHHOTO paclpe/eieHUs] TeEMIIEpaTyphl Mo 00be-
My Kamepbl cropanus. [1o00HOe BBIMOTHUTH B paMKax HECTAIMOHAPHOW WU, TEM
0ojee, CTallMOHAPHOW TEPMOJMHAMHYECKOM MOJENH HE MPEACTABISIETCS BO3MOXK-
HBIM.

Takum 00pa3zom, HEOOXOJUMOCTh CO3JaHUsl MOAPOOHON MAaTEeMATHYECKOW MO-
JIeTU CJIOKHBIX SIBJICHUH, IPOUCXOSAIIUX B JU3EIHHOM M KapOOpPAaTOPHOM JBUTATE-
51X, cTaa emie 00jee OYeBUIHON B CBSI3U C BO3POCIIMMHU BO3MOYKHOCTSMH KOMITbIO-
TEpPOB U yCII€XaMH B JIETAIBHOM MOJICIUPOBAHUM XUMHUH TOPEHUS.

JleTanbHOE MaTeMaTUYECKOE MOJICIIMPOBAHUE OCHOBAHO HA TOM, YTO pabouuit
MPOIIECC MOPIIHEBOTO JIBUTATEINSI OMPEENACTCS B PaBHOM CTEMEHH KaK MOJEKYJsp-
HO-(U3UYECKUMU TPollecCaMu B KaMepe CropaHusi, Tak U KUHETUKOU MPOTEKAIOIIUX
B HEW XMMUYECKUX PEAKIUMU. ITOT MOJXO0/ MPUMEHSETCS aKTUBHO ¢ Havana 90-X IT.

HecmoTps Ha CcI0KHOCTH MPOrpaMMHON pean3alii MOJENed U NOTpeOHOCTh B 3Ha-
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YUTEIIBHBIX BBIYMCIUTEIBHBIX PECYpPCaxX, OH CTAHOBUTCS OCHOBHBIM, IOCKOJIBKY I10-
3BOJISIET JOBOJILHO TOYHO MOJENNPOBaTh mporeccs B [IBC.

K npumepy, mumpoko usBectHa xuMHKo-knHeTnuyeckas mozaens HCT, paspabo-
tanHasa B JIlusepmope (CIHA) Y. VactOpykom u Y. ITutnem. Ilpu ucnons3oBanuu ee
Ha cynep-OBM c pacnapajieIMBaHUEM BBIYNCICHUM, MTOSBUIIACH BO3MOYKHOCTD pe-
11aTh 3a/1a4y KMHETUYECKUX IIPEBPAICHUN [IETaHa, I/l B3aUMOJIEUCTBHUE C KUCIIOPO-
oM MoxeT mpoxoauTh 1200 cmocobamu o 7000 XMMHYECKHX PEAKIH B KaXKIOM.
OnHaKko, MPUMEHUMOCTb 3TOM MOJENH JUIsl LeJIed ONTUMU3ALUK, KOTI/1a HE00X0AUMO
IIPOU3BOAUTH OOJIBIIOE KOJMYECTBO PACUETOB, BECbMa OIPaHUYEHA U3-3a 3HAUUTEIIb-

HBIX 3aTpaT MalllMHHOI'O BPpEMCHU.

1.2. O630p U aHaAN3 Moj1eJiell TOKCUYHOCTH UCTOYHUKOB 3arpsi3HEHHUIA.

1.2.1 Moaesu ropeHusi Kak OCHOBA /ISl MOJIeJIUPOBAHHUS 00Pa30BaHUs U

Bbl/leJIeHHS] BPeIHbIX BellleCTB

Bormpocsl 06pazoBanus BB nipu ropeHnn yrieBog0pOIHBIX TOILIAB HAILINA OT-
paxkenue B Tpynax 3enpaouua S.b. [50], JIykauera C.B. [62], Cmaitmca B.U. [86,
85], Kynpunikoro A.P. [58], MaxoBa B.3. [47], 3BonoBa B.A. [48], Pa3zneiinera
H.®. [81, 60], JTockyroBa A.C. [60] u npyrux aBTOpOB.

OU3NKO-XUMHUYECKOE MOJICTMPOBAHUE TPOIECCOB 00pa30BaHUS BPEIHBIX BE-
IecTB 0a3upyeTcs Ha MOJIETISIX TOPEHUS TOTUTMB COOTBETCTBYIOIIUX THUIIOB JBUTATE-
neit. [loaToMy cHayana pacCMOTPUM MOJIENH TOPEHUS C TeM, YTOObI YSACHUTH CIEIH-
(bUKy MOCTpPOEHUS B TalbHEUIIIEM MOoielield 00pa30BaHUsl TOKCUYHBIX KOMIIOHEHTOB B
JABC. Illupokoe pacnpoCTpaHEHHE MOJYUYMUIIN MOJENH: KaleJIbHOr0, MOJIBHOTO, IO-
BEPXHOCTHOTO U 1udy3rnoHHOr0 ropenus [8].

B mooensix kanenvrnoco copenus (puc.1.1) ocHOBHOM eTMHHUIICH pacyeTa IpoIec-
ca ropeHus SBJIIeTCS OJWHOYHas Karisl TormiuBa. [uddy3nonnsiii GpoHT miame-
HU, OKPY’KAIOITUH KaTuTio, pa3IeNiieT 30Hy CMECH ITPOYKTOB TOPEHUSI M OKUCIIUTE-
7 C OJTHOW CTOPOHBI, U 30Hy CMECH TapOB TOTUIMBA U MPOJTYKTOB TOPEHUS, a TAKKE
KHUKOTO TOIUIMBA — C JPYTOol CTOPOHBI. MecTomnonoxkeHue (poHTa MIIaMEHH OTpe-

ACIBICTCA U3 YCIIOBUA CTCXHOMETPUICCKOIO COOTHOIICHMA TOIUIMBA U OKUCJIIUTCIIA B

12



30He ropeHusa (a=1). Pacuér mpouecca ropeHuss B AM3€JIe HA OCHOBE TOPEHUS
MHO’KECTBA Kamejb JaeT BO3MOXKHOCTh y4eTa MHUKPOPACIIPEIEICHUS TEMIIEPATYPHI
Y KOHLICHTPALIUHA OKUCITUTEIS.

OnHako MakpopacrnpeneiieHue 3Tux Beanuud B 00beMe KC onpenensiercs He
OTJEJIbHBIMH KaIlJISIMHU, a TOIUIMBHBIMU HeoaHopoaHocTsasMHu B Macutadbe KC. Kpo-
M€ TOTO, BEPOSITHOCTHb CYIIECTBOBAHMS OTHEIbHBIX Kalellb MpPU MAaKCUMaJIbHBIX
TEeMIIepaTypax ropeHus HeBenuka. JKuakas cTpys TOILUIMBA IPU KPUTHYECKUX Tep-
MOJIMHAMUYECKUX YCIIOBUSX BeNET ceOsl Kak TypOylIeHTHasl razoo0pasHas CTpYs.
CooTHonIeHuE MapoBOM U KaneabHOU (a3 B TOINIMBHOU cTpye sBIsieTCs (pyHKUMEn
napaMeTpoB TOIUIMBOIIOAAYM W YCJIOBUM B KaMepe CrOpaHHs, a 3TO OKa3bIBaeT
BIUSHUE Ha YCIIOBUS TOpPEHUs U 00pa3oBaHMS BpeIHBIX BellecTB. Pacuer obpaso-
Banus, Hampumep, NO, 1o Takoil Mojenu BeJAETCS Ha OCHOBAHHU PaBHOBECHOM
TEpMOJIMHAMUKHU, 0a3UpPYIOIIEHCs Ha CPETHUX TeMIlepaTypax U HE YUUThIBAIOUICH
WU3MEHEHUU IOJIEN TeMIepaTypbl U KOHLIEHTPALMKU OKHMCIIMTENSI BO BPEMEHU, U HE

OMHCHIBAET aJICKBAaTHO (PU3HKY mpoliecca oOpazoBanus u paznoxenus NO, B auze-

J1e.
a=1 NO, O,
k[ prey %
1750 0, £000 -
13004 &0 4 85
1250 SO0
T 4
1000 + 'Iil m -Ih 00D
NO,
" L3

i i
012 0,14 016 T, MH

| — 30na ropenns; 2 — Naps! TONAHES; 3 — OKHCAHTEAL! 4 — ApOAYK-
ThI FTODEHUA: 5 — HUAKOS TOTAKRO

Puc. 1.1 Mopens (a) u cxema (6) pacuera moseit TeMreparypbl, KOHIEHTPAL[UH OKUCITUTENS
M OKcHa a3ota 1o kaneasHou monenu. P=30 bar, N,=79%, T, =2700K, T, = 850 K

CormnacHo mooensim MOIbHO20 20peHus BCE TOIUIMBO, HAXOIALIEECS B KaMmepe
cCropaHusi, cropaet B BHujae oTheiabHbIX mMojed. Ha puc. 1.2 Ty -TemnepaTtypa ot-
nenbHbIX Mounel, To - Temnepatypa cxatus; NO; - KOHIIEeHTpanus OKCUJa a30Ta B

kaxaoM moine; NOsy - u3sMeHeHne CyMMapHON KOHIIEHTpanuu okcunaa azora B KC.
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Bennunna moneit mubo ogmHakoBas, TMO0 MPOMOPIUOHATIbHA TEMJIOBBIACICHUIO
3a HEKOTOPBIA MPOMEKYTOK BpeMeHH. Cropanue MoJeil MPOUCXOIUT UIIU MPHU CTe-
XAOMETPUYECKHUX yCHIOBUAX (00 = 1), Mau mpu o = 0, IO BCEH KaMmepe CrOpaHMs.
KoHnuenrpamuss kuciopoga B MNPOJIYKTaX CrOpPaHHsl OTIAEABHOTO MOJIS SBIISIETCS
¢yskuuen o. TemnepaTypHoe 1Mojie B KaKAblii MOMEHT BPEMEHH OIPEAEIIETCS COBO-
KyIHOCTBIO TEMIEpaTyp MHPOAYKTOB CrOpaHusi OT Kaxkaoro moussl. MckyccTBeHHOE
paszzaeneHue o0beMa KaMepbl CrOpaHusl Ha OTJEJIbHbIE HE NepeMEIINBAIOIINECs 30-
Hbl HCKJIIOYA€T BO3MOXKHOCTb y4€Ta BJIMSHMS TEIJIO- U MAacCONEPEHOCa MEXKIY
TUMHU 30HAMU, YTO BEIET K MCKAKEHHIO TEMIIEPATypPHOTO M KOHIIEHTPALMOHHOIO
nosieid B KC. Ommnbka yBenmnuuBaeTcs BCIEICTBUE OCPEAHEHUS COCTaBa MPOIYKTOB
CrOpaHusi M TEMIIEpATyphl B 3TOM 30HE U HE NO3BOJISAET YUYUTHIBATH MUKPOpACIIpEe-
JIeHHE 3THX NapaMeTpoB, UCKaXas OLIEHKY xapakTepa oopa3oBanus NO;, 3aBucsiie-

I'o OT JIOKAJIBHBIX, 4 HC OT CPCIAHUX ITapaMCTPOB.

Puc. 1.2 Cxema pacuera TeM-
NepaTypHbIX U KOHIICHTpAIlH-
oHHbBIX noyieii B KC qu3ensa B
MOJIEJISIX MOJIBHOTO TOpPEHHUSI.

Mooenu nosepxHocmHo2o 2openuss OCHOBaHbI Ha TOM, YTO TOIUIMBHBIN (akemn
MIPE/ICTABIIICT COOOH €AMHOE 1IeI0€, U TOPCHHE MPOUCXOIUT Ha OOIIIEH MMOBEPXHOCTH.
TonauBo, oTaBaeMoe BO BpeMs TOPEHHMS, MONAaaaeT B IICHTP TOIUIMBHOTO (hakena,
oOpa3sys nepeoboramniéHHubie 30HbI, e o0pa3yeTcs caxka. B mepeobeHEHHBIX 30-
HaX, COBIAJAIONIMX C 30HOW TOPEHHS, MPOUCXOJIUT MPOIECC OKHUCICHHS a30Ta.
H3menenue teMrnepaTypbl U KOHIEHTPAIIMU OKHCIUTENS B 30HE 00pa30oBaHUs OK-
cuja azora siBigeTca (pakTuyecku GyHKUHEH cpeaHero kodpduuuenta n30bITKA

BO3/1yXa U TEIUIOBBIICICHUS Oljox.



B sTux Tpex tMmax Mojeneld mpolecca FOpeHHsl B AU3ENIE HE YYHUTBIBACTCS
B3aMMOBJIMSIHUE TPOLIECCOB CMEIIEHUS W TOPEHMS, MO3TOMY HEMpPEPBIBHBIE MO
TEeMIEpaTypbl U KOHLUEHTPAUN OKUCIUTENSI U TOIUIMBA 3aMEHSIOTCS TUCKPETHBIMU
OCpeIHEHHBbIMU 3HaueHUsIMH. He paccmaTpuBaeTcs Takke BOIPOC paclpocTpaHe-
HUA [JJAMEHU U 0COOCHHOCTH 00Opa30BaHMs OKCHJIa a30Ta B 3TOT nepuon. He yuu-
ThIBA€TCs poJib [ y3un NpoAYKTOB CTOpPaHMS U3 30HBI TOPEHHUS, @ OKCHJIA a30Ta —
U3 30HBI ero oOpaszoBanus. dakTuuecku s pacyeta npoiecca obpazoanust NO B
JU3eJie IPUMEHSIOTCSI MOJIETIN TOPEHUS TOMOT'€HHBIX CMECEH.

Mooenv ougpgyszuonnozco copenus WMEET KAYECTBEHHOE OTIUYUE OT ATUX
TpeX Mojienel. DTa MOJIEb YUUTHIBAET HECTALIMOHAPHOCTh IEPEMEHHBIX MOJIEH TEM-
neparypsl 1 KoHueHTpauui B KC npurarens.

[Ipouecc cropanus COCTOUT U3 ABYX (a3:

1) ¢a3pl HecTanroHapHOro (GOPMHUPOBAHUS HA HU30CTEXMOMETPUUYECKOU I10-
BepxHocTH F nuddy3znonHoro ¢GpoHTa miaMeHu — 3TO MPOIECC OXBaTa IJIaMEHEM
TOIUIMBHO-BO3AYLIHOTO (pakesa B 30HE OT HMJKHETO O BEPXHEro KOHUEHTPalUOH-
HOTO IIPEJEIIOB TOPEHUS;

2) ¢da3bl KBa3UCTAIIMOHAPHOT'O TOPEHUS TOTUIMBA B TU(P(HY3MOHHOM TJIAMEHHU.

[Ipouecc oxkuciieHMs a30Ta HAYMHAETCS C TEMIEpaTyp, XapaKTEPHBIX IS
IPOTEKaHUsS XUMHUYECKOW PEaKIMU rOpeHus B 00JaCTU JUMUTHUPYIOLIETO BIUSHUSA
BBITOPAHUSI, YTO COOTBETCTBYET AUGDPY3MOHHOMY pexumy ropenus. Eciam mone
TEMIEpaTyp IOCTUraeT AMana3oHa OT aJnadaTUYEeCKON TeMmIepaTypbl TOPEHHS /10
anuabaTrueckoil Temmneparypsl cxarus, To B o0beme KC Bce KOIM4ecTBO OKCHIA
a30Ta MOXKHO pa3/IEJIUTh HA 3aKaJEHHOE U HE3aKaJICHHOE.

B koHIE mponecca ropeHusl NPaKTUYECKH BECh OKCHJ a30Ta MEPEXOIUT B 3a-
KaJICHHOE COCTOSIHUE, MTO3TOMY MOKHO CUMUTaTh, YTO KOJMYECTBO OKCHJAA a30Ta B
OpOAYyKTaxX CropaHusi oOycCIaBIMBAETCs BEIMUYMHONM MaccoBoro motoka Gyo uepes
M30CTEXMOMETPUUECKYI0 MOBEPXHOCTh 3aKaiku. HaxoxkaeHue 3Toil MOBEPXHOCTH
OIpEeNIEeNAETCS CTENEHbI0 MOABUKHOCTU PEAKLIUHU OKHUCIIEHUs a3oTa npu auddysu-

OHHOM TI'OPCHHH. 0611166 KOJIMYCCTBO OKCHJa a30Ta B OTpa60TaBHII/IX raszax Ju3CJIs1
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HaxXoAauTCA KAaK HHTCIpPal 11O IHOBCPXHOCTU 3aKaJIKH F3 ) paCCqHTaHHBIﬁ C YyYCTOM

pacnpeaesieHus TeMneparyp 1o nopepxHoctu F:

T Fy
NO, = [d7 [G\odF,
0 0
CJ'ICI[OB&TGJII)HO, OIIPCACIIAOICC BJIMAHHUC HaA 06p330BaHI/Ie OKCHJa a30Ta
OKa3bIBaeT 3HaUEHHUE TEMIIEpaTyphl BO (ppoHTe miaMenu. KoHIeHTpanusa Kuciopoaa
B 30He 00pa3oBanus NO, T.e. OTHOCUTEIBHO 30HKI ¢ 00 = 1, MEHSIETCS MEHEE UHTCH-

CUBHO,; KOHIOCHTpANHA a30Ta IIPAKTHUYCCKHU ITIOCTOAHHA.

1.2.2 OcHOBHBbIe MeXaHU3MBbI 00Pa30BaHUsI OKCHIOB a30TAa MPH C:KUTAHUU
YIJIEBOJAOPOIHBIX TOILIUB

OcHOBHBIM TOKCHYHBIM KoMroHeHTOM OI sBistrorcsa okcuasl azora NOy. Oun
o0pa3yloTcs B KaMepe CropaHus JIBUTaTess MPU OKUCIECHUHU a30Ta, COIEPKAIIETOCs B
BO3MIyX€, W W3 a30TCOJAEPXKAIINX MOJICKYJ ToruinBa. OMpeaensroniee BIUSHUEC Ha
smuccuto okcuaoB azota NOy okasbiBaeT Temneparypa B KC. Haubonee HHTEHCMBHO
oOpa3oBaHUE OKCHJIOB a30Ta MIPOUCXOIUT B TIEPBOI (haze cropaHusi 10 MOMEHTa J0C-
THKEHUS MAaKCUMAJIbHOM TeMITepaTyphbl CrOpaHus, U OCOOCHHO B IMEpPHUOA OBICTPOTO
B3pbIBHOTO TopeHus. Jlonsa okcuaos azora NOy B cyMMapHBIX TOKCHYHBIX BBIOpOCAX
cocraBisieT 30-80% mo Macce u 60-95% no skBuBasienTHOM CO TOKCHYHOCTH [75].
Toxcuunocth nuokcuaa azota NO, B 7 pa3 BbIllIe TOKCHYHOCTH MOHOOKCHIA a30Ta
NO. KonnuectBo NOy, BeiOpacsiBaembix MammuHoi ¢ OI, 3aBUCHT OT (aKTOPOB: TH-
na JBUTATENsA, PeKUMa ero padoThl, MapaMeTpoB pabouero mpolecca U OT mapaMeT-
POB OKPYKAIOIIEH CPEIBI.

B Hacrosmiee Bpemsi BBIICIISIOT YETHIPE OCHOBHBIX MEXaHM3Ma 00pa30BaHUS
OKCHJIOB a30Ta IPH TOPSHUU YTIIEBOIOPOIHBIX TOIUIUB [75,24].

1) TorMBHBIA MEXaHHM3M — Yepe3 Peakiliu Mepexoja B OKCH] YacTH a30Ta,
coJiepKallerocs B TOIUTMBE B CBs3aHHOM Buje. ColepikaHue a30Ta B TU3CIBHOM TO-
muBe He npessbimaet 0,02 - 0,05 %, m03TOMY KOHIIEHTpalusl «TOTUIMBHOI0» MOHO-
okcua azota NO B BBIXJIONHBIX ra3ax He IpeBbIaeT 3-6 % o01ero BpIOpoca MOHO-
okcuaa azora NO.
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2) N,O mexanu3m — yepe3 peakinuu ¢ oopazoBanueM N,O kak mpoMeKyTOYHO-
ro KOMIIOHEHTa. DTOT MEXaHU3M PEAIM3yeTCs] B HU3KOTEMIIEPAaTypHBIX 30HAX Kame-
PBI CrOpaHusl, 111 HETO XapaKTEPHBI CIECIYIOIINE PEAKIINHN:

N,+O, <>N,0+0; N,+HO,«<>N,O0+OH; N,+OH < N,O0+H:;...

3) «beicTpBIit» MexaHu3M — uepe3 B3aumojeiicTeue azora N, ¢ yriaeBomopoa-
HBIMHU paJiuKajiaMu. JTOT MEXaHU3M PEaIN3yeTCsl TAKKE B HU3KOTEMIIEPATYPHBIX 30-
Hax KC u moxer uaru uepe3 paspymenne N, B peakuusx [75]:

CH+N, <>HCN+N; C+N, >CN+N;
CH, +N, <> HCN+NH ; CH, +N, <> N +H,CN

Peakuust oOpazoBanus okcujoB azora NOy M3 aToMapHOro a3oTa MOXET 3a-
Bepmatbes 3a 0,1 mc, mosTomy moHookcuna azota NO oOHapyXuBaeTcsi HA OYEHb
PaHHUX CTaJHsX IIpoLiecca TOPEHHUS.

4) TepMUUYECKUIT MEXaHU3M — OKHCIICHUE a30Ta B 30HAX BBICOKUX TEMIIEPATyp
KC. Dror mexanusMm npemoxken 3enpaosudeM f.b. [50] u He cBs3aH HemocpeacT-
BEHHO C ImpoueccoM ropenus. Peaxnum oOpazoBanuss NO sHnoTepmuyeckue, npu
temrepatypax Bbie 19002000 K onu uayt ¢ Oonbiioi ckopoctbio. IIpu Takux
TEMIIEPATYpPax CTAHOBUTCS 3aMETHOW AUCCOLMALNS MOJIEKYJISIPHOTO KHCIOPOJa BO3-
JyXa, KOTOpas JaeT TOJYOK LIEMHBbIM PEaKIUAM:

0,<>20; O+N,<>NO+N; N+0,«<>NO+O; ...

HasBanme  ‘“repmuuecknii”’  HCHOJIB3YyEeTCS  MOTOMY, 4YTO  pPEaKLMs

3
O+N,—>NO+N, rue k =1.8-10"- exp(— 318 K j N YMeeT OYEHb BBICO-
monw-RT ) monw - ¢

KyIO DHEPTHIO aKTHBAIIMH U3-3a CHJIBHOM CBsI3W B MosiekyJe N, Mmo3TomMy OHa OBICT-
pasi TOJIBKO TP BBICOKUX TemIeparypax. [Iporecchl okucaeHus: a3ora uayT MeJIeH-
HEee, YeM IIPOIIECChl OKMCIICHHUS TOIUIMB. XapaKTePHBIN MEPHOT 3aIepKKH 00pa3oBa-
Husg okcunoB azota NO, cocraBisger 4 Mc.

Ecnu B ra3oBoii cMecu coaepikaTcs mapbl BOAbI, MEXaHU3M 00pa30BaHUSI MO-
HOOKCHJIa a30Ta MOYKET ObITh KOMOWHHUPOBAHHBIM, BKIIFOUAIOIINM PEAKIIUU B3aUMO-
TEHCTBUS a30Ta C THAPOKCHILHBIMU paJKajiaMu, KOTOPbIE MOTYT ITPOTEKATh TOJBKO

IIPY BBICOKOM TeMIIEpaType:
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OH+N,=NO+NH; NH+0O,=NO+0OH; ...

1.2.3 CymecTByHo1iue Mojiejid 00pa3oBaHusi OKHCJIOB a30Ta
Mopereit oOpa3oBaHus OKCHIOB a30Ta CYIIECTBYET JOBOJLHO MHOro [50, 62,
47, 48, 81, 60].

Monaens 38oHOBa B.A.—MaxoBa B.3.

OcHOBHBIMU THUIIAMH (U3UYECKUX MOJIEJCH YCIOBHMI M TMPOIIECCOB, OMpee-
JSIOLMX Tpouecc 00pa3oBaHUsl OKUCIOB a30Ta B UWIMHAPE AU3ENs, SBISIOTCS: MO-
JI€JIb 20MO2EHHOU cMecU; MOJENb CMEXUOMempuiecko20 Clos; MHO2030HAIbHAS 00b-
emuas Moaenb [47, 48, 81, 60].

Mojienb TOMOT€HHOM CMecH MCIIONb3YIOT I pacyeTa mpoiecca 00pa3oBaHus
OKHCJIOB a30Ta B KapOIOPATOPHBIX JBUTATENSX, MOJIETb CTEXUOMETPHUUECKOTO CIIOS -
B JIM3EJIbHBIX JIBUTaTENsIX, @ MHOIO30HAJIBHBIE MOJIETN — IU3EJSIX U B KapOropaTop-
HBIX JIBUTATEJSIX C PACCIOCHUEM 3apsa.

B ocHOBY moznenu cmexuomempuuecko2o cios TMOJI0KEHBI 1Ba OCHOBHBIX J0-
IYIEHHUS.

Ilepsoe donywenue 0azupyercs Ha SKCIIEPUMEHTAIBHOM (PaKTe, 4TO Mpoliecc
T Py3MOHHOTO CrOpaHusl B UMIUHAPE OU3EN MPOTEKAeT B JMCKPETHOM (PpPOHTE
IUTAMEHHU [IPU CTEXHMOMETPUYECKOM COCTaBe cMecH o = 1.

Bmopoe donywenue cnegyer U3 HEKOTOPOM aHAJIIOTMM MPOLIECCOB TOPEHUS B
JM3elie U TOPEHUs He MepeMelIaHHbIX Ta30B. B o0oux cimydasx mpouecchl cMeceo0-
pa30BaHMUsl, BOCIZIAMEHEHUS U TOPEHUS ITPOTEKAIOT CO CIABUTOM BO BPEMEHH.

Jlns mocnegHero ciay4asi Ipyu paBHOBECHHM CKOPOCTEH CMELIEHUS U XUMUYe-
ckoit peakiuu S1.6.3enpa0Bry nokasain [50], uTto npu OBICTPOM FOPEHUHU HE TEepeMe-
[IaHHBIX T'a30B B 30HE PEAKIMM MOJy4aeTcs B TOYHOCTH TaKas kK€ KOHLEHTpaIus
MPOJYKTOB TOPEHUs, KaK €CJIM Obl Mbl MEepEeMEIIaIN rOpsIIue ra3bl B CTEXUOMETPHU-
YECKOM OTHOILIEHHH, a TEMIIEPATypa B 30HE TOPEHHs paBHA TEMIIEPAType MPHU MOCTO-
SHHOM [IaBJICHUM CTEXHOMETPUYECKOW CMECH paccMaTpuBaeMblX Ta3oB. To ecTsb,
TEMIIEpaTypy M COCTaB MPOJYKTOB CTOPAHUS ONPEAEISEM ITPH YCIOBUU:

a=1,T=F(a=1, p=const).
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Haubornee mogHO OCHOBHBIE MOJOXKEHHUS CTEXMOMETPUYECKON MOJETH MpPO-
necca o0pa3oBaHMs OKHCIIOB a30Ta B JU3EISIX NpHUBEACHBI B padoTax B.A. 3BoHOBa
[48], B.3. MaxoBa [47] u CBOIATCS K CIIECIYIOIIEMY:

® CropaHue€ OCHOBHOM MaccChl TOIUIMBA MPOUCXOIUT B 30HAX CMECH CTEXHOMETPU-

4CCKOro coCraBsa € &, =1,

® POAYKTHI CrOPaHUsl OJHOPOIHBI IO COCTABY - TUIIOTE3a "TIOJHOTO CMEIICHUS "
IIPOLYKTOB CIOpPaHHS;

e TeMIIepaTypa B 30HE IPOJYKTOB CTOPAaHUs OJUHAKOBA BO BCEX TOYKAX B JAHHBIN
MOMEHT BPEMEHU;

® COJICp’KaHME KOMIIOHEHTOB T'a30BOM CMECH B 30HE IIPOAYKTOB CTOpPaHUsA COOT-
BETCTBYET YCIIOBUSM PaBHOBECHS;

e 00pa30BaHKE OKKCIIOB a30Ta MPOMCXOJAUT B 30HAX MPOJYKTOB CTOPAHUS TOILIHU-
BOBO3JIyLIHOM CMECH CTEXHOMETPUYIECKOTO COCTaBa C &, =1, T. €. B 30HaX, IJE Cro-
paeT OCHOBHAs Macca TOILIUBA,

® JIaBJICHHE B JIO0ON TOYKE KaMephl CrOpaHus OJWHAKOBO B JAHHBII MOMEHT
LIKJIA,;

® 3aKOH BBITOPAaHMS TOIUIUBA X, (@), MHANKAaTOpHas Auarpamma P(p) u napamer-

PBI 3apsia HAIHNHIPA U3BECTHBI;

¢ 3aKOH BBII'OpaHHUs TOILIMBA CBA3dH C HOHCI;'I BBIACIIMBHICTOCA TCIIJIa COOTHO-

mreHueM: X(@) = X, (@) — XQ (p);

® CpeAHss TEMIIEpATypa ra3oB B HWIMHIAPE I ONMPENENSIETCS M0 YPAaBHEHUIO CO-
CTOSIHUS,

® TEKyIEe 3HAUYCHHUE TEMIIEPATYPhl BO3AYXa, HE YYACTBYIOIIETO B CTOPAHUU TO-
IUIMBA, PACCUMTHIBACTCA MO0 YPABHEHHIO a/1nadaThl;

e TEMIlEpaTypa NMPOAYKTOB CropaHus 1,. ONpeAeNseTcs Mg KaKIOro MOMEHTa
L[MKJIa U3 YpaBHEHUs OajlaHCa SHTAIBIHM C YYETOM MOTEPh TEIJIOTHl HA HEJOTOPAHKE

H JUCCONUAIMIO IMTPOJAYKTOB CrOpaHus.
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Mozens cTeXHOMETPUUYECKOTO CIIOSI CPaBHUTENBHO npocTa. IIporpamMmel Ha ee
OCHOBE TPEOYIOT HEOOJBIIMX 3aTpaT MAIIMHHOTO BPEMEHU (10 5 MUHYT Ha OAUH
pacueTHHI BapHaHT) U MMEIOT JOMYCTHMYIO MOTPEIIHOCTh PAacyeTOB, HE IPEBBI-
marommyto 15%. Dta Mogens oTpaxkaeT crenuuKy Mpolecca CropaHus B JAU3EIAX
npUOIMIKEHHO U HE JIMIIEHA CYIIECTBEHHBIX HEJ0CTAaTKOB. OMH U3 HUX COCTOUT B
TOM, YTO HE YYMTHIBACTCS KOHIIEHTPAIMOHHAS HEOJHOPOJHOCTh Ha MaKpOypPOBHE,
xapaktepHas A 1uddy3noHHOro miuameHu. [IpubmmkeHHbI XapakTep TakkKe HO-
CHUT THIIOTE€3a O PaBHOBECHOM COCTaBE MPOAYKTOB cropaHus. Tak, Hampumep, B 30-

HaX NPOAYKTOB CrOpaHuid C &, =1 IMPAKTUYCCKU JOJIZKHBI OTCYTCTBOBATH IIPOAYKTEL

HCIIOJIHOI'O CropaHuAa TOILJIMBA CO u CH. O,Z[HaKO B Hpo6ax ra3a, IIOJYYCHHBIX

OMBITHBIM ITyTeM, 0OHapyxkuBatot 70 5 - 10% CO u O,.

Monens JlockytoBa A.C.

AHanu3 cXeM peakiuid a30THOM KUHETUKH TO3BOJIWI MPEICTABUTh MEXAHU3M
o0pa3oBaHUs OKHCH a30Ta B BUJE CIEAYIONIEH COBOKYIMHOCTH KMHETHYECKUX BBIpa-
JKCHUM:

Nob+O« NO+N; N+0O, & NO+O; OH+N < NO+H;
N, O+ O « NO + NO; N, + O, < N,O + O;
OH+N, < N,O+H ; N, + O, «> NO + NO.

[Ipy 3TOM BBIJEHAIOTCS TPH OCHOBHBIE TPYIMIIBI METOJOB pacueTra BHIOPOCOB
okucioB a3otra ¢ Ol nBurareneu:

— TI0 PaBHOBECHBIM KOHIIEHTPAIMSIM PEarupyrouyx BeIleCTB;

— Ha OCHOBE KJIACCHUYECKOro IemHoro Mexanusma f.b. 3enpmoBuua;

— Ha OCHOBE pacuupeHHoro mexanusma .b. 3enbaoBuua.

[IepBas rpynna MeTOJOB UCHOJIB3YETCS B 3a/ladyax ONTHUMHU3AIMU r€OMETpUYe-
CKHX ITapaMeTpoB kKamep cropanus. [[ns pacdera nuramuku oopazoBanuss NO B mu-
JUHJpE JIBUTATEJIEH HCIOIB3YIOT B OCHOBHOM TPETHIO rpynmny MeTofoB. Ilpu sTom
JUTSL YIPOIICHUST BBIYUCICHHUN cucteMy AuddepeHInaibHbIX YpaBHEHUN, OIHUCHI-
Barolyr oo0mui nporecc oopazoBanus NO, CBOAAT K €IUHOMY OMNPEACIISIONIEMY

nudepeHnnanTbHOMy YPaBHEHHUIO CO CIENYIONUMU JOMYIICHUSIMU |
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- IPUMEHSIOT IPUHITUT KBa3ucTarmoHapHbix kKoHientparuit s N, O, N,O u
JIPYTUX KOMIIOHEHTOB, KOHIICHTPAIIMU KOTOPHIX B Tporiecce oopazoBanuss NO maibr
U JIOCTUTAOT OBICTPO KBa3HCTAIMOHAPHOTO COCTOSHUS;

- YIJIEBOIOPOJIHBIE PEAKIUK B 30HE TUIAMEHH JOCTUTAIOT XUMHUYECKOTO PaBHO-
BECHs OJJHOBPEMEHHO C OKOHUYAHUEM IPOIIecca TETIOBBIACICHUS, TOCKOIBKY CKOPO-
CTH TUIAMEHHBIX PEaKIUil MPUOIM3UTEILHO Ha JBa TIOPSAKA BBIIIE CKOPOCTEH MOCIe-
IJIAMEHHBIX PEAKIU;

- COCTaB JCHCTBUTEIHHBIX KOHIICHTPAIIUI BEIICCTB B 30HE MPOIYKTOB CTOpa-
HUS PUHUMAIOT PAaBHOBECHBIM, HECMOTPSI HA OTCTaBaHWE PEAKIIM OKHUCIICHHUS a30Ta
OTHOCHTEJIHHO PEAKIM OKUCICHHSI YTIIEBOIOPOIOB.

[MapamnensHo ¢ omnpeaenstonuM TudepeHInanTbHbIM YpaBHEHUEM, OIMUCHI-
BarommM BbIxoq NO, pemaroT CHCTeMy HEIMHEWHBIX anreOpanvecKuX ypaBHCHHM
JUTsl pacdyeTa paBHOBECHOI'O COCTaBa MPOJYKTOB CTOPAaHUS JJI Ka)XXJ0r0o MOMEHTA pa-
Oouero 1ukia apurarensi. [I0CKONIbKY CKOpPOCTH CTOpaHMs JIOCTATOYHO BEJIHKH, TO
CTOPEBIIIHME Ta3bl OJU3KH K COCTOSHUIO TEPMOTUHAMUYECKOTO PAaBHOBECHUS. ITO TIO-
3BOJIIET BMECTO pealibHbIX KoHIeHTpanui [O; ], [O] u npyrux ucmoin3oBaTh Mpu
pacuerax paBHOBecHbIe KoHIeHTpatmu [0, ],, [O],, [N2],.

HuddepennmansHoe ypaBHeHHE, onuchiBatoiee mnpoiecc oopazoBanus NO 1o

MexaHu3My 3enbaoBuya S.b., uMeeT cienyrommil BUI;

dNO
T =R,-R R ,-R

2!

rne R, ;— ckopoctu npsAMbIX U o0OpaTHbIX peakiuii: R =K -[N J[O] [N HO] -
t] +1 +1 L2 2

KOHILICHTPALIMK Pearupyomux semects; K, ;— KOHCTaHTBI CKOPOCTEH PEeaKLHii.

Hcnonp3yst mpuHIUT KBasucTaMoHapHbIX kKoHMeHTpanuii ais O u NO, mpa-
BOMEPHOCTh KOTOPOro 000CHOBaHa MHOTHMMHU HCCJIEAOBATEISIMHU, TEKYIIYH KOHIICH-

TPpaOuIiO aTOMApPHOI'0 a30Ta BBIPAKAIOT YEPE3 PAaBHOBCCHBIC 3HAYCHHA pCarupyrommx

.. dN do
BELIECTB, IPUPABHSIB CKOPOCTU PEAKIUN —— =

dz _ dr

N]= [Np]°[(a' R, *R, IR +a- Rzp)} ,

0:
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rae o =[NOJINO], u K, = R IR, .

[Tockonbky peaknun pexkomOuHanuu N, + M— N + N + M ngocratouno
MeJUICHHBI, TO B Tiporiecce oopaszoBanus NO aromapHbIif a30T He OyAET HAXOIUTHCS
B paBHOBecuH ¢ Ny, U KBa3uCTaIlMOHAPHAS KOHIIEHTPAITUS OMPEACIIICTCS TOJIBKO KH-
HetnueckuMu peakiusaMu N, + O« NO+N u N+ O, < NO + O. Ilocne coot-
BETCTBYIOIIUX TPEOOpa30BaHUMN TOIYUYalOT YpaBHEHUE, OMPEACISAIONICEe TUHAMHUKY

n3meHeHus koHueHtpanuii NO Bo BpemeHu:

dNO ., . 2 3
G =20-a )R [Q+ra k) (1.1)

Tak xak o6pazoBanue NO B nu3ene nNpoucxoauT B IEPEMEHHOM 00beMe Kame-
pBI CTOpaHus, TO KOHIICHTPAITUIO PEarupyOIINX BEIICCTB MPUHATO B MOJIEIISX BhIpa-

KaTh B 00BEMHBIX IOJSIX [;, @ OTYCT BPEMCHH BECTH B IPaj. I.K.B. .

Torna ypaBuenue (1.1), onuceiBaromiee oopazoBanue NO B ausene B pazmep-

HOCTH l/rpaj. m.K.B., MPUBOJUTCS K CICIYIOLIEMY BUY:

dI’NO 3 n2 "
~NO _2103.P-R_(1-a")I(6-n-T-R-(& R /R, +1),  (12)

do
rapec o = k2 -{ro } Nry — OTHOIIIEHHE JIEMCTBUTEILHON KOHIIEHTPAIIMH OKUCH a30-
21p p
Ta K PaBHOBECHOM; = : . = : . Jd. —
a K PaBHOBECHOW; Rli7 K+1 {rNJ s | R2p K+2 [roj fy | 4 T4
P P

CKOpPOCTH PEAKLMK MPU PABHOBECHBIX 3HAUYCHUSX KOHLUECHTPAUMW pEearupyrouux Be-

mecTB; P — naBieHue razos B nuuimHape, MlIla; n — yactora BpamieHust KOJIE€HYaToro

Bana, 00/MuH.; T — TeMmepaTypa NpOAYKTOB cropanus, K; {rN } Ty | BTO—
2
p

p

PaBHOBECHBIE KOHIIEHTPAIIMN PEarupyromniux BemecTs, 00. 7oiau; R — rasosas mocrto-

stHHast, paBHast 8,314 k[bx/kmoinb K K, j— KOHCTaHTBI CKOPOCTEil MPSMBIX U 00pat-

. 3
HBIX PEaKInid, M /KMOJIb"C.

22



Jlayiee, UCTIONB3ys NMPHHIMI KBa3HUCTAIlMOHAPHBIX KoHIEeHTpamwid s N, O,
N,O, OH, nocne npeobpazoBanmii o anaoruu ¢ (1.1) u (1.2) ns pacmmpeHHOTO
KHHETHYECKOr0 MEXaHH3Ma I0JIy4aroT OKOHYaTelbHoe auddepeHIralIbHOe ypaBHE-
HUE, peracMoe YUCIICHHBIMU MeTojaMu. Ha OCHOBaHWMW WCCIIeIOBAaHUM, TPOBEIACH-
HeIx B [60], HaxomaTcs KOd(DHUIMEHTHI anmpOKCUMAIIMH KOHCTAaHT PaBHOBECHS H

KOHCTaHT CKOPOCTEN peakiinii, KOTOPbIE UCTIOJIb3YIOTCS MPU PEUICHUN YpaBHEHMUS.

Monaesns oopa3zoBadusa okcraoB azora no MI'TY um. baymana

MHoro3oHHas Mozenb paspadorana B MI'TY um. H.D. baymana na kadenpe
«[Topmuessie [IBC» MBamenko H.A. u Kasrapanze P.3. [51].

JlaHHast pacueTHasi METOJIMKA MO3BOJISIET OMPEAEIUTh JIOKAJIbHbIE KOHIEHTPA-
MU OKCHUJIOB a30Ta B pa3IMYHBIX 30HaX 00beMa KaMephl cropanus. Pacuer npousBo-
JUTCS B IBa ATalla.

Ha nepBom srtane o0beM IWIMHApPA JABUTATENsl JACIUTCA HA KOHEYHOE YHCIIO
30H, U MPOU3BOJUTCS PacyeT paclpeiesIeHUs TOIIMBA M0 3TUM 30HaM, KOTOPBIA HC-
HOJIb3yeT pacueTHyro nporpammy “Fakel”. Jlanee paccuuThIBaIOTCS MPOIECCHI UCTIa-
PEHUS U CTOPaHMS TOIUIMBA B OTJEIBHBIX 30HAX, MPOIECC TEIIO0OOMEHA, KaK MEXKIY
OTIICJILHBIMH 30HaMU, TaK U Mexay padouum TeiaoMm u crenkamu KC. IlepBbrit aTan
3aBEpIIAeTCS MOJTYYSCHUEM JIOKAIBHBIX HECTAIIMOHAPHBIX TemmepaTyp B oobeme KC.

Ha BTOpOM 3Tarne pelieHus: UCTONb3YIOTCS MOJyYEeHHbBIE 3HAYEHUS TeMITepaTy-
pBI JUIsl pacyeTa MU3MEHEHUs JOKAJIbHBIX KOHIICHTPAIM OKCHIIOB a30Ta B pabodem
[MKJIE B 3aBUCUMOCTH OT yIJia TOBOPOTA KojieHuaroro Baja. [Ipu aTom nmpumeHseTcs
TaK Ha3bIBAEMBbIN PACIIMPEHHBIN MEXAHU3M 3€JIbIOBUYA.

Pacuer koHIIEHTpallMd OKCUAOB a30Ta MPOBOJAUTCS TAKXKE B JIBA ATAlla.

Ha nmepBom sTane onpenensroTcs mapuualibHbIC TaBICHUS KOMIIOHEHTOB - Be-
IIECTB, YYaCTBYIOIIMX B PEAKIUSAX HA OCHOBE YCIOBHUS XMMHUYECKOTO PaBHOBECHSI.
[Ipy 3TOM yYHTHIBAIOTCS M3MEHEHHUS KOHIIEHTpAIlUil JEBATH KOMMOHEHTOB — H,0,
0O,, H,,CO,, CO, N, OH, O, H, obpa3oBaBimuxcs B pe3yjbTaTe XUMUUECKUX peak-

nui ropeHusa. KoHIEHTpanuy AaHHBIX BEIIECTB OMPEACISIOTCA B JaJbHEHIIEM Ha
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OCHOBE 3aKOHA JICHCTBYIOLINX Macc, IPU 3TOM YUHUTBHIBAIOTCSI TPH XUMHUYECKHE PeaK-
IIMM OKHCJICHUS U JIBE PEaKINH AUCCOIALINH.

Ha BTOpOoM 3Tame, omnpenenuB napuuaibHbIC TABICHUS 3TUX JEBATH KOMIIO-
HEHTOB, YYHUTHIBAsl yCJIOBUS XUMHUYECKOTO PAaBHOBECHS, OINPEICISIOT KOHIICHTPAIH
NO Ha oCHOBE pacHIMPEHHOTO MeXaHU3Ma 3ebI0BUYA.

[To 3akoHy NEHCTBYIOIIMX Macc Ui Peakifii EeMHOro MeXaHu3Ma o0pa3oBa-
Hust NO ypaBHenue ckopoctu oopazoBanusi NO numeer Bua:

ANOT_ Ky “[N,1-[0] - Kyp INOT-[N]+ Ky -[0,]-[N]-
—Kog [[NOJ-[O]+ Ky, -[N]-[OH] - K;g - [NO]-[H],

/i€ BBIPAKEHUS B KBAJPATHBIX CKOOKax 0003HAYaIOT KOHIIEHTPAIUKA COOTBETCTBYIO-
[UX MPOJAYKTOB PEaKIUi, a UHACKCH MPH KOHCTAHTaX CKOPOCTEH peakiuili Kpome
HOMEpA peaKklui yKa3bIBaIOT €€ HampasiieHue: V — npsiMas peakuus, R — oOpaTHasi.
KoaddummenTsi, Bxoasiiye B BoIpaxkeHUE, ONPeEsaioniee KOHCTAHThI CKOPOCTH pe-
aKIMi 10 3aKOHY AppEHUyca, a TAKKe YHEPTUU aKTUBAILIUU, OITPEACIISIOTCS B MOJCIH
Ha OCHOBE aHaJIM3a MHOTOYHUCIIEHHBIX SMIUPUYECKUX JAHHBIX. | paHUUYHBIE YCIIOBUS
(Temniepatypa ¥ KO3 PUIMEHT U30BITKA BO3AYyXa), MPU KOTOPBIX OMpPEICICHBI 3TH
KOHCTaHTbI, MAKCUMAJIBHO COOTBETCTBYIOT YCIIOBUSIM mporecca cropanusi B JIBC.
Merton pacueta nokanbHbix KoHIeHTparuii NOy B 00beme KC u ckopocTeit ux
M3MEHEHMS M0 XO0Jy pabodyero mporecca AU3ENs OTIMYAETCA OT JIPYTrUX MOAeNen
TE€M, UYTO KOJIMYECTBO BBIJICJICHHBIX 30H HE OrpaHUYeHO. J[aHHAas MOJieNb MO3BOJISET
OTIPEJICHTh JIOKaTbHBIE 00pazoBanmsi NOy B 3aBUCHMOCTH OT pealbHbIX (PaKTOPOB:
pacnpenenenue ToruBa o oobemy KC, BUxpeBoe qBUKEHUE 3apsiga, CKOPOCTH UC-

MapeHus ¥ CTOPaHMsl, TIOKAJTbLHOUW TeMIepaTypbl pabodero Teja B UIUHIPE.

1.24 QOO0pa3oBanue U BbljlejJeHHe Ta3000pPa3HbIX YIJIEBOAOPOI0B U
OeH3(a)mupeHa
['opeHue yriieBogOpOAHBIX TOTUIMB B JABUTATENSAX MPUBOJUT K 0OpPa30BaHUIO U

BBIOPOCY BPEIIHBIX BEIIECTB, CPEIM KOTOPHIX MPUCYTCTBYET MIUPOKUN KIIACC COETU-
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HEHUI ¢ OOIMM Ha3BaHUEM «HecropeBIimue» yrieBoaoposl (CyHy). K HuM oTHOCST
KaK TOIUIMBO, BHIOpAChIBAEMOE M3 KaMephl CrOpaHus B BUJIC Karelb WX apa, Tak U
MPOIYKTHI Pa3Jj0KEHUs MCXOJAHOrO TOIUIMBA Ha YTJIEBOAOPOJbI MEHbIIEH MOJEKY-
asipHOM Maccel. Kpome Toro, B mpouecce ropeHusi Co3JatTcsl YCIOBUS JUIsl CUHTE3a
Oosnee TsKENBIX YTIeBOAOpoAOB. To ecThb, MOJ HECTOPEBIIMMH YTIEBOAOPOIaMU
MO/Ipa3yMeBaeTCs 1eJIbIi CIEKTP OPraHUYEeCKUX COSIUHEHUH.

Knaccudukanuio yrieBogopoioB MPOBOIAT MO CIEAYIOUUM CTPYKTYPHBIM
NpU3HAKaM, OIPEICIIAIONINM CBOMCTBA ATUX COeIUHEHMIA [62]:

- CTPOCHUE YIJIEPOIHOM 1EMH;

- HAJIMYKE B LIETIH KPATHBIX CBSI3€ MEXy aToMamu yriepoaa, ABoiHbIX C — C
u TpoiHbIX C = C (cTeneHb HACBIIIEHHOCTH).

B coctaB MoJieKyn apOMaTHYeCKHX YIJIEBOJOPOAOB BXOJIUT OJHO WJIM He-
CKOJIbKO O€H30JIbHBIX KOJIEI[ C MIECThI0 aTOMaMU YIjiepoja U TpeMsi IBOMHBIMU CBS-
3AMH. YTJIEBOJOPO/bl, 0Opa30BaHHbIE HA OCHOBE COECIUHEHMs ABYX U Oojee OeH-
30JIbHBIX KOJIEL] B MOJIEKYJE, 0OBEIMHAIOTCS B KJIACC MOJMUMKINYECKUX apoMaTuye-
ckux yraeosoposioB (ITAY). IlepBbIM yriieBoIOpOIOM apOMaTUYECKOTO psilia SIBIIS-
etcst 6en3on — CgHg. JIBoiiHbIe CBsI3M OEH30IBHOTO KOJBIIA HE UMEIOT CTPOTO (PUKCH-
POBAaHHOIO TMOJOKEHHS, KaK y APYTUX YIJIEBOAOPOAOB, & HEMPEPHIBHO U CAMOIPOU3-
BOJIBHO MEHSIOTCS MECTaMH C OJMHAPHBIMU CBS3SIMHU, MOATOMY CTPYKTYpHYIO (hop-
MyJly O€H30JBHOTO KOJbIAa C paclpe/ieIeHUEM IBOMHBIX U OAUHAPHBIX CBsI3el pac-
CMaTpuBaroT Kak ycioBHy. [Iupokuii cnexktp ITAY rpynnupyercss mo mNpuHLHUILY
coelMHeHUs OeH30JIbHBIX KoJjell. [1o cBoel cTpykType apoMaTHYECKHUE YTIIeBOAOPO-
JIbI TOI00HBI HapTEeHAM, B HUX COJICPYKUTCSI MEHBIIIE BOJIOPO/Ia, TOITOMY Y TaKUX CO-
eIMHEHMI 00Jiee BBICOKAsi CKIIOHHOCTh K 00pa30BaHUIO CaXH.

Crenenb HEONArompHUsATHOTO BO3ACUCTBUS OTIEIBHBIX TPYMI YIJIEBOJOPOAOB
CYILIECTBEHHO OTJIMYAETCSl, & UX CPABHUTEIIbHYIO OIIEHKY MOYHO IPOBECTU IO YT-
BEpKAEHHBIM caHuTapHbiM HopMmaM [I/IK. HauMenbmmMu TOKCHUYECKMMU CBOMCTBA-
MU 00J1a1atoT npeaenbubie anudarndeckue yriaepogopoasl (ITJIK na yposae 60-300
MI/M®, KIIace OMacHOCTH - 4); najee CIeayioT HelpeaenbHbie amndaTHieckue 1 Had-
TEHOBBIE YIJIEBOJIOPOIbI, & TAKIKE apOMATHUECKHUE YIIIEBOIOPOIbI C YUCIOM KOJIEIL J10
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JIBYX BKJIOYUTEIHHO (HI[KaTM;O,OO3-3,OMF/M3, HI[Kp3=15-1OOMr/M3, KJIacC OIacHO-
ctu - 2-4). g TTAY (penantpeH, mupeH) ycTaHOBICHBI emie Oosee Huskue [1JIK,
X0Ts U TosbKo aa Bozayxa P3 (ITAK,, = 0,03-0,8 MF/Mg, KJIacC OMacHOCTH - 1-2).
Oco6oe mecto B aToM criucke 3aHuMaeT CyoHp, (kimace omacHoctu -1), mpenenbHO
JTOMYCTUMBIE KOHIIEHTPAIIUU KOTOPOTO Kak JJIsi aTMOC(HEpPHOIro BO3ayXa, TaK M JUIs
Bo3ayxa P3 Ha HECKOJIBKO MOPSJIKOB JKeCTUe, YeM JIJIS YTIIEBOJIOPOJIOB JHO00H TpyII-
bl DTO cBA3aHo ¢ TeM, uTo CyoHjpp, Kak OBUIO CKa3aHO B riase 1, o0jamaeT croco0-
HOCTBIO BBI3BIBATh PAKOBBIE 3a00JI€BaHMS Y )KUBBIX OPTAaHU3MOB M MYTAIIHIO KJIETOK.

B pabote [62] noguepkuBaeTcs ocobast poiib OCH3(a)UpeHa B IpyIIe KaHIle-
porerbix ITAY, Tak Kak 3TO COEIMHEHHE JOCTATOYHO CTAOWJIBHO, YTO MO3BOJISET
€My HaKaIlIMBaThCS U MEPEHOCUTHCS Ha OoJIbIue paccTosiHus. Kpome Toro, Hu B 01-
HOM HCCIIEIOBaHUU HE ObUTO OOHapyxeHo oTcyTcTBUE CyoHip Mpu Hanuuum apyrux
[TAY. Ha ocHOBe 3THX BBIBOJIOB B OT€UECTBEHHON NpakTuke U npuHAThl [1JIK TOMB-
KO JIJIs1 OTHOTO KaHieporeHHoro [1AY - 6ens(a)nupena.

[Ipu ropeHuu TOTUIMB, COIEPKAITUX B CBOEM COCTABE apOMATUUYECKUE YTIIEBO-
nopojibl, oopazoBanne CyoHpp MOXKET MATH ABYMS MyTSAMH. MOCPEICTBOM IPSMOMH
KOHJICHCAI[uu OCH30JIbHBIX KOJIEI] U B pe3yJIbTaTe pacnajga apoOMaTUUE€CKUX CTPYKTYP
Ha YIJIEBOAOPOIHBIE (PparMeHThI, KOTOPHIC 3aTEM MTOJIUMEPU3YIOTCS ¢ 00pa3oBaHUEM
ITAY (B Tom uncie u CyoHy).

Ananmu3 cxembl cuHTe3a [TAY, ¢ y4eToM NpUHSATHIX JOMYIIEHUM, MO3BOJIUI
chopmynupoBath B [62] momensHOe auddepeHInaibHOe YpaBHEHUE NIl KOHIICH-

tpauuu CyHji, B uctounuke odbpazoanus BB:

d[CZOHlZ] m n
dr = Kl'[csz] -K, '[Csz] '[Conlz] (13)
r1e 7 - TeKyliee Bpems (CeK); MepBoe craraeMoe MpaBOi YacTH OIMHUCHIBACT 00pa3o-
Banue CyHip, u3 C,H, (00. %), BTopoe ciaraemoe - nepexon C,oHyp, B Oosee Tske-
awie [TAY, koncrantel K; u K; onpeaensitorest U3 s3KCepruMeHTa.

B [62] Jlykauer C.B. mpeamoyiokuil, 4TO MOKA3aTeId CTEICHH MMEIOT MOpsi-

JOK: m~5, N~2 ¥ UX MOXKHO YTOUHUTHb C IMOMONIIBIO SKCIICPUMCHTAJIbHBIX JAHHBIX.

CBoro Mozenb o0pa3oBaHUs M BbITOpaHUs OeH3(a)MpeHa OH pacCUMTHIBAI IS pa-
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KETHBIX M CaMOJICTHBIX JBUIaTENIEH, a TAKXKE JUI TOIOK KOTEJBbHBIX, 4 B HALLIEM CIIy-
Yyae paccMaTpUBaIOTCA KOMOAITHOBBIE, TPAKTOPHBIE U aBTOMOOMIIbHBIC IBUTATEIH.

VYuuteiBasi, 4To BpeMs pabOThl 7 W YroJl IOBOPOTa KOJIEHBAJIA ¢ CBSI3aHbBI CO-
OTHOIIEHUEM d¢ = w-dr, nocie npeodpazoanuii (1.3) moxyyum ypaBHEeHHE, KOTOPOE

JlaJiee UCTIOJIb3yeM JIJIS OLIEHKH TOKCHYHOCTH MamuH 1o CyoHy, [24]:

d|C,,H 1 2
%:Z[Kl'[CZHz]S_Kz'[CZHz] '[Conlz]] (14)
OTtMmeTuM, 4TO Uil peanu3alyy 3TOH MOJENIN JOCTATOYHO UMETh PAacCUUTaHHbIC
MacCHUBBI 110 BeIOpocam yriieBoopoaoB CoHm(p), a Takike HEKOTOpbIe KOHCTPYKTHB-
Hble U paboune mapameTpbl aBurarens, kotopeie ompenenstorcs AC «ENGINEy.

KoHcTaHThI Kl n K2 OIIPpCACIIAIOTCA 110 SKCIICPUMCHTAJIBHBIM JdHHBIM. ]

1.2.5. Moaeanb 00pa3oBaHusl U BbIIEJEHUS CAXKHU

Opnum u3 HauboJee 3HAUUMbIX TOKCUYHBIX KOMIIOHEHTOB OTPAa0OTaBIINX ra30B
SIBIITIOTCS TBEP/AbIE YacTUIbl. OCHOBHBIMUA COCTABIISIOIIAMHU TBEPJIBIX YACTHIL SBJIS-
IOTCSI CaXKa, OKCUJIbI METAJUIOB, CYJb(aThl U BOJA, a TAK)KE B MEHBIIIUX 00BEMax - He-
CTOPEBIIIKE YACTUIIBI TOTIMBA M MOTOpHOTO Macia. Caxa, B CBOIO OYepe/lb, COCTOUT, B
ocHOBHOM, 13 yriepoaa C (95-98 %) u xumudecku cBsizanHoro Bogopoaa H (1 -3,5%)
[74]. Ha HayanbHBIX CTaaUsX CrOPaHHs YACTUIBI CAXKU COCTOSAT MOYTH U3 YKCTOrO yT-
Jepo/ia, a 3aTeM HACHIIAIOTCS OONBIINM KOJIUYECTBOM YTIIEBOJIOPOIOB U UX COEIHUHE-
HHUI.

Hannuue caxku B 0TpaboTaBIIMX Ta3aX MPUBOJIUT K TMOSIBJICHUIO HEMPHUSITHOTO
OIIYIIIEHUS 3arPSI3HEHHOCTH BO3/yXa M YXYAIICHUIO BUIUMOCTH. [Ipy BABIXaHUM CaXH
€€ YaCTHIIbI OKA3hIBAIOT BPEIHOE BO3/ICHCTBUE HA OPTAHbI JIbIXaHUS YEJIOBEKA.

Ddusuko-xumudeckas u MmaremMatnueckass Mmoneiab /[ 5. HoceipeBa

OpnHoM M3 OCHOBHBIX MPOOJIEM JU3EIBHOrO Mpolecca CropaHus ABIISETCS Orpa-
HUYEHHUE BHIOPOCOB € OTPAOOTABUIMMH ra3aMH YaCTHII, COCTOSAIIMX U3 CAXH C OTIIOXKe-
HUSIMU Ha HEW yTJIeBOJIOPOAOB U Cyb(haToB. YacTullbl caxku, 00pa3yroluecs: B KaMepe
CTOPaHHs, SIBJISIFOTCS MPOYKTOM HEMOJHOIO CrOpaHMs WM TEPMHUUYECKOIO paciierie-

HUS yTJIEBOJOPOAHOTO ToruBa. [Iporiecc oOpa3oBaHus caxu M3 MOJIEKYN YTIEBOJIO-
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pona — KoMmIuiekcHbI. Caxxa mepBoHayalIbHO 00pa3yercs B (hopMe OUeHb MEJIKUX Yac-
THI], PacTyIUX ¢ OONBIION CKOpocThI0. Koraa 4acTuilel JOCTUTalOT TUaMeTpa OKOJIO
10-6 cM, nanbHelIee 00pa30BaHNUE CaXKU TOPMO3UTCS BCIIEJICTBUE OKUCIICHUS €€ pajiu-
kasiamu OH, oOpaszyrommmucs npu ropernu. Konnentpanus pagukanoB OH 3aBucut
OT TemmepaTypsl. Js ycTpaHeHus AbIMICHHS HE0OX0auMo 0Opa3zoBaHUE OOJIBIIOTO
KonuecTBa paaukaios OH.

HccnenoBanusi npeaBapUTEIbHO NMEPEMEIIAHHBIX CMECE IMOKa3aiu, 4TO Mpu
naBieHusx 10 2 MlIla u koaddunmente n30biTka Bo3ayxa « =0.7 caxxu oOpaszyercs
Mano. C yMeHblIeHHEM KO3 dulireHTa n30bITKa BO3IyXa BO3pACTaeT KOJIUYECTBO 00-
pasytoierics caxu. CaxxeoOpa3zoBaHrue HAUUHAETCS TIPU Kod(PuimenTe n3obITKa BO3-
nyxa npubnusurenabHo paBHOM 0,55-0,6. IHTeHCMBHOCTB caxeoOpa3oBaHMsl JOCTHUra-
et makcumyma tipu temreparype 1700 K. CornmacHo nociieTHUM UCCIIEIOBAHUSAM, TIPU
temneparype Himwke 1300 K oOpa3oBaHue caku Mmpekpaliaercss He3aBUCUMO OT BEJIU-
4yiHbI K03 umeHTa n30bITKa Bo3ayxa. KommuecTBo caxu 3HaUUTENIbHO BO3PACTAET €
YBEJIMYEHUEM JIaBJICHUS, T.€. HA PEXKUMAaX MaKCUMAalbHbIX Harpy3ok. Hanpumep, npu
noBblieHHOM 710 7 MIla naBneHuu, BepXHsisi TpaHuLa cakeoOpa30BaHUsl CMEILAETCS B
CTOpPOHY OO0JIbIIUX KO3()(PHUIIMEHTOB N30BITKA BO3TyXa U MOBBIIICHHBIX TEMIIEPATYP.

Kak nokaszaim 3KCepUMEHTHI, KOJMYECTBO CaXH — JIBIMHOCTb BBIXJIOIA TEILUIO-
BO30B — 33aBHCHUT OT TEXHHUYECKOI'O COCTOSIHUS TEIJIOBO30B, PEKMMOB HCIBITAHUS U
O0COOEHHOCTE MPOLECCOB TOpeHMsl. B KaXIblii MOMEHT BpEMEHH Mpollecca TOPEHUS
cogepxanue caxu Cs B IWIMHAPE AU3EIS ONpPeNesieTcsl pa3sHOCThI0 MEXIY 00pa3o-
BaBIIMMCSI KOJMYECTBOM cakl Cy M BBITOPEBILIMM KOJUYECTBOM caxu Cp 3a MEPHOL

BPEMCHHU OT Ha4dalla Iponecca Cropanusa 10 pacCMaTpnBacMoro MOMCHTA:

C.=|(Cc,-Cy)r

O Sy

Jliist pacyeTa caxkeoOpa3oBaHUsI NPUHAT LIEMHOW pajKalbHbI MEXaHU3M, CO-
CTOSIIIIUNA U3 TPEX CTaJMi: 00pa3oBaHUs paTUuKaIOB-3apObIIIeH, 00pa3oBaHuUs 3apo-
JBILIEN U3 PATUKAIOB-3apOAbIIIEH, POCT YACTULL CAXKHU U3 3aPOIBILIEH.

Ha mnepBoM craguy mo amneTuiIeHOBOMY MEXAHU3MY, IpeaokKeHHOMY JIx.

[TopTrepom, 00pa3yrOTCs U PACTYT PaUKAIBI-3aPOIBIIIH 110 CXEME:
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CcH,—»CH,—»>CH,»>CH, >CH, >CH,... > Caoxca .

Ha BTOpO# cTagmu oOpa3yroTcst 3apoabiiy pazmepom 6osee 1,0 HM, KOTOpbIe

coaepkat okoJio 50 aToMOoB yriiepoa.

Ha TpeTheit ctagumn IMPOUCXOIUT POCT HAaCTHUIL CaKU U3 3apoz[LImeﬁ 3a CUCT I'C-

TEPOTEHHON XMMUYECKON PEaKIUuy Pa3IOKEHUS YTIIIEBOJOPOIOB U THOCIN YTIIEBOI0-
POJIHBIX PAUKAIOB HA TOBEPXHOCTH YACTHUIL CAXKHU.

VYrpoleHHy0 MoJiesib 00pa3oBaHUsl CaKU B MPOIECCE OKUCIEHUS YIJIEBOJIO-
ponoB C,H, mpu Temmnepatype Boimre 1300 K M0oxHO TTpeIcTaBUTh ypaBHEHHUEM:

C,H,, +bO, — 2bCO +0.5mH, +(n—2b)C

[Tpu n>2b (T.e. XOrga aTOMapHOE COOTHOIICHUE YTJICPOJ-KHCIOPOJ BBIIIC
CIIMHUIIBI) BBIJCIIACTCS caxka; ecnu N<2b, To HabmromaeTcs OaeIHO-TOIy00e TUIaMs U
caxka He oOpa3zyercs. [Ipu ropeHrnu TOITMBHO-BO3IYIIHBIX CMECEH B IMJIMHJpaX JH-
3eJ1s1 B arabaTHBIX YCIOBUSX HEpaBeHCTBO N>2h cnipaBemmuBo nipu « < 0.33.

OO0pazoBaHue TBEPAOIrO yriepojia MPOUCXOAUT B OCHOBHOM B 00JIACTH, HEIIO-
CPEIICTBEHHO MPHUMBIKAIOIIEH K CTpye TOIUTHBa BOMM3M GopcyHOK. BBUay HegocTatT-
Ka BO3yXa CMECh 3/IeCh CHJIBHO OOorarieHa TOTUTMBOM, W OOJbIIasl 9acTh TOTUTHBA
CropaeT IpH MasbIX 3HaueHUsAx Koddduimenta n30ObITKa Bo3ayxa a. Tak Kak B IH-
JUHApPAx HaOomaeTcs OOJbIas HEPAaBHOMEPHOCTh COCTaBa TOIUITMBHO-BO3TYITHOMN
CMECH M BCETJa €CTh 30HbI C MAJIbIM 3HAYCHUEM a, B KaMepe CropaHus Bceraa oopa-
3yeTCs caxka, HEPaBHOMEPHO pacIpeiesieHHast 10 00beMy IMIIMHIPA.

DuU3UKO-XUMHUYECKass MOJIeJIb TOPEHUsT OOTaTOM YTrieBOJOPOAHO-BO3YIITHOMN

cMecH TpejcTaBiieHa Ha puc 1.3 B BUJI€ CTPYKTYPHOUM CXEMBI.

N. RS
R7
RI

CH +02 C.H,* Oz Pasnosecuiii cocras

n m
- M\/
1] Ré

CO,+H,0+CO+H,

Puc.1.3. Mojenb ropeHust 60raToil yriieBoI0poIHO-BO3IYITHON CMECH

YpaBHEHUS, OTPAKAIOMINE ITY (PUZUKO-XUMUIECKYIO MOJI€Nb, UMEIOT BU/I;
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(R1):C,H, >CH, +H,;

(R2):C,H,+C —>(n+1)C+gH2;
(R3):C.H.. +202 —>nCO+%H2;

(R4):C,H, %02 N xCO+%H2;

(R5): 2H, + 0, <> 2H,0;

(R6):CO +H,0 <> CO, + H,;
(R7):C,H, +(n+1)C > (n+x+1)C +%H2;

(R8):C +CO, — 2CO;

(R9):C+H,0 »>CO+H,.

Peaknust R1 okuciIuTebHOTO MUPOJIM3a YaCTH UCXOHOTO YIJIEBOJIOPOIHOTO
TOIUTMBA WJET MPH BBICOKUX TeMIlepaTypax. Peakiun tepmudeckoro mupoausa R2,
R7 u rasuduxanuu yriaepona R8 um R9 sBIgOTCA SHAOTEPMHUYECKUMH, PEAKIIUU
okucnenus R3-R5, a takxke oOpa3oBaHUs U pOCTa CAXKU IPU MOBEPXHOCTHOM pa3-
noxxeHuu R7 sBistorcsa sk3oTepmudyeckumu peakuusamu. Peakunn R1 u R4 o6pa3y-
IOT CUCTEMY MOCJIEIOBATEIIBHBIX PEAKIMU, IPUYEM BEAYIIEH CTAJIUEN ITpoLIEcCca sB-
JIIeTCSl OKUCIUTENbHAS peakius R4, koTopas sHEpreTudecku odbecrneuyrnBaeT mpoTe-
KaHUE OCTAIbHBIX.

Peakniuu R2 u R7 onuceiBatoT oOpa3oBaHue U pOCT KOHACHCUPOBAHHOM (ha3bl
U3 YTJIEBOJAOPOJOB, HAXOJAIMXCS B ra3oBoil ¢aze. B ee ocHOBe JexUT PU3MKO-
XUMHYECKasi MOJEIb Ca)XxeoOpa3zoBaHUsI MO IEMHOMY PaJUKAILHOMY TIPOIIEeCCy,
npemynoxennas [1.A. TecuepoM. OTa Moielb BKJIIOYAET MPOLECChl 00pa3oBaHus pa-
JIMKAJIOB-3apO/IbIIICH, 3apOJIbIIIEH U3 paauKagIoB-3apOABIINICH U POCT YACTHUIl CaXH
Y3 3apOJBbILIEH.

OIHOBpPEMEHHO C cakeoOpa3oBaHMEM MPOTEKAIOT U peakiuu rasudukaruu
yraepoga R8 u R9, oqnako mocie ymMeHbIIEeHUs] CKOPOCTH peakuuu R7, BciaeacTBue
M3PACXOJOBAHUS YIJIEBOJAOPOAOB, PEaKIUH Tazu(uKanuy HAYMHAIOT MPEBATUPO-

BaTh. [Ipu 3TOM comepxanue caxu, auokcuaa yriepona CO,, nmapoB Boawsl H,0 u
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TeMIlepaTypa YMEHBIIAIOTCA, U CUCTeMa MPHUOIMKAeTCsl K TEPMOJIMHAMUYECKH PaB-
HOBecHOMY cocTostHHIO. [1o cymecTBy, Bce peakuuu R1-R9 sBustoTes cymmapabsiMu
1 000011aI0T CIO0KHBIM MHOTOCTaAMIHBIA MEXaHU3M pearupoBanus. Kunernueckue

ypaBHeHus i peakiuid R1- R9 MoxHO 3amucaTh B BUE:

E M dg
W =k -C .e - W, = ¢, ZdCnhm .
Lo Xp( R-T] © Moy, dr

E
W, =k, 'Cco}me T 'pO'S Cos 'eXp(— R 3:|_ j;

E
W, =k, 'Cngy T-p*-Cq, 'EXp(_ : j;

R-T
Wo = ko« gt 05 pis. C4L5 _Es )
5 = Ks Moy " Hyy P "oz -G " EXP ;
R-T
W, =k, - Peo - Puzo -exp(— Es ]; W, = M¢ _dchHy;
Peoz * Paz R-T MCxHy dr

P.-P E P..P E
Wszkg'\/%'em(_R%r} Wo=ko o 'eXp(_RgTJ'
co ) co " Fh2 :

B kuHeTrnuyeckux ypaBHEHUsX 0003HaueHbl: W) - CKOpOCTh peaklMu OKUCIIH-
TenpHoro muponusa; W,,W; - ckopoctu peakimii Tepmudeckoro nupoausa; W, -Wg -
CKOPOCTH OKUCIHMTENBHBIX peakunii; Ws, W, - cKOpoCTH SHZOTEPMUYECKHX PEAKIIUM
razuuKaIy Caxu; K - KOHCTaHTa XMMUYECKOW PEaKINy; gj - MaccoBasi KOHIICHTpa-
wst, Kr/m°; P; - maprmansroe nasinenne, MITa; p - IIOTHOCTB HPOTYKTOB CrOPAHHS:;

kr/m; E;j - sHeprus akTuBanuu, J>x/moinb; R - razoas nocrosiuHas Jx/(monb K); g -

MOJIEKYJIIpHasi Macca, Kr/kmoiib; T - Temneparypa, K; M; -npuBeneHHas MoJeKysip-

Has Macca, Ci - JIOKaJIbHasA MaCCOBas KOHOCHTpPALIH:I.

B peanbHbIX yCIOBUSX TOPEHHUs TOILTMBOBO3IYIIHOW cMmecu 10 90% yriepoaa
TOILJIMBA, HAXO/SIIErOCs B Iepeo0oraiieHHbIX 30HaX, MPEeBpallaeTcs B Caxy, a B Ipo-
LIECCE JIOTOPAHUS B CPEAHEOOOPOTHBIX Au3ensiX Oombiast yacTth (80%) caxu BeIropaeT
U TOJIBKO OCTaBIIasici Caka CO3/1aeT JIBIMHOCTh Ha BbIXJIONE. B pe3ynbraTe, Kak cie-

AYET U3 MPHUBCACHHOI'O BBIIIC MCXaHU3MaA 06p330BaHI/I$[ H BbI'OpaHWA CaKH, AbIMHOCTDb
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BBIXJIONA JW3ETbHBIX MAaIIMH 3aBHCUT OT PeXKrMMa pabOThl U MapaMeTpoB paboyero
mporecca.

PU3UKO-XMMHUYECKasl 1 MaTeMaTUICCKass MOACIIM IpoIecca PEe3YJIbTUPYIOUIETO

caxxeBbresieaus mo P. M. Ilerpuuenko

O06o0061eHHas (PU3UKO-XUMUYECKast MOJICIb ITPOIIecca pe3yIbTHPYIOIICTO
Ca)KCBBIJICIICHUS B IWJIMHAPE JU3EIsI, OCHOBAHHAsI Ha BBICOKOTEMIIEPATYPHBIX MHO-
TOCTaIMAHBIX MEXaHU3MaX OOpa30BaHUS W BHITOPAHMS CAKUCTHIX YACTHI], ONTUCHIBA-
CTCSI CHCTEMOM 3KBHMOJICKY/ISIPHBIX ypaBHEHUI Opyrro-peakuuid [95]. Jlns mpuse-
JEHUsI OTON CHCTEMBI K BHAY, YIOOHOMY JUISI MAaTEMAaTHYECKOTO ONMHUCAHUS, OTpa-
HUYEH KOHKPETHBIH HAOOp MPOJYKTOB MEPBUYHOTO PA3JI0KCHHS TOTIJIMBA, OTNpEIe-
JICHO YHCJICHHOE 3HAYCHHE BCEX CTEXHOMETPUYECKUX KOA(D(PHUIIMEHTOB U yTOUHEHBI
KHHETHYECKHE TapaMeTphl peakmuii. Vcmonb3ys SKCIeprMEHTAIbHBIE JTaHHBIC 10
BBIXOJTy KOHEUHBIX IMPOJYKTOB BBICOKOTEMIIEPATYPHOTO KPEKHHTA CJIOXKHBIX YTJje-
BOJIOPOJOB M MPUHUMAs YCJIOBHE OajaHca aTOMOB YIJIEpojia U BOJAOPOaa B OpPyTTO-
YPaBHECHUSX, B MOJICTH TIPUHAT CICAYIONINN 00BEMHBIN COCTAaB MPOIYKTOB TIEPBUYHO-
ro pasnoxxeHus auzenabHoro tormmsa: 30,4% CsHg, 54,4% C,H,, 15,2% CHa,.

OkoHYATENHPHO XUMH3M IIPOIIeCcCca PE3YIBTHPYIONIETO CAKEBBIJICICHUS B IU3¢E-
JIe B TIEPBOM IIPUOJIMIKEHUH OITMCHIBACTCS CUCTEMOM 12-TH XMMUYECKUX YPaBHCHUM:

1. C,,H,,—*>2C,H, +3.5C,H, +CH,;

. CyHy—X>C,H, +0.5C,H, +0.5H,;
. CH,—%~>0.5C,H, + H,;

. C,H, —5C,H, +H,;

. C,H,+C,H,—=>C_,H,+H,;

m+2

. (nC,,,)+C,H, —C +H,;

n+2)nos

2

3

4

5. C,H,—5C,H +H;
6

7

8. C+0,—CO,;
9. C+0,—*CO;
10. C+CO, —f2CO;

11. C+H,0—X 5CO+H,;
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12. H, +0,—2>H,0.

B »TOl cucTteme mepBBIX YETHIPE YPaBHEHHUS OIMMCHIBAIOT MPOIECC TEPMOXH-
MHUYECKOTO KpPEKHHTa, IMATOe — IMpoliecc 00pa3oBaHUs XUMUYECKOTO pajuKala-
3apoJplia, MecToe — mporecc (HazoBOro mepexoaa u o0pa3oBaHus pU3HMUECKOTo 3a-
ponpia, 8-12 — yCIIOBHO N30XOPHUYECKUAN MPOIIECC TETEPOTSHHOT0 TOPEHUS CaXH-
CTOW YacTUlbl (M3MEHEHHEM 00beMa B XOJI¢ pPEeaKlHH MpeHeOperaT, Mo3TOMY
oananc aroMoB C u O, HapylIeH).

Jlnst ynoOcTBa 3amucu 00001eHHON cucTteMbl AudPepeHIManbHBIX ypaBHE-
HUH BBEAEM CIICIYIONINE YCIOBHBIC 0003HAYEHUSI KOMITOHEHTOB PEarupyroIieii cuc-
TCMBI: C14H30 — Ml, C3H6— Mz, CH4 — Mg, C2H2 — M4, H2 — M5, C2H4 — M5, M7 — JIFO-
0ast ”HEpTHAs MOJIEKYJIa, HE YYacTBYIOIIAs HEMOCPEJACTBEHHO B XMMUUECKOM pearu-
pPOBaHUH.

Tak kak ¢u3nyeckue MEXaHU3MBI MPOILECCOB 00pa30BaHUS W BBHITOpPAHUS
CQXXHUCTHIX YaCTHI[ pacCMaTPUBAJIMUCh HE3aBUCUMO APYT OT JApPYyra, TO CUCTEMa U3
12-Tu ypaBHEHUH HE OTpa)kaeT PEAIbHOU CBS3U ITHX IMPOIECCOB MEXIY CO00H 1 ¢
pabouyuM nporeccoM auzens. [loaTomy mpu MaTeMaTUYECKOM OMUCAHUHU CyMMap-
HOTO TMIpPOIecCa CaXKEBBIICICHHUSI HUCIONB3yeTcs AuddepeHnraibHoe ypaBHEHUE
CBSI3U CJIEAYIOIIETO BUA:

dM.
4 1
dr ’ dr

dM, (dMm, dM.
= +
dr dr o

DTO ypaBHEHHUE CBA3BIBACT JEHCTBUTEIbHBIE (DU3NUECKUE MPOLECCHI CMECe00-
pa3oBaHMsI M CrOpaHUsS C KHHETHKOHM mpolecca caxesbiaeneHus. [IpaBas yacte
ypaBHEHHS TPEACTaBISIET cO00il cymMMy (PakTOpoB, OMPENESIONMNUX CKOPOCTh
U3MCHEHHS KOHIICHTpAIMKd I-T0 KOMITOHCHTAa ra3oBOd cMmecu. IlepBblii  uiieH
(dMi/dx), xapakTepu3yeT MOIBOJ BEIIECTBA C UCIIAPEHHBIM TOIUIMBOM Ha JIMHHUU I10-
na4uu ToruuBa, Bropoid wieH (dMi/dx)y - n3MeHeHne KOHIIEHTPAIMH BEIIeCTBA BCIICI-
CTBHE MPEIIJIAMEHHBIX XHUMHUYECKUX TPEBPAIICHUI TOIJIHBA B 30HE MHPOJIN3A,
tpetuii (AM{/dX)s - U3MEHEHNE KOHIIEHTPAIMU BEIIECTBA B MPOIECCE OCHOBHOIO

ropenus. Jns TBepaoi yriaepoaHoi ¢assl mpenamonaraercs, yro (dM/dx), = 0,
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T.€. CAXKUCTBIE YACTHUIBI MPOBOJAT Yepe3 PEeaKIUOHHYIO 30HY (POHTA IJIaMEHU
0e3 razuuKaluu U OKUCISIIOTCA B 30HE MPOAYKTOB cropanus. Toraa pe3ynbTu-
pylolee CaKeBbIJICICHNUE B LIMJIMHIPE MOYKHO NPEJICTaBUTh B BUJAE aireOpanye-

CKOM CYMMBI JIBYX COCTAaBJISIOIIHNX, XapaKTEpU3YIOIUX 00pa3oBaHUE U BHITOpa-

&), (%), &)
dr 5 dr oop AT g

OcHOBEBIBasICh Ha IMPHUHATBIX HNPEAIIOCBIIKAX, MATEMATHICCKYIO MOJICIIb ITPOLCC-

HHC CaXKH.

Ca CaXCBBIACJIICHHA IIPCACTAaBUM CJICI[YIOHIGIZ CHUCTEMOU ,Z[H(i)(i)epeHI_[I/IaﬂBHBIX

YPaBHEHUM:

dM do 1
=Ml — - —R -MA

d¢ d¢ on
dM 1

d; :g(‘ R, +2R,)—M,A;
dM 1

dp ~on (R MoA
d(lj\/l4 :6i(3.5R1+R2 +0.5R, —R4)—|\/|4A;

(1)) n

M
dM = a Ml d_o-+i(0-5R2 +R; +R, +R5)_M5A;
dM 1

dgoe :a(o.&st +R, =Ry )—-MA;
dm do
—7:aNAM0r7|’ —-MA

do do

do Jue a do 6n

dN a—ay; do B

=N NA '___ZNAUASOAGC+NIAD A’

do Jiox " dep 6n

I
da )5 do )i do AU/S'

riae A=(dx/dg)/ o —x; My— CTEXHOMETPHUECKOE KOJIMYECTBO BO3/IYXa; og; — JOKAIb-

HBIM K03 GUIIMEHT U30bITKA BO3TyXa MPU CTOPAHUH; o — CyMMAapHBIA KOADPHUITUEHT
n30bITKA BO3/IyXa; N — 4acTOTa BPAIICHUS KOJIEHYATOTO Bajla, ¢ — OTHOCUTEIIbHAS
JI0JIS TOTUTMBA, TIOJJAHHOTO B IMJIMHJIP; X — OTHOCUTENIbHAS I0JIsI BRITOPEBIIIETO TOTI-

JUBA; I,,, Iy, I, — HAYaJIbHbIE KOHIICHTPAIIMU TOTUIMBA, BO3AyXa U BoJ0poa; R —
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CKOPOCTH peakiuu; G. — MacCOBBIN MOTOK yriaepoaa; N, — HadaJbHOE COAEpKAHHE
Cakd B MWJIMHJpE; N, — TeKylllee coaepKaHue caxu; By, B, — aMIupuueckue Kodg-

(UITUEHTHI.

B nocnenHio cucteMy ypaBHEHUN BXOJIUT sl MApaMETPOB, ONIPEIEICHUE
KOTOPBIX TpeOyeT MonoHuTeIbHONU nHpopmanuu [74, 95]. CornacHo 3Tol MOJCTH
00BbEM LIMIUH/IPA YCIOBHO JCTUTCS HAa 30HY YUCTOTO BO3yXa, 30HY 00pa30BaHMUs
Ca’kKU U 30HY BbIrOpaHus caxu. [Ipenmonaraercs 0AHOPOAHOCTh TEMIIEPATYPHBIX U
KOHLIEHTPALMOHHBIX MOJIEH B IIpeaesax Kaxaou 30Hb1. [Iponeccel cMeceoOpa3zoBaHus
¥ CTOPAHUsI TIPEJICTABIICHBI 3aKOHAMH TOIUIMBOIIONAYH o(p) U TEIUIOBBIICICHUS X(¢).
Pacuet 00pa3zoBaHus Ca)ky BBINOJIHIETCS B UHTEpPBAJIE BpEMEHH OT Havyajia MoCTyIl-
JICHHsI TOTUIMBA JI0 €T0 BBITOpaHus. PacdeT BhIrOpaHus CaXXul BBITIOTHSACTCS B MHTEP-
Bajie BpEMEHH OT Havajia aKTUBHOTO TETUIOBBICIICHUS 10 Hauajaa OTKPBITUS BIITYCK-
HBIX OPT'aHOB.

Pemenwne cuctemsl quddepeHInanbHbIX YPaBHEHUHN BBITIOTHSACTCS YUCICHHBI-
MU MeTofamMu Ha DBM 1o crnenyomeMy anropurmy.

1. CocraBnsiercsa TabauIa KICXOIHBIX JaHHBIX, B KOTOPYIO BXOAST KUHETUY -
CKHE TTapaMeTpbl XUMUYECKUX MPOIIECCOB, TEPMOXUMHUYECKHE KOHCTAHTHI, JIEMEH-
TapHbIN COCTaB TOILJIMBA U BO3/lyXa, pa3Mepbl LIWJIMH/IPA, CTENEHb CKaTusl, OTHOCH-
TeNbHAs YIMHA [IaTyHa, [IMKJIOBas Mo1adya TOTUINBA, KOA(PHHUIIUEHT OCTATOYHBIX ra-
30B, KO3 puieHT HanoaHeHus1, naaAnKaTopubii KI1JI, naBnenue u remneparypa B
HayaJyie CKaTusl, CyMMapHbIi K03 OUIIMEHT U30bITKA BO31yXa, MACCHUBBI U3MEHEHUS
B IIUKJIE IaBJICHUS Ta30B, TI0JJa4H TOTINBA, TETUIOBBIACICHHS U JP.

2. 3ajaroTcs HayaJlbHBIE YCIIOBUS M BBIYUCIISIIOTCS HaYallbHbIE 3HAUE€HUS UH-
TErpupyeMbIX QYHKII U MMOCTOSHHBIC BETUYUHBI IIMKIMYECKON YACTH MPOTPAMMBI.

3. Beraucnstorest mpaBble 9acTH MHTETPUPYEMBIX (PYHKIIMNA MaTPUYHBIMHA Me-
TOJIaMHU.

4. TIpou3BOUTCS YMCIEHHOE HHTETPUPOBAHUE CUCTEMBI U PepeHInaATbHBIX
ypaBHeHu# MeToioM Pynre- KyTTel 4-ro nopsiika.

5. Beruucnsiercst ypoBeHb JIMHOCTH OTPa0OTaBIIMX ra30B B MOMEHT Hauaja

OTKPBITHA BBIITYCKHBIX OPraHOB!:
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rae: Ny — MaccoBO€ COJEp KaHUE Cakd B LWIMHIPE K Hadaly BBILYCKa, (ke cadcu /

ke monausa); ¢, — LUKJIOBas MoAava TormBa (Kr); Vo — 00beM rasa B HauaJsie BBIITYC-
Ka, IPHBEICHHBIA K HOPMAJIBHBIM YCIIOBHSIM (M").

OTnagka mporpaMMbl MPOU3BOIUTCS HA OCHOBE HAJICKHBIX HKCIEPUMEHTAJb-
HBIX JJAHHBIX MO CAXKEBBIJICICHUIO B paboyeM Iukiie u abiMHOCTH Ol

KoHTpoJbHBII pacueT pe3ylIbTUPYIOUIETO CAKEBBIACICHHS B IWIUHAPE TU3EIIS
8YH 13/14 Ha HOMMHATBFHOM PEXHUME MOKAa3ajl, YTO MaTeMaTH4ecKas MOJEINb y/1OB-
JIETBOPUTENIBHO OIMHUCHIBAET PEAJIbHBIN MPOLIECC U MO3BOJSET MOTYYUTh LIEHHYIO MH-

CI)OpMaLII/IIO 0 AMHAMHUKC IIPOTCKAaHNA OCHOBHLIX 3TAIlIOB CA’KCBBIJICIICHN.

1.3. CucremaTru3zanusi MeTOAMK MHBEHTAPHU3ALUM U ONpeNeeHUs yAeb-

HbIX Bbl/leJIEHU BPeIHbIX BelIeCTB 0T HCTOYHUKA

Borpocsl obecrieuenust 0€30macHbIX U O€3BPEHBIX YCIOBUN TpyIa MpH IMpo-
W3BOJICTBE, PEMOHTE MAIIIMH W OOCITY>KMBAaHUHM TEXHOJOTHYECKOTO O0OPY/IOBaHUS B
OTHOILICHUU BbIJICJICHUS BPEAHBIX BUOB MbLJIM U Ta30B pa3padoTaHbl B Tpyaax bemno-
Ba B.C., CanoBa A.N., Apxanrensckoro FO.A., Korana 3.U1., KpaBuenko B.H. Mun-
ko B.®., llltokmana U.A. u npyrux asropos [10, 56, 78].

HecmoTps Ha 3HaUYUTENbHBIA 00bEM HCCIEIOBAHUI, MHOTHE BOMIPOCHI He-
raTUBHOTO BO3JEHCTBUS JBHUIaTeNsl MAllMHbl KaK MCTOYHUKA MPOHU3BOJICTBEHHBIX
OMacHOCTEeM Ha BO3AYIIHYHO cpeay P3 ocraioTcss Malou3ydyeHHBIMHU U TPEOYIOT
nanpHenmen paspabotku. Hampumep, OTCyTCTBYIOT JOCTOBEpPHBIE pacuéTHHIE Me-
TOJUKHU OTPENCIICHUST BBIJICTICHUS Psifla BBICOKOTOKCUYHBIX BEIIECTB U KaHIIEpOTe-
HOB — OeH3(a)mupeHa, aabJIeTU0B U OKCHUIOB a30Ta OT PA3JIMYHOTO THUIA JTHU3EIb-
HbIX MallvH. /laHHbIE B JIUTEpAType O COAEPKAaHUU BPEIHBIX UHTpenrueHTOB B O
ycTapesu, Tak Kak MPOMBIIIJICHHOCTh B HACTOSIIEE BPeMs BBIITYCKAeT MaIllMHbI, OC-
HaIlIEHHBIE U3EIbHBIMU U MHXEKTOPHBIMU JIBUTATEISIMU C YJIYUYIIEHHBIMH TE€XHU-

KO-3KOJOI'M4€CKHUMHMU ITOKa3aTCIIsAMU.
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Jliist pacu€ra BEHTUIISIIIAN TIPOM3BOICTBEHHBIX IMOMEIIEHUN OOKaTOYHBIX U U C-
MBITATEIBHBIX YYACTKOB MAITMHOCTPOHUTEILHBIX MPEANPUITHI TPEOYIOTCS JTaHHBIE O
pacxojie TOIIMBA, YJIeJIbHBIX MOKa3aTelaX BblaenieHusa BB npu cropanuu Tomiausa B
ucrounuke BB, mpolomKuTensHOCTH pabOThl UCHBITYEMBIX MAlllMH U TEXHHUKHU, a
TaKKe JaHHBIC O PEKUMAX PaOOTHI MAIIIUHBI.

Cy1iecTByeT H0CTaTOYHO OOJIBIIIOE KOJIMYECTBO METOIUK M HOPM, IO3BOJISIO-
IIUX ONPEACNIUTh KOJUYECTBO BPEAHBIX BEIECTB, BHIOPACHIBAEMBIX JBUTATEIISIMU
Pa3IMYHBIX MaIllMH U TeXHUKOH [43-45, 66-69, 76, 92]. B 0CHOBHOM 3TH METOJMKHU
OPUEHTUPOBAHbI HA HOPMUPOBAHKME U MHBEHTapu3aluio BeIOpocoB BB B atmocdepy
JUI. TPAHCIIOPTHBIX M TEXHOJIOTHYECKUX MamuH. [IpsgmMoe ux ucrnonbp30BaHUE HE MO-
3BOJISICT OTpeIeNIUTh BhiAeneHue BB ot mamma B Bo3ayx P3. Kpome Toro, 60ibImH-
CTBO METOJIMK OPUEHTHPOBAHO HA PEMOHTHO-O0CITYKMBAIOIIUE U aBTOTPAHCIIOPTHHIC
NPEANPUATHAS W HE YUYUTHIBACT OCOOCHHOCTHU Ka)JOTr0 KOHKPETHOTO IPEAIPHUSATHS:
KOJIMYECTBO MOCTOB, KOJIMYECTBO OJJHOBPEMEHHO MEPEMEIIAEMbIX MAIIIMH 10 JIUHUSM
Y KOHBeHepaM, TUIIbI 00CITyKUBAEMBIX MAIIIUH U APyTrue (HaKkTopshl.

YTouHEHUE METOAUKHU OIpPECICHUS BBIICIICHUS BPEIHBIX BEIIECTB OT JBUTa-
TEeJIsSl MalIMHBI B BO3/IyX paboueil 30HbI MOKET ObITh OCYIIECTBICHO TOJILKO MPH aHa-
JIM3€ JOMYCTUMOCTH IMIPUMEHECHUS TOM UJIM MHOM METOJIUKH.

ITockonbky peunr UAET 0 pacuére BhIAENICHHS BBIOpocoB BB or nBurarencit
KOMOAMHOB U JIPYTOM CENbCKOXO3SIICTBEHHON TEXHUKH B BO3AyX pabodeil 30HbI 00-
KaTOYHBIX YYaCTKOB MalllMHOCTPOUTEIBHBIX 3aBOJIOB, TO Hanboyiee OJIM3KUMHU 110 CO-

JIEpKAHUIO K UCCIIEyeMOMY BOIPOCY SIBISIOTCS METOJAMKH U HOPMAaTHUBHI [66, 76,

92].

1.3.1. YaeabHble mnokKasaTeau BbIOPOCOB B armMocdepy pPeMOHTHO-
00CJIYKMBAKOIIMX NPEeANPUATHI U MAIIMHOCTPOUTEJIbHBIX 32BO0B

[IpencraBieHHble HUXKE yAENbHbIE MOKa3aTeIH pa3pabOTaHbl HA OCHOBE JKC-
NEePUMEHTAIbHBIX JTaHHBIX, MOTYYEHHBIX PU MPOBEACHUN MHKEHEPHBIX HUCCIEA0Ba-

HUM HA JIEVUCTBYIOIIMX NPEAIPUATHSAX OTPACIH, a TAKKE JAHHBIX, UMEIOLUXCS B JIU-
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TEepaTypHBbIX WUCTOYHHMKAX. YI€JIbHBIE IMOKA3ATENM JaHbl B Pa3JUYHbIX €IUHHIAX W3-
MEpEHUS B 3aBUCMMOCTH OT BHJIA U XapaKTepa TEXHOJIOTHYECKOro Mpoliecca.

Omnpenenenue BoiOpocoB BB B Bo3ayx P3 oT TexHOIOTrMYECKUX MPOLIECCOB U
IpU CXKUTAHUU TOIUIMBA TNPOBOAUTCS JBYMsS METOJaMHU: HWHCTPYMEHTaJIbHO-
aHATUTUYECKUM U PACYETHBIM.

[lepBbIil METO 3aKITIOYAETCS B MPSIMBIX 3aMepax 00bEMOB BbIXO/Ia 3arpA3HEH-
HOTO BEHTHJIALIMOHHOTO BO3/AyXa M KOHIeHTpaluii BB B ycinoBusx paboTsl TeXHOIO-
ru4eckoro obopynoBanus. JlaHHBIM METOA TPEANOYTUTENECH Uil JEHCTBYIOLIETO
IIPOU3BOJICTBA U 3aMEHSETCS PAaCUETHBIM JIMIIb B CIy4ae HEBO3MOXKHOCTHU IMPOBEE-
HUs u3MepeHuil. BTopolt (pacu€THblif) METOJ MCHOJIB3YET IKCIEPUMEHTAIbHbBIE U
pacy€THBIE JaHHBIE O KOJIMYECTBE BbIAEIHAEMBbIX BB B X0[1€ TEXHOIOTMYECKOTO IPO-
1ecca U MPUMEHSETCS ITPU POTHO3UPOBAHUH U MPY TJIAHUPOBAHUH MEPONPUSATUH 11O
YMEHBIIIEHUIO BHIOPOCOB.

Pacuérsl o [92] meroanke OCHOBaHBI Ha MCIOJNb30BAaHUM YJEJIBHBIX MOKa3a-
Tesneil BoiaeneHuss BB npu ckuranuu TOIUIMBA B KICTOYHUKE U MPUBOASTCS B HOpMa-
TUBax, NPUYEM OTAEIBHO MPU NEPEMEIIEHUSIX TPAKTOPOB, KOMOAHOB U aBTOMOOU-
Jeil ¢ IU3eNIMH M TIEpEMENICHHUSIX aBTOMOOUIIEH ¢ TU3eIbHBIMU U KapOIOpaTOPHBIMU
neuratessiMu B niporiecce TO u TP. B Tabnune 1.1 npencraBneHs! yaenbHbIE MOKa3a-
TEI BbIIAEIEHUS BB npu cxuraHuu TOIuMBa Ha €AMHUILY MAcChl pacXoqyeMOoro To-
IUIMBA. DTU JIaHHbBIE SBJISIOTCSI OCHOBOM JJIsl JAJIbHEHIIIEro pacuéra KOJUYeCTBa BbI-
OpOCOB IpH ropsiueit 0OKaTKe pa3INnYHbIX MAILIUH.

B tabnuue 1.1 ynenbHble TOKa3aTeau MPUBOASATCS JJIsi HEKOTOPOTO aOCTPaKT-
HOTO MCTOYHUKA 3arpsi3HEHMs], 0e3 yuéTa MHAMBUIYAJIbHBIX CBOMCTB U PEKHUMOB pa-
0oThI nBUTaTeneil. Kpome Toro, OTCYyTCTBYIOT JaHHBIE O BBIIEISEMbBIX allbJErH/IaX.

KonuuectBo BB, BblensieMbIX B BO3AYX MPHU MEPEMEIIEHUN 00BEKTOB PEMOH-
Ta WM MPOU3BOACTBA BO BPEMS JUArHOCTUPOBAHUSA M BO BpeMs mpoBenaeHus TO u
TP onpenensitores o dhopmyie:

M =Ky -R-(1-7" @5 )-10° (1.5),
rae K. - yaenpHbIN mokas3aTelnb BeineneHus BB X Ha onuH 00BeKT Texmporiecca (aB-

TOMOOUITL, MaIMHY), R - KommuecTBO 00OBEKTOB Texmpoliecca (aBromoOuse, ma-
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IIMH), OOCITYKHMBAaEMbIX Ha MPEANPUATUH; 7- CTEIIEHb OUYHUCTKU armapara, KOTOPhIM
cHa0XEH BEHTWISILIMOHHBIA OTCOC arperata (JI0MM €IUHUIBL); ¢o - d)PEeKTUBHOCTD

paboThHI MECTHOTO OTCOCA OOCTYKMBAEMOTO arperara.

yI[CJILHI)IC IIOKAa3aTCJIN BBIACICHU BB IIpU C’KUI'aHWU TOILIIMBA

Ta6muma 1.1
Onepanus texaonoru- | [Ipumensiemoe | Beinensiembie BpeIHbBIE BEIIECTBA
YeCKOro mpoiiecca TOIJIMBO HaumeHnoBanue V nenbHOE KOJIMYECTBO, I/KT
CcoO 100,0
PabGora IIBUTATEIIS CyHn 30,0
BHYTpEHHEro cropa- | JluzenpHoe To- NO, 40,0
HUS TUTMBO C 15,5
SO, 20,0
Ci2H20 0,00031
CcO 600,0
CnhHnm 100,0
bensun NO, 40,0
C 0,58
SO, 2,0
Ci2H20 0,00023

VY nenvHbIlt TIOKa3aTenb BbijeiaeHus BB X Ha onuH 00BEeKT peMoHTa (IpOu3-
BOJICTBA) K} ompenensercs mo Gpopmyoie:

Ki =Kq -Fe, (1.6)
rae Pc - cyMMapHBIH pacxo]] TOIIMBA 3a BECh MEPUOJ OOKATKH, KT, KX - yIelbHbIH
nokazarenb BbiaenacHuss BB X npu cxuranuun Torumsa (r/xr) (ta6:1.1.1).

VY nenvHble KOoJIMUeCTBa BhiaeasieMblx BB B mporiecce ropsiueii 00kaTky MarimH
IPY MAaKCUMAaJIbHOM PacX0/i€ TOTUTHBA (T/C) pacCUNUTaHBI:

1) mo perynsaTopHbIM XapakTepucTUKam JBurareis [/6], orHocutenbHO 30-
MUHYTHOTO MHTEpBaJla OCPEIHEHUSI C MAKCUMAJILHBIM pacxoJioM ToriuBa P, (Kr/4)

3a BeCh Mepuo;] 00KaTKu 1o popmyie:
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KX.p
K =—=n W 1.7
° 3600 (1.7)

2) Ha OCHOBaHUM JIaHHBIX O PACXO0Ji€ TOIUIMBA JABUTaTeNeM (TypOOKOMIIpecco-

pPOM) TP HOMHHAIILHOM MOIIHOCTH P, (Kr/4):

KX.P
KX =—m o 1.8
° 3600 (1.8)

B PE3YJIbTATC B HOPMATHBAX NPCACTABJICHBLI YACIBHBIC ITOKA3AaTCIIN BBIJICIICHUA
BB HJIs PAa3HBbIX THUIIOB aBTOMO6I/IJII>HI>IX, TPAKTOPHBIX U KOMOAMHOBBIX ,Z[BI/IFaTCJ]Cﬁ
IIPHU BBIIIOJIHCHHUUN PA3JIMYHBIX TCXHOJIOTHYCCKUX IIPOLCCCOB, KOTOPBIC MOXKHO HC-
IIOJIB30BATh IIPH OLICHKC BBIIIGJIGHI/Iﬁ B BO34YyX P3 MAIIMHOCTPOUTCIIbHBIX U PCMOHT-

HBIX NPEINPUATHH.

1.3.2 MeToauka ompejejieHdsl BajJOBbIX BbHIOPOCOB BPEJIHbIX BeleCTB B
atMocdepy npeanpusTUSIMA aBTOMOOWJILHOTO U CeJIbCKOXO03SIIICTBEHHOI0 Ma-
IIMHOCTPOEHUSI

Meronuka [92] ycTtaHaBnuBaeT mpaBuia OIMpPEAENICHUsS BaJIOBBIX BHIOPOCOB B
aTMoc(epy JCUCTBYIOIIMM H MPOCKTUPYEMBIM TEXHOJIOTHYCCKUM 000pYI0BaHUEM
3aBOJIOB aBTOMOOMIIBHOTO U CEICKOX03SICTBEHHOTO MAITMHOCTPOCHHUSI.

[IpuBenénnpic B HEel 3HAUCHUS yAEIbHBIX BBIJCICHUA BPEIHBIX KOMIIOHEHTOB
WCITOJIB3YIOTCS B KaueCTBE MCXOMHBIX JTAHHBIX TPH OMPEACICHUH SKOJOTHYECKHUX
XapaKTEPUCTHK B JKCIIEPTHBIX OIIEHKAaX, pacuéTa MHBEHTapU3aIMU HCTOYHUKOB, a
TaK)Xe MPHU pa3paboTKe MEPOTIPUSITHIA 11O COKPAIIICHUIO BEIOPOCOB.

B Meroanke oTMeuyaeTcs, UTO UCTIBITAHUS IBUTATENIEH OTHOCSTCS K OCHOBHBIM
UCTOYHUKAM  BbiiesieHns BB ©W kK OCHOBHBIM  BHJaM  MPOU3BOJICTBA
MalTUHOCTPOUTENBHBIX peaAnpusaTuii. OnpenaesieHne BaJIOBOTO BEIOPOCA CBSI3aHO IS
JNEUCTBYIONIEro mpeanpuatus ¢  (akTudeckuM (OHIAOM BpEeMEHH PabOTHI
00OpyI0BaHUS U BBIITYCKAEMBIX U PEMOHTHPYEMBIX MAIIINH, a ISl TPOSKTHPYEMOTO —
C TIaHupyembiM (OHJOM paboyero BpEeMEHU, TNPUMEHSIEMBIM B OTpacid

HOpPMAaTHUBAaM.
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HNcxonupiMu TaHHBIMHA U1t pacdy€TOB MacChl BblaenuBIIMXca BB cmyxar
DKCIIEPUMEHTAJIbHbIE U PAcUYETHBIC JAHHBIE O KOJIMYECTBAX, BBIJIEISEMBIX B XOJ€
TEXHOJIOTUYECKOro Tpoiiecca. 3HaueHus: Mmacchl BB npuBoasTcs k equnuie:

- Macchl OJIy4aeMOro MPOAYKTa,

- pacxoyeMoro maTepuara,

- BpeMEHH pabOThl MAIlIUHBI.

VY nenbHbIe IOKa3aTenu BolieaeHUs: BB npu cTEHIOBBIX HCHBITAHUSAX MAalllUHbI
npuBeAeHbl B Tabiuie 1.1. B MeTtoauke mpuBeAeHBI TaKkKe CIOCOOBI pacuéra o
3TUM  YJEJIbHBIM  IOKa3aTelsiM, KOTOPBIE  OTHOCATCS K  HOMHHAJIbHBIM
TEXHOJIOTUYECKUM peXHMaM padoThl MamuH. [ y4€ra OTKIOHEHMI mpolecca OT
HOMMHAJIBHOTO, €r0 HECTAllMOHApPHOCTH (XOJIOJHBIM IyCK JBUTATENsl 3UMOM,
nepexoaHble  pPeXHMbl  paOOThl  JABUTATENs]) MOTYT  OBITh  IPUMEHEHBI
COOTBETCTBYIOIINUE KOIPPUITUEHTHI.

1.3.3. Metoanka npoBeieHUs] HHBEHTapU3alMU BbIOPOCOB B aTmocdepy
JJ151 AaBTOPEMOHTHBIX NPeANpPUsITHI

JIeCTBYyIOIIME B HACTOSLIEE BPEMsI METOUKH NPEAYCMAaTPUBAIOT MPOBEACHUE
WHBEHTAPHU3ALMK BHIOPOCOB /JI1 aBTOPEMOHTHBIX MPEANPUATHIA OT MEPEABUKHBIX U
CTal[MOHAPHBIX MCTOYHUKOB. MeToauKa mpelHa3HauyeHa Uil pacyeTa BajOBBIX U
MaKCHMaJIbHO Pa30BbIX BIOPOCOB OT MEPEABUKHBIX U CTAIIMOHAPHBIX HCTOUYHUKOB.

NuBenTapuzanus BeiopocoB BB Bkitouaer B ceds cienyromue paboThl:
- OIIMCaHNE TEXHOJOTMYECKHUX IIPOLIECCOB HA NIPEANIPUSATHH;
- OIpeiesieHre niepeyuHst BhiOpackiBaeMbiXx BB 1 HICTOUHUKOB MX BBIACIICHNUS;
- ONpeJeseHNe HAIU4YMsg U COCTaBJICHHE MEPEUHsS OYMCTHBIX YCTPOWCTB U BEHTHJIS-
LMOHHBIX CUCTEM C TEXHUYECKHMH XAPaKTEPUCTUKAMU, MTOJIy4a€MbIMH U3 [1aCIOPTOB
1 aKTOB MCHBITAaHU;
- ONpe/IeJIeHNE BaJOBbIX U MAaKCUMaJIbHBIX BHIOPOCOB BPEAHBIX BEILIECTB;
- ONpEJEIEHUE KOJUYECTBA 3arPSA3HAIONINX BEIIECTB YJIABIMBAEMbBIX OYHCTHBIMU YC-
TaHOBKaMH.

Haubonpmuii uHTEpeC B HalleM cllydyae BBI3BIBAIOT B METOAMKE 30HA

TCXHHUYCCKOT'O O6CJ'Iy>KI/IBaHI/ISI N PEMOHTA, a TAKKC Yy4YaCTOK OOKAaTKM M MCHBITAaHUH
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nsurateineit. B 3onax TO u TP ucrounukamu Beinenenus BB sBisitorest aBToMo0Oumu,
MIepEMEIIAIOITNECS TT0 TTOMEIICHHIO 30HBI. J[J11 aBTOMOOMIIEH ¢ OCH3WHOBBIMU JBUT -
tenssmu paccuntbiBaeTcsi BeiOpoc CO, CH, NOy, SO,; ¢ ra3oBbiMH JBUTATENISIMH -
CO, CH, NOx, SOy; ¢ nuzenamu - CO, CH, NOy, C, SO..

s momerienus 3oubl TO u TP ¢ TynmuKOBBIME TTOCTaMH BaJIOBBIi BBIOpOC -

o BCIICCTBA PaCCUYUTBIBACTCA 110 (I)OpMy.He:

MTi = Z(zmTik 'ST + mnpik 'tnp)' Ny '1076 > (T/FOH)

K
k=1

rJIe my, - IpOoOETOBBIN BEIOPOC I-T0O BelecTBa aBTOMOOMIIEM K- TPYIIITBI, I/KM;

Mypic~ YACIBHBIHA BEIOpPOC I-r0 BellecTBa NPy NPOrpeBe ABUraTes K-if rpymnmsl, I/MuH,

S; - paccrosiHue oT BopoT nomerieHus g0 mocta TO u TP, kM; N, - konuaectBo TO u
TP, npoBeseHHBIX B TeUEHHE rofa i aBToMoOMiel K-i rpymmsl; t,, - Bpems mpo-
rpesa, t,, = 1,5 MuH.

MaxkcuMaibHO pa3oBbIi BeIOpoc i-ro BemiecTBa Gri, paccYUThIBaeTCs 10 (Hop-
MyJI€:

(mTik ' ST + 05 : mnpik 'tnp)'

N
G, = , (r/cMm),
i 3600 (r/em)

rae N, - HanOoJIbIliee KOJMYECTBO aBTOMOOMIIeH, Haxosammxcs B 30He TO u TP Ha

TYNUKOBBIX IMOCTaX B TEUCHUE Yaca.
Jliis momertienns 30Hb1 TO ¢ TOTOYHOM JIMHKUEH BaJIOBBIA BBIOPOC I-TO BEHIECT-

Ba pacCUUTHIBAETCS 1O hopmyJie:
c 6
M, = Z(mm Sy Mt -b)- n,-10°°, (t/roxn) ,
k=1

r7ie S;7 - PAcCTOSIHHE OT BBE3IHBIX BOpOT momemieHus 30861 TO u TP 1o BeIe3gHBIX
BOPOT, KM; D - 4KCIIO IIOCTOB HA TOTOYHOM JINHUU.

MaxkcuMajbHO pa3oBbIii BEIOpOC I-ro BemtectBa Gy pacCUMTHIBACTCS IS ITO-
TOYHBIX JIMHUN TIO (hopMYyIIE:

G = (mTik : SH + mnpik 'tnp b) NUk (F/C)
m 3600 ’
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rae N - HanOoJiblliee KOJIMYSCTBO aBTOMOOMIICH, Haxoasmuxcs B 30He TO u TP Ha

NOTOYHBIX JIMHUAX B TeYCHHE Yaca; t,, - Bpems nporpesa (t,, =0,5 Mun).

Pacuér Gt u Gy mpou3BoauTCs A MaIIMH, UMEIOIUX HauOOJIbIINE YENb-
HBIE BBIOPOCHI TIO I-My KOMIMOHeHTy. [Ipu crenumamu3anyy NMOCTOB WM TOTOYHBIX
auauid B 30HaX TO u TP mo tumy oOcCiyXMBaeMbIX MU PEMOHTHPYEMBIX MAallUH
pacyeTsl MPOBOAATCS OTAEIBHO IS KAKIOM TPYIIIBI IOCTOB WIIM JIMHUM, a pe3yibTa-
Tel cymmupytores. [Ipu atom pacuer Gri u Gy Mo KaxaoMy THUITY TPOBOAMUTCS IS
MaIlliH, UMCIOIIUX HanOOJbIINE yJENbHbIC BBIOPOCHI MO I-My KOMIIOHEHTY. 3Haye-

HHS YIEIbHBIX BBIOPOCOB M, i ¥ My, IPHUHUMAIOTCA IS TEIIIOrO MEPUO/A rojIa.

[Ipu Hanmuuu HeckoabkuX nomeleHuii 300 TO u TP pacuer BaJIOBBIX M Mak-
CUMAJIbHO Pa30BBIX BHIOPOCOB MPOBOAUTCS JIJISI KAXIOTO MOMEIIEHUs OTAeNIbHO. [Ipu
HaXO0XXJICHUU B OJTHOM IMOMEIIEHUHU MOTOYHBIX JIMHUN U TYIMUKOBBIX MMOCTOB BBIOPOC
OJIHOMMEHHBIX BemecTB cymmupyercs. [Ipu nHaxoxnaenun B 3oHe TO m TP mocra
KOHTPOJISI TOKCUYHOCTH OTPa0OTaBIIMX ra30B MAaKCUMAaIbHO Pa30BBIi BBIOPOC OT 30-
Hbl TO u TP 1 nocra KOHTPOJSE CYMMHPYETCS.

1.3.4 MeToauku ompeaejeHusi KoJuyecTBa BblaejsieMblx BB ot TpaHc-
MOPTHBIX, TEXHOJOTMYECKUX MAIIUH U CTALMOHAPHBIX KOMILIEKCOB

JIs1 Tu3eNnbHBIX MAIIMH KOJIMYECTBO OKUCH YIJIEPO/Ia, OKHCIIOB a30Ta U ajlble-

T'U0B, BBIICIISIIOLIUXCS MTPU padboTe, onpeaensercs no Gopmyie:

760

T
M, =(160+13.5~vp)~P~@,
100

rie P — conepxxanaue BB B OI', mpuHUMAarOT B COOTBETCTBUU ¢ Tabiutiei 1.2,

Conepxanue BpenHocten P, %, B Ol nu3enbHbIX IBUTATENEH

Tabmuma 1.2
HaumenoBanwue pexxnma CO NOy R-CHO
PazorpeB nBurarens 0,071 0,007 0,051
[lepeaBuxenue MalIMHbI U BbIE3]1 U3 Tapaxa 0,051 0,009 0,037
Bbesn MammHbBI B TOMEIIEHHE MTOCIIe Tpodera 0,044 0,009 0,020
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Pacxon OI' Q,; crammonapHo pabotatomiero asuratens npu vactore 1000

00/MuH, paboueM oobeme Vp B TUTpax 3a 4ac pabOThI AJis IBUTATENEH C pa3InIHBIM

YHUCJIOM LWJIMHAPOB BBIYUCISIOT MO YIPOIIEHHBIM (hOpMyIiaM, IPUBEJCHHBIM B TEp-

BOM cTpoke Tabnuibl 1.3. [IpenoxkeHHble B 3TUX CTapblX METOAUKaX (HOpMYJIbl OIl-

penenenus oobeMHoro pacxoaa OI' oTHocuTcs uilb K pexkuMaMm XX U MaJlbIM Ha-

I'py3KaMm. HOC—)TOMY npeajrararoTCsd YHHUBCPCAJIBbHBIC 3aBUCUMOCTH JIA OIIPCACICHUA

3
QOF’ M/4 Ha BCEX PCXKHUMaAX pa6OTI>I MalllnHbI, B TOM 4YHUCJIC IIPH O6K3TK€, ImpcacraB-

JICHHBIE B TpeThel cTpoke Tadmuibl 1.3.

Ornpenenenre pacxoia OTpadOTaBIIUX Ta30B

Tab6anma 1.3
Ne Meronuka YcnoBust 11 BeIOOpa DopMyiIbl
n/n (hopMyIbI
«Oxpana tpyna | MammHa ¢ JU3€IbHBIM Qor =160+13.5-V, m*/a
gjmx Hgsf(l;[ﬁl(/)l— zgnraTeneM, XOJ'IOCT601/I 7=4 Q, =15V, +36
- 1, IPOTPEB, YHCIIO 000-
OMIIBHOTO POTOB B MUHYTY z=8 Q,=30-V,+3.6
1 | Tpancnopra» n ~1000 06./mMun z=12 Q, =45-V, +36
43
[43] z=16 Q,=60-V,6+3.6
«bezonacHocTs | Mammua ¢ kapOroparop-
TEXHOJIOTUYE- | HbIM JIBUTATENeM, IIpo-
2 | CKMX TIpoIlec- | TPeB, CKOPOCTh Tepeme- Q. :15-(0.6+0.8-Vp)
coBy. [42] HICHHS 5 KM/4
[Tpennaraemass | MammHbl ¢ JTU3€IbHBIMU
YHUBEpCaJIbHasA | WU KapOIOpaTopHBIMU L,-a-N,
3 | popmyna JIBUTATEIsIMU, Ha pa3ind- Qop =24.353- ¢, - H -1, p
u i M or

HBIX peKUMax paboThl

[Ipumeyanue:

e Z — YUCIIO HUINHIPOB, V) - pabounii 000beM JBUraTens;
Pyp- KOOQOUIHEHT NPOIYBKH; [ - KOODDHUIMEHT MOJICKYISIPHOrO U3MECHEHHs paboyeit cme-

cu; L,- Teopernueckuii pacxo] Bo3ayxa Ha CropaHMe; « - KOA(QQUIMEHT U30bITKa BO3/IyXa;
N - MomHOCTh aBUrarens; H, - Hu3mas Tenaora cropaHus TOIUIUBA; 7;,7],, - MHIAUKATOPHBIN

u Mexannueckuid KIIJ] nBuratens; p,, - INOTHOCTh OTPAOOTABIINX I'a30B.

1.3.5. MeToa perpeccCHOHHBIX MOJHUHOMOB ONpe/ie eHus JTMHAMHKHA dMHUC-

CHM BPECIHBIX BEIIECCTB OT HCTOYHUKA BbIACICHUA
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Cy1miecTByeT 3HAYUTEIBHOE YHCIIO PA3IMYHBIX MOTYIMIUPUUYECKUX METOJIOB,
OCHOBAHHBIX Ha anmnpokcuMaiuu KoHueHTtpanuu BB B OI' oT paznuuHbIX TexHUYE-
CKUX TMapameTpoB aBuraresnsi. OHU YUUTBHIBAIOT €CTECTBEHHBIN pa30poc ero mokasa-
TeJEel B YCIOBHUSAX PEATIBHOIO MPOU3BOACTBA. ITO O0YCIOBIEHO HATMYUEM JOITYCKOB
Ha TeOMETPUUYECKHE pa3Mephl JeTaieil, Ha KauecTBO OOpabOTKU IMOBEPXHOCTEH, a
TaK)X€ OTKJIOHEHHWEM OT TpeOOBaHMI KOHCTPYKTOPCKON JOKYMEHTAIlMM HA U3TOTOB-
neHue, cOOpky u o0katky. [l03TOMy UCXOAHBIE TaHHBIE K PACCMATPUBAEMBIM METO-
JlaM JTOJDKHBI 0a3UpOBaThCSl HA Pe3yJibTaTax MCIBITAaHUN HECKOJbKHX 00pa3loB O/I-
HOTHUITHBIX JIBUTATENEH, YTOOBI UCKIIIOUUTH CIy4alHbIE PE3yIbTaThI.

B pabote [9] mpencTaBieHBI perpecCHOHHBIE TTOJMHOMBI, OTMMCHIBAIOIINE JTH-

HaMHKY HU3MCHCHUA BI>I6pOCOB OT pa3JIMYHbIX THUIIOB IIBHF&TGJIGIZ MalllMH B 3aBUCH-

o — N
MOCTH OT OTHOCUTEJIBHOM MOIIHOCTH N :N—' U OTHOCHUTEJIBHOr0 Ko3(hduuueHrta

max

I/I36BITKa BO3ayXa o . AHAJIUTUYECKUE 3aBUCUMOCTHU KOHLCHTPpAa1 Ci TOKCHUYHBIX
BCIICCTB B or IMIOJIYUYCHBI Ha OCHOBC O6pa6OTKI/I HaI[é}KHBIX OITIBITHBIX JAaHHBIX, KaK
oTMc4acT aBTOp. BaBI/ICI/IMOCTI/I HpeI[CTaBJ'ICHBI JUUIA I[BHFaTeJ’IefI C BOCIINIAMCHCHHEM
OT CKaTusi B BUAC:
Ceo =2.1943- N2 —1.8743-N +0.7903, r/m>  (R®=0,9802),
Cyo, =—10.795- N°® +13.961- N? —0.3905- N +0.7179, /m>  R*=0,9996),
C. =0.2661-N? +0.125- N +0.1381, r/m® (R*=0,9997),
Cepour, =13.303- N2 +6.2488- N +6.9056 , Mmxr/m > (R?=0,9997),
Cocon =0.787-N2 —0.0647- N +0.0152, /m°> (R®=0,9972),
Ceo, =135.39-N +36.956, /M (R?=0,9987), 1 T.x.
I[J'ISI ,Z[BHFaTeHeﬁ C HpI/IHy,Z[I/ITeJ'IBHBIM 3AXKUTAHUECM .
Cop =—212.18-&° +499.1-a° —374.46-& +91.594, /M (R*=0,9978),
Cyo, =169.11-&* —360.86-&° +225.81-a° —35.108-& +2.526, r/M> (R?=0,9799),
Ceporr, =53.6-@° —128.8-@ +90.3, Mkr/M > (R?=0,9964) u T.11.
I[J'ISI ra30IMN3CJIbHBIX U I'a30BBIX ,Z[BI/IFaTeJ'IeI\/’I TaKXKE HOquCHBI HO)IO6HBIC 3a-

BUCHMOCTH. AHAJOTUYHBIA MOJX0]] MpUMEHEH B padore [56]. Pacuer kommuecTBa
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BBIACIISACMBIX BB npeparactcd BECTHU 110 CICAYIONIMM SMIIMPUYCCKHUM 3aBUCHMO-
CTsAM:

_058-n,-1.83-10°-n}

1.51-99-10°% -n2 (—10*6 . ni2 +0.015- n — 0.26)- z
51-99. n

C

 058-n,-1.83-10°-n?
©  151-99-10°.n?

(_10_5 -n¢ +0.015-n, —3.56)‘ T,

~058-n,-1.83-10°-n}
o 151-99-107° - n?

(-4-10"° -n? +0.0038-n, —2.47)-7,,

rae | — pexxuM paboThl ABUTATEIS, N, — YAaCTOTa BPAIICHUS KOJICHBANA, 7, — BpeMs

paboThI IBUTATEIIS.

Pe3ynbTaThl pacueToB Al KOHILIEHTpalui cooTBeTcTByrOmMX BB mpencras-
nensl Ha puc. 1.4 u 1.5. U3 rpadukoB ciieayer, 4To Npyu Ha3HAYEHUH MPOTPaMMBbI 00-
KAaTK{ JIBUTATEJICH HAJ0 YYUTHIBAThH CICAYIOIIHE OCOOEHHOCTH W3MEHEHHUS TOKCHY-
HBIX KOMITIOHEHTOB B OI':

- MAKCUMAJIIbHOE COJIepKaHue OkucH a3oTa B OI' pacCMOTpEHHBIX ABUTATENEH
MPUXOJIUTCS HA PEKUMBI C 4acTOTOM BpaleHus kosieHBaia oT 300 1o 600 06/MuH,;

- MaKCUMAJIbHOE COJIEpYKaHUE OKUCU yriiepojaa u AbIMHOCTH ([l) mposiBisitoTcs
Ha pexxuMax ¢ yactotoi ot 400 no 600 06/MuH;

- Ha peXUME HOMHHAJIBHOW MOIIHOCTH HAOJIOMACTCS TEHIICHIUS CHIDKCHUS

KOHIOCHTPAIMK OKHCH a30Ta MU YIJICpoaa.

i A
C NO 4

40 %
C("() ! ! ! :

mr/n

| | |

! | !

! | !
(ML SN A
! |

! |

1

2 20
TPt oS~~~ — — — — = — ] 10
0
300 400 500 600 700 800 900 1000 M, o6/mun

Puc. 1.4. XapakTepucTUKN TOKCUYHOCTH ABUTaTens tuma: 2B-9/I

46



CY.’\’O
Ceo

mr/n

300 400 500 600 700 800 900 1000 N, 06/muH

Puc. 1.5. XapakTepucTUKy TOKCUYHOCTHU ABUraTens tuma: 1 A-26/1I°

YMEHBINUTh KOJIMYECTBO BPEIHBIX BBIICIICHUN IPU CTEHAOBBIX HMCIBITAHHUAX
JIBUTATEJIE MOYKHO 32 CUET KOPPEKTUPOBAHUS PEKUMOB TPUPAOOTKU U COKpAIICHUS
nuTeapHocTH oOkaTku. [locnennee meponpusitue, KpoMe TOro, CrnocoOCTBYET OIl-
TUMHU3AIUHU yClIoBUl Tpyna. B pabote [56] uccienoBancs nmpoliecc 0OKaTKU JIBUTa-
TEJIEH, a B HAILIEM CIIy4ae pacCMaTPUBAETCS MAlllMHA B II€JIOM, HO U B HaIlIEM CJIy4ae
npu oOKaTKe MaIIMHBI MOXKHO TaKKe€ YMEHbIaTh KosmuecTBo BB u Texnomoruue-
CKOE BpeMsi 0OKaTKHU 3a CUET COKPAICHUsI BPEMEHH UCTIBITAHUN Ha TEX PEKUMaXx, TJe
BbIOpOoCchl BB Makcumanbhbl. MaTematnueckue mojaenu Beiaenenust CooHy, u oxu-
CJIOB a30Ta MO3BOJISIFOT BBISIBUTH TAKUE PEKUMBL.

OnHaKoO pacCMOTPEHHBIE ANMPOKCUMAIMOHHBIE 3aBUCHUMOCTH HE OMMUCHIBAKOT
bu3rdecku 000CHOBAaHHBIX 3aKOHOMEPHOCTEH MPOIIECCOB TOPEHUSI U CMEIIICHHUS, a
Takxe oopasoaHusi BB B kamepe cropanusi MalivHsbl.

[Tponiecc oOGpa3zoBaHusi MPOAYKTOB CrOpaHUsl TOIJIMBA 3aBUCUT OT 3HAYCHUS
KOHIEHTPALMKA UCXOAHBIX KOMIIOHEHTOB M TEMIIEPATyphl B €€ JOKAJIbHBIX 30HAX.
[TosTOMY HEBO3MOKHO TOJIbKO HA OCHOBAaHHMM JAHHBIX, HAIIPUMEP, 1O UHAUIUAPO-
BaHUIO paboyero mpoiiecca IBUTaTeNs U pacuéTa HHTETrPaIbHOTO TETUIOBBIICICHUS
JaTh PEKOMEHAAIMU 110 CHUKEHHUIO YMUCCHUH BpeAHbIX BetiecTB ¢ OT'.

DTUX HEIOCTATKOB JIMIIEH MOAX0/I, METOIOJIOTHYSCKH TPEIOKEHHBIN B [24],

KOTOPBId OCHOBAaH Ha Pacy€THOM MOJICIMPOBAHUM HHTEPECYIOIIMX MPOIECCOB.
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31ech BaXXHO YUHUTHIBaTh, YTO MOJIEIUPOBAHUE Mpollecca 00pa3oBaHUsI TOTO WM
nHoro BB 0a3zupyercst Ha MoJieNsIX mpoliecca TOpeHus, XapaKTepHbIX MJis onpee-
JIEHHOTO TUIa JBUTATES.

[TosToMy u ObLTa OCTaBJIEHA, a 3aT€M YCHEIIHO PEeIlIeHa 3a/laya, CO3IaHus Jie-
TaJIbHEUIIIEN MOJIENIM XUMUYECKOW KUHETHUKH, OMKCHIBAIOIIECH MPOLIECC CTOPAHUS TO-
wiBa B uctouHnuke 3arpsizHenus ([IBC), koropast nmpu AONOTHEHUH €€ MOIYJISIMU
TEPMOXHMUHU U KBa3UIa30JMHAMUKHU AJICKBATHO C BBICOKOW CTEIIEHBbIO TOYHOCTHU BOC-
IIPOU3BOJIUT OCHOBHBIE SHEPrO-3KOJIOTMYECKHE M AKOHOMHUUYECKHE XAPAKTEPUCTUKU
paboThI IBUTATEIS.

KpaTtko cyTh mpemiokeHHbIX mMojaener B [24], cTeNeHb UX OPUTHHAIBHOCTH,

HOBHU3HBI, d TAKIKC UX IIPOIpaMMHadA pCajin3anus IIpPCACTaBJICHBI BO BTOpOﬁ I'J1IaBC Ha-

CTOSIILIE MOHOTpa(uu.
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I'maBa 2 MaTtemaTn4yeckoe 1 KOMIbIOTEPHOE MOJEJIHPOBAHHE IMHUCCUM

TOKCHYHBIX KOMIIOHEHTOB B KaMepe CropaHus TPAHCHOPTHBIX MAILIHH.

2.1. Moaeanb XUMHNYECKOH KHHETHKH.

2.1.1 YpaBHeHus] XUMHYeCKHUX NPeBPALLICHHIA.

Mopnenb neTanbHON xumuueckou kunemuxku [24] cKOHCTpyHpOBaHa B Clie-
QYIOIIMX MPEATION0KECHUIX:

— TeMn HamOoJjee OBICTPhIX peaklui, COMPOBOXKIAIOUINXCSA 3HAYUTEIHHBIM
HHEPrOBbIJEIICHUEM (TIOTJIOIIEHUEM), HE MPEBBIIIAET YPOBHS, P KOTOPOM HApy-
maeTcsi 00JIbIIMAHOBCKOE PaclpeIeJICHUE YACTHIL 10 KUHETUYECKON SHEPTUN;

— BCE peakuuu o0paTUMBI;

— KOHCTAHTbI CKOPOCTH MPSMOI U 00OpaTHOM peakiuii B3aMMOCBSI3aHbl Yepe3
DHEPIeTUKY IIPEBPAILCHHS: UX OTHOLLIEHHE PABHO KOHCTAHTE PABHOBECHS;

— CKOpPOCTH KaXIOM 3JIEMEHTApHOM PEaKIUU IOAYMHACTCA 3aKOHY IEUCT-
BYIOIIMX MAcc, T.€. IPOIIOPLIMOHAIbHA IIPOU3BEACHUIO KOHIIEHTPALUN PEarcHTOB.

Kunernueckoe ypaBHeHue xumuueckux npespaumieHud B KC umeer cie-
JTYFOIITAN BUJL;

dc; dinV
i _ s .+ h
a7 fi(ck,T) Cj e + 0 +h|, (2.1)

rae ¢ u fj — KoHIeHTpauK I1-r0 XUMHUYECKOTO KOMIIOHEHTa (B Ta3000pa3HOM CO-
CTOSIHUM) U CKOPOCTh €ro HapaOOTKH B XMMHUYSCKHUX PEAKIUAX MPH MOCTOSTHHOM
o0BeMe; T — Tekyiee Bpemsi; T u V — temriepatypa u MraoBeHHbii 00bem KC; g u
h j — ckOpoCTH M3MEHEHUs] KOHIIEHTPAIMK I-T0 KOMIIOHEHTa B pe3yJibTaTe TypOy-
JICHTHOTO IepeHoca BelecTBa M (ha30BhIX MEPEX0JI0B, T.€. HCHAPEHUS TOIUTMBHBIX
Kareyb.

B yactHOM ciyuae, npu gi=h ;= 0 111 BceX KOMIOHEHTOB ypaBHeHue (2.1)
OIMKCHIBACT XMUMHUYCCKUE IMPEBPALICHUS NMPH OSCKOHEYHO MHTCHCHUBHOM IepeMe-
IIMBAaHWK W ITOCTOSTHHOM Macce pabodero tena. TypOyJIeHTHBbIC YICHBI B ypaBHE-

Huu (2.1) onpenenstorcs popMynamu:
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g =00, i (ck,T)+(5i’O; ~910,) K" Co,

N, 3D .mf(o).exp(_st .
SRRV AT A

rae o0 ij— cumBoa Kponekepa; Na ¥ g — 4ncino ABOraapo ¥ MOJEKYJISPHBIM Bec

tormBa; Ms (O) u Ly — mukiIoBas mojaaya v yAejdbHas TEIUIOTa MapooOpa3oBaHHS

TOIUIMBA; A F CpeIHUIl AMaMeTp Kareidb pacibuieHHOro ToruBa; Df — ko3 du-

ueHT nugGy3un mapoB TOIUTMBA B BaKyyM; HHACKC f 0003Ha4YaeT TOIImMBO ¢ yc-
JIOBHOM (OpMyJIOi, HAIpUMeEp, JJIs1 IU3EJIBHOTO TOILINBA.
2.1.2. MaTteMaTH4YeCKas MOAEJIb, YYUTHIBAKOLIAA TYPOYJIEHTHOCTb.
MatemaTtuueckas MOJENb mypOyieHmHoCmY, KOTOpasi yUUThIBaeTCs B ypaB-

HeHuu (2.1), mpeanosnaraer CyuecTBOBaHUEe ABYX (HOPM MOJIEKYJIIPHOTO KUCIOPO-

na O, u O, NpUYeM XMMUYECKU aKTUBHA M YYACTBYET B NPEBPANICHHSX JIUIIb

Bropas dopma. Kucnopox xe B popme O, moxer npespamarses B O, B €IUHCT-

BEHHOW HEOOpaTUMOI peaKIuu aKTUBAIINH:

0, b , 0 (2.2)
rae  Kuyrb [1/c] — KOHCTaHTa CKOPOCTH TIepexojia KUCIIOpoJa B aKTUBHYIO (opMmy,
YUCJIEHHO paBHasi 0OpaTHOMY BpeMEHHU TypOyJieHTHOW muddys3uu Kuciopoaa B
TOIUTMBHBIN (haKes WM OTHOLLEHUIO MOBEPXHOCTH (pakena K Kod3PpUUUEHTY Tud-

(y3un kucnopona B ycnopusx sapana D, =D-(1+Re), rne D — kosdpduunent

MosekysipHoit nuddys3uu; Re — yucio PeitHonbaca.

C dusnyueckoit TOUKM 3peHUS TAKOM MOJIXO0J MPEACTaBIISICTCSl BIOJHE 000C-
HOBAHHBIM IPH YCIIOBUU COTJIACOBAHMS BEIUYHMH Kyyp U KOIPPHUIIMCHTa U30BITKA
BO3IyXa 0. KAK UMEIOIINX OOIIYI0 MPUPOY.

HckycCcTBEHHO BBEACHHBIM MapaMeTp CKOPOCTH IEpexoa KUCIOpoJaa B aK-
TUBHYIO (opMy ropeHus (2.2) ecTh BpeMEHHas XapaKTePUCTUKA, MOKA3bIBAOIIAS
Ka4eCTBO MEPEMENIMBAHUS TOIIMBOBO3IYIIHOW CMECH, U JJIsI KAXKJOI0 TUIIA JU3€E-

JIsL HO,Z[6I/IpaCTCH B PE3YJIbTAaTC YHUCJICHHBIX 3KCIICPUMCHTOB B CPABHCHUHU C OMIIU-
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PUYECKUMHU JaHHBIMH. MoOJenb MOmoMHAeTCS (PaKTOpOM, YUWUTHIBAIOIMIUM WHTCH-
CUBHOCTh CMeceoO0pa3oBaHUs, M HUIACHTU(UIMPYETCS MO OCHOBHBIM HHIUKATOP-
HBIM TTOKa3aTeisiM paboThl ABUraTesss MamuHbl (Pe 1 T), mpuyeM ¢ yd4eToM Harpy-
309HOM XapaKTEPUCTUKU JTU3EIIA.

HarpeB pabodero Tema B Tmpoliecce TOPECHUS-PACIIUPEHUS OIMUCHIBACTCS
ypaBHCHUEM:

dT _ 1 dQy RT dlhhv 1 dQy 1 dQy

dz M-C, d¢ C, dr M-, dr M-C, dr’

rne M :zMi u C,=C,(Cy,T)— xomuuectBo razooodpasHoro Bemecrtsa B KC u

(2.3)

MOJISIpHAsi U30XOpHas TEIUIOEMKOCTh pabouero Tena; R — yHUBepcanbHas ra3oBas

noctostHHAs; Qy , Q7 1 Qy — KOMMYECTBO TEIUIOTHI, BBIASIIEMOE B MPOIECCE XH-

MHUYECKHUX MPEBPAIICHUHN, TEPIEMOE B pPe3yJIbTaTe COBOKYITHOTO TEIJI00OMEHa Me-

K1y padouuM Tenom u cteHkamu KC u pacxomyemoe Ha ucnapeHue Karejib TOT-
JIMBa.

CKOpOCTh TETUIOBBIJICTICHUS B XUMUYECKHUX PEAKITUAX 33/1a€TCS YpaBHEHUEM:

dQy

dr

=M-TH, W, (2.4)

rae Hy u Wy — TerutoBbiiesicHre K-oi XUMHUECKOH peaKIMK U €€ CKOPOCTb.
YpaBHEHUS HENPOU3BOJIUTEILHBIX TEIJIOBBIX MOTEPh U M3MEHEHHS 00bema
KaMephl CrOpaHus JBUTATEINsI MOYKHO 3aliCcaTh B BUAE:

dQy _aw® R .(d/2)+S

n.(T —
dz~ 3z C, dS, (T=Tw). (25)
dénr\/: : Slina)-r+(/1£l/2)'8in2-a)-72 . (2.6)
2- m+?-(l—COSa)'r+(/1ﬂ/2)-Sln 20-7)

rae d u S, — IMameTp UMIMHAPA U XO MOPIIHS; &y, @ U Ty, — yCpeIHEHHBIH KO-

3(1)(1)I/ILII/I€HT TCIIOOTAAYM, YaCTOTA BpAIICHHUSA KOJICHYATOrO Bajla ABUTATCIIA U
TEMIICPATypa CTCHOK KaMCPLI CTOPAHUA; € U /1)1 — I'COMCTPHUYICCKAsA CTCIICHDb CXKAaTHUA

N OTHOLICHUC paJjuyCa KPUBOIIMWIIA K JJIMHC [IIaTyHa.
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['maBHBIM HOCTOMHCTBOM KuHeTH4Yeckoit UMM sBrsiercst Hanboliee TOTHBIHI
yuer xumudeckux peakuuil (1o 400). C momMoIb0 HHTETPUPOBAHMS YPaBHEHHM
(2.1) - (2.6) MOXHO ONpEAETUTD: MEPUOJL 3aACPKKH BOCIIAMECHEHHSI, MAKCHMAaJIb-
HBII TEMIT SHEPTrOBBIICJICHHS, KDUTUUYECKHUE YCIIOBUSI /11 BOCIUIaMEHEHUs. Takum
o0pa3oM, B paMKax MOJIETd UMUTUPYETCS JTUHAMUKA TOPEHHs MOCPEACTBOM KOM-
OMHAIIMKM TMHAMUYECKUX 3aBUCUMOCTEH MapajuiesibHO U MOCIEA0BATEeIbHO MPOTe-
KaIOIIUX PEaKIUH.

VYpaBuenus (2.1) - (2.6) TOMONHSAIOTCS 3aMBIKAIOIIUM COOTHOIICHUEM, YUH-
THIBAIOIUM TEPMOJMHAMUYECKOE COCTOSIHUE pabouero Ttejia U Ha4aJlbHBIMU YCIIO-
BUSIMH.

PV=M-R-T, (2.7)
rae P - naBnenume razoB B mmwmHape JIBC. HauanpHbIC yCIOBUS BBIOMpAIOTCS B
COOTBETCTBUM C KOHKPETHBIM THIIOM JIBUTATENsl U CIIOCOOOM OpraHu3aiuu pado-
4ero npouecca.

OTaMuuTENnpHONM 4YEpPTOM M TJIABHBIM JOCTOMHCTBOM KnHeTndeckon MMM
SBJIIETCS] HanboJiee MOJMHBIM yuyeT XuMHUueckux peakiuit (o 400 xummnpespaiie-
Huil). MaTerpupoBanuem ypaBHenuid (2.1) - (2.7) MOXHO onpeaenTh BpeMEHHbBIC
nokazatenad xuMmu3Mma (Iepuoj| 3aJep:KKU BOCIJIAMEHEHHS, MAKCUMAJIbHBIH TEMIT
SHEPTOBBIJICIICHUS, KPUTHUCCKUE YCIOBHS JJI BOCIUIAMEHEHHSI CMECH) CHHTETH-
YeCKUM 00pa3oM, T.€. HA OCHOBE NMEPBUYHBIX KMHETUYECKUX JAHHBIX MO OTAEIIb-
HBIM 3JIEMEHTApHBIM peakiusM. B paMkax MoJenu UMUTHUPYETCSl IMHAMUKA COBO-
KYITHOTO TOPEHMSI IMOCPEJCTBOM KOMOWHAIIMU JIUHAMUYECKUX TOKa3aTejaed oOT-
JENbHBIX MapaJIJIeIbHO U TIOCIIE0BATENBHO MPOTEKAIOIINX PEAKIUH.

Pazpabortannas B [17] kuHEeTHUECKasi cXeMa TOPEHUSI TIO3BOJISIET CHHTE3UPO-
BaTh BPEMEHHbIC U JAPYrue KMHETUYECKHUE MOKa3aTeIN TOTUIMBHO-BO3IYIITHOTO 3a-
psana. Creayer MOAYEPKHYTh, YTO MPU (POPMUPOBAHUHN KUHETUUYECKOW CXEMBI OT-
OMpaTUCh TOJIBKO PEAKIINU, CYIIECTBEHHBIE /ISl COBOKYITHOTO XUMHU3Ma. dparMeHT
KMHETHYECKOW CXeMbl 00pa30BaHuUsl OKHUCIIOB YIJiepo/ia U YTIeBOJOPOAOB B MOPIII-

nesoMm JIBC [18, 19] mpuBenen B Tabm.2.1.
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Peakuuu ropeHus yriieBoaopoaHsix Tomius B JIBC Tabmuma 2.1

Cxema peakuuu: KoHcTaHTa cKOpOCTH peakiuu
A+B+C —X 5 D+E+F K
0,+051 = [10+03 8.010 2 g 25T
O+H,0,] — DOH+HO, 141012 g 2000
C14H300 = [02C3Hg + 3.5C,H, + CHy 5102 g L1000
CsHsl[1 — [1CoHy + 0.5CoH, + H 5107 e 0%

2.2. Tepmoxumuyeckasi MoJeJ b 00Pa30BaHUs TOKCHYHBIX BelIeCTB

2.2.1 MaremaTu4yeckasi MoJieJib TEPMOXUMHYECKOT0 PABHOBECHS.

B [22] 6p11a pa3zpaboTana mepmoxumuyeckas MOACHb, TOCTPOCHHAS Ha CJe-
JTYIOIUX JOMYIIECHUSX:

— CHUCTEMa PEAarupyrollnux BelIeCTB KOHCEPBAaTUBHA,

— ra3oBas (aza ujeaibHa U €€ COCTOSHHE OMKCHIBAETCS ypaBHEHUEM MeH-
neneepa-Knanelipona;

— JKuaKas W TBepnas ¢as3pl MPe/CTaBIsIOT COOOW YMCThIE BEIIEeCTBA WM
UJeagbHbIE PACTBOPHI, YIEIbHbIE 00BEMbl KOTOPHIX HUYTOXKHBI TI0O CPABHEHUIO C
yAEIbHBIM 00bEMOM Ta30BOM (a3bl;

— MOJISIPHBIC TETJIOEMKOCTH KOMIOHEHTOB Cp HE 3aBUCAT OT TEMIIEPATYPHI.

Meroabl ¢hopMHUpOBaHUS MOJENIEH TEPMOXUMHUU MOKHO pa3lIeNUTh Ha JIBE
rpynmsl. B nepByto rpymnmy BXOJAT paCUETHBIE CXEMbI, OCHOBAaHHbIE HA MUHUMH-
3allUd  COBOKYITHOTO H300apHO-U30TEPMHUYECKOrO0 TMOTEHIHaIa s  (U3UKO-
XUMHUYECKON CUCTEMBI C PEAKIUsIMU U (Pa30BBIMH MEPEXOJAaMH. DTOT MOIXO OC-
HOBaH Ha OMNpeEJEeHHH XUMHUECKOTO U, B 00IIeM ciydae, a3oBoro cocrana pa-
Oouero TeJa MyTeM PelIeHUs] CUCTEMBI alreOpandyeckux ypaBHEHUH.

Bo BTOpYy!O rpyniy BXOJIAT pacUeTHBIE CXEMBI PEIICHHS] CUCTEM YPaBHEHUN
TEPMOJMHAMHYECKOTO PABHOBECHS, MAaTepUAIbHOTO OanaHca W cocTosiHusg. OHuU
SBJITFOTCSL CJIICTBUEM YpPaBHEHUN TEPMOXMMHYECKOTO TMoTeHnana [ ubbca-

['enpMroneua. Mogenb TEPMOXMMUYECKOTO PABHOBECHSI CTPOUTCS KAaK COBOKYII-
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HOCTh | ypaBHEHMI ABYX THUIOB: J COOTHOIIECHHWH MaTepHalbHOro OanaHca (1o
YHUCITY BXOAAIIMX B CUCTEMY XUMHUYECKHUX 3JEMEHTOB) U K COOTHOIIEHHMI, OTpeie-
JSIFOLIMX CMEIIEHUE PABHOBECHS B JJOIYCTHUMBIX PEaKLUAX MpPEBpalllCHuUs.

TernoBsineneane AH (@) cBsizana ¢ qofeil mpopearupoBaBILIEro TOILIHBA
X(®) B 3aBHCHUMOCTH OT TEKYILIEro yrja MOBOPOTa ¢ KOJCHBAJa JBHUIATENs, MX

SHAYCHUA CIIY’KAaT HCXOAHBIMH JaHHBIMHA [JIA pacd€Ta paBHOBECHOI'0O XUMHUYCCKOI'O

cocTaBa B Kamepe cropanus ausens no ['m66cy-I'enbMronbiry:

AH, RT .
Q)i—?—R-'nMi—R-|n7+Z§ji-l//j:O,l—],...[, (2.8)
>S&ii-My=b;, j=1,..J (2.9)

M-R-T
P:T, M=3>M; (2.10)

Mi — PAaBHOBCCHOC KOJIHMYCCTBO I-r0 XMMHUYECKOTr0 KOMIIOHEHTA B KaMCpc Cropa-

HUA AU3CIIA, 5” — YHUCJIO aTOMOB j-FO JJIEMEHTA B I-OM KOMIIOHCHTC, bj_ MOJIAP-

HOE COJIEPKAHME J-rO dJIEMEHTa B Kamepe cropanus; &, u AH. — npuseneHHas

sHeprus ['mb6ca u TermoTa oOpa3oBaHus I-TO KOMIIOHEHTA M3 MPOCTHIX BEIIECTB B

CTaH/IAPTHBIX YCIOBUAX; |/ ; — MHOXHNTEH Jlarpamxa.

BaxHpIM npenMylIecTBOM JaHHOM MaTEMAaTHYECKOM MOJEINH, HalpUMeEp
nepea MOJCNbIO, H3JI0KeHHOH B [83] siBisieTCS BO3MOKHOCTH OIICHUBATh KOHIICH-
Tpaluy 3HAYUTEIHHO OOJBIIETO YKCIa BPEAHBIX BEIIECTB B OTPabOTABIIMX Ta3ax
nu3enei TermioBo3oB. s pemenus ypaBHenuit (2.8) - (2.10) B [19] pa3paboTan
UTEPAIIMOHHBINA aJITOPUTM, CXOJIMMOCTh KOTOPOTO 00ECIeuMBaeTCS MPHU JIFOOBIX
3HAYCHUSAX TEPMOIAMHAMHUYCCKUX IMapaMeTPOB BHE 3aBHCHUMOCTH OT KadecTBa Ha-
JaJIbHOTO MpUOImKeHus. [Ipu pacyeTe XUMHUECKOTO COCTaBa BBIXJIOITHBIX Ta30B B
TEPMOXHUMHUUYECKON Cy0-MOJENN yuTeHBI cieayromue BemectBa: Ny, O, - OCHOB-
Hble KOMIOHEHTHI Bo3ayxa; CO,, H,O - mpoayKThl MOJHOTO CrOpaHus YIrjieBOIO-
poanbix torus; CO, CHj, C,H,; - mpoaykThl HEMOIHOTO CropaHus yriieBOAOpO-
10B; N,O, NO, N,O3, NO,, N,Os - mobounbie mpoaykTsl okuciaeHus: azota B KC;

SO, SO,, SOz - MPOIYKTHI OKUCICHUS CEPOCOICPKANTUX TPUMECEH B TOTUIHUBE,
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tBepable yactuubl (TH) C,; u S;;. Mcnonb3oBaHHBIE NpU COCTAaBIEHUU MOJIYJIS
cXeMa XMMUYECKOTO PAaBHOBECHS M OTBEYAOIINE €i UCXOJHbIE TEPMOXHUMHUYECKUE
JaHHbBIE ]ISl OCHOBHBIX PEAareHTOB, MPOJYKTOB U IMPOMEKYTOUHBIX BEIECTB MPE-

ctaByieHsl B [19].

2.2.2 Moaejib HEPABHOBECHOM XMMHMYECKON KHHETHUKH

B Hnacrosimee Bpemst B mpaktuke npoektupoBanus [IBC Gonee cepbe3noe
BHUMaHHE YJIENICTCS PACCMOTPEHMIO TMPOIIECCOB TOPEHHMS B Kamepe CropaHus
JIBUTATENS C MO3UIIMHA HEPABHOBECHOM XMMHUYECKON KMHETUKH, YEM KJIACCHYECKOU
PaBHOBECHOUN TEPMOJAMHAMHUKHU WIIH JaKe TEPMOTa30IMHAMUKH TOTUIMBHOTO (pake-
na. OcCHOBHBIMU (0a30BBIMH) YPaBHEHUSIMU B MOJIEJISAX TOPEHUS TOIIMBHOIO 3apsi-
Jla B KaMepax CropaHus TEIJIOBBIX JABUTATEIICH SIBISIFOTCS BBIPAKCHHS, TPEICTAB-
aeunbie B hopme I1IBaba-3enpaoBuya u moapoOoHO onucanubie B [17, 18].

MarepuanbHasi OTKPBITOCTh CHCTEMbI B KUHEeTHYeCKOH (2.1)-(2.7) u kBasu-
ra3oMHAMUYCCKON MOJIEIAX YYUTHIBACTCS MOCPEICTBOM AIMPOKCHMAIINH BIIPHI-

CKa TOTUIMBA TIaJKON (pyHKIIMEH BUA:

n
7 — (Tjnj — ATip)

G() = () = —exp-

V7 - Aty ’ (210)

Arinj

rae: tinj U Atjj — MOMEHT Hadaja nojauu tomausa B KC u ee 1IMTEIBHOCTB; N
(2...0) - cTeneHp OIU30CTH pacHpe/IeNICHHs TOTLUTUBOIIOIaYr BO BPEMEHH K rayc-
COBY U IIPSIMOYTOJIbHOMY; Y(N) ~ 1- HOPMUPOBOYHBI MHOKUTEIT.

JIns annmpoKCcUMalu 3aKOHOB BIIPBICKA C SIPKO BBIPAKEHHOW aCUMMETPHUEN
yI0OHO MCHOJIb30BaTh JUHEIHYI0O KOMOMHAIIMIO JIBYX 3aKOHOB THna (2.11), ynos-
JIETBOPSIIONIYIO YCIOBUSM MOJA00MS U HOPMUPOBKHU.

DHepreTUyecKasi OTKPHITOCTh ypaBHeHu# (2.1)-(2.7) u kBa3urazoanHamMuye-
ckoii UMM yuuTeIBaeTCA NOCPEACTBOM LIUPOKO HCIOJIB3YEMOIO B UHKEHEPHBIX
pacuerax ypasHeHus: Herorona-Puxmana.

BosuuknoBenue netonarmu B UMM Ha ocHoBe ypaBHenwuit (2.1)-(2.10) ot-

CICIKHNBACTCA CPABHCHUCM BBIYHCIIICMOIO Ha KaXXKAOM IAr¢ HCTHHHOI'O TEMIIA
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noabema cpenner remnepatypbl T B KC ¢ KOHTpOJIbHBIM 3HAYEHHEM 3TOM BEJIH-

ynHbl. KOHTpONbHASA BEeNMWYMHA TIOTYYaeTCs B MPEAIOI0KEHUH, YTO (PPOHT IIame-

HU PacHpOCTPAHSETCS CO CKOPOCTBhIO 3ByKa Us. Marematuueckas (popMyianpoBKa

MCIIOJIB3YEMOT0 IIPU pacueTaxX KPUTEPHsI BOSHUKHOBEHUS JETOHALIMNA UMEET BUL:
dT/dz > (us/l) T,

rie | - xapakrepnsiit pasmep KC; T — tekymas Temmeparypa B KC.

OmnbIT TecTHpOBaHUS BceX onucaHHbIX Bbilie UMM mobyaun k ux ycosep-
IICHCTBOBAHUIO B YaCTH y4€Ta HEOJHOPOJHOCTH 3apsAnaa. JleMCTBUTENBHO, paccuu-
TBIBAEMBIE B NPEANOJOKEHNNA OJHOPOJHOCTH COCTAaBA KOHILIEHTPALMHU NMPOIYKTOB
CrOpaHHsl OKa3bIBAIOTCS 3aHMKEHHBIMHU. JTO KacaeTcsl KaK MPOAYKTOB HEIOJIHOTO
cropanus - CO, C,Hp,, Tak 1 mOOOYHBIX MPOAYKTOB OKuciaeHus: NOy. O0bsicHEeHnE
JaHHOTO (paKTa COCTOMT B TOM, YTO BBIXOJl 3THUX MPOAYKTOB B peanbHbiXx JIBC B
OOJIBIICH CTENIEHH ONpPENEeNseTCs HEOJAHOPOJHOCTHIO TOIUIMBHO-BO3AYIIHOW CMeE-
CH, HEXKEIU TOMOTEHHBIMU MTPOIIECCAMH OKUCIIEHUS.

C uenpro MpoOBEPKU ATOW TMIOTE3bl NPEANOI0KEHUE 00 OJTHOPOJAHOCTH 3a-
psaa ObUIO 3aMEHEHO MPEIOI0KEHUEM O CYIIECTBOBAHUM B HEM TPEX BHYTPEHHE
OJTHOPOJHBIX 30H:

1) 30HBI ¢ HOMUHAIBHBIM KO3(PPUIMEHTOM U30BbITKA BO3AyXa &) =, B KO-

TOpOU cropaeT X - mojist Torumsa (0 < X < 1);

X
2) 30HBI ¢ K03 duIMeHTOM M30bITKA BO3yXxa o, = 0,7, e cropaet —

JIOJISI TOTUTHBA,;

3) 30HHI ¢ KOd(PuITMEHTOM N30BITKA BO3IyXa a3 = 2 - 0,7, TIe cropaeT oc-
TATOK TOIUIMBA. MTorosas koHreHTpaius i-ro kommnonenra B OI' paccunThIBacTCs
o opMmyiie:

<ci> = (1/2)-(1-x) ¢; "+ x ¢; “+(1/2)-(1-x) ¢; >* 7,

/i€ BEpXHUI UHAEKC MpPH C; COOTBETCTBYET JIOKATbHOMY KOA(P(UIIMEHTY U30bITKA
BO3IyXa. B pacderax s ammpoKCUMAlldd X HMCIOJIB3YeTCS 3aBHCHUMOCTh X =
th(zen/ 7ga), B KOTOPOH 7en U Tyy ABIIAIOTCS] XapAKTEPHBIMU BPEMEHAMU XHMHUUECKOTO

OKHUCJICHHUA 3apsaida U Ia30JMHAMHUYCCKOI0 IICPCMCIIMBAHUA]. BHeceHnue onucaHHoOM
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KOPPEKTUBBI B HCXO0AHYI0 IMM 3HAUMTENBHO yJIYyUYIIMIO COTJIACHE PACCUUTBIBAC-

MBIX BCJIMYWH Cj C U3BCCTHBIMH 13 OKCICPUMCHTA JJAHHBIMU.

2.2.3. ABTomaTusupoBanHas cucrema ENGINE

OnucaHHbIe BbIIIE UMUTAIIMOHHBIE MaTemMaTuueckue mojenu (MMM) pabo-
yero mpouecca B JBC Obuin 00beIMHEHBI B paMKaxX €IWHOTO MPOTPAMMHOTIO
obecrieuenust - aBromatusupoBanHol cuctembl (AC) ENGINE xommberoTepHOTO
MOJEIUPOBAHUS SHEPrETUYECKUX U SKOJOTHMUYECKUX XAPAKTEPUCTHUK TPAHCIOPT-
Heix asuratener [23]. Co3zganme AC ENGINE moxHO paccmaTtpuBaTh, ¢ OJHOU
CTOPOHBI, KaK Mepexo] Ha 0oJiee BBICOKUI YPOBEHb MHKEHEPHBIX PacdyeToB pado-
yero npouecca B JABC, a ¢ qpyroi, kak aJlbTepHATUBY UCCIEA0BATEIbCKUM TEXHO-
JIOTUSAM JI€TaTbHOTO KOMIBIOTEPHOTO MOJIETUPOBAHUS TOPEHHUS.

AC ENGINE peanuzoBaHna B IByX BapuaHTax - UCCJIEI0BATEILCKOM U yueO-
HoM. MccnenoBatennckas Bepcus AC obwenunusier Bce Tpu MMM, a taxke uH-
(dhopMalMOHHO-CITPABOYHYIO cUcTeMy. B coctaB yueOHOW BepcuU BXOAST HAMOO-
Jiee TpocTasi U HarJig/lHasg TepMOJAMHAMUYECKas MoJieib paboyero mpoiecca, Mo-
Jelb TEPMOXMMHYECKOr0 aHajii3a MPOAYKTOB CrOpPaHUS U MOIYJIH MOANEPKKU
oOyJeHus.

Uccnenosarenbckas Bepcust AC BkimodaeT: 6a3bl ganHbix (BJ1) mo cymect-
BYIOIIIMM KOHCTPYKLMSIM U TOIUIMBAM; MOAYJIH TEPMOAMHAMUUYECKOTO U TEPMOXH-
MHUYECKOTO aHalii3a; MOJYJb JETAIHHOTO MOJEIUPOBAHUS XWMHHU TOPEHUS TOM-
JMBHO-BO3YIIHOTO 3apsi/ia; MOJYJIb pacyeTa KBa3ura3oAMHAMUKHU TOPEHHS; MO-
IyJib BBOJA-BbIBOJIa, MHTETPUPOBAHHBIA B CHUMBOJIbHO-Tpaduueckuii uHrepgeric

nosib3oBatesst. CtpykrypHas cxema AC ENGINE npencrasnena Ha puc.2.1.
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WHTErPUPOBAHHbIA
CHMBOHE:HO-FPAQMHECKHI?I
WHTEP®EWC NONb30BATENA

MOZY/b
TEPMOZAMHAMWYECKOTO
AHANIU3A

Bl no TeXHUYECKUM
napametrpam J1BC

MoAynb
TEPMOXUMUWUYECKOIO
AHANN3A

MOZYNb
CYbBA XMMUYECKON
KUHETUKM

Moaynb
KBASUITA3OQMHAMWKA
FOPEHWA

\
BA no Bnaam
TONAUB

Puc. 2.1 CtpyKTypHas cxema UCCIIeJ0BATEIbCKON BEpCHH

aBToMatuzupoBanHou cucteMbl ENGINE

B 06a3ax maHHBIX XpaHATCS TEXHUYECKUE XapaKTEPUCTHKHU CYIIECTBYIOIIMX
JABC u pusnko-xuMuuecKrue CBOKWCTBA TOTUIMB, ISl BHECCHUS JTOTMOJHCHUN U W3-
menenuii B bJl B coctae AC ENGINE umeercs coorBerctBytomas CYB/. Ipen-
noJyiaraercs ucnoisib3oBanrne b/ Ha paHHUX 3Tanax pa3pabOTKH HOBBIX KOHCTPYK-
IMHA TIPU MEPBUYHOM BBIOOpPE TEXHMUYECKHX PEIICHHM HMCCIETyeMOro JBUIATEs.
TakoBBIMU SBJSIOTCS: KOMIIOHOBOYHASI CXeMa, padouuil 00beM LMJIMHIPOB U HX
YHUCJI0, YaCTOTA BpALEHUs KOJEHBAJIA U Jpyrue napaMeTrpbl. BHeceHne B KOHCT-
PYKIMIO HEOOXOAUMBIX YTOUYHEHUU W/WIM M3MEHEHUH OCYIIECTBISIOTCS MpPH MO-
MOIIY BBILIEIIEPEUYNCICHHBIX aHAIMTUYECKUX CPeACTB. Moaysb TepMOAMHAMHUYE-
ckoro (TJl) ananu3a siBysieTcst MpOrpaMMHOM peanin3alieil KI1acCuuecKoro pacuera
pabouero HMKIA MOPIIHEBBIX MaMH. Moayns xumudeckod kunetuku (XK) pea-
JAU3yeT pa3pabOTaHHYI0 METOAMKY MMHUTAIMOHHOTO MOJEIMPOBAHUS TOPEHUS B
JABC, npuMeHUMYI0 B ONPEIEIECHHON CTeNeHH AJIsl JIOOBIX MOPIIHEBBIX JBUTaTE-
JIel U YTJII€BOJOPOHBIX TOIUHB. SAnpo Moy kBazurazoanHamuku (I'J1) ropenust

COCTaBJIACT HYJIbMCPHAA MAaTCMATHYCCKad MOAC/Ib JUHAMHUKH-CMCIICHUA-TOPCHUA
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TOIIMBHOTO (pakena B aBHraTenie ¢ JOOBIM (KaK BHEIIHUM, TaK U BHYTPEHHUM)
cMmeceoOpa3oBaHreM. Moayib XOpOIIO MPUCTOCOOEH ISl MOICTUPOBaHUS pado-
gyero npouecca B JIBC ¢ BociuiaMeHeHneM OT cxkatus. lJIg BOCIIIaMEHEHUs C UH-
YKEKTOPHBIM BIIPBICKOM, TJI€ 3apsiJ HEOJHOPOJEH 10 COCTAaBY U TEMIEpAType, mpa-
BOMOYHOCTb ITpuMeHeHuss UMM XuMu4ecKoil KNHETUKH MOYKET OCTIIapUBaThCSl.
Monyne mepmoxumuu (TX) peanusyeT aaropuTMbl pelIEHUs] CUCTEM ypaB-
HEHUI TEPMOJIMHAMUYECKOTO PABHOBECHS, MAaTepUATBHOTO OalaHCa U COCTOSHUSI.
OTH ypaBHEHUS SBJISAIOTCS CIEICTBUEM YPABHEHMM TEPMOXUMHUYECKOIO MOTEHIINAA-
na tuna ['m66ca-I'enbmronbia. [logcucrema BBOJA-BBIBOJA pealn3oBaHa C HC-
M0JIb30BAaHUEM KaK CUMBOJIBHBIX, TaK U Tpaduueckux BozmoxHocrte 1K, uro ne-
JaeT ee AOCTYNMHOMN U yA00HO! B AKCIUTyaTalluy JIJIsl IIUPOKOTO KPyra HHKEHEPOB -
uccienosareneid. Bun Hanbolsiee 4acTo MCMOIb3yeMbIX (POPM BBOJA-BBIBOAA HC-

cienoBarenabckoro Bapuanta AC nokasaH Ha puc.2.2- 2.4.

KOHCTPYKTUBHBIE MAPAMETPbl ABHUIATENA:

) Yucao 0BLEM

Tl o e 2 e L N
_ CreneHs _

T N s O ) G

XHPAKTEPHCTHUKH MOTOPHOIO TOMAWBA:
Bun Tonavea ArperaTHoe COCTOAHHE TenaAoTEOpHOCTE

[HzenbHOE TONAHBD E‘ 42830 Oxfr

CocTae Tonnuea, c H 0 N 5 Pb A W

oS o6 oo ool ol oo o
MAPAMETPbI PABOYETO LIMKAA;

vt I e ™ T,e

KMB «-P-1 | APk 4-[50 | MHB - a8 ac-fa |

Monens ropesus: ‘ KonupoeaTtt opMy B chain |
" Tazon Kad

(+ XHMKHHETHYECKas << BepHyThca | PaccuWTaTh XHMra3onHHaMHKY >> ‘

Puc. 2.2 BBox yciioBuii XMMKHHETUYECKOTO FITH Ta30IMHAMHYECKOTO pacyera

B uccrenoBarenbckoi Bepcuun nporpamMmmel ENGINE
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Press, Temp T Qch, dldch/dt T Fmaszs, Cp/Cy T Fguant, Quant TWork, Loses, CO, CH
17007 TK Fatm.
1500 80
1300 50
1100
300 40
ron 0
500 ¢.rpag ¢.rpag
300 1]
-180 120 60 0O 60 120 180 -180 120 60 0 60 120 180
MHAoMKaTOpHAA Auarpamma - Tig WMHAKKATOPHAA AUarpamma - Flg

PacueTHble 3HepreTyeckne xapakrepucTuki gsuratens
Tennoeeinenedue npu g = 0- 35 5% P B4 AR

TennoeeigeneHue npu P - 87.8% S1T15K

Tmax
P

ONMTEnbHOCTE Cropanua ¢ - ¢ - 4.1 tag, MKB = 150 rpag, TIkg ~ -0 ATM
MowHocTe M- B57.2 n.c. KNA Tennoeaf n-25.3 % T =180 rpaa. ke - D23 K
WNENbHEIA PACK0 TONNMES - 2448 Hin.c.y. F'm_- 8.7 atm

max

HECTHOCTE CTOPaHHA aRg - 4,915 aTmirpag KB AT - 93,1 Kirpan MKB

‘ KonHpoeaTtk opMy B chann

<< BepHyTeca PaccyHTaTh 3KDAOMHYECKHE XaPAKTEPHCTHEH> > ‘

Puc. 2.3 Brimaua PE3YIbTATOB XUMKUHECTUYICCKOTO U I'a30ANHAMHUYCCKOI'O paCd€TOB

B HccienoBarenbekoit Bepcuu nmporpamMmmbl ENGINE

AHdpepeHUHaNBHBIE 3KONOTHYECKHE NOKa3aTEAH!
Bewecrao YHMHYECKas Conepxanne B OF,
opuyna
Okcun yraepona co 0.0818
Yraesonoponu CnHm 0.0035
OkcHau azoTa NxOy 0.0007 << BepnyTuca
OkcHAH cepol S0x 0.o0082
CoeQHHEHHSA CEBHHULA Pb0, PbCH 0 yca. rfer Tona.
YraekHcnud ras co2 6.6817
BondnoH nap H20 6.2364
Kucnopop, 02 10.48
Azor N2 76.4872
Yrnepon caxw - s P
Cepa zonbHaA STE

HHTBPF&.I'II:HHE AKOAOTHYECKHE NOKA3aTENH!

Mapamerp 0O6o3Ha4YeHHe Beanvnna
Konupoeate
[LMHOCTL BRIXAONA n
Ixkoaorvynocts no CO E

JK0AOrO-3KOHOMHYECKHA KO3hpHUHEHT =
= [akonorvyHocTe no CO] x [yAeAbHEA pacxopn TONAHES] =

= 177.8817 vca. rfa.c. vac

Puc. 2.4 Brigaua pe3ynbTaToB pacyera 3KOJOrMYECKUX MoKa3aTenen

B ucclenoBarenbckoi Bepcuu nporpamMmmel ENGINE

O6omouka AC 1 nonb30BaTeIbCKU HHTEpGENC 3arporpaMMUpPOBaHbI C HC-
nojb3oBanreM nporpammuoro odecrnedenus (I10) Delphi, a pacyernsie Moaynu

MOJICUCTEM — alTOPUTMUYECKOTO si3bika Poptpan. YaoodctBo padorsl ¢ AC EN-
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GINE oGecneunBaercs mpoOaeMHO-aIaITUPOBAHHON OpraHu3aiueil narepderica
MIOJIB30BATEISI, BRIPAKAIOIICHCS B KATETOPUPOBAHUYU BXOJHBIX W BBIXOJTHBIX Tapa-
METPOB MO (PU3NYECKOMY U TEXHMUYECKOMY COJECPKAHMIO, a TaKXKEe HAIUYUEM
BCIUIBIBAIOIIUX MOJCKA30K, aKTUBU3UPOBAHHON CUCTEMbI MapaMETPUUYECKUX Orpa-
HUYEHUH U IPYTUX CEPBUCHBIX BOZMOXHOCTEM.

BosmoskHocTu uccienoparenbckoro Bapuanta AC mo3BOJSIOT peniaTh ¢ ee
MIOMOIIIBIO Pa3HOOOpa3HBIC MCCIIENOBATEILCKUE 3a/1aud, B YACTHOCTH, ONTHMH3a-
uuto pabouero mpornecca [IBC, Bonmpockl AMarHoCTUKH, (PAKTOPHOTO aHAlM3a U
pPaHmXUPOBAHUS MPOTEKAIOIINUX TPOIIECCOB, MPUMEHEHHS AIbTCPHATUBHBIX TOILIUB
U cHIWKeHUs TokcuaHoctr Ol

2.3 MaremaTnueckasi MojieJib poliecca BblaejeHnsi OeH3(a)mupeHa.

[Ipenyiaraemass MareMaThyeckas MOJENIb O0Opa3oBaHUS M  BBITOPAHUA
OeH3(a)nupeHa paccUuThIBaIach NIl KoMOaHOB «ACros 530», «DON-680M» c
neurarensmu SIM3-236, SIM3-238, tpaktopoB — JI-120, J-240 u aBTOMOOMIIS
«KAMA3 5320» ¢ nBurarenem K-740. TemnepaTypa Ha HOMHHAJIbHOM PEXKUME
paboThl Takux aBurarenei okoso 400°C, 9To, eCTECTBEHHO, MPUBOJUT K MTHOBEH-
HOMY CTOpaHUIO JIFOOBIX (GUIBTPOB. [[7151 T1yOOKOTr0o OXJIAKICHUS U MOCJIEIYIOIINX
JIBYX ATamoB 0OpaOOTKU pE3yJbTATOB DKCIEPUMEHTAa HEOOXOIUMO HCIIOIB30BATh
JIOPOTOCTOSIIINE MPUOOPHI U 000PYIOBAHUE, KOTOPOE UMEETCS TOJIBKO B KPYITHBIX
UCCIIeIOBATENbCKUX IeHTpax. [1o 3Toil mpuyMHE HUCMOIB30BAIM YK€ M3BECTHBIC

HaJIe)KHbIE DKCIIEPUMEHTAIbHBIE JaHHBIC, B 4aCTHOCTH, Aanubie u3 [30, 56].

[C20H12]

MKr/Mm 24
10

5 /

//
0 25 50 75 100 Pe%

Puc. 2.5 Yposens konnentpanuu b(a)ll B OI' B 3aBHCHMOCTH OT OTHOCHUTENLHOW HArpy3-

KW OU3eIbHBIX IBUTATEIICH.
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2.3.1 IlocTpoeHne MaTeMaTH4eCKOH Mojie/in OeH3(a)mupeHa
Kak yxe ckazano panee B n. 1.2, muddepennnansuoe ypaBuenue (1.4),

OIMKCBHIBAIOIIIEE MPOIECC O0pa30BaHus U CropaHus OeH3(a)mupeHa, UMeeT BUIL:
d[Cé—o;lZ] = a’il(A[Csz] " B[Csz]n [CZOHlZ]) ’
TJIe ¢ — yroJl IOBOPOTa KojieHYaToro Bana ( ¢ e[—x, « J), @ — 3aBUCSIIAsA OT PEKU-
Ma pa0oThsl yactoTa Bpaienus, [CoH,/ () — MaccoBast KOHIIEHTpAIUs alleTHIICHA B
KC, [CxoH12/(p) — MaccoBas konneHTparus CyHip, A u B — mapamerpsr, mmoie-
YKaIUe OINpeIesICHUIO.

Cnenyetr ormetuts, uTo AC «ENGINEY», ucnons3zyemas 1y pacdera KOH-
IIEHTPAIMH alleTUJICHA, Ha CAMOM JIEJI€ PACCUMTHIBACT KOHIICHTPAIIMH CYMMapHBIX
yraeBoaopoaoB. B pabote [59] mpeacTasieHsl JaHHBIE O TOM, YTO IO 3aBEPIIECHUIO
¢da3pl aKTUBHOTO TOPEHUSI OCHOBHBIM yTJIeBOI0poAoM B Ol sIBIIsIETCS UMEHHO alfe-
TUJIEH. JTO OOBICHSAETCS HAaUOOJIbIIEH TPOYHOCTHIO XMMUYECKOM CBSI3H alleTHIICHA
cpenu C=C cBs3eil B yrieBOAOPOIax C TEIUIOTOM CropaHusi, OJM3KOM K TEIIoTe
CropaHusi MOTOPHBIX TOIUIMB. MaccoBasi KOHIICHTpAIUS arleTH/ICHa HE3HAYUTEIIh-
HO (Ha 2-3 %) oTnuyaeTcs OT CyMMapHOW KOHIIEHTpallMy YIJIEBOJIOPOIOB B AUama-
30HE @ e[—200 : OO], a Jajee 3TU KOHLIEHTPAIlUU COBITAIatoT.

B uccnenyemoit HamMmu MOACIH MPEAIoaraioch, 4To m=15, an =2.

OtMmeTuM, 4TO U3 PU3NYECKOTO CMBICIIA MPoIecca FTOPEHHSI CIEAYET, YTO

[C,oH,,)(~7) =0. TlosToMy (hakTHUECKH 1O MATEMATHYECKON MOJENLIO IIPOLECCA

oOpa3oBaHus U cropaHus OeH3(a)mupeHa Mbl OyieM nmoHuMath 3aaavy Kormmm:

d [CZOHlZ]

de - w_l(A[C2H2]5_ B[CzH2]2 [C20H12])

[Conlz](_ﬂ') =0

(2.12)

B 3amaue Komm (2.12) paccmarpuBaercsa jiuHelHoe auddepeHnanibHoe
ypaBHEHUE C W3BECTHBIMH TEPEMEHHBIMU KOdhUIIMEHTaAMU [C:Ho] (),
[C.H,]%(p) 1 HemsecTHbIME Tapamerpamu A i B. MaccoBasi KOHIIGHTpPALHS arje-
tiiteHa — ¢yakius  [CoHy/ (@) — BeIUMCIAETCS aBTOMATH3MPOBAHHOW CHCTEMOI

“ENGINE” [26]. 3uauenns [C,H,/(p) remepupyrorcs “ENGINE” ¢ mrarom 1°
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(pe[-180°% +180°]) mwist pasHbIX BHIOB ABHraTeneii, pa3IMYHBIX BHIOB TOILIABA U
PasHBIX PeXHMOB paborsl Marmmebl [11]. Tak xak kooddumments: [CH,]°(p) u
[C:H.]?(p) B ypaBHEHHH 3a7a0TCsS HE aHAINTHYECKH, a TAGIMYHO, TO W 3aady
Ko (2.12) MBI 6yeM pelaTh YHCICHHO, ¢ TAKHM e maroM ¢ = 1°, oxauM u3
U3BECTHBIX METOJOB — MeTonoM Jinepa uinu MmerogoMm Pynre-Kyrtrtel. ['maBHOM
TPYIHOCTBIO PEIICHMS 3a]a4H SIBJISICTCS HaXoXAeHUE mapameTpoB A u B.

2.3.2 HaxoxneHne HEM3BECTHBIX MapaMeTPOB MO/IeJIH

Pacuer HensBecTHBIX KOHCTAHT A 1 B 0CHOBaH Ha HEKOTOPOU MOAUDUKAIIIH
MeToaa u3 padboThl [59], KOTOPEI aBTOPHI ATOM pabOTHI HA3BAJIM METOJAOM KacKaj-
HOM (nByXdTanHoi) ¢gakropuzanuu. KpaTtko onuiiemM MeToj KackaaHoi GakTopu-
3aIHH, a ero MOAU(HUKAIHS pacCMOTPEHA HIDKE.

MeToJ1 KaCKaIHOM (hakTOpU3aIluu

Pemaercs mudpepeHnaibHoe ypaBHEHHE TIEPBOTO MOPSIKA C JABYMs HEU3-
BECTHBIMU mapameTpamu: y'(x)= f(x,y, A B) B NPEANOIOKEHUH, UTO PEIICHHUE J10-
IyCKaeT MPUOIIKEHHOE TIpe/icTaBieHue: y(x)= (A, B, x).

Jlanee mpearaetcst 0ToOpaTh HaJIEKHBIC YKCIICPUMEHTAIBHBIC JTaHHBIE, U
Kax10¥ peanuzanuu nprcBouth Homep 1 (I =1, ..., I). Tlocne sroro 3amarorcs Oa-
30BBIC 3HAYCHHUS MCKOMBIX MapaMeTpoB A=A, B=By, u cTpoutcs mojauroH ysmio-

BBIX 3HaUC€HUH pazMepHOcTH (9%9) o popmynam:

k-4
3

-4
A=A-107%, j=0,...,8, B, =B,-10 * , k=0, ..., 8. (2.13)

OTMeTHM, YTO TaKOM MOJIUTOH Y3JOBBIX 3HAYCHUN MapaMeTpoB MOXKHO 3a-
naBaTh U 000N ApyroM pasmepHocTH, Hampumep, (7x7) nmu (11x11), npuuem
1Iar MnoJIMrOHa TaK)Ke€ MOYKHO PEryJIMpOBaTh.

3areM OIHUM U3 NPUOIMKEHHBIX METOJOB MPEAJIaraeTcs pemarh He OJIHO, a
cpasy 81 nuddepennmanbHOE ypaBHEHHUE I Beex nmap napamerpos (4;, By). C me-
JIBI0 aNMpPOKCUMAIIMM UCTUHHBIX 3HaUeHUN @(A,B,X) mpeamnojaraercs, 4To UMEET

MECCTO 3aBUCHUMOCTD:

lg®(AB,x)=c,-lgA+ 23 -lgB, (2.14)
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rae «;, B — QyHKIMH apryMeHTa Xj, KOTOpbIE CIy>KaT HEKOTOPBIMH “IPOEKTUPYIO-

nMu”’ mapameTpamu. [lapameTpsl «;, S, HAXOAATCS U3 YCIOBUS MUHUMU3ALIUN

Z(ng)‘j,k —a;-lgA - -1g Bk)Z — min,

j.k
i _
rae @ =D(A;, By, Xi), ¥ BBITUCIIAIOTCA HA OCHOBE METO/]a HAMMEHBIINX KBAaJPaTOB

[91] mo dhopmynam:

8
:q Zlg (D‘j,k -Ig AJ} 9.
j,k=0 k

:Uilg@ij’k.lgBk].g.Zgl(lgAj)z (Zlch'Jk IgAj ilgAj-lgBK /A, (2.16)

j.k=0 j=0 j,k=0

Moo

I
o

(IgB, ) (zllgtl)'Jk IgBj ZIgA gB, |/A, (2.15)
j.k=0 j.k=0

rae: A =81 Z(IgA)2 ZIgB (ZIgA IgBJ2

j k=0 j.k=0
Jlanee 1Mo BBIYMCICHHBIM 3HaYeHMSIM «;, 3 (1=1, ..., |) 1 oToOpaHHBIM KC-

IIEpPUMEHTAIBHBIM JaHHBIM Y =Y(X;) HaxoaaTcs napameTpsl A u B B Buje:

IgA:[(Za lg y(x ]i (Zﬂi-lgy(xi)j-i(aiﬂi)jlc, (2.17)

i=1 i=1

IgB:((Zﬁ Ig y(x, j > (Za Ig y(x, jZ(aﬂ)J (2.18)

XY s (Zaﬂ] (2.19)

i=1 i=1

Moaudukaimsa MeTona KackaaHoi (hakTOpU3aInu.

Otmerum, uto mpu ammpokcuManuu ¢yHkuun [CyHip/(p) ¢ momornibio

(2.14) nocrosiHbie A U B HAXOIATCS HE SIMHCTBCHHBIM 00pa3oM. JeliCTBUTEBHO,

ccmnt lgd(p)=alp) lgA+ () 9B, 10 lg®(AB,x) = -alg)- I A" +v- Bl lg B,
U, CIIEJIOBATEIFHO, BEIYMCICHUSI MOTYT IIPUBECTH, BOOOIIE TOBOPS, K Pa3IUYHBIM
HaOoOpaM TPOCKTHPYIOMUX napamerpoB a(gi), S(@i) ¥ K pa3IUYHBIM 3HAYCHHSIM
napameTpoB A u B. B cBsi3u ¢ 3THM Hem3BecTHBIE apaMeTpbl 4 U B ciexyer mo-
Oupath 0COOCHHO TIIATEIHLHO, COTJIACYS TOA00P C PE3yJIbTaTaMH SKCIIEPUMEHTA.
Kpome Toro, ciemyeT MOAYEpPKHYTh, YTO SKCIEPUMEHTAIBLHBIC TaHHBIC B

Halleil 3a/1a9e MOTYT ObIT MTOTyYEHbI TOTBKO TPU BHIXJIOMNE, TO ecTh mp ¢ = 180°,
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Takum o6pazom, Gopmyisl (2.15) — (2.16) m03BOJIAIOT BBIYUCIHUTH 0, fj TOJBKO
JUTSL OJTHOTO 3HAYEHUS 1, HO B ATOM cirydae Gpopmyisl (2.17)-(2.18) TepstoT cMbICII.

Monudukamnmsi METo1a COCTOUT B CIICAYIOIIEM: Ha TIEPBOM 3Tare MoCTpoe-
HMsI NOJIMroHa nap napamerpoB (A;, By) oHu BeuMcasroTcs He HO (GopMmylam
(2.13), a mo popmynam (2.20). Beeaeunsie mapamerpsl K; u Ky 103BOJISAIOT MCHSTH
miar, 6yarogaps uemy napsl (Aj, By) OepyTcst He TPOU3BOJIBHO, a C TIOMOIIBIO COOT-
BETCTBYIOIIEH MPOLEAyphl, OMUCAaHHOW HUXke B St. 2 anropurtma, moadHparoTcs
Tak, YTOOBI  pacmpefelieHHe  BBIYMCICHHBIX  TEOPETUYCCKMX  3HAYCHHIA
[Ca0H12](180%): {[C20H12](A~,Bk,1800)}j,k=0,_._, g COOTBETCTBOBAJIO PaCHpPE/ICICHUIO
IKCIICPUMEHTAIBHBIX JaHHBIX (puc.2.5). 3aTeM BBIUUCISAIOTCS MapameTpsl «;,f3
(i=0,...,359), 1 Mo HUM CTpPOSATCS yTOYHEHHBbIC 3HaueHHI A u B mo dopmynam
(2.17) — (2.19). C stumu napamerpamu perraercs 3anada Komm (2.12) u ctpoutes
rpaduk nckomoit ¢pynkimu [CyoHio/(@). [locTpoenue u nccineaoBanue JaHHOW Ma-
TEMaTUYECKON MOJICIU MpeJicTaBiIeHo B padorax [11, 27, 37].

2.3.3 AJITOPUTM HCCJIeI0BAHUS MOIEJH

St. 1. BBoJ MCXOMHBIX JaHHBIX. B COOTBETCTBUU C PEKUMOM pabOTHI ABUTa-

TeJIs 3a1aeTCs 3HaYeHne . BeomsaTes 3nauenus byukumn [CoH,] ¢ marom Ap=1°,
0<[-180°% +180°]. B aBromarmsuposannoii cucteme “ENGINE” dynkuust [C,H,]
BBIUMCIISIETCS. B O0OBEMHBIX MpoleHTax. i1 mepeBoja OObEMHBIX HPOLEHTOB B
MAaCCOBYIO KOHIIGHTPAIIMIO HCIOIB3yeTcst KoddduiuentT mepecyera M=1.1607-10".

St. 2. Coznanue monurona napamerpoB (A, ..., Ag)x(Bo, ..., Bg). Ha neppom

sTane nopdopa nap napameTpos (4, By) 3aqaeM npounsBosbHbIE 3HAYEHUS HaYallb-

HBIX TapamMeTpoB Ao, By, k1, k2. Beraucisem Aj u By mo popmymnam:

j-4 k-4

A =A-10%, j=0,...,8, B, =B,-10% , k=0,....8. 2.20
]

[To atum opmynam HaxoauMm 3jaeMeHTHI (9x9)-mMaTpuIlsl ap MapaMeTpoB
(4j, Bx) 1 ctponM camy martpuiy.

C nmomormipto obparierus Kk St. 3 anroputMa BBIYUCISIOTCS 3HAYCHHS HCKO-
moii ¢yrkuun [ChH12] Ha mocensem wrare mpu ¢=180° (mpum i=359) mst Kax0i
napsl MapaMeTpoB: Oy, .o (2.21). [lomyueHHble 3HAYEHNS CPABHUBAEM C HAOOPOM
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AKCIIEPUMEHTAIbHBIX JaHHBIX. Eciu monxy4yeHHast MaTpuiia MpueMiIeMo CoriacyeT-
csl ¢ TakuM HabopoM, TO mepexoauM Ha St. 4, B IPOTUBHOM CIy4yae U3 MaTpPHIIbI
nap napameTpoB ((4j, By))jk-o... s BBIOUpaeM Ty mapy, A KOTOPOH pacxoxIeHue ¢
AKCIIEPUMEHTAIbHBIMU TaHHBIMU HaMEHbIIIEE, U TPHUCBAUBAEM €€ 3HAUCHUS Mape

(4o, Bo). Jlanee noBropsieM npoueaypy BHIYMCICHHS MATPHLBI 3HAYECHUH Dygq ;. U

CpaBHEHHUA C HAOOPOM SKCIEPUMEHTAIBHBIX TaHHBIX O TOJyYEHHUs PUEMIIEMOTO
pe3ynbTara.

Kpome nepecuera nmapel HauanbHbBIX apaMeTpoB (Ao, By), BEIUUCIUTEIbHBIN
IPOIIECC HAXOXICHUS NMOJIMroHa napamerpoB ((4j, Bi))jk-o.. s MOXKHO YCKOPSTH
yIIPaBICHUEM MapaMeTpamMu MaciTabupoBanus Ky u Kp.

SIcHo, 4TO TakuM 00pa3oM TOYHO Moa00paTh Kodpduurentsl A u B He yna-
CTCsl, HO MOKHO BBIOpaTh TaKOM MOJIMIOH napameTpoB (4j, By), koTopslil sBisercs
HaWJIy4ylleil annpoKCUMAaIel HMEIOIUXCs SKCIEPUMEHTAIBHBIX TaHHBIX.

St. 3. [locTpoenue pentenus auddepeHIMaILHOrO YPABHEHNUS HA OJIUTOHE

napamerpoB {(4;, B)}jk-o...s. O603HaUNM i=1,...,359 — HOMep ntepanmu. ITomo-
kM HavasbHble 3HaueHus GyHKuun [CooHio]: [CaoHi2]oj+ok=0.

B nwmkie mis kaxgoro i=1,...,359 u xaxmoit mapel 3Hauenuii j,k=0,...,8 mpo-
BeJleM crenytomue BerurcaeHus. Juddepenunansioe ypasuenue (2.12) ¢ A=4; n
B=By pemiaem ¢ nmomoipio MeToa Jitiepa:

[CaoH12]i jeak=[CaoH 12t j+ak+ (Ay/@) -(M[C2H21i)~(Bi/w) (M[C2H.1:)’ [CaoH12] 1 ok
3neck npeanonaraercs, 4To: [CooHio]ij+ok=[C20H12](1°(180-i)), mpu A=A;,B=Bx.
Ha i-o#i utepariuu npou3BOASTCS BBIYMCACHUS TS KaXKI0U mapbl KO3 HUIIMEHTOB

(4j, Bx) u B pe3ynbTaTe nonydaercs Marpuia 3HadeHuit Gynkium [CyoHip]:
((Di,j+k = [C20H12]i,j+9k)j'k:O’_._B' (2-21)

St. 4. Beruucnenue napamerpoB o, Bi. [TapameTpsl o; 1 B Haxoaum 1o ¢op-

myiam (2.15) — (2.16).

St. 5. Beruncaenue napamerpoB A, B. TTo popmynam (2.17) — (2.19) Bbruuc-
asiem IgA, 1gB. Torma: A=109%; B=10"".
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St. 6. Iloctpoenure penieHus auddepeHIMaIBHOr0 YpaBHEHU U rpaduka

dynakmmu [CyoHi2]. C moMombio MeToaa Diepa pemaem 3anaqy Ko (2.12) mist
HalieHHbIX KodduimenTo A, B: 1=1...359, [CyoH12]0=0,
[CaoH12]i=[CaoHizl i+ (4 /) -(M-[C,H,1i) (B /) -(M-[C2H1i) [CaoH 1zl -

St. 7. IlocTpoenue rpadhrka HAWICHHOTO PEHICHMS.

2.4. Mopaeab 00pa3oBaHMsl M 3aKAJINBAHUS OKCH/I0B a30Ta

PaccunTaHHbIE 1O BBIMICTIPUBEACHHBIM MOJEISIM PAaBHOBECHBIC KOHIICHTpa-
i NO B ycioBusix TerioBo3ubix JIBC oka3anuch Ha J1Ba MOPsIKa HUKE (aKTH-
YecKux. B ¢BsA3M ¢ 3THUM ObLIa HCIOJIK30BaHa MOJIE]Ib 00pa30BaHUs OKHCIIOB a30Ta,
OCHOBAHHAsl Ha METOJaX MaTeMaTHYCCKOW CTATUCTHKU M YUYHUTHIBAIOINAS SBICHHE
ux “saxanusanus” B KC JIBC [59]. B 3T0#i paboTe Mcciea0BaIkch 1BE MOJCIH
BHYTPHIIMIMHIPOBOM KuHETHKH BbineiaeHns NO, KOTOpbIC OMMCHIBAIUCH CIACIYIO-
IIMMHU YPaBHCHUSMHU:

—32000
~38000 T(o)

INOT_ pig) o) 01 7020 2 5. 70 e T o] (222)
do de wz
—32000
38000 T(p)
d[dNo]=C-P((o)-[NZ]((o)-[O](go)-eT((/’)+2200'd—Q—D-lg)'e g ~[NO]2. (2.23)
4 de o

DKcnepruMeHTalIbHbIE TaHHbIE 110 BbIOpocam BB oT nBurarteneit MamuH Obl-
JU OTOOpaHbl M3 MPOTOKOJIOB MCTIBITAHUM JU3ENeN pa3IMuHbIX MalivH. Pacuersl
00euMHU MOJIEISIMU TMO3BOJIMIINA ONPEAETUTh, KAaKOM U3 3TUX JIBYX MEXaHHU3MOB T'H-
oenu NO Ha cTaguu JoropaHusi IpearnoYTUTENEH.

Anroputm UMM  xiaccuuimupoBaH aBTOpaMH KaK METOJ[ KacKaJHOM
(mByxaTamHoi) dakropusarmu [17, 18]. DToT MeTO ONKMCaH BbIIIE B IT. 2.3.

B pesynbraTe mocieayromero HHTerpupoBanus ypaBHenuit (2.22, 2.23) Obi-
mu monydeHsl 3aBucumoctd [NO]=f(p) Ha paznuunbix pekruMax pabOTHI O HArpy-
30YHOM XapaKTEPHUCTUKE AAHHOTO JM3EJIs, KOTOpPhIE TOKA3ajJyu HAIMYKUE B KaMepe

Cropanu:da MOJIHOM 3aKalIKu TCPMHUUCCKHUX OKCHUIOB a30Ta.
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K Hemocratkam pacCMOTPEHHBIX MOJAENEN CIEAYET OTHECTH:
- B pabote [59] B ypaBHeHUsX (2.22 - 2.23) B IEPBOM CjlaraéMoM IMPaBOd YacCTH
ypaBHEHHs ObLT mporymeH MHOXHTENb [No](¢), 9To cka3pIBaOCh Ha TOYHOCTH
BBIUMCJICHU;
- METOJ] KacKaIHOH (hakTOpHU3aIuy XOpOoIIo paboTaeT, KOraa SKCIIepUMEHTAIbHEIC
JTaHHBIC M3BECTHBI JJI1 PA3MYHBIX 3HAYEHUN apryMEHTa, a B PacCMaTpHUBacMOM

ClIy4ac BCC OHM ITOJYYCHBI TOJIBKO I OJJHOI'O 3HAYCHUA ¢ =180°.

[IpousBeeHbI HOBBIE PACUETHI ATOM MOJIENU C TIOMOIIBI0 MOIU(MUIIUPOBAH-
HOT'O METOJIa KacKaJHOU (pakTopuzanuu (cm. 1. 2.3.2) ¢ BHECEHHBIM B YPaBHECHUS
MPOIYIICHHBIM MHOXUTENEeM. Hike Oynert nokasaHo, 4To aJleKBaTHBIN ClIeHaApUi
BHYTPULIWJIMHIPOBON OpYTTO-MOAEIN 00pa30BaHUs U SMUCCUU OKCHJIOB a30Ta OII-
peliesicH Kak BTOpoit BapuanT (2.23).

2.5. 3Mnnpnqec1me MO/JI€JIH NMpoecCa BbIICJICHHUA BPEAHbIX BCIIECTB 0T
HCTOYHHKA.

OngHuM U3 HanpaBJICHU MCCIECIOBAaHUMN SBISIETCS COBEPIICHCTBOBAHUE H
pPa3BUTHE MHCTPYMEHTAIbHO-aHATUTUYECKOTO U PAaCYETHOTO METOJOB OIpeese-
Hus BeiereHus BB B Bo3nyx P3 00kaTOYHBIX M UCHIBITATEBLHBIX YYACTKOB Mallly-
HOCTPOUTEJIBHBIX NPEATPUATHM.

NHCTpyMEHTAIBHO-AaHAIUTUYECKUA METOJ TPEANOYTUTEIEH B YCIOBHUAX
JEHCTBYIOLIErO IIPOU3BOJCTBA U 3aMEHAETCS PACUETHBIM B CIIy4yae HEBO3MOXKHO-
CTU IIPOBEAECHUA 3aMepOB. Pacu€THBI METO MPUMEHSETCA MPU NMPOEKTUPOBAHUU
NPEANPUATUN, U1 IPOTHO3UPOBAHMS, CTATUCTUYECKON OTYETHOCTH U IIPU COCTAB-
JICHUH TUJJAHOB MEPONPUATUH I10 YIIYULICHUIO YCIIOBUM TPyAa.

Texkymuii KOHTPOJIb Ha NPEANPUITUAX MAIIMHOCTPOCHUS, TaK K€ KAaK WH-
CIICKIMOHHBIE TPOBEPKHU, BBIIOIHSAIOTCS WHCTPYMEHTAIbHO-AHAJUTHYECKUM Me-
tooM. OH siBnsieTcst 60Jee TOCTOBEPHBIM M Ha OCHOBE €r0 MOATBEPKAAIOTCS WIIN
ONPOBEPrarOTCs OLUEHOYHBIE PACUETHBIC BEIMUMHBI BBIJICJICHNS BPEAHBIX BEIIECTB
B pab0o4yIo 30HY. DTOT BBHIBOJ M ONPEACIINI CO3/IaHHEe TOCTOBEPHOM MOJENH Mpo-

uecca BoiieneHus BB B P3 kak aMnupudeckoi.
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2.5.1 Mopgear mpomecca BbleJI€eHU BPeIHbIX BelleCTB NPH CTAIHO-
HAPHBIX Pe:KMMaX PadoThl HCTOYHUKA

CrnenyeTr 3aMeTUTh, UTO CTallMOHApHBIC (“‘yCTaHOBUBIIHECS ) PEXKUMBI 3a-
HHUMAIOT OCHOBHYIO YaCTh BPEMEHH TEXHOJOTHUUYECKOTO MpoIecca 0OKaTKU MaIlIKH.

MaccoBoe Boiiencaue i-ro BB ¢ yuérom ycrpotictB ounctku OI' (YOI') u
MECTHBIX OTCOCOB JJI1 OJIHOM OOKaThIBA€MOW MaIIMHBI ONpeesieTcs mo Gopmy-

JIC:
Qi(t):QOF 'Ci '(1_77'(00T) ,F/C (2-24)
rae Q,, - 00bEMHBIN pacxo]l 0TpadOTaBIIMX ra30B JABUTATENsl BHYTPEHHEIO Cropa-

3 -
HUs, M~/C; C, - KOHLIEHTpaus I-ro BpeaHoro Bemiectsa B OI'; ;- cTeneHs O4MCTKU

CTAllMOHAPHON CHCTEMbI OYMCTKH, YCTAaHOBJIEHHOW Ha cTeHje (oOKaTka, UCIbITa-

HUS, TUaTHOCTUPOBAHUE); ¢, - 3PHEKTUBHOCTH PaOOTHI MECTHOTO OTCOCAa y O0OKa-

TOYHOTO (MCIIBITATENIFHOTO) CTEH/A.
Taxum oGpazom, Gpopmyna (2.24) mo3BoJIAET JOCTOBEPHO OMPEACITUTH BbIJIE-
nenue BB B P3, ecnu 1ocTaTouHo TOYHO ONpenesieHbl, BXOAIINE B HEE BETMUNHBI.

IIo cytH, OT TOYHOCTH MAaTeMaTUYECKOr0 ONMUCAHUA 3aBucumocred C,, Q,., H
®or » TIOJIYYEHHBIX MPEUMYIIECTBEHHO HA OCHOBE 3KCIIEPUMEHTAIbHBIX HCCIIENO-

BaHUI U OYJIET 3aBUCETh CTEINEHb JIOCTOBEPHOCTH MpEAJIaraeMoOi MaTeMaTHIeCKOn
monenu [1, 2].

2.5.1.1 Onpenenenue koHuenrpamuii BB B OI' ucrounnka. Meroauka
NOJIyYeHHUs] MOJUHOMHUHAJIBbHBIX 3aBUCHMOCTEH M OlIeHKA MX J0CTOBEPHOCTH.

Konnentpanun BB B OI' ncTtouHnMka HampsiMyro 3aBUCAT OT IapaMETpPOB
CaMoOro MCTOYHHKA, a UMEHHO: OT 000pOTOB JABHUraTessi UCTOYHHKA (MAIlIKHBI) N,
00/mMuH; 0T ero MomHOCTH N, KBT; KOHCTPYKTUBHBIX MapameTpax HCTOYHHKA
(nBuraTeNs MallvHBI).

B o01ieM Bujie Takue 3aBUCMMOCTH MOTYT ObITh MPEICTaBIEHBI B BUJIE pET-
PECCHOHHBIX NOJMHOMOB:

- JUIsl IBUTATENIed ¢ BOCIUIAMEHEHUEM OT CHKATHL:

C.=AN"+B-n"'+..+C-n+D, /™M (2.25)
69



C.=A-N"+B-N"™+..+C-N+D, /M’ (2.26)
- JUIsl IBUTATENEN C IPUHYIUTEIbHBIM 3a)KUTaHUEM:
C.=A-a"+B-a""+..+C'-a+D’, /M,
rne C,- koHmnentpanus i-ro BB B OI' qu3ens; N — 0o00poTsl ABHUraTens (uc-

TOYHWKA), 00/MHH;, N - OTHOCHUTEIIbHAs MOIIHOCTh MCTOYHHKA, & - OTHOCHTEIIb-
HBIT K03 UIMEHT H30bITKA BO3ayXa; N- cremenb MHorounena; A,A, B, B ,C,
C', D, D - yucnennbie K03()(QHUIIMESHTHI TOJITMHOMOB.

Br16op TO# WM MHOM 3aBUCHMOCTH OMPENEISeTCS] OCHAIICHHOCTHIO UCITBI-
TaTeJIbHBIX CTEHJ0B U OCOOCHHOCTSMHU MPOBEIACHUS 0OKATKHU.

Hampumep, npu 0OKaTKe TETUIOBO3HBIX JHU3ENICH, OCHAIIEHHBIX PEOCTaTaMH
yare npuMennma gopmya (2.26).

JIJisT aBTOTPAKTOPHBIX JTU3EJICH 3a4acTyi0 MCIIOJIB3YIOT 3aBUCUMOCTD (2.25),
KOT/1a yaoOHee CHUMATh TTOKa3aHus 0T 000pPOTOB N.

Jliist mosrydenusi 60J1ee TOUHBIX JTAaHHBIX O COJIEPKAHUU TOKCUYHBIX BEIIECTB
B OI" B 3aBUCHMOCTH OT Harpy3KH HCTOYHUKA U PEKUMa €ro padoThl, OBLIH MPOBE-
JIEHbl HATYpHbBIC UCHBITAHHUS HA y4acTKe OOKATKHM KPYMHOTO MPEANPHITHS aBTO-
TPaAKTOPHOTO MAIIMHOCTPOEHHUS, Ha ABTOTPAHCIIOPTHOM TMPEANPHUITHH, a TaKXKe
TIPY TIPOBEICHUH OOKATKH TEIIOBO30B MOCJE PEMOHTA Ha MyHKTE YKOJOTHIECKOTO
KOHTPOJISl IOKOMOTHBHOTO J1eT10.[5]

OOuuit BUJ 3aBUCMMOCTEM KOHIIEHTpaluid OT 0OOpOTOB g KomOaitHa
ACROS 530 npencraBneH Ha puc. 2.6, UCXOJHbIE JaHHBIE — 3aMepPbl KOHIIEHTpa-

i NO, B OI' — B TaOmnure 2.2.
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Cnoxs 1“/M3

°
-

Puc. 2.6 3aBucumocts konneutpanud NOy B OI' o 060poToB N 06/Min

ma ACROS 530
Tabanma 2.2

DKcrnepuMeHTalIbHbIe JaHHbIe 3aBUCUMOCTH KoHIeHTpamuu NOy B Ol ot

O60p0TOB JABUTraTeJId UCTOYHHUKA
n, 06/MuH 500 600 800 1000 1200 1400 1600 1800 2000 2100
0,805 1,127 1,899 2,539 2,960 3,150 3,100 2,960 2,617 2,563
KOHIIEH-
TpaLst
NO 0,676 1,024 1,789 2,415 2,810 3,000 2,980 2,810 2,450 2,436

« B

Or, r/m®

0,637 0,952 1,675 2,343 2,641 2,896 2,845 2,641 2,354 2,270

JI1s1 TOBBIMIEHUS TOYHOCTH TMOJIYYEHUS MOJMHOMHAIBHBIX 3aBHCUMOCTEN
HE00X0IMMO UCToNb30BaTh [1K, 4TOOBI OCYIIIECTBUTH MAITMHHYIO 00pa0OTKY IKC-
NEePUMEHTANbHBIX JTAHHBIX. B ciydasx, Korjaa Takue yCciaoBUsi OTCYTCTBYIOT, MONY-
YEHUE IKCIIEPUMEHTATHHBIX JAHHBIX TPEOYET CIEeIMATIBHOTO MOIX0/1a.

[To TakuM 3aBUCHUMOCTSIM BO3MO>KHO BbiBecTH GyHKimu C=f (n).
3Hasi CKOPOCTHYIO XapakTepuctuky auzens SAM3-238, KoTophiM OCHalleH
xombOaiitn ACROC-530 (puc. 2.7) MOXHO BBIBECTH 3aBUCUMOCTH MOIIHOCTH 3TOTO
JIBUTATEJISE OT 00OPOTOB, B TOM YHCJIC U OTHOCUTEJIBHYIO MOITHOCTE N =N, /N,
N;=—1,914-10"%-n%+4,942-107>-n? + 0,077-n— 20,707, n.c.
71



(xombOaita J{on-680, neuratens SIM3-236);
N;=2,187-10"%-n* —1,406-107*-n? 4+ 0,382 -n— 142,296, 1.cC
(xombOaiin ACROC-530, asurareis SIM3-238);

L 2,
s — :,:Pr'
85/ > / s 220
M, 2
15 i // 200
1 A
£5 f £ [ 180
5 ’/ / 19
/ Jne 1 Puc. 2.7 - CkopocTHas XapaKTEPHCTHKA
’ i) .
/ neurarens SIM3 238 xomOaiina ACROS
, 26
A p !
Ge 530
180 “-7___2‘ \;_____,5—,4 0
7
150 %
aM o0 1300 1500 1700 1200 N odbue P_J — 1

Nmax
(—1,914-107%-1n*+4,942-107° -n* + 0,077 - n— 20,707) Nppax = 180

1.c, kombOaitn J{ou-680, neuratens SIM3-236); N=—1

Nma.r

(2,187-107%-n* —1,406-107*-n* + 0,382 -n — 142,296,
( Ninax = 240 1.c, xombaitn ACROC-530, nBurarens SIM3-238).

Jlanee pacyeTHBIM MyTEM, OTIPEACIIUB Yepe3 YUCI0 00OPOTOB N OTHOCUTEIb-
HyF0 MomHocTh N, MoskeM moiy4uts 3apucumoctn C=f (N).

Hampumep, 17151 OKCUAOB a30Ta Takasi 3aBUCUMOCTb IMOJTy4YeHa B BUJIE:

Cyo, = —7.,376 N3+7,294-N?2+2,009-N + 0,509 r/m>,

Janueiii monxon ObUT pacmpocTpaHeH W Ha apyrue BB, Boigensembie ot
Pa3HOro TUIA KCTOUYHUKOB - IU3EIbHBIX MaIuH (Tadi. 2.3, tadiu. 2.4, puc. 2.8) [3,
65].

Tabmuna 2.3

Konnentparuu Bpeaabix BemiecTB B OI' koMOaiftHOB B 3aBUCHMOCTH OT pe-

YKUMa Harpy3Kku (YCTaHOBUBIIIHECS PEKUMBI paOOTHI IBUTATENS TIPH OOKATKE)

Huzenvubie npurarenu AM3 236(238) kombaiinoB Jlon680 1 ACROS
(Nuoy=213-290 kBT)

Koadhdumment
perpeccuu

dopmyJia KOHIEHTPALUU
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Ceo = 2.1943- N2 —1.8743- N +0.7903, r/M° R?=0,9802

Cyo, =—7.3760- N° +7.2940- N +2.0090- N +0.5090 , r/m> R°=1

Crcon =0.0787-N? —0.0647 N +0.0152,, r/m° R® = 0,997

Cso, =0.1912-N +0,1228, /M R*=10,9983

C. =0.2114-N2 —0.0214- N +0.0324 , t/™m° R®=0,9838
Ce. =0.0791-N? +0.0241- N +0.0006, /M R*=0,982
Ce,pr, =—2.2933-N° +5.3143- N2 +0.2290- N +0.4313, MKr/M° R*=1

Ceo, =135.3900- N +36.9560, r/m° R = 0,9987

Tabauma 2.4

Konnentpanun Bpennbix Beniects B Ol TEIIIOBO30B B 3aBUCUMOCTH OT pe-

YKMMa Harpy3Kku (yCTaHOBUBILHECSA PEXUMBbI paOOTHI IBUTATENs IPH OOKATKE)

Juzenpubiil npuratens K6S310DR maneBpoBoro termioBosa
UMDO3 (N,;0,=990 kBT)

Koaddurment
@
OpMyJia KOHIICHTpAIu1 perpeccu

Coo =—0.6930- N°® +1.4110- N2 +0.1820- N +0.2310, r/M" R°=1

Cyo, =—2.3790- N ~1.9530- N2 +5.4640- N +0.5120, 2/n° R’=1

Ce,,., =5.233-N2-0.6430- N +1.4450, MKT/M R®=0,997

Cgo, =0.0530- N* ~0.1660- N? +0.2320- N +0.1790, r/m° R*=0,996

C. =-13.2270-N* +23.6800- N°® —11.9930- N2 +1.7300- N +0.0100, | R* =1)

Ceo, =—56.1140- N'? +237.6740- N +19.3060, /M’ R°=0,957
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6)1-Cc=f(N);2- Cepp,, =F(N);3-Ceppm,, =F(N)4-Cop =f(N)

Puc.2.8 Jlunamuka u3MeHeHus KoHueHTpauuu BB B 3aBucumoctu ot pe-
*KuMa pabOThl MAILIMHBI

Ha puc. 2.8 noka3anbl MoJMHOMHANIbHBIE 3aBUCUMOCTH, KOTOpBIE alpOK-
CUMUPYIOT MOJYYEHHbIE SKCIIEPUMEHTAIbHbBIE JaHHBIEC TPU UCIIBITAHUHA OOKATKOM.

[Ipouecc anmpokcuManuy OblT OCYHIECTBIIEH C UCIOIb30BaHUEM MaTeMaTH-

yeckoro makera MathCAD.
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X

Puc. 2.9 Tlpumep anmpoKCUMaIUu 3KCIEPUMEHTATBHBIX JIAHHBIX B TaKETe
MathCAD na npumepe anbaeruioB (TouHOCTh ammpokcuMaiu — 0,97).

To4HOCTH aMPOKCUMAIINH OLICHUBAJIACh MO KOA(P(DUIIUEHTY pETPECCUU:

Zn:(Y__Yi)Z
R2 — il ’

n

> (R -YR)?

i=1

rac V - CPCOHCC 3HAUYCHHUC M3 BCKTOPA SMIIMPHUYCCKUX AAHHBIX I10 KOHOCHTPAIIH-

sam C;; Y- BEKTOp MCXOIHBIX MaHHBIX (PE3yJIbTATHl M3MEPEHHI KOHIIEHTPAIIHH);

YR - cpemHue 3HA4YeHHs OPAMHAT MO IOJHMHOMMHAIBLHBIM 3aBUCHMOCTAM; YR; -
BEKTOp MOJIYYEHHBIX IAHHBIX (PE3YJbTAThl PACUETOB IO MOJUHOMY).
Jlnis xkapOropaTOpPHBIX, MHKEKTOPHBIX, Ta30JU3€IbHBIX U Ta30BbIX JBUTATE-

JIeH Tak)ke OBLIM IMOJTyYeHbI MMOJ00HbIe 3aBUCUMOCTH (Tadu. 2.5, 2.6, 2.7, 2.8).

Tabmuua 2.5
Konuenrtpanuu BB B OI' 1u3enbHbIX MalllvH («yCTaHOBUBILKECS» PEKUMBI pabo-
ThI IBUTATENsl IPU 0OKATKe») sl aBTOMOOMIIbHBIX IBUTATENEH

Jwuzenpnsbiii neurarens K741 rpyzosoro aBromoominst KAMA3 5320 N, =200 kBt

®dopmyiia KOHIEHTpaLUU Koogpu-

LIMEHT perpeccuu
-2 -
Ceo =2,1943N —1,8743N+0,7903, riv’ R*=0,9802
-3 -2 -
Cpo =—7.376N +7,294N +2,009N+0,509. v RO=1
X
Tabnuma 2.6
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Konuentpanuu BB B OI' razoau3enbHbIX MalluH («yCTaHOBUBIIUECS» PEKUMBI
paboThl ABUTATENs NpU OOKATKE)) ISl aBTOTPAKTOPHBIX M aBTOMOOUJIBHBIX JIBUTa-

Tenen
®DopMmyia KOHLIEHTpaLUuU pellpri%S;uHeHT
- R?=0,9971
CNO = 0, 232, M pH N = 0+0, 75
-3 -2 - R®=0,9971
CCO =317,3N —771, 86N +625, 07 N—168, 28,1"/M3 npu
N =0,75+1,0
-2 - R® =0,9944
CNO =0,3987N —-0,0327N+0,0474 , riv®
X
Ta0Omuma 2.7

Konuentpanuu BB B OI' HHKEKTOPHBIX MallluH («yCTaHOBUBLIUECS» PEXKUMBI pa-
OOTBI JBUTATEIS TPU OOKATKEY) NI aBTOMOOUJIILHBIX JIBUTATENCH

dopmyna KOHUEHTpauu peﬁ)oei%gguﬂem
3 2 _ 5 R?=0,9978
CCO =-15850- +372,83c —279,72a+68,42, T/M
4 3 2 _ .| R*=0,9799
C,\IO =169,11cr —360,86¢ +225,81a —35,1a+2,526, I/Mm
X
Tabmauma 2.8

KoHneHTpaiuu BpeIHbIX BEIIECTB B OTPA0OTABIINX ra3ax KapOOpaTOPHBIX Ma-
IIMH («yCTAHOBHUBIIIHECS) PEKUMBI pAOOTHI ABUTATEIS TPU OOKATKE) TSl aBTO-

TPAKTOPHBIX, ABTOMOOWIJIBHBIX JIBUTATEIICH

Cho =16911c —360,86c +225,81a —351a+2,526. i’

Koadpduunent
Dopmyiia KOHUEHTPALUN perpeccuu
-3 -2 — R*=0,9978
Coo =—212,18c +499,1cr —374,46+91,594 i
4 3 2 R?=0,9799
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NG, 2

0 0,25 0,50 0,75 1,00

N
Puc. 2.10 3aBucumocts koHteHTpauu NOyx B Ol oT Harpy3ku npu pasHbIX

TEMIIEPATYPHOM COCTOSIHUM JBUIATE/Isl UCTOYHUKA: —s— - «XOJIOAHBINY JIBUTA-

TE€JIb; === - (IPOTPETHIIN» IBUTATEIb; = * = - CPEIAHSIS JIUHHUS.

[Ipu nmpoBenennn 3amepoB KoHueHTpauuidi BB B OI' Ha 00KaTOYHBIX CTEH-
nax, Obl1 oOHapykeH 3(PPEeKT M3MEHEHUs! 3aBUCUMOCTH U3MEPSeMON KOHLIEHTpa-
IIUU OT TEIIOBOTO COCTOSIHUS 0OKaThiBaeMoi MamuHbl (puc. 2.10).

Jleno B TOM, 4TO C TEUEHHEM BPEMEHH MCTOYHHK (OOKaThIBacMasi MaIllHa)
U3 HAa4YaJIbHOTO «XOJIOJHOI'0» COCTOSIHMS NEPEXOUT B «rermnoe». [Ipu 3tom kap-
THHA KQU€CTBEHHO MEHSAETCS.

Ha puc. 2.10 nokazan npumep Al «XOJOJHOTO» U «TEIJIOT0» COCTOSHUS
MalIuHBI, OJJHAKO MOJIMHOMBI BEIBOASTCS MO CPEAHEN JIMHUU.

[Tonmy4yeHHbIE MOIMHOMUHAIBHBIE 3aBUCUMOCTH MOTYT OBITh MCIOJIb30BaHbI
JUTST:

- TEOpPETUYECKOro pacyéra Hauboyiee BEPOSATHOIO COJEPKAHUS BPEIHBIX
BeniecTB B OI' 1 caku Ha pa3IMUHBIX peKUMax pabOThl JU3EIbHBIX MAllliH, B TOM
YuCIie MPU OOKATKE U UCTIBITAHUSIX;

- pacuéra *KenaemMoro M3MEHEHMs] Kakoro-indo mapameTpa B CKOPOCTHOM
nuana3oHe paboThl ABUTATENS WIM MalIMHBI JJi1 00ecredeH!s] MUHUMAaJIbHO BO3-
MokHOro BbeiOpoca BB ¢ OI' mpu 3amaBaemMbIX OrpaHUYEHUSX IO MOIIHOCTH,

yAEIBHOMY pacxXoiy ToIuBa, Temneparype Ol
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- CBOEBPEMEHHOTO BBISBIICHHUS TOBBIIMIEHHOTO pa3dpoca Mokaszareiei au-
3eTbHBIX MAlIMH B PE3yJIbTaTe BOSHUKAIOUINX MPOU3BOJICTBEHHBIX OTKIOHEHHH OT
TpeOOBaHUI KOHCTPYKTOPCKON TOKYMEHTALlUM B YacCTH U3TOTOBJICHUS U PETYIIH-
POBOK;

- COKpallleHHUsl 3aTpaT BPEMEHM U CPEACTB MPU MPOBEIECHUU JIOBOJOYHBIX
paboT nBUraTesel u cOOMpaeMbIX MaIIMH 10 MoKaszaresnsMm cocrasa Ol

- OTIpe/IeNIeHNs] HauboIee MaJOTOKCUYHBIX PEXUMOB OOKATKH, C TEM, YTOOBI
B JIAJIbHEHIIIEM IIPOU3BOJUTH YCKOPEHHBIE UCIIBITAHUS, OTpaHUYMBaAsi BpeMs pado-
Thl KOMOaliHa Ha CTEHJE, KOTJa JBHUraTeNb BBIACISICT HAUOOIbIIEE KOJIUYECTBO
BPE/IHBIX BEIIECTB.

2.5.1.2 Onpenesienne 00 béMHOTro pacxoaa OI' ucrounuka

1). DxcnepuMeHTaNbHBIA METO/.

MaccoBblil pacxosl 0TpaOOTaBIIMX ra30B OT JU3EJIbHON YCTaHOBKU B COOT-

BercTBUU ¢ [ 70, 77] onipenensiercs u3 BeIpaKEHUS:

G, =G, (1+—t 1y, xr/c (2.27)

p-a-L,
rae G,- pacxoj BO3AyXa, ONPeaeaseMblil U3 COOTHOIIEHHUS:

11
Gy,=—-——(b,-P,-¢p-a-L,),Kr/C 2.28

rae: b,- ynenbHbIN pacxoj TOIUIMBA Ha IKCILTYyaTallMOHHOM (MM HOMHUHAJIBLHOM)

pexkume paboThl ABUTATENs, I/KBT 4 (OepeTcsi U3 MacmoOpTHHIX TaHHBIX HA JTU3EIb-

HYIO0 YCTaHOBKY) [86]; P, - dKCIUTyaTallmOHHAs MOIIHOCTh CTAIlMOHAPHOW JU3EIhb-

HOUM ycTaHOBKH, KBT (O6epeTcsi 3 TeXHUYECKOW JTOKYMEHTAIlUU 3aBOJa U3TOTOBU-

TE€JIs, a €CJIM IOKYMEHTAIUs OTCYTCTBYET, TO B KAUYE€CTBE P., NMPUHUMAETCS 3HAYE-
HUE HOMHHAJIbHOW MOIIHOCTH CTAllMOHAPHOM AM3eIbHON ycTaHOBKH (N, ); a - KO-
s punreHT u30bITKa BO3AyXa; L,- TEOPETHYECKH HEOOXOAMMOE KOJIUYECTBO BO3-

JyXa JiJIs CKUTaHUs OJHOTO KT TOIUIMBA, (KT Bo3ayxa/Kr torusa); (1/3600) - ko-
s dunment nepecyera "gac" B "cex"; (1/1000) - kordhdumumenT nepecuera "kr'"' B

nn,

T"; @ - KOO)PUIIUESHT MPOTYBKH.
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[Tocne moacranoBku (2.27) B (2.28) oxoHuarenbHas ¢opMynna s pacdeTa
pacxoja oTpabOTaBIIMX Ia30B OT UCIBITYEMOW AU3EIbHOM YCTAaHOBKU MpUOOpETa-
€T BU:

1 1

Gy =———b,-P,-l+¢p-a-L,), KT/C 2.29
or = 1000 3600 2 1 °? A+ -a-Ly) ( )
OO6BEMHEIH PacXo OTPabOTABLIMX Ia30B TOrJA ONPEAEIuM 0 GopMyIIE:

G
Qor ==
Por

, M/c, (2.30)

TAC: por- y,[[@J'IBHbIﬁ BE€C WM IINIIOTHOCTB OTpa6OTaBIHI/IX ra3oB, pacCuUTbIBacMasd

o ¢opmyie:
0 0
pop = —Lor — 213 por , Kr/M3, (2.31)
(1+ ti) TOF
273

rae: pJ. - yIEIbHBINA BeC (IIOTHOCTH) OTPabOTABIIMX ra30B MPHU TEMIEpaType t,,.,
pasHo#i 0°C, 3HaueHHe KOTOPOro, cornacHo [36], MoxkHO nmpunHuMath 1,31 xr/m3;
t,.. T, - TeMIepaTypa orpadorasimx ra3os, °C u K.

Takum oOpaszom, mocie npeodpazopanmii (2.27)-(2.31) morydaum dopmyiry
(2.32) nns MHCTPYMEHTAIBHO-aHATUTUYCCKOTO OMPEIEICHUs pacXxoa oTpadoTas-

KX 1ra30B IBHUT'aTCJIA MAllIMHBI:

1 1T,
1000 3600 273-p,.
=77-10%°.T,, b, - P, -(l+p-a-L,)

Qor ~b3~P3~(1+(0-0(~L0)=

3
,M/C (2.32)

JleficTBUTEIBHO, TIPU OMpEeNieHnnd Q,, MHCTPYMEHTAIbHO (mpubopamu ra-
30BOT0 aHAJIM3a) MOTYT OBITh 3aMepeHbl T, U «, OCTaIbHbIC BEJIMYUHBI, BXOJISI-
e B (2.32) HaXOaATCsA U3 CIPAaBOYHBIX JaHHBIX (¢ , L,) ¥ macmopTra Ha JBUTA-
TeJb 3aBoja urorosurens (b, P, ).

2). PacueTHbIil MeTOA.
[Ipu ncnonb30BaHUM PacyETHOTO METO/A ONpeeIeHs] 00bEMHOIO pacxoaa

OI' MO’XHO MCTIOJIb30BaTh 3aBUCMMOCTD, BBIBEJICHHYIO B [55] 1 mpeoOpa3zoBaHHYIO
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B [39], r/1e J0CTaTOYHO MHOTO BEJIMYHH, TPYAHO MOMIAIOIIUXCS TPSIMBIM U3MeEpe-
HUSIM:

L,-a-N,
T T Por

Q. =24,353-¢-f3- v m3/c (2.33)

r7ie ¢ - Ko3QPUIMEHT IPOIYBKH, PaBHBIM I 2-X TaKTHBIX aurateneit 1,4...1,6;
s 4-X TakTHbIX — 1,1...1,25; B- kK03 dUIMEHT MOJIEKYIIPHOTO U3MECHEHUS pa-
Oooueii cmecu, paHbii 1,02...1,13 u ompeaensieMblii MO MpeajiaraéMbIM HUXKE
dbopmynam; H, - HU3IIAS TEIUIOTa CTOpaHUs TOIUMBA, KJK/Kr; N, - 3QdexTuBHas
MOIIHOCTh MalllvHbI, KBT; L,- TEOPETHYECKH pacXOJl BO3AyXa Ha CTrOpaHHUE,
KMOJIb; « KO3(PUuuUeHT u30bITKa BO3AYXa; 7,,77,,- UHIUKATOPHBIM U MEXaHU4Ye-
CKUW K.I.J. JIBUraTeiss MalluHbl (onpeaenserca u3 (GopMysl HUXKE); p, - IJIOT-
HocTh OT'.

Cornacno [58] nmns mauzensHoro tormBa H,=42500 x/lx/xr, L, =0,496
KMOJb. Benmuuunsl B, 7,7, ONpeAeIUM M3 TEIUIOBOrO pacyéra wid 1no Gopmy-
JaM, MpejIoKeHHbIM B [36] Ha OCHOBaHMU OOPAOOTKH HAJIEKHBIX SKCIEPUMEH-

TaIbHBIX JaHHBIX. /{15 4-X-TakTHEIX Au3enbHbIX JIBC nmeeM:

7, =0.4666-N° —1.1047-N? +0.8784- N +0.5601

Jns nuzenvhbix [IBC ¢ HagayBOM:

n, =-0.2019-&* +0.3413-& +0.3987; f=0.0672-a* —0.1228 - & +1.0671
3mece N=N_/N,,, - OTHOCHUTEIIbHAs MOIIHOCTb, MPEACTaBJIAIONas co0oit

oTHOUIeHUE 3(PPEKTUBHON MOITHOCTU K 3((PEKTUBHON HOMHHAIBHOM MOILHOCTH

JIBUTATENS, & & = a/a,,, - OTHOCUTEIbHBIA KOIPPUIIMEHT U30bITKAa BO3/1yXa, pPaB-

HBI OTHOILIEHUIO TEKYUIETr0 3HAUEHUSI K MAaKCUMaJIbHOMY (IIPHU YCJIOBHM yCTONYH-
BOU paOOThI IBUTATEIS).

Pacuer no ¢popmyne (2.33), npoBenennbiii B [39] mokazan, 4yTo AJid pexxuma
XX __
or =

X0JIOCTOTO Xoja () 412,5 M* /4, U1 pexknMa OOKATKHU IIPU CPEAHEN HArpy3Ke

C )
QDTH =1457,1M*/9 u ana pexxwMa oOKaTKM HA TIONHOW HArpy3Ke MCTOYHHKA

rom — 24297 M2 /u.
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2.5.1.3 Onpenenenne 3(pGpeKTUBHOCTH PadOTHI MECTHOIO 0TCOCAa 00Ka-
TOYHOTI0 (MCHBITATEJIHLHOI0) CTEHAA (T

DddekTuBHOCTh pabOTHI MECTHOTO OTCOCA MOYKHO OIPEACIUTh ABYMS CIIO-
co0aMM: PKCIEPUMEHTANBHBIM (HaTypHBIMU 3amMepamMu 3P(HEKTUBHOCTH MECTHOTO
0TCOCA) U PACYETHBIM (TEOPETUUECKUM).

DKCnepUMEHTAIbHBINA CIIOCO0 SIBJsIETCS HauboJee T0CTOBEPHBIM, HO JIOCTa-
TOYHO TpyaoeMkuM. [IpsiMmoe nusmepenue 3(hPeKTUBHOCTH MECTHOTO OTCOCA OYEHB
CJIOKHO, T.K. TpeOyeT JOMOJHUTEIBHOTO O0OPYIOBAHMS, U3MEHEHUS TEXHOJIOTH-
YEeCKOT0 Ipoliecca U J00aBIEHUS HEKOTOPBIX TEXHOJIOTHYECKUX OIepaIui.

N3 MHOro00pa3usi TEOPETUUECKUX METOJ0B pacyeTa F3(PPEKTUBHOCTH MECT-
HOT'O O0TCOCa HamOoJIee onTUMajeH noaxo i, onucanubii B [90] kak Hanboee moa-
XOJSAIIUN 1A yCIOBUM OOKaTKU MAaIWH, pacCMaTpUBAEMBIX B JIaHHOW paboTte.
HcxomHbIMU TaHHBIMA JUTsl pacueTta o Meroauke [90] aBistoTcs Takue mapameT-
pBI Kak: AMaMeTp TerioBoro mcrounuka BB, M; oO0beM ynansemoro Bo3ayxa oOT
MECTHOTO 0Tcoca L, M/4; THII yCTAHOBKH MCTOYHHUKA (Ha OCHOBAHHH, 3aII0JJIHIIO);
KOJIMYECTBO BBIJCIAIONIETOCS KOHBEKTHBHOTO Teruia Qp, BT; konmwdecTBO m THM
BBIICJISIFOIINXCS. BPEIHOCTEH, T/4; KPaTHOCTh BO3yXO00OMEHA B MOMEIIECHUU; THUII
BO3IyXOpAacCHpeIe/IUTENeH; CKOPOCTh BbIXOJIa U3 PEIIETOK, v, M/C; MOABUKHOCTD

BO3yXa B IIOMEIICHHH v, M/C; 00BEM ITOMEIEHHs V,,, M°; TeMIepaTypa BHYTpH

0 - 3
nomernienus t, “C; TeruioBasi HalpsHKEHHOCTh MmoMenieHuss Q,, B1/M”; dhoHOBBIE

KOHIeHTpaluu BB.
D¢ hexTUBHOCTH pabOTHI MECTHOTO OTCOCA OMpeaAeIsieTcs 1o Gopmylie:

_G-Gy

. -100%

rae G - KOIM4ecTBO BhlAesstomerocs BB, nonaxaromero B 300y JEUCTBUSA MECT-

HOTO oTcoca, I/4; G, - KonumdecTBO BB, HampaBieHHBIX B IMPOTUBOMOJIOKHYIO

CTOPOHY OT MECTHOT'O OTCOCa, T/4.
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[Ipy HEBO3MOXHOCTM HWHCTPYMEHTAIbHO-AaHAIUTUYECKOIO OIpeAeIeHuUs
3¢ (HEKTUBHOCTH MECTHBIX OTCOCOB MOXHO BOCITOJIb30BATHCS MACHOPTHBIMU JIaH-
HBIMU 3aBOAA-U3TOTOBUTEIIS.

2.5.2 Moaeas npouecca Boigesienusi BB B Bo3nyx P3 npu npoussoacrse
MALIUHON PA3JIMYHBIX TEXHOJOTHYECKHUX ONepanuii

“HecTtanmoHapHbie” pexuMbl pabOThI ABUTATENII UMEIOT MECTO Ha 00KaToyY-
HBIX Y4acCTKaX U B UCHBITATEIbHBIX 1I€XaX MPU MPOU3BOJCTBE MAlIUHAMU Pa3INy-
HBIX TEXHOJIOTHYECKUX omnepanuil. K TakoBbIM onepanusM OTHOCATCS:

- Bbe31 (BbIe31) (13) IIOMEIICHNS,

- IYCK, OporpeB (pa3orpeB) ABUTATENS;

- IEpEMENIEHUE IO TPOU3BOJICTBEHHOMY YYaCTKYy CO CT€H/Ia Ha CTEHI;

- e3710Bast OOKaTKa.

DKCNEPUMEHTAIIHO YCTAHOBJIIEHO, YTO CPAaBHUTEIIBHO MAJIOTOKCUYHbBIE HA
YCTaHOBUBIIUXCSA CTAllMOHAPHBIX PEXKUMaxX aBTOTPAKTOPHBIE JBHUIaTelId 3HAYM-
TEJLHO OOJIBIIIE BBIJCISIOT BPEIHBIX BEIIESCTB B BO3AYIIHYIO Cpeay MpU MYyCKe,
MpOTpeBe, a TakkKe pasroHe W TopMokenuu [32, 33, 89]. OnHako 10 cUX MOP
TOYHBIE KOJIMYECTBEHHBIC OIEHKH BhIOpOocOB BB Ha Takux pexumax He paszpa-
6otansl. [Ipu mycke B HaUalIbHBI MOMEHT BPEMEHU M3-3a HU3KOW TeMIIepaTyphbl
B KaMepe CropaHusi UICTOUYHHKA 00pa3yeTcsi TOMJIMBHO-BO3AYIIIHAS CMECh HeOa-
TONMPUATHOTO CTEXHMOMETPUYECKOTO COCTaBa JJIsl MOJIHOTO CropaHusi (HU3KHE
ko9 dunmeHTsr U30bITKAa BO3AyXa). Takol BaxHbIH (aKTOp, KaK U3MEHEHHE
YacTOTHI BpalleHUs] KOJICHYATOTO Bajia, TakKe He yuuThiBaeTcs. [Ipu pazrone aB-
TOMOOWJISI, TPAKTOpa WK KomMOaliHa B Kamepy CrOpaHMs JIBUTATENs MOCTYMaroT
MOBBIIIEHHBIE JI03bl TOIUIMBA, PACIBIJIEHHOTO XYK€, YeM Ha YCTAHOBUBILIEMCS Pe-
xkume. OTcrofa BeITEKaeT MOBBIIEHHBIA BhIOpoc CO, yriieBoJAOpOI0B, ajlbIeTH-
n0B. TopMoKeHHE TaKKe COMTPOBOXKIACTCS MOBBIICHHBIM BhIOpOcOM BB: Bcien-
CTBUE YXYJIIICHUSI CMEceoOpa3oBaHMsl B UCTOUYHUKE (JIBUTATEIC MAIINHBI) U CHU-
YKeHUsI paboydeil TemrnepaTyphbl YBEJIMUUBAETCS BBIOPOC MPOIYKTOB HEMOJHOTO TO-

peHus.
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Bo Bpems mporpesa (pazorpeBa) ABUTATENSI MAacCOBBIN BHIOPOC MPOIYKTOB
HETOJHOTO CrOpaHHs - BEIWYMHA HENocTosiHHas. [lo mepe mporpeBa MalliuvHbI |,
BbIOpockl CO, CH u C yMeHbIIatoTcsl, MO3TOMY yAENbHBIN BHIOPOC TIPU MTPOTpeBe

mnp JOJDKCH OTpaKaTb HHTCIPAJIBHYIO OLCHKY BLI6pOC& 3a BpEMs IIpoHeccar np.
[

Bri6pocet NO, Ha 3TOM pexrMe He3HaUUTENbHBI, TaK KaK U3BECTHO, YTO OCHOBHOM
MEXaHU3M HX 00pa3oBaHMs - TepMHUECKUU. TO e OTHOCUTCA U K MepeMEIICHUsIM
MalIuH MO MOMENICHUIO, a TaKXKe K MyCcKy (“XOJIOAHBIA” U “TOpsuMii”) U MPOBEPKE
MaIlIvH nepes Beie3noM. Ha Takux peskxumax Harpyska MpakTHUeCKHd OTCYTCTBYET (B
OCHOBHOM XOJIOCTOM XO[), MO3TOMY OCHOBHYIO JOJIO BBIIEISEMBIX BPEIHBIX Be-
IIECTB COCTABJISIIOT MPOAYKTHI HenosHoro cropanust (CO, yrieBomopoAbl U Caxa).
[TpuBoMMBIE B MMEIOIIUXCS METOJMKAX yaAeNbHbIe BbIOpockl BB nmist pazmmuHbix
TUIIOB MAIllMH 3aBUCIT OT MHOTUX (PaKTOPOB, OMPENECISIONIMMUA U3 KOTOPBIX SIBIIS-
IOTCSI: TUTI UICTOYHMKA (JIBUTATEJIS), UCIIOIB3yeMOe TOILTUBO, OpraHU3aIis KOHTPOJIS
conepxkannsi BB B OI', a takke nepuoa roga. Hanpumep, 7151 X0JIOAHOTO Mepuoa
rozia BeIOpockl BB B 2-3 pasa Bhiliie, 4eM B TEIUIbIA MEPUO/, HECMOTPS Ha IPUMEHE-
HUE CIELUAIBHBIX CPEACTB MOAOIPEBA.

JInst KOPpEKTHOM WHTETPAJIbHOM OLEHKH BblaeneHuss BB mpennaraercs uc-
M0JIb30BaTh MOJMHOMHUHAIBHBIE 3aBUCUMOCTH, aNIpPOKCUMHUPYIOLIUE OOJbIIOE KO-
JIMYECTBO 3KCIEPUMEHTAIIbHBIX JIaHHBIX O KoHIeHTpauusax BB B OI" paznuunbix uc-
TOYHHUKOB (IBUTATENIel) MpPU MPOU3BOJICTBE MAIIMHOM JAHHBIX TEXHOJIOTHYECKUX

orneparui.

" _ T
BBC}I@M IIOKa3aTejib 7 =—-- OTHOCUTEIILHOEC BpEMs TCXHOJIOTMYCCKOI'O IIPO-
%o

receca, rae 7, - TEKyLIEe BpeMs ONepaluu, 7, - MOJHAs MPOAOJDKUTEIBLHOCTh pac-
CMaTPUBAEMOU TEXHOJIOTUUYECKOM orepauuu. Toraa koHueHTpauu BB Ci B OI' mc-

TOYHUKOB (ABUTATEIA MAILWH) MPU BBIOJHEHUH UMH “HECTALIMOHAPHBIX PEKUMOB

pabOTHI MOYKHO OTHCATh PETPECCUOHHBIMU MTOJIMHOMAMHK OOIIETO BU/IA:

C,=A"-7"+B". 7™+ +C" . 7+D" /v’
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rae M- crermeHb MHorowieHa, A, B, ...., C', D" - uncnennbie K03(hHUITUESHTHI

IIOJIMHOMOB.

B OI' ncrounuka

Torma, cpenHenHTerpaibHas KoHeHTpanus BB Ci””mee

(IBUTaTeNsl MalllMHbI) Ha KaKOM-JTHOO M3 “HEeCTAallMOHAPHBIX PEKUMOB OIpe/e-

JUTCS U3 POPMYJIBL:

Az At m _m-1 Lo . B
ICi-d% J-(A"'T +Br +.+C .r+D)dr
C_ullmezp — 0 — 0 —
At At,
" mid " om n2 .
( A B S )"
__m+1 m 2 _ (2.34)
A7,
" mo " m-1 " 2
A a7 +Bar s iCariD
m+1 m 2

rne AT =7 - udarepBai “‘yeroilunoi” anmpokcumauuu Gyaxknuii C =f (7). Ecau
1 I

TIOJIMHOM HailJIeH ¢ BBICOKOH TOUHOCTBIO ( RZ — MiNn) 3a moNHOE BpeMsl TEXHOJIO-
THYECKOH omeparuu, To A7, =7 =1, u dopmyna (2.34) ynpomaercs. Kak u B ciy-
yae MOJIeNIMpOBaHus BblJeneHUs] BB Ha craninoHapHbIX pekuMax 0OKaTKU U XOJI0-
CTOM XOJy, TOYHOCTh AIPOKCUMAIIMK B JAHHOM CJy4yae OIEHHBAJIaCh MO KO3 (-
buIMeHTaM Perpeccuu.

Ha puc. 2.11 noka3aHbl 3aBUCHMOCTH, CHSITBIE C TPHUOOPOB TIPU MHOTOYHC-
JICHHBIX JKCIIEPUMEHTAJIBHBIX HCCIEAOBAHUAX ‘XOJIOJHOTO” TMycka KomOaiiHa
ACROS 530, ocnaménnoro asurareneMm SIM3 238, u mocneayoomero ero mporpe-
Ba Ha XOJOCTOM xoAy. MccnenoBanue “HecTalmoOHapHOro’ mpolecca Mmycka u npo-
rpeBa mpou3BOAWIOCH B TeueHue 8 muH (480 ¢) 70 MOMEHTa, KOTJa MPUOOPHBIE
nokazanus koHueHtpanuii CO u NOy B OI' npakTudeckn yctaHaBinuBainuchk. Kak
MOKA3bIBA€T PUCYHOK, B Hauaje Ipoliecca MUKOBbIe KoHIeHTpanuu mo CO mpe-
BBIIIAIOT YCTAHOBUBIIIKECS HA XOJIOCTOM X0ay Oosiee uem B 20 pa3, 4yTO MOJITBEP-
*aaeT (HakT HeoOXOAUMOCTH UX 000CHOBaHHOTO yuéra. UTOo KacaeTcs KOHIIEHTpa-

I_II/II‘/JI NOX, TO OHH I[CﬁCTBHTGJ'IBHO HC3HAYUTCIIbHBI HA 9TOM PCKHUMC B COCTABJLAIOT

0,7-0,8 Mr/me,
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[Ipy anmpoKcHUMaluy 3KCHEPUMEHTAIBHBIX AAHHBIX C MCHOJIb30BAHMEM Ma-
tematrueckoro nakera MathCAD oOHapy»KeHO, 9TO TOYHO OITUCATh TaKUE JTaHHbBIC
HOJIMHOMaMHU BBICOKOM CTETIEHU HAa BCEM MHTEPBAJIE, COOTBETCTBYIOILEM JUIUTEIBHO-

CTH UCCJICAYCMOI'O IIpoHecCcCa HE IPCACTABIISICTCA BO3SMOKHBIM.

10 1,2
2 A +1 2
! Z2
g 7 AP san Sey <
;) 5 I \ V 1127082
35 i/ 0,6 %
T \ 3
3 3 T04 I
) / \ g
3 2 f— A 102 &

o __L_/ [ —t— ——u a——n a——n 0

0 005010,150,2 0,3 04 05 0,6 0,7 0,8 09 1

OTHOCUTenNnbHOe BpemMsd, C

Puc. 2.11 Usmenenune xonuentpamuii BB B OI' kombaitna ACROS 530 npu

“X0I0IHOM” IYCKE U ITPOTPEBE HA XOJIOCTOM X0y C TEUEHUEM BPEMEHH

Ecnu skcnepuMeHTaNIbHBIE JTAHHBIC, TOJYYEHHBIE MPU MCCIENOBAHUU ‘‘CTa-

ITMOHAPHBIX~ (YCTAHOBHBIIMXCS) PEKUMOB JOCTATOYHO TOYHO OIMHUCHIBAOTCS MHO-
rouneHamu 3-4 crenenu (kosddumment perpeccur R? >0,98), To npu “Hectanuo-

HapHBIX peKUMaX, HEOOXO0IMMas TOYHOCTh AlMIPOKCUMAIIUN 00ECIIEeYMBACTCS 110-

JMHOMaMHU 7-8 CTENEHU W JUIIb B ONPEACIEHHOM MHTEpBAJE 3HAaUYCHUN AT =7 .

JlokazaTtenbCcTBOM ATOTO (hakTa, SIBUIUCH PE3yJbTaThl, MOTYYCHHBIC MPH BHIBOC
uckoMbix MHOrowieHoB B MathCAD u npencrasientbie Ha puc. 2.12.

Ha unrepBane Az, =0,6-7 smnupuyeckue JaHHble 10 KoHUeHTpauusam CO B
OT ¢ BBICOKOI cTeneHpio TouHocT! (R%2=0,972) onmchIBarOTCS ypaBHEHHEM BH-

na:
_8 _7 _6 _5
Ceo =2,007-10° -7 —5,213-10° -7 +5,347-10°-7 —2,87-10% -7 +
4 3 2

+8531-10°-7 —1,35-10° -7 +9,52-10% -7 —136,852--7 —0,039

3
, T/M
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I I I I I
0 01 02 03 04 05 06

X

Puc. 2.12 Xononnsrit myck u nporpes kombaitna ACROS 530
2.5.2.1 Ilpumep MCIOIb30BAHUA MOACIH
Bocnonp3oBaBIInCh 3aBUCUMOCTBIO (2.34) MOKHO paccuuTaTh CpEeIHEUHTE-

rpanbHyt0 KoHieHTpanuo CO - Ccou”mez

B OI' uctounuka (ABUTaTEssT MAIIMHBI)

IIPY XOJIOJTHOM ITyCKE B TEUEHUE BpEMEHH, paBHOM A7, =0,6-7 =0,6-480 = 288c .
0,6

Ceod ™
J Ce _2,077-10°

6 6
Gumer _ 3 o B30 0o 5347-10°
0,6 9 8 7
6 5 5 3
_2,876 10 '0’65+8,53:é 10 _0,64_1,35410 _0,63+9,52310 '0’62_136,2852_0’6_

-0,039=1811,2/°

Onpenenum maccoBoe Boiaenenne CO B P3 B nepseie 288 ¢ mycka gBurare-
a5 koMOaiiHa. IIpennonoxkuB, 4To 3TO MPOUCXOJUT B MECTax MPOBEPKHU KOHJIH-
IIMOHEPOB KOMOAWHOB Ha ydacTKe OOKaTKH, KOTOpble HE 000PYIOBaHBI MECTHOMN
BBITSDKHOM BeHTHIIsIUEH, OyieM umeTh Beiaenenus CO HernocpeacTBEHHO B P3.

Torma B nepBbie 288 ¢ mycka uctounuk Boiaessier CO B Bo3ayx P3 B konu-
gecTBe: QM (t) =QJ -Cl =01145m° / c-1,8112/ m® = 0,207 2/c. CymMMapHO BBIOPOC

B P3 3a 288 ¢ cocTaBuT » Q" (t) = Q" (t) - 7, =0,2072/c- 288¢ =59,616 2.

OcraBieecs Bpemsi KOMOaifH TIPOJOIIKAET paboTaTh Ha XOJIOCTOM XOMAY JJIst

oOecrieueHus yCIOBHM MpoBepKH (HYHKIIMOHUPOBAHKS KOHIUITMOHEPA. DTO BpeMs
[e]0)



COrJIaCHO TEXHOJIOTMYECKOMY PETJIaMEHTY COCTaBIIIET MPUMEPHO 25 MHUH (OKOJIO
1500 c¢). Ha nanHOM “cTanimoHapHOM” peKMME pabOThl MAllMHBI UCTOYHUK BBI-
opaceiBaer OI', 3arps3uéunsie CO, B KoHIEHTpanuu npumepHo 0,3 r/m°. Torma
MOJlyduUM  MOIIHOCTH  BbIOpOCa  XOJIOCTOrO  Xojda  3a 1500 ¢
Qéé )= Qgﬁ -CCXS =01145x3/¢-0,32/ m°> =0,03435 2/ c.

CymmapHo BBIOpOC B P3 3a 1500 c COCTaBUT

D> Q% (t) =QZ% (t)- 7, =0,034352/¢-1500c =51,52 2, 4TO IO BEIMYMHE MEHBIIE, YeM

IIUKOBBIE BBIOPOCHI 32 BpeMs “X0J0JHOro” mycka komoOaitHa. Ilociennee oocTos-
TEJIBCTBO JOKA3bIBAET, YTO JECTAJIILHOE N3YyUYEHUE CBOMCTB M XapaKTEPUCTUK UCTOY-
HUKOB 3arps3HEHMsI MO3BOJISIET CPOPMYIHPOBATH TPEOOBAHUS K TEXHOJIOTHYECKO-
My mpolieccy OOKaTKH, KOrja IPOBEPKY KOHIWULMOHEPOB HYXKHO OCYIIECTBISATH
y>Ke TOCJIe CTEHA0BOM OOKaTKu MamuHbl. [Ipu “ropsuem” mycke komOaiitHa MUKO-
BbI€ BHIOPOCHI BbIIIIE YCTAHOBUBLINXCS BCEro B 3-5 pas.

[Ipu oOkaTke komOailHa Ha CTEHAE MPU MAKCUMAJIbHOM MOILIHOCTH WIIH
OJIM3KOM K HEl HaOJ01aeTCs MHasl KapTUHA.

MormnocTs BeiOpoca CO mpu oOkaTke HAa HOMHUHAJIBHOW MOIIHOCTH 3a Bpe-
Ms okojio 50 mun (3000 c) Ha creHne, 000OPYIOBaHHOM OTCOCOM € 3(DPEeKTUBHO-
cteio 90%, cocTaBUT:

() = QU -CL - (L—p,, ) =0,6749x° [ ¢ 1132/ 1° - (1—0,9) = 0,07626 2/ c.
Cymmapso BeiOpoc CO B P3 3a Bpemst 3000 ¢ coctaBUt

> Qu (1) = Q' (t) - 7, = 0,076262/ ¢ -3000¢ = 228,78 2.
Momnocts BeiOpoca CO B Bo3nyx P3 3a mepsbie 288 ¢ mycka komOaiiHa Ha
CTeH/ie, 000PYI0BAHHOM MECTHBIM OTCOCOM, COCTaBUT:
() = QN -Clr . (1—¢, ) =011450°% / ¢-1,8112/ m® - (1-0,9) = 0,02072/ c.
Cymmapssiii Beiopoc CO D Q5 (t) = Qis” (t) - 7, = 0,02072/ ¢ - 288¢ = 5,9616 2,
YTO COCTaBjsieT Beero 2,68 % oT 0CHOBHOTO BRIOpOCa IpH 0OKATKE Ha CTCHJIE.
B nannbIx ycnoBusx y4€T mukoBbiX BeiOpocoB CO npu “HecTanmoHapHbIX

pexuMax paboTbl HCTOYHMKA HA TOYHOCTU PACUETOB HE CKAKETCH.
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I'maBa 3 MaremaTu4eckue MOAeIH PACIPOCTPAHEHHUS BPEAHBIX BellleCTB

3.1 O0630p M aHajau3 M3BECTHBIX Mojejieil M METOAMK PACHPOCTPAHEHHS

BPEAHBIX BEIIECCTB B OTKPLITHIX U 3AMKHYTBIX IIPOU3BOACTBEHHBIX Cpelax

B 3aBucuMocTH OT pemraemMoil 3aJayu MOAEIUPOBAHUE PACIPOCTPAHEHUS
BPEIHBIX BEIIECTB B HACTOSIIEE BpEMsl BEAETCA B JABYX HAINPABICHUSAX —
UCCJIEIOBAHUE  PACHpPENEICHUs]  3arpsA3HSAIOIIMX  BEIIECTB B HApyKHOM
aTMOC(EpHOM BO3[yXEe M MOJCIMPOBAHME TIEPEHOCAa BPEIHBIX BEIIECTB B
BO3JIYIIIHOW Cpelie NMPOU3BOACTBEHHBIX MoMenleHui. [lox monenupoBaHuEM Mbl
NOHMMAaeM B TEPBYIO OYEpEIb MAaTeMaTUYECKOe MoJenupoBaHHe. MojelbHbIE
YPaBHEHUS, ONMCHIBAIOIIME 3TH IPOLECCH, UMEIOT MHOIO CXOXHMX 4epT, HO H
3HAUUTENBHO paznuyarorcs. Eciam nmpu MonenupoBaHuu pacrpocTpaHeHus BB B
aTMOoCc(epHOM BO3]lyXe HEOOXOIUMO 3HAHHE METEOPOJIOTMUECKUX XAPAKTEPUCTHK
BO3JYIIHOW Cpelpl, TO IPU H3YyYEHUU I[POLECCOB MAaCCONEPEHOCa B
IIPOU3BOJICTBEHHBIX MOMEIICHHUSIX — JAeTallbHas HHpoOpMauus 00 OpraHu3auuu
BO3yX000ME€Ha, O paboTe CUCTEM BEHTWIILIMM M 3HAHUE [apaMeTpOB
MUKpPOKJIMMAaTa B TOMEIICHHUH.

3.1.1 MoaenupoBanue pacnpocTpaHeHusi (pacceMBaHusl) BPeIHbIX
BeLEeCTB B aTMOC()EPHOM BO3yXe

3HAUUTENPHOE  KOJMYECTBO TEOPETUYECKHX U  AKCIIEPUMEHTAIbHBIX
UCCIIEJOBAaHUM MOCBSIIEHO AMCIIEPCUM 3arpsA3HSAIOIINX BEIIECTB B aTMOC(EPHBIil
Bo31yx [15, 16, 28, 46, 49, 71, 72, 73, 79, 80, 88, 92]. lleasto >TuX padOT sBISICTCS
pacyer 3arps3HeHHUs] MPU3EMHOTO CJIOS aTMOC(HEPHOro BO3AyXa razo00pa3HbIMH U
IBUIEBBIMH BbIOpOCAMU M U3 CPAaBHEHHUS MOJYYCHHBIX PE3yJbTaTOB PAcueTOB C
[TJIK HaceneHHBIX MECT — OIpe/esieHne NPeaeabHO JOIMYCTUMBIX BBIOPOCOB IS
POMBIIUIEHHBIX MPEANPHUATHH, a TAaKXKe MEPOTIPUATUH 0 UX COOIIOCHUIO.

M3 Bcero konuuecTBa MaTEMaTUYECKUX MOJEJIEH PpaclpOCTPAHECHHUS
3arpsI3HSIIONIMX BEIIECTB B aTMOC(EPHOM BO3JyX€ ISl aHAIM3a TPUMEHUMOCTH B
JTaHHOW paboTe OoTOoOpaHbBl MOJENH, HCIONb3yeMbIE ISl OMHCAHUS MOBEACHUS

BBIOpPOCOB B aTMocdepe Ha pacctosiHun 10 10-20 kM oT uctounuka [46].
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HecMoTpst Ha OOMHMPHOCTH MPOBEACHHBIX HMCCIEAOBAHUM, IO HACTOSIIETO
BPEMEHH HET CKOJbKO-HUOYIb OOIICHPUHITOW MOJETH PacCIpOCTpaHEHUS
npumeceii B arMmocdepe. DTO 0OYCIOBIEHO CJIOKHOCTBIO M Pa3zHOOOpa3zuemM
MPOIIECCOB, a Takke CYObeKTUBHBIMU (akrtopamu. [losTomy cymecTByeT
MHO>KECTBO MOJICJICH CaMbIX Pa3TUYHBIX THUIIOB.

[maBHBIM pa3nmuyueM MoOJIEICH SBISCTCS WX OMIWPUYCCKHA WK
TeopeTndeckuii xapaktep. CTporo roBopsi, BO BCEX MOJCISIX MPUCYTCTBYIOT 00a
Havaja, HO JOMHUHHUPYIOIIEE MPHUCYTCTBHE OJHOTO W3 ITHX HAYal OMpPEeisieT
XapakTep MOJIEIH.

Knaccuyeckum 0o0pa3iioM SMIMPUYECKON MOJIENM  SIBJISETCS  MOJIENIb,
coznmannas Ilackyumiom u I'mpdopaom [92]. D10 Hambosee YacTo UCIOIB3yeMast
MOJieIb, UMEIoIIas OQUIMANbHBIN cTaTyc. B ee ocHOBe JEXHUT MpecTaBlieHHE
KOHIIEHTpAIlMU NMPUMECH, BHIOPAChIBAEMOI HENIPEPHIBHBIM TOYEYHBIM UCTOUYHHUKOM
B atMocdepe, KaKk CTPyd C rayCCOBBIMU pPACHpEEICHUSIMU MO BEPTUKAIU U B

IIONIEPEYHOM K BETPY HAIIPABJICHUM:

2 2
0 y (z-h)
N ety o) e
q(x, Y, 2) 2.ﬁ.ay(x).az(x)~u Foin ool 202(X)) e 2 22())+
(3.1)
m2
+e><p(—%))
2-07(X)

rae X, Y, Z - ACKapTOBbI KOOPJIWHATHI, OCb Z — BBEPX, OCh X — MO BeTpy; h —
s dexTuBHAsS BhICOTa MCTOYHUKA (TO €CTh BBICOTA C YYETOM MEPBOHAYAIHLHOTO
noabeMa meperperod crpyun); Q — MOIIHOCTH HCTOYHHMKA BbIOpOca; ( —
KOHIICHTpAIsl TMPUMECH B JaHHOW TOYKE TPOCTPAHCTBA; U — CKOPOCTh BETPA,

yCpeaHEHHass II0 CJIOK0 MepEMEIINBAaHUS, ay(x),aZ (X)- — BepTHUKaAJIbHAA U

nornepeyHas JUCIepcuu o0Jilaka MPUMECH; fe.fy - TOMpaBKK Ha oOeHEHnE
o0J1aKa 3a CUeT CyXOro OCAKJEHHUS MPUMECH U €€ BRIMBIBAHUS OCAJIKAMHU.
[Ipu Bcelt mpocTtore W OQPUIMATBHOM CTaTyce JaHHOM MOJIEJIH, B €€

YPaBHEHUSX COJEPKATCSI HEKOTOphIe KOA(h(HUIIMEHTHI, YKa3aHHbBIE IJIs yCIOBUN

89



KOHKPETHBIX 3KCIEPUMEHTOB, HO HE MPHUBEICHBI MPABHWJIAa WX BBIYHCICHUS B
o01em cirydJae.

[To cyTH SMIMPUYCCKUMU ABJISIOTCS U MOJIEH, onucandbie B [71, 72]. Xots
IPU W3JIOKEHUU HMX HAYYHBIX OCHOBAHMWA M HCIOJB3YIOTCA JOCTATOYHO OOIIUE
NPEACTABICHUS] O TPOCTPAHCTBEHHOM TypOyJeHTHOM nuddy3uu, OHHU TMpuU
KOHKpPETHU3aIuK Mepexo T B GopMyiisl, aHamoruunsie [92]. Kpome Toro, Moneb
[6] mo3BoIsIET OMpeAEeTUTh TOJIBKO BHEIIHWN KOHTYP OIACHOW 30HBI, B KOTOPOW
MPEBBIIIACTCS MOPOTrOBOE 3HA4YEHUE, TOrJa KaKk Ha TPAKTUKE MHTEpPEC
MPEACTABIIAET PACIpeNe/IEHue MPUMECH MO TEPPUTOPUH U BO BPEMEHHU.

[TockonbKy 3T MOzENU Cyry00 SMIUPHUECKHUE, €AUHCTBEHHBIM KPUTEPUEM
UX COBEPIICHCTBOBAHUS SBJISETCS JIyYIIE€ COOTBETCTBUE OSKCIEPUMEHTAIBHBIM
TAHHBIM.

@yHIaMEHTAIIBHBIE ~ TEOPETUYECKHE MOJEIM B  HACTOAIIEE  BpEMs
UCITOJIB3YIOTCS TOJIBKO JUJISL HAYYHBIX LEJIEW, OHM ITO3BOJISIOT TOJBKO Ka4YE€CTBEHHO
OOBSACHUTH HEKOTOPbIE HaOM0AaeMbIe 3(DPEKTHI.

Haubonpmumii uHTEpEC NPENCTaBISIOT MOJETH, KOTOPBIE YCIOBHO MOXKHO
OTHECTH K mNoJyaMmnupuyeckum. Ilpumepom sBisieTcs MOJENb, CO3/laHHAs B
WHCTUTYTE 3KCTIEpUMEHTAIBHOM MeTeoposioruu [29, 42].

B Takux MoOmensX OKCIEPUMEHTAJbHBIE WCCIEIOBAHUSA  JOTIOJHEHBI
JIOBOJIBHO Pa3BUTHIM MaTEMaTUUYECKUM aIapaToM, YTO MO3BOJISIET aHAJIM3UPOBATh
JIOCTATOYHO CJIOKHBIE CHUTYallud, 3HAYUTEIBHO OTIMYAIOIIUECS OT MCXOIHBIX
DKCIIEPUMEHTOB U  JOOMBAThCS  COOTBETCTBUS  AUGPY3MOHHBIX  Mojenen
HKCIIEPUMEHTAJIbHBIM ~ JaHHbIM. (Oco0yl0 poJib TakoW Y4yeT WrpaeT IMpHu
MHTEPECYIOIIEM HAac MOJEIUMPOBAHUM PACHpPOCTPAHEHUS NPUMECEW B MPHU3EMHOM
CJI0€, TO €CTh Ha BbIcOTax MeHee SO MeTpoB. B 3TOM COCTOUT UX IIaBHOE OTINYHUE
OT 3MIIMPUYECKUX MOJEJIEH, KOTOpBIE OIMCHIBAIOT BECH NPOLECC B LIEJIOM: Ha
BXOJIC - TapaMeTphl BBIOpOCA, HAa BBIXOJE - KOHIIGHTpAIlMs B JAaHHOM TOYKE

IIPOCTPAHCTBA.
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O0mmM  HETOCTAaTKOM  TAaKOTO  poJa  MoOjeNield  SBIsSETCS  UX
MPEUMYIIECTBEHHO UCCIEI0BATENBCKAS HAIPABICHHOCTh, B CBA3U C YEM, OHU HE
BIIOJIHE JJOBEJEHBI 0 MPAKTUYECKOTO UCIIOJIb30BAHMS.

Kpome Toro, mpakTudeckd BCE€ SMIOUPUUECKHUE MOJEIU HE MOTYT OBITh
IIPOUHTEPIPETUPOBAHBI KaK MU Py3nOHHBIE.

B ™onorpapum M. . Bepasama [15] mokasaHa BO3MOKHOCTb TaKOM
WHTEpIpeTalni. ABTOP HCHOJIB3YET CIEAYIOUIEE YpPaBHEHHE, OIMCHIBAIOIIEE
MIPOCTPAHCTBEHHOE PACIHpPEIECICHUE CPEOHUX KOHLEHTPALMI 3arpsA3HSIOIIMX

BEILIECTB B aTMOC(EPHOM BO3TyXE:

aq aq 0 aq
or T2l ox z'=1axi x4 (3-2)
rae: o, - KoHueHtpauums BB; r— Bpems; X; — KoopauHaThl; u,A K,—

COCTABJISIIOLIME CPEJAHEN CKOPOCTH MEPEMEIIECHUs NpHUMECH W Ko3pQuuueHTa
oOMeHa, oTHocsIMecss K HanpasieHuto ocu X; (i = 1, 2, 3); a— xoaddunueHt,
OTIPEAETSIONINI N3MEHEHNE KOHIIEHTPAIIUY 33 CUET MPEBPALICHUS IIPUMECH.

[Ipun pemieHNM TPAKTHUECKUX 3aad ATO YPaBHEHHE YIPOIIACTCS U

IIPUHUMACT BUI:

q_,04_0, @, 0

=—-k, +—-k
OX oz 0z oz oy

y'a—a'q, (33)

HGI[OCTaTKOM ITOM MOJACIN ABJACTCA OTCYTCTBHC BO3MOXKHOCTH YUCTa

u-

BPEMEHHU PaCHpOCTPAHEHUS 3arPSI3HSIOLIETO BELIECTBA.

B 0onee cioXHBIX MOIENSAX YYUTHIBAIOT 3aKOHBI JABM)KEHUS BO3AyXa M
mubdy3un, NpUYeM MCHOJB3YIOT OYE€Hb pa3Hble HAO0OpPbl  YNPOIIAOIIMX
npeanoioxenui [63]:

9 492, 9% w9 _ (3.4)

ot OX oy oz
e ¢(X,Y,z)- UHTEHCUBHOCTH a’pPO30JIbHOW CYOCTaHIIUU, MUTPUPYIOIICH
BMECTE C IIOTOKOM BO3ayXa B arMmocdepe; u=ui+Vvj+wk(i,j,k- eIMHHYHBIC
BEKTOPHI B HANPaBJIECHUU OCEH X,y,Z COOTBETCTBEHHO) — BEKTOpP CKOPOCTU YACTHII

BO3/yXa.
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OMIIMPUYECKUE MOJETU HUCHONB3YIOT SIBHBIE (OPMYJIbI, KOTOPBIE JIETKO
pean3yIoTcsl B paMKaxX KOMITBIOTEPHBIX MPOTPaMM, TPYIOEMKUM SIBIISIETCS TOJIBKO
BBOJ ¥ BBIBOA HHpopMmaruu. l[lomysmmupuyeckue MOAETH COJEpKaT yiKe
IpOLEAYPhl YHCIEHHOTO pelieHus audGepeHInanbHbIX YpaBHEHUN B YaCTHBIX
POM3BOAHBIX. TeopeTnueckne K€ MOJENTH Ype3BbIYAHO pasHOOOpa3HBI IO
amnmapary: OT TEOPHH TOJ00MS M Cyry0O aHAJIMTUYEeCKHX BBIKIANOK [73] 1o
YHUCIIEHHOTO pPEIICHUs] ypaBHeHMH c Au(dy3ueil u TtpaHchopmaimeil mpumecei
KaK pa3HoCTHbIMU MeToaamu [28, 80], tak u metomom MonTte-Kapio [79].

IIpn ananu3e pasnUUHBIX MOJEIEH paCIpPOCTPAaHEHUs NPUMECEN B
atMocepe BBIJCICHBI TPU OCHOBHBIX THIA MOJEJEH: TayCCOBCKHE MOJIENH,
MOJIEJIH «IarpaHkeBa 00JIaKay U TPEXMEpPHbIE MOJEIIH.

[lepBbie nBa THMa MOJAENEH PACCMOTPEHBI BHINIE, OCHOBHBIM K€ OTIMYUEM
MOCJIEIHETO THUIIA — TPEXMEPHBIX MOJIENEH - ABJIAETCS SIBHBINA pacueT qud¢y3uu u
nepeHoca npumMecu. J{Jis 3Toro NpuxoAUTCs YUCICHHO PellaTh Ha4aJbHO-KPAEBYIO

3a/1auy JUIsl TPEXMEPHOTO YpaBHEHUS apadOINYeCKOro TUIa:

%H\T, grad)-C — div(DgradC) = Q (3.5)

snech C (X, Y, Z, t) — uckomas QyHKIMs, KOHIIEHTpalus npumecu; (X, Y, Z, t) —
BeKTOp cKopoctu Betpa; D (X, Y, z, t) — TeH30p k03 GHUIMEHTOB TypOyICHTHOM
mapdysun; Q (X, y, z, t) — mioTHocTh HMcTOuYHMKa npumecu; grad, div —
TpPEXMEPHBIE ONEePATOPhI TPAAUCHTA U TUBEPTCHITUH.

KoMmoHeHTbl cKkopocTH BeTpa, Ko3(PQpuuueHTh TeH3opa Iuddy3un u
MJIOTHOCTh MCTOYHHMKA TIPUMECH TIPH PEIICHUU 3TOTO YPaBHEHHS paccMaTPHUBAIOT
Kak 3amaHHbie (QyHkmuu. s 3aganus kodddunueHTtoB TeH30pa auddy3un
UCTIONB3YIOTCS pa3IUYHbIC IMIUPUIECKUE MO/JIEIH aTMochepHoii
TypOyJICHTHOCTH, B KOTOPBIX HEOOXOJIUMO, MPEKIE BCETO, 3a7aTh PACIpPEACIICHNE
CKOPOCTH BeTpa. ITO OCTATOYHO CIJIOKHAsI MpakThdeckas 3agada. [lostomy, He
CMOTpPST Ha TPEUMYINECTBA M COBEPIICHCTBO TPEXMEPHBIX MOJACIICH, WX
WCIIOJIb30BAaHUE OTPAHUYECHO BBUIY OTCYTCTBUSL HEOOXOIMMBIX ISl HX

HUCIIOJIB30BaHUA UCXOAHBIX JaHHBIX.
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[Toxokne moxopl U3N0KEHBI B pa00OTaxX U3BECTHOTO PYCCKOTO aKaJeMHUKa
I'. . Mapuyka [63]. UM Takke paccMaTpuUBaIOTCS MOJEIHN MEepeHOca MPUMECH B
atMocdepe,  CTallOHApHBIE  ypaBHEHHS  PacIpOCTpaHEHHs  CcyOcTaHIMH,
npocteiiimme AuQy3uoHHBIE YpaBHEHHSA, U CONpsDKEHHBIE UG (Gy3nOHHBIE
ypaBHeHHs nepeHoca u auddys3un. Bee mpeiaraeMble MOAETH TaK K€ UMEIOT
CBOU JIOCTOMHCTBA U HEJJOCTATKH.

B oOmiem Buje 3amavya mporHo3a 3arps3HEHHs BO3AyXa OMNPEIeNsaeTcs Mpu

OIIPCACICHHBIX HAYAJBbHBIX MW TIPAaHUYHBIX YCIIOBUAX I[I/I(i)(i)epeHHI/IaJILHOFO

ypaBHEHUS:
3 3 a
Z _q Z — .——aq
=1 a =1 a aX ’ (3.6)
rae ( — KOHIIEHTpalus BPEAHOIO BellecTBa; { — BpeMs; Xi. KOOPAMHATHI; U;
u Kj — cocraBusionMe CcpeiaHEd CKOPOCTH IEPEMEHICHUS TMPUMECH U

ko3 duIMeHTa 00MeHa, OTHOCAMMeCsS K HampapieHmio ocu 4 (i=1,2,3); & -
KO3 hULIMEHT, ONpeeIoNui N3MEHEHHE KOHIICHTPAIIMHU 32 CUET MpeBpaIlcHuUs
MIPHUMECH.

VYpasuenue (3.6) ommchIBaeT MPOCTPAHCTBEHHOE paclpeneiieHue CpPeaHuX
KOHILICHTpAILMK, a TAKXKE€ WX U3MEHEHHSI CO BPEMEHEM. B 3TOW CBA3M OHO MOMKET
paccMaTpUBaTHCS KaK MPOTHOCTUYECKOE YPaBHEHHUE.

X1 u %2, pacnionoxeHHbIE B

OOBIYHO B AEKAapTOBOI CUCTEME KOOPAMHAT OCU
TOPU30HTAIFHON TUIOCKOCTH, 0003HAYAIOT Yepe3 X U Y, a BEPTUKAIBHYIO OCh X3 —
yepe3 Z; COOTBETCTBEHHO U= U, U=, Us= w u Ki=K, ky=K, Ks=k,.

B oOmem cnyuae ko3pduuueHT oOMeHa B TypOYJIEHTHOM TIOTOKE
MPEACTABISACTCS TEH30pPOM BTOpPOro mnopsigka. YpaBHenwe (3.6) 3amucaHo B
MPEANOJI0KEHNN, YTO OCH KOOPJMHAT COBIMAJAIOT C TJIaBHBIMH OCSIMH TEH30pa,

IIpH 5TOM HCAWArOHAJBHBIC COCTABJIAIOIIME €ro HMCYC3arl0T, U OTIMYHBI OT HYJIA

TOJIBKO AJHaroHaJlbHBbIC KOMIIOHCHTHEI:

K=Ky, K=K, k=K.
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[Ipu pemennn npakTUYECKUX 3a7a4d BUA ypaBHeHus (3.6) ynporraercs. Tak,
€CJIM OCh X OPUEHTHPOBAHA IO HAIPABJICHHUIO CPEIHEN CKOPOCTH BeTpa, To v= 0.
BeprukanbHbie ABUKEHUST B arMocdepe HaJ TOPU3OHTAIBHON OJHOPOHOM
MOJICTUJIAIONIEH MOBEPXHOCThIO Mallbl M MPAKTUYECKU MOXKHO MpUHUMaTh w=0 B
cilly4yae JIETKOM NpUMeEcH, HEe UMeEIoleld COOCTBEHHOW CKOPOCTH IEpEeMEIICHHUS.
Ecnu xe paccMarpuBaercs Tskedas MPUMECh, MOCTOSHHO OCENarolas, TO
MPEACTABIAECT COOOM CKOPOCTh OCAXKACHUS (KOTOpas BXOAUT B ypaBHEHHUE CO
3HAaKOM MHHYC). [Ipy HanM4YMK BeTpa MOXKHO IpeHeOpeUb WICHOM C Ky, TOCKOJIBKY
B OTOM HamnpaBIeHUH TU(DPY3MOHHBIA MOTOK MHPUMECH 3HAYUTEIIBHO MEHBIIE
KOHBEKTHUBHOTO.

B ciywyae penieHMs NPOTHOCTUYECKMX 3a/ad B IPUHLUIE CYIIECTBEHHO

q
coxpanenue B (3.6) HecranmmonapHoro wieHa Ot . OmHako 3a MEpUOJ BPEMEHH,

CpPaBHUMBII CO BPEMEHEM MEPEHOCA MPUMECH OT UCTOYHHKA K pacCMaTpPUBAEMOM
Touke, mpouecc aupdy3un cranumonupyercs. 3MeHEHUsT KOHIEHTpauuil B
aTMocepe CO BpPEMEHEM HOCST OOBIYHO KBA3MCTAIIMOHAPHBIA XapakTep, H

aq
IMPAKTHYCCKHU 9aCTO MOKHO HCKIIIOUNUTH YJICH ot , IIOJIOKUB €I'0 paBHBIM HYJIIO.

Takum 00pa3oM, HCXOTHOE MPOTHOCTHYECKOE ypaBHEeHHE (3.6) CBOIUTCS K

OOBIYHO UCIOJIb3yEMOMY YpaBHEHHIO aTMochepHOor 1uddy3uu.

N _,NA_0, A, 0, 0

u o— = , y — —aq
OX oz 0L "0 oy "oy _ (3.7)
I'paanynable  ycrmoBHS Ha OECKOHEYHOM  yIAJlGHHMH OT  HCTOYHHKA
MIPUHUMAIOTCA B COOTBETCTBHM C €CTECTBEHHBIM MPEMIOKEHHEM O TOM, YTO
KOHIIEHTpAIs yObIBACT A0 HYJIA:
g—0 mpu Jy| —oo
q—0 mpu |z| -0
MakcumanbHOE 3HAYEHHE MPU3EMHOM KOHIIEHTPAIlUM BPEIHOTO BEIIECTBA
Cuy MF/MS, pu BbIOpOCE Ta30BO3AYIIHOW CMECH M3 OJMHOYHOIO TOYEYHOTO

HCTOYHHKA C KpYyTJIbIM YCThEM JOCTHUTaCTCA Inpu HC6HaFOHpI/I$ITHBIX
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METEOPOJIOTUYECKHX YCIOBHAX HA PACCTOSHUU X,, M, OT HCTOYHHKA H
ompeaensercs no popmyie:

_ AMF,,,
CH23NV, AT (3.8)

M

Mopemu pacrpoctpanenuss BB B mpocTpaHCTBE Takke AENATCS HAa JBE
TPYIIIBI JJIs1 CTAllMOHAPHBIX M HECTAIMOHAPHBIX MCTOYHHUKOB. MccnemoBanue 3Toro
BOIIpOCca HanboJIee MOJHO MpeacTaBicHo B padotax M.E. bepasuaaa [15].

PaccmoTpuM crariioHapHbIe HCTOYHUKH.

Mopenb MporHo3a MakCUMaIbHBIX KOHIIGHTpAIMi MPUMECH OT OTAEIbHBIX
VICTOYHHMKOB IPH HOPMAJIBHBIX YCIOBHSIX Oa3upyeTcs Ha cieayromeit hopmye [15]:

R 9)
U @

rae O - makcumanbhas konuenrtpamus npumecd; C,= 03 m g, =2,3 - 2,5 -
IOCTOSIHHBIE, YCTaHABJIMBAEMbIE IPHU aIlPOKCUMALIUU PE3YJIbTaTOB YHMCIEHHOTO
pemieHust ¢ ydetoM 3ddexra ocpeaHeHus; M - BBIOPOC BEIIECTB B €IUHUILY

BpeMeHHU; k, - ; U, - CKOpPOCTb BO3IYIIHOIO MOTOKA; ¢, - 3HAYEHUE CpEAHEU

JTUCTiepcuu Kojiebanuii HampaBiieHus BeTpa; H - BpicoTa HCTOYHMKA.

Cnenyer OTMETUTb, YTO MOJIy4YacMble 3HAYEHHS] KOHLICHTPALMH CHJIBHO
3aBUCUT OT METEOPOJOTUYECKUX YCIOBHM, B YACTHOCTH OT CKOPOCTH BO3IYLIHOTO
IIOTOKA.

B peanpHBIX yCHOBUSAX BBIOpOC TmpuMeceid B arMochepy  MOXKET
OCYIIECTBIISTHCS HE TOJBKO OT HMCTOYHMKOB TOYEYHOTO TUMA (JABIMOBBIE U
BEHTWISIIMOHHBIE TPYOBI, AC(PIEKTOPHI U T. I.), PACCMOTPEHHBIX BBIIIE, HO U OT
JIMHEWHBIX MCTOYHMKOB. B KadecTBe MOCIEAHUX BBICTYNAIOT BHIOPOCHI OT MOTOKOB
aBTOMAlIMH, a TAaK)X€ OT MPOMBIIUICHHBIX MPEANPUATHI NMPH BEHTWIALWUU 4YEpe3
a’paloHHble (poHApH, MPEICTABISIONIME COOOW TPOEMbl B KpBIIMIAX KOPIYCOB
OonblIoi  mpoTskeHHOCTH. [lomoOHoro Tuma ¢GoHapu HCHONB3YIOTCA IS
BEHTWIALIMY LIEXOB 3JIEKTPOIUIABUIIbHBIX, XUMUYECKUX U IPYTUX MpeanpusaTaid. s

TaKUX CJIydacB BBOJUTCA AOIIOJIHHUTCIIbHAA CHCTEMa KOOpJAWHAT, B KOTOpOﬁ OCh X
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HampaBJlieHa BIOJb BETpa, a Y - MEPHEHIUKYISIpHO K Herl. C yd4eToMm MpUHIHIA
CYIEPIIO3UIIUN OIPEIEIeTCS COOTHOIIEHHE Ui Tepexo/a OT KOHILEHTpAaIUu st
TOYEYHOTO MCTOYHUKA K KOHIICHTPAIIUH JIJIs TMHEHHOTO.

B [15] paccmarpuBaercs oOuuil cimydail JTMHEHHOTO HMCTOYHMKA. Jlemaercs

AOIIYIICHUC, YTO JIMTHEVHBIM UCTOYHUK KOHCUYHOM JUIMHBI, pacIojaracTcs 1o oCu Y B

WHTEpBaJIC (Li, L, ). Hanpapnenue BeTpa cocraBiseT yroid B ¢ ocblo X (oTuer

BEJIETCS OT OCH X MPOTHUB 4acOBOM cTpesiku). Hapsiny ¢ cuctemoit koopausar X, Y, Z
' ! ' '
BBOJUTCS cucTeMa X | y , Z , TakuM 06paszoM, 4To och X HampapieHa BIOIb BETPa,

’

! ! I} '
ay - MePIeHIUKYIAPHO K Heii: * =a _”S'nﬁ, y =b —ncosj.
! R ! .
re @ =XC0sp+ysinf b =ycos - xsinjg 1 — OTPE30K MepPeMEHHOM JUTMHHBI B

WHTEpBAJIC (L1 , L, ). Torma nnas JTMHEHHOTO WMCTOYHMKA CIPABEIJIMBA CIICTYyHOIIas

(bOpMYHa M1 HaXOXKACHUA KOHICHTPAIUH:

2

1. % a —psin (b =ncos
c Igl(n—,ﬁ)sz ul, ,U—ﬂ dz
L X a —nsinf

O
Il
|
=~

(3.10),

rue , , - BEJIMYHHBI Cm , Uy , Xy JUIL TOYEYHOI'0 MCTOYHHUKA,

RO = Re Vi =V,

PACCUUTAHHBIE TIPH u 3HaueHuu M, paBHOM o00mieMy BBIOpOCY

IMPUMECH U3 BCCTO JIMHEMHOTO HCTOYHHKA, CM - MaKCUMaJIbHasA KOHLCHTPAIKsI, XM -

pacCTOAIHHUC, Ha KOTOPOM OIIPCACIICTCA MaKCHUMAaJlbHasld KOHIOCHTPpAIUAd, UM -
Id
R =——
(I+d)

oracHasi CKOpOCTh BeTpa, °© - 3((EeKTUBHBIN paanyc, , 17 ©ICTOYHUKA

le

C MPSIMOYTOJIBHBIM CeueHHeM pasmepoM |xd, - 3¢ ¢dexTuBHBI 00BEM,

V,, =R, @ s,S
€ € , - HavaJlbHas CKOpPOCTb yHOCAa NpHUMECH, “1'“2- (I)yHKL[HH IJIs1

OIpCACICHUA 3aBUCUMOCTEH KOHOCHTPAaOWH Ha OCH q)aKena TOYCYHOI'O HCTOYHHKA

OT PACCTOSAHMA X 'y COOTBETCTBCHHO.
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JIist pacdera Takoro paccerBaHUs TAKKe HEOOXOIMMO YUUTHIBATh HAYAIbHBIN
MOJTbEM ITPUMECH.

B cmydae HecTalMOHApHBIX HMCTOYHHUKOB 3arps3HEHHS B MCCIEIOBAHUSAX
yueHbix M. E. bepnsuma, I 1. Mapuyka w nap. [OenarOTCs 3HAYUTEIIbHBIE
ynpouieHus. HectamoHapHble MCTOYHUKH 3arps3HEHUS, HAIIPUMEDP, JBHKYIIHECS
aBTOTPAHCIIOPTHBIE CPEACTBA, MPEACTABIIIOTCS KaK €IMHBIN JIMHEHHBIN Ha3eMHBIN
VCTOYHHMK, JIJIS1 KOTOPOTO M BEAETCA pacdeT KOHIEHTPALM 10 BBIILIEIPHUBEICHHBIM
dbopmynam.

[Ipu ananuse 3arps3HEHHs] aTMOC(EPHOTO BO3/1yXa 3HAUYMTEIbHOE BHUMAHHUE
INPUBJIEKAIOT CIIy4al HA3€MHBIX HCTOYHUKOB, JJiI KOTOPBIX OTCYTCTBYET
HAaYaJIbHBI IOABEM IpUMECH. Takue HCTOYHMKM BO3HUKAIOT IPU pa3pbiBE
TpyOONPOBOJOB, MCHIOJIB3YEMBIX, HAIIPUMED, ISl TPAHCIIOPTUPOBKH MPUPOTHOTO
raza 1 amMmmuaka. K HUM OTHOCSTCS TaKkK€ aBTOTPAHCIIOPT, YYACTKH IPOJIUTBIX
JETKOKUITSIIIUX U JIETY4YHUX KUAKOCTEH (aMMUaKa, paCTBOPUTENIEH U T. 11.), IPYIbl-
OTCTOMHUKH, HEKOTOPBIE MPOMBINIJIEHHBIE IUIOMIAJIKH, Kapbepbl U ap. Bo MHOTHX
CllydyasX KOHLIEHTpalMs NPHUMECH OT Ha3eMHOIO0 MCTOYHHMKA MOXET ObITh
ompezeneHa 0e3 ydera HayanbHOro noabemMa AH, T.e. mpenmonaras BBICOTY
VMCTOYHHMKA PABHOU HYIJIIO.

B pabote [15] momy4yeHsl GopMyIbl A NPEABBIYUCICHUS WHTETPATbHBIX

XApaKTCPUCTUK 3arpA3HCHUA BO3AyXa OT INIOMAAHOI0O MCTOYHHMKA Ha OCHOBAHHUU
HHTCTPUPOBAHMS IO IJIOIIAAW BBIPAKCHUA IJI qT - KOHOCHTpalun OT TOYCUHOI'O

HCTOYHHKA. HpI/I OTOM TII0JIaracrcCsa, YTO qT COOTBCTCTBYCT HCTOYHHKY,

(X, Yo, H)

Pacro0KEHHOMY B TOUKE , 1 OTIpeZieIIAeTcs cienyomen (GopMyIion.

_ (zyﬂ/u)2 o,
.e 2(/70'(X7Xu) .q ’(X_Xu)
, (3.11)

M
" V2r (x—x)

!

rac q - KOHOCHTpaOus OT JIMHEMHOI'0 MCTOYHHKA.

JlenaeTcsi MpenrnoyoKeHUe, YTO pacCcMaTpUBAEMBI TopoJ HUMeeT (opmy

L, L,

NpsAMOYTOJIbHUKAa CO CTOPOHaAMHU 7 , COOTBCTCTBCHHO BAOJIb M IIOIICPEK
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HaIlpaBJIEHUs] BETPA, a HAYaJIO0 KOOPAMHAT COBIAJAET C CEPEIMHON HAaBETPEHHOMN

I'paHUIbI TOpOJa. Torz[a KOHICHTPAIHA q“ OT INIoIagHOroO HMCTOYHHKA

OIIPCACIIACTCA BbIPAKCHUCM:

6,06 Y) =2 [ (erf () —erf (n,))-q (&) -dé
(x-L1)0(x-Lp) , (3.12)
_2-y+L 2-y-L,

n=—=—-2=1— p_-_%J"a
Y22 T2k

rae erf - GyHKIMs OuoOoK, : )

0(x) _

equHuyHas ¢QyHKus, paBHass | w0 COOTBETCTBEHHO MpHU
g
MOJIOKUTEIIBHOM U OTPHUIATEIbHOM apryMEHTE, h
[Iporao3upoBanre HaMOOJBIICH KOHIIEHTPAIIUH OT PaCcCPEIOTOUYCHHBIX IO
TEPPUTOPUHN UICTOUHHUKOB SABJISIETCS JOCTATOYHO HEMPOCTOM 3a/1aueid, Mpu perieHuu
KOTOPOM BO3HMKAECT PAJ TPYAHOCTEH CBSA3AHHBIX C PACCMOTPEHHEM IOJIA
KOHIICHTpAIIUU 11 Pa3jIM4YHbIX HampaBJICHUNU BETpa, KOTJa CYIIECTBEHHO
M3MEHSETCS B3aMMOPACIIONO0KEHUE HCTOYHHKOB, a4 TAKXKE€ MECTOIOJIOKECHUE H
BEJIMUYMHA MAKCUMaJIbHOW KOHIEHTpauuu. [1oXoa K pemeHur0 HaHHOW 3ajayu
COCTOUT B pacyere MOoJjsl KOHIIEHTPALMU B y3J1aX HEKOTOPOM JOCTATOYHO T'yCTOM
CETKU TOYEK.
bepnsunom u OHukynom Obl co3gad Oosiee d(PQPEKTUBHBIA MOIXO,
COIVIACHO KOTOPOMY ISl pacueTa KOHILEHTPAUHUW HCIOJb30Bajach CIEAYIOIIas
3aBUCUMOCTB: C YBEJIMYCHUEM PACCTOSIHUS OT MCTOYHMKA 1O HAIPaBJICHUIO BETpa
KOHIICHTpAIUsl YOBIBAET 3HAUUTEIIBHO MEJICHHEE, UeM B IPYTUX HAIPaBICHUSX.
OcHoOBBIBasiCb Ha TakOM TIOAXOJE, PACCUUTHIBAs  MaKCUMaJIbHYIO
KOHIICHTPAIMIO, HEOOXOJMMO MPOU3BOAUTH PACUeThl TOJBKO IS HAIpaBICHUN
BETpa BJIOJb JIMHUHN, COCIUHSIONIUX OCHOBHBIE MO MOIIHOCTH U CPABHUTEIHLHO

YAQAJICHHBIC OJIMH OT APYIroro MCTOYHHUKH. I[anee JJI1 9TUX TOYCK ITPOU3BOAUTCA

BBIYMCJIEHNE KOHUEHTPAUWU IMPU CPEIHEB3BEIIEHHONM OMAcHOM CKOPOCTH BETpa

u
M-¢ KOTOPYIO IPUOIMKEHHO MOXKHO OIMPEAEIIUTh MO PopMyIie:
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_ =1
uM.C - N
2 Cui
=i (3.13)
C_. u . o
rac N — O6HICC YUCJIO HNCTOYHHKOB, m 1 m - 3gayeHUSA MAaKCUMaJIbHOU

KOHIICHTPAITUU B OIIaCHOW CKOPOCTH BeTpa JIIS I1-TO HCTOYHHKA.

Takum oOpa3om, Momenw pacnpoctpaHeHuss BB i HecTarmoHapHBIX
VMCTOYHUKOB 3HAQUUTEIBHO YIPOLIEHbl. B HHX COBEpPIIEHHO HE YYHUTHIBACTCSA
JIBUYKEHUE UCTOYHUKOB, YTO B OYIyIlleM MpeArojiaraeT Co3JaHusi HOBBIX, OoJjee
CJIO’KHBIX HECTALIMOHAPHBIX TPEXMEPHBIX MATEMAaTUYECKUX MoJieel repeHoca BB.

Crmenyer cka3aTh, 4YTO pa3JIMYHbIE MOJEIM MCHOJIB3YIOT BeCbMa
pa3HoOOpa3Hble HWCXOJHBIC JaHHbIC, W 3a4acTyl0 OTCYTCTBHE HEOOXOJAUMBIX
DKCIIEPUMEHTAIIBHBIX ~ JAHHBIX HWJIHA  BO3MOXXHOCTHM  YMCJIEHHOIO  PELIEHHUS
MAaTEMATHUYECKOr0 ammnapara CIO)KHOTO TEOPETUYECKOr0 MOAECITUPOBAHUS TUKTYET
MpUMEHEHUE IPOCTEUIITUX IPYOBIX MOICIICH.

Haunbosiee nepcrneKTUBHON BO3MOKHOCTBIO pealM3allil TaKUX MOJIEei
ABJSICTCS. TNPUMEHEHUE YIPOIIEHHOIO BapUaHTa, OCHOBAHHOIO HA TMPUHITHU

OIIPpCACICHHBIX I[OHYH_IGHI/Iﬁ B MOACIIN.

3.1.2 MojgeaupoBanue mnpoueccoB pacnpocrpaneHus BB B

MPOM3BOACTBEHHBIX MOMEIICHUSIX

He MeHee BaXHBIM SIBJISIETCS BTOPOE HAMpPABICHUE MOJACIMPOBAHUS —
pacrpezielieHue BPEIHBIX BEIIECTB B aTMOC(EPHOM BO3yXe NMPOU3BOJICTBEHHBIX
MoMeIIeHn — mpeacraBieHHoe B paborax Tumenko H.®., Daprepmana B.M.,
Munko B.A., Illtokmana E.A., CuneBectpoBa A.H., I'pumutiumna M.H.,
Kysunenosa U.C. u np. [34, 57, 90, 94].

N3yuenue pacnpeneneHusi BpeIHBIX BEIIECTB B BO3IyX€ MPOU3BOICTBEHHbIX
MOMEILEHUI CBA3aHO ¢ HEOOXOIMMOCTBIO PEIIEHHUsI BaKHOM 3a7jaun OXpaHbl Tpyia

— obecnieueHus: TpeOyEeMbIX CAaHUTAPHO-TUTHEHHYECKUX YCIOBUU Ha pabodmx
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MecTax (coOnrofieHne MpeneiabHO-A0MYyCTUMBIX KOHLIEHTpaluuid B pabodeid 30HE
[K;.5).

Ilenp Takoro BHIa MOJCIMPOBAHUS — OIPEICICHHUE IOJEH KOHLEHTPALMMA
ra3o00pa3HbIX WU TBUJICBBIX BPEIHBIX BEUIECTB, ONTHUMAJIBLHOTO O0bEeMa
ylajasieMoro Bo3Ayxa OOLICOOMEHHOW MM MECTHOW CHCTEMOH BEHTWIISILIMH,
KOHCTPYKIMU U CXEMbl YCTAHOBKH MECTHBIX OTCOCOB C YYE€TOM XAPaKTEPUCTHUK U
B3aMMHOTO PACIOJIOKEHUSI HCTOYHMKOB BBIOPOCOB, a Takke C Y4YETOM
NOJBW)KHOCTH BO31yXa B IPOM3BOJCTBEHHOM IIOMEIIEHUH M KJIAcCa ONACHOCTH
BB.

IIpn MopenupoBanum pacrnpenencHuss BB B Bo3ayxe NpOW3BOIACTBEHHBIX
IIOMEIIEHUN TaK K€ MPUMEHSAIOTCA JBa IOAXO0JA: JOKCIEPUMEHTAIBHBIA U
AHAJIMTUYECKUM.

DKCIepUMEHTAIbHOE HaIlpaBJIeHUE SBJsieTCs Ooyiee JOCTOBEPHBIM, HO
TpeOyeT mpoBeAeHUs OOJIBLIOTO YKCia U3MEPEHUN pa3IMYHbIX MapamMeTpoB, YTO
3a4acTyl0 OBIBAa€T TPYAHOOCYIIECTBUMO Ha IMpakTHke. J[aHHOe HarpaBieHue
HauOosiee MpUEMIIEMO JJI PEIICHUs MPaKTUYECKHX 3a/ad B CYIIECTBYIOIIUX
IIPOU3BOJICTBEHHBIX IIOMEIICHUSX.

AHanUTUYECKOE PEIIEHUE, TaK K€ KAK U SKCIIEPUMEHTAIBHOE, HE SIBIISETCS
IOPOCTBIM, TIOCKOJBKY TpeOyeT ydera OOJBIIOr0 YHCiIa B3aMMO3aBUCHUMBIX
[IapaMeTpPOB, OTHOCSIIMXCS KAK K CAMOMY HCTOYHHKY 3arpsi3HEHUS, TaK M K
CUCTEMaM BEHTWIALMHM W IapaMerpaMm HccienyemMoro nomemeHus. OHO gaet
BO3MOKHOCTb OIPEAENATh pacnpenencHne BB B pekOHCTpyMpyeMBIX U BHOBB
IIPOEKTUPYEMBIX MIPOU3BOICTBAX.

bosnbmoe BiausHME Ha pacnpeneneHue BB B moMemieHusx, CcOriacHo
UCCJIEIOBAHUSIM OOJIBIIOTO KOJMYECTBA aBTOPOB, OKA3bIBAET XapaKTep ABUKECHUS
BO3/lyXa B MOMEIICHUH, KOTOPBI B CBOIO OYepeb HAMPSIMYIO 3aBUCUT OT criocoba
pa3MenIeHus IPUTOYHBIX U BBITSHKHBIX OTBEPCTHUH.

Pesynbratel ombiToB barypuna B.B. u XamxonkoBa B.M. [90] mo
ONPENEIICHUI0 CXEM JBIKEHMSA BO3AyXa JUII HM30TEPMUYECKOIO peKuMa

npejcTaBlIeHbl Ha puc. 2.1.
100



<

]

ll‘l

Puc. 2.1 JIBwkeHue BO3AYUIHBIX TOTOKOB IMIPH Pa3IMYHBIX CIOCO0AX
pa3MeNIeHUs MPUTOYHBIX U BBITSHKHBIX OTBEPCTHUMA:

a — MOTOK CBEpXY BBEpX (MM CHHU3Y BHM3); O — IMOTOK CHHU3Y BBEPX IpPH
pa3MEIIEHUH NPUTOYHOTO M BBITSHKHOIO OTBEPCTUHM B  IPOTHUBOMOJIOKHBIX
CTOPOHAxX IOMEIIEHUS; B — TO K€, HO B OJHOW CTOPOHE NOMEUIEHUS; I — IpHU
CUMMETPHUH Ta30BbIX MOTOKOB; /1 — NP HECUMMETPUYHBIX TFa30BBIX IMOTOKOB; € —
MIPU HAJTUYUU JABYX MPUTOYHBIX CTPYH.

OxapakTtepu3yeM OCHOBHBIE MAaTEMaTUYECKUE YpPaBHEHHUs, JICKAIIHE B
OCHOBE MoJiesier pacnpeneneHus BB B mpon3BoACTBEHHBIX TOMENICHUSAX.

Jlns mporHosa pacrnpeneneHus KoHueHTpauuu BB B Bo3ayxe P3 moxer

OBITh HCIoIb30BaHo ypaBHuenue CenpBectpoBa A.H. [39], umeromiee Bua:

M M ~
Ci(0) =" +C,, ~(*+C,, ~Co)-e " (3.14)

np;
np np

rae M, — KOJIHMYECTBO BBIICISIONIMXCS BPEIHOCTCH, r/c; L,,— BEIMYMHA

3 .
BO3yX000MeHa, M/4; C,, — KOHLEHTPALUs BPEAHOCTEH B IIPUTOYHOM BO3AyXe€ (B
MOMEHT BPEMEHH 7 ), MT/ M C,— HavajbHasl KOHIEHTpAaLUs B IOMEIICHUH, MT/ M

V, - 00beM MOMELICHHS, M, T - BpeMs, C.

VYpaBHeHUE MJaHHOW MOJAENM HE YYUTHIBAET KOOPAMHATHI HCTOYHUKA
BbIOpOCa BpEeIHOCTEN, KOHLEHTPALUU MOTYT OBITh OINpeAeseHbl YCPEIHEHHO s
BCEro o0bEMa MoMeleHusl B TeKyIIMii MOMEHT BpeMeHH. Kak mpaBuiio, 3HaueHUs

KOHLeHTpaui BB, paccuuTanHbie 110 3TOW MOJEIN, OKA3bIBAIOTCA 3aHUKECHHBIMHU.

UccnengoBanneM koHuneHTtpanuid BB B BEeHTWIMpPYEMOM IIOMELICHUU B
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Oonbmieir crerneHu 3aHuManuch Onbrepmad B.M. m Kyn M.IO. [57, 94]. Umu
YCTaHOBJIEHO, YTO TMOTOKH BO3AyXa, OOpasyroumecs NP BEHTHJISAIAH
MIOMEIIEHUH, XapaKTepU3yIOTCsS TypOYJICHTHOCTBHIO, BIHMSHHE KOTOPOM Ha
pacrpeielieHue KOHIIEHTPAUK Hellb3sl He yUuThIBaTh. B padorax [57, 94] ucxons
u3 auddepeHInanbHOTO ypaBHEHUS TypOyJIeHTHOTO oOMeHa B HabOeraromem
MIOTOKE BO3/yXa:

MMOJIYUYCHBbI PCHICHUSA, OIPCACIIAIOINC II0JIC KOHIOCHTPAIUKW B IIOTOKC BO3AyXa OT

pa3IMYHBIX BHUJIOB HCTOYHHMKOB, NPHUOMMKAIONMECS K XapaKTepHbIM B
BEHTWISIIUOHHOM TexHuke. OIHAKO B CBSI3U C TE€M, YTO 3TH MOJIEIN Oa3UPYIOTCs
Ha OCHOBE OJHOMEPHOTO YpaBHEHHUS KOHBEKTHUBHO-IU(PGY3MOHHOTO MepeHoca
MpUMECE, UX pE3yJibTaTbl OTHOCSTCA TOJBKO K CTAlMOHApHBIM IpoleccaM
pactipoctpadenus BB B miockonapaienbHbIX BO3IYIITHBIX MOTOKAX.

Eme onna u3z moaenenn ucnonsizyercs B CHull 2.04.05-2000 “Otonnenue,
BEHTWIAIUMS W KOHAWIHMOHHMpoBaHue” [87] JUISl WHKEHEPHBIX pacu€ToB
BEHTWISIIIMM TPOU3BOJCTBEHHBIX TMOMENIEHUNA. DTO YpaBHEHUE MaTepUaIbHOTrO
OanmaHca UMeeT BU/I:

L, C,+G =L

6blN

-C,,, (3.16)

rae: L, ,L, — OPOU3BOAUTEILHOCTh MPUTOYHOW M BBITSIKHOW BEHTWJIALIUU,

np! —evim

C,,— KOHLEHTpAalUs BPEIHOTO BEIECTBA B IPUTOYHOM BO3IyXe, G;- Macca

BBIACIIEIEMOIO B CAMHUIY BPEMCHHU B TCXHOJIOTHMYCCKOM IIPOHECCE BPEAHOIO

BELIECTBA, C,, — KOHLEHTPAIUSA BPEAHOIO BEIIECTBA B padOUEH 30HE.

OTa Mozenp ONUChIBaeT mnepeHoc BB mis ycraHOBUBIIErocs BO3AYIIHO-
TEIUIOBOTO peXxuma ToMelleHus (t—>o) W Npu PaBHOMEPHOM paclpeieleHUH
KOHIIEHTpAIMil 1O BBICOTE HMMEET psAJ HEAOCTATKOB, TAaKUX KaK: OTCYTCTBHUE
BO3MOYKHOCTH OMNPEJEIECHUS KOHILIEHTpAlUi JIOKAaJbHO, HE YYHUTHIBAETCS BPEMS
paclpOCTpaHEHUs] 3arpsA3HSIOLIET0 BEIIECTBA, HENb3s 3a1aTh KOOPAMHATHI

MCTOYHHKA BIOpOCA BPETHOCTEM.
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B  wmonorpadpum [90] ompenenenue konieHTparmu BB B momemeHnn
OCHOBAHO Ha PEHICHUH yYpaBHEHUH PacHpOCTPAHEHUS 3TUX BEIIECTB BO BCTPEUHOM
noToke nuddy3ueit:

Cy =k-C,-e™ (3.17)
rae k - kodp¢ummeHt mnponopuuoHambHOCTH; Co — CpemHss MaccoBas

3.
KOHIIeHTpaius BB Haz 11eHTpOM UCTOYHUKA BBIJICIECHUS, MI/M™; v/ A, - CIpaBOYHAs

BEJIMYMHA.

Cnenmyer OTMETHTb, 4YTO YypaBHeHue (3.8) yuuTBHIBaeT pacrpeaeicHue
KoHIleHTpainii BB Bo BCTpeuHOM MOTOKE BO3/yXa U JAET JOCTATOYHO OOJBIIYIO
MOTPENIHOCTh, KOT/Ia MPUTOYHBIE CTPYH HAIPABJICHBI HEMOCPEJCTBEHHO B OTBEPCTHUS
MECTHBIX OTCOCOB. Kpome TOro, JaHHO€ YpaBHEHHE [OCTOBEPHO OLIEHUBAET
KoHIIeHTpaiu BB nmuis HenmocpeicTBeHHO BOJIM3U UCTOYHUKA BBIJICTICHUS U CJ1a00
MIPUMEHUMO JJIsl pacueTOB (DOHOBBIX KOHIIEHTPAIIUH.

Bce BbllIenepeyncieHHbIE MOJIEM HE TO3BOJISIIOT YYUTHIBATH TaKHE
(akTopsI:

- (hopma momerneHus;

- PacroJIO’KEHHUE B MMOMEIICHUH TEXHOJIOTUYECKOT0 000pYI0BaHMUS;

- MecTo (hOHOBOTO/aBapuitHOTO BhIOpOCca BB;

- XapakTep BbIOpoca (3aJIIMOBBIM, TOTYHETIPEPHIBHBIN, HETIPEPHIBHBIN U T.]1.);

- TIOJIOKEHUE MPUTOYHBIX U BBITSKHBIX OTBEPCTHUH.

B pabotax [49, 57] pa3paboTaHbl MeTOIbl pacueTa, KOTOPHIC MO3BOJISIOT B
HEKOTOPOM CTENEeHU ydecTb mnepedyuciieHHbie (paktopel. OgHaKo pabOThl, HECMOTPSI
Ha MPUMEHEHHUE TPEXMEPHOTO YpaBHEHUS KOHBEKTUBHO-AU((Y3MOHHOTO MepeHoca,
MMEIOT OYE€Hb Y3KYH0 HAIIPaBJICHHOCTh HA YHCIIEHHOE MOJICIUPOBAHUE 3arpsi3HEHUS
BO3/IYIIIHOM CpeJibl aMMHUAKOM TIPU aBapUMHBIX yTEUKaX, a TaKKe MOJEIUPOBAHUS
nporiecca Ae3uH(EKITUN TOMEIICHHS.

OCHOBHBIC OMpPECIIAIONINE YpPaBHEHHS MaTeMaTWdeckoi Momenu [57]
OCHOBaHbl Ha (YHJAAMEHTAJIBHBIX YpPAaBHCHMSIX JBI)KCHHMs TIOTOKAa W TpHU

IIPUMEHEHUH OIPEJEICHHBIX YIIPOILIECHUIN CBOISTCS K BUY:
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@_'_u_ac_gA@_'_& (3.18)

ot ox ox ox S-l

rme A — KkodhuIMeHT TypOyneHTHOro oOMeHa, M/c’, S — IUIOLIamb
MONIEPEYHOTO CEUCHHUSI 30HBI, M lo — MPOTSHKEHHOCTD 30HBI IOMEIICHHUS, M.

JlaHHasg MareMaTthydecKkass MOJENb OTIMYACTCS OT CYLIECTBYIOIIMX TEM, YTO
MO3BOJISICT PACCUMTHIBATh TOJISL KOHLEHTpauuii BB i momemeHuil CiioKHOU
KoH(purypanuu. Mojieib Mo3BOJIsIeT KOHTPOJIUPOBATh TAKXKE CPEAHHME IO BPEMEHU
KoHleHTpaiu BB u nx makcuManbHbie KOHIIEHTpauuu. OIHAKO MPEJCTaBICHHAS B
[57] wMmaremarnueckas  MOACIb,  OpPHUEHTHPOBAaHA  IPEUMYIICCTBEHHO  Ha
MOJEIMPOBAHUE BO3AYILIHBIX IMOTOKOB C IEIBI0 ONTHUMAJIBHOIO MPOEKTHUPOBAHMS
BEHTWISILIMOHHBIX CUCTEM M, HECMOTPSI Ha BHUJIMMBIC MPEUMYIIIECTBA STOM MOJIETH,
€€ HEIOCTAaTKOM SIBJISIETCA OTCYTCTBHUE TPEXMEPHOCTH, BO3MOKHOCTH PACCMOTPECHUS
JUHAMUKH HW3MEHEHUs1 KoHueHTpaimu BB Bo BpeMmeHu, Mojenb ampoOupoBaHa
TOJIBKO B IITAaTHBIX CUTYaIIUAX (OTCYTCTBHE aBapUMHOTO BBIOpOCA).

3.1.3 MaremaTnyeckue MO/JeJH TMPOIECCOB TeIJIOMACCONEPEHOca ¢
HCIOJIb30BaHHEM Pa30MBKHU MOMEICHUS HA 30HbI

Beuay cnenuduku paccMaTpuBaeMOro HCTOYHHMKA 3arps3HEHUS B MOJCISIX
MacCOMepeHoca BPEIHBIX BEIIECTB HEOOXOIUMO YYHUTHIBATH U TEILJIONEPEHOC.
N3yueHne  pacrpenerneHus  TEMIeparyp M TOJBMXKHOCTM — BO3JAyXa B
MIPOU3BOJICTBEHHBIX TTOMEIICHHUSAX CBS3aHO C HEOOXOAMMOCTBIO PEIICHUS BaKHOU
3aJla4yu OXpaHbl TpyJa — OOECHeUeHUs JOMYCTUMBIX IMapaMeTpPOB MUKPOKIUMATA B
paboumnx 30HaX.

[lenpro MomenUpoOBaHUS SIBISETCA OMNPEACIICHWE TMOJIEH TEMIIepaTyp H
MOJIBW)KHOCTH ~ BO3/AyXa, ONTUMAJIbHOTO  oOBEMa  yJalsieMOrO0  BO3ayXa
OOIICOOMEHHON WM MECTHOM CHUCTEMOW BEHTUJISIUHM, KOHCTPYKIIMH W CXEMBbI
YCTAHOBKH MECTHBIX OTCOCOB C YUYE€TOM XapaKTEPUCTHUK U B3AUMHOIO PACTIONOKEHUS
WCTOYHUKOB M30BITKOB TEIJIOTHI, a TAKXKE C Y4YETOM TOJBMKHOCTH BO3/IyXa B
MIPOU3BOJICTBEHHOM MOMEIIICHUH.

Cy1ecTByeT HECKOJIBKO MOJENIEH OMMCHIBAIOIIMX PACIPOCTPAaHEHUE TEIla B

IIOMCIICHHNH.
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[lepBast momenh OCHOBaHa Ha METOJIE€ TO30HHBIX TEIUIOBBIX OAaJlaHCOB.
BriOpanHoe moMenieHue pasaessitoT Ha OTAeNbHbIC 30HbI. [lapameTpbl BO3MyIIHOM
Cpellbl BHYTPU Ka)XI0M 30HbI MPUHHUMAIOTCS OJMHAKOBBIMHU. UHCIIO Takux 30H, a,
CJICZIOBATEIHHO, W YUCIIO YPaBHEHUH OalaHca MOXKET OBITh JTOCTATOYHO OOJIBIIIHM.
JlocTaTOYHO CIOXKHBIM MPU UCHOJIB30BAaHUM TAKOT'O METOZA SBIISIETCS 00OCHOBaHHE
pasneneHusl MOMENICHUs Ha 30HbI U yCTaHOBIIEHUE KOA((UIIMEHTOB TEII00OMeHa
MEXJy HUMH. [[I 3TOro UCHONB3yeTCsd MOHIATHE «MaTpHIla IPUBEICHHBIX
KpaTHocTei» [7]. s paznenenus moMemeHus: Ha 30HbI UCTONb3YIOT (PU3UYECKYIO
KapTUHY PAaCIpPOCTPAHCHUS BO3AYIIHBIX M TEIUIOBBIX ITOTOKOB B TMOMENICHUHU.
HanexxHocTh pe3yIbTaToB 3aBUCUT OT 0OOCHOBAHHOCTH BBHIOOPA 30H U ONPECIICHUS
MaTpHUILIbl TPUBEACHHBIX KPATHOCTEH.

Eme omHoit mopenbto, paspadboranHoit M. . Ilozom, siBisieTcss MeTOn
MaTeMaTU4eCKOIO0  MOJEIMPOBaHMsA  3a4ad  TEIIo- M MaccomepeHoca ¢
uCIoyib30BaHueM ypaBHeHHI HoBbe-CTokca M MeTona «CKIEHKW» TeueHuid. B
COOTBETCTBUU C ATUM METOJIOM, IOMEIIEHUE, KaK U B TIEPBOM MOJIENH, Pa30MBaIOT Ha
30HBL. 3aTeM JJIsl KaXKJI0M U3 30H MPOU3BOAT PACUEThl, UCTIOJB3Ys 00Jiee MPOCTYIO
CUCTEMY ypaBHEHMHM, 4yeM ypaBHeHUs Hosbpe-Crokca. IlomydeHHble penieHus
«CKJIEMBAOT» Ha TrpaHuUax 30H. J[aHHBIM METOX MOXHO HCIOJb30BaTh TOJIBKO
TOI'/1a, KOTJIa U3BECTHBI COOTBETCTBYIOIIME PE3YIIbTAThI UCCIEAOBAHUM, [T0TyYECHHbIE
Ha (GU3UYECKUX MOJIEIISIX WM B HATYPHBIX YCIIOBUSX.

O630p w cucTeMaTu3anusi W3BECTHBIX  MATEeMAaTUYECKHMX  MOJETeH

pacnpoctparenus BB u n36sitkoB TermoTs! (MT) mpeacrasnens! B Tabmmie 3.1
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Tabmuma 3.1

0O0630p ¥ cucTeMaTU3alKs U3BECTHBIX MATEMaTHUECKUX MOJIeIIeH

pacnpoctpaneHusi BB u n36p1TkoB Temnotsl (UT)

HaumeHnoBaHue u MojaenbHOe ypaBHeHHE XapakTepHble
aBTOP MOAeJIH 0COOCHHOCTH
MO e
1 2 3
Mogensb ¢ 0 2 DOMnupuyeckas
rayccoBbIM Wy =5 (-0, (0-u Y ‘EXP(_Z.GZ(X))' MOJIEIb, rie
pacnpeneneHueM Y y JIOTYCKaIOTCA
KOHIICHTpaIui (e (- (z-h)? )+ exp(— (z—h)? ) 3HAYUTEIILHBIE
(ITackywmmn u 2~522(x) 2-622(X) YOPOILECHUS:
I'uddopn npouecc auddyzuu
paccMarTpuBaeTcs
CTaIlIOHAPHBIM,
WU3MCHCHUS
KoHIleHTpanuii BB B
Cpele CO BpPEMEHEM
HOCST
KBa3HCTALIMOHAPHBII
(ac B Oj
XapaxTep | - :
IPUMECHSICTCS
OCpEHEHHE
KOHIIEHTpalUid,
pemaercss  TOJBKO
OJIHOMEpHast WITH
JIByMepHasi 3a7aua.
YpaBHEHHE NpocT- u‘a_q_wla_q_g. 6_q+£ -@—a-q B monenn
PaHCTBEHHOT'O ox oz oz ‘oz oy ooy ' OTCYTCTBYET
pacrpe-neneHus BO3MOXKHOCTH y4eTa
CpeIHUX BpPEMEHHU
KOHIIeHTpauuii BB B pacnpocTpaHeHus
atMocdepe 3arpsI3HAIONIETO
(M. 4. bepnsun) BEIIECTBA.
YpaBHeHue } a_gp Tl 8_(0 ‘o a_gp W 6_¢ _0 Mogens
TIEpeHoca MpUMeECEn | 5t ox oy oz WIcAIM3NpOBaHA |
B aTMochepe HE OTIHCHIBAET
(I'."1. Mapuyk) OCHOBHBIX
ocoOeHHoCTeH
repeHoca BeIIecTBa
OT UCTOYHUKA.
TpexmepHas @+ (V. grad)-C — div(DgradC) = Q Jns 3ananus
Monenb auddy3uu | ot K0d((HUIIUEHTOB
u nepeHoca TeHzopa audy3umn
PUMECH. D neobxoaumo

HUCITIOJIb30BaHHUEC
PA3JIMIHBIX
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AMITHPUICCKUX
Mozenen
aTMochepHou
TypOYyJICHTHOCTH, B
KOTOPBIX
3aTPyTHUTEIEHO
3aJaTh peaJbHOe
pacripenenenue
CKOpPOCTH BETpa, YTO
OTPaHUYUBACT
pUMEHECHUE
MOJIEIIH.

1

2

3

YpaBHenue

CenbBectpoBa A.H.

M,
+C,, —(L +

np

YpaBHeHHE JTaHHOU
MOJCITH HE
YUUTHIBACT
KOOPIMHATHI
MCTOYHMKA BBIOpOCa,
BBEIYUCIIIEMOE
3HAYCHHUE
KOHIICHTpaIluu
SIBJISICTCSI
YCPEOHEHHBIM ISt
BCETO obbema
ITOMEILICHUS B
TEeKYILHI MOMEHT
BpEMEHHU. 3Ha4YeHUs
KOHIeHTpauuii BB,
paccuuTaHHbIe IO
3TOM MOJCIIH,
OKa3bIBAOTCSA
3aHKCHHBIMH.

Onprepman B.M.

o o
_ .Ca + — -u,-Ca =
at(/0 ) ox (o-u )

Mogens 6a3upyercs
Ha OCHOBE
OJIHOMEPHOTO
yYpaBHEHUS
KOHBEKTHUBHO-
nuhPy3noHHOTO
IepeHoca MpUMECeH,
pe3yabTaThl
OTHOCATCSI TOJBKO K
CTallMOHAPHBIM
nporeccam
pacrpocTpaHeHus
BB B
IIJIOCKONaPAIJIEIbHBI
X BO3JIYLLIHBIX
ITOTOKAX.

YpaBHeHue OanaHca
MacChl BEIIECTBA B

L, -C,+G =L

o

6blN

OtcyrcTBYyeT
BO3MOXHOCTb
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BEHTUJINPYEMOM
nomeniennu (CHull
2.04.05-2000)

onpeaeeHus
KOHIIEHTpaLUA
JIOKaJIbHO, HE
YUUTHIBACTCS BPEMSI
pacnpocTpaHeHUs
3arps3HSIOLIETO
BEIIIECTBA, HEIb3s
3a7aTh KOOPAUHATHI
HMCTOYHHKA BBIOpOCa
BpPEIHOCTEM.

1

3

YpaBHenue
pacnpocTpaHeHUs
BB B0 BcTpeuHOM
MOTOKE BO3/yXa

mubdysuei
(Tumenko H.®.)

Cy =k-C, -7

YpaBHeHue
YUUTBIBAET
pacnpeneseHue
KOHLIeHTpauuii BB
BO BCTPEYHOM
IIOTOKE BO3AyXa U
aer 00JIBIIIYIO
HOTPELIHOCTb, KOTAa
IIPUTOYHBIE  CTPYyH
HaIPaBJICHBI
HEIIOCPEICTBEHHO B
OTBEPCTUSL MECTHBIX
OTCOCOB. YpaBHEHHE
JIOCTOBEPHO
OLICHUBACT
KOHILIeHTpauun BB
JUILIB
HEIOCPEICTBEHHO
BOJMIM3M  HMCTOYHHKA
BBIZCICHUS U Cl1abo
IPUMEHUMO JUIS
pacueTroB  (POHOBBIX
KOHLICHTpaluH.

Mogenb
pacrpoCTpaHeHHUst
BB B BO3mymIHBIX
BEHTUJISIIMOHHBIX
IMOTOKaX
(Kyznenos U.C.)

u._ 0, 9

Mopeinb
OpUEHTHPOBaHAa Ha
MOJIETUPOBaHUE
BO3JYILIHBIX IIOTOKOB
c LEJIBIO
ONTUMAJILHOTO
MIPOEKTUPOBAHUS
BEHTUJISILIMOHHBIX
CUCTEM M, HECMOTDS
Ha BUJIUMBIE
MIPEUMYILECTBA ITOU
MOJIENH, ee
HEJ0CTaTKOM
SIBJIIETCSL OTCYTCTBUE
TPEXMEPHOCTH,
BO3MO>KHOCTH
paccMOTpeHUs




JUHaAMHUKU

W3MEHCHUS
KoHIleHTpauuu BB
BO BPEMEHH, MOJIENb
arpoOupoBaHa
TOJILKO B INTaTHBIX
CUTYaIUsAX
(orcyrcTBHE
aBapUITHOTO
BEIOpOCA).

1 2 3

VYpaBuenue HaBbe- o(p-u,) . o(p-u;-u;) __6_p+i( u(%+%»_ Ha ocHobe

Crokca ot oX. T ox, H X, ox OCPE/IHEHHBIX 110

OCPEIHEHHOE T10 Peitnonbacy

Peiinonpacy 2.0 (u" %) 2.0 (p-k)=8 -p-g ypaBHeHui Hapbe-

3 ox; 0% 30X ' CTOKCa YHCIEHHO

MOJIeIHpYyeTcs
TpEXMEpPHOE
TypOyJIeHTHOE
TEUYCHUE.

YpaBHeHue q R He YUYUTBHIBAECT

npoiiecca TR7)=——F—1-O — | |+T, TEIUIOBBIC  IOTEPH,

pacrnpocTpaHeHHs 47 AR 4ar BbI3BaHHbBIC

Tera HETIOJTHBIM

HENPEPBIBHOTO MOTJIONICHUEM

TOYEYHOI'O TEIJIOBOM  SHEPruu

HUCTOYHUKA UCTOYHUKA  Teruia

MOIIIHOCTHIO (, MOBEPXHOCTBIO

BBIJICIISIFOIIETOCs Ha UCCIIEyEMOT O

MOBEPXHOCTHU MOJTy o0BeKTa, a TaKxKe

0OECKOHEUHOT0 B KOHBEKTHBHBIM u

TEIJI0BOM JTYYUCTHIM

OTHOIICHUU Tela TEMI000MEHOM
MOBEPXHOCTHU
UCCIIEyEMOT0 Tena
c OKpYy>Karolen
cpenoun

Henuneiinoe a1 22T da (oT )\ YpaBHeHue

nuddepeHnranbHoe P x A(T) T (&j +Q(r) (3.19) | onmciBaer mporece

ypaBHEHUE pacnpocTpaHeHus

TEIIONPOBOAHOCTH TEIUIOTHI B

[Tuenunues A. H.

OC3rpaHMYHOM TEJIe
C  TNepPHOJUYECKUM
NCTOYHUKOM
TEIUIOTHI BHYTPH.

VpaBuenne @ypse-
Kupxroga

q, +div(1-gradT) =c- pB—T +(u, grad(T)} (3.20)
T

OTO ypaBHEHHE
yCTaHaBIMBAET
3aBUCUMOCTBb MEXIY
TEeMIIepaTypoH,
BPEMEHEM U
KOOpAMHATaMHU
00BEKTa
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B DJIEMCHTAPHOM
00BeME

1 2 3
YpaBHeHuUs C, oc L Co o o(u-c) LG Vo oV -c) N MopaenupoBaHue
TEIJIOMACCONEPEHOC | 7, az- L, X L, oy TIPOU3BOUTCS Ha
a BB nHa ocHOBE W 0ase IIOJHBIX 00€3-
TEOpHUH TI0100HS . o((w+—=)-C) pa3sMEpPEHHBIX

0" "o 0 _ .
0 TEIIOMACCOIIEPEHOC
AcC, 0 (ot . AC afac s a, 4YTO IIO3BOJSET
L2 X\ ok L2 oyloy PUMEHHUTH
- MaTeMaTHYECKYIO
A -.c, 0O(adc oo
T o._~(_~j+ZQVJi(T_TO).O-(r_rJ_) MOJIEJIb K
L, oz\oz HCCIIEIOBAHUIO
-~ _ o~ ropasgo  OOJBIIETO
L g T, - Ug a(u -T) +T0 Vv, o(V-T) N anénaﬂ
= e pa3IMYHbBIX
7, 07 Ly ox Ly oy 00BEKTOB.
* C _ ~ =
P oW+
To W Wy
+ . —
L, oz
AT, a(@TJJvR,ﬁW}
L2 x| ox L5 dy\oy
2,-T, 0
+ . 62{ J ZQ (7 —74)-o(r—r;)

Ls

Cucrema ypaBHEHUI
TEMIIOMACCONEPEHOC
a B IEPEMEHHBIX
BUXDb - QYHKIIUSA
TOKa

or

6T+81// oT ow oT

o°T o7
=a| —+—
ox* oy

6r 6y oX  OX 8y
’w O*w oT oT
=V > + 2 _ﬂ' gy A X A
OX oy OX OX
2 2
61/2/+61/2/+w:0
ox~ oy

I'maBHOE yn00cTBO
MOJICIIH, B TOM, YTO
JUIS 9ECJIICHHOTO €T0
pelleHus] ypaBHEHUS
CHCTEMBI OYEHb
MOXO0HU MO TUMY (TI0
MaTeMaTHYECKUM
CBOMCTBaM) U JUIsI
YHCIIEHHOT'O
pelIeHus Topa3zio
mpoiie, 4em,
HaTnpuMep,
ypaBHeHus1 HaBbe-
Crokca. Pemenne
CHUCTEMBI HE JaET
pacrpeaenenus
JIaBJICHHS B
MIPOCTPAHCTBE, TIe
MIPOUCXOUT
KOHBEKIIUS, HO 3TOTO
B OOJIBIINHCTBE
CIIy4aeB HE
TpebyeTcs, Tak Kak
HaNOOJIBIITHH
WHTEPEC NPH
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UCCJIEIOBAHMSIX
IPEICTaBIISIOT MOJIs
TEMIEPATypPhl U
CKOpOCTH.

BbiBOABI:

O0630p U aHanM3 CyIIECTBYIOIIUX MojeNel pacnpoctpaHeHus: BB mokazan,
YTO:

- pa3zpaboTaHo OOJBIIOE KOJIMYECTBO MOAENEH pacrpocTpaneHuss BB i
CTAIllMOHAPHBIX HMCTOYHUKOB 3arpsi3HEHHS] PA3HOM CIIONKHOCTH MNPEUMYIIECTBEHHO
JUTS1 OTKPBITBIX MIPOCTPAHCTB;

- MoJenu mnepeHoca BB s mepeaBMKHBIX HMCTOYHHMKOB 3HAYUTEIIBLHO
YIPOIIIEHBI U UMEIOT Psifl CYIIECTBEHHBIX HEJOCTATKOB (HE YUMTHIBACTCS JBUKCHUE
HUCTOYHHMKOB B OKpPYXalollled WIA TPOU3BOJACTBEHHOM Cpelax), YCTpaHEHHE
KOTOPBIX TMO3BOJIWIO ObI BBICTPOUTH 0OJIee aJICKBAaTHYI0 MaTeMaTHUECKYI0 MOJEINb
MacCOIIEpEHOCa BEIECTBA B IPOCTPAHCTBE;

- CYHIECTBYIOT  OOBEKTUBHBIE  TPYJAHOCTH  YHCJIEHHOTO  PEIICHUs
MaTeMaTUYeCKOW 3amauu  (MOJENBbHBIX YPaBHEHMI) OCOOCHHO B TpPEXMEPHOU
MTOCTAHOBKE;

- JUIl  aJeKBAaTHOTO OMHCAHMUSI peajbHBIX (PUBUYECKUX MPOIIECCOB,
MIPOUCXO/ISIIINX B 3ara3o0BaHHBIX IPOW3BOJCTBEHHBIX IMOMEIICHUSX HEO0XOauMa
pa3paboTKa HECTALIMOHAPHOW TPEXMEPHON MaTeMaTHUeCKOW MOJEIM KOHBEKTHUBHO-
muddy3noHHoro rmnepeHoca BB, uYHCIEHHBIX aNrOpUTMOB €€ pelieHus W
MIPOrpPaMMHOTO 00€CTIEYCHHUSI, TTO3BOJIAIONIETO aBTOMATU3UPOBATH IMPOLIECC TOMCKA
PALMOHAIIBHBIX PEIICHUM, YIy4YIIAlOUMX YCIOBUS TpyJda 3a CUET CHIDKCHUS
3ara3oBaHHOCTH B P3;;

- OIPEJICTICHUE TOJIEH KOHIEHTpaunii BB B MponU3BOICTBEHHBIX TTOMEIICHUAX
MO3BOJISIET OpPraHU30BaTh PAIlMOHAJIBHBIM BHIOOP KaK MECT PacroJIOKECHUS
VCTOYHHKOB 3arps3HEHUS, TaK U IPUTOYHBIX/BBITSHDKHBIX YCTPOMCTB BEHTUIISIIIAN 151

oOecriedeHus1 6€30IMaCHbBIX YCIOBUM TPY/Ia;
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- u3ydeHue (HakTOpPOB, BIMSIONIMX HA B3aMMOCHCTBHE BEHTHIISIIMOHHBIX
BO3/IYIIHBIX TOTOKOB C KOHBEKTMBHBIMU MOTOKAMH OT HCTOYHUKOB H30BITOYHOM
TEIUIOThI, MO3BOJIMT OPraHU30BaTh TAKOE YIPABICHUE BO3AYILIHBIMA IIOTOKAMH,
KoTopoe obecreynT (GopMHUpOBaHWE B TPOW3BOJCTBEHHBIX ITOMEIICHUSX TOJICH
pacripeneneHuss TeMneparyp U CKOPOCTEW JBMIKEHHUsI BO3]lyXa, COOTBETCTBYIOLLIUX
JIOIIyCTUMBIM IIapameTpaM MUKPOKJIMMATa;

- MPU COCTABJICHUU MATEMAaTUYECKUX MOJIETICH pacrpocTpaHEeHUs: N30bITKOB
SBHOM TEIJIOTBI OT HWCTOYHUKOB HEOOXOJMMO YYHUTHIBATh B3aUMOJICHCTBHE
OTOIUTEJIBHBIX CUCTEM C CUCTEMAMH BEHTUJISILIAH.

- BBICOKAsl MTPOU3BOAUTEILHOCTh COBPEMEHHOTO MPOrPaMMHOI0 00eCTIeueHus
II03BOJISIET NPUMEHUTh YMCJICHHBIE METOABI Ul PELICHUS CIIOXKHBIX YPaBHEHUM

MaTEMaTH4YCCKHUX Mo,ueneﬁ IMpOoHeCCOB ra3oAMHaMMKH Ha 0oJ1ee BRICOKOM YPOBHE.

3.2 MaremaTu4yeckasi MoJeJib MPOLECCOB PAaCHPOCTPAHEHHUs BPeIHbIX

BelIECTB B IIOMCIICHUAX

[lone xoHuenTpauuii BB BHyTpu mnomemeHuil oOkaTku QopMupyercs
CJIOXHBIMU TIPOLIECCAMHU, MOJ JACHCTBUEM KOTOPBIX MPOUCXOIHUT nepeHoc BB mo
BEHTUJIMPYEMOMY MOMEIICHUIO (ECTECTBEHHAs ¥ MPUHYIUTENbHASI BEeHTUIALUS). B
peanbHOW cuTyauun B TmepeHoce BB ydacTBYIOT Kak KOHBEKUHS, TaK U
JaMHUHapHas U TypOyneHTHas quddy3us, noa JeiCTBUEM KOTOPBIX B IOMELIECHUIX
oOpazyeTcst TPaIueHT KOHIEHTPALIUM.

OcHoBHBIE (U3HUECKHE TPOLECCHI, POPMUPYIOIIKE MOJIs KOHLIeHTpauuii BB
OIMUCBIBAIOTCS CIICAYIONIMMH ypaBHEHHIMH [57]:

- ypaeHeHue Hepas3pbl6HOCMU.

a_p+i.(p.ui)=o, (3.23)

3. :
Tlie p - IDIOTHOCTh BO31yXa, Kr/M”; t — Bpemsl, ¢; X, - I-s1 IPOCTpaHCTBEHHAS
KOOpJMHATA, M; U, - - KOMITOHEHTa CKOPOCTH TE€YCHUS BO31yXa, M/C.

- ypasnenue Hasve-Cmokca, ocpeoHenHoe no Petinonbocy:
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p-u) dp-u-u)  op Uiy 2 0 w2
T —&&( (— ))38x( ax.)38(pk)§pg(324)

i j i i

rae p — nasnenwue, [la; 4 - xkoaddunuent nuddy3un s nepemMeHHou U,
kr/M ¢; K — KuHeTHuyecKas SHEpPrusi TypOyJIECHTHOCTH, m2/c: gJ — yCKOpeHue
CBOGOHOTO Majienus;, M/C’.

- ypaeHeHue nepeHoca KUHEeMU4ecKol SHepeUuu.

o(pk)  o(puk) 0, oK K, b
T o _8X-( )+G +G"-p-¢, (3.25)

3
rae GY,G® — ckopocTh 00pa3oBaHust TypOYJIEHTHOCTH, KI/M° C; & - CKOPOCTh

. 2,3

JMCCUTIAIIMK TYpOyJICHTHOM 3HEpruu, M/C”.
- YpasHeHue Ol ONpeoeseHUss CKOpocmu Ouccunayuu mypoyieHmHou

IdHepcUuu.

d(pe)  dpue) 0, 08, & PP
ot " OX. _8x.(ﬂ ax_)+k(C1(G +G°)-C,-p-e), (3.26)

j i i
rae C,,C, — KOHCTaHThI k —& MOJeNU TypOYJIEHTHOCTH.

- ypagHeHue CKopocmu 00pazo8anust mypoyieHmHOCmU.

_ . ou;
6" =2 (DL + m(D (4 S, (3.27)
1 op
G’ =49 A (3.28)

rae u, — TypOyJeHTHas AMHAMUYeCKast BI3KOCTh, KI/M C.

- ypagHeHue cOCmosiHus 05 2a3000pasnvix BB:

Ca
=0 3.29
PERT&Me (3:29)
rie P, — armocdepHoe naBinenue, [la; R, — yHuUBepcalibHas ra3oBas

nocrosiaHast, Jhbx/mons K; T — abconroTHas temmeparypa, K; M“ — mosnspHast
Macca ¢ - KOMIIOHCHTBI Ta30BOM CMECH, KI'/MOJIb.
- ypasHeHUue Maccoobmena 6 obuiem suoe:

50“) + g (3.30)

0 0 0
o CY+—(p-u-C¥) ="
at(/J ) ox (o-u,-C%) ox (u
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rae C” - koHueHtpauusa BB; g“ — ckopocts mnocrymiennss BB B

IOMEILEHne, Kr/Mc.

['pannuHbIe yCIIOBUS [JIs PELICHHS IOJYYEHHOW CHUCTEMBbI YpPaBHEHUU
OTPEEISIIOTCS  YCIOBUSIMM ~ HEMPOHUIIAEMOCTH OOKOBBIX TOBEPXHOCTEH H
pPaBEHCTBAa HYJI0O CKOPOCTM Ha TBEpJbIX TIpaHunax. HauanbHble ycrnoBus —
HayaJbHOE PACHPEACIICHUE CKOPOCTEH, NaBICHUHM M KOHLEHTPALMI BPEAHBIX
BEILIECTB MO TOMEIIEHUIO.

Jlns pacyeTa KOHIIGHTpAIlMi BPEHBIX BEIIECTB B BO3yXe paboyeill 30HbBI
Y4aCTKOB OOKaTKM MAIIMHOCTPOUTENbHBIX MPEANPUATHNR HaMHU MPeJjIoKeHa
HECTAIlMOHApHas TPEeXMEpHasi MaTeMaThueckas MOJEIb IEePEeHOca BPEIHOIO
BemecTBa. lIpennoxkeHHbI MeTONl pacuera 0a3upyercs Ha CO3JIaHUHM YUCICHHOU
MOJIEIM TpoIecca MUTpallid NPUMECH B TOMENIEHWH Ha 0aze TpPeXMEepHOTo
YpaBHEHUS] KOHBEKTHUBHO-AU(DPY3MOHHOTO MEpEeHOca BPEAHOCTEH B BO3YIIHOU
Cpene, UMEIOLLEro CIEAYIOINMN BUL:

oC, 8(u-C) o(-C) a(W-w)C) @& ., o, & . oG, 8 . o
o x Ty T a x ety W) )t (330
+2.Q'®-5(r-r);

roe. C.- KOHOCHTPAIA i-ro BB B MNoOMCIICHNH, U,V,W— KOMIIOHCHTBI BCKTOpa

CKOPOCTH BO3AYIIHOHM Cpeibl; W, - CKOPOCTh OCENaHUs/ToAbEMa MTPUMECH/Ta30B;

s
A, =(4,,4,,4,) - k03hdurmenTs! TypOyneHTHON auddy3un nomemenus; Q) (t)—
WHTCHCUBHOCTh BBIOpoca i-ro BB oT j-ro mcrouHuka B momemeHuw; S(r-r,)-
nenvra-¢pynkuus Jlupaka; t — Bpems; r,=(X;,Y;,z;)— KOOPAWHATHI HMCTOYHHUKA
BbIOpoca. YpaBHeHue (9)  sABIAETCS YypaBHEHUEM HEPa3pbIBHOCTH TOTOKA
npuMecu. YmeHsl, coJepkallde KOMIIOHEHTBhl CKOPOCTH U,V,W B HampaBJICHUU
KOOPAMHATHBIX OCed X, Y, Z, ONUCHIBAIOT KOHBEKTHUBHBIN MEPEHOC MPUMECH, a B
NpaBOM  4YacTM  ypaBHEHUS  CTPYNIIUPOBAaHbl  YJIEHBI,  OIHKCHIBAIOLIWE
nupdy3MOHHYIO YaCTh.

VYpaBuenue (3.31) ecTh ypaBHEHHE HEPaA3phIBHOCTH MOTOKA MPUMECH.

II.]'ICHBI, CoacpiKaIumc KOMIIOHEHTHI CKOpPOCTH u,v,w B HalrpaBJICHUH
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KOOPAMHATHBIX OCEU X, Y, Z, ONHMCHIBAIOT KOHBEKTHMBHBIM IEPEHOC mpumecu. B
MpaBOM  YacTH  YpaBHEGHHWs]  CTPYNIHUPOBAHBI  YICHBI,  OMHUCHIBAIOIIUE
niddy3MOHHYIO YacTh.

YuuteiBasd, yro muHorue BB ummeror ITJK,, B npegemax 5 — 20 mr/m® u
BO3JYyX IIPU 3arpsA3HEHUM MMH HU3MEHSET IUIOTHOCTh He Oojiee yeM Ha 0,001 %
[57], MoxHO chenaTh ClieAyroIiee IOMYyIICHUE: MOJIe CKOPOCTeH KOHBEKTHUBHBIX
MOTOKOB BO3/1yXa, BHI3BAaHHBIX M3MEHEHHEM IJIOTHOCTH BO3/yXa BCIEACTBHE €r0
3arpsizHeHusi BB, npeneOpekumMo Majo Mo CpaBHEHUIO CO CTAllMOHAPHBIM IOJIEM
CKOpPOCTEH  BO3AYIIHBIX  TIOTOKOB, C(OPMHPOBAHHBIX  NPUTOYHBIMH U
KOHBEKTUBHBIMU CTpysIMU. Toraa TMoisi CKOPOCTEH BO3AYIIHBIX TOTOKOB |
kod(huieHToB TypOyJNeHTHOro obOmeHa OyAyT TOCTOSHHBI B TEUYEHHE BCETO
BpeMeHHU (hOpMUPOBAHMS MOJIEH KOHIEeHTpaluii BB.

st pacdera ToOJIE CKOPOCTH BO3JYIIHOTO TIOTOKAa B IOMEIICHHH,
WHIYIIUPOBAHHOTO PabOTON BEHTWISAIMHU JENaeTCs JOMYLIEHUE, YTO JABUKCHUE
BO3/YIITHOM CPE/bl B TOMEIIEHUH — MOTEHIINAIBHOE, TOT/Ia KOMIOHEHTHI CKOPOCTH
BO3/IYLIIHOW CpeJibl ONPENEISAIOTCS COOTHOLICHUSIMHU

oP oP oP
Uu=—,v=—,W=—/, TJ¢ P— IDOTECHIIHA.

ox' ey oz

VYpaBHeHue 1151 onpeiesieHus MOTeHI[Maaa UMeeT BUJ:

2 2 2
S s (332

Jns pemenust nuddepennmanpabix ypasaenuit (3.31) u (3.32) HeoOxoaumo
OTpEeNeNuTh 00JIacCTh, B KOTOPOH OyAyT MPOBOIUTHCS pACUEThl, IS YEro
OTIPEETAI0TCS HauaJbHbIE U TPAHUYHBIE YCIOBUS:

HadasbHble ¥ TpaHUYHBIC YCIOBUS )11 ypaBHeHus (3.31):

- B HayaJbHbII MOMEHT BpeMeHM t=0 W Ha BXOJHOW TIpaHHUIE HMEEM

n3BeCcTHOE 3HaueHne KoHueHTpauuu Co: C(x,y,2,0) =C,(x,Y,2);

JlaHHOE€ yCIIOBHE TOKAa3bIBA€T, YTO B HAYaJIbHbIK MOMEHT BPEMEHH,

paccMaTpuBacTCA HMU3BCCTHOC 3HAYCHHUC KOHLCHTpAIWKW BPCIHOI'O BCIICCTBA B

115



BO3MyXe pabouell 30HBI, KOTOPOE€ MOXET OBITh OO HYJIEBBIM, JTMOO HMEThH

3HAa4YCHUC ClJOHOBOI\/II KOHIOCHTPAINX Ha MOMCHT IIPOBCACHUSA OIIbITA.

oC
- Ha OOKOBBIX CTCHKAX: o 0;
n

B IMMOCJICAHEM PABCHCTBC YKA3bIBACTCA, YTO CTCHKU ITOMCIICHUA, B KOTOPOM
IMPOBOJATCA HCCICAOBAHHA, ABJIAIOTCA HCHIPOHUIACMBIMHK JJIA KOHHOCHTPpAIUH
3arpA3HAOIICTIO BCIICCTBA.

o oC q Uy Uy 2
- Ha BBIXOJHOU rpaHule:. — =——-Crle q= , 9TO O3HAYAET, YTO
on A, 0,v, (0.

IIOTOK TPUMECH 3aBUCHUT OT €€ KOHILIEHTPAIMU, CKOPOCTH v, W HANPABICHUS

BO3IYLIHOIO MOTOKA, UHAYIIUPOBAHHOTO pabOTON BEHTHUIISIIIUY.

st ypaBHeHus (3.32) cTaBsTCs CEIYIONUE TPAHUYHBIE YCIOBHUS:

oP o .
- Ha TBCPABLIX CTCHKAxX a—=0, , A€ n- C€IWHUYHBIM BCKTOP BHCIIHCHU
n

HOpMaJy;
OTO O03HAa4aeT, 4YTO CTEHKM MCCIEAYEMOTO IIOMEIICHHS SIBISIOTCS

HCTIPOHUIACMbIMUA 1JIsI BO3AYIIHBIX ITOTOKOB.

o oP
- Ha BBIXOJHOHU I'PAaHHUIIC 8_ =v,, ¢ v, — U3BCCTHOC 3HAUCHHUC CKOPOCTH.
n

- Ha BXOJHOW TpaHWile (IpaHUllE BTEKaHWS BO3AYLIHOIO IIOTOKa B
nomelnieHue) P =const (ycioBue Jupuxie).
3.2.1 Onpenenenue K03PpPuHeHTOB TYPOYJIEHTHOIO 00MEHA
Bonwioe BnusHue Ha moiis KoHieHTpanuid BB oka3biBatoT kodpuiimeHTs!
TypOyJieHTHON nuddy3un, BXOIAIIAE B YpaBHEHUsT Maccornepenoca [6, 64]. Ipu
TypOyJICHTHOM TEYEHUH TOTOKA U TypOYJIEHTHOM MepeHoce KOIPPUIMEHTH Ap
MPONOPIMOHANIBHEI  TUCCUIIUPYEMOW JHEPruud M OMNPENEISIOIEMY pa3Mepy
paccMaTpUBaEMOr0 UCTOYHHUKA. JIJisl BEHTHIIMPYEMBIX TOMENIEHUM, 3Hasl BEJIMUUHY
SHEPIruM, MOCTYyMNarolled B IMOMEIICHHE, WU OMPEACNSIOIUNA pa3Mep HUCTOYHHUKA,
MOJKHO OIpPEACTUTh KOIPPHUIMEHT TypOyJCHTHOrO OOMeHa B IIockoctu (X, Y),
m°/c:
A =A =025-¢%.1 % (3.33)
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I€: &- KUHETUYECKasi PHEPrusi BO3YIIHBIX MOTOKOB B MOMeEIlIeHUU; |, -
ONpeNeNAIONMNA pa3Mep MOMENICHUS, PABHBIN JJIs1 IPSIMOYTOJIBHBIX OTBEPCTUN U
CeUeHH HempaBuwibHONM ¢opmbl |, =+F, M, rae F- I[Jomaap CeYeHUs

IIOMEILCHUS IEPIICHAUKYIISIPHAs] HAIIPABJICHUIO JBUKEHUSI BO3LYLIHBIX [I0TOKOB.
Koaddumuent typOyneHTHOr0O 0OMEHa 1O BBICOTE MOMEIICHUS HAXOIUTCS

N3 3aBHUCHUMOCTH, HpCI[J'IO)KCHHOﬁ BCpJI}IHI[OM M.4. JJIA HauOOJIBIINX KJIACCOB

. . z
YCTOMYMBOCTU  BO3AYIIHOM cpenbl A, = A, -(Z—), YTO JIONMYCTHUMO A
1

UCCJIeNyeMOT0 MoMeIlleHus. 311ech A _ - Koa(ppuiueHT TypOyIeHTHOro ooMeHa Ha
BbICOTE 1M, z,= 1 M, z - TeKyIllas BEICOTA TOMENIEHUS, M.

Kunernueckass »sHepruss BO3AYLIHBIX IOTOKOB B TIOMEHICHUU &
onpenensercss M3 QOPMYNBL:  €=&,+ & +Ey —E5 B KOTOPYIO  BXOZAAT
COOTBETCTBEHHO SHEPrUU TMPUTOYHBIX CTPYH &,., TEIUIOBBIX CTPYH &,
JBYOKYIIMXCS IPEAMETOB & ;; U BBITSDKHBIX CTPYH & .

YuuteiBas, 0COOCHHOCTH TEXHOJOTHUYECKOTO Mpolecca U KOHCTPYKIIUIO

BBITSKHBIX OTBEPCTHH ydacTKa OOKaTKH, SHEPTUAMH JBHKYIIUXCS IPEIMETOB &
U BBITSDKHBIX CTPYH &,. MOXHO ITpeHEOpeYb.
HaobopoT, BeIU4nHbl &, .U &, YUATHIBAIOTCS B MOJeNu paccenBanust BB u

HaxosTCs U3 GOpMyIJI:

- G, -&v?
Ere = Toa (3.34)

7
rae G, - mMacca Bo3/yxa, 10JlaBaeMoTo B MTOMEIeHue, Kr/c;G,=L-p, rae L-
00BEMHBIM pacxoj BO31yXa, MZ/C; p - TUIOTHOCTh BO3/yXa, KF/Mg;(f - k03 urmeHt
MECTHOTO CONPOTHUBJICHUS Ha BBIXOJE W3 BO3JAyxopachpenenurteneid (TaOiaudHbIe
CIIPaBOYHBIE JIaHHBIC); v - CPEIHSS CKOPOCTh BBIXOJIa BO3AYyXa M3 MPUTOYHBIX
oTBepcTHii, M/c; G, - Macca Bo3ayxa B 00beMe MoMeleH s, Kr, (G, =V - p).
L
Y4uTBIBas, YTO KPATHOCTH BO3JyXOOOMEHA «, =y rae V,, - CBOOOJHBIN
7
06BEM TIOMELIEHHS, M°, TIOCIIE npeoOpa3zoBaHUM TTOTYUHM:
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E o gV _ L g (3.35)

ne e 2 Vv, 2
E .0- Q
Erc — C _ g Q z _1+n Uim Ere = ng (336)
G, C,Top 4 Ps
rme Q- TeINIOHANPSKEHHOCTh o0beMa, Br/m’, Q = Q— Q, -
17

TEIJIONOCTYIICHHE SIBHOTO TeIia B momelienue, BT; g - yckopenue cBoOOAHOIO
najieHust, M°/C; Z - PacCTOSHUE OT IOJIOCA 0 PACCMATPHBAEMOI TOUKH, M: Z = Z,,
+ Z,, TI€ Z; — PACCTOSIHUE OT UCTOYHHUKA J0 MOJIK0CA CTPYH, M; Z,, — PaCCTOSIHUE OT
UCTOYHMKA [0 paccMarpuBaemMod Toukd, M; N=0,8 — skcnepumeHTalbHAs
koHcTaHTa; C, — TEIUIOEMKOCTh BO31yXa B YAAJ€HHMU OT HCTOYHHKA; To —

TEMIIEpATypa BO3AyXa B yIAJICHUM OT UCTOYHUKA, K; p, - IIIOTHOCTH BO3ayXa B

yIaTeHHH OT UCTOYHHUKA, KI/M°; C — K09Q HUIMEHT MPOMOPIHOHATFHOCTH, PABHBIN
JUIE  HAarpeTod IUIACTHUHBI, PAaCIOJOKEHHOM Ha OCHOBAHUU — 3,43*10'6,
PAaCIIOJIOKEHHOM 3aMO0JIUIIO0 C TIIOCKOCTBIO 18,3*10°°.

[Ipu pacuérax no popmynam (3.35) u (3.36) HEOOXOAUMO JTOMOJHUTEITHHO
3HATh MaccCy BO3/lyXa, MOJaBaeMOro B MOMEIICHUE B €AMHUILY BPEMEHH, KPAaTHOCTh
BEHTHWJISAIIUN TTOMETICHHSI, KOA(DPHUITUEHT MECTHOTO CONMPOTUBIICHUS Ha BBIXOJC U3
BO3/IyXOpacHpeIeTUTeNeH, MIIOTHOCTh U CKOPOCTh BTEKaHUS BO3TyXa.

SIBHOE TETUTOMOCTYIIJICHUE B TIOMEIICHUE YIUTHIBACTCS M1 HCTOYHHUKOB,

000pyTI0BaHHBIX MECTHBIMH OTCOCAMH, KaK
Qs =[0,00116-E, -NP=-A by + {7 Q- (O ~To)-(1-g1 5)+Q; |- Ay B

a 1JIs1 HICTOYHHUKOB UMH HEC O60py,[[0BaHHI>IX

— Eo CNXXLA XX .‘X)S_ AL
Qg =[0,00116-E -NX*-A b + X5 - XA —To)+Qr |- Ay, kB,
roe Q, Q% - maccosbie pacxozsl OI' Ha pesKMMaxX MakCHMAIBHOI HArpy3KH U

XOJIOCTOTO Xoxa mpu oOkatke, kr/c Cho.,Coor - m306apusie Temtoemkoctu O Ha
peXMMax MaKCHUMalbHOW HAarpy3ku M Xxomoctoro xoxa, JDx/kr K; 702, T)*
temneparypa OI' Ha pasnuyHbIX pexumax Harpysku, K; 4, - xomudecTBo

cTeH10B; K, - K03((UIIMEHT, YIUTHIBAIOIINN KOJIMYECTBO BBIJCISIEMOTO JAU3EIEM
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TeIia, TPUHUMAETCS MPU BOJOBO3AYIIHOM cuUcTeMe OxjJaxkiaeHus paBHbIM 0,35,

npu sxuakoctHor - 0,08; N}f/"ax, N ;/(X- 3¢ heKTUBHAS MOIIHOCTh U3 IPH

MAaKCUMaJIbHOM HAarpy>KCHUM Ha CTCHAC W IIPpU XOJIOCTOM XOHAC, JI.C.; B -

TEIJIOTBOPHAsS CIIOCOOHOCTh TOILIMBA, KKAI/KT; Dy, Dyy - ynembublii o dexTuBHbIH

pacxoJi TOIUIMBA MPH MaKCHMaJIbHOW Harpy3Ke W Ha XOJIOCTOM X0ay, Kr/(J.c. d);
0,00116 - ko3¢ duiueHT nepecuéra pasMepHocTel U3 Kkan/d B KBT.

OxoHYaTEeIHLHO MaTeMaTUIeCKasi MOJICIb IIPOIIECCOB pacnpocTpaneHus BB B
MOMEIIEHUSIX COCTOUT M3 CHCTEMBI CIICAYIONUX YPaBHCHHA:

( %+a(u-ci)+a(v-ci)+a((w—ws)-ci):g oC, 0 oC

Ciyv, 0 /. O 4. %
o o oy P ox oty Wy g e
+2°Q' M) -5(r—r));
¢y ok ok P
ox oy’ oz’ (3.37)
2 2 2
P P P

WP oy° BT
['paHuyHBIE YCNOBUS MOJEIM M METONBI ompeneiacHus: KodhUIueHToB
TypOyJICHTHOTO 0OMEHa MOIPOOHO OINKCAHBI BHIIIIE.

B ocHOBe MaTeMaTHUeCKOTO OMUCAHUS NPEHAJIOKEHHOW MOJCITH JICKHUT
cuctemMa auddepeHIMaNIbHBIX YPaBHEHUNW B YAaCTHBIX MPOU3BOIHBIX, pEIICHUE
KOTOpOM B aHAJIUTHYECKOM BHJAE O4YE€Hb TpylaoeMko. I[loatomy mpu
MaTEeMaTUYECKOM MOJICTUPOBAHUH YKA3aHHBIX MPOIIECCOB MPUOETAIOT K TEM WU
WHBIM YHUCJICHHBIM METOJIaM, TO3BOJISIONIMM HaWTH NPUOIMKEHHOE pelIeHue
nuddepeHnanbHON 3a/1aud, Ha OCHOBE KOTOPOl MOKHO MOCTPOUTH Tpaduieckoe
OTOOpa)KEHHWE  PENICHHs, TMOJIYYUTh T€ WIA UWHBIE  KOJWYECTBEHHBIC
XapaKTePUCTUKHU TPOIIECCca, BEIOPATh ONTUMAaIbHBIE MapaMeTphl, T.€., B KOHEUHOM
c4eTe, MOJYYUTh JOCTATOUYHO IMOJHOE MPECTABICHUE OTHOCHUTEIHHO H3ydaeMOoun

POOJIEMBI.
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3.3. MaTemaTudeckasi MoJieJib TEMJIOMACCONIEPEHOCA BPEIHbIX BEIeCTB

U M30BLITKOB SIBHOM TEIJIOTHI B NMpoOU3BOACTBCHHOM NMOMEIIICHUMN.

JlanpHenmee pa3BUTHE MOJIENIEN CBA3aHO C BO3MOKHOCTBK) KOMIUIEKCHOTO
ydéTa pa3IMYHBIX OIACHBIX W BPEAHBIX IPOU3BOACTBEHHBIX (hAaKTOPOB,
BO3JICUCTBYIOIIMX Ha paboTHUKOB. Hwmke mpencraBieHa MoJenb, KOTOpas
MOJIEPHUBHUPYET cucTeMy ypaBHeHHMU (3.37) U TO3BOJIIET MPOTHO3UPOBATH HE
TOJIKO YpPOBHU 3ara3oBaHHOCTH BO3JayXa pabo4yuxX 30H, HO M PaCCUUTHIBATH
OCHOBHBIE ITapaMeTPbl MPOU3BOACTBEHHOTO MUKPOKINMATA.

Jlns pacuera KOHIEHTpAlMM BPEIHBIX BELIECTB W TEMIEpaTyp B BO3AYyXe
paboueif  30HBI  TPOU3ZBOJACTBEHHBIX  MPEANPUATHM  HAMH  TIPEIJIOKEHA
HECTAllMOHApHAsl TPEXMEPHAsd MAaTEeMaTHYECKash MOJICNIb TEIIOMACCONEPEHOCA
BemiecTBa. [IpemsioxkeHHbi MeTO ] pacuera Oa3upyeTcs Ha CO3/IaHUU YHCICHHOU
MOJIENIM TIpollecca MUTPAIlMU IPUMECH U MEepeHoca Teria B MOMENIeHun Ha 0aze
TPEXMEPHBIX YPaBHEHUS KOHBEKTUBHO-AU(P(Y3MOHHOTO TEpPEeHOCa, HMEIOIINX

CJICIYFOIIUM BUL:

ox oy oz x

(A, D) 2D+ XI5l )

/%Iqi*a(u'ci)+a(u'c‘)+a«w+ws)'c‘)— C (A D) S, + D) +
T

oP oP oP
— = W=

TaTy " a (3.38)

0°P . o°P  0°P

+ =0,
ox*  oy* o1’

£+G(U-T)+8(U-T)+6((W+WS)-T))=£‘
or OX oy oz OX

0 oT -
(5 (A4 )+ Q@) 00

pofiy( (O + A2 T+ A Ay) 2+
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rie C,- KOHIEeHTpamus i-ro BB B moMeleHnu, Mr/M’; t - TeKyIiee Bpems, c;
U,V,W— KOMITOHEHTBI BEKTOpa CKOPOCTH BO3AYIIHOW CpPEIbI, M/C; W, - CKOPOCTh
ocelaHus/moabEéMa  mpumecu/razoB; A, =(A4,,4,,4,) -  KodpPUIIUEHTHI
TypOyneHTHOM auddy3un B momemennu, M>/c; D =(Dy, Dy, D,) - K03 HIHEHTE!
maddysun i-ro rasa, m%c; Q/(t)— WHTEHCHBHOCTH BBIOpOCA i-TO BPETHOTO

BEIIICCTBA OT |-r0 MCTOYHHMKA B IMIOMEIICHUH, KI/C; I, =(X;,Y;,Z;) — KOOPIAMHATEI J-ro

MCTOYHUKA BBIOPOCA, M p— IUIOTHOCTH I'a30BOM CMECH, Kr/m’, C, - ynenbHas
u300apHas  TEINIOEMKOCTh, J[Ix/(kr -  K)A=(4,,4,,4,) - KodbpuuueHrt
TEIUIONPOBOAHOCTH  I-r0  ra3a, Br/(m-K); A=Ay A,) - KOdODUIHEHT

TYpOYJNEHTHON TEIIONPOBOAHOCTH, Br/(MK); 4, :(Apx,ﬂpy,lpz) - ko3 uiueHt

paJIMalMOHHON TEIUIONPOBOAHOCTH, Br/(M-K); Q,’ - MHTEHCHBHOCTH BHYTPEHHHX

MCTOYHUKOB TeILa, Br/v®,

[lepBoe ypaBuenue cuctembl (3.38) ecThb ypaBHEHUE HEPA3PHIBHOCTH
noToka mnpumecH. UieHbl, cojepXaliyue KOMIIOHEHThl CKOPOCTH U,V,W B
HaIpaBJICHUN KOOPAMHATHBIX OCEH X, Y, Z, OMUCHIBAIOT KOHBEKTHUBHBIN MEPEHOC
npuMecd. B mpaBoil yacTu ypaBHEHHUS CTPYIIUPOBAHBI WICHBI, OIMHMCHIBAIOIINE
mudPy3MoHHYI0O YacTh, TpeThe YypaBHeHHEe cuctembl (3.38) aHaIOTHYHO
BBIILICONICAHHOMY YPaBHEHHUIO.

Jlns  pacdera TONS CKOPOCTHM BO3IYIIHOTO TMOTOKAa B TOMEIICHHH,
WHIYIIMPOBAHHOTO paboToON BeHTWIANMM Takke kak B (3.37) nmemaercs
JIOTYIIEHNE, YTO JABMKCHHE BO3AYIIHON CPEIbl B IOMEIIEHUH — MOTEHIIHAIBHOE,
TOTJ]a KOMITOHEHTHI CKOPOCTH BO3IYIIIHOM CPEebl OTMPEACIISIOTCS COOTHOIICHUSIMU:

oP oP oP
Uu=—,v=—,W=—/, Ii¢ P— nmoTeHmuai.
OX oy oz

VYpaBHeHUE A OmpesesieHus MOTEeHIala UMeeT BU (BTOpPOE ypaBHEHHE
cucremsl (3.38)):

0’°P 0°P O°P
+ +
ox>  oy* or°

=0,
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Hust  pemenust nuddepeHInanbHbIX — ypaBHeHHH cuctembl  (3.38)
HEOOXOJMMO ONpPEEIUTh 00JIacTh, B KOTOPO OyAyT MPOBOAUTHCA PACUETHI, JJIS
Yero ONpeNeNsIoTCA HavyalbHbIe U TPAaHUYHBIE YCIOBUS:

Hauanvnvie u epanuynsie ycnosus 0 nepeozo ypaghenus cucmemul (3.38)
- B HayaJbHBII MOMEHT BpeMeHM t=0 W Ha BXOJHOW TpaHHIE HMEEeM

U3BECTHOE 3HaUeHue KoHueHTpauu Co: C(x,Y,z,0) =C,(X,Y, 2);

JlaHHO€ yCNOBME TMIOKa3bIBAa€T, 4YTO B HAYaJIbHBIHK MOMEHT BpPEMEHH,
paccMaTpUBaeTCAd HW3BECTHOE 3HAUYCHUE KOHIEHTPALMM BPEIHOTO BEIIECTBAa B
BO3JlyXe pabouell 30HBI, KOTOPOE MOXKET OBITh JUOO HYJIEBBIM, JIMOO HMEThH

3HA4YCHUC (I)OHOBOﬁ KOHIOCHTPAINX Ha MOMCHT IIPOBCACHUSA OIIbITA.

oC .
- Ha OOKOBBIX CTEHKAX: - =0; B nocnenHem paBeHCTBE yKa3bIBAa€TCA, YTO
n

CTCHKHM IIOMCHICHHUS, B KOTOPOM IIPOBOIATCA  HUCCICOOBAHHA, ABJISAIOTCA

HCTIPOHUIACMbBIMU JIS 3arpsA3HATIOICTIO BEIICCTBA.

o o oC q
- Ha BXOJIHOU U BBIXOJAHOW rpaHuie:. —=—-——-C, rue q=

, OTO
on A,

v, 0,20
0,v, (0.

O3Ha4yaeT, YTO MOTOK MPHUMECHU 3aBUCUT OT €€ KOHIIEHTpAllMu, CKOPOCTH U, U

HaIpaBJIeHUs BO3YIIHOTO MOTOKA, HHAYIIUPOBAHHOTO pa0OTON BEHTUJISIIUU.
Hauanvnvle u epanuunvie ycnogusi 015 mpemve20 YPAGHEHUs] CUCMEMbl
(3.38):

HauanpHubie YCJIOBHA 3aKI0O4Yar0TCA B 3aJdaHUHM  PACHPCACICHUA II10JIA

3HAUEHUW TeMIeparypbl B HadaldbHbIi MOMEHT BpemeHH (i to), T.e.
NpealecTBYOUA pacueTHOMY. OHM JTOJDKHBI OBITh 3aJlaHbl B BUAE (PYHKIUU
TtO = f(X,y,2) — 1 IPOCTPAHCTBEHHOM 3aaUH.

oT a
- Ha OOKOBBIX cTeHKaXx — =——-(T, —T,), JaHHOE ypaBHEHHE 00OO3HAYACT,
on

2

YTO CO CTEHKAMHU ITOMEIIECHUS BEIETCA TEII000OMEH. 31eCh JOKHEI ObITh 3aJaHbl

KO2(D(PHUIMEHT TEIUTO0TIaYM & U TeMIIepaTypa OKPYKaIOIIeH TeIo cpeapl T, .
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- Ha BXOJHOW rpaHule (IpaHHIlE BTEKAHWS BO3AYIIHOTO IIOTOKa B
IOMeILeHnue) T =const, H3BECTHOE U IIOCTOSHHO 3HA4YCHHE TEMIIEpaTyphl

BTCKACMOI'0O B ITIOMCIICHUC IIOTOKA BO31yXa.

. oT v,
- Ha BBIXOAHOM TrpaHuue —=-—"-(T,), YTO O3HAYAET, YTO IIOTOK

on A

TEeMIIepaTyphbl IPUMECH 3aBUCHUT OT €€ TeMIEepaTyphl, CKOPOCTH v, W HANpaBICHUSA

BO3YHIHOTO IIOTOKA, THAYIUPOBAHHOI'O pa60T01”4 BCHTUJIIIINU.

I'panuunsie ycnosus ons emopozo ypasnenus (3.38):

oP . .
- Ha TBCPIAbIX CTCHKaAX 8—20, Trac n- CINMHUYHBIM BCKTOP BHCIIHCH
n

HOPMAJIA,
910 O3Ha4acT, YTO CTCHKM HCCICAYCMOI0 IIOMCIICHUSA  ABJIAIOTCSA

HCIIPOHUIACMBIMHU AJIA1 BO3AYIITHBIX IIOTOKOB.

o oP
- Ha BBIXOJIHOU I'paHUIIC 5‘_ =0 rac v, — U3BCCTHOC 3HAYCHUC CKOPOCTH.
n

n o

- Ha BXOI[HOﬁ rpanune (rpaHHue BTCKAaHHA BO3AYIIHOIO IIOTOKa B

nomemenne) P = CONSt (yenopue Mupuxie).
3.3.1 Onpenenenue ko3¢ PpuuueHTOB TYpOYJICHTHOM TENMJIONPOBOAHOCTH

JloMUHUpYIOLIIEE BIMSHUE HA PACCUMTHIBAEMbIC TMOJS KOHLEHTpauuii BB u
MoJIsE TEMIIepaTyp OKa3bIBAlOT KOd(DPHUIMEHThI TypOyJIeHTHOTO OOMeHa U
TypOyJICHTHON TEIJIONPOBOJIHOCTH, BXOJSIINE B MCXONHbIE aU(depeHInaibHbIe
ypaBHEHUS, KOTOPBIC 3aBHCAT OT MHOTHX (DaKTOPOB, TaKHX KakK: pa3Mep
MOMEIICHHS, YCIOBUS BEHTHISIIIUKN B TIOMEIEHNN (KPaTHOCTh BO3IyX000MeHa), OT
KHHETHYCCKOW SHEPTUH Ta30BO3IYIIHBIX CTPYH M OT MHTCHCUBHOCTH MCTOYHUKOB
3arpsisHeHus [1, 5].

Paccmotpum  ux Haxoxnenue Hmke. Koaddummentst TypOyneHTHOM

muddy3un (oOMeHa) onpeeaIoTCsl aHAIOTMYHO Kak B Moaenu (3.37).
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[Tocne Beuncienus ko3¢ GUIUEHTOB TypOyIEeHTHOT0 0OMEHa MEPEXOIuM K

BBIUHCIICHUIO KO3(DPHUIIMEHTOB TypOYICHTHOMN TETIONPOBOIHOCTHU 4, .

Pacuer KO3 UITUEHTOB TypOyJIEHTHOU TEIJIONPOBOIHOCTH
OCYIIECTBIISICTCS] TI0 3aBUCUMOCTH YUYHUTBHIBAIOIIEH €ro CBs3b ¢ Ko3(pduuueHramn
TypOYJIEHTHOTO OOMEHa!

_Cp'p'Prd Ay
=

rt

A (3.39)

r1e p— IUIOTHOCTh Ta30BOM cMecH, kr/m’; C_ - yienbHas wH300apHas

p

TEIUIOEMKOCTh, x/(xkr - K); P,- nuddysuonnoe uwmcno Ilpangrns, P,-

TypOyJsieHTHOE unciio [Ipanarmus.

3.4. Metoabl TeOpHuu noaoous npu MO/1eJTMPOBAHUH
TEeIJIOMACCONEPEHOCAa BPEAHBIX BelIeCTB U M30bITKOB SIBHOM TEIJIOTHI B

NMpou3BOJACTBEHHOM IMOMEIIICHUH.

Paccmotpennyro MaTeMatudyeckyro  moxaenb  (3.38)  HeoOxoaumo
MPEACTAaBUTh B O€3pa3MEPHOM BUJIE, UTO MO3BOJMUT JOOUTHCS €€ YHUBEPCATIBHOCTH
U TIPUMEHUTH €€ K UCCIIEA0BAaHUIO TOpa3io OOJIBIIETO YKHCIa PA3IMYHBIX 0OBEKTOB.
Tak kak ypaBHEHHUS, OMMHCHIBAIOIINE (PU3NYECKUE TTPOLIECCHI TEIIOMACCONepeHoca
1oA00HbI, TO YPGHEKTUBHBIM SIBJIICTCS UCMOJb30BAHUE MIPU UX aHAIIU3E KPUTEPHUEB
no1o0us.

[Ipu paccmoTpeHMH 3aJjayd B HOBBIX T[EPEMEHHBIX HCCIECAYETCS HE
CUHUYHBIN YaCTHBIM cilydal, a OECKOHEYHOE MHOXKECTBO Pa3JIMUHBIX CIy4daes,
00BEMHEHHBIX HEKOTOPOU OOITHOCTHIO CBOMCTB.

[Tepexoa OT OOBIYHBIX (PU3UYECKUX BEJIMYMH K BEJIMUYMHAM KOMILJIEKCHOTO
Tuna (KOTOPbIE COCTABJIEHBI M3 TEX K€ BEIUYHUH, YTO B MPEIbIAYILIECH CHUCTEME
YpaBHEHMI1) CO37a€T MPEUMYILECTBA. Y MEHBIIIAETCS YMCIIO NIEpEMEHHBIX. BmecTe

C TEM, IIpU HCCICAOBAHUMN 3ada4d B OTHUX BCIMYMHAX, OTPAXKAIOIIWX BIIMAHUC
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OTIIETBHBIX (DAaKTOPOB HE TOPO3HH, @ B COBOKYIMHOCTH, MCCIIECIYEMBIH MPOIIECC
CTAHOBHUTCA 00JI€E€ TTOHATHBIM.
[IpuBeneM 3Ty cHCTeMy, a TAaKXKEe HadaJlbHbIC M TPaHUYHBIC YCJIOBHS K

0e3pasmepHomy BuIy. st aTOro BeibepeM B KauecTBe MacmTabos Ly, Ty, Ug, [,

S c = T . X v - z
Tp ¥ BBeaeM OespasmepHbie Beauuunbel ==, T == X =- V== Z=-,
Co Tp lo lo lo
i u i v o W+WS - HD'T o
U=— ,V=—, W= , T = , IOTEHIHAJ CKOPOCTEW ABUKEHUS BO3yXa
ug up Ug o

BBIPA3UM YEPE3 CIEIYIOUIEE COOTHOIICHHE:

P= P-ly-u, rae ly — xapakrepHsiii pasmep momenterns, Co — XapakTepHas

kounentpamnus BB, T;- xapakTepHas TeMiieparypa Bo3ayxa B paboueii 30He, Uy —

XapaKTEpHAasi CKOPOCTh ABM)KEHUS BO3yXa, Tp— XapaKTEpHOE BpEMs IpoLecca.
[Tocne moacCTaHOBKM TMOJMYYEHHBIX Oe3pa3MepHbIX BeanuuH B (2.32) u

NPOBENCHHUSI HEKOTOPBIX MPEeoOpa3oBaHU IMOJYYHMM CUCTEMY ypaBHEHUI

TEIIOMaccoIepeHoca B 6e3pa3MepHOM BHJIC, UMEIOIIYIO CIIC YOI BHI:

/ e

l, |of &% oy oz a2 ek ) eyl 12 ) oy

0 “Cy | O€ P

*5[(/&'5 ]E}ZQ‘]“’””

P P P, (3.40)

- + =
ox: oyt ozt

W ~
i i AW+ T i
Tow|of 0@ T o@D, ) | of(am) ot of(AT)
|, |oF X oy o7 ax\\ 12 ) ax ) eyl 12

d((4,T,) T < =

Cy-U
Jlanee paszienum IepBoe U BTOpOe ypaBHeHUs cuctembl (2.38) Ha > u

p-C. -

p

T,-u
,o-Cp . °| 0 COOTBETCTBEHHO. B pe3ynbTare moiaydnm rpyIiy KpUTEpUEB moxo0us
0

JUISL UCCIIEAYEMOTO MPOLIECCA TEMIOMACCOIEPEHOCA:
v
Sc= . — umcno [MImuara. JlaHHOE€ YHCIO MOKa3bIBa€T COOTHOIICHHUE
X
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MHTEHCUBHOCTEH BSI3KOCTH Ta3a U AU(Qy3UH BEIIeCTBA, TO €CThb XapaKTEepHU3yeT

OTHOCHUTCIIbHYIO POJIb MOJICKYJIAPHBIX ITPOLECCOB IICPCHOCA KOJINICCTBA

JBIDKEHUS U TIEpeHOCa MacChl IpuMecH Tuddy3net.

Ugly o o <
Re = —, — UMCIO, WM KpUTEpHH Peitnonbnca. I[lpencrasisier coboit mepy

OTHOIICHMUA HHGpHHOHHOﬁ CUJIBI K CHJIC BHYTPCHHCTO TPCHHA.

v
Pr=—- — wumcno Ilpanarias. Mepa OTHOIIEHHsS MOJIEKYJIIPHOTO IEpeHOCa
a

UMITyJIbCa K IEPEHOCY TEIIA.

. -l o
Bi = — — KpUTCpUH buo. XapaKTepI/IByeT OTHOIIICHUEC HWHTCHCHUBHOCTHU
A

!
BHEILIHETO TEIJI000MEHA & K UHTEHCUBHOCTH BHYTPEHHETO TEIIO0OOMEHA —.
A
i

rac Vv — KHHCMAaTHYCCKasd BA3KOCTD, a= — KO3(I)(1)I/IIII/IGHT
C il - .ﬂ

TEMIIEPaTypPOIPOBOTHOCTH, & - KOADPUIIMEHT TEIIOOTIauH.

Taxk >xe He00X0JUMO yUeCTh, YTO MPU U3MEHEHUH TEeMIIEpaTyphl BO3AyXa,
MEHSIFOTCA 3HAYEHMSI Pa3JIMYHbIX BEJIIMYHMH, XAPAKTEPU3YIOIIMX €ro CBOWMCTBA,
KOTOpbI€, B CBOIO OYEpEe/lb, OKa3bIBAIOT BJIUSHHE HA KPUTEPUU TMOA00US,
MOJIyYeHHBIE B pe3yibTare  o00e3pa3MepuBaHMs  CUCTEMBI  YpPaBHEHUI,
ONMCHIBAIOIIEH IPOLECCHl TEIIOMAacconepeHoca. B KadyecTBe ATUX BEIUYUH

BBICTYIIAlOT TAaKHUE, KAaK INNIOTHOCTh BO34yXa - £, TCIJIOCMKOCTH BO34yXa Cp,

TEIUIONMPOBOAHOCTE - A, KO3()(DUIMEHT KMHEMATHYECKOW BS3KOCTH - ¥,
kod(pdunreHT temmnepaTypornpoBoaHocTH @. [ToaTomMy He CTOMT 3a0bIBaTh, YTO
M3MEHEHUE TeMIIEpaTyphbl BO3AyXa, BIMAET HA €ro MapaMeTphl, U, CIEA0BATENbHO,
POBOJUTh HEOOXOJUMBbIE KOPPEKTUPOBKH, IMPU BBIYUCICHUH MOJYYEHHBIX
KpUTEPHUEB TIO100MS.

B pe3ynbTare, OKOHYAaTebHas MaTeMaTu4yecKast MOJIeJb
TEIIOMACCONEPEHOCa BPEIHBIX BEIIECTB M U30BITKOB SIBHOM TEIJIOTHI COCTOUT U3

CHUCTEMBI CIEAYIOIIMX YPABHECHUN:
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[ (W) D) < - -
oc o(-c) o-c) U, 1 1 (0°c 1 (o°c 1 (o°c
—+ — + — + — :_‘[_'[—]‘i‘ (—zjﬁ-—[?jJﬁ-

or X &y &7 Re | Sc, (&%%) Sc, \ a2 ) s,
+2Qij(rjl;)
Cy - Up
(IO j
P o*P  0°P
>t =t ==
ox® oy® oz (3.41)
W, =
- ~ o~ ((W+—)-T - - -
T o@-T) 8@-T) (« uo)) 1 (1 (°T) 1 (87T) 1 (o7
— T+ — = | = |t = T = ||+
or OX oy oz Re [ Pr,- | X Pr, ( oy Pr, \ oz
Q' (r;,7)

\+ch;w%

lo

JlaHHas cucTeMa TakXe peIaeTcss B ONPEACICHHBIX HAYaJIbHBIX U
TPAHUYHBIX YCIIOBUSX:
Hauanvnule u epanuunvie yciosus ons nepo2o ypaenenus cucmemot (3.41):
- B HaYaJdbHbIK MOMEHT BpeMeHM t=0 W Ha BXOJHOW TpPAHUIIE HUMEEM
M3BECTHOE 3HAaUYEHUE KOHIEeHTpauu C,: C(X,y,7,0) = C,(X,vy,2);
- Ha OOKOBBIX CTEHKaX (HEMPOHUIIAEMOCTh CTEHOK IOMEIIEHUSI, B KOTOPOM
MPOBOJIATCS UCCIICAOBAHMS, ISl KOHIICHTPALIMH 3aTrPSI3HSIONIETO BEIIECTBA):

oC
—=0;
OX

- Ha BXOJHOW M BBIXOJHOM TpaHuIle (IJIOTHOCTh MOTOKA 3arps3HSIOIIETO
BEILECTBA HA IPAHUIIE PACUETHOU 00JIaCTH):

Q:O,Hpn u<o,
OX

oC _ =
—=-Sc,-Re:(u-C), u=0
= (U-C), npun

Hauanvuvie u ScPAaAHUYHbIE YCIIOBUA 0N mpenbeco YPABHEHUA CUCMEMbl

(3.41):
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HauanbHbie YCIIOBUA 3aKIIOYAK0TCA B 3aJdaHUMMU  PACIPCACIICHUA I10JIA

3HAYEHUW TEMIEpaTypbl B HadajdbHbII MOMEHT BpemMeHu (7 = 7,), T.C.

npeamecTByomuid pacaeTHoMy. OHHM JTOJDKHBI OBITH 3a/laHbl B BUAC (YHKIIAU
T, = f(X,¥,Z) — s IpOCTPaHCTBEHHOM 3a1a4H.

- Ha OOKOBBIX CTEHKaX (TEIIO0OMEH CO CTEHKaMHU IMTOMEIIICHHUS ):
oT o~ T
=B (T -2);
OX T,
- Ha BXOJIHOW TrpaHWIle (M3BECTHOE M MOCTOSHHO 3HAYCHUE TEMIIEPaTypbl

BTCKAaCMOI'O B IIOMCIIICHUC IIOTOKA BOSI[YX&)I

T =const;
- Ha BBIXOI[HOﬁ I'paHunc (HJIOTHOCTB TCIIZIOBOI'O IIOTOKa Ha TI'PaHUIIC

pacueTHOI 00aCTH):

i:o,npn u<0;
OX

i:_Prx-Re-(ﬂ'-'l?) ,aopu U>0

~

OX
I'panuunsie ycnosus ons emopozo ypasnerusi (3.41):

- Ha TBCPAbIX CTCHKAX (HGHpOHI/IHaCMOCTB CTCHOK IIOMCHIICHHUA OJIA

BO3/YIITHBIX TOTOKOB):
oP
oX

- Ha BBIXOJHOM T'paHMIle (3HaUYCHUE CKOPOCTH BO3YIIHOTO TIOTOKA):

0;

=U;

S
><I|'Ul

- Ha BXOJIHOM rpaHuIle (MOCTOSTHHOE 3HAYEHHE CKOPOCTH BO3IyXa):

~

P = const (ycnoBue Jupuxie).
IlonydyeHnass cucremMa YypaBHEHHMM Ipoliecca TEIJIOMAcCONEpeHoca B

0663p33MCpCHHOM BUAC IIO3BOJIACT INPUMCHUTb MATEMATHYCCKYIO MOJCJIb K

HCCIICAOBAHUIO IrOpa3ao OOJBIIIEr0 YHCIa Pa3IINIHBIX 0OBEKTOB.

ITocne MpOACIIaHHBIX BBIYHUCJICHUN MOXKHO NepexXoJuTb K PCHICHHUIO

CUCTEMBI YPABHECHUM.
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B ocHoBe MaTeMaTHyecKOTrO OMMCAaHUS MPEAJIOKEHHOM MOJENHU JIEKUT
cucrema JAuQQepeHInaNbHbIX ypaBHEHUN B YAaCTHBIX NPOU3BOAHBIX, DPELICHHUE
KOTOpOW B  aQHAJIUTUYECKOM BHUJE O4YEeHb TpyaoeMko. Ilostomy mpu
MaTeMaTHYeCKOM MOJEITUPOBAHMHU YKA3aHHBIX MPOIECCOB MPUOETAIOT K TeM WU
UHBIM YHCJIEHHBIM METOJaM, IO3BOJISIIOIIMM HalTH NPUOJIMKEHHOE pPEIICHNE
muddepeHIMaIbHON 3a7a4l, Ha OCHOBE KOTOPOM MOKHO IOCTPOUTH TpaduiecKkoe
OTOOpaXKeHHE  pEeUIeHHs, TMOJy4YuTh T€ WIA HMHBIE  KOJUYECTBEHHBIC
XapaKTEPUCTHUKH IPOLIECCa, BBIOPATh ONTUMAJIbHBIE TAPAMETPBI, T.€., B KOHEUHOM
cdere, MOJIYYUTh JOCTATOYHO IMOJHOE MPEACTABICHUE OTHOCUTEIBHO M3ydaeMOil
pPOOJIEMBI.

YuciieHHOE pellieHre CUCTEM ypaBHEHUI Marematudeckux mopeneit (3.37-
3.41) ocyiecTBIsSETCS ¢ MOMOIIBI0 METOJIa KOHCUHBIX AyeMeHTOB [82]. B aToM
MeToje ucxogHas JuddepeHLManbHas —3ajada  3aMEHSAETCA  JIMCKPETHOM
KOHEYHOMEPHOH Mojenbto. [1o cyiiecTBy, METOA KOHEUHBIX 3JIEMEHTOB COYETAET
Pa3HOCTHBIN METOJI ¢ KyCOYHO-TIOJTMHOMHATbHBIM HHTEPIIOIUPOBAHUEM CETOUYHBIX
¢ynkiuil. [lpubnmxeHHoe pelleHne B METOAE KOHEUHBIX 3JIEMEHTOB HIIETCS B
BUJIE PA3JI0XKEHUs MO 0a3uCy U3 KyCOYHO-MHEHHBIX (B Oojee oluiem ciydae —
KyCOYHO-TIOJINHOMHAJIbHBIX) (DYHKUUH, KaXaas U3 KOTOPbIX OTJIMYHA OT HYJSA
JUITL B HEKOTOPOM JIOCTaTOYHO Majioii oOmactu. Jlnsg  ompenencHus
KOX(PUITMEHTOB PA3IOKEHHSI MOJIY4alOTCS CUCTEMBI JIMHEHHBIX anreOpandecKux
ypaBHEHUN ¢ OOJIBIIMMHU Pa3peKEHHbIMH MaTpULAMHU CIEHUAIBHOTO BHJA. OTU
CUCTEeMBl  ypaBHEHHWW  TPEICTABISIOT  cOOOM  pa3HOCTHBIE  CXEMBI,
ANMPOKCUMUPYIOIINE UCXOIHYIO 3a7a4y.

OO6obmeHHass cxema pacyeTa 1O METOAY KOHEYHBIX JJIEMEHTOB

npejcTaBiieHa Ha puc. 3.8.
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Omnpenenenue 00IacTu pelieHus

A 4

PazOueHne Ha KOHCUHBIE DJIEMEHTHI

A 4

Brruncnenne koagduimenta
anreOpanvdecKor CUCTEMBI

A

Pemenne ypaBHeHUM

A 4

BBIBOI[ PE3YyIbTAaTOB

Puc. 3.8 Cxema opraHu3alnuu pacucTa 110 MCTOAY KOHCUYHBIX 3JICMCHTOB

JIis  pelieHus IIONYYEHHBIX CETOYHBIX YPAaBHEHHUM  MCIIOJIB3YIOTCSA
paznuyHble  MeTonbl:  fkoOu, 3eilaens, BepXHEHl  pellakcanuu, SBHBIN
WUTEPALMOHHBINA, TONEPEMEHHO-TPEYTOJIbHBIM UTEPALIMOHHBINA, HWTEPALMOHHBIN

nepeMeHHbIX HanpasieHuii, HproTona-Padcona, MaTpuyHOM MPOTOHKH U JIP.
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BeiBoabI:

1. Pa3paboranpl ~MaTeMaTHYECKHE  MOJIENM  TEIUIOMAaccoIllepeHoca
BPEIHBIX BEHIECTB W M30BITKOB SIBHOW TEIUIOTHl B TMPOU3BOJCTBEHHBIX
IIOMEIICHUAX € AKTMBHOM BEHTWIALMENM OT CTAlMOHApHBIX M IIEPEIBUKHBIX
VCTOYHHUKOB 3arpsI3HEHUS U TEIUIOTHI.

2. MatemMatnyeckass MOJI€Nb TEILUIOMACCONEPEHOCA BPEIHBIX BEIIECTB U
U30BITKOB SIBHOM TEIUIOTHI B OTJIMYMU OT M3BECTHBIX ONMCAaHA YpPaBHEHUSMU B
“o0e3pa3MepeHHOM™ BHJIE€ W HCIHOJIb3YyeT KPUTEPUU MOJ00US U CBSI3U MEXKIY
ko3 pureHTamu TypOyaeHTHOU MU Py3un U TEMIONPOBOJHOCTH.

3. Mopnenu no3BOJIAIOT PACCUUTHIBATH NOJII KOHUEHTPALMMI, TEMIIEPATYP
U CKOPOCTH B MOMEIICHHSIX PA3JIMYHON KOH(PUTYpalMud B LIMPOKOM AHarna3zoHe
I'PaHUYHBIX YCJIOBHM IO CKOPOCTH, TEMIIEPAType M Pacxoay BEHTUJISALMOHHBIX
IIOTOKOB, KOJIMYECTBY M MOIIHOCTH CTAallMOHAPHBIX U MEPEABUKHBIX NCTOYHUKOB

3arpsA3HCHHUA U TCILJIOTHI.
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I'naBa 4. UHcTpyMeHTAJIbHOE M IPOrpaMMHoOe o0ecniedenne. UanenTupukanus

MaTeMaTu4ecKuX MojeJien

4.1. I/IHCprMeHTaHLHble cpeacrea TMArHoOCTUKH MCTOYHMKA 3arpss-

HEHHs ¥ KayecTBa BO3/yXa B MPOU3BOJACTBEHHOM cpee

4.1.1 IlpoBeneHnue u3MepeHHid B HCTOYHUKE 3arPSI3HEHUSA

CxeMma ompenenieHusl COAEp>KaHUs BPEIHbIX BEIIECTB B OTpabOTaBIIMX Ta-
3aX UCTOYHHUKA IIPU CTEHI0BOM 0OKaTke komOaiiHa npuBeeHa Ha puc. 4.1.

B u3mepuTenbHbIi KOMIUIEKC COTJIACHO 3TOM CXE€MbI BXOJUT MOHUTOPHUHIO-
Basi MHOTO()YHKIIMOHAJIbHASL CUCTEMA JJIsl TPOBEACHUS U3MEPEHUI B TIPOMBIIIICH-
Hocth «Vario Plusy (dupma MRU GmBh, I'epmanus) u onpeaenureasb JbIMHOCTH

- nteimomep «Meta 01 MII» (dhoto Ha puc. 4.2).

Puc. 4.2 3mepurenbHas anmaparypa MpH MpOBEICHNN UCTIHITAHHI:
a) razoananu3arop “Vario Plus”; 6) aeimomep «Meta 01 MIT»

JUIst aBTOMAaTU3alMy IPOLIECCOB 3aMEPOB, a TAKXKE JUIS ydeTa HeCTalloHap-
HBIX MPOIIECCOB, MPOU3BOIUIICS HENMPEPBIBHBIN KOHTPOJb MapaMETPOB C 3aAIUCHIO

uX Ha 1IK.
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H3MEPHTEJIbHBIH KOMIIIEKC
Konrposs konnentpanuii CO, NOx, CmHN,CO2, apimuocTu B OI" Ha nckporacutesne
HACTOYHHKA
H3mMepenue pacxoa OTpaObOTaBIIUX I'a30B

__________________________________________
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-~ | MobyauTens pacxofa |- _____ I
N BblBOA NPOGb M3 NOMEWeHNA
yyacTka obkarku kombaiHoB

Puc. 4.1 Cxema omnpejienieHus: CoAep>KaHusl BPEIHBIX BEIIECTB B OTPA0OTABIIMX ra3aX UCTOYHUKA MPU CTEHIOBOM OOKaTKe

KOMOaiHa.
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Bpewmst ycroitunBoit paboThl CEHCOpa 3aBUCHUT OT BHEIIHUX YCJIOBHMA M KOHIICH-
Tpanuu raza. Kak nmpaBmiio, mokasanus nekrpoxumudeckux ceHcopos (O,, CO, NO,
CHy) He OynyT OTKIOHATBCSA 110 6 4acoB, a JaT4uK TAru 10 1 — 2 yaca.

["azoanamuzatop “Vario Plus” umeer ceprudukar ['occranmapra Poccun Ne
15876, nonyiieH kK npuMeHeHuo B PO.

B tabmure 4.1 npuBeeHBI TepedeHb BEIMIECTB, H3MEPseMbIX prdopoM «Vario
Plus» , nnana3oHbl ¥ MOTPEUTHOCTH U3MEPCHHUS STHX BEILIECTB.

Tabmuua 4.1

TexHuueckue XAPAKTCPUCTHUKHU U3MCPUTCIbHOI'O KOMIIJICKCA

DJIEKTPOXUM. JAuana3on HorpemHocTh Paszpewenue
02 0-21% + 0,2 % ot abc. 0,1%
3HaYeHus.
CcoO 0—10.000 ppm +20 ppmunn £ 5 1 ppm
(H2 komneHc.) % 3Hau.
NO 0—-5.000 ppm +20 ppmunn £ 5 1 ppm
% 3Hau.
H2S 0—-1.000 ppm +20 ppmunn £ 5 1 ppm
% 3Hau.
NO2 0—-1.000 ppm +20 ppmunm £ 5 1 ppm
% 3Hau.
S0O2 0—-5.000 ppm +20 ppmunn £ 5 1 ppm
% 3Hau.
H2 0—2.000 ppm +20 ppmunn £ 5 1 ppm
% 3Hau.
3-ra3 UK sauerika
Cco 0-10% +0,03% 5 0,01 %
% 3Hau.
CO2 0-20% £0,6 % unmt5 0,1%
% 3Hau.
HC kak CH4 0-25% +0,02% nmnnt 5 0,01 %
% 3Hau.
HC kak C3H8 0—-5.000 ppm 15 ppmunm £ 5 1 ppm
% 3Hau.
1-ra3 UK quenka
CcoO 0 —10.000 ppm + 20 ppmnnn £ 5 1 ppm
% 3Hau.
S0O2 0 —10.000 ppm +25ppmwunn £ 5 1 ppm
% 3Hau.
HC kak CH4 0 —10.000 ppm +35ppmunn 5 1 ppm
% 3Hau.
Temnepatypa [wnana3soH MorpelHocTb PaspewieHune
Combustion air po 100°C +0,2°Cuvnn+5% 0,1°C
onuusa: 300°C 3Hau.
JaBiaenue JAuana3on Horpemu- Paspe-
HOCTHb IEeHue
Huddepen- £ 100 + 0,03hPa 0,5rMa
LHAAJIBHOE rfMa nnm + 1% ot 3Ha-
YeHus
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N3meputenbHas cuctema mo3BOIsIET ONPEaesaTh KOHIIEHTPAIIMU TOKCUYHBIX U
HE TOKCHYHBIX BEIIECTB B OTPaOOTABIIMX Ta3aX MCTOYHHKA, & TAKKE U3MEPSTh CO-
JIep’KaHue KUCIIOPOJa B UCTOYHUKE C IIEJIbI0 MOCIEAYIONIETo onpeaenieHus koddpdpu-
[MEeHTa U30BITKA BO3AyXa.

[lepen HayanoM U3MEpPEHUN Ta30aHAIMU3ATOPHI MPOTPEBAIOT U MPOBEPSIOT IO
00pa3loBbIM Ta30BbIM CMECAM B COOTBETCTBHUU C HHCTPYKIUSMU MPEIIPUSITHI-
M3TOTOBUTEIICH, JABIMOMEpP MPOTPEBAIOT U MPOBOMAST TAPUPOBKY B COOTBETCTBUU C
WHCTPYKITUEH 10 SKCIUTyaTalluu IpepUsTUS-U3TOTOBUTEIS.

Orcuer mokazaHWW Tra30aHAIU3ATOPOB U JbIMOMEpA CIIEIAYeT MPOBOJUTH HA
KaXJIOM peXMME HE MEHEe TPEX pa3 ¢ MHTEpBAJIaMU B | MUH, IpUYEM MEPBBIA OTCUET
CJieyeT MPOBOJUTh HE PaHEE YEM Uepe3 2 MUH IOCIIE€ YCTAHOBIICHHS TEMIEPATYPHO-
T0 COCTOSIHUS AU3EJIA Ha PEKUME UCIIBITAHUH.

Pe3ynbTaThl Tpex OTCYETOB HE JOJDKHBI OTIMYATHCS JIPYT OT JApyra Ooliee, ueM
Ha 10% ¥ He MOKHBI 00pPa30BBIBATH MOHOTOHHO YOBIBAIOIIEH WIIM BO3pPACTAIOIICH
MOCJIEA0BATEILHOCTU. 3a PE3yibTaT U3MEPEHUM NPUHUMAIOT CpeHeapuMeTuye-
CKO€ 3HAYEHUE TPEX OTCUETOB.

N3mepurens apimHoctt META-OIMII npegna3HadueH aJis SKCIPECCHOTO H3-
MepeHus: AbIMHOCTH OI' MCTOYHHMKOB, OCHAIIECHHBIX JAU3EIHHBIMH YCTAaHOBKAMHU
(TpakTOpOB, KOMOAHOB, a TAKXKE JPYTUX MAIIWH).

Tak >xe 1l CTeHJIOBBIX MCHBITAHUN JU3EJIbHBIX MAIIMH BO3MOXXHO HCIIOJIb30-
BaHue m3mepurens apiIMHOCTH META-01MII.043, koTOphIii 000pyI0BaH TEPEIyCK-
HBIM KJIaITAaHOM, JIaTYMKOM JIaBJICHUS U TEMIIEpaTyphl raza B padboueil kamepe. [Ipo-
0o3abopnas cucrema META-01MII.043 BbinoiaHeHa B BUJI€ THOKOTO TEPMOCTATUPO-
BAHHOIO ILJAHra C UEHTPUPYIOIIUM 3aMKOM. Takoe KOHCTPYKTHUBHOE PEIICHHE I0-
3BOJISIET MPOBOJUTH TECTUPOBAHME JIIOOBIX TPYIHOAOCTYITHBIX BBIXJIOMHBIX CHCTEM.
[Tpubop nmoakIrovaeTcs K BBIMYCKHOW CUCTEME MAIIMHBI.

Jlnarna3oH U3MEepeHUs ALIMHOCTH:

- B eIMHUIIAaX KOd(DPUIIMEeHTa MOTJIOIMICHUS, m10,00 - OECKOHEUYHOCTE;

- B equHUIAX Koddduimenta ocnadienus, % 0,0 - 100,0.

Bpewmst ogqHoro uzmepenust He 6oJee S c.
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3a pe3yabTaT M3MEpEeHHs ABIMHOCTH MPUHUMAIOT CpelHee apu(MeTHYecKoe
3HAQ4YEHUE I10 YEThIpeM LUKIaM. M3MepeHns CUMTaI0T TOYHBIMH, €CJIM PA3HOCTH B I10-

Ka3aHUAX OBIMHOCTH ITOCICAHUX YCTBIPCX HMUKIIOB HC IIPCBLIIIACT 6 CIAWMHUIL] U3MCPC-

HUS TI0 TIIKaJIe Mpuoopa.
[TorpemHOCTh TIPU HM3MEPEHUW KOHIICHTPAIM OKCHIOB YTJIEpoja, OKCHIOB
a30Ta M yIJIEBOJOPOAOB cocTaBiseT - + 5%; kucnopoga — + 0,2% u ageimaoctu OI

nsurareieit + 2%.
Pacxom orpaboTaBIIMX Ta30B B HEKOTOPHIX CIydasx MOXKET OINPEIACIATHCS

IPSIMBIMH U3MEPEHUSIMU C TTIOMOIIBIO (PYHKITMU TazoaHanu3artopa “Vario Plus”.
JlanHast GyHKIMS TTO3BOJIIET U3MEPSITh CKOPOCTh Ta30BOr0 MOTOKA B BBIMYCK-
HOM KOJUIEKTOPE UCTOYHUKA BblaeaeHus BB. [l onpeneneHuss HCKOMON BEJIMYHUHBI
00BEMHOT0 pacxojia ra30B HEOOXOIMMO U3MEPUTH:
* IMHAMHUYECKOE JIaBJIEHUE - u3MepseTcs TpyOokoii [1uro;
* CTaTUYECKOE JIaBlieHue - TpyOkoit [Tuto;

* remniepatypy OI - u3mepseTcs 30HI0M;

1 |
- Cratuuecxoe
Rasnewme

= Aunamuueckoe

T
N

Hanpasnenue =t ‘

— — :*> r\“rﬁ ERRENNY  AD> - Syumapnce
1%

TR TR

Aarumk
ueckoro

GapomeTputeck
Rasnewms

unm sHaueHue
sssss

Puc. 4.3 Tloaxmouenue Tpyoku [1uTo nis usmMepeHust CKOpocTH MOTOKa

4.1.2 DkcnepuMeHTAIbHbIE HCCJIEI0OBAHUA Ka4ecTBa BO3AyXa padoueil 30-

HbI
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OO0mue mMeToauuecKkre MOAXOAbl K OCYIIECTBICHHIO KOHTPOJS COJEpIKAHUS
BpPEJIHBIX BEILECTB B BO3yXe paboyell 30HBI MO0 MAaKCUMaJIbHBIM U CPEIHECMEHHBIM
KOHIICHTpAIUAM H3J10KeHBI B [31].

Kontpoisbs conepxxanns BB B Bo3ayxe P3 mpoBoauTcs npu cpaBHEHHH H3Me-
PEHHBIX CPEIHECMEHHBIX M MAKCUMAJIbHBIX KOHUEHTPALUUM C UX MPENEIBbHO JOIyC-
TUMBIMH 3HAa4E€HUSAMH - MakcuManbHO pasoBeiMu (IIJK,,) M cpegHecMEeHHBIMU
(ITAK. ) HOpMaTuBaMu.

JI71s1 OLIEHKH MPOCTPAHCTBEHHOTO PACIPOCTPAHEHHUSI BPEAHBIX BEILIECTB I10 IO-
MEUIEHUIO C LIEJbI0 BBIACICHHUS HauOoJiee OMACHBIX y4acTKOB paboyeil 30HbI U T'H-
TUEHUYECKOMN OIEeHKH 3(PPEKTUBHOCTU CPEACTB YIIPABICHUS MapaMeTpaMHu BO3AYIII-
HOM cpelbl B MOMEIIECHUAX (BeHTWIALNS, KOHAUIIMOHUPOBAHUE U T. [I.) TPUMEHS ETCS
CTallMOHAPHBIN MeToJ| 0TOOpa mpod (ycTpoicTBa sl 0TOOpa Mpod pa3MeIIaroTcs B
(UKCUPOBAHHBIX TOYKAX paboyeii 30HBbI).

PaspabateiBaercs [Iporpamma ucnbiTaHui U 3amMepbl KoHLeHTpaluii BB B Bo3-
nyxe P3 ocymiecTBisOTCS B XapakTepHbIX Toukax. [IpuMep cxeMbl pOBEEHUS HU3-

MepeHUul TpeJicTaBlieH Ha puc. 4.4.

00000
c i

O Q.0 0 O eH-

Puc. 4.4 Cxema pa3menieHnss ”3MEPUTEIIBHBIX TOUEK

KonuuectBo oTO0pa mpod B OJHOW TOYKE 3aBHUCUT OT CTEMEHU IMOCTOSHCTBA
BO3JYIIHOW CpeIbl, KOTOpas XapaKTEepU3yeTCs 3HAUUTEIbHOW BapHalelbHOCTHIO
KOHIICHTpAIMi BpEAHBIX BellecTB. [IpuumHamMu 3TOro SBJISIOTCS KaKk CHCTEMaTH4e-
CKHeE, TaK U CIy4daiHbIe (aKTOPBHI.

K ugucny cucremaruuecknx (GpaxTopoB (MCTOYHMKH UX MU3BECTHBI, OHU MOBTO-
PAIOTCS U KX MOXKHO YY€CTb MPHU TUIAHUPOBAHUU OTOOpA MPo0O) OTHOCATCS:

- MPOM3BOICTBEHHAs HAarpy3ka Ha 000pyAOBaHUE (B pacCMaTPUBAEMOM CIIyyae

- Ha 00KaThIBaEMYIO MAIIUHY);
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- BHUJI BBITIOJIHSIEMBIX MTPOU3BOJCTBEHHBIX OINepaluii (B HallIeM ciy4yae Ha CTECH-
JIOBOM OOKaTKe MaIIMHa paboTaeT MoJ Harpy3Koil, OJM3KON K MaKCUMAaJIbHOM; Ha UC-
IBITAHUU KOHIULMOHEPA — HA XOJIOCTOM XO[y);

- METEOPOJIOTUYECKUE YCIOBUS, IEPUOIBI TOA;

- YHCJIEHHOCTh paboTaloIMUX B CMEHY (U1 paccMaTpUBAEMOIO ciyyasi ompe-
JIENIAETCs 3arpyKEHHOCTBIO CTEHJIOB).

K yncny cmyuaifHpix ¢pakTopoB BapraOeIbHOCTH OTHOCSTCS:

- WMHAMBHUAYyaJIbHbIE OMMOKM IpH OTOOpe M aHaiau3e Nnpod («4YenoBeYeCKUi
(bakTop»);

- HEZIOCTAaTKU B OPTaHU3AIMH MPOU3BOICTBEHHBIX MPOIIECCOB U KOHTPOJIE 32 UX
OCYILIECTBIICHUEM.

[TosToMy B KaxK/10M TOUKE OTOMPAETCSI HE MEHEE TpeX Mpoo.

CpenHecMeHHasi KOHLIEHTPALKs ONpeeseTcs IyTeM MOCIIEJ0BATEILHOTO OT-
oopa npo0 B TeueHue 75 % MpOJOKUTEILHOCTU pabovell CMEHBI, C OXBAaTOM BCEX
TEXHOJOTHUECKHUX OIEpallfii, BKIIoYas nepepriBbl. [Ipu 3TOM KOMMYEeCTBO 0TOOpaH-
HBIX 32 CMEHY IPO0 3aBUCHUT OT KOHILIEHTPALIMU BELIECTBA B BO3AYXE, U OMPEIEIACTCS

METOIOM aHAJIN3a U C ITOMOIILI0 Ta0IMIEI 4.2,

Tabnnna 4.2
Yucno mpob B 3aBUCUMOCTH OT JUTUTEILHOCTH 0TOOpa
JmurensHOCTh 0TOOpa 0JIHOM MPOOKI MUHUMAJIBHOE YHCIIO P00
1o 10 cexynn 30
ot 10 cexynn no 1 MUHYTHI 20
ot | 10 5 MUHYTHI 12
ot 5 1o 15 muHyT 4
ot 30 munyT 510 1 yaca 3
ot 1 10 2 yacoB 2
OoJiee 2 yacoB 1

Jlnsa uzmepenus KoHueHTpaurii BB npuMeHstoTes 1Ba TUma ra3oaHain3aTopoB
Driager X-am 7000 (I'epmanus) u AHKAT-7664M-09 (Poccus), mpeacraBieHHbIE Ha
puc. 4.5.
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¥

Puc. 4.5 I'azoanamzatopsr: a) Drager X-am 7000; 6) AHKAT-7664M-09

Taomuma 4.3

Kpatkas TexHruueckasi XapakTepUCTUKA UCIIOIb3YEMBIX TPUOOPOB

TexHuueckas XxapakTepuCTH-
Ka/mpubop

Dréager X-am 5000

AHKAT-7664M-09

Crnoco0 3a6opa mpoObI

T Gy3MOHHBIN WM TPUHY-
JIUTEIIbHBIN OT BCTPOCHHOM

T Py3MOHHBIN UITH TPUHY-
JIATEIIbHBIN OT BCTPOCHHOM

MUKPOTIOMITBI MUKPOTIOMITBI
aneKTpoxuMuueckuii — Oy,
Meroxa uzmepeHus CO, NO,, SO;y; omrruko- 3JIEKTPOXUMHUUECKHIT
abcopOrmonnsiii — CO,, CHy
N3mepuTenbHBIN KaHAT 0,, CO, NO,, SO,, CO,, CHq4 CO, NO,, SO,
Enununa dusudeckoit Benu- /e v/
YUHBI
CO : 0-2000 CO :0-50
Jlnana3oH moka3aHuit NO,: 0-50 NO,: 0-10
SO,: 0-50 SO,: 0-20
CO: 0-2000 CO : 0-200
Jnamna3oH nsmepenus NO,: 0-50 NO,: 0-20
S0O,: 0-50 SO,: 0-40
IIpenensr nomyckaemoii oc- 50 25%

HOBHOM MOrpeIIHOCTHU

[Mazoananmmu3aTopbl OO0ECHEYMBAIOT OJHOBPEMEHHYIO HU(PPOBYIO WHIUKAIIMIO
KOHIICHTpAIUH BCEX U3MEPSIEMbIX KOMIIOHEHTOB Ha BcTpoeHHoM KK aucriee ¢ mon-
CBETKOH, a TakXe pa3e/ibHYyI0 CBETOBYIO CUTHAIM3AIMIO HA KaXKIbId HU3MEpSIEMBbIil
KOMIIOHEHT U €JMHYIO 3BYKOBYIO CUTHAJIM3AIIMIO MPU TPEBBIIIEHUH MOPoroB. Kop-
PEKTUPOBKA MOKA3aHUN U YCTAHOBKA PEKMMOB ra30aHaIN3aTOPOB OCYLIECTBIISIETCS C

MTOMOIIIbI0 MEHIO, BBIBOJUMOTO Ha OyKBEHHO-IIU(PpOBOIl muctieil. B razoananuzaro-
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pax mpenycMOTpeHa (PYHKIHs pacdyeTa CpeIHEB3BEIICHHOTO 3HAYeHHUs] KOHIICHTpa-
ITUH 32 8 9acoB pabOoTHI.

OmnpenesieHue NnapaMeTpoOB MUKPOKJIUMATA.

Jlnis ompeneneHus mapamMeTpoB Cpeibl, BIMSIOMMX Ha (GOPMUPOBAHUE OMac-
HBIX 30H 3ara30BaHHOCTU, HEOOXOJUMO OMPENETUTh MUKPOKIMMATHYECKUE YCIOBUS
B ITIOMEIICHHH.

JUIsi M3MEpEeHnid CKOPOCTU JIBHKEHHSI BO3IYIIHBIX MOTOKOB M TEMIIEPATyphI
BO3JIYIIIHOM CpeJibl UCHOJB30BAJICS BBICOKOTOUHBIA TUDPepeHIIMaTIbHBI MaHOMETD,
testo 521. OH uMeeT BHYTPEHHUN CEHCOP C U3MEPUTENBHBIM Auana3oHoM ot 0,1 mo
100 rlla u sBAsIeTCS UE€aTBbHBIM IPUOOPOM JJI UBMEPEHUN CKOPOCTH moToka oT 0,1
10 100 m/c coBmecTHO ¢ TpyOKoit [Tuto. testo 521 moctynen B 2 kiiaccax MmorpenrHo-
ctu. Mogens testo 521-1, co BCTpOEHHBIM CEHCOPOM JABJICHHUSI, UMEET ITOIPEIIHOCTD
0.2% ot moJyiHOM MIKabl, a MOJIENb testo 521-2, co BCTPOEHHBIM CEHCOPOM JIaBIICHMUS,
uMmeeT norpemHocts 0.1% oT momHoN mkanel. /[ TOYHOro M3MEpPEHUs: CKOPOCTU
IMOTOKa B auama3oHe oT 1 10 12 M/c MOXKHO TakXe HCII0JIb30BaTh BHEMIHUNA 30H
nasienus 100 Ila, moaxitouuB ero k nmpuOopy. JlaHHble U3MEPEHUN MOXKHO COXpa-

HUTH [10 MECTY 3amMepa Wiu npoanaimn3nposath Ha [1IK.

Puc. 4.6 Beicokorounsiii auddepennnansabiii ManoMeTp - testo 521 (a) u us-

MEpHUTEIb OTHOCUTEILHOMN BIIaKHOCTH testo 525 (0).
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Tabmuma 4.4

Kpatkas Texanueckast xapakrepuctuka testo 525

Jlnara3oH u3MepeHus: OTHOCUTEILHON BIaXXHOCTH, %0 0...100
Jnamna3oH u3MepeHus: TeMIeparypsl Bo3ayxa, °C -60 ... +60
OcHOBHasi OTPEIIHOCTh U3MEPEHHUSI OTHOCUTEIIBHOU

+2,5
BiIakHOCTH, %0
OcHOBHasi NOTPEIIHOCTh U3MEPEHU TemnepaTypsl, °C +0,5

testo 525 - koMmmakTHBIA MPUOOP C HAKOHEUHWKOM 30H]1a BIIAXXHOCTH U TeMIIepa-
Typbl B KOMILUIEKTE. BOIBIION ABYXCTPOUYHBIN JUCIUIEN OTOOpakaeT 3HAUYEHHUS BIIaXK-
HOCTH, TEMIIEpaTypy LIapuKa CMOYEHHOI'0 TEPMOMETPA UIIM TOYKY POCHI, TAKXKE KaK
u temrieparypy. Ilpu m3mepeHnn B TpyAHONOCTYIHBIX MECTaX, HAKOHEYHUK 30HAA
BJIQXKHOCTH JIETKO OTCOEIMHUTHh M TNPUKPENHUTh K PYKOSITKE yepe3 Kabesib 30H1a
(npunagexxnocts). [Ipubop BHeceH B ['ocymapcrBennbiit Peectp Cpenct uzmepe-

Huii PO.

4.1.3. OcoOGeHHOCTH MOJIyYeHHUsl IKCIEePUMEHTAIbHBIX JaHHbIX mo b(a)ll

annapaTHbIMM CpeACTBAMU

Briopoc b(a)Il ¢ BEIXJIONMHBIMU Ta3aMU COCTaBIsIeT MUKPOA03bl — 1-350 MKr/Kr
CTOPEBIIIETO TOILIMBA, YTO Ha 5-6 MOPSAIKOB MEHBIIE BBIOPOCa OOBIYHO HOPMHUPYE-
MBIX TOKCHYHBIX BellecTB: yriaesogoponos (CiH,), okcuna yrinepona (CO), okcunos
azota (NOy). IToatromy nmnst onpeneneHust kKoHueHTpauu b(a)ll u npyrux mommapo-
MaTU4yeckux yriaeBoaopo1oB (ITAY) HeoOxonuMbl crieruaibHbIe METObI U3MEPEHHS,
KOTOpBIE M0 Croco0y BO3JECUCTBUS Ha OOBEKT MCCIEIOBAHUS MOXKHO pa3/ieuTh Ha
OCCKOHTAKTHBIC M KOHTAaKTHBIC. BECKOHTAKTHBIC METOJIBI 0A3UPYIOTCS Ha HCIOJIB30-
BaHUH JIA3ePHOTO 00ydeHus akena IaMeHu ¢ MOCIeAYIOIUM U3MEPECHIUEM HHTEH-
CUBHOCTH (hJIyOpeCIeHIIMM TPOIYKTOB cropanus. Haumbosiee pacrnpocTpaHEHHBIMU
SIBJISIIOTCS. KOHTAKTHBIC METOAWKH, OCHOBAaHHBIC Ha 30HI0BOM CIIOC0Oe oTOopa mpod
MPOYKTOB cropanusi. X MOHO pa3OuTh Ha CIEAYIOIINE dTaIbI:

- COOCTBEHHO 0TOOp MPOOHI;

- IOJAT'OTOBKA €€ K aHAJIN3Y,
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- KOJIMYECTBEHHOE ompeenenne coaepkanus [IAY B mpooe.
PaccmoTtpum 311 3Tans! noapooHee.

1) B BbIcOKOTEMMEpaTypHbIX MpoaykTax cropanus [TIAY (B Tom uucie u b(a)Il)
MOTYT HaxOJIUThCS B MAPOOOPa3HOM COCTOSIHMH, B BUJIE MEJIbYAUILIEH CMOJIUCTON a3-
pO30JIM U aJIcOpOUPOBAHHBIMH Ha YacTHIlax caxu [61]. OT6op mpoOkI 3akiIo4aeTcs B
MpoKavKe MPOAYKTOB CropaHus uepes ¢puiabTpyromue 3eMenTsl. [Ipu 3ToM npesmno-
naraetcs, uto [TAY ¢unbTpamu ynaBInMBaIOTCs MOJHOCTHIO. Yallle BCEro MCmonb3y-
10T uiIbTphl U3 TKaHu [leTpsHOBa, CTEKIOBOJIOKHA, IEHOMOINYPETAHOB, alCcOpOECH-
ToB XA/l-2. Jlnsa npenorBpaiienusa konaeHcanuu [TAY Ha sneMeHTax auHUM 0TOOpa
poObl PEKOMEHAYETCA MOJAJEPKUBATh TEMIIEpATypy €€ CTeHOK okoio 150-200°C
(423-473 K) [53, 54, 97]. B 10 e Bpems aias 3(h(HEKTUBHOTO UX YJIaBJIMBAHUS
dunpTpamMu Temmeparypa MOCIEAHUX TOJKHA OBITh MO OIEHKaM pa3HBIX aBTOPOB
313-333K [52, 97]. B atom amanazone Oosnbinast yacts b(a)Il Haxonutcs B Buse as-
PO30J11, KOTOpast MOXKET OBITh 3aJiepkaHa (GUILTPOM.

[Tpu rmy6okom oxnaxnaenuu (1o 77K) mHorna HaOmogaercs «mpockok» b(a)ll
yepe3 punpTpbl. Kpome TOro, cymectByeT BO3MOXKHOCTH pasznoxkeHus [IAY B pe-
3yJlbTaTe peakluuid Ha TOPSYMX TMOBEPXHOCTIX MPOOOOTOOPHHKA WM OTBOISIICH
TpyOBI, @ TaK’K€ B3aUMOJICHCTBHUE C OKHCIAMH a30Ta U CEepPbl, UMEIOIUMHUCS B TPO-
IyKTax cropanus. Takum oOpa3om, oTOOp MpoObl sBJIsiETCS HanboJsiee OTBETCTBEH-
HBIM 3TarioM METOAMKHM onpeneneHus [IAY B npoaykTax cropanusi, Onpeaeis FouM
JIOCTOBEPHOCTH MOJTydaeMbIX pe3yabTaTtoB [41, 96].

2) Ha srane nmoaAroToBKu mpoObl mpou3BoauTcs uspieueHue [1AY u3 punbtpoB u
NEPEeBOJ] MX B PaCTBOP, KOTOPHIH B JaJbHEHIIIEM MOABEpTaeTcsl aHanusy. M3Bnedyenne
[TAY u3 GuabTPOB MOXKHO OCYIIECTBIISITH IyTEM TOpPSiYE HKCTPAKIIMM B ammapare
Cokcrnera B TeueHue 8-24 4acoB WM B pe3yJbTaTe OOJyYEHHS UX YJIbTPAa3BYKOM B
CHEIUATBHBIX YCTaHOBKaX. OOydeHNE MO3BOJIIET COKPATUTh BPEMS IKCTPAKIIUU 0
30-60 mun. B xauectBe pactBoputeneii [IAY Hambosee 4acTo MPUMEHSIOT OSH30JI,
TOJIyOJI ¥ MeTu xyopun [96, 97].

3) Ha nocnennem starne npoBOAUTCS KOJIMYECTBEHHOE OMPE/IEIIEHNE COEPIKaHUs

[TAY B pactBope. st 3TOM 11emu pazpaboTaHbl U MPUMEHSIOTCS PA3JIMYHBIE METOIBI,
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KOTOpBIE YCIOBHO MOXKHO pa30HUTh Ha JABE KaTErOPHH: XpoMaTorpauyeckue u Crek-
tpanbHble [8, 91]. CyTh xpomarorpaduueckux MmerooB ananmsa [IAY cocrout B mc-
MOJIb30BAHUU PA3IUYHUS BEUIECTB MO0 XUMHUUECKON CTPYKTYpE U MOJIEKYJISIPHBIM Mac-
cam. [IpeumyIecTBOM 3TUX METOMOB SBISIETCS MX CIIOCOOHOCTH OMPEAEISAThH IO pe-
3ynbTaTam oaHoro ananusa 10 u 6onee ITAY. Pazsutue xpomarorpaduyeckux MeTo-
noB aHanuza [TAY uzaer mo myTu nepexoja OT KOJOHOYHOM a/icOpOLIMOHHOM, TOH-
KOCJIOWHOW W OyMa)kKHOW Xpomartorpaduu, KOTOpBIC Yallle BCETO HUCIOIb3YIOTCS Kak
CPEIICTBO TMpeaBapUTENbHOTO BbiAeneHust (pakuuu [IAY U3 MHOrOKOMIOHEHTHOM
CMECH, K MHCTPYMEHTAJIbHBIM MeTtofaM. Hanbonee BakHble U3 MHCTPYMEHTAJIbHBIX
METO/IOB — 3TO Ta30XKUAKOCTHAsT XpoMmarorpadus U BbICOKOA(D(PEKTUBHAS KUIAKOCT-
Hasi XpoMarorpagusi.

CoBeplIeHCTBOBaHNE MHCTPYMEHTAIBHBIX METOAOB XpoMaTorpapuu UAET IO
CJIEIYIOIMM HalpaBJICHUSM: a) NEPEBOJ] OT BHICOKMX TEMIEPATYpP B aHAIUTUUYECKOU
4acTu MpUOOPOB K MOYTH KOMHATHBIM, 0) MEpPEX0]] OT KECTKUX METOI0B BO3JEHCT-
BUS BO BpeMs aHaliu3a K Oojiee MSTKUM, B) YIYUYIIEHUE CEJIEKTUBHOCTHU pa3/iesICHUS
KOMITOHEHTOB CJIOKHOM CMECHU M NOBBIIICHUEM YyBCTBUTEIBLHOCTH. Ha coBpemMeHHOM
YPOBHE METOMBl Ta30-XUAKOCTHOW XpomaTorpadum M Ta30BOM XpOMAaTO-Macc-
CHEKTPOMETPUN HE yJIOBJIETBOPSIOT TPEOOBAHUSAM MATKOCTU BO3JEUCTBUS Ha aHAIU-
supyemoe BemiecTBo [62]. Temmeparypa B aHAIMTHYECKOH 4acTH MPUOOPOB MOXKET
nocturath 533-633K s razo-xuakoctHoil xpomatorpaduu u 723K nnst razoBoit
XpOMaTO-Macc-CIIEKTPOMETPUH, TPU 3TOM BO3MOXKHBI TEPMHUYECKOE PA3JI0KEHUE,
KaTaJnu3 U Ipyryue npeBpauieHus KOMIIOHEHTOB cMecu. K HepocTaTkam 3TUX METO0B
MO>XHO OTHECTH M PSAJ TEXHUYECKUX M METOAMYECKHX CIOXKHOCTEH, CHUKAIOLIUX
JIOCTOBEPHOCTH aHann3a. MeTo ] BEICOKOI(PHEKTHBHOM KUIAKOCTHOU XpoMmaTorpapuu
SBJISIETCS HanOoJIee MSATKUM TI0 BO3JICMCTBUIO Ha BElIeCTBO. B a3TOM MeToe pa3jene-
HUE MPOUCXOIUT MPU KOMHATHOM TEMIIEpaType, a YyBCTBUTEIBHOCTb 3aBUCHUT OT
IPUMEHSAEMON CUCTEMBI NeTEeKTUpOBaHUs. COBEPILIEHCTBOBAHUE CUCTEM JETEKTHPO-
BaHMSI U JPYroro MHCTPYMEHTAIBHOrO oOecredyeHus] B OyAylIeM MO3BOJMT MPOBO-

TUTh BhICOKOA(PekTrBHBIN aHanu3 [IAY B MHOTOKOMITOHEHTHBIX CMECSX.
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CrekTpasibHbIe METOJIBI OCHOBaHBI Ha duryopecueHnuu mojekyn [IAY, npu-
YeM y Pa3HBIX MO CTPYKTYPE MOJIEKYJ IMPOSBISETCS PA3IMYHBINA XapaKTep CIIEKTPOB.
HaubGonee 3ppexkTuBHBI B 3TOM Cily4ae METO/bl, OCHOBAHHBIC Ha 3aMOpaXXUBAHUU
npoObl 10 TeMreparypsl kuakoro asora (77K) u naxe renmus (4K). Ilpu stom oTHO-
CUTEJIbHO IIUPOKHUE TOJIOCHI CIIEKTpa, HAOI0laeMble TP KOMHATHOM Temmeparype,
pacnazaloTcs Ha TPYIIbl O4eHb Y3KHX MOJIOC. DTO SBJIEHHE OBLIO OTKpHITO O.B.
[InonsCKUM W Ha3BaHO KBa3WJIMHEHUYaThIMHU criekTpamu (iayopectennuu [93]. Ha-
nexHyro unaeHtTudukamnuio [TAY obOecrieunBalOT CTPYKTYPHBINM XapakTep TaKUX CIIEK-
TPOB U WX a0OCONIOTHAs MHAMBUAYaIbHOCTh. Ilockonbky Mosekynbsl b(a)Il umeror
SPKO BBIPKEHHBIN W MHTCHCUBHBIN CIIEKTP (IyOPECICHITNH, STOT METOJI OIpeese-
Hus conepxkanus b(a)Il obnagaer nByms nmpeumyiiectBamu. [lepBoe — yacto He Tpe-
OyeTcsi peBapUTEIbHON MOATOTOBKM KCTpakTa MpoObl, KOTOPOE 3aKII0YaeTCs BO
dbpakuuonupoBanuu 1o rpymnmnam [TAY. Bropoe — peanuzanus 3Toro crnocoba Bo3-
MOKHa C TIOMOIIIBI0 OT€UECTBEHHBIX criekTpomeTpoB Thna JPC-24, obecneunBaro-
X 9yBCTBUTEIHLHOCTh aHAIIA3A JI0 1020 /M [52].

Wrak, cymiecTByronme MeToibl KOJMYECTBEHHOTO aHalu3a MO3BOJIAIOT C J0C-
TATOYHO BBICOKOM TOUHOCTHIO +(12-16%) npu noeputenbHOl BepostHocTH 0,95 ([8,
91]) ompenenars comepxkanue MHKpoao3 b(a)Il B skcTpakte npod. OmgHako, HEco-
BEPILIEHCTBO METOJIOB OTOOpa MpoO 3HAUYUTEIBHO CHUXKAET JOCTOBEPHOCTH OIpee-
nenus conepxanus b(a)Il B npogykrax cropanus.

[Ipennaraemass Marematuueckass MoOJENTb 00pa3oBaHUS W BBITOpaHUS
Oen3(a)mupena paccuuThiBasach A ausenein AM3-236, AM3-238 kombaiinoB ACros
530 u Jlou-680M, [1-120, [1-240 tpakTopos, aTomoOmisa K-741 KAMA3 u HekoTo-
peix apyrux [37]. Temmeparypa Ha HOMHHAIBHOM peXUME pabOThl TaKUX JBUTATE-
neit okosio 400°C, 4T0, €CTECTBEHHO, MPUBOJUT K MIHOBEHHOMY CTOPAHUIO JIFOOBIX
bunbTpoB (M3 TKaHu lleTpsiHOBa, U3 TIEHOMOINYPETAHOB, afncopoenToB XAJl-2, u T.
1.). s rmyOoKoro OXJIaXKJAeHUsI U MOCIEAYIOINX JIBYX 3TarnoB 00pabOTKH pe3yiib-
TATOB JKCIIEPHUMEHTa HEOOXOAMMO HCIIOJIb30BaTh JOPOTOCTOSIINE MPUOOPHI B 000-

pPyYAOBaHUC, KOTOPOC UMCCTCA TOJIbBKO B KPYITHBIX HCCICOOBATCIIbCKUX LICHTpPAX. IIo
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ATOM MNPUYINHEC Mbl HCIIOJB30BaAJIN YKC HM3BCCTHLIC HAACKHBIC IKCIICPUMCHTAJIbHBIC

JaHHBIC, B YaCTHOCTH, TaHHbIe padboTs [30, 56].

4.2. Pe3yabTaThl HaeHTH(DUKAIUN MOIeJIeil TOKCMYHOCTH OT HCTOYHUKOB

4.2.1. Illporpammuas peaausanusa UMM sbiaesnenns C,oHi, B 1u3esix te-
MJIOBO30B

JIst pa3TuYHBIX BUOB MAIIMH aJTOPUTM PEaTN30BaH C MOMOIIBIO MaTEMaTH-
yeckoro nakera MathCAD13. [/lasiee npuBeeM pacdeThl, BBIMOJIHEHHBIC JJIs Pa3HBIX
pekuMOB paboThl MaruH [12, 37].

Pacuer MmaTemaTuueckoil Moaesu AJas au3elis Temiosoza UMDI. [Ipusenem
pacyeThl, BHIMOTHEHHBIC JJIS CICIYIONIUX PEKUMOB paOOThI ABUTATENS: 1) XOJIOCTOM
xom; 2) 25% momuoctH; 3) 50% MomtHoctH; 4) 75% MOITHOCTH; 5) HOMUHAJIBHBIN
pexum (100% MOIIHOCTH).

1) Xonocmorii x00. Benewsl 3naueHus: ©=350 (06/mun); M=1.1607-10"
[Tomyyen monmuron mapaMeTpoB C Ha4adbHBIMU 3HaUCHUAMU: Ag =8, By = 25, k; = 30,
k; =20. Matpuiry 3Hauenuit ¢pynkuuu [CyoHip] Ha BeIXIONE (mpm 1=359) u3 (2.21)

Janblie 11t O0JIbIIeH KOMIIAKTHOCTH OyieM 0003HaYaTh: Py =P _a.

Martpuiia BBIYMCICHHBIX 3HAaYeHUN O€H3(a)MpeHa Ha PacyeTHOM IOJIUTOHE

IIapaMeTPOB UMEET BU/L:

(0479 0462 0456 0443 0428 0412 0395 0377 0358
0512 0506 0.492 0478 0,452 0.445 0.427 0407 0386
0559 0546 0.532 0516 0499 0451 061 0.4 0417
0404 0529 0.574 0557 0539 0.519 098 0475 0.4

Fa=| 06520436 082 0602 0582 0.5 0337 0513 046

0704 0427 0669 065 0625 0605 058 0554 0.525
076 0742 07723 0701 0478 0653 0627 0598 0.567
082 0A11 078 0757 0732 0°06 0677 0645 0612

0226 0365 0843 0212 091 0962 093 0497 0661,

D10 pacnpeiesIeHue XOpOIlo COTJIACyeTCsl ¢ AKCIEPUMEHTAbHBIMU JaHHBIMU

(cm. puc.2.5). [list HEeM3BECTHBIX MapaMeTpoB A W B MoaydeHbl Clenyronme 3Have-
Hus: A = 8.183; B = 24.883.

Paccuurannas ¢pynkuus 6ens(a)mupena [CyoHi2](p) npeacrasnena rpadukom:
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Hau6omnbmee 3nauenue [CyHip]max = 0.627 MKT/M° pu ¢ = 2°,
Pacuernas touka 3akanmuBaHus: [CooH1o]sac = 0.596 npu ¢ = 10°,

2) 2-s nosuyus (25% mowmnocmu). BBenenbl 3HaueHus: =400 (00/MuH);
M=1.1607-10". [Toy4eH MONMIOH NapaMeTPoB ¢ HAYATbHEIMK 3HaueHmsIMI: Ay =10,
Bo=30, 1= 30, x, =20.

ManI/II_[a Ha paCuYCTHOM IIOJIMT'OHE IIapaMETPOB UMCCT BHU:

0.519 0.507 0.493 0.477 0.461 0.443 0.424 0.404 0.382
0.561 0.547 0.532 0.516 0.498 0.479 0.458 0.436 0.412
0.605 0.591 0.574 0.557 0.537 0.517 0.494 0.471 0.445
0.654 0.638 0.62 0.601 0.58 0.558 0.534 0.508 0.481
®_a=| 0.706 0.689 0.67 0.649 0.627 0.603 0.577 0.549 0.519
0.762 0.744 0.723 0.701 0.677 0.651 0.623 0.592 0.561
0.823 0.803 0.781 0.757 0.731 0.702 0.672 0.64 0.605
0.889 0.867 0.843 0.817 0.789 0.759 0.726 0.691 0.654
0.96 0.936 0.91 0.882 0.852 0.819 0.784 0.746 0.706

OTO pacmnpeiesieHue XOpOIIIO COTJIACYEeTCs C IKCIEPUMEHTAIBHBIMU JaHHBIMU
J171s1 Hen3BECTHBIX MapaMeTpoB A U B moiy4eHsl cieayromue 3Hauenus: A = 10.224,
B =29.788

Paccunrannas ¢pyukuus [CyoH12](9) npencrasiena rpapukom:
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Haub6omsiee 3Hauenune [CyoHio]max = 0.677 1ipu ¢ = 2°. PacuerHas Touka 3aKanauBa-
Hust: [CooH1o]sa = 0.642 ipu ¢ = 9°

3) 4-a nosuyus (50% mowmnocmu). BBeneHsl 3HaueHus: =450 (00/MuH);
M=1.1607-10". Tloyd4eH MOIUrOH MapaMeTpoB ¢ HAYATbHEIME 3HaueHHsIME: Ag =20,
Bo = 40, k; = 30, xk, =20. MaTpwuia BeIUMCICHHBIX 3HAUYCHUN OcH3(a)mupeHa Ha pac-

YCTHOM IIOJIMTOHC IMapaMCTPOB UMCCT BU/I:

1.157 1.118 1.077 1.032 0.984 0.932 0.878 0.821 0.762
1.249 1.208 1.163 1.114 1.062 1.007 0.948 0.887 0.822
1.349 1.304 1.255 1.203 1.147 1.087 1.024 0.957 0.888
1.457 1.408 1.355 1.299 1.238 1.174 1.106 1.034 0.959
®_a=|1573 1.52 1.464 1.403 1.337 1.267 1.194 1.116 1.035
1.698 1.642 1.58 1.514 1.444 1.369 1.289 1.205 1.118
1.834 1.773 1.706 1.635 1.559 1.478 1.392 1.301 1.207
1.98 1.914 1.843 1.766 1.683 1.596 1.503 1.405 1.303
2.138 2.067 1.99 1.907 1.818 1.723 1.623 1.517 1.407,

DTO pacupeaeieHue XOPOIIO COrJacyeTcsl C IKCIEPUMEHTAIbHBIMU JaHHBIMU.

J11s HEeU3BECTHBIX MapaMeTpoB A 1 B momydeHsl crneaytomnue 3HadeHus: A = 20.439;
B =39.403.

Paccunrannas ¢pynkuus 6en3(a)mupena [CyHi,](p) npencraBnena rpadpukom:
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Haub6ombiee 3uadenne [CyoHiolmax = 1.548 mpu ¢ = 1°,

PacuetHas Touka 3akanmuBaHus: [CyoHio]sac = 1.378 nipu ¢ = 7°

M=1.

4) 6-2 nosuyus (75% mowmnocmu). BeeneHol 3HadeHus: ®=550 (00/MuH);

1607-10". TIoydeH MOTHrOH MapaMeTpoB ¢ HAYaTbHBIME 3HadeHHsIME: Ag =50,

Bo =60, x; = 30, x, =20. MaTpwuiia BeIUMCICHHBIX 3HAUYCHNUN OcH3(a)upeHa Ha pac-

YCTHOM IIOJIMT'OHC IMTapaMCTPOB UMCCT BU/:

® a=

2.222 2.131 2.034 1.931 1.821 1.706 1.585 1.46 1.332
2.399 2.301 2.197 2.085 1.967 1.842 1.711 1.576 1.438
2.59 2.485 2.372 2.251 2.123 1.989 1.848 1.702 1.552
2.797 2.683 2.561 2.431 2.293 2.147 1.995 1.838 1.676
3.02 2.897 2.765 2.625 2.476 2.319 2.155 1.985 1.81
3.261 3.128 2.986 2.834 2.673 2.504 2.327 2.143 1.954
3.521 3.378 3.224 3.06 2.887 2.703 2.512 2.314 2.11
3.802 3.647 3.481 3.304 3.117 2.919 2.713 2.498 2.279
4.105 3.938 3.759 3.568 3.365 3.152 2.929 2.698 2.46

DTO0 pacnpeiesieHne XOpOIlIo COrjacyercsl ¢ HIKCIEPUMEHTAIbHBIMU IaHHBIMHU.

J711 HEeU3BECTHBIX MapaMeTpoB 4 1 B monyudeHsl crneaytomue 3Hadenus: 4 = 51.041;

B =58.681

Paccunrannas ¢pynkius [CyoHio] (@) npencraBinena rpapukom:
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Hau6omnbmee 3nauenue [CooHio]max=

=2.998 mpu ¢ = 1°. Pacuernas Touka 3akamuBauus: [CoHiplsa = 2.569 1pu ¢ = 6°.
5) Homunanvnas mowHocms. Bpenenbl 3HaueHus: =750 (006/Mun);

M=1.1607-10". TToy4eH MONMIOH MAPAMETPOB C HAYANBHBIMH 3HAYCHHSMH: Ao=

=110, Bo=90, ky =27, k, =16. Marpuiia BEIYHCICHHBIX 3HaYCHHI OeH3(a)IupeHa Ha

pacyeTHOM IOJIUTOHE TapaMETPOB UMEET BU/L:

3.487 3.312 3.12 2.913 2.691 2.456 2.211 1.959 1.704
3.798 3.607 3.398 3.172 2.931 2.675 2.408 2.133 1.855
4.136 3.928 3.701 3.455 3.192 2.913 2.622 2.323 2.02
4.504 4.277 4.03 3.762 3.476 3.173 2.856 2.53 2.2

®_a =| 4.905 4.658 4.389 4.097 3.785 3.455 3.11 2.755 2.396
5.342 5.073 4.779 4.462 4.122 3.763 3.387 3  2.609
5.817 5.524 5.205 4.859 4.489 4.098 3.689 3.268 2.842
6.335 6.016 5.668 5.292 4.889 4.462 4.017 3.558 3.095
6.899 6.552 6.173 5.763 5.324 4.86 4.374 3.875 3.37

OTO0 pacrpenesneHne XOpoIlo COraacyercsl ¢ IKCIIEPUMEHTAIIBHBIMU TaHHBIMH.
JIns HemsBecTHBIX MapameTpoB A W B NOaydeHsl CAeAyronue 3HadeHus: A =
112.704; B =86.348

Paccunrannas ¢pynkuus 6ens(a)mupena [CyoHi2](p) npeacrasnena rpadpukom:
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_ —_ 40
Haub6osmbiee 3Hauenue [CyoHiolmax = 4.742 1mpu ¢ = 1°. PacueTHas TouKka 3aKajrBa-

Hust: [CooH12)sa = 3.977 ipu ¢ = 8°,

['paduk 3aBUCUMOCTH napamMeTpoB A U B OT peKUMOB U3l HUXKE MPEACTaB-
JieH Ha puc.4.7.

A,B“

100 /

60

.
,1“ /
v

h““-

lOr

XX 2n 4n 6n HOM pexum
paboTbl

\ 4

Puc.4.7. I'paduk 3aBucumoctu A, B minst UMD-3

4.2.2. IIporpammuasn peaausanusa UMM sbigenenus CooHi, B a1u3ensix aBToMo-
ouueit KamA3 (5320)
Pacdet npousBoaMICsS AJIsI TEX K€ MATH PEKUMOB pabOThI ABUTATES.
. 7
1) Xonocmoii xo0. Beenens! 3nauenus: w=2000 (06/mun); M=1.1607-10".
[Tonuron mapamMeTpoB ¢ HadaJIbHBIMU 3HaueHUsIMU: Ay =20, By = 40, x; = 30, x, =20.
Martpuiia KOHIIGHTpallMM Ha pacyeT-
0.479 0.468 0.456 0.443 0.428 0.412 0.395 0.377 0.358 p 0 OHIIE p 1 p cqe
0.518 0.506 0.492 0.478 0.462 0.445 0.427 0.407 0.386
0.559 0.546 0.532 0.516 0.499 0.481 0.461 0.44 0.417
0.604 0.589 0.574 0.557 0.539 0.519 0.498 0.475 0.45
® a=| 0.652 0.636 0.62 0.602 0.582 0.56 0.537 0.513 0.486
0.704 0.687 0.669 0.65 0.628 0.605 0.58 0.554 0.525
0.76 0.742 0.723 0.701 0.678 0.653 0.627 0.598 0.567

0.82 0.801 0.78 0.757 0.732 0.706 0.677 0.645 0.612
0.886 0.865 0.843 0.818 0.791 0.762 0.73 0.697 0.661

HOM IIOJIMTOHC ITapaMCTPOB UMCCT BU:
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DTO pacrpeneneHne XopoIo CoriacyeT-

06

04
BaP

02

0
-100

100

Hau6Gomnbmee 3nauenue [CooHio]max=

=0.563 mxr/m° mpu ¢ = 3°,

Ci C DKCIEPUMEHTAIbHBIMU JaHHBIMU
(cm. puc.l). s HEM3BECTHBIX MapameT-

poB A U B moJry4eHsl cleAyolne 3Haye-

aust: A = 20.381; B =39.573.

Paccunrannas ¢yHkius OeHs(a)mupena

[CooH12](w) npencTasnena rpadukom:

Pacuernas touka 3akanmuBaHus: [CooH1o]sac = 0.555 npu ¢ = 6°.

2) 2-2 nosuyusi (25% mowmnocmu). Benennl 3HaueHus: w=2050 (00/MuH);

M=1.1607-10". Tloyd4eH MOIUrOH MapaMeTpoB ¢ HaYATbHBIME 3HaueHHsME: Ag =30,

By =60, k1 = 20, x, =10. Marpurna BbIYUCIECHHBIX 3HAYeHUI OeH3(a)lupeHa Ha pac-

YCTHOM ITIOJIMI'OHC IMapaMCTPOB UMCCT BHU:

0.529 0.519 0.506 0.49 0.471 0.448 0.421 0.389 0.352
0.594 0.582 0.567 0.55 0.528 0.503 0.472 0.436 0.395
0.666 0.653 0.637 0.617 0.593 0.564 0.53 0.49 0.444
0.747 0.733 0.714 0.692 0.665 0.633 0.594 0.549 0.498
0.838 0.822 0.802 0.777 0.746 0.71 0.667 0.616 0.558
0.941 0.922 0.899 0.871 0.838 0.797 0.748 0.692 0.626
1.056 1.035 1.009 0.978 0.94 0.894 0.84 0.776 0.703
1.184 1.161 1.132 1.097 1.054 1.003 0.942 0.871 0.789

1.329 1.303 1.27 1.231 1.183 1.125 1.057 0.977 0.885,

OT0 pacrpeesieHde XOpoIlo Coria-
CyeTcss C  DKCIIEPUMEHTAILHBIMHU
JTaHHBIMHU.

Jlnsi Heu3BeCTHBIX TapameTpoB A U

B nionydensl crienyronye 3Ha4eHUs:

A =31.253; B=57.007.

Paccunrannas ¢pynkius [CyoHi2] (@) npencraBinena rpadpukom:

08

06

BaP

04

02

Haubonpiee 3HAUEHUE

[C20H12]max =0.807 Ipu ¢ = 30.
Pacuernas Touka 3aKaJuBaHUS:

[CaoH12]sac = 0.787 mpu ¢ = 8°.
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®_a =| 3.593 3.505 3.406 3.293 3.166 3.025 2.869 2.697 2.51

3) 4-5 nozuyus (50% mownocmu). Beenensl 3Hauenus: w=2100 (06/mun); I1o-
Jy4eH TOJINTOH MMapaMeTPOB C HadalbHBIMU 3HaUeHUAMU: Ag =50, By = 80, k1 = 25, k;
=15. Matpuna xonnenTpamuii C,oH;, mmeer Bu:

0.889 0.87 0.847 0.822 0.793 0.76 0.725 0.685 0.641 OTO paclnpeesieHie XOpouio cornacy-
0.975 0.954 0.929 0.901 0.869 0.834 0.794 0.751 0.703
1.069 1.046 1.018 0.988 0.953 0.914 0.871 0.823 0.771
1.173 1.146 1.117 1.083 1.045 1.003 0.955 0.903 0.846
®_a=|1.286 1.257 1.224 1.187 1.146 1.099 1.047 0.99 0.927
1.41 1.378 1.343 1.302 1.256 1.205 1.148 1.085 1.017 B nony4deHsl clieAyromme 3HaYEHHUS:

1.546 1.511 1.472 1.428 1.378 1.322 1.259 1.19 1.115
1.695 1.657 1.614 1.565 1.511 1.449 1.381 1.305 1.222 4= 51304’ B= 77702

CTCA C OKCIICPUMCHTAJIbHBIMHU OAaHHBbI-

MH. J[JI1 HEN3BECTHBIX MMAPAMETPOB A U

1.858 1.817 1.77 1.716 1.656 1.589 1.514 1.431 1.34

Paccuutannas ¢pynkuus OeH3(a)nupeHa npeacTaBieHa rpapuKoM:

13
12 -
HauGonbmee 3uaueHue [CooH1io]max
1
1.231 mpu ¢ = 3°. Pacuernas Touka 3a-
08 kamuBauus: [CyoHio]sa = 1.187 mipu ¢ =
a 0
L 10°.
04
02
0.
'0100 -80 -60 =40 =20 0 20 40 60 80 100
- 100 ¢ 100

4) 6-s nosuyus (75% mowmnocmu). Beenensl 3Hauenus: w=2150 (06/mun). ITo-
Jy4YeH TOJUTOH MapaMeTPOB ¢ HaYaIbHBIMU 3HaUYeHUSAMHU: Ag =145, By = 90, x; = 25,
K, =15. MaTpuna BerauciaeHHbIX 3HaueHnid CooHq, uMeer Bu:

2.486 2.425 2.356 2.278 2.191 2.093 1.985 1.866 1.736 OTO paclpeneneHue Xopolo Coraacyer-
2.726 2.659 2.583 2.498 2.402 2.295 2.176 2.046 1.904
2.989 2.916 2.833 2.739 2.634 2.516 2.386 2.243 2.087

3.277 3.197 3.106 3.003 2.888 2.759 2.616 2.459 2.289 Jlnst HeW3BECTHBIX IapamerpoB 4 u B

Cid C OKCICPUMCHTAJIbHBIMH JTdHHBIMHU.

3.94 3.843 3.734 3.611 3.472 3.317 3.145 2.957 2.752 HOJIy4Y€HbI CIIEAYIOIINE 3HAUeHus: A =
4.32 4.214 4.094 3.959 3.807 3.637 3.449 3.242 3.017 R

148.377; B =386.534
4.737 4.621 4.489 4.341 4.174 3.988 3.782 3.555 3.308
5.194 5.067 4.922 4.76 4.577 4.373 4.146 3.898 3.627
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Paccunrannas ¢pynkius 6ens(a)mupena [CyoHio] (@) npencrasnena rpadpukom:

05

’u100 -80 -60 -40 -20 0 20 40 60 80 100
- 100 [ 100

5) Homumnanvnas mowHOCM®.

Hau6onbmee 3aauenue [CyHio]max = 3.419

—n0
: npu @ =3". PacuerHas TOuYkKa 3aKaJMBaHUS:

[CooHi2]sax = 3.276 1pm ¢ = 12°.

Beeaenst 3HaueHusi: ®©=2200 (00/MuH);

M=1.1607-10". Tlogyd4eH MOJHIOH MAPAaMETPOB C HAYATBHBIMU 3HAYCHHSIMH: Aq

=250, By = 145, ky= 25, x, =55. Marpuiia BEIYHCICHHBIX 3HaYCHHI OeH3(a)IupeHa Ha

pPacyeTHOM IOJIMTOHE MapaMeTPOB UMEET BU/L:

3.369 3.317 3.264 3.209 3.152 3.095 3.036 2.976 2.914
3.695 3.637 3.579 3.518 3.457 3.394 3.329 3.263 3.196
4.051 3.988 3.924 3.858 3.79 3.721 3.65 3.578 3.504
4.442 4.373 4.302 4.23 4.156 4.08 4.002 3.923 3.842
4.87 4.795 4.717 4.638 4.557 4.474 4.388 4.301 4.213
5.34 5.257 5.173 5.085 4.996 4.905 4.812 4.716 4.619
5.855 5.765 5.672 5.576 5.478 5.378 5.276 5.172 5.065
6.42 6.321 6.219 6.114 6.007 5.897 5.785 5.67 5.553

7.04 6.931 6.819 6.704 6.586 6.466 6.343 6.218 6.089

OTO pacnpeneeHue XOpoIo COraacyercs
C OKCIIEPUMEHTAIbHBIMU JAHHBIMU .
JIns HensBecTHBIX napaMeTpoB 4 U B 1o-

Jy4EHBbl CJEAYyIOlMe 3HadyeHus: A =

256.948; B =144.409.

Paccunrannas ¢pynkius [CyoHio] (@) npencraBinena rpapukom:

-100 -80 -60 -40 -20 0 20 40 60 80 100

Hau6obmree 3uadenne [CooHio]max = 5.212
pu ¢ = 2°.
Pacuernas touka 3akamuBaHus: [CooHiolsac

=4.701 pu ¢ = 10°,
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['paduk 3aBHCHUMOCTH MapaMeTpoB A U B OT pexXUMOB pabOTHI AU3EIs MPEICTaBICH

Ha puc. 4.8.
A

A,B

250 / R

150

100 : // &

50 4
¥ ?/
XX 2n 4n 6n HOM pexum

paboTbl

Puc.4.8. I'padux 3aBucumoctu A, B ans KamA3

Pe3ynbratel uccnenoBanus. Pacuersl ¢ HOMOIIbIO IPEICTABICHHON MaTeMaTH-
YECKOW MOJENH ISl JU3EIbHBIX JBUTATENCi MaHEBPOBOIO TEIIOBO3a U TPY30BOTO
aBTOMOOWJIS JJaliv CJIETYIOIINE PEe3yIbTaThI:

- paccuMTaHbl 3Ha4YeHUsI mapaMeTpoB A u B u nipencrapnensl Ha puc. 4.7.-4.8;

- MakcuMajbHasi MaccoBasi KOHUEHTpalusi OeH3(a)nupeHa oOpaszyercs mIpu

_ 10_q0.
p=1"-3%
_ 0 0

- IPOIIECC 3aKAJIKU MPOUCXOIUT B AMana3zoHe ¢ =5 - 12°,

[CZOHlZ]max B [CZOle]
[C20H12]max

HBIX peXrMax (B MPOLIEHTAX ) MpUBEACHA B Ta0I. 5.

OTHOCHUTENIbHAS BEIMYMHA 3aKaJIKU [ 5 '100%j Ha pas3jimy-

Taomuna 4.5
3Ha‘{eHI/I$I OTHOCHTGHBHOfI BCJIIMYHUHBI 3aKaJIKU.
PexxnMel XO0JIOCTOU 2 MO3ULAA 4 mo3unus 6 mO3ULIN Homwnnan
XOXI
yMD-3 4.9 5.2 11.0 14.3 18.2
KamA3 5320 1.4 2.5 3.6 4.2 9.8

155




4.2.3. Illporpammuas peaausauuss UMM Boinenenus C,oH;, B 1u3ensix komoaii-

HOB U TPAKTOPOB

J7is KoMOaifHOBBIX JBUTATENIEH MPEACTaBUM PACUYEThl IO MOJENHU JIJIsl TPEX OC-

HOBHBIX PEXUMOB Harpy3ku (xosoctoir xoa, S0 % MOIIHOCTH W HOMHUHAJIBHBIN pe-

KHM).

Komo6aiin «Acros 530», (quzenan SIM3-236).

1) Xonocmoii xo0.

Beenensl 3HaueHIS: ©=550 (06/Mun); M=1.1607-10". [Tomy4yen nmonurox mna-

paMeTpoOB ¢ HavaIbHBIMH 3HaUCHUSIMU: Ay =88, By = 18, k1 = 35, k, =28.

Martpuiia BBIYMCICHHBIX 3HaYeHUN O€H3(a)MpeHa Ha PacUETHOM IOJIUTOHE

IIapaMeTPOB UMEET BUL:

0.479 0.468 0.456 0.443 0.428 0.412 0.395 0.377 0.358
0.518 0.506 0.492 0.478 0.462 0.445 0.427 0.407 0.386
0.559 0.546 0.532 0.516 0.499 0.481 0.461 0.44 0.417
0.604 0.589 0.574 0.557 0.539 0.519 0.498 0.475 0.45
0.652 0.636 0.62 0.602 0.582 0.56 0.537 0.513 0.486
0.704 0.687 0.669 0.65 0.628 0.605 0.58 0.554 0.525
0.76 0.742 0.723 0.701 0.678 0.653 0.627 0.598 0.567
0.82 0.801 0.78 0.757 0.732 0.706 0.677 0.645 0.612
0.886 0.865 0.843 0.818 0.791 0.762 0.73 0.697 0.661

OTO pacupeleeHHe XOpOIIO COIIacyeT-
CAi C DKCIEPUMEHTAJIbHBIMU JIaHHBIMHU.
Jns HemsBecTHbIX mapameTpoB A u B

IMOJIYUCHBI CIICAYIOIIHNC 3HAYCHU !

A =89.156; B=17.706

Paccunrannas ¢pyukuus [CyoHio/ () npencraBineHa rpadukom:

08
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BaP
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02

0
-200 -150 -100 -50 0 50 100 150 200

o

2) 50% HOMUHATLHOU MOWHOCIU.

Hau6omasmee 3naucaue [CooHio]max = 0.779
mkr/m® pu ¢ = 18°.

| Ha Beixoze: [CooH1o] e = 0.552.

Beenenst 3nauenus: w=1300 (06/mun). [lomydeH moauron mapaMeTpoB ¢ Ha-

YaJIbHBIMH 3HaUeHUsIMU: Ag =125, By = 65, k1 =44, x, =30.

156



Brraucnennas marpuna 3nadenuii CyoHp, Ha pacyeTHOM MONHMroHE mMapaMeT-
POB XOPOIIIO COTJIACYETCS C KCIEPUMEHTAIBHBIMUA JaHHBIMA. J[J11 HEM3BECTHBIX Ta-
pameTpoB 4 u B nionydensl 3HaueHus: 4 =126.443, B = 63.834.

Paccunrannas ¢pynakmus [CooHio/ (9) npencrapiiena rpadukom:

1 HauGoabmee 3nauenue [CooHiplmax =
oL \ | 2.586 mpu ¢ = 21°.
AN Ha Beixogae: [CooH1o] e = 1.284.

BaP 1 -

_ 1 1 1 1 1 1 1
-200 -150 -100 =50 0 50 100 150 200

3) Homunanonas mownocmo (100%).

Brenensr 3naueHus: w=2100 (06/mun). IlomydeH MOIUTOH mapaMeTpoB ¢ Ha-
yaJIbHBIMHU 3HaueHusMu: Ag =130, By= 89, k1 =42, k, =33.

Brraucnennas maTpuiia Ha pacdeTHOM IOJUTOHE TTapaMeTPOB XOPOIIIO COTJIa-
CyeTcs C DKCIIEPUMEHTAIbHBIMU JaHHBIMU. {7151 HeU3BECTHBIX mapaMeTpoB 4 u B mo-
JaydeHsl crnenyronie 3HadeHus: 4 = 131.954; B = 87.460

Paccunrannas dpynkuus [CyoHi,/ (9) npencrasinena rpadukoM:

T T T T T . . Haun6Gonbpmee 3naucuue [CooH1io]max
10 1  =10.850 mpu ¢ = 6°. Ha BEIXOZE:
[C20H12] ablx — 3.949.

BaP

1 1 1 1 1 1 1
0
-200 -150 -100 -50 0 50 100 150 200
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Komb6aiin «Acros-530» (mu3ean AM3-238).
1) Xorocmoii xo00.

Brenennl 3naueHus: w=>550 (06/mun). [lonydeH MOJUTOH MapamMeTpPOB C Ha-
yanpbHBIMHA 3HaueHusMu: Ag =92, By = 20, x; = 38, x, =23. Beruucnennas marpuiia
3HaueHnit b(a)ll xoporo cormacyercs ¢ 3KCIEpUMEHTAIbHBIMU JaHHBIMU. [l ma-
paMmeTpoB 4 u B nionaydeHsl ciaeayromme 3HaueHus: 4 = 93.042; B = 19.514.

Paccunrannas dpynknus [CyoHi,/ (9) npencrariena rpadukoM:

HaubGonbmee 3nauenne [CoHiolmax =
0.779 mxr/m° mpu ¢ = 16°.
06 x"'”-«.._m_ N Ha BBIXO/IC: [C20H12] GbIXK — 0.530.

BaP

04 -

0 1 1 1 1 1 1 1
-200 -150 -100 -50 200

—180, o 179.177

o
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o
=
o
o
=
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2) 50% Hom. mownocmu.

Beenens! 3nadueHus: w=1300 (06/muH). [ToaydeH MoONMroH mapaMeTpoB C Ha-
JanbHbIMU 3HaueHusIMU: Ay =130, By = 32, k1 = =38, k, =28. BrruncienHas maTpuia
3HaueHui b(a)Il Ha pacueTHOM MOJUTOHE MapaMETPOB XOPOIIIO COIIACyeTCs C DKC-
NepUMEHTAIBHBIMU TaHHBIMU. J[J11 HEU3BECTHBIX MapaMeTpoB A U B TOJIy4eHbI 3Ha-
yenns: A=131.581; B =31.415.

Paccunrannas byHKUIHS

[CooH12/ (9) npencTaBiena rpadukom:

Hau6omasmee 3uauenue [CooHiz]max
B 1 2.407 mxr/m® mpu ¢ = 15°.
Ha Beixone: [CooH12] e = 1.220.

- 1 1 1 1 1 1 1
-200 -150 -100 -50 0 50 100 150 200
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25

BaP

0.

3) Homunanvnas mownocmo (100%).

Brenensr 3naueHus: w=2100 (06/mun). [lomydeH mOIUToOH mapaMeTpoB ¢ Ha-
YaJIbHBIMU 3HaueHusMu: Aq =146, By= 76, k1= 38, k, =27.

Brruucnennas marpuna 3naduennii b(a)Il Ha pacyeTHOM MOAUTOHE MapaMeTpoB
XOpOIIIO COTJIACYeTCsl ¢ AKCIEPUMCHTAIBHBIMHU JaHHBIMU. JIJIsI HEM3BECTHBIX Iapa-
MeTpoB A 1 B monyueHsl ciaeayromue 3HaueHus: 4 = 148.196; B = 74.347.

Paccunrannas dynknus [CyoHi,/ (9) npencrasiena rpadhukoM:

"ol i Haubonbmiee 3HAYEHUE
[CooH1olmax = 8.641 Mxr/™® Tpu ¢ = 7°.
i “ 1 Hasbxone: [CooHio]sum = 3.961.
=L "‘\\\N |

0.

| ] ] 1 ] ] ]
0
-200 -150 -100 -50 0 50 100 150 200

— 180, ) 179.655

Tpakropsl ¢ aBurareasvu (J1-120 u [-240).
Homunanvuas mownocmo (100%) /1-120.

Beenenst 3nauenus: w=2000 (06/muH). [lomydeH moauroH mapaMeTpoB ¢ Ha-
YanbHBIMH 3HaUYCHUSIMHU: Ag =122, By = 51, k1 = 40, x, =40. Berancnennas matpuia
sHaueHu b(a)Il xopormo cormacyercs ¢ SKCIIEpUMEHTAIBHBIMHM JaHHBIMU. J[J1s ma-
pameTpoB 4 1 B monydeHs! cienytomnue 3HaueHuss: 4 = 124.189; B =50.233.

Paccunrannas dynkuus [CyoHio/ (9) npencrasinena rpadukoM:

25 T T T T T T T

il ,\ 7 Hawmbonbmee 3Hauenue [CyHio]max = 22.694
15[ ‘\\\ . MKF/M3 npu ¢ = 100
AN | Hasoixoze: [CooHio s = 3.714.

S0 s w0 s0 o so 100 10 200 Homunanvras mownocmo (100%) /{-240.
— 180, [} 179.382
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Brenensr 3nauenus: w=2200 (06/mun). [lomydeH mOIUToH mapaMeTpoB ¢ Ha-
YaJIbHBIMH 3HaueHuIMU: Ag =126, By= 91, k1 =40, x, =23.

Brruucnennas marpuna 3Hadennii b(a)Il Ha pacyeTHOM MOMTOHE MapamMeTpPoOB
XOpOIIIO COTIIACYETCSI C IKCIMEPUMEHTAIBHBIMUA JAaHHBIMH. J[711 HEM3BECTHBIX Tapa-
MeTpoB A 1 B mony4eHsl ciaeayromue 3HaueHus: 4 = 128.059; B = 87.838.

Paccunrannas ¢pynkiuus b(a)I1 [CyoH1,/ (p) npencrasiena rpadukoM:

25 T T T T T T T
25

20 \ - HaubGonbiiee 3naueHue [CyoHio]max = 21.848

\

BaP 10 \

Mrr/M° mpr ¢ = 20°.

Ha Beixoge: [CooH1o]sum = 3.916.

0.

1 1 1 1 1 1 1
-5
-200 -150 -100 -50 0 50 100 150 200

— 180, [} 179.059

Pesynbprarsl uccienoBanus. PacueTsl ¢ MOMOIIBIO MPEACTABICHHON MaTeMaTH-

YECKOM MOJIeNu JJi1 JU3EJbHBIX JIBUTaTeel CEelbCKOXO3SIMCTBEHHBIX MAIWH JaJH
CIIeyIOIINE PEe3yIbTaTHI:
- paccuMTaHbl 3HaUYeHUs mapameTpoB A u B u npencrasnens! Ha puc. 4.9.- 4.10;

- MaKCHMAaJbHast MaccoBasi KoHientpanust CyoHy, o6pasyercs mpu ¢ = 6°-21°;
A

93,042

Pid
- ’—’— -
50 .....'_,p."‘..
—"‘

I SR Loy

JEE 31415
0 >

509N 100%nN

Puc. 4.9. T'paduk 3aBucMMOCTH mapamMeTpoB A, B oT pexmnma Harpys3ku uisi KoMOaiiHa

(mBurarenp SIM3-236).
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50%N 100%N

Puc. 4.10. TI'paduk 3aBucHMOCTH mapaMmeTpoB A, B oT pexxuma Harpys3ku i KomOaiiHa

(mBurarenp SIM3-238).

4.2.4 Ilporpammuas peaausanusa UMM Bbije/ieHUs1 OKCHA0B a30Ta B H-

3eJIAX TeIJIOBO30B

Kak roBopuiioce Bbllie, i1 UACHTU(UKALIMM MaTeMaTHYECKUX MOJENIeH He-
00XO0MMO UMETh HAJIeKHbIE HIKCIIEPUMEHTAIbHbBIC TAHHBIE.

JIns yTOYHEHHOM MAaTeMaTU4eCKOW MOJEIN BBIICIICHUS OKUCIIOB a30Ta B BO3-
IyX pabouel 30HbI aBTOpaMu COOMpANTKNCh IKCIIEPUMEHTAIbHBIE TaHHbBIE MO BHIOPO-
cam 9rtoro komnoHeHta OI' mms mamuu ¢ gsurarensmu [IA-1M ([50) wu
K6S310DR.

Cxema npoBeJieHUs UCTIBITAHUN NpHUBEAEHA BhIllle Ha puc 4.1. st ucnblTaHuii
UCTIOB30BAIMCh TPHOOPBI: Tazoananu3arop Vario Plus u neimomep META-
01MII1.043. B Ilpunoxenusx [ u E npuBeaeHsl oOpa3ubl NPOTOKOJIOB HCIBITAHUN
yKa3aHHbIX MamuH. Mcnbitanuio noasepriuch Oonee 200 MamuH ¢ JU3EIsIMH pas-
JUYHOrO BUJA. /[Mama3oHbl MOMYYEHHBIX B XO/€ HKCIIEPUMEHTA 3HAYEHUN KOHIICH-
tparuu NOX Ha paznuuHbIX peXuMax paOOThl ABUTATENs IpUBOAITCS Ha puc. 4.11.-

4.12. u B TaOmune 4.6.
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XX 2 4 ] N Pexuvm paboTbl MCTOUHMKA
Bblaenexns BB

0 25 50 75 100

Puc. 4.11 dunama3on 3aaueHuit konnenTpanuu NOX mist Mmammeb! ¢ Tunom ausens [IJI-1M ([ 50)
A

NOx
r/ky6 m

)

Lo
Pexum paboTbl MCTO4HMKA
Bblaenexns BB

I
N
0 25 50 75 100

Puc. 4.12. Z[I/IaHEBOH 3HA4YECHUI KOHIOCHTpAlUH NOx JJII MAallIMHBI C TUIIOM JU3CJIA C IU3CJIEM

K5S310 DR.

Tabnwnna 4.6
DKCnepruMeHTaIbHBIC JaHHBIE BEIOPOcOB NOX
JIsI MAIlIMH C Huzens Juzenb
m3e- [TIJAT-1M (/1-50) K5S5310 DR
JIIMHA
Pexumbl
NOX min NOX max NOX min NOX max
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XX 0.348 0.817 0.094 0.911
0.25N 1.008 2.264 0.140 2.381
0.5N 0.998 2.951 0.396 2.843
0.75N 0.913 1.751 0.880 3.140

N 0.704 2.235 0.757 2.880

PacueTs! mo anroputMy IpOBOIMIINCH B TPH dTarla.

1) C nomomnisto AC «ENGINEY» Beramcisumich 3HaueHust PyHKIIMMA, BXOASIINX
B ypaBHeHus (2.22-2.23) nns 3HaYeHMI apryMeHTa ¢ C maroM | rpamyc.

2) C momotmpio MOAU(PHUITMPOBAHHOTO METOJIa KacKaaHOW (aKTOpU3allud W3
11.2.3 ObuTH BeIUMCIICHBI KO3 dunmenTsl 4, B, C, D.

B tabnuue 4.7 npuBeneHbl pe3ysbTaThl pacyeTa 3TUX KO3(PPUIUEHTOB ISl -
seneii: K6S310DR, 1A-5/149, 10/1100 u tpakTopHoro am3ens 1 240.

3) IlpubnmkeHHBIMH METOJIaMH pemarTcs aud@epeHIraibHbple YPaBHCHUS
(2.22-2.23).

Ta6muma 4.7

PesynwpraTel nnentudukanum Mmoaenu oopazoarus NO

Tun nuzens A B C D
K6S310DR 293,164 | 0,197 | 22202 | 4,094
1A-5/149 134,77 | 0,103 | 18420 | 2,26
101100 868,23 | 0,335 | 30090 | 3,663
J1 240 802,47 | 0,334 | 50150 | 6,241

PesynbpraThl uccienoBaHus MOKa3ajid, YTO aJ€KBATHBIN CIleHapHili oOpa3oBa-
HUS ¥ THOCIHM OKCHIOB a30Ta B Kamepe cropanus Ha npumepe nmzens K6S310DR
OMUCHIBAETCS YPABHEHUEM:

—32000

_-38000 T(p)
@:22202-P(qo)-[Nzlw)-[01<<o>-e“‘/’>+22°°'d—Q—4-1~M-e " of

¢ do a)2

JIyist mosTydeHust ypaBHEHUSI 00pa30BaHUs M CTOPaHUSI OKCHJIOB a30Ta ISl APY-
I'UX YINOMSHYTBIX BBINIE ABUTaTenel 3HadeHus: koddduimentoB C u D Oepyres u3

tabmuikl 4.7 v noacraBisroTes B (2.23).
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PacyeTsl, mpoBeneHHBIE C TOMOIIBIO YTOYHEHHONM MOJAENU 00pa3oBaHUS U
HMUCCUU OKCUIOB a30Ta Ha Pa3JIMYHBIX pPEeKUMax paOOThl ABUTaTENEH, BBIIBUIIN XO-

pomee COriiaCoOBaHuce MoJy4CHHBIX 3HAQYCHUM C OKCIICPUMCHTAJIbHBIMU JTaHHBIMH.

4.3 IlporpaMmmHoOe o0ecneyeHue AJIs1 YMCJIEHHOT0 MOAEJTUPOBAHUSA NPOLEC-

coB pacnpocrpaHeHuss BB B momemenusx

Cno>)XHOCTh MaTEMaTUYECKOM MOJIENM MPOLECCOB pacnpocTpaneHus BB B mo-
MEIIEHUSAX MPUBOJUT K HEBO3MOXKHOCTH IOJYYEHHUS aHAJTUTHYECKOrO pPEIICHUS B
o011eM BU/JIE.

JUist peanu3anuy MaTeMaTHYeCKOW MOJIENIN UCIIONIb3YETCS:

- cpena pa3paboTku mporpammuoro npoaykra Borland Delphi 7.0;

- makeT FlexPDE, BeIcTynarommii B Ka4eCTBE PacueTHOTrO sApa MPOrpaMMHOTO
MPOIYKTa,;

- cUCTeMa ympaBicHUs Oazamu JaHHbBIX Microsoft Access, s XxpaHeHHs He-
00X0AMMOTO ISl paObOTHI MPUIIOKEHHS HA0Opa JTaHHBIX.

[Taker FlexPDE — mporpamma, mojiep:kuBaroiias METO KOHCYHBIX JICMEH-
TOB TIPU MOJCIIUPOBAHUU OOBEKTOB C PACIPECICHHBIMU TIEPEMEHHBIMU, OTMHICHIBaC-
MBIX HEIMHEHUHBIMU TU(dEepeHIINaTbHBIMU YPABHEHUSIMU C YACTHBIMU MTPOU3BO/IHbI-
mu. [lo cnenuansHO paspaboTaHHOMY ISl UccieayeMoro ciaydas kony, FlexPDE |
ABJISSICH SIAPOM MIPOTPAMMHOTO MTPOYKTa, TPOU3BOAUT ONEpaIii, HEOOXOAUMBIE JIs
TOTO, YTOOBI TPEe0Opa3oBaTh OMUCaHUE CUCTEMBI AU depeHIIuaTbHBIX YpaBHEHUHN B
YaCTHBIX MTPOU3BOJIHBIX B MOJIEIb IJI1 pacueTa METOJIOM KOHEUYHBIX 3JIEMEHTOB, Hali-
TH PEIIeHUE JUIsl 3TOM CUCTEMBI U MPEACTABUTH PE3yJIbTaThl B rpaduueckoi hopme.
Taxkum oOpazoMm, FlexPDE urpaer posib BBIMHCIUTETBLHON CPenbl JJIsl PEIICHHS TO-
craBieHHOM 3a1aun. B makere FlexPDE peanuzoan meton HetoToHa-Padcona [82].
OcHoBoit Merona HreroToHa-Padcona sABisieTcss mNOCTpOeHUE psiia 3HAYEHUU

X(O), X(l), . X(N) , HCXOO U3 HayaJIbHOU BEJIUYHHBI X(O) C HUCIIOJB30BaHUCM IIPOLICCCa

UTEpalyid, YIUTHIBAIOIIETO 3HAYCHUS ¢, (X), a TakkKe 3HAYCHUS €€ MPOU3BOIHOM.
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Htepanuu npekpamaroTcs, KOraa pa3HoCTb MEXAY ABYMS MOCJIEA0BATEIbHBIMUA UTE-

x|

palusiMH YJIOBJIETBOPSET 3aJaHHON TOYHOCTH E: (€.

‘X(k+l)

[IporpamMMHOe oOecrieueHuEe — MMEET HECKOJIBKO MOJYJIEH, il o0ecredeHus
pelIeHys 3a1a4:

- MOJyJIb PEJAKTHUPOBAHUs CLICHAPUS, NIPEAOCTABIIET CPEACTBA ISl PEIaKTH-
POBaHMsI TEKCTA U IPEBAPUTEIBLHOTO IPOCMOTpa IrpauuecKoro pe3yiprara;

- aHaJIM3aTop 3allUCH YPaBHEHHS B BHUJEC CHUMBOJIOB, KOTOPBIM mpeodpaszyeT
uH(pOpMaIMIO, 3aIIMCAHHYIO B BHJI€ CUMBOJIOB YPaBHEHUSI B HAOOp MEPEMEHHBIX, I1a-
PaMETPOB M UX COOTHOLIEHUM, ITOHMKAET MOPSAOK MHTErPUPOBAHUs. 3aTEM pacKiia-
JBIBAET 3TH YpaBHEHUS B MaTpuily Skoou;

- MOAYJIb T€HEPATOPa CETKU CTPOUT CETKY TPEYTOJIbHBIX KOHEUHBIX JIEMEHTOB
B JIByMEpHOI1 o0nactu pemieHuil. [Ipu pemennn TpexmMepHbIX 3a/1a4, AByMEpHasl CEeT-
Ka IpeoOpasyeTcsl B TETPadIpHueCKylo, MEPEKPHIBAIOILYI0 IPOU3BOIBHOE KOJINYECT-
BO HEIUIOCKHUX CIIOEB;

- MOZAYJIb YACIEHHOIO aHAJIN3a KOHEYHOI'O MJIEMEHTA OCYIIECTBIIIET BEIOODP CO-
OTBETCTBYIOIIEH CXEMBI PELICHM U 3a1a4 CTAllMOHAPHBIX, HECTALMOHAPHBIX U I10-
MCKa COOCTBEHHBIX 3HAUEHUM, MPUYEM I JIMHEHHBIX U HETMHEHHBIX CHCTEM MpU-
MEHSIOTCS OTIEIIbHBIE ITPOLIEAYPHI pacUeTa;

- IPOLIEypa OLIEHKH MOTPEUIHOCTH OLIEHUBAET CTENEHb MPUOIMKEHUS CETKU U
YTOYHSIET KOOPAMHATHI CETKH B 00JIACTAX, IJI€ MOTPeIIHOCTh Benuka. Cucrema ocy-
LIECTBIIAET UTEPATUBHOE YTOUHEHHUE [TAPAMETPOB CETKU U PELICHUS 10 T€X MOp, IT0Ka
HE JOCTUTAETCS 3aJaHHBIN MOJIb30BATEIIEM YPOBEHD MTOIPEIIHOCTH;

- MOJyJib IpapuuecKkoro BHIBOJA MPUHUMAET MPOU3BOJIbHBIE alredpandyeckue
(GYHKIUHM U3 TOJYYEHHOTO PEIIEHUsI U OCYUIECTBIIET MOCTPOECHUE IPAPUKOB KOHTY-
pa, TOBEPXHOCTHU U BEKTOPOB;

- MOJyJIb BHEIIHETO BBIBOJA JAHHBIX IIPEAOCTABIAET BO3MOKHOCTh pacreydar-
KM OTYETOB B BHJE MHOTMX (hOpMAaTOB, BKJIIOYAs TAOIMIbl YMCICHHBIX 3HAUYCHMH,
JTAHHBIE CETKM KOHEUHBIX 3JIEMEHTOB, a TaKkXe B (popMaTax COBMECTUMBIX C pa3Jiny-

HBIMH IIPOTPaMMaMH.
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Pa3zpaboranHoe mporpammHoe obecrieueHue «MoaenupoBaHue MoJIeid KOHIEH-
Tpaluid BpPEIHBIX BEILIECTB HA y4aCTKaX OOKATKH MAaIIMHOCTPOUTEIBHBIX 3aBOJOBY
(MIIK-2009) npencrapiser co6oit HAOOP MPOrpaMMHO-UHCTPYMEHTAIBHBIX CPEJICTB,
peanu3yronux uHTEpdEic, 0OeceunBaIONuii B3aUMOICHCTBIE TIOJIH30BATEIS C T1a-
ketoM FlexPDE u 6a3o0ii nanubsix Microsoft Access.

B npunoxennn MIIK-2009 peanu3oBaHbl CIEAYIOUIME IOJIH30BATEIHCKUE
byHKITIH:

- BHECEHHE U pPEJaKTUPOBAHUE MMAPaMETPOB, OMHUCHIBAIOUINX PA3IUYHbBIE CITY-

Yau pacuyeToOB BPYUHYIO;

3arpys3ka napaMeTpoB U3 0a3bl TaHHBIX;

BBIOOP PEKUMOB PacyeTa;

COXpaHCHUA BBI6paHHBIX MMapaMCTpOB M 3alIMCh UX B UCITIOJIHACMBIC CKPHUIITHI,

IMPOBCACHUC PACYCTOB I10 3alaHHBIM 3HAYCHUAM,

OTOOpaKEHHE W aHAJINU3 MOJYYCHHBIX IPaQUUYECKUX W YUCICHHBIX MaTepua-
JIOB.

CoznanHoe mporpaMMHoe o0ecnieueHrne QyHKIMOHUPYET 110 alrOpUuTMy, Mpea-
CTaBJIeCHHOMY Ha puc. 4.13.

Nutepdetic cuctemsl ynodeH modomy mosib3oBaTento. baza manHbix oOnamaer
CJICIYIONTUMHU CBOMCTBAMU - B HEM XPAHITCS YMCICHHBIC JaHHBIC, CHCTEMAaTHU3UPO-
BaHHBIC JIJIS1 PA3IMYHBIX PEKUMOB PabOThl HCTOUYHUKA U PA3TUYHBIX TAPAMETPOB MO-
JIIIUPOBAHMSI U3y4aeMO Cpe/ibl C BO3MOKHOCTBIO CO3/1aHUSI HOBBIX 0a3 JaHHBIX, pe-

JAAaKTUPOBAHMWA N JOITOJHCHUA CYIICCTBYIOIMINUX.
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PaboTa ¢ npuioxeHueM HauMHAETCsl C 3arpy3KH IJIABHOTO OKHA, MMEIOLIETOo
BU/I, N300paKeHHbII Ha puc. 4.14.

7 Form1 =101 x|

PacuyeT nosnew KOHUeHTpaUuu y4yacTka
obkaTku koMbarHoB 000 "K3 PocTtcenbmaiu”

—XapaKTepucruKu BO3AYWHOro NOTOKS

BHECTU HOBbLIE
CropocTe BbTeKaHWs BozaywHoro notoka Poonst = |3Haqet-|ue
CKopocTh BTEKaHWA BOZAYWHOro NoToKa Whn = |3Haquue 3arpyauTb U3 Gasbl
CKOpOCTh 0CEAaHWA YacTUL NPUMECH Ws = |3Haquue

NPUHATE

~Koa ®euumeHTel TYpEYNEHTHOrO 06MEHS PaCcYWTaTE

KeoadpduureHT no X Anx = |3Haquue

NoKasatb

KeoadpduuueHt no Y Any = |3Haquue
Koadduuuert no Z Anz = |3Haquue

—RapaKTEPUCTHKM UCTOYHUKOB BbIGpOCa

WHTEeHCUBHOCTE BbIOpoca ueTouHWKka SO1 = |3Haquue

WHTEHCHBHOCTE BbIGpPOCa MCTOYHKKE S02 = |3Haqeﬁue

WHTEHCHBHOCTE BRIGPOCE MCTOYHKKE S03 = |3Haqenue

WMHTEHCUBHOCTE BBIGpPOCA UCTOYHWKE S04 = |3“a‘*9““9

WHTEHCUBHOCTE BbIGpOCa MCTouHWKa SO5 = |3Haqenue

MHTEHCUBHOCTL BbIGpOCa MCToYHMKE SO6 = |3Haquue

MHTEHCHBHOCTE BbIGpOCa MCTOYHWKAE SO7 = I3Haqe"'“e

~TapamMeTpbl SBapPUIAHON CUTYaLUK

Bpema Havana asapuu t0 = |3Haquue

Bpema okoHYaHWA aeapuu t1 = |3Ha'48HHe

— JonoAHUTENEHBIE NapaMeT bl
KOHUEHTpaUMA B Ha4anbHeIM I 3HayeHue

MomMeHT epemend C0 =

D6wee spema pacyeta (B cek.) I AHaYeHUe

Puc. 4.14 OxHO BBOJIa UCXOHBIX JIAHHBIX JJISI MOJICIMPOBAHUS

Hannas dopma mpencraBiser coboi HabOp TMOJICH, Cy>KaluX JJis BBOJIA He-
00XOIMMBIX 3HAYCHUH JJI TTPOBEIACHUS PAacueTOB, M YIIPABIISIONINX KHOMOK, pealu-
3YIOIIUX OCHOBHBIC GYHKIIUU TpuiiokeHus. [1ob3oBaTenh ”MeeT BO3MOKHOCTh BeC-

TH HAYAJIbHBIC 3HAYCHUA CaMOCTOATCIIbHO, HAaXXaB Ha YIIPABJIAIOIIYIO KHOIIKY «BHC-
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CTH HOBBIE», TUOO 3arpy3uTh YK€ UMEIOLIUECS MapaMeTpbl U3 0a3bl JaHHBIX, HaXKaB
Ha YNPaBISIONIYI0 KHOMKY «3arpy3uTh U3 0a3bl». [Ipu HaxxaThu Ha MOCIEIHION U3

BBIIICYKA3aHHBIX KHOIIOK, ITOABJIACTCA AWAJIOTOBOC OKHO, IMPCACTABJICHHOC Ha PHC.

4.15.

i x|

BriSop BEWECTES W NepUMOas rogsa

—Brifiop BewecTEa

{+ IaHHble No okcuaam yraepoaa (CO)

(" IaHHble no okcuaam asora ([NOx)

—Brifiop BewecTea

(" Tennblii nepyog roaa

(¢ XonoaHbIl Nepyoa road

Britpate |

Puc. 4.15 Jluanoropoe okHO «BriOOp BeliecTBa M Ieproia roaay

B 3TOM N1ManoroBom oKHE MOJIb30BaTEh BHIOMPAET JaHHBIC 10 BUJIY BELIECTBA
U TIEPUOJTy T0/1a, YTOOBI 3arPy3UTh UX U3 0a3bl JaHHBIX.

[Tocne BbIOOpa HEOOXOAMMBIX JAHHBIX, CHOBAa 3arpyxkaercs OCHOBHOE OKHO
MpOrpaMMbl, TAE€ MOJIb30BATENb NPU HAXKATUU YIHPABISIOWEH KHONKH «IIPUHSITHY
MOATBEPAKAACT BBHIOOP JAHHBIX W 3aHECEHUS UX B UCMOJHAEMBbIN ckpunt. [lepes 3a-
HECEHHEM B CKPHIIT, JaHHBIE MPOXOJST MPOBEPKY Ha YJIOBJIECTBOPEHHUE YCIOBUSIM
MIOJIHOTO 3arOJIHEHUs TMoJIel U uX yuciaoBoro ¢opmara. B mampHelimeMm, mpu Haxa-
TUU YIPABISAIONIEH KHOIKHU «PAaCCUUTAThy, 3allyCKAETCs PACUETHOE SJIPO MPOrpamM-
Horo oboecnieuennst — FIexPDE, u nonb3oBaTens nMeeT BO3MOKHOCTb HAOIIOLATh BCE
pacuersl, MPOU3BOAUMBIE ATUM TMPHUJIOKEHHUEM B HMHTEPaKTUBHOM pexume. [locre
NIPOBE/ICHUS pacueTOB BHYTpHU npuioxenus, okHo FIexPDE 3akpeiBaercs u 3arpyxa-
ercs ocHOBHOE okHO mporpammbl MITK-2009. Tlonb30Batento CTAaHOBUTCSA JOCTYIHA
(GyHKIUS TPOCMOTpa MOJYYEHHBIX Pe3yibTaToB. HakaTue Ha ynpapJstoIlyl0 KHOTI-

Ky «II0Ka3aTb» OTKPBLIBACT JHAJIOIOBOC OKHO, COACPIKAIICC rpa(bnquKon Hu 4YUCJI0-
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BYI0 HH(OPMAIIMIO O TIPOBEICHHBIX pacueTax. OKHO UMEET BH/I, IPEACTABICHHBINA Ha

puc. 4.16.

— Concentration H=2 Concentration H=4 Concentration H=12

Thaul
-‘-H

—Concentration z=2, z=4, z=12-— - C*1000000 Dvijenie potokoy GORIZONT SREZ
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/’/ esi—
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] | LLR Y
~Dvijenie potokovy YERTIKAL SREZ -~ ISSLEDUEMAYA OBLAST'
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Puc. 4.16 OxHo BBIBOZIA pE3yILTaTOB PacyeToB

PezynbTaThl pacyeToB

Wccneayeman ofnacte | 0 noToKa cpesfh=dmerps) | A 0 naToxa Wepes | |
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Puc. 4.17 Bxiiajika OCHOBHOTO IHAJIOTOBOIO OKHA «Pe3yiabTaThl pacyeToB»

PesynpraTamMu pacdeToB Mo mnporpamme, Kak BuUAHO u3 puc. 4.16, 4.17, sBns-
10TCS: TpadudecKoe MpeCTaBICHUE TOJIeH KOHIICHTpauii Ha cpe3ax 2, 4 u 12 meT-
POB, MO KEIAHUIO MOJIb30BATENSI MOCTPOCHHBIE MO A0CONIOTHBIM WM OTHOCUTEIb-
HbIM (Hanpumep, K I[TJ1K, ;) BeIMunHaM; 4UCIIEHHOE BBIPA)KEHUE STHX KOHLCHTPALMH
B MPUBSA3KE K I[BETOBON MaNMTpe Tpauueckoro M300pa)KEHUs; SIIOPHI CKOPOCTEH
JBUKEHHUS BO3YIIHBIX TOTOKOB B TOPU30HTAIBLHOM U BEPTUKAIBLHOM CPE3€; 3aBUCH-
MOCTH M3MEHCHHUS KOHIICHTPAIIU{ 3arpsA3HSIONINX BEIIECTB OT BPEMEHHU B 3aJaHHBIX
TOYKaX MOMEIICHHS (BBHIOMpAeTCS HEOTPAaHUYCHHOE KOJMYECTBO TOYECK M JTFO00E WX
pacroIoKEHUE B MOMEIIEHUH) U HEMOCPE/ICTBEHHO Hccienyemasi o0nacTh. JlroObie
U3 THX Pe3yJbTAaTOB PACUCTOB JOCTYITHBI IIOJIB30BATEIIO TIPH MTEPEKIIOUYCHNN Ha CO-
OTBETCTBYIOIUIYIO BKIIAJIKY.

[Tocne mpocMoTpa U aHaM3a MOJYYEHHBIX Pe3yJIbTaTOB, MOJIb30BATENb UMEET
BO3MOYKHOCTh BEPHYTHCSI K OCHOBHOMY OKHY IPOTPaMMBbI Ha)KaTHEM Ha YIPaBIISIO-
IIYI0 KHOIKY «Ha3aJ», U MPOBECTH HOBBIE MOJICIIbHBIE PAcUeThl, COXPAHUB IMPHU He-
00X0IMMOCTH MPEBIAYIIHE.

Tak xe mporpaMMHBIA MPOAYKT MOAJIEPKHUBAET BO3MOKHOCTh KOH(PUTYPHUPO-

BaHMA NIOMCIICHUA M1 CXCM BCHTHUIIALINHN.

@bix0d

Bapuanm -1

Bapuasm — 11 Sivod

Bapuanm - 111

<

0.

Puc. 4.18 Paznuunbie KOHPUTYpayK MOMEIIEHUH U CXEM YCTPOMCTBA BEHTUIISAIINN
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Pa3zpaboTanHoe mporpamMmmMHOEe 00ECTICUeHHE TOICPKUBAET PACUYEThl U B IO-
MEIICHHUSX CJI0KHOW KOH(PUTYPAIMU ¢ HECTAIIMOHAPHBIMH (JIBYDKYIIUMHUCS UCTOYHH-
KaMmu 3arpsizHeHus ). CKpHHIIOT paboThl MPOrpaMMbI TPU TIPOBEICHUH PacieTOB B

OJIHOM M3 TaKUX MOMEIIEHUH MpecTaBlieH Ha pucynke 4.19.

C*1000000 Dvijenie potokov GORIZONT SREZ
TO_TR 20:31:30 446410 TO_TR 2031:30 4/6/10
. . . . . . FlexPDE 50.20 . . . . FlexPDE 50.20
©+1000000 o] | Drvijemie potokov GORIZONT SREZ
0.
220 270
210 [ IV
200. — 21
190 180
— 180, 150
60 - 170 0 1.20
— 160 050
— 150, 050
140 030
130 000
0. 120.
110
B 180 5
500 El
2
0. s00
s00
400
300
200 0
0. oo
.00
-20.
-30.
T T T T T T T T T T
. 0. 40, 60, a0, 100. 0. 3. 0. 20,
x b
104.032010_TO_TR_dvijeniya: Cycle=86 Time=36.000 di=10000 $2 Nodes=7508 Cells=3429 RMS En=27e-4 104,03 2010_TO_TR_wijeniya: Cycle=86 Time= 26000 di=1.0000 p2 Nodes=7508 Cells=3420 RMS En=27s-4
Integral= 075644
Concentration ISSLEDUEMAYA DBLAST
TO_TR 20:31:30 446410 TO_TR 2031:30 4/6/10
FlexPDE 50.20 FlexPDE 50.20

HIETORY ISSLEDUEMAYA OBLAST'
180 \ 1: C*1000000 0. +

130
\ 60.-
120.

Conzentration

01— = -an.
T T T T T T
0. W W W 40 W &0 M. 80 ML 0. . 0. 6. & 100
T x
104.032010_TO_TR_dvijeniya: Cyele=86 Time= 86000 dt=1.0000 p2 Nodes=7308 Cells=3429 RMS Err= 2 7e-4 10403 2010_TO_TR_dwijeniya: Cycle=86 Time= 26000 dt=10000 p2 Nodes=7508 Cells=3429 RMS Err=27e-4

Puc. 4.19 PacyeTsl B TOMEIICHUH CIOXKHOW KOH(UTypalu ¢ HeCTAllMOHAPHBIMU K C-

TOYHHUKAMHU 3aIrpA3HCHHA

Marematnyeckas MOJI€NIb B COYETAHUM CO CPEACTBAMU €€ pPEeATM3alMH, T03BO-
JSIeT MOJEJNHMPOBATh MPOLECCHl pacnpocTpaneHuss BB B Bo3nyxe momelieHus npu
Pa3TUYHBIX IKCILTYaTAIIMOHHBIX PEeXUMaxX pabOThl HCTOYHUKOB BhIeNeHuss BB u mpu
pPa3IMYHOM KOHCTPYKTMBHOM HCIIOJHEHUH IPOU3BOACTBEHHOIO IMOMEIIEHUS. ITO
AT BO3MOKHOCTh HCCIIENOBaTh 3(PPEKTUBHOCTDh PA3NMYHBIX CXEM OpraHU3aIUU
BO3yX000OMEHa M PacHOJIOKEHUSI BO3yXOPACIPEIEIUTEIbHBIX YCTPOUCTB C LEIbIO
MOMCKAa PallMOHAJIbHBIX BO3AYXOOXPAaHHbIX pemieHuid. JlaHHOe mporpamMmmHoe obec-
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MNCUCHUC MPUMCHUMO KdK Ha CTAAUAX HPOCKTHUPOBAHWA HOBBLIX, TaK W IIPHU SKCILIya-

TaIUH YXKe IEHCTBYIOIIMX POU3BOACTB [4].
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I'TABA 5 IIpakTu4eckne pe3yJbTaTbl KOMIBIOTEPHOI0 MOJEJTHPOBAHMUS
C LeJbI0 pPa3spadOTKM MepPONPHUATHH MO IKOJOTMYECKOH M NMPOU3BOJACTBEHHOM

0€e301MacHOCTH

5.1 CunTe3 ¥ mHcCIeI0BAHUE CBSI3U TEXHUYECKHX M CAHUTAPHO-
THTHEHUYEeCKUX KPpUTepHeB HOPMHMPOBAHUS HETAaTHBHOIO BO3ACHCTBUA HCTOY-
HHMKOB 3arpsi3HeHHsA

Cy1iecTByrOT Ba BHJa HOPMHUPOBAHMUS HETAaTUBHOI'O BO3JECHCTBUSA BPEIAHBIX
BEILECTB, BBIACIIAEMbIX MAIlIMHAMM:

- 110 CAHUTAPHO-TUTHEHUYECKUM TOKA3aTENsAM;

- I10 TEXHUYECKUM TIOKA3aTEISIM.

CaHHUTapHO-TUTMEHUYECKAs HOpMa — IOKa3aTellb, COOJII0IEHHE KOTOPOro ra-
paHTHpyeT O€30MacCHOCTh WM ONTHUMalIbHble (KOM(OPTHBIE) YCIOBHS KU3HEAES-
TEJIBbHOCTH YEJIOBEKA.

B P® B nHacrosmee Bpems, cornacHo canutapabiM HopMaMm CH 245-71 «Cann-
TapHbIE HOPMBI ITPOEKTUPOBAHUS NPOMBIIUIEHHBIX NPEAIPUATHI) U UX MOCIEAYIO-
M aononHeHusM ['H 2.1.6.695-98 “AtmocdepHsblii BO3AyX M BO3AyX 3aKPBITHIX
NOMEILEHUH, caHUTapHasi OXpaHa Bo3/ayXa’, sl OOJILIIMHCTBA TOKCHUYHBIX KOMIIO-
HeHTtoB OI' nBurareneir ycranoBieHbl ux IIJIK B Bo3myxe B coorBercTtBuuM ¢ I'H
2.1.6.2326-08 «IIpenenbHO MOMYyCTUMBbIC KOHIICHTPAIMH 3arpsS3HSIONINX BEIIECTB B
aTMOC()EpHOM BO3JIyX€ HaceleHHbIX MecT» (Tabn. 5.1). Ilpu sTom wmcmomb3yercs
TpEXcTyneHyaTasi cucTeMa HOPMHUPOBAHUS, BKJIIOYAIONIAs CPEAHECYTOUYHYIO U MaK-

cuMaiibHO pa3oByro 111K, a Taxxke npenenbHyro KoHIeHTpanuo BB B Boznyxe P3.

Ta0Omuma 5.1.

TOKCHYHOCTH HEKOTOPHIX KOMITIOHEHTOB OTPAOOTAHHBIX TAa30B

[IpenenbHo-nonycrumas konuenTpauus (I1J1K), Mr/m°

Kiace Cpennecyrounas | MakcumanbHo | B Bo3gyxe paboueit
Kommnonent ONIaCHOCTHU IKcc pas3oBas 3o0ubI [TJIKp3
TTIK™mp
Oxkcwuipl a3oTa (B 2 0,04 0,085 5
repecuére Ha
NO,)
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Monookcua yr- 4 3 5 20
neponaa, CO
Caxa, C 3 0,05 0,15 4
VYri1eBo10pObI
CnHp (B mepecué- 2-4 3 5 300
te Ha C)
Juoxcun cepsl 3 0,03 0,5 10
SO,
bens(a)nupen 1 10°® 10 15-10°
CaoHyo
AKponeuH, 2 0,012 0,03 0,7
CH3;CHO
dopmabIeru, 2 0,01 0,035 0,5
HCHO

CBs3u MCXKAY OTHUMHU TPCMA CTYICHAMU HOPMHPOBAHHUA H KHaCCI/I(l)I/IKaIII/IH

[TJIK moka3zansl Ha puc.5.1.

MpenensHo aonyctumas
KoHueHTpauwus (MAK)

y v

MakcumanbHasi pasoBast MakcumanbHasi pasoBast
KOHLeHTpauus B paGoueit 30He KOHLIEHTpaLUs Ha TeppuTopun
(NAK p3) npeanpusTus (nrowyazgke)
(NAK nn)

B atmocdepHomM Bo3pyxe
HaceneHHOro nyHkKTa

(MOKn )

v v

MakcumanbHasn pa3oBas

CpeaH ecyTo4yHas

(NOKp ) (NAKec)

v v

MakcumanbHas pa3oBas A5l KPYMHbIX
ropofioB U KypopToB
(0.8 NAkK.p )

Puc.5.1. — Knaccuduxarus I1IJIK

IlepBas cTyneHb HOPMUPOBAHUS BBEICHA ISl OLIEHKM HETaTUBHOI'O BO3JIEUCT-
BUS Ha pabOTalOIUX, a BTOPas U TPEThSI — HA OKPYKAIOILYIO CPELy.

Takum 006pa3om, HEOOXOAMMOCTh CTYNIEHYATOro (Pa3eIbHOr0) HOPMUPOBAHUS
BpPEIHBIX BELIECTB OLPENEHAETCA 3AKOHOM MOJEPAHMHOCU.

IIpn HOpMHUPOBAHMM COJEpkKaHUS TOKCHYHBIX KOMIIOHEHTOB OI' B Bo3nyXxe C
ucnonb3oBanueM 11K, numMutupyronmm GakTopoM sIBISETCS BPEAHOE BO3JIEHCTBHUE

VH/IMBUIYaJIbHOTO XHUMHUYECKOTO COEAMHEHHUS Ha OpPraHvW3M 4elloBeKa. B nencTBu-
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TEJIbHOCTU Bce BB NEHCTBYIOT Ha 4elloBEKa OJHOBPEMEHHO, MPU 3TOM HETaTUBHOE
BIIMSIHUE OJTHOTO KoMIoHeHTa Ol MOXKeT yCUIIMBaThCA MPUCYTCTBUEM Apyroro. [1o-
ATOMY ISl TIPOBEACHUS CPABHUTEIBLHOW OLIEHKM TOKCHUKOJOTMYECKON 3aBUCUMOCTU
pPa3TUYHBIX KOMITOHEHTOB OTPabOTaBIIMX Ta30B MPUMEHSETCS PsI OTHOCUTEIHHBIX
nokasaresneid. B 4acTHOCTH, MCIOJB3yeTCS MNPUBEICHUE MAacCCOBBIX KOHIECHTpAIU
paznmuuHbIX BemecTB 1o IIJIK k omHOMY BeliecTBy, BhiOpaHHOMY 3a dTajioH [30]. B
KaueCTBE TAKOr'0 3TajJo0Ha OOBIYHO MPUHUMAIOT MOHOOKCHUJI YTJIEPO/ia, TOKCUKOJIOTH-
YeCKHEe CBOMCTBA KOTOPOro Xopomio u3ydeHsl. IIpu stom mpuBeaeHnas k CO kon-

LeHTpalys i-ro TokcuyHoro kommnoHenTa Ci,, OI" onpexnensercs popmyoii [75]:

Cyy =| st |-,
[ AE_,

riae ITJKco, [TAK; — npenenbao pomyctumble KoHIeHTpamun CO U I-r0 TOKCHYHOTO
komnoneHTta OI'; Cj — kKoHIeHTpanus i-ro TokcuuHoro komnounenra B OI'; Cj,, — pu-
BEJICHHAs] K MOHOOKCHTY YTJIepO/ia KOHIICHTPAIHs i-r'0 TOKCHYHOTO KOMIIOHCHTA.
B pabote [75] O6bu1 moydeH psiag K03GhdUIIMEHTOB OTHOCUTEIBHOM arpeccuB-
HOCTH TOKCHYHBIX KOMIIOHEHTOB Ol
Aco: Act : Avox P Ary D Asor - Aggr =1: 3,16 :41,1: 41,1 :16,5: 1260000.
Oco000 BbIIEIUM JIBa COOTHOIICHUS:
Aco:Avor =1:41,1 1 Aco: Agen =1 :1260000.

[lepBoe OTHOIIEHUE CPABHUTEIHHO HEBEIMKO, HO MacCOBBIM BBIOPOC OKHCIIOB
azota oauH U3 cambix Oonbmux B OI' (comsmepum ¢ maccoBbiM Bbifenenuem CO).
Curyanus ¢ CyHj, apyrasi: ero MaccoBblil BEIOpOC HEBEJIMK, HO OTHOIIIEHUE OTPOM-
HO. [lo 3TOM mpuyMHE ATH JABa BPEIHBIX BEIIECTBA B JJAHHOW paboTe OyIyT MHTEpe-
coBaTh Hac 0oJjiee BCero.

Hopwmatus sxBuBasieHTHBIA CO 3MUCCUM OKCHUIOB a30Ta OMPEACIISAETCS:

nox = Kiox - NOX..
Torna skBuBasieHTHBIM CO cyMMapHbIA HOPMATHUB MOKHO PACCUUTATh TAK:
Oy =yox ¥ + e + o -
AHaJIOTUYHBIN TTOAXO0J ObLT IPEAJIONKEH U B pabote [24], rae cTeneHb BPeIHO-

ro BO3I[CI>1CTBH$I smuccun OI' mammnH OLOCHUBACTCA IO 5KOJIOT'0O-OKOHOMHNYCCKHUM KO-
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s dunmerTam 3, COOTBETCTBYIOMUM dKBUBATCHTHBIM CO CyMMapHBIM HOPMAaTHBaM
BbIOpOcOB BB. 3ameTuM, 4TO JaHHBINA MOJIXO0] MHTETPAIBHO CBSI3bIBAET TEXHUUYECKUE
HOPMAaTHUBBI BHIOPOCOB C YCTAaHOBJICHHBIMU CaHUTapHO-TurueHnyeckumu [1J1K.

Henopmupyemboie seuiecmea, KOC6EHHOE HOPMUPOBAHUE

B OI' n1u3enbHBIX MalllMH TPUCYTCTBYET HECKOJIBKO COTEH BEIIECTB, @ HOPMU-
pOBaHUE MPOUCXOJUT TOJIBKO IO MSTH MOKa3zaTeasiM. Bce ocTalibHbIE KOMITOHEHTHI,
Haxosmmecss B OI', HOpMUPOBAHUIO B HACTOSIIIEE BpEMs HE MOJIJIEkKAT. DTH BEIIECT-
Ba Ha3bIBAIOT HEHOPMUPYEMBbIMU. HEHOpPMHUpPYEMBIMU 3TH BEIIECTBA SIBJISAIOTCS TOJb-
KO [0 TEXHUYECKUM IOKa3aTelisiM, a HE MO CaHUTapHO-TUTHEHUYecKuM. llepedyeHn
KOMIIOHEHTOB, TOJJICKAIUX CAHUTAPHO-TUTUEHUYECKOMY HOPMHUPOBAHUIO, 3HAYU-
TEJILHO IIHMPE U BKIIOYAET B ce0s1 HECKOJIBKO JIECATKOB BellecTB U 280 KOMITIOHEHTOB,
conepxkamuxca B OI'. [IpoGiema 3akiiro4aeTcss B CIOKHOCTU AKCHEPUMEHTAIBHOTO
ompeiesIeHUs] KOHIICHTpAIuii HEKOTOPhIX kKoMoHeHTOB B OI, pemenue eé Hanbosee
aKTyaJbHO JJIA psiia KaHIIEPOTCHHBIX U TOKCUYHBIX BEIICCTB: O¢H3(a)MMpeHa, ajabie-
TUJIOB U JP.

CoOCTBEHHO B CBSI3HM C 3TUM M BCTAE€T 3ajiaya Co37aHus JOCTOBEPHOM MaTema-
TUYECKON Mozenu obpazoBanus U BbigeneHus CyoHi, B Bo3ayx P3. MMenno CyHj,
YpE3BbIYAHHO CIIOKHO OMPEACIATh YKCIEPUMEHTAIBHO, O CUX MOp Ha HEro He pas-
paboTaH TEXHUYCCKHN HOPMATHB BBIOpOCA, MOITOMY KOJWYECTBEHHAs OIICHKA €ro B
OoTpa0OTaHHBIX Ta3aX BeChMa akTyaidbHa. Kak moka3eiBatoT pacy€Thl KOADPUIIMEHTOB
9; (r/xBtu) [26, 38, 65], yuuThIBaIOIKUX arpeCCUBHOCTh KOMITIOHCHTOB, BXOISIINX B
OI', orcyrctBue yuera CyHpp mIpUBOIUT K MOTPEIIHOCTH OUEHKHA MX TOKCUYHOCTH
Ha 10-50 %. BelimenpuBeaeHHbIE OIIEHKH J0Ka3bIBAIOT HEOOXOIUMOCTh HHCTPYMEH-
TallbHO-aHaJuTH4YecKoro onpeaeneHus C,oHyp, B OI' maniuiH.

HapaBHe ¢ HEeHOpMUPYEMBIMH BEIIECTBAMHU CYIIECTBYIOT U TaK Ha3bIBA€MbIE
KOCBEHHO HOpMHUpYEMbIE KOMIOHEHThI. Harpumep, oKCHibl cepbl, MPUCYTCTBYIOIINE
B OI' nBurareneil n3-3a HAIMYUS cepbl B TOIUIMBE. CaMU OKCHIbI CEPhI HANIPSAMYIO HE
HOPMUPYIOTCS 110 TEXHUYECKUM MTOKA3aTEIISIM.

Co BpeMeHEM CIUCOK HOPMUPYEMBIX BEIIECTB MOIMOIHSAETCS, HAIPUMED, TaBHO

MpeIaraeTcsi BBECTH B HOPMHUPYEMBIE BEIIECTBA JaK€ HETOKCUYHBIN YIIIEKUCIIBINA

177



ra3z CO,, BBIOPOCHI KOTOPOTO MHOTHE MCCIIEI0BATENN CBSA3BIBAIOT C MAPHUKOBBIM (-

bexTom.

5.2. Pacuer TexHuyeckux HopMaTuBoB 3Muccuu C,oH;; ¢ momomibio
NMM.

Jlnst pacuéTa HOpMATUBHBIX 3HaYeHUM BbIOpOCcOB CyoHj, OT CTOUHMKA BhIfCTIE-
HUSI TAaHHOTO KaHleporeHa B Bo3ayx P3 ucnons3oBamics AC «kENGINE» u pazpabo-
TaHHasi MaTeMaThuyeckas mojelib oOpa3oBaHus U Beiropanusi CyoHj,. Paccunrtansi
TEXHUYECKHUE HOpMATUBBI BBIOpOCcOB CyoHip st auzeneit komOaiHOB, MPOU3BOAU-
Mbrx OO0 K3 “Poctcenpmant” u 1y1s Tpy3oBoro aBromoouins KamA3 5320. Ucxon-
HBIMH JJAHHBIMH JUIsI OIIPENIeTICHUsI HOPMUPYEMBIX MOITHOCTEH BBIOpOCcOB CyoHi, B
OI' oT nu3eNbHBIX MAIIMH CIY>KAT CPeAHE-MHTErPAIbHBIC 3HAUCHUS PACUETHBIX Mac-
coBbIX KOHIEeHTpaui CyHj,, mollydeHHbIE HA OCHOBAaHMHM MOJEIBHBIX PacyETOB.
Hopmupyembie o0bemMHuble pacxonbl OI' Ha pexxrMax Harpy3ku KOMOaiWHOB U aBTO-
MOOuJIEH MOMy4YeHbl HA OCHOBE SKCIIEPUMEHTANIbHBIX JIAaHHBIX. 3HAYEHUE MAacCOBOTO

pacxoma Me,y,, (I/C) ompenesioch YMHOKEHHEM pacxojia OTpadOTaBIIMX Ta30B

Q,, (M%/c) Ha COOTBETCTBYIOMIYIO Co,ypy,, (MKI/M®) Ger3(a)mupena B O

Meoon12 = Qor 'C020H12 .

VY nenpHbIN TOKa3aTeNb BEBIOPOCOB €. ,,,, OMPENEIsICs 1o hopMyIie:

3600-QorCeaoniz | (r/Br-y).
N ]

e

C20H12 —

3HaYeHUs TEXHUYECKUX HOPMATHBOB BHIOPOCOB KAHLIEPOTEHOB MJIs TPY30BBIX
aBTOMOOMJICH pacCUMTaHbl U MPEACTaBJICHBI B Ta0auie 5.2, a 1jg KoMOaltHOB — B
tabmuie 5.3. Pesynbrarer pacuétoB ans apromoomnst KamA3 5320, pemoHTHpYyEeMO-
ro B 30Hax TO u TP, npuBeneHbI K HAarpy304HOU XapakTepucTuke asurareis [13].

Tabmmra 5.2

HopmaTuBHbIE 3HaUEHUS BEIOPOCOB €. ,,,, A1 aBTOMOOMIE KamA3 5320

;alr)g?;l\:l Cc20|4312v Qor» Mcoonizs | Meaonizs Me20m12) €c20H12
MKI/M M r/c I/MUH iw r/kBT u

XX 0,55 0,1314 7.2:10° 4,310° 1,7:10° 3-10°
025N, 0,79 0,213 168107 1-10° 2:10° 12:10°
05N, 119 0,32 38107 2,28°10° 2,7°10° 14:10°
0.75'Ne 327 0,4023 131-10° | 7.86'10° 6,73.10° 3.29-10°
Ne 47 0,7412 34810° | 20910 13,9-10° 6.5610°
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Tabmuma 5.3

HopmaTuBHBIC 3HaYCHHS BEIOPOCOB €0y, I IM3 238 (Acros 530)

;alﬁ;;ig C020|-3|12! Qor » Me 20112 Me50H12 Me 20m12 €ca0H12
MKT/M e r/c r/MUH /KM /<BT

XX 0,52 0,1145 6:10° 3,6:10° 1,44:10° 0,810°
05N, 122 0,404 49107 2,94:10° 3,43:10° 171:10°
Ne 3.96 0,675 267:10° 16:10° 11,2:10° 5,38'10°

Kak cnenyet u3 tabnuiy 5.2 u 5.3, mojiydeHHbIE Ha OCHOBE MOJICJIBHBIX pacué-

TOB HOPMATUBHBIC 3HAYCHUS €.,,,,, BRIOpOCcOB CyoHip auzenpupiMu Mammuamu (Ka-

MA3 5320 u «Acros-530») XOpoIo cormacyrTcs Kak ¢ HOpMaMH, BBEICHHBIMU H YT-
BepKAEHHBIMU MIIP PO s cTanimoHapHBIX IHU3EIBHBIX YCTAaHOBOK, TaK U C PETHO-
HaJbHBIMU HOPMaMH, YTBEPKIEHHBIMU pacniopsbkeHneM Komurera no odecrnedeHnro
skojorudeckoit Oe3omacHoct IlpaBurensctBa Caskt-IlerepOypra ot 08.12.05r.
N309-p.

5.3. Pery;iupoBKa U HACTPOIiKa TOIUIMBHOM anmapaTypbl ABUraTeJieii mo
TEeXHUKO-IKOJOIHYECKHM MapaMeTpaM.

5.3.1. BausiHue AMHAMUKH YTJIa oNlepeKeHUs BIPbICKA TONJIMBA HA KOH-
LHEeHTPalUM BPeJAHbIX BelEeCTB.

[Ton6opoM TOIUIMBHOM anmapaTyphl U peTryJIUPOBAHUEM YIJIa OTIEPEKEHUS
Bripbicka ToruiuBa (YOBT) MOHO BIUSITh HA MAKCUMAJIBHYIO TEMIIEPATypy Cropa-
HUS U TIEPUO]T 33ICPKKH BocIuiaMeHeHus ToruiuBa [24]. [Ipu ymenbsiienuun YOBT
CHI)KAETCSl MAKCHUMAaJIbHAsl TEMIIEpaTypa LUKIIA, YTO IPUBOAMT K CHHDKEHUIO KOHLIEH-
Tpauuu okcuaoB azota NOX B 0TpaboTaBIINX Tra3ax.

Kak noka3zpiBarot skcnepuMeHThl, npu yMeHbieHnn Y OBT Ha 4°-5° ot mac-
nopTHOM Xapaktepuctuku BeIOpockl NOX cHmkatores B cpeanem Ha 30-35%. YBe-
nudyenre YOBT noseimaer konmeHTparuo NOX Ha 15-17%. Oanako, npu 3TOM He-
CKOJIBKO YBEJIMYMBAIOTCSI BELIOPOCHI MOHOOKCH/IA YTJIepo/ia py paboTe JBUraTeneil B
JMana3oHe CPeIHUX U MAaKCUMAJIbHBIX HArpy30K, a MpU MajbIX Harpy3kax padoThl

MainHbl KoHeHTpaus CO cHuxkaercs.
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PCSYJIBTaTBI IMPOBCACHHBIX SKCIICPUMCHTOB IIOKAa3bIBAKOT, YTO YMCHBIIICHUC

YOBT BbI3BIBa€T pOCT COAEPKAHUS POAYKTOB HEMOJIHOIO CTOPAHUS TOILJIMBA, HO

06Hla}I TOKCUYHOCTD BBI6POCOB HC YBCIIMYMUBACTC:, TAK KaK BI)I6POC HanoOoJIee TOK-

cuaaoro kommoneHTa NOX 3HauuTEeNIbHO CHIXKAIOTCS [24].

Konuentpamnusa CyHi, B OI' Mana, HO Tak KaK OH SIBJIETCS CUJIbHEHIIINM KaH-

OEepPoOrcHom, To €ro BOSI[CI\/'ICTBI/Ie Ha 3J0POBBC YCIIOBCKA TPYAHO IICPCOLCHUTD. Pac-

YETHBIA METOJ1 onpeieNieHus] KoHlleHTpauu CooHy, SIBISETCS €IUHCTBEHHBIM CIIOCO-

ooM 6BICTpOﬁ Hn J0CTaTO4YHO TOYHOM OLCHKH, ITIOCKOJIbKY ITOJIYYCHHC NAaHHBIX JKCIIC-

pPUMEHTAIBHBIM MYTEM TPEOYeT HMCHOJIb30BAHMS T'POMO3IKON AOPOTOCTOSILIENH cre-

MAJIU3UPOBAHHON ammapaTypbl U 3HAYUTENIbHBIX 3aTpaT BPEMEHU Ha 00pabOTKy MO-

JIYYCHHBIX PC3YJIbTATOB.

C nomonipl0 MaTeMaTUYECKOM MOJIENIH, KOTOpas MpeAcTaBieHa B m.2.3, pac-

CUUTBIBAJIMCh MAKCUMAJIBHBIC 3HAUYCHUS KOHICHTPALUHU Con 12 IIPHU PA3JIMIHBIX KOH-

CTPYKTUBHBIX XapPaKTCPHUCTHUKAX ABUI'ATCIIA. B Ta6JII/II_IaX 54, 55 IMpCaACTaBJICHbI 3HA-

YCHMS JUISl TeTJIOBO30B M KoMmOaiiHOB. CuMBOJIOM (*) 0003HAYCHBI MACIIOPTHHIC 3HA-

YCHUA yIJia OIICPCIKCHUA BIIPBICKA TOILIIMBA (Z’ )

3aBucuMocTh [CooHio]yax OT yIITa OnepeskeHus BIPhICKA TOILIMBA.

Pexum pa60- T (yOBT) [Cgole]Max [CZOH].Z]BLIX
ThI
yMD-3
Homunan 14 6.132 4.341
19 5.403 4.195
22" 5.265 4.272
24 5.582 4.418
29 5.887 4.833
6-s1 mo3unus 14 5.027 4.204
19 2.998 2.593
22" 2.761 2.422
24 2.998 2.569
29 3.071 2.699
2-4 TIO3ULIUA 14 0.879 0.748
19 0.643 0.586
22" 0.599 0.554
24 0.587 0.553
29 0.553 0.524
2TDO116
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Homunan 22 5.715 4.110
24 5.549 4.058
26" 4.994 4.155
28 5.634 4.077
30 5.657 4.041
11-g nozunus 22 3.592 2.823
24 3.679 2.892
26" 3.439 2.883
28 3.622 2.904
30 3.643 2.877
7- Io3ULUA 22 2.215 1.511
24 2.205 1.516
26" 2.056 1.530
28 2.239 1.630
30 2.033 1.519

3aBucuMocTh [CooHio]yax OT yIIIa OnepeskeHus BIPBICKA TOILIMBA.

Tabmuua 5.5
Pexum pa60- T (YOBT) [CZOHIZ]Max [C20H12]m,1x
ThI
SIM3-236
N (100%) 15 12.546 3.884
20" 10.950 3.949
25 7.855 4.236
N/2 (50%) 16 1.428 1.420
19 2.586 1.284
22 2.796 1.190
XX 13 0.604 0.587
(6e3  Harpys- 18" 0.779 0.552
K1) 23 0.774 0.586
SIM3-238
N (100%) 15 10.519 3.792
20" 8.641 3.961
25 7.030 3.884
N/2 (50%) 15 2.469 1.193
18" 2.407 1.220
21 2.101 1.286
XX 13 0.612 0.593
(6e3  Harpys- 18" 0.797 0.530
K1) 23 0.986 0.486

[Ipu nonHoi#t 3arpy3ke pabOTHI ABUraTeNs C yMEHBILIEHUEM yTila ONEPEKEHUS
0
BIIPBICKA TOIUIMBA 7 HAa 5 3Ha4yeHUE [CyoHiz]sux YMEHbIIAETCS Ha 5%.
Ha xomocToM xomy U npu HemoJHO# 3arpy3ke pabotsr asurateins (50%N) Be-

JmauHa [CyoHiz]sux U3MEHAETCS HE3HAYUTEIBHO.
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5.3.2. Buusinue AMHAMUKH HAYAJbHOTO /JaBJIEHMS HA KOHUEHTPAIUH
Bpe/HbIX BelleCTB.

[IpuunHbl yBeIMUYEHUS BBIOPOCOB Ca)XH SIBJISETCS YXYHIIEHHWE KauecTBa pac-
OBUICHUS TOIUTMBA (POPCYHKaMU ABUTATENS M3-32 YMEHBIICHUS JaBICHUS TOIUIMBA B
TOTUIMBHOM CHCTEME, BBI3BAHHOI'O CHIDKEHHEM 4YKClia 000pOTOB Bajla Ha CPEJHUX Ha-
rpy3Kax M XOJIOCTOM XOJy MalivHbl. CHIKEHHE BBIOPOCOB CaKU HA 3TUX PEKHUMAax
MOJKET OBITh IOCTUTHYTO MOBBIIICHUEM JaBJICHUS B TOIUTMBHOM cUCTEME.

KomrmbroTepHsie pacuyeTsl 0 MOJEISAM MOKa3alld, YTO Ha MallbIX Harpy3kax u
XOJIOCTOM XOJy BBIOPOCHI caxku cHibkaroTcst Ha 10-12% npu yBennueHun HavyalbHO-
ro naBieHus [24].

DKCHEepUMEHTAIIFHO OBUIO YCTaHOBIICHO [62], 4To B mpolecce TopeHHs Tu-
3€JIBHOTO TOIUIMBA HA YACTUIIBl CaXXU OCAXJACTCs BBIACNAIOMMICT OeH3(a)mupeH.
J171s1 BBIYUCIICHHS] KOHIIEHTPALIMKA 3TOT0 KaHIIEPOT€HA B 3aBUCUMOCTH OT HA4aJIbHOTO
nasnenus (Po) ncnonp3oBanack MmaremMarudeckas Mmoaenb sMuccuu CooHjo.

B tabmumax 5.6, 5.7 npenctaBiaeHbl pe3yabTaThl 3TUX PAcUETOB IS JIBUTATE-
Jed pa3IMYHBIX TEIJIOBO30B U KOMOAWHOB COOTBETCTBEHHO. CUMBOIOM (*) 0003Ha-
YeHbI TAaCTIOPTHBIE 3HAYCHUS Py.

3aBUCHUMOCTD [CaoH1z]wax ¥ [C20H12]sux OT Py

Tab6auma 5.6

Po 1.2 1.5 1.8 1.9 2.0

2T3-116 | [CooHiolwax 0.745 0.897 2.056 3.439 4.994
[CooH12]mux 0.632 0.731 1.530 2.883 4.155

Po 1.1 1.2 1.3 1.4 1.6

TOM-2M | [CooH1o]vax 0.599 0.743 1.596 3.102 6.633
[CooH12]mux 0.507 0.602 1.366 2.517 4.309

Po 1.0 1.2 1.4 1.6 1.8

2T2-10 [CaoH12]wax 0.342 0.605 2.727 3.286 3.910
[CooH1o]emx 0.341 0.604 0.857 2.430 3.906

Po 1.0 1.1 1.2 1.3 1.6

qMD-3 [CooH12]wax 0.627 0.677 1.548 2.998 4.742
[CooH1o]emx 0.596 0.642 1.378 2.569 3.977

[Tpu yBenmuuenun Py Ha 11 - 33% BBIOpOCHI OeH3(a)upeHa yBEITUIUBAIOTCS B
1.7 — 1.9 pa3. Ilpu ymenbiiennn Py Ha 17 - 33% BeIOpOCHI OeH3(a)MMpeHa yMeHbIIa-

rorcs B 0.6 paza.
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3aBUCUMOCTH [C2OH12]Max 2t [C20H12]BI>IX oT P0-

Ta0muma 5.7
Mogens komOaiina Py [Ca0H12] max [CooH12]5ux
IM3-236 1.2 0.779 0.552
1.4 2.586 1.284
1.6 10.950 3.949
1.2 0.797 0.530
SIM3-238 1.6~ 2.407 1.220
2.0 8.641 3.961

[Tpu yBenuuenuu Py Ha 14 - 25% BBIOpOCH OeH3(a)IMpeHa YBEIMUNBAIOTCS B
2.0 paza. [Ipu ymenbienuu Py Ha 14 - 25% BbIOpOCH! OeH3(a)TupeHa YMEHBIIAIOTCS
B 0.6 paza.

5.3.3. Buansinue nuHaMuku ko3¢ dunnenta n30bITKA BO3AyXa HA KOHLEH-
Tpauuu 0eH3(a)nupeHa.

3aBucuMocCTh KoHLeHTpauu CyoHi, 0T KoaddunrienTa n30bITKa Bo3ayxa o
OMpeIeIsIIach C MOMOIIBI0 MaTeMaTHYECKOW MOJENH, IPUBEICHHOM B 1. 2.3. [IpuBe-
JIeM pe3yJIbTaThl pacueToB JJIsl IBUTaTeneit komOaiHoB SIM3 -236, SIM3-238 u Tpak-

TopHBIX nBurareneit J[-240 u J[-120.

3aBucuMOCTD [CoogH1o]vax ¥ [CooH12]sux OT KO HIIMEHTA H30BITKA BO3AyXa o

Tabmuma 5.8
Pexum a [C20H12]wax [CooH12]sux
paboThI
SIM3-236
0.9 24.848 4.076
1.2 10.677 4.025
N (100%) 1.5 10.950 3.949
1.8 11.204 3.930
2.1 10.261 2.901
2.7 2.926 1.020
N/2 (50%) 3.2 2.586 1.284
3.7 1.304 1.261
4.5 0.744 0.589
XoocToii xon 5.0 0.779 0.552
5.2 0.513 0.510
SIM3-238
1.1 8.445 3.948
1.4 7.736 4.032
N (100%) 1.7" 8.641 3.961
2.0 8.326 3.983
2.3 7.280 3.758
2.8 2.755 1.473
N/2 (50%) 33 2.407 1.220
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3.7 1.371 1.304
4.4 0.952 0.560
XoocToit xon 5.0 0.797 0.530
5.2 0.525 0.525
J1-240
1.0 8.445 3.948
N (100%) 1.5 7.736 4.032
1.6 8.641 3.961
J1-120
1.0 16.499 3.861
N (100%) 1.5 22.694 3.714
1.7 23.970 3.400
2.0 12.680 3.969

B Tabmawuie 5.8 cumBosiom (*) 0003HaueHBI HOPMATUBHBIC 3HAYCHHUS « .

VBenuuenne o Ha 0.6 B KOMOAMHOBBIX ABUTATENIAX Ha OOJIBIIMX 000OpOTax
(N=100%) maet ymenbmenue [CooHio]sux 0T 6% 10 26%, 11 TpaKTOPHBIX — OT 2%
1m0 9%. Ha maneix 000opoTax ABUTATeNs YBEIMYEHHE « J1a€T HE3HAUUTEIHHOE

ymenbIneHne [CooHio ]

5.4. OOecnieyeHne HKOJOTMYECKOH U TMPOM3BOJACTBEHHO 0€30MACHOCTH
00KAaTOYHBIX 1 PEMOHTHO-00C/IYKMBAOIIMX MPeINPUSATHI.

VYnydilienue yciaoBui Tpyaa Mpu BO3JEHCTBUU BPEIHBIX BEIIECTB HA PaOOTHU-
KOB MAIIIMHOCTPOMUTEIIbHBIX NMPEANPUATHN SABISIETCA aKTyallbHOM 3axaded. s mpa-
BUJIBHOTO pacyeTa BEHTUJISIIUM Ha y4acTKaX OOKaTKHU CEIbXO03MalluH TPeOyTCs
HaJEXKHbIE JTaHHBIE O TEXHOJOrudyeckoMm mnpoiuecce. CylecTBYIONIME METOIUKU
OpPUEHTHUPOBAHbI Ha TOJOBBIC BHIOPOCHI, OCHOBAHHBIC HA MPUOIMKEHHBIX YJIETbHBIX
MOKAa3aTelsaxX BLIOPOCOB, OMPEACNIIeMBbIX ISl A0CTPAKTHBIX UCTOYHUKOB 3arpsi3HEHUS
0e3 ydyeTa uX WHIUBUIYAIbHBIX CBOMCTB M PEXKHUMOB paboThl. Jlanee mpemiaraercs
YTOUHEHHAass METOAMKAa MPOTHO3UPOBAHUS COCTOSIHHS BO3ayxa palbodedl 30HBI B
IITATHBIX U aBApUMHBIX CUTYaIIMsIX, OCHOBaHHAs Ha pa3pabOTaHHBIX aBTOPAMH MOJIS-
JISTX, OMTMCBHIBAIOIIUX TPOIECCHI 00Pa30BaHUs U BIJICICHUS BHIOPOCOB OT HCTOYHUKA.

TeXHONMOTUYECKNN LIMKJI M3TOTOBJIEHUS WIM PEMOHTA MAIIMHOCTPOUTEIBHOMU
TEXHUKU 3aBEPIIACTCS CEPUMHBIMU HCIIBITAHUSIMUA COOPOYHOW EIUHUIIBI, T.€. OOKaT-
KOW MaliuH. ITH UCTIBITAHMS COMTPOBOK/IAIOTCS BBIJICTICHUEM B BO3JIyX paboueil 30HBI

(P3) ¢ orpaboraBIIMMHK Ta3aMH PA3JIMYHBIX BpeaHbIX BemiecTB (BB): okcumoB yrie-
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pona (CO), azora (NO,), ampaerunor (R,COH), caxu (C), 6en3(a)mupena (CyoH12),
napoB jau3esbHoro torumsa (/[7), a Takke u30bITKOB TemioThl. B [11, 14, 37] npen-
CTaBJIEHBI pa3pabOTaHHbIE AaBTOPaAaMH MaTeMaTH4ecKas MOJEIb IMUCCUHU KaHIIEpOTe-
HOB (OeH3(a)mupeHa) U YTOUYHECHHAs] MOJACIb YMUCCUU OKCHJIIOB a30Ta. DTU MOJEIH
MO3BOJISIIOT MPOTHO3UPOBATH COCTOSIHUE BO3/lyXa P3 B pa3jMYHbIX CUTYyaIlUsiX, B TOM
YHCJIe aBapUUHBIX.

Pacuetsl HakoruieHust BB B 3aMKHYTOM 00beMe MOMEIEHNsI 0OKAaTKU MAllllH B
HITATHOM peXuMe paOOThl U B aBapUMHON CUTYyallMHd MPOBOJUIIUCH HA MpUMepe 00-
KaTOYHOI'O y4acTKa COOpOYHOTrO 11€Xa MallMHOCTPOUTENHHOTO 3aBoaa. Ha oOkaTou-
HOM YYacTKe MPEeANPUATHS PACTIOIIOKEHBI 5 CTEH/IOB, HA KOTOPBIX 00KAaTKa MPOU3BO-
JUTCS. B HOMUHAJBHOM PEXKHME, OJM3KOM K MaKCUMalbHOM MOIIHOCTH. CTEHIbI
CHA0KEHBI MECTHBIMU CHCTEMaMH BBITSDKHON BEHTIUISAIIMM (OTCOCAMH), & TAKKE CHC-
TeMol o61iel BeHTusinuu. [locne oOKaTku Ha CTeHJIe MaIllMHa CaMOXOJIOM Tepeme-
[aeTCs Ha TOCT 3alpPaBKU U MPOBEPKU KOHIUIIMOHEPA. ITHU MOCTHI HE 00OPYIOBaHBI
MECTHBIMHU OTcocaMu. [lo TeXHMYECKOMY perjlaMeHTy HCIBITaHUS COOPOYHON €Iu-
HUIIbI 3aHUMAIOT OT 45 MUHYT U JI0 HECKOJIbKMX pabOYMX CMEH B TOM cliydyae, €CiH
oOHapy>KeHbI HEUCIIPABHOCTH W HECOOTBETCTBHUS TPEOOBAHMSIM HOPMATHBOB U CTaH-
JTapTOB.

5.4.1. Pacyer BEeHTW/ISIIIUM B IITATHOM peKuMe padoThl NPOU3BOICTBEH-
HOT'0 y4acTKa.

Jliist yaacTka 0OKaTKH KOMOaliHOB B COOTBETCTBHH C [92] MakcHMMalIbHO-

pa3oBbii BEIOpOC i-ro0 BB G; onpenenseTcs Tonbko Ha HArpy304HOM pekume. Pac-

4eT IPOU3BOIUTCS 1O popmyie:

G = Mcpiﬂ 'tcp 'Aﬂ(1_¢OF)
' 3600

, T/C (5.1)
rIe: MﬁaiA - MOIITHOCTB BBIOpOCaA Mpu 00KaTKe Ha CpeaHEH MOITHOCTH KoMObaliHa, r/c;

tss- BpeMs OOKaTKH, C.; Ay - KOJIMYECTBO OJHOBPEMEHHO paOOTAIOIIUX CTEHIOB 00-

KaTK{ MallluH; @ ;- 9PPEKTUBHOCTH OTCOCA.
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®opmyna (5.1) ansg onpeneneHuss MaKCHMaIbHO-Pa3oBOro BeiOpoca i-ro BB

G; 1o pa3pabOTaHHBIM MOJEJISM TOKCHYHOCTH UMEET BUL:

G, = QchF cpi “Lep z]( ¢’or)’ r/c (52)
3600

rae: Qﬁai - 00bEéMHBIN pacxon OI' nBuratens komOaifHa MPH CPEIHEH MOIIHOCTH
oOKaTKH, M/C; Nﬁai - koHueHTpanus i-ro BB B OI' gBurarenst MammHbl Py OOKaTKe
Ha CpeaHEN MOUTHOCTH.

Konnentparuu 11t 6eH3(a)mupeHa U OKCUI0B a30Ta BEIYUCIISIIUCH TT0 MaTeMa-
traeckuM mMojeisiM [11] u [14]. DppeKkTHBHOCTH MECTHOTO OTCOCa (@3, Y OOKATOY-

HOTO CTeHJa B pacu€rax npuHuMaercs 95%. MoiHocTs BbIOpoca npu oOKaTke co-

OTBETCTBYIOIIEH CpelHEel MOIIHOCTH KoMOaiiHa M#i  » r/c BBIOMpaeTCsl U3 TaOIHIL
1

metoauku [92]. MakcumanbHO-pa3oBbiec BeIOpockl BB B P3 momernenus oOkaTku
komOaitHoB ACROS 530 ¢ neurarensmu SIM3-238/1K-1 cormacuo popmyne (5.1):

Macor ty - Ar(=00r) _0.43-60-45-5-(1-0.95)
3600 3600

GCO = = 00806 y F/C
My caonig “te - 47 (L= @0r)  0.65-10°60-45-5-(1—0.95)

G = =0.1219-10"° r/c.
C20H12 3600 3600

AHaJI00TMYHO MOJIyYaeM:

Gy, = 0.06375 r/c, G, =0.013441/c, G, =0.003375 r/c,
Grcon = 0.0008625T/c, G, =0.006356 T/c, G, = 0.00639/c.

Bpems oOkaTku mipu cpeaHel Harpyske paboraromiero koMOaiiHa B TEUYCHHE

oxHoro yaca: T, =4, -t =5-45-60=13500 C.

Pacuér uvacoBoro MAaKCUMAJIbBHO-PA30BOI'0 BBIACIICHHUA BPCAHBIX BCIICCTB B

P3

oy T/

pabouyro 30HY NMpu 0OKaTKe MPOU3BOAUTCSA 1O popmyre: G =G, -T

Géaoc = Gco T

pab

=0.0806-13500 =1088.1 r/4,

Gl o =Gy -T2 =0.1219-10° - 13500 = 0.001645 r/u.

pab
AHaJIOTHYHO PaCUUTBIBAOTCA:

G =0.06375-13500 = 860.6 r/u, G, =0.003375-13500 = 4556 r/d,

G =0.01344-13500 =181.44 r/u, G, =0.0008625-13500=11.64 r/u,
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G =0.006356-13500 = 85.8 /4, Gy =0.00639-13500 = 86.26 /.

[ToTpeOHbIe pacxoibl BO3yXa Ha 00IIIEOOMEHHYIO BEHTHJISIIMIO IIOMEIIEHUS 00-
KaTKH OIpPEICIIMM U3 YpaBHEHUS] MaTepUaIbHOro OanaHca:

! 1000- G, 3

06y 1M q (53)
N HﬂKpsi_o-3'HﬂKP3i

rae. [1/[Kp3 - IIJIK i-ro BB B Bo3nyxe, ynamsemom u3 P3 (Hanpumep, s CyHi, cocTas-
astet 0,00015 MF/MS); 0.3 I1/]Kp3 — I1IK i-ro BB B ipuTo4HOM BO3/IyX€e (CUMTACTCS, UTO
MpUJIeTaroIias K y4acTKy BO3AYIIHAS cpefa TeppuTopuu 3arpsizHeHa Ha 30%), M.

C20H12 _ 1000- G/ 5010 10°-0.001645

06w - = =15667 ME/II,
1K 5 —0.3- IJK,,, _0.00015—0.3-0.00015

3
pros J107-860.6 _ poaes 7nit, LS = 64800MYu,

AHAJIOTMYHO PaCCUUTHIBAIOTCA: L, = T 035 oo

Lo _ 216.9Mmf, LRCH =33257. 1My, LS =12257.1mfu, LY =410.76 M°lu.

00w 00w 00wy 00w
CymMapHbIii TOTpeOHBIN BO3TyX000MEH Ha OOIICOOMEHHYIO BEHTHISALMIO TIOME-
IeHUs OOKaTKU IpH TOM, YTO Bce paccMarpuBaeMble BB obnanaror adexkrom cymma-

.z __jco CnHm NOXx SOx c RXCOH ar C20H12 __ 3
mun. Lo, = Loo, + Lo+ Lo + Loy + Log, + Lis - + L5, + Logy ~ =449805.2 M7/,

B cooTBeTcTBIM C HOPMATUBHBIMH JOKYMEHTAMHU T10 PacueTy BEHTH IS Y heK-
Ty CyMMAIIUH MOJIEXKAT TOJBKO OKCHUJIBI YIJIEPOA, a30Ta U AITbACTUIBL:

LZ = [CO 4 | NOr | RCOH _35a864 2 \ /Y.

00wy 00w 00w 00w
Kak BumHO U3 pe3ynbraToB pacuéra (puc. 5.2, 5.3), Haubobmas CKOPOCTh Ha-
KOIUJICHUSI B BO3/IyXe pabouel 30HbI MpU 0OKaTKe KOMOAHOB IMOJ] HArpy3KOi OTHO-

CHUTCA K OKCHAaM a30Ta, 4TO IIO3BOJJACT BBI6I/IpaTB THII JAaTYHUKOB 3ara3oBaHHOCTH.
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HopmanbHbi pexum paboTbl MECTHBIX OTCOCOB,
He pabotaet oblweobmeHHas BeHTUNALuS

A
mK, °* B — — — — — — —

4

«CpepHue» 0
peXUMbI g
obkatku

0.5

DoHoBbIE
KOHUeHTpauun BB
B P3 |

|
.6 9.0 10.010.8 12.0

1.0 2823
MNepBbiit !
yac paborsl

Puc. 5.2 Uzmenenune konuentpanuu BB B Bozayxe P3 B mraTHOM peximMe npu oOKaTke KoMOaii-
HOB Ha ITOJTHOW Harpy3ke

77.721
250 245.886
<

64.860

33.257

15.670
50,
12.257
-

T
co NO, € R,COH y5(a)ll S0, .
Loéu; Loéwq Loéw Z‘séw Loo‘w LO&W i-oe BB

Puc. 5.3 TloTpeOHbIe BO3Myx000MEHBI I yUacTka 0OKaTKi KoMOaitHOB 1o i-omy BB, BbInEnsiemomy
B BO3yX P3 B mratHOM peskume paboThl

5.4.2. Pacyer BEHTWISAAUMU B ABAPHUIIHOM pe:xxuMe padoThl MPOU3BOJICT-
BEHHOI'0 YYaCTKA.
PaccMoTpum ciydail, KOorga B «XOJOAHBIN» NEPUOJ IOAa, MPAKTUUYECKU IPU

OTCYTCTBHUH €CTECTBCHHOU BCHTUJIMIOHWHW, BBIXOJUT M3 CTPOA O6H.I€O6M6HH3$[ BCHTH-
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Js1Ms ygactka oOkatku. CTeHIbI 0OKAaTKK 3arpy>KeHbI MTOJTHOCTHI0, MECTHASI BEHTH-
as1Us QYHKITMOHHUPYET.

PaccmoTpum ABa ciydasi, KOraa mpoMCcXOAUT pa3pbiB OJJHOTO MECTHOTO OTCOCA,
P HOMUHAJIBHOM U CpeJHEM pekume Harpy3ku. Ha puc.5.4 npencraBieHo u3mMeHe-
HUe KoHIleHTpaniuu BB B aBapuiiHol curyanuu mpu oOkaTke KOMOaitHOB Ha HOMHU-
HaJIBHOM PEXHUME, Ha PUC.D.5 — TOT ke aBapUHHBIN ClieHapHil, HO TIpu OOKaTKe Ha
cpenHeM pekume. Pacdersl mpoBoamiuch mo ¢popmyiam (5.2) u (5.3).

B nepBoM ciyuyae 10 MOMEHTa OTKJIIOYEHHS! MOBPEKIECHHOTO O0OpYAOBaHUS

(puc.5.4) B Teuenue BpeMeHHu 7, =[100;300] cexynn B Bo3ayxe P3 mpoucxomur Hako-

meHue BB (3amTpuxoBaHHasi 30Ha), U HAOJIOAAETCS 3HAYUTEIBHOE MPEBBIIICHUE
IIJIK,, mo okcuaam a3oTa. Y4MThIBas, 4yTo pacueT Haxomienus BB B P3 nposenen
0e3 yuera UMEIOIIMXCA (POHOBBIX KOHIICHTPAIM HA MOMEHT aBapuu, TO 3ara3oBaH-

HocTh 10 NOy errte Oosiee 3HAUNTEIBHA.

.0 10 | EEe e R R i S i i i

«Makc.» pexum
obkaTkm

so-—————fL+ —— — — — — —

3.0

1.0

100 300 500 1000

Puc. 5.4 M3menenue xoHueHTpauuu BB B Bo3nyxe B aBapuiiHOW CUTyalluu IpU OOKaTke
KOMOaifHOB Ha MaKCUMaJIbHOM pEXHME.

JIns mporHo3a u3MeHeHus: KoHleHTpauuii BB B Bo3ayxe P3 npu BkiItoueHUn
0011e00MeHHON (MM aBapUIHOWM) BEHTUJISILIMM WCIIOJIB30BaJIaCh MOJICNIb PacCerBa-

uus Cenuepcrosa A.H. [84]:
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npi npi oi
np np

rae: C,(r)- Texymas xouuenrpauus i-ro BB B Bosnyxe P3; Cyi u Chpi - HayalpHas

KoHIeHTpalus i-ro BB Bo3ayxe P3 u konuentpanus i-ro BB nputounom Bo3myxe;
Lnp - HOTpeOHBIA BO3yX000MEH Ha IMPUTOYHYIO BEHTHJALUIO; M,,- BeIOpoc BB B

eauHuIly BpeMenu B P3; V,, - cB0OOIHBIN 00beM TTOMEITESHUS.

PacueTsl mokaszanam, 4To BO BTOPOM citydae (MpU CPEAHHX PEKHUMaX OOKATKH)

npebinieans [1/IK ve Habmonaercs (puc. 5.5).

C Pa3spbiB OQHOro MECTHOro 0TCoCa,
i A He paboTaeT obuweobMeHHas BeHTUNSUNS

IJIK

i
2.2

wl__ 1 T~/

| [ 2
| Noxl obkaTku / |
N/ |
| Y |
AT G

v |J| S

0.2

1,41 7,,30 4450
2

Puc. 5.5 U3menenne xonuenTpanuu BB B Bo3nyxe P3 B aBapuiiHol cuTyanuu npu 0OKaTKe KOM-
0aifHOB Ha CpeJTHEM peXKUME.

5.4.3. OnpenesieHue pac4éTHBHIX BO3yX000MEHOB /IS BEHTHJISLHH YYACTKA

00KaTKM MAalIMH NPH BbINYyCKe MOAM(PUIIUPOBAHHBIX KOMOAWHOB

Pacuers! Hakoruienuss BB B 3amMkHyTOM 00BeMe OMEIeHUs] OOKATKH CEpUMHBIX
¥ MOIU(DUITUPOBAHHBIX MOJIEe KOMOAWHOB B IMITATHOM PEXUME pabOTHl TTPOBOIH-
JUCh Ha IpUMepe OOKATOYHOIO ydacTKa MPEANpUsATHS aBTOTPAKTOPHOIO MAIUHO-
CTPOEHHUH.

[TpoBeaém cpaBHUTENBHBIC PACUETHI TPOU3BOAUTEIIBHOCTH 001IE0OMEHHOM BEH-

TWIALIMK y4acTKa OOKaTKW KOMOaHOB Jisi BapraHToB oOkaTku cepuitHoro ACROS
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530, ocnaménnoro asurareiaem SAM3-238J1K-1 u moguduupoannoro ACROS 540,
KOTOPBIH KOMIUIEKTyeTCs OoJiee MOIIHBIM aHTJIMICKHM JaBurateiaeM Cumminis
QSC8.3-260 — ¢ neKTpOHHBIM yMPABICHUEM, OTBEUAIOIINM aHIJIMMCKOMY CTaHAApTy

Stage IIA.

Pacuer npousBoaurensHocTr 001meoomennon Bentmwsaimy it ACROS 530.

B cootBercTBHM ¢ [92] MakcuMaIbHO-pa3oBhIid BeIOpoc i-ro BB G; ompere-
JSETCSI TOJBKO Ha HArpy304HOM pekmme. Pacder mpownsoautcs mo gopmyse (5.1).
dopmyna (5.1) s onpenenacHuss MaKCHMaJIbHO-pa3oBoro BeiOpoca i-ro BB G; mo
[65] umeer Bux (5.2). KonnenTpanuu 1 OeH3(a)mupeHa ¥ OKCHJIOB a30Ta BBIYHUC-
JsMUCh o MateMmatraeckum moelisiM [30] u [14]. D¢ heKTHBHOCTS MECTHOTO 0TCOCa

@,y Y OOKaTOUHOTO CTEHJIa B pacuérax npuHuMaercs 95%. MoiiHocTs BeIOpoca npu
00KaTKe COOTBETCTBYIOLIEH CPEAHEH MOLIHOCTH KOMOaiiHa M, , I/C BEIOMpAeTCs U3

tabaun Metoauku [92]. MakcuMmaibHO-pa3oBeie BbIOpockl BB B momerienun 00-
katku komOaitHoB ACROS 530 ¢ neuratensimu SIM3-238/1K-1 o ¢popmyne (5.1):

Macoq ‘L - Ay (1= @or) _0.43-60-45-5-(1-0.95)

G.. =
o 3600 3600

=0.0806, r/c

e _Macanso to 4s0-00) _0.65-10°-60-45-5-(1—0.95)
2oz 3600 3600

=0.1219-10°° r/c.

AHaJIO0OTMYHO MOJIyYaeM:

Gy, = 0.06375 r/c, G, =0.013441/c, G, =0.003375 r/c,
Grcon = 0.0008625T/c, Gg, = 0.006356 T/c, G, = 0.00639T/c.

Bpems oOkaTku mipu cpefHei Harpyske paboTaroiiero koMmOaiiHa B TEUCHUE

oJHOro vaca: T

P~ 4, -t, =5-45-60=13500 C.
PaC‘-IéT YaCOBOI'0 MAaKCHUMAJIbHO-PA30BOI'0 BLIACJICHHUA BPCAHBLIX BCIOCCTB B

pabouyro 30Hy IpH 00KaTKe NPOU3BOAUTCS MO popmyne: G =G, -T 7, r/u.

GL =Gy T/ =0.0806-13500 =1088.1 1/,

pab

Gl =Gepouss T =0.1219-10° -13500 = 0.001645 /.

pab
AHaJIOTHYHO PaCUUTBIBAOTCA:

G =0.06375-13500 = 860.6 r/u, GX<, =0.003375-13500=4556 r/u,
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G¥ =0.01344-13500 =181.44 /4, Gr< ., =0.0008625-13500 =11.64 1/4,
Geoy = 0.006356-13500 = 85.8 1/4, G =0.00639-13500 = 86.26 r/4.

[ToTpeOHbIE pacxobl Bo3ayXa Ha OOIICOOMEHHYIO BEHTHJIAIIMIO TIOMEIICHUS

OOKaTKH ONpeIeMM U3 ypaBHEHU MaTepruaibHoro oaanca (5.3):

— 64800 M°/4, Lo — 216.9 M /u,

00w

3
Lroc L 10°-8606 _ o a0 70, L€

= 41076 M4, LSO, =77721.4M° .

00w

LRCON — 33257 1M, LS =12257.1m7/u, L~

06w 061y

CyMmapHbIii TOTpeOHBIN BO3IyX000MEH Ha OOIICOOMEHHYIO BEHTHILIHIO TIOMe-
IIeHUs1 OOKaTKU TIPU TOM, YTO Bce paccMarpuBaemblie BB obmanator addexrom cymma-
IHH:

© _jco CnHm NOx SOx c RXCOH T C20H12 _ 3
Los = Loow + Lo+ Loga + Lo + Logu + Lo+ Lot + Loguy = 449805.2 M7/4.

B cooTtBeTcTBUM € IENCTBYIOIIMMHA HOPMATUBHBIMH JOKYMEHTAMHU I10 PACYETY
BEHTW ALY 3PPEKTY CyMMAIIMH MOJUIEKAT OKCHIBI YIIIEPO/Ia, a30Ta U albIACTUIbL:

= |CO 4| Nor | | RCOH _ 3e6864 9 My

Loﬁu; 061y 061y 00wy

Kak BunHO 13 pe3ynbratoB pacuéta (puc. 5.4, 5.5), HaubosbIIasi CKOPOCTH Ha-
KOIUJIEHUSI B BO3J1yXe pabouell 30HbI IpU 0OKaTKe KOMOAHOB MOJ HAarpy3Kol OTHO-
CUTCSI K OKCHJIaM a30Ta. JTO MO3BOJISIET BHIOMPATh TUIl JTaTYMKOB 3ara30BaHHOCTH.
Pe3ynbTaTsl MPOBENEHHBIX PACUYETOB MOTPEOHBIX BO3MYXOOOMEHOB UTS Pa3INYHBIX JBU-

rareneit B ACros-540 rokasansl Ha puc. 5.6 u 5.7.

Lon
X103

250 —

200

100 —

50 —

LB

NOx Cco C RxCOH C20H12 SOx AT CnHm

S0 00
EEEOE] HL ]

i -oe BB
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Puc. 5.6. Pacuérer moTpeOHBIX Bo3myxo00MeHOB yuacTka ookatkun ACROS 530 ¢ SIM3-238/1K-1

Pacuer npousBoaurensHocTh 001eoomMennon BeHTwsimu st ACROS 540.

Berancienus npousseaeM no popmyiaam (5.1 —5.3).

=16158M>a, LS =121.7 My,

00w

LC20M2 5127 AvYa, LV =108362.1M°u, LS

06wy 06wy 00w

—272.6 M7y, L° =393752M%u.

[

LRCOH _100453M>/u, LS =3867.4Mm7u, LY

[ 06w 006w

_ 1 Co CnHm NOXx SOx C RxCOH AT C20H12 __ 3
Loﬁm = Loﬁm + L05w + Lom + Lom + Lom + L05W + Lom + Low =184229.3 M/

Ly = LSO, 4+ LY 1 LRCOH —158682.6 M /.

06w 06w 06wy

Pe3ynbTarhl npeacTaBieHbl Ha puc. 5.7. Pacu€Thl BHIIOTHEHBI /I MSATH 00KATOY-
HBIX CTEHJIOB IPU paboTe MECTHON BEHTWJISIIIUU C 3P(HEeKTUBHOCTHIO 95%. Bpems 00-
KaTKH MaiuH B cpeaHeM 1 gac. MourHoctu BeiOpoca BB 6epytes u3 [92] u ctannapra

Stage IIA.

Losu | x 403

100 -

80

60 —-

40—t

NOx co c RXCOH C20H12 SOx AT  CnHm I -oe BB

Puc. 5.7. Pacuérsl noTpeOHBIX BO31yx000MeHOB yuacTka ookatku ACROS 540 ¢ Cumminis
QSC8.3-260

CJICI[yeT 3aMCTHUTb, YTO B HACTOAIICC BPCMA 110 HOPMATUBHBIM NOKYMCHTAM
YUUTBIBAIOTCA TOJBKO OKCHUABLI YIJICpOJd, a30Ta U aJlbACTUBbI. M1 mnpeajaracm pac-

MIUPUTH CIIEKTP BPEAHBIX BEIIECTB, YYUTHIBAs BRHIOPOCHI CaXkHl U OeH3(a)upeHa.
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Bo-niepBbix, CyoHj, siBiisieTcsi caMbIM CHIIBHBIM KAaHIIEPOI€HOM U3 BCEX BbIJIE-
nsieMbix BB 1 BO-BTOpBIX, KaK MOKa3bIBAIOT PACUETHI, MOTPEOHBIN BO3TyXOO0OMEH ca-

xu 1 CyoHyp, B cyMMe cpaBHUM ¢ TOTpeOHBIM BO3ayx000MeHOM 110 CO.

5.5 Pe3yabTaThl MOJEJIUPOBAHNS PACTIPOCTPAHEHHUS BPeIHBLIX BelleCTB B
NPOU3BOJACTBEHHBIX MOMEIeHUsIX

JIist co3maHus aAeKBAaTHO OIMCHIBAIOIIMX peajbHbIe (DU3NYECKHUE TPOIECCHI
MojieNield He0OXOAUMO:

1.  ITOCTOBEPHO OMNMHCATH BCE TE€OMETPUUECKHE OCOOCHHOCTH BEHTUIMPYEMO-
ro 00BbEeKTa B ITAKeTaX MOCTPOCHUS TPEXMEPHBIX Mojeel (B HameM ciydae FlexPDE).

2. pa3paboTaTh U MOCTPOUTH TAKYIO CETOUHYIO CTPYKTYPY, UTOOBI, C OJTHOM
ctoponsl, [TK min KoMInbrOTEpHBIN Ki1acTtep, ObUT ObI CITOCOOEH HA HEMl HAMTH KOHEU-
HOE€ pelIeHUE 32 pa3yMHbIN BPEMEHHOU MEpHOo/l, HapuUMep, He MpeBbIaronuii 1 yac
paboueit cmenbl. C Apyrod CTOPOHBI, YUCIIO SYEEK B CETOYHOU CTPYKTYpE IOJIKHO
OBITH JOCTATOYHBIM, JUIS BBISBIICHUS TOHKUX CTPYKTYP TEUCHHUS BTOPOTO M TPETHETO
MOPAJIKA MAJIOCTH IO OTHOIICHUIO K CPETHEMY TEUECHUIO. ITO JOCTUTACTCS U3MeIIbye-
HUEM CETOYHOMW CUCTEMBI B KDUTHYHBIX, C TOYKH 3PCHUS PacUeTInKa, 00IaCTsX.

3. MOHMMAaHUE KaueCTBEHHOW CTOPOHBI MPOUCXOJSAIINX IMPOIECCOB, C TEM
YTOOBI IPABWIILHO M KOPPEKTHO CHOPMYIIMPOBATH TPAHUYHBIC YCIOBUS 3a/1a4H.

4, Ha 0a3e MpeAbIIYIIEro OnbiTa, aHaau3a U 0000IIEHUS PE3YyIbTATOB JPY-
T'HX HCCIiefoBaTelNiell BHIOpAaTh MOJIEbh TypOYJIEHTHOCTH, SBISIFOITYIOCS 3G ()EKTUBHOM
JUTSI OTIMCAHUSI HU3KOCKOPOCTHBIX MTOTOKOB C BBICOKON MHTECHCHUBHOCTHIO TypOYJICHT-
HOCTH.

5. n30exaTh OMMOKHN MPU COBEPIICHHUH Tpotieayp 1-4, 4To gocTuraercs He
TOJILKO 32 CUET aKaJIeMUYECKOM TOJTOTOBKH, HO M 3a CUeT NMPO(EeCCHOHALHOTO TIPaK-
TUYECKOTO OIbITa, 000TAIIEHHOTO HHTYUIINEH pa3paboTyrKa.

BrimenpuBenéaasie TpeOOBaHUS ObLUTH MPUHSATHI BO BHUMAaHHE, KaK MPU pas-
paboTKe MaTeMaTHYECKOH MOJCIH, TaK M TPH MPOBEICHUU MOJCIBHBIX PacuyéTOB,

PE3yNbTAaThl KOTOPHIX MPEJCTABICHBI B HACTOSIIIEH TJIaBe MOHOTpaduUu.

5.5.1 UcxoaHble JaHHbIE AJs1 IPOBEIeHUs] MO/IeJIbHbIX PACYETOB.
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MonenbHble pacyeTsl ObUTH MTPOU3BEACHBI Ha IPUMEPE YIacTKa OOKaTKU KOM-

0alfHOB KPYITHOTO MPEANPHUATHS aBTOTPAKTOPHOTO MAIIMHOCTOPOCHMUS.
HcxonHbie TaHHBIE IS MOJICIIBHBIX PACUETOB:

- FEOMETPUYECKHUE TTapaMeTphbl MOMENIEHUsI 00KaTKU KOMOaitHOB (ayinHa 132 M,

mupuHa 60 M, BeicoTa 14 Mm);

- KOJIMYCCTBO U TCOMCTPHYCCKHUC PA3MEPBI CTCHAOBOI'O O60py,Z[OBaHI/IH 1 00OKa-

THIBAEMbBIX COOPOYHBIX €IUHMUII;
- BpeMs paboThl, B COOTBETCTBUHU C TEXHOJIOTHYECKUM IIPOIIECCOM OOKATKH;

- BUAbI U PACIIOJIOKCHUC NCTOYHUKOB 3aIpsA3HCHHA (O6KaTBIBaCMBIX MaH_II/IH) "

pabo4nx MecT;
- cTeneHb 9(PPEKTUBHOCTU MECTHBIX OTCOCOB;

- MHTCHCUBHOCTDb ABMIKCHUA I'da30-BO3AYIIHBIX IIOTOKOB (BXOI[HBIC N BBIXOJIHBIC

CKOPOCTH);

- IHTEHCUBHOCTH BblJIeJIeHUSI BB OT HCTOYHMKOB HAa OCHOBE YZEJIBHBIX IOKa-
3arenieil BHIOPOCOB M PACUETHBIX 3HAYEHUH, TIOJYYEHHBIX 0 PErPECCUOHHBIM MOTH-
HOMaM B 3aBUCHMOCTH OT PEKMMa 00KaTKH (pacCMaTpUBAIUCh BEIOPOCH OKCUJIOB

a30Ta U yrieponaa);

- TpHU CXCMbI OpraHu3alii IBHKCHHA I'a30-BO3AYIIHBIX IIOTOKOB B BCHTHUJIN-
PYEMOM IIOMCIHICHUHN C pa3JIUYHBIM PACIIOJIOKCHHUCM BOBHYXOpaCHpeHCHHTCHCﬁ CHC-
TEMBbI MEXaHHUYECKOM BCHTUJIAIHH, 4 TAKIKC IIPUTOYHLIX U BBITSKHBIX OTBepCTI/Iﬁ

(puc.5.8,5.9,5.10);

- pacuéTHbIN repro roaa (“Terblii’” U “X0NIO0 HBIN").
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8bI1X00

Bapuanm -1

8bIXO0HbIe
omeepcmus
(eenmunsmopsi)

KombaliHb!

Puc. 5.8 — Pacu€THas cxema opraHu3aiuu ABUKEHUS Ta30-BO3IYIIHBIX TOTO-

KOB B TOMEIIEHNU 00KaTKK KoMOaitHOB («BapuaHT 1»).

Bapuanm - 11 — e N Y 861x00

8bIX00HbIe
omeepcmus
(eeHmunsmopsl)

o \— Kom6alHb!

Puc. 5.9 — PacuétHasi cxema opraHu3amuu IBMKCHHS Ta30-BO3IYIITHBIX TIOTO-

KOB B IMOMEIIEHUU 00KaTKu KoMOaitHOB («Bapuanrt 11»).

8bIXO0HbIE
omeepcmusi

Puc. 5.10 — PacuérHas cxema opranusanuu ABMXKEHUS ra30-BO3IYIIHBIX OTO-

KOB B IMOMeIeHnr oOkaTku koMOaiHoB («Bapuant 111»).
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Tabmuma 5.4

MaxkcruMaabHO-pa30Bbie BEIOPOCHI BPEHBIX BEIIECTB HA peXUMaxX 0OKaTKU

koMmbOaitaHoB ACROS 530

Konmnentparus BB B orpaboTaBmimx razax uCTOYHUKA

Pexum 00-

KaTKH1 Ma-

— OxeHa ggepoz[a, OKCHJIBI a30Ta, T/C aJbJIETUIbI, T/C
HOpMa aBapus HOpMa aBapus HOpMa aBapus

HOTH®IHA™ 10,0960 | 0,9600 | 0,0945 | 0,9450 - -

rpy3Ka

CpeIHue

PEIKIMET 0,0242 | 02420 | 0,01912 | 019120 | 0,000345 | 0,00345

Harpys3Kku

zgi"mﬂ 0,0019 | 00420 | 0,00816 | 0,08160 |0,0000645 | 0,000645

Tabmuua 5.5

MaKCI/IMaHBHO-pa3OBI>I€ BBI6pOCI>I BpCIHBIX BCHICCTB Ha PCIKUMaAX 00KaTKH

komOarinoB ACROS 540

Pexxum oOkar-

Konnentpanus BB B oTpaboTaBiimx ra3ax uCTOUYHUKA

KU MAIIHEL OKCHUJI yTJIepoa, r/c OKCHJIBI a30Ta, I/C
HOpMa aBapus HOpMa aBapus

HOJHA Ha- 0,02 0,20 0,02 0,20

rpy3Ka

CpeaHue pe-

JKUMBI Harpy3- 0,01 0,10 0,01 0,1

K1
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Puc. 5.11. JIBu>keHHEe BO3AYIIHBIX TOTOKOB IPU Pa3IMYHbIX CIOCO0aX pa3Me-

IOCHUS IIPUTOYHBIX U BBITAKHBIX OTBepCTI/Iﬁ

W3 pa3nnyHbIX CXEM OpraHU3allMy JABMXKEHUS Ia30-BO3AYIIHBIX TOTOKOB (pHC.
5.11) nns mocneAyromuxX MOJAEIBHBIX PAcY€TOB ObUIM BBIOPAHBI CXEMBI & U O, KOTO-
pbI€ COOTBETCTBYIOT PAa3jIMYHBIM YCIOBHUSAM aCCUMWIALMK BpeaHocTel. Ecinu Ha puc.
5.11 2 umeeT MECTO CUMMETPHSI Ta30BbIX MOTOKOB U MPOBETPUBAHUE JIOCTATOYHO XO-
poiiee - 00pa3yroTcs IBE OTHOCUTEIIBHO HEOOJBIINE 30HbI 3aCTOS MPU BEHTUIISIUU,
TO Ha puc. 5.11 6 — peann3oBaH ciydail BEHTUJIMPOBAHUS IMOMEIIEHUs, KOT/Ia TTIOTOK
PacnoJIOKEeH aCCUMETPUYHO MO OTHOLLIEHHUIO K IPUTOYHBIM U BBITSXKHBIM OTBEPCTUSM
— HEJI0OCTaTOYHOE MPOBETPUBAHME BEpXHEHN yacTu nmomenieHus (oOpasyercst Oosbliast
30Ha 3aCTOs BO3/yxa). DTH JBa KpailHUX ciy4yasi HAMU BBIOpaHbl KaK MMOKa3aTeJbHbIE
(rpaHu4HbBIC) U OHM COOTBETCTBYIOT Bapuantam 1 u 2. Taxxke npu MoAenvpoBaHUU
paccMoTpeH BapuaHT 3, Koraa MEHSETCsl MECTOIIOJIOKEHNE BBITSKHBIX BO3yXopac-

HpCIIGHHTCJICI)'I CHCTEMBbI MEXaHHUYECKOM BCHTUJISILINHA.

[Tpu mpoBemeHNH MOACIBHBIX PAacYETOB PacCMOTPEHBI KaK IITATHBIC PEKUMBI
paboThl 000OpyAOBaHUS HA y4acTKe OOKATKM KOMOAWHOB, TaK W Pa3IMYHBIC aBapHil-
HBIC CUTYaIlMH, KOTOPHIE OKa3bIBAIOT CYIIICCTBEHHOE BIMSIHUE Ha (DOPMUPOBAHKE T1O-

Jeu KoHIeHTpanui BB v omacHbIX 30H 3ara30BaHHOCTH B TOMEIICHUU.

[Ton wumammuwvim pescumom oHUMAETCS UCIIpaBHAs paboTa BCeX BHJIIOB 000-

PyaAoOBaHUA U CUCTEM BCHTUJIAIWHA ITPON3BOACTBCHHOI'O ITIOMCIIICHU. 3ara3oBaHHOCTD
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BO3MlyXa paboueil 30HBI CO3MAETCs JUIIL 3a cU€T BhIAEneHUS BB oT mcTouHWKOB,
000pyIOBaHHBIX HET€PMETHUYHBIMH MECTHBIMH OTCOCAMH, a TAaK)K€ OT MECT MPOBEPKHU
paboOThl KOHAULIMOHEPOB KOMOANHOB, KOTOpPBIE BOOOIIE HE OCHAILIEHBI CUCTEMOH JIO-
KaJbHOW BBITSDKHOM BEHTWISALMU. TakuM o0pa3oM, 3ara3o0BaHHOCTH OMNPEICISIeTCs

(1)OHOM, IMOJTYYCHHBIM OT BCCX UCTOYHUKOB 3aI'PpA3HCHHUA.

[lon asapuiitneimu cumyayuamu Ha ydyacTKe OOKAaTKHM MAIIWH IOHUMAIOTCS
BEPOSITHBIE CITy4an pa3pbiBa MECTHBIX OTCOCOB, KOTOPBIMU 00OPYIOBaHbI BCE CTEHBI
OoOKaTku KOMOalHOB, a TaKXe CUTyalus, KOTJa BHE3aIHO BBIKIIOYAETCA 0011e00-
MEHHas U aBapHilHasi MEXaHWYecKas BEHTUISUUA. JTO HauboJiee TUIIMYHbIE aBapHil-
HbIE CUTyalluu [UIsl PACCMaTpUBAaEMOro IpOU3BOACTBAa. PaccMoTpeHsl Hanboiee Be-
POSITHBIE M HEOJIAroNpHsATHBIE CIIy4ad, MPUYEM MOJEIHUPOBAJIacCh U cpabaTbIBaHHUE
CUCTEM 3aIUTHl (PYYHOE M aBTOMATHUYECKOE OTKIIOYEHHE OOOpYyHOBaHUS, BKIIOYE-

HUE aBapUNHON BEHTWISIIIUU U T.1T.).

B 54.2 IMpCaACTaBJICH pacqéT BCPOATHOCTH pa3pbiBa MCCTHOI'O OTCOCa Ha

Y4YacTKe.

5.5.2. MaTemaTnueckoe onpeaejeHue BEePOITHOCTH BOZHUKHOBEHHS aBa-
PUHHOM CUTYyallUM HA YYACTKe 00KATKH KOMOaiiHOB
Ha ydactke oOKaTKu 0THOBPEMEHHO padOTAIOT MSATh CTEH0B, 000PYTI0BAHHBIX
JIOKAIbHOM BEHTHJISAIMEH. BeposSTHOCTh BO3HUKHOBEHUS aBapUUHON cuTyanuu (pas-
PBIB MECTHOT'O 0TcOca) onpeaesieTcs: popmynon beprysu:
p.(K)=Cy - p“-q""

n!

————— - YHCJIO COYCTAHMUH, p - Be-
(n—k)!k!

rae N — 4rciao crennos; K — unciao otkazos; CK=

POSITHOCTh OTKasa (pa3phiBa OJIHOIO OTCOCA) B TCUCHUH 8 YaCOBOTO pabOdYero JHS;

q=1- p - BepoATHOCTh 06€30TKa3HOI pabOTHI MECTHOI'O OTCOCA.
B namewm cinyuae k=1,2,3,4,5; k! =1.2-3-...-n,

Haueposrheiimee 4ncio oTka3oB: n-p—q<k,<n-p+q.
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1 39 1 39
IloxacTaBnsist YuMCICHHBIC 3HAUCHUS, oJIy4YuM 5-———<Kk, <5-—+—, cie-
40 40 40 40

JI0BaTebHO, nMeeM —0,4 <k, <14.

CornacHo NMpou3BEJEHHOMY pacueTy, HauboJiee BEepOsITHOM aBapuiHON CUTya-
el B MOMEHT BpeMeHHU t siBlisieTcs aBapusi Ha OJTHOM CTeHJie. TakuM o0pa3om, pu
MOJICIUPOBAHUN PACCMATPUBAETCS Pa3pblB MECTHOI'O OTCOCAa OT OAHOTO CTEHA, pac-
MOJIOKEHHOTO Ha y4yacTke OOKaTku. [Ipu 3TOM y4UTBHIBAIOTCS Cliydau reoMeTpuye-
CKU Pa3HBIX MECTOPACIIOJIOKEHUH MPEANoaraeMoro aBapuitHoro CTeHa B rmomerie-
HUU ydJacTka. Hambonee HeOmaronmpusTHpIC CHTyalldd W3 HHUX, KOTJA pa3phIBaeTCS
MECTHBIN OTCcOC OO KpalHe mpaBbli, TU00 cpenuuil. Kak mokaspIBaloT pacyeTsl,
COOBITHE, KOTJ]a BBIXOAST U3 CTPOS OJIHOBPEMEHHO JIBa MECTHBIX OTCOCA SIBJISIETCS
MaJIOBEPOSITHBIM.

5.5.3. Onpenenenne 3¢pGpeKTUBHOCTH MECTHBIX 0TCOCOB

OnHuM U3 BaXXKHEHIIUX MapamMeTpoB, BIUSIONIMX HA JTOCTOBEPHOCTh PACUUTHI-
BAEMBIX MOJIe KOHUEHTpaunii BB B nccinenyeMbIix TOMENIEHUAX SIBISETCS CTEIECHb
3G ()EKTUBHOCTH MPUMEHSIEMBIX MECTHBIX OTCOCOB. /laHHas BenWYMHA 3aBUCUT OT
KOHCTPYKIIMU U BUJIa TPUMEHAEMBIX 0TCOCOB. CTENEeHh r€pMETUUYHOCTH BBITSKHBIX
30HJIOB OMNpEAEseT KaK KOJWYECTBO MOCTyHawluxX B nomenieHue BB B exuHuiy
BPEMEHH, TaK U BEJIUYUHY MOTPEOHBIX BO3AYyXOOOMEHOB, KOTOPbBIEC JOJKHBI OBITh
paccuuTaHbl Ha BBIJIENsAEMbIE BpeHOCTU. B HacTosiel MoHOTpaduu omnpeaeneHue
3¢ (HEKTUBHOCTH MECTHBIX OTCOCOB OCYIIECTBIISLIOCH PACUETHBIM MYTEM MO METOIU-
Ke, npeioxkeHHor B [77]. Huke npencraBieH pacyér.

Pacuém r¢hpexkmuenocmu bimadrcno2o 30H0a K03blPpbK08020 muna.

Hcxoonvle Oannble: UCTOYHHUK YCTaHOBJIEH Ha ocHoBanuu; 0=0,25 M — nua-
MEeTp MCTOUYHHKA BhIeNeHUs BB; 00bem ymaisiemMoro Bo3ayxa OT MECTHOTO OTCOcCa
L .= 3000 M°/d (110 MACIIOPTHBIM TAHHBIM); KOJIMYECTBO BBIAEISIOMIETOCsS KOHBEK-
tuBHOTO Tetna Qp=191540 Brt; KoMM4YecTBO BBIICISIONINXCS BPEIHOCTEH — OKCHIA
yriepoaa 6156 r1/4, okcuaoB azora 9324 r/4 (mpocurTaHa MO BBHIBEJACHHBIM B JHC-
CEpTAIMOHHON paboTe MOJTMHOMUAIEHBIM 3aBUCUMOCTSIM Ha MaKCUMaJIbHOW Harpys-
K€); KpaTHOCTb BO31yX000OMEHA B IIOMELEHUU K,=8 q''; IPUTOYHBI BO3AYX MONACT-
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cs uepe3 Bozayxopacnpeaenurend tuna BIIII-52; ckopocTk BeIXoaa Bo3ayxa U3 pe-
meTok v = 3,0 M/C; MOABMKHOCTh BO3yXa B momenieHuu v, = 0,46 M/c; cBOOOTHBIH
o6beM momererust V, = 108057 Mm% Temmeparypa Brytpu nomemmenus t=29 °C; ¢o-
HOBBIE KOHIICHTPAIlMU OKCH/IA YTIIEPOJa U OKCHJIOB a30Ta PaBHBI HYJIIO.
Ananumuyeckoe onpedenenue 3¢gexkmusnocmu omcoca. IlonpaBoyHbId KO-

s uUIEEHT Ha CKOPOCTHOE JaBieHuE s Bo3ayxopacnpenenutens BIIIT -52 £=2,0.

2 2
DHEPrust MPUTOYHBIX CTPYH € .= K eV =8 2-3

=2 =0,02Mm% /3.
72 2.3600

OHeprus IBUXKYIIUXCS IpeaMeToB € 5 = 0.

KoaddummenT nponopuuoHaIbHOCTH 1711 UICTOYHUKA, YCTAHOBJIEHHOTO Ha OC-
nosaaun C = 34,3-107°. [InoTHOCTH BO3yXa IPH TEMIIEPATYPE, PABHOH TeMIeparype
nomenieHus p, =1189xe/ m>.

. = 191540
TennonanpsxEHHOCTh 0OBEMa NoMelIeHus Q = Q _

= =177Bm/ 2’
V, 108057

PaccTostHue oT ncTOYHMKA 110 TIoJtoca cTpyH Z, =17-d =17-0,25=0,425m .

PaccrostHie OT MCTOYHHKA JI0 paccMaTpuBaeMoil Touku Z, = X = Om (moaHoe
YKPBITHE).

Paccrossame  oT  modroca  CTpyH 10 paccMaTpUBaeMOW — TOYKH
z2=12,+2,=0425+0=0,425Mm.

PaccTosiHre OT MCTOYHHMKA O paccMarpuBaeMoii Touku Z, =x = 0,2m (mis
BBITSDKHOTO 30HTA), Z=12, +2, =0,425+0,2=0,625u

DHeprust TemIOBOU CTPYH:

Erc= C L., 34,3-10°° L77-0425 0,0000217.m% / c? .

o 1,189
Erc= C L, 34,3-10°° L77-0625 0,0000319m° / c?.
o 1,189

3HepFI/I$I BO3QYIIHBIX IIOTOKOB IIOMCILICHUS .

£=&, +&, =0,02+0,0000319 = 0,021 / 2.
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Onpenensitomnii  pazMep: MecTHOro otrcoca |=d=05u; MOMEIIECHHs

| =F =+14-60 = 29.u.

Koadduruents! TypOyneHTHOro 0OMeHa B MJIOCKOCTH B OOIIEM BUJE OMpe/e-

Jst0TCs 10 (hopMmyJIe:

svi . QT
Am:Any:o,zs-[[{p. ) +C-—-z} (V)

8

Tora, Ui - MecTHOrO oTCoca A, = 0,25-0,02% .05 = 0,027144x /¢ ; - mio-
memenms A, =0,25-0,02% .29 = 6,04x% /c.

Paccrosaue ot MecTHOrO oTcoca A0 uctounuka x=0,2 m.

OTHOCHUTENIBHOE PACCTOSIHUE x= % = 0% 5= 0,4.

OTHOCHUTENIbHAs CKOPOCTh BO31yXa IMPH MEXaHUYECKOW CHCTEME BEHTUJISILIUM

Ha pacctosuuu x: pu x{d - V_X =0,33.

CKOpOCTB BO3yXxa BO BCaChIBaromcm OTBCPCTHU.

~ 3000
0,785-0,52 -3600

=4.24mlc.

Vo
CkopocTh BO3/lyXa Ha paCCTOSIHUU X (Ha BBIXOJIE U3 UCTOUYHHKA):
Vy =Vy vy =03-424=127mulc.
7/ _0,625 _ -
OrHomenue 7 = 0 25 = 2:5M , CIIEIOBATE/IBHO, MECTHBINH OTCOC YCTaHOB-

JIEH Ha pa3rOHHOM Y4YaCTKE CTPYH.
CKopoCTh MOTOKA HAJl HCTOYHUKOM Ha paccTostHuu x=0,2 M :

191540-0.2, 1
2

v,, =0,0425- (%)% =0,0425- ( =573mlc.

Pacxoa BO3ayXa B CCUCHUH, MMAPAJUICIIBHOMY MCCTHOMY OTCOCY Ha PAaCCTOSIHUUA

L, =F, =0,785-0,5-1,27-3600 = 897,25x° / u.
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P&CCTOHHI/IC, rac CKOpPOCTb BO3AyXa Ha BXOAC BO BCACBIBAOIICC OTBEPCTHC MC-
CTHOI'O O0TCOCa paBHA IMOJABHUKHOCTHU BO34yXad B ITOMCIICHUHU, OIIPCACIIACTCA U3 YCII0-

BUS, UTO B IaHHOM TOUKE V, =V, .

"X 0232

x=x,;=0492m, x' =x, -x=05-02=03m, x = "o =1168.

/
OTHOcHUTENbHAs CKOPOCTh V y JUISl PACCTOSIHUA X !

- X 1168
v, =1- =1-———— =0,24m/c.
o 1“—62 J1+1168°

CkopocTh BO3/IyXa Ha pacCTOSIHUU x' v w =0,24-127=0,305m/c.

Konnentpanuu BB Hag nieHTpoM UCTOYHUKA (HA IpUMEPE OKCHJIA YTIEPOa):

co= % = 2052][42/]143 , CNOX = % = 3108M2/M3
-1,27-0,15,
Ha xparo ucroununka:  C,., =1,02-2052-¢ 0027144 — 2 Ome | m°.

Ipu v/v, =2 xonudectBo BB, HanmpapiIeHHBIX B IIPOTHBOIIONOKHYIO CTOPO-

L, -C 897,25-2,0
HY OT MECTHOTO 0Tcoca: Gy = —— 2= ——— =1812,632/u
1-—e /Ax 1—e /0027144

OddexkTuBHOCTh pabOTHI MECTHOTO 0TCOCA MO OKCH]Y YIJIEpOoAa:

_ 61561812

= -100% = 70,6% .
Por = 6156
D¢ heKTUBHOCTH pabOTHI MECTHOT'O OTCOCA MO OKCHJIaM a30Ta:

Por = 9324 = 2424 1009 = 74,0% .
9324
D¢} PeKTUBHOCTD HUIAHTOBBIX MECTHBIX OTCOCOB HIBEACKOTO MPOU3BOICTBA
“Collnum” paBHa 90-95%. JlanHble BBICOKOI€pPMETUYHBIE OTCOCHI B TMOCJEAHEE
BpeMsl MOJYYUIM PACHPOCTPAHEHHE HA PA3IMYHBIX MAIIMHOCTPOMUTENIBHBIX M pe-

MOHTHBIX IPCANPUATHAX.

Takum 006pa3om, Mpu MPOBEICHUN MOJCIBHBIX PACYETOB B 3aBUCUMOCTH OT

KOHCTPYKIHMHU M TUIIA MECTHOTO OTCOCAa IpUHUMAIU Por = 70% u ¢, =90%,
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5.5.4. Onpenenenune K03PGPUUHEHTOB TYPOYJEHTHOr0 00MEeHa

JloMuHUpYytolee BIUSHUE Ha MOJIsl KoHLeHTpauuid BB oka3piBaroT k03 duriu-
€HTbl TypOYyJEHTHOIO OOMEHA, BXOSIINE B OCHOBHOE MOJIEJIBHOE YPAaBHEHUE Macco-
nepeHoca. B 3-eif rmaBe MoHOTrpaduu MpeacTaBICHB TEOPETHICCKUE OCHOBBI UX OTI-
penenenus. Koapduimentsr TypOyJIeHTHOro OoOMEHa IMOMEIIEHUs 4, MPONOPIHO-
HaJbHBl JUCCUIIMPYEMOW DHEPTUU U OINPEACIBIIONIEMY pa3Mepy pacCMaTpUBAEMOro
VCTOYHHKA. /(151 BEHTUIMPYEMBIX TOMEIIECHH, 3Hasl BEJIMYMHY SHEPTHH, OCTYIAI0-
HIEH B MOMEIICHUE, U ONPEIEISIONINN pasMep UCTOYHUKA, MOYKHO OIPEIEIUTh KO-

2
3 GUIHEHT TypOYyJICHTHOTO 0OMEHa B IIOCKOCTH (X, Y), M7/C:
s
A, =A =025-¢71,73 (5.3)
I7Ie: ¢ - KHHETUYECKas SHEPTHs BO3AYIIHBIX IIOTOKOB B MOMEIICHUH; |, - OI-
PEACISIONIMN pa3Mep MOMEIICHHsI, PaBHBIN JIJIsT IPSIMOYTOJBHBIX OTBEPCTHA U cede-
HUN HempaBWIbHON GopMbl |, =+ F , M, rae F - iomaas ceueHus MOMEIIEeHUs Tep-
NEHUKYJISIPHAS] HAPABIICHUIO IBXKEHHS BO3YIITHBIX TOTOKOB.
KuneTtndeckast sHepTHsi BO3AYIIHBIX TOTOKOB TIOMEIIICHUS CKJIAIBIBACTCS B OC-

HOBHOM M3 3HEPTUM NPUTOYHBIX U TEIUIOBBIX CTPYyU: & = Ep- +E7-. B cBOWO oue-

. E-v? L &-v7
pelib, SHEPTHs IPUTOYHBIX CTPY# paBHa € ;.= K, - S =y~ 5 »@oHeprus
17

. Kak cie-

TEIUIOBBIX CTPYW ONPEAENSAETCS U3 BBIPAKEHUS Erc = = 2
P

Ee — 9-Q-z 1+n
G, C,T,

AyCeT U3 BBIH_ICHpI/IBCI[éHHBIX 3aBHCHMOCTeﬁ, OHCPIrusg BO3AYUIHBIX IMTOTOKOB 3aBUCHUT

OT KPaTHOCTH BO3ayxooOMeHa momerneHus K, , xapakTepucTHK BO3myxopacrpeje-

Q

JIUTEenen 5 V', a TaKXK€ OT TEIUIOHANPSHKEHHOCTH MOMEIIICHUS V—” .
17

Pacuem korsppuyuenmoe mypoynrenmnozo oomena 6 nnockocmu A, u A,
1. lns BeIOpanHOTrO HaMu nomenieHus ydyactka ookatku OO0 «K3 Pocrcens-
Malln» ONpeaeuM MaKCUMaJIbHO-Pa30BbIi BeIOpOC i-ro BB G, o hopmyiie:

Gi _ QchF .Ccpi 'tcp 'Aﬂ ’ (1_¢OT) ’ I
3600

/c, (5.4)
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rae Q.- 00béMHBIA pacxon OI' aurarens kombaiHa MpU CPEIHEH MOLIHO-

3 -
cth 00KaTku, Mm°/c; C,,- KoHueHnTpanus i-ro BB B OI' neurarens mMammubl npu 00-
KaTKe Ha CpeJIHEd MOMHOCTH; M, =Q, - C, - UHTEHCUBHOCTE BblIeIeHHUS i-T0 BB,

P

r/c; A, - 4HCJIO CTEHJ0B OOKAaTKH MAallMH, 000OPYI0BAHHBIX CUCTEMON MECTHOM BEH-

THUIIINHA, tcp - Cp€OAHCC BPCM O6KaTKI/I, MHH.

CornacHo MPUBEICHHBIM B M. 2.5 MOJTUHOMUHAIBHBIM 3aBUCUMOCTSIM, KOHIICH-
tpauuu BB B Ol uicTOuHMKa 3arpsi3HEHUs paBHBI:

Ceo =2.1943- N? —1.8743- N +0.7903, r/m>;
Cyo, =—7.3760- N +7.2940- N +2.0090- N +0.5090 , r/m>;
Cr.con =0.0787-N? —0.0647-N +0.0152,, r/nm°.

Pacuer maccoBoro Beiienenusa BB (unTencuBHOCTH BRIOpoca BB) mpousBenén

Ha CPEeIHUN PEKUM OOKATKU IIPH Pa3HBIX 3HAYEHUSAX @, .
M, (CO)=0,404-(2,1943- 0,5° —1,8743-0,5+0,7903) = 0,162/ ¢ ;
M, (NO,)=0,404-(-7,376- 0,5° +7,294-0,5* +2-0,5+0,509) = 0,9742/ c;
M., (R,COH) = 0,404 (0,0787-0,52 —0,0647 -0,5+0,0152) = 0,001/ ¢ .

Tornga umeem MakcuMallbHO-Pa30BbI BBIOpOC B P3 okcuaa yriepona:

~ 0,162-60-45-5-(1-0,7)

npu ¢, =0,7 G, = 3600 =01823z/c;
npu ¢,,=0,9 G, = 0.162-60 '3‘;50'05’ (L-09) _ 0,06082/c.

AHanornyHO MaKCUMaIbHO-pa3oBbIi BEIOpOC B P3 okcumoB azora:

~0,974-60-45.5-(1-0,7)

npu ¢, =0,7 Gy, = 2600 =0,9744/7;
mpu ¢,,=0,9 G, = 0.974-60 ;;%'05'(1_0’9) =0,3652z/c.

Bpemst oOkaTku koMmOaiiHa Tipu CpeTHE Harpy3Ke JBHUTaTess B TeueHue | ya-
ca:

=A

P3
r A

pab

-1, =95-45-60=13500c .
MakcumanbHO-pa3oBoe Boiaenenue BB B P3 npu obkatke: G =G; - T ;13,6, elu,
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Hust ¢,,=0,7: G, =0,1823-13500 = 2460,32/u ; Gyo, =0.974-13500 =131492/u .

2. OmpenenuM 3aTeM MOTPeOHBIE PacXo/ibl BO3/AyXa Ha OOIICOOMEHHYIO BEHTH-

i
06w *

JHAOUIO ITOMCIICHUSA oOKkaTtkn L I[JISI YCTAaHOBUBHICTOCA BO3AYHIHO-TCIIIIOBOI'O PC-

KMMa MoMenieHust (t—>o0) U MpU PaAaBHOMEPHOM pacHpe/IeICHUN KOHIEHTPAIMA MO
BBICOTE BOCITOJIb3YEMCSI YPaBHEHHEM MaTeprabHOTO Oaanca [ |-

= (55)
" IOK, —03- 1]

p3i

pi
rae I1JK,,i - IIIK i-ro BB B Bo3nyxe, ynansemom u3 P3 (Hanpumep, nua b(a)Il
coctasister 0,00015 MT/MS); 0,3 ITAK, i — [IJIK i-ro BB B nputounom Bo3ayxe (cuuTaer-
Csl, UTO MpHJIETaroIlasl K y4acTKy BO3ZyIIHAs cpefia TeppUTOpuH 3arpsizHeHa Ha 30%).
®opmyna (5.5) momyyeHa U3 ypaBHEHUS MAaTE€pHAIBHOrO OanaHca B camMoOM 00-
IIEM BUJIE, ONMCHIBAIOLIETO PaclpeieiieHUe MacCoOBbIX MMOTOKOB Bo3ayxa u BB B 3amk-

HyTOM mnomemenwu L, -C, +G; =L, -C, ,rtoe L, ,L,, - ODPOU3BOJAUTEIBHOCTH MIPU-

6bLm np? Tevim

o o 3
TOYHOH H BBITS2KHOM BCHTHWIIILHMHN COOTBCTCTBCHHO, M /‘-I, Gi - MAaKCUMAJIbHO-pPa30Bad

MacCa BBIICIEICMOI'O B CAMHUIY BPCMCHHU B TCXHOJIOTHYCCKOM IIPOLCCCC I-ro BB, I’/‘I;

C

,»» C,, - KoHleHTpauus BB B P3 u B ipuTo4HOM BO3IYXE, mr/ne. [TotpebHbIe BO3TY-

XO00OMEHBI PABHBI:

Hns ¢,,=0,7:
3 3
co 10728803 _ 1573600 /u; 100 =10 13109 _ 25656, /.
“ 20-0,3-20 “  5-03-5
Hnas ¢,,=0,9:

G¢o =0.06075-13500 =820.02/4; Gy, =0.3652-13500 = 49302/

co _ 10°-820,0

06w = 1408571M3 /ll .
20-0,3-20

3
=58571n° [y LN = 107 -4930

M 5-03-5
3. Ompenenum HEOOXOAMMYIO KPaTHOCTh BO31yX000MEHa MOMEIIEHUS yYacTKa

OOKaTKH K, IIPU Pa3IHYHbIX ¢, PAaCUETOM Ha BBIACICHUE BPEIHOCTEM.

LSO 4 | NOx
Tl =09 x, = oo Lomi 58571+1408571 _ o oo .
V. 108057

175736 + 3756856
108057

s @, =0,7 K, = =36,3u7".
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B cootBerctBuu co CHull 2.04.05-90(2000) B moMemeHusIX BEICOTOM Oosee 6
M aBapuiiHas BEHTWIAIMS COBMECTHO C OCHOBHOM JO/DKHA OOECIeYnBaTh yAaJIeHUE
He MeHee 50 M/ Bo3myxa Ha | M° IUIOMmAAy moja. YYUTHIBasi, 4TO CHCTEMBI BEHTH-
JISIIIAN MICCIIETyeMOTO TTOMEITICHUST Y9acTKa OOKATKU 3aIPOCKTUPOBAHBI B COOTBETCT-

BUH C HOPMAaTUBHBIMU JOKYMCHTAaMHU, IMOJIy4YUM PCAIBHYIO KpaTHOCTDb

60-132-50 4 . .
Ky = os057  ~ 3,61y, KOTOPYIO B JAJIHEHIIIEM YYUTHIBAEM B pacu€Tax M0 MOACIIH.
DOHeprus IIPUTOYHBIX CTpyH paBHa:
Ev? . 2,0-2,5°

e =k - ~361- 2222 _ 00062742 /5.
me =Ky 2.3600 e

JInst pacdeTa SHEPTUM TEIUIOBBIX CTPYU OMPEEIIIEM SIBHOE TEINIONOCTYIICHUE
B IIOMEIICHUE. SIBHOE TETUIONOCTYIUIEHUE B TIOMEIICHUE YYUTHIBACTCS I UCTOYHU-
KOB, 000py10BaHHBIX MECTHBIMU OTCOCAMHU, KakK
Qq =Cror-Qor - (Tor =Ty)-(L=@y) - Ay, KBT, @ 111 HICTOYHUKOB UMH HE 000py10BaH-
HBIXQ, = Clof - Qo - (Tor —=T,)- A, , XBT, rne C)f,C.) - n300apHbIE TEMJIOEMKOCTH
OI' Ha pexxuMax MaKCMMaJIbHOW HArpy3kd U xojoctoro xoxa, Jx/xr K; 75>, T.% -
temneparypa OI' npu MakCcMManbHOW Harpy3Kke ¥ Ha XoJocToMm xony, K; 4, - xonu-
YECTBO CTEH/IOB.

Torma momyunm:

- jgua  paboyumx  MecT, OOOpyJOBaHHBIX  MECTHBIMH  OTCOCAMH

Q! =0,83-0,3429- (273+400) - (1-0,7) -5 = 287,3xBm

- 17151 paboYnX MECT, He 000PY0BAHHBIX MECTHBIMU OTCOCAMU

/' =1,0-0,116- (273+200) -1-3 =164,6xBm.

CyMMapHoOe TEIIOBBIJIETIEHUE PABHO Q, = 287,3+164,6 = 451,9xBm .

TeHJIOHaprDKeHHOCTI) 06’beMa IIOMCIICHUA yLIaCTKa:
Q= Q = 451900 =418Bm/ M.
vV, 108057
&c =C L., 34,3-10° A8 -1,35=0,0001631°/c* .
o 1189
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Paccrosinne ot momroca 10 paccMmarpuBaemon Touku z=z,+z,=0,85+0,5=1,35

M, 2,-17-d=17-05=0,85m.

CymMmapHas KHHETHYECKas SHEPTHUS paBHa

&, =0.00627 +0.000163 = 0.00643x° / c°.

Torna xoaddunueHTs TypOyJISeHTHOTO 0OMEHA TTOMEIICHHS Y4acTKa OOKaTK!
KOMOAHHOB, B 3aBHCHMOCTH OT KPaTHOCTH BO3MyX00OMEHa ompenenuM 1o Gopmyiie
(5.2):

Ipu k,=3,61 4™ nonyunm 4,, = 4,, =0,25-0,00643"° -29%° =41 m?/

Tpu k,=8,0 u™ monyaum 4, = 4,, =0,25-0,01388"*-29° =535 1% /c;

Ipu x,=1 9™ nmeeM 4, = Ay, =114 0% ] c.

Takum oOpazoMm, pacu€THbie K03h OUIIMEHTHI TYpOYJIEHTHOr0 0OMEHa I pa3-

JUYHBIX YCJIOBUH B UCCIICAYEMOM TTOMEIIICHUH MIPEACTABICHBI B BHJIC TAOIHIIBI 5.3.
Tabmuma 5.3.

KoaddunuenTs! TypOyaeHTHOTO 0OMEHa B IJI0CKOCTH cpe3a P3 (X, Y) npu

Pa3siIMYHBIX YCIIOBHUAX BEHTHINPOBAHUA ITIOMCUICHU A 00KaTK1 KOMOaitHOB
Koadpunuenrts: TypOyneHt-

KpatHocTh
BO3IyX00BMeHa K., ot HOTO o6MeHZa [Ipumeuanue
P Ax u Ay, m/c
1,0-15 1,14-1,4 EcrecTBeHHAas BEHTUIAIUS
[TpunynutensHas 001e06-
2,0-2,2 3,1-3,2 MEHHasi BEHTWIANUSA (X0JI0/1-

HBIH [IEPUOJI T0/1a)
[punrynutensHast 001e00-
MEHHast BEHTHJISAIMS (TEIIbIiA

3,6 41 nepuon rona) mo CHull
2.04.05-90(2000)
[punrynutensHast 001e00-

8,0 5,35 MEHHAsI BEHTHIIAIHA (pacdér
10 BPETHOCTSIM)

10,0 5,76 ABapwuiiHasi BeHTHIALIUS

14,0 6,1 ABapwuiiHasi BeHTHIALINS

Pacuem xorppuyuenmos mypoyienmmnozo oomena A,
Koaddunment typOyneHTHOTO 0OMeHa A, MO BBICOTE MOMEIICHUS HalWJIeM U3
3aBHCUMOCTH, MpeiokeHHoi bepnsunom M.A. s HanGoapIIMX KJIACCOB yCTONYH-

BOCTH BOB,Z[yH.IHOﬁ Cp€abl, 4TO AOITYCTUMO IJId UCCIICAYCMBIX HOMCI_HCHI/II\/'I.
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Kosddumuent typOynenTtHoro oOMeHa A, paccuuThiBaeTcs 1o (opmyre

z
A zAZ_l-(Z—j, rae A_ - KodhduiumeHT TypOyJIeHTHOrOo OOMEHa Ha BBICOTE 1M,
1

A _=0,2 M2/c IU1s1 TIOMEILIEHUM C €CTECTBEHHOW BeHTW et u A_ =0.4 M2/c JUIA TIO-
MeEILeHHH, 000pYyIOBaHHBIX OOIEOOMEHHON BEHTHJISAIIUEH - KJIacC yYCTOMYMBOCTH
BO3JIYIIIHOM Cpelibl 6, 4TO XapakTEpHO AJIsl 3aMKHYTHIX Tomenienuit; z= 1 m, z= 0-
14 M- TexyIasi BBICOTa TOMEIICHHUS JIJIs1 PACCMAaTPUBAEMOTO YJacTKa OOKATKH.

JIns moMeneHni TONbKO C €CTECTBEHHOM BEHTWISIUMEHW WM B aBapUNHOM CH-
Tyanuu (Mpyu HepaOOTAIOIMIEH CUCTEMe MEXaHUYECKOW OOICOOMEHHON BEHTHIISIIIUN)

MOJIYYUM clieytonue Ko3hOUIMEHTH TypOyJIEHTHOTO 0OMeHa A;:

A=A - % =0,2-2=0,4m" /¢ - BBICOTA 2 M;
4 2

A=A - T =0,2-4=0,8u°/c - BeIcOTa 4 M;
6 2

A=A - 1 =0,2-6=12u"/c - BbICOTA 6 M;
8 2

A=A - 1 =0,2-8=16m"/c - BBICOTA 8 M;

A,=A (%j =0,2-12=2,4m%/c - BpICOTA 12 M.

Jist moMenieHuit, 000pyA0BaHHBIX TPUTOYHO-BBITSXKHON BEHTUJISIIUCH:

A=A - % =0,4-2=08m%/c - BBICOTA 2 M;
4 2

A=A 1 =0,4-4=16m"/c - BBICOTA 4 M;
6 2

A=A - 1 =0,4-6=2,4u°/c - BBICOTa 6 M;
8 2

A=A - 1 =0,4-8=32u"/c - BBICOTA 8 M;

A,=A (%) =0,4-12=4,8n"/c - BICOTA 12 M.

Tabmuma 5.4.
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Coganas Tabnuia Ko3pUIUEeHTOB TypOyJIEHTHOTO 0OMeHa

Tun BeHTHISIINN

EcrecTBeHHas BEHTHIALMS WA
He paboTaromias 00uieoOMeHHas

[IpuTO4HO-BBITSDKHAS BEHTHUIIS-
s (B XOJIOJHBINM IEPUO] TOIA)

BricoTa momemeHus, M

2 | 4 [ 6 | 8 |12

2 | 4] 6 ] 8 |12

obMena AX=A,, M°/c

Koaddumument typOyneHTHOTO

1,14

4,1(3,1)

A, (110 BeicOTE), M/C

0408 ] 12 ] 16 [ 24

0816 |24 ]32] 48

Takum 006pazom, npeAcTaBiIeHHbIe pacuE€Thl KOAGUIIMEHTOB TypOYJIEHTHOTO
oOMeHa, KOTOpbIe HETTOCPEJCTBEHHO BXOIST B MOJIEIbHOE YpaBHEHHE nepeHoca BB B
BO3JlyX€ MOMEUIECHUSI U SBJISIOTCS HanOoJiee BIUSIONMMEU dhakTopamMu, GOpMUPYIO-
IIUMU NOJIs1 KOHIIeHTparuii BB, mo3BoiniyM yTOUHUTE UCXOJIHBIE JAHHBIE ISl MOJIe-

JIMPOBAHM: C y‘{éTOM 0COOCHHOCTEN NCTOYHUKOB 3arpsA3HCHHA U TCIIJIOBBIJACIICHUA, a

TaKXKC YCJ'IOBI/Iﬁ IIPUMCHCHUA PA3JIMYHBIX TUIIOB BCHTUJLALINN.

V, m/c 4 Al A=114+6,1Mm/c [
V0 =4,8 m/c
1
KpynHomacLutabHom I'IepexouHaﬂ

r
|
I
|
|

TypByneHTHOCTM |
|
|
I
|
I

A, =0,02m?/c

30Ha

30Ha HU3KOCKOPOCTHOIO MOTOKa C
MenkomacLuTabHowm
TypOyneHTHOCTbIO

vV, = 0,46 m/c

Y

A

Puc. 5.5 I3meHeHnne CKopoCcTH BO3AYIIHOTO MOTOKA U KO (PUITMEHTOB TypOy-

JIGHTHOTO OOM€eHa Ha Pa3INYHBIX PACCTOAHUAX OT MCCTHOI'O OTCOCA: 1 - IIOMCIICHUC,

2 — MECTHBIN OTCOC.

5.5.5 Pe3yabTaThl MOIeJUpPOBaHNMS MoJiell kKoHUeHTpauuii BB B Bo3xyxe

padoueil 30HBI YYACTKA 00KaTKU KoMOaitHOB. O0cyxk/1eHne U aHAIH3.

5.5.5.1 LITaTHbBIH pe:xkUM PadoThl YYACTKA 00KATKH. UKc/IeHHbIe IKCIIe-

PUMEHTHI HA MOI€CJIH.
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“Bapuanr |”. Pacu€THas cxema opraHu3aluu JABHKEHUS I'a30-BO3AYLIHBIX TOTOKOB
B IIOMEIIIEHUN 00KaTKU KOMOaitHOB COOTBETCTBYeT «Bapuanty |» (peanu3oBaH B

00O «K3 Poctcenbmatiny) (puc.5.1). McnpaBHO GyHKIIMOHUPYIOT CUCTEMBI IIPUHY-
JTUTEIbHON 001ICOOMEHHOM M MECTHOM BEHTWIISIIIUI noMetenus. [1oist koHueHTpa-
nuit CO u NOy B BO3/1yXe MOMEIIEHUs y9acTKa OOKaTKM KOMOAHHOB TIOJy4€HbI TIPH

HOPMAaJIbHOM pabOTe MECTHBIX OTCOCOB pa3Horo Tuna (¢, =0,7, ¢,,=0,9) nnsg aByx

pacuéTHBIX MEPHOJIOB rojaa (“Termioro” u “XoJ0aHOro’’). 3Ha4eHHs BXOIHOU U BBI-
XOJIHOU CKOPOCTHU JIBU>KEHUSI BO3yXa B BEHTUJIUPYEMOM MOMEIICHUN IPUHUMAIUCH
B JIMAIMAa30HE, YCTAHOBJIEHHOM HOPMATUBHBIMU 3HAYCHUSIMU MUKPOKIUMATHUECKUX
napaMeTpoB. [[j1s paccMaTpuBaeMbIX MPOU3BOJICTB OHU YCTAHOBJICHBI B IIPEiesiax OT
0,1 1o 0,4 m/c. ITons koHneHTparuii BB paccunTanbl o Mojienn Ha TpEX XapakTep-
HBIX ‘“cpe3ax’ Mo BbICOTE nmoMeleHus =2, 4, 12 M, 410 00yCJIOBJIEHO peabHbIM
PacIiOJIOKEHUEM pa3HbIX pabOUYMX MECT Ha ydacTke. B paccmarpuBaemom ciyuae,
3arazo0BaHHOCTb MPOU3BOACTBEHHOTO TTOMEIIEHUS CO31AETCS 3a CUET BblaeneHus BB
OT CEMU UCTOYHHUKOB 3arpsi3HEHUsI, KOTOPbIE OMPEEAI0T (POHOBBIE KOHIICHTPAIIUIA B
BO3IyX€, YBEIMUHUBASICH C TeUCHHEM BpeMeHH. Ha pucynkax 5.6 a,0 mpeacTaBieHbI
paccUMTaHHbIE 110 MOAEJH MOJII OTHOCUTEIbHBIX KOHIIEHTPALIMI OKCHUJIOB a30Ta Ha
BBICOTE Z=4 M Ha OJIUH Yac pabOThI yUyacTKa B 3aBUCUMOCTH OT paCUETHBIX MIEPUOIOB
roga. CuMBoJioM «X» Ha rpadukax (puc. 5.6 a, 6) 0003HaUeHa MakCUMaIbHasi KOH-
uentpauusa BB. Kak cienyer u3 kapTus pacupeneneHus nojaed KOHUEHTPALUn, Cy-
IIECTBEHHOE BIMSHUE HA UX (POPMUPOBAHUE OKA3BIBAET PACUETHBIN MEPHO]I ro/1a.
OOBSICHSICTCS ATO BIMSHUE, TEM, UTO B “XOJIOJHBIN TIEPHUOJ roJla B COOTBETCTBUU C
TEXHOJIOTHEH 00KATKHU, B TEUCHHE pab0Yero yaca BhI€3IHbIE BOPOTA OCTAIOTCS 3a-
KPBITBIMU. Pe3ysbTaThl MOJEIBHBIX PACUETOB II0JIEN ITOABUKHOCTH BO3/lyXa B [IOMeE-
MICHUH Y4acTKa OOKATKH MOJATBEPXKIAIOT, YTO B “XOJIOJHBIN MEPUOJ T0/1a CKOPOCTH
JIBH>KCHUS Ta30-BO3IYIITHBIX TTOTOKOB B MTPAaBOM YaCTH MOMeEIeHUs (Y BbI€3IHBIX BO-
POT) HEBEIUKH, YTO CO3/IAET YCIOBUS JJIsl 0Opa30BaHUs 3aCTOMHOMN 30HBI U KaK CIe]-
CTBHE MOBBIIIEHUS KOHICHTPAIIMH B 3TO# yacTH nmomernenus (puc. 5.7 a, 6). Hao6o-
POT, IPH OTKPBITHIX BBE3IHBIX U BBIE3IHBIX BOPOTAX B “TEIUIBIA MEPHOJ I'OJIa CO3-

JAaHbI XOpOHINEC YCJIOBUA OJISI AOIIOJIHUTCIIBHOTO IIPOBCTPHUBAHMNA.
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Concentration H=4
on z=4

6.30
6.00
5.70
5.40
5.10
4.80

Concentration H=4

on

=4
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11.0
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9.00
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8.00
7.50
7.00
6.50
6.00
5.50
5.00
4.50
4.00
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3.00
2.50
2.00
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1.00
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Puc. 5.6 Ilois OTHOCUTENBHBIX 3HAUYEHUI cyMMapHBIX KoHeHTparmi [NO, +
y

CO] B Bo3ayxe y4acTka 0OKaTKM Ha BBICOTE Z=4 M B mTaTHOM pexume (hoH oT 7-u

UCT.) ¢,, = 0,7: a) - mepuox roga “remiblii”’; 0) - mepruoa roaa “XoJOMHBIN’, B) pac-

YCTHad CXeMma.

90.

60.

-30.

90.4

120

60.

-30.

0 30 60
X

90

120

onz=4 ~

E

Scale = E-2

on z=4

0.26
0.24
0.22
0.20
0.18
0.16
0.14
0.12
0.10
0.08

0.04
0.02
0.00

0)

Puc. 5.7 Tlonsa

MOJIBIPKHOCTH BO3/lyXa B TIOMEIICHUH y9acTKa OOKAaTKH Ha BBICOTE Z=4 M B IITaTHOM
pexume (poH oT 7-u UCT.) ¢,, = 0,7 :a) - meproj roga «TeIIbli’; 0) - mepHo rojaa

“XOJIOIHBIN .
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Ecnu cpaBHUBaATh pacyETHBIE MOJISI OTHOCUTEIIBHBIX CYMMAPHBIX KOHIIEHTpA-
it [NO, + CO], uzobpakéunnie Ha puc. 5.6 a u puc. 5.6 6, To BUAHO, YTO B “XO-
JIOHBINA MIEPUO/I TOJIa 00pa3yeTcs OMacHasi 30Ha 3ara30BaHHOCTH, II€ KOHIIEHTpa-
uus npesbiiaet [1/IK B 7 u 6omee pa3 (MakcuMaabHOE MPEBBIIIIEHUE HOpMaTHBa B 12
pa3). KapTuna nMeeT sSIBHO aCCUMETPUYHBIN BHJI, CMEIIAsCh BIPABO B “XOJIOTHBIN
nepuoA roja. [lpu »ToM oTHOCUTENbHAS TUIOIIA/(b TOMEIIEHUS ydacTKa OOKaTKH,
BXOJS1IAsl B 3Ty ONACHYIO 30HY IpeBbimaet 50 % OT miomaay BCEro MOMEIICHHS.
Hanpotus, B “T€mblii” MEpUOJ Irojla OTHOCUTEIBHBIE CYMMAapHbIE KOHIICHTPAIUHU B
BO3JlyX€ MOMEUIEHUS HE MPEBBILIAIOT 6,3 pa3a U ONacHBIX 30H 3ara30BaHHOCTHU HE
oOpasyercs. [IpencraBnennbie nosst chOpMUPOBAHBI HA OJIUH pabOUHii yac, MHTe-
PECHO MPOCIEANTh TMHAMUKY U3MEHEHUS KOHLIeHTpauuii BB B nccneagyemom nome-

IMCHHUH.

Ha puc. 5.8 a u 5.8 6 nmoka3aHna quHaAMUKA POCTa OTHOCUTEIIbHBIX 3HAYCHUHN
MaKCHUMAJIbHO-PA30BbIX KOHIIEHTPAIIMN OKCHJIOB a30Ta B BO31yX€E ITOMEIIEHHUS HA BbI-
cote “cpe3a” 4 M B TeueHHue oAHOTro padouero yaca. Kak BugHO 13 rpadMKkoB, KapTH-
Ha 3ara30BaHHOCTHU BO3]lyXa nomeuieHus: popmupyercs B nepsbie 30-40 MuH. paboThI

y4JacTka.

NO,

1K,

Concentration

Concentration

NAKp.3

NAKp.a

0 500 1000 1500 2000 2500 3000 3500 0 500. 1000 1500 2000 2500 3000. 3500

T Bpems T Bpems
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a) 0)

Puc. 5.8 I[I/IHaMI/IKa N3MCHCHHNS OTHOCHUTCJIIbHBIX KOHI_[CHTpaIII/Iﬁ OKCHIOB a30Ta
B BO3AYyXC IIOMCHICHUA Y4aCTKa 00KaTKU B TEUCHUE pa60qero gaca: a) - “rem-

JIBIN” Iepuo roja; 0) - “XoJIOAHBIN Iepro roaa

[Ipu cpaBHUTENIBHOM aHaIM3€ pUC. 5.8 a 1 5.8 6 MOXKHO CclIeNaTh BBIBOJ, YTO
3ara30BaHHOCTb ITIOMEUICHUS B “XOJOIHBIN NEPUOJ TOJa 3HAYUTEIBHO BBILIE, YEM B
“Térplil” (MaKCUMabHO-Pa30Bble KOHIICHTPAIUK BhIlIE B 2 pa3a). [IpeBbiiieHue
Hax [T/IK mo okcumam a3ora y uCToYHMKA B Toukax “D” m “d” mocturaer - 9-11 pa3.
Crnemyer 3aMETHTh, UTO MOKa3aHHbIC TOUKH “D” u “d” pacnosnararorcst Ha BeicoTe Z=4
M, TJI€ PAcOJI0KEHbI padoUKe MECTa BOJUTENS-UCIBITATENS U €ro noMolHuKa. C
TOUYKH 3pEHUS BO3JCHCTBHS 3ara30BaHHOCTH Ha pabounX, TaHHAasi BBICOTAa HauboJee
HeOaronpusiTHasl, Tak Kak KOHIeHTpauu BB nMeHHO Ha yka3aHHOM ypOBHE - 4 M
MaKCHUMaJIbHBI (cM. puc. 5.9 a, 6). ['paduku 5.9 a, 6 mosy4eHbl HA OCHOBE 00PaOOTKH
0O0JBIIOTO KOJUYECTBA YUCICHHBIX SKCIIEPUMEHTOB, MPOBEIEHHBIX Ha pa3paboTaH-

HOU Mozenu pacnpocTpaneHus BB B Bo3ayxe uccieayemMoro noMemieHus.
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Puc. 5.9 3aBucumoctun otHec€nnbIX K II/IK,; MakCHMalbHO-Pa30BbIX KOHIICH-
Tpauuid OKCUJOB a30Ta U yIJIEpoJa OT BBICOTHI MOMEUICHUS AJIsI PACUETHBIX MEPHUO-
JIOB rojla Ha yac paboThl: a) “Temiblii” mepuoj roaa; 0) “XOJIOAHBINA MEepUoJ roja.
- E--B oKcubl a30Ta; & A XX QKCU] yIJIepoJa.

3aBucuMocT Ha puc. 5.9 a, 0 mosydyeHsl MyTEM 00pabOTKH, PACCUUTAHHBIX
nosield koHueHTpauuii BB Ha kaxnoil u3 BeIcOT (Z=2, 4 u 12 M), KOTOpBIE MOTYYEHBI
0 TMPOIIECTBUH OJHOTO Yaca pabotel. Kak crnenyer u3 puc. 5.9 a, 6 crenens repme-
TAUYHOCTH MECTHOT'O OTCOCA 3HAYMTEIBHO BIUAET HA YPOBHU KOHUeHTpauuid BB. Tak,
€CJIi UCTOYHUKHU 3arpsi3HEHUs1 000PYAOBaHbl MECTHBIMU OTCOCAMH THIA BBITSKHBIX
30HTOB KO3BIPbKOBOT'O THIIA, TO 3ara30BaHHOCTh B ITOMEILIEHUH BbIIIE B 2-3 pa3a, 4em
B CJIy4ae, KOT/la CTeH Il OCHAIIIEHBI BICOKO(DPEKTUBHBIMH ITUIAHTOBBIMU OTCOCAMH.

Ha puc. 5.10 a, 6 moka3anbl pac4€THBIE MOJISI OTHOCUTEIBHBIX CYMMAapPHBIX
konneHrpaiuii [NOy+ CO] B Bo3ayxe MoMeIIeHNs ¢ HAHECEHHBIMU Ha HUX 30HAMU
3ara3oBaHHOCTH. Kak BHUIHO U3 PUCYHKOB, PU CTETICHU TEPMETUIHOCTH MECTHBIX

0TCOCOB ¢, =0,9 caHuTapHO-TUTHMEHNYECKas 30Ha y4acTKa 0OKaTKW KOMOAHOB CO-

ctaBiseT 95% ot o6mieit miomanau nomerieHus. [lpu CHIKEHNN TePMETUYHOCTH OT-

COCOB JI0 3Ha4eHUl ¢, =0,7 oHa yMeHbIIaeTCs B 3 pasa.

Concentration H=4 Concentration H=4
90, k 0,95 /.' =0,05 on z=4 90 on z=4

2 h
o K =032k =0,68 0
30Ha XpoHUYeCKozO 5 540
\ 803delicmeun 3aza308aHHoCMU, .00 510
\ 1.90 10
4.80
7

1.80 4.50
T o 420
3.90
3.60
3.30
3.00
2.70
40

1.60
1.50

140
1.30
1.20
110 - 3




a) 0)

Puc. 5.10 Tlonst OTHOCUTENBLHBIX 3HAUCHUH cyMMapHBIX KoHIeHTparmid [NOy +
CO] B Bo3ayxe y4yacTka OOKaTKH Ha BBICOTE Z=4 M B IITATHOM pexume (HhoH oT 7-H
UCT.) TIPU Pa3HOM TepMETUYHOCTH OTCOCOB: a) ¢, = 0,9; 6) ¢,,=0,7.

KapTuHa nonel KOHLEHTpaluuii CYyIIECTBEHHO MEHSIETCS HE TOJIBKO B 3aBUCH-
MOCTH OT Pacy€THOTO MEPUOJa ToJa, BHICOTHI OMEIIeHHUS U 3P (HEKTUBHOCTH MECT-

HOT'O O0TCOCa, HO U OT CKOPOCTH ABWIKCHHUSA BO3AYyXa B BECHTUIMPYEMOM IMOMCIICHUH

(puc. 5.11).

g Puc. 5.11 — 3aBUCUMOCTH OTHECEHHBIX K

. L Per =07 ITIK,; MaKCMMaabHO-Pa30BbIX KOHIIEH-

tpanuii NO, u CO Ha BeIcOTE Z=4M OT

0,1 0:2 0‘,3 0:4 217




MOJBM)XHOCTH BO3/TyXa B MOMEIIEHUH JJI “‘TEIIOTO” TIEPHOJia Toja Ha Yac paboThI.

¢-¢ B--B ogcHUbl a30Ta; A A XX OKCUJ YIJIEpO/a.

Pacuétbl mo Mozenu ObLTH IPOBEACHBI AJI “TEIIoro” mepuoja roga Ha BBICO-
Te Z=4M. YBeIMUYCHHE CKOPOCTH JBMIKEHHUS Bo3ayxa B 3 pasa ¢ 0,1 m/c no 0,4 m/C
CHIDKAET OTHOCUTEJIbHBIE KOHIIEHTpaluu BB nipumepno Ha 15-20 %. B “xonoaubiid”
nepuo roja NaHHblil 3pQexT He HabmoJaeTCs, TaKk KaK HeT YCIOBUM JIJIsl IPOBETPH-
BaHUs HCCIeAyeMoro nomenieHus. Takke cieayer OTMETHTh, YTO MaKCUMyM KOH-
neHTpanuii BB ¢ yBenmnueHnem ckopocTH ABrxkeHHs Bo3ayxa ¢ 0,2 m/C o 0,4 m/c
CMeEIIaeTCsl BNPaBO OJIMKE K BBIC3THBIM BOpOTaM, MOAOOHBIN 3(PpdeKkT Hadm0aeTCs
TaKKe MPU 3aKPBITHIX BBIE3IHBIX BOPOTAX B “XOJOJHBINA" MEPUOJ TOJIA.

Ha puc. 5.12 a, 6 npencraBieHbl KapTUHBI PACYETHBIX IMOJEH KOHLEHTpAUi
BB Ha npyrux ‘“cpesax” 1o BbICOTE MOMEIIEHUS, a UMeHHO Tipu Z=2 1 12 M. Ha stux
BBICOTAX HAXOJSTCS YPOBHU JBIXaHUS, KaK OOCIYyXKMBAIOIUX pab0o4MX, TaK U Kpa-
HOBUIMIL. [1oys1 KOHLIEHTpauil MOKa3aHkl JUIsl XOJOJAHOIO TIEPHOJA ro/1a, KOrjaa 3ara-
30BaHHOCTH TMOMEIICHHS yBenuduBaercs. CiaeayeT 3aMeTUTh, 4TO €CJIM Ha HeOOJb-
IIMX BBICOTAX A0 4 M BKIIFOUUTENBHO IOJIS KOHIEHTpalui BB uMeroT BbIpaKkeHHBIN
OYaroBBIM XapakTep MOJHOCTHIO HE CHOPMUPOBABIINCH, TO HA BHICOTE 12 M MBI BU-

JTUM BITOJTHE C(POPMHUPOBABIIUECS PABHOMEPHBIE 30HBI 3aTa30BAHHOCTH MTOMEIIEHUS.

Concentration H=2 Concentration H=12
% onz=2 % on z=12
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2.00 1.00
150 0 0.50
1.00 0.00
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a) X

Puc. 5.12 Tlons abconroTHbIX 3HaueHu koHIeHTpamuii NOy B BO3ayxe momMe-
IICHUS ydacTKa 0OKaTKU Ha pa3HOU BBICOTE B IITATHOM peXume paboThl (PoH OT 7-1
MCTOYHUKOB) 1pH 3 dekTuBHOCTH 0TcocoB 0,7: a) Z=2 M ; 6) z=12 m.
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BeiBoabi:

1. AHanu3 pe3yJabTaToB MOJEIBHBIX PACUETOB MOKA3al, YTO B IITATHOM PEXKU-
Me paboThl IPOU3BOJICTBEHHOIO YYacTKa OOKaTKM KOMOAiHOB CYIIECTBEHHOE BIIUS-
HUE Ha (OPMUPOBAHME 30H 3ara30BAaHHOCTH OKa3bIBAET paccMaTpUBAECMbIA MEPUOJ
rojia ¥ TepMETUYHOCTh MECTHBIX OTCOCOB. Tak, B “XOJOAHBIN MEpUOJ I'0/1a KOHIIECH-
Tpalu OKCUIOB a30Ta B Bo3ayxe mnpeswimatoT [1J[K Gonee yem B 7 pa3s, 4yTo cOOT-
BETCTBYET MOPOTY pa3ApaKeHUsI CIU3UCTHIX 00o0souek yenoBeka. Konnentpamuu CO
B Bo3nyxe P3 nmpesbrmarot [1JIK He 60nee uem B 1,5 pasza.

2. B “xomomgHblii” mepuoj rojila KapTUHa paclpesesieHus KoHleHTpanuii BB
MMEET SPKO BBIPAKEHHBIH aCCUMETPUYHBIA XapakTep, MPU 3TOM MaKCUMaJIbHBIC
KOHIIEHTpAI[MU UMEIOT MECTO Y KpaHUX MPaBbIX UCTOUYHUKOB 3arpssHeHus. Haobo-
POT, B “TENIBIN IEPUOJ IOAa IIPU OTKPBITHIX BBE3HBIX U BBIE3IHBIX BOPOTAX, KOTIA
MPUCYTCTBYIOT XOPOIIKE YCIOBHS MTPOBETPUBAHUS IMOMEIICHHS, MAKCUMYM KOHIEH-
Tpauuu BB npuxoaurcs Ha cpeIHUN HCTOYHUK.

3. BiusiHue CKOpPOCTH IBUKEHUS BO3YIIHBIX TOTOKOB HAa KOHIEHTpanuu BB B
BO3/IyX€ MOMEILIEHUS B YCIOBHUSIX MPUHYIUTEIbHOW BEHTUISIIMA BECbMA 3HAYUTEIb-
HO, C POCTOM CKOPOCTH B 2 pa3a MaKCMMaJIbHO-Pa30Bble KOHLEHTpauuun BB ymeHb-
mrarotcst Ha 15-20 %, 0ocob6eHHO 3TO 3aMETHO TIPU €CTECTBEHHON BEHTHIISAIINU.

4. TlyHKT 2 uMeeT MPaKTHUYECKUN BBIXOJ, & UMEHHO, MOXXHO PEKOMEHIOBATh
npu oOKaTKe B “XOJIOAHBIN MEepUOJ roAa, €Clik €CTh TaKasi BOBMOXKHOCTb, HE 3aJeH-
CTBOBAaTh KpalHUU TpaBblil cTeHna. [Ipu BeiOOpe mMecTa pa3MmerieHus 1aTYuKoB 3ara-
30BaHHOCTU (HA OKCHJBI a30Ta) HUCIOJIb30BATh PE3YJIbTAThl MOJEIBHBIX PACUETOB C
y4ETOM pacu€THOTO MIEPHO/Ia rojia ¥ MOJIBMKHOCTH BO3/1yXa B MTOMEIICHUH.

“Bapuant |1”. PacuérHas cxema opraHu3anuu ABUKEHUS Ta30-BO3AYIIHBIX
MOTOKOB B TIOMEIIEHUH OOKAaTKW KOMOalHOB cOOTBEeTCTBYeT «Bapuanty |1»
(puc.5.2). HopmansHo (GyHKIIMOHUPYET CHUCTEMa MPUHYAUTEIHLHON 0011e00MEHHOM
BeHTWwIsinuu nomenienus. [lons xkonnentpamuii CO u NOy B Bo3ayxe NMOMEIICHUS
ydacTKka 00OKaTKM KOMOailHOB MOJIy4€Hbl PU HOPMaJIbHON paboTe MECTHBIX OTCOCOB

pasHoro tuna ( ¢,, =0,7, ¢,,=0,9) 11g 1ByX pac4éTHBIX MEPUOI0B roja (“Termioro” u
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“xomnoaHoro”). Tlonst koHneHTpanuii BB paccuuTansl mo Mojenu Ha TpEX Xapakrep-
HBIX “cpe3ax’ Mo BhICOTE noMeienus z=2, 4, 12 M. B paccmaTpuBaemMom ciyuae, 3a-
ra30BaHHOCTh ITPOU3BOJICTBEHHOIO MOMEIIEHUS CO3AETCS 3a CUET BbAeaeHus BB ot
CEeMH HCTOYHHMKOB 3arps3HEHUS, KOTOpbIE OMpenessioT (OHOBbIE KOHIICHTpAIUN B
BO3JyXE.

PaccmoTpum Tenepp kak apyras cxema OpraHu3aliu ABUKEHHUS Ta30-
BO3JIYIIHBIX IOTOKOB MOBJIMIET HA KAPTHHY paclpeeraeHus: KoHueHTpamuii BB B
uccieayeMoM nomerneHud. CUMMETprudHas cxeMa (puc. 5.4 2) U3MEHsETCs Ha acCH-
METPUYHYIO IT0 OTHOIICHHUIO K MPUTOYHBIM U BBITSKHBIM OTBEPCTHAM (puc. 5.4 6).
1o pe3ynapTaTaM NIpOBEAEHHBIX MOJAEIBHBIX PACUETOB MOXKHO 3aKIHOYUTh, YTO YPOB-
HU 3ara30BaHHOCTH BO3]lyXa MOMEIIECHUS y4acTKa OOKAaTKU KOMOAiTHOB HECKOJIBKO
yBenmuuminck. JleiicteurensHo (puc. 5.13 a, 0), ecnu cpaBHUBATh MAaKCUMAaIbHO-
pa3oBble KOHIIEHTpAIK, To oHu ctainu B Bapuante |l Ha 8-10 % Goubiiie, uem npu

peanuzanuu Bapuanra |.

7 14
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<o tot <
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3 --‘n.. w=aas I 6 "',--l -------------- L
R LTSN Qo =09 L "‘"---........(Em =09
2 L) 4
T - Por =07 o e BT
1 . = 2 _T‘T)"
T LI I L TL TP P YT TPV (pL‘I =0, J,
0 0
0 1 4 6 8 10 12 0 1 4 ] 8 10 12
a) 0)

Puc. 5.13 — 3aBucumoctn otHec€HHBIX K II/IK,; MakCMManbHO-Pa30BBIX KOH-
LEHTpAaIMil OKCUIOB a30Ta U YIJIepo/ia OT BHICOTHI MOMEIIEHUS: ) “TEIUIbIA” Mepruoa
roja; 0) “xonoaHbIA” mepuoa rojga. ¢-¢, E--B ogcUIbl a30Ta; A A XX OKCUJ
yriepoza.
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HeI[OCTaTKI/I aCHMMeTquHOﬁ CXEMbI OpTraHrn3alli JIBUKCHUS Ia30-

BO3YIIHbIX NOTOKOB (“Bapuant Il) moarBepxaaroTcs pe3yapbTaTaMyu MOJIEIBbHBIX

036
0.33
= = 030 60

0.18

pacuéToB MoJjiel CKOpOCTeH IBMKCHHS BO3/IyXa, MPEICTaBICHHBIX HAa PUC. 5.14 a,
0.
F 1
Dvijente potokov GOF Dvijenie potokov GO
onz=4 on z=4
% - 9%
045 0.21
lE 042 0.20
[ 0.39 0.19

0.17
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0.07

60,

||||“

el 30

0.06
0.08
0.04

0.03
0.02
0.01
= 0.00

0 30 60. 90 120

a) 0)

Puc. 5.14 - I1ons noABMKHOCTH BO3/lyXa B IOMEUIEHUH y4acTKa OOKATKU
Ha BBICOTE Z=4 M B IITaTHOM pexxume (PoH oT 7-u uct.) ¢, = 0,7 : a) mepuoj roaa

“TerIplii”’; 0) MepHoJ roja “XOJOIHbBIN .

B Bapuante |l oOpa3ytorcs nBe 0oJiblie 30HbI 3aCTOSI BO3AyXa B yriax Io-
MELIEHUs, TPOTUBOIIOJIOAKHBIX BbE3/IHBIM U BbIE3JHBIM BopoTaMm. IMEHHO TaM U
IpOUCXOaUT ObIcTpoe HakoruieHue BB, uto oTpaxkeHo Ha puc. 5.15 a, 6, - mois KoH-
nenTparuu BB B Bo3yxe momenienusi, 00pa3zoBaBiiuecs 3a OAuH yac pabotsl. Ta-
KM 00pa3om, npu peanuzaruu “Bapuanta I1” mpoucxoaut 6osee ObICTpoe HAKOTI-
nenue BB B Bo3ayxe nmomenieHus v Kak ciaeAcTBUe oOpa3zyeTcsi 6oJiee BbICOKas 3ara-

30BAHHOCTD.
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Concentration H=4

90 t on z=4 Concentration H=4 |

90, on z=4

13.0
12.5
12.0
11.5
110
10.5
10.0

A
EEREE
Il

a) 0)

Puc. 5.15 Tloast oTtHOcuTenbHBIX cymMmapHbix KoHueHTpaiuii [NOy + CO] B
BO3/IyX€ y4acTKa OOKaTKH Ha BBICOTE Z=4 M B IITaTHOM pexkume ((PpoH OT 7-U HUCT.)
o, = 0,7: a) mepuon rona “reruiplii’”’; 0) Mepuoi roaa “XxoJOAHBIN .

[Ipoananu3upyem pacCuMTaHHbIE KAPTUHBI I0JIEW KOHIeHTpauud BB, wuc-
MOJIb3Ys MPEIJIOKEHHBIM B AUCCEPTAIMU MOX0/I, OMMCAaHHbIN moapoOHo B ['nase 1.
B cooTBercTBHMM C MPUHIMUIIOM HACHTU(UKALMUA OMACHOCTEH, 3arpsa3HEHHOE Mpo-
CTPAHCTBO MPOMU3BOJICTBEHHOIO MOMEIIEHUs (B JaHHOM Cllydyae paccMaTpuBaercs
IUIOCKOCTHOM “‘cpe3” Ha ypOBHE JbIXaHHs) MOKHO PAaHXKMPOBATh MO 30HAM 3aras3o-
BaHHOCTH, B COOTBETCTBUHM C KpuTepueMm Oe3omacHocTu. B kadecTBe mociemHero,

3ACCHh BLICTYIIACT PCriIaMCHTUPYEMAsA HOPMATHMBAMM OTHOCHUTCIIbHAA KOHLCHTpALUs

BB. [l xaxaon u3 paccMaTpuBaeMbIX TPEX 30H. OIACHOW, XPOHUYECKOTO BO3JEH-
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CTBUS M CAHMTAPHO-TUTUEHMYECKON PACCUMTHIBAETCA KPUTEPUH K (), C MOMOLIBIO

KOTOPOTO MOKHO OOBEKTUBHO OILEHUTh CTENEHb 3ara30BaHHOCTH BO3AyXa B HCCIIeE-
JTyeMOM TIOMEIICHUU U B pabouell 30He U KOJWYECTBO PabOYUX MECT, MOMaJaroNiuX
B KOXKJIYIO U3 9THUX 30H.

CpaBHMM M0JI1 KOHIIEHTPAILIMH, paCCUMTAaHHbBIC IO MOJICNIN B “TEMJIBIA TIEPUO/T
roja st Bapuantos | (puc. 5.6 a) u Il (puc. 5.15 a) Ha oguH pabounii yac. Pe3yiib-
TaThl pacu€TOB TOKA3bIBAIOT, YTO Mpu peanusanuu Bapuanrta Il obpasyercs omacHas
30Ha 3ara30BaHHOCTH, TOT/Ia Kak B BapuanTte | oHa oTcyTCcTBYeT. 30Ha XpOHHYECKOTO
BO3/ICHCTBUS 3ara30BaHHOCTH Ha PaO0OTHHKOB TakKe 3HA4YMTENbHO Oosbiie (76 %
npu peanusanuu Bapuanta |, 97 % - Bapuanta Il). [Ipu peanmuzanuun Bapuanta 1l
BCe pabouune MecTa HaXOIATCS B HEOIAronpHusITHBIX 30HaX Bo3zaeicTBus BB.

B “xonomueiif” mepuoj rojga, Korja peajvn30BaHbl caMble HEOJIAronpusTHHIC
YCIIOBHSI JUIsl BEHTHJIMPOBAHUS MPOM3BOJICTBEHHOTO TOMeIIeHus, pu Bapuante |
(puc. 5.6 0) omacHas 30Ha MeHbIIE MO cpaBHeHUIO ¢ Bapuantom Il (puc. 5.15 6) Ha
38%.

“Bapuanr |11”. PacuérHas cxema opranusaiy IBH>KEHHS Ia30-BO3AYLIHBIX
MOTOKOB B MIOMEIIIEHUH 00KaTKU KOMOaiHOB cOOTBETCTBYET «Bapuanty I11»
(puc.5.2). Otnuuue ot “BapuanTa |” B TOM, UTO BBITSDKHBIC BEHTUISITOPBI CUCTEMBI
00111e00MEHHOW BEHTHISAIIUH PACTIONIOKEHBI HEMTOCPEICTBEHHO HaJl OCHOBHBIMHU HC-
TOYHHMKaMU 3arpsisHenusi. Ha puc. 5.16 a, 6 moka3aHbl pe3yJabTaThl MOJEIBHBIX pac-
4€TOB, MO3BOJIMBIINE ONPEACIUTH MOJA KOHLIEHTpauuii BB B Bo3myxe nmomenieHus
oOkaTku Ha oauH pabouuit yac. Kak Bunno, Bapuant |1l siBnsiercs cambim paimo-
HaJIBHBIM T10 PACTIONOKEHHUIO BO3yXOpacpeaenTeieid, ooecrneurnBas MEHBIIYIO 3a-
ra30BaHHOCTH BO3yXa B MOMEIICHUHU. ITO MOATBEPIKIACTCS PE3yIbTaTaMH OO0JIBIIIO-

r'0 KOJIMYECTBA PACUETOB MO MOJIEITH, KOTOPBIC MTPEACTABICHBI Ha puc. 5.17 a, 0.

Concentration H={ y
on z=4 Concentration H=4
——— 90. on z=4
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a) 0)
Puc. 5.16 Ilons oTHocHTEIbHBIX cyMMapHbIX KoHmeHtparuii [NOy, + CO] B
BO3/IyX€ y4acTKa OOKAaTKH Ha BBICOTE Z=4 M B IITaTHOM pexume ((PpoH OT 7-U HCT.)

¢, = 0,7: a) meprox roaa “Teruisiii’”’; 0) IEPHO TOAA “XOTOTHBIN .
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Tabmawnma 5.5
[IITaTHBIC PEKUMBI paOOTHI

KPUTEPUAIbHBIE KONUYECTBO
CXEMA BEHTU- | KOI®®UUUEHTBI | oo 2nraag. | PABOYUX MECT
NALWKY NOME- A 5 c B AHIOCTH B 3ATA30BAH-
LLIEEHWS k21 k2 | k= HbIX MOMELLIE-
S S S HUAX
| T 0,24 | 0,76 - A, B 14
X 005 | 0,74 | 0,21 A,B,C 14 (6 C)
I T 002 | 097 |001 AB,C 14
X 001 | 044 | 055 A,B,C 14 (8 -C)
" T 027 | 073 - A,B 14
X 0,07 | 0,91 | 0,02 AB,C 14 (2-C)

B tabnuiy 5.5 “Iltarable pexxuMbl pabOTHI” CBEIEHBI OCHOBHBIE KPUTEPUHU

obecricueHus: 6€30MacHON pabOTHI k (t) , mMOKa3aHbI 30HBI 3aTa30BAHHOCTH M KOJINYE-

CTBO pabOUYMX MECT, /i€ YCIOBUSI TPYJa MOTYT OBITh HE yIOBJIETBOPUTEIIHLHBIMU Ha

OJIMH Yac paboThI.

AHanu3 pe3ynbTaTOB MOJIEIbHBIX PACUETOB, IPEICTABICHHBIX B TA0IUIE 5.5
MOKA3bIBAET, YTO OIMACHBIC 30HBI 3ara30BaHHOCTH “C” 00pa3yroTcs Bcerja B “X0J0/1-
HBII” TIEpUOJ rojia, a Tak’Ke MOIyT UMETh MECTO B “TEIUIBIA’ MEPUO]] TPHU TII0XOMN
OpraHM3alMK CXeMbI JBM)KCHUS BEHTUIISLIMOHHOTO Bo3ayxa (BapuanT I1). Han6ois-

1Iee 3HaYeHUe KpuTepuanbHoro koaddummenta k° (1) =0,55 coorBercTByeT Bapuanry
S

Il B “xonmoanbIil” mepuoa rojaa, mpu 3ToM 8§ paboyux MecT HaxoasTcs B 30He “C”.
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Hao6opoT, onacHbIX 30H 3ara30BaHHOCTH He oOpa3yeTcs B ciyuae peanusanuu Ba-
b
puanToB | u Il B “rémneiii” nepuox roxa. M3 Bcex nccneayeMbIX IITATHBIX CUTyalui

Jy4IIue oKa3aTeau ¢ TOYKU 3peHust 0e3onacHoctu Tpyaa B Bapuante 1.

Ha puc. 5.18 a, 0 npeacTaBieHbl 3aBUCUMOCTH CPETHECMEHHBIX KOHIIEHTPAIIUIA
BB ot cxeMbl opranu3anyy BEHTWIALWY B TOMEILIEHUH, pacu€THOTO Mepuojia roja,

CTCIICHU I'CpMCTU3AlIUH MCCTHOI'O OTCOCAa HAa OAWH pa60q1/1ﬁ gac.

16 3%
14\ NN
5 12 \\ £ N
0 [o]
@ N 825\
£ Se TRV
3 N 22 ™~ N
: E\ ; | \\\\
®
s x
Do Tl S o Mkpa. | £ B~ e
~ 2 ~. © — ~
| /‘\\:\ N § 10 \\ NN
g ~I =~ N i Il ~ o SN\ MKpa
[] S §
2 ~ N ¥ ~ \\
0 ~

07 08 09 10 0
07 08 09 10
cTeneHb aAEKTUBHOCTH MECTHOrO oTcoca

“) CTeneHb QID[DSKTMBHOCTM MECTHOro 01COCa
Puc. 5.18 Cpennecmennbie koHiieHTpaluu BB B Bo3ayxe nmomMeneHus: 00KaTku
B 3aBUCUMOCTH OT 3(PPEKTUBHOCTU PAOOTHI MECTHOTO OTCOCA! a) “Teruibii”

nepuoJi rojaa; 0) “Xol0AHBINA" IEPUOT TO/IA.

BeiBoabI:

AHanu3 pe3yJabTaToB, MPEJICTABICHHBIX HA puc. 5.18 a, 6 mo3BoNMII clenaTh
JIBa BBIBOJIA!

- IIpM BCEX IPOYMX PABHBIX YCIIOBHUSX CXEMa OpPraHu3aliil BEHTUJIMPOBAHUS
HCCJIEYyEMOTO MOMEIEHHUS CYIIECTBEHHO BIMSET HAa 3ara30BaHHOCTb BO3/yXa, SIBJIS-
SCh OJTHUM U3 onpeaensomux Gaktopos. Bapuant Il — vanmyummii, 1l — xyammii u3
TPEX UCCIIENYEMBIX;

- CTEIEHb 3ara30BaHHOCTU BO3/lyXa MOMEIICHUS y4acTKa OOKaTKH, CYIIECT-

BCHHO 3aBUCHT OT CTCIICHHU I'CPMCTHU3AlIHMU HCIIOJIb3YCMbIX MCCTHBIX OTCOCOB. I[J'I?I
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HCCIICAYCMOT'O IIOMCIHICHHA IIPU PA3HBIX BapHaHTax CYHCCTBYIOT HCKOTOPBIC palino-

HaJbHbIE 3HAYEHUS ¢,, (B 3aBUCUMOCTH OT pacYETHOrO NEPHOJA I0J1a) MPU KOTOPBIX

JIOCTUTAETCS CAaHUTAPHO-TUTMEHUYECKUI HOPMATHB U JalbHEWIee MOBBIIICHHE (-
dbekTuBHOCTH OTCOca He Tpebyercs. Tak, B “TEUibliA” mepuol roja ONTHUMAIbHOE

3HaueHue ¢,,=0,91, g “xomomnoro” mepuona ¢, = 0,96.

5.5.5.2 ABapuiiHble CUTyalluM HA y4acTKe 00KaTKH. UHc/IeHHbIe IKCIIe-

PUMEHTDBI HA MOJI€IH

PaccmoTpum Tenepps pasiauyHbIE CLIEHAPUH, 110 KOTOPBIM MOTYT Pa3BUBATHCS
aBapuiiHbIE CUTyalluu Ha y4yacTke oOKaTku KoMOaiHOB. IIpoananusupyem aBapuii-
HBIE PEKUMBI JJI1 CXEM OpraHM3allM BO3yX0ooOMeHa 1o HauxyaueMy Bapuanty |l
u Hamnnyuiiemy |l (yctanoBneno panee). Ha yyactke npu cTeH10BOM OOKaTKE MOXKET
IIPOU30MTH BHE3aIHas pa3repMeTu3alysi MECTHOro orcoca (“pa3pbIB”), UTO MPHUBO-
JUT K PE3KOMY BO3PAaCTaHHUIO 3ara30BaHHOCTH NOMEIICHUS. PaBHOBEPOSATHO pasrep-
METU3UPOBATHCS MOXKET JIFOOOW 0TCOC, TO3TOMY PACCMaTPUBAIKCH Pa3IUUYHbIE Bapu-
aHTbl, NPEACTABICHHbIC HIDKE. YUYUTHIBAIUCH HauboJsiee HEOJIAronpusTHbIE CUTya-
IIMU, KOTJa pa3pbhIBAaETCS MECTHBIA OTCOC JMOO KpalHe MpaBblid, JTUOO CpeIHU,
npu4€éM Ha OJHOM CTEHJE Kak HauOosiee BeposiTHas cutyanus. [Ipu monenupoBanuu
YUUTBIBAJIM, YTO B CIy4ae aBapUHUHBIX CUTyalluil cpabaThIBAaeT 3alluTa, JIMOO aBTOMa-
TUYECKOE OTKJIIOUEHHE MOBPEKIEHHOTO o0opyaoBanus (B TeueHun 120 c), nubo
pyunoe (300 c) OTKIIFOUEHHE U IITUTEIHHOCTh aBAPUMHONW CUTYyallUd HE MPEBBIIIACT
OJIHOTO Yaca.

PaccmarpuBanuch Takke aBapuu, CBSI3aHHBIE C BEPOSITHBIM BBIXOJOM M3 CTPOS
0011e00MEHHON TTPUTOYHO-BBITSHKHON BEHTHIISIIUMU 11€Xa U Pa3BUTHE aBApUHHOMN CH-
Tyaluy B TeUeHHE paboyero yaca.

ABapusi, CBA3aHHAS ¢ BEPOSITHON pa3repMeTU3aneil MECTHOI0 0TCOCa

PaccmoTpum BHE3amHbIN “pa3pbIB” CPEIHEr0 MECTHOTO OTcoca Ha cTeHae. Ha
puc. 5.19 a, 6 mokazaHbl KapTUHBI MOJIEH KOHILIEHTPAMH OKCHUJIOB a30Ta B BO3/YyXe
ydacTka 00OKaTKH, KOTOpble C(HhOPMHUPOBAIKCH 32 pPa3HOE BPEMsl HAUAJIbHOTO NEPUOoaa

ABAPHUHU T,g. Kaxk BHUAHO, IIPH aBTOMATHUYCCKOM OTKIHOYCHHUH HOBpe)KI[éHHOFO CTCHAA
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u obopynoBaHus T, = 120 ¢ (puc. 5.19 a) 30Ha 3ara30BaHHOCTH XPOHUYECKOTO BO3-
nercTBus Ha pabounx “B” cocTtaBiseT Bcero okoiio 25,6 % oT Bcero moMemieHus, a
YHUCJIO paboYMX MECT, MOMABIIUX B CAHUTAPHO-TUTMEHUYECKYIO0 30HY paBHO - 4. Ha-
IPOTHUB, B CIIy4yae, KOTJa 3aluTa cpadaThIBaeT ¢ OMO3/IaHUEM, YTO HAOII0JaeTCs Ipu
PYYHOM CIIOCOOE OTKIIFOUCHUS MOBPEXKAEHHOTO 000py10BaHus T, = 300 ¢ (puc. 5.19
0) kapTuHA noJjel KoHueHTpauu BB 3HaunTensHO XyXe U Mbl BUIUM, 4YTO 30Ha “B”
yBennmdeHa B 3 pa3a, a Bce 14 paboymx MeCT HaXOASATCS BHE CAHUTAPHO-

TUTMEHUYECKOU 30HKI “A”.

Concentration H=1 Concentration H=4
k 0,739; k! =0,256; k* = 0,005
90 k¢ =0,256; on z=4 90 k 0,242; k" = 0,755; k* = 0,003 on z=4
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a) 0)

Puc. 5.19 Tlons oTHOcuTedbHBIX cymMmapHbIX KoHleHTpamuii [NOy + CO] B
BO3JIyX€ y4JacTKa OOKaTKH Ha BHICOTC Z=4 M B aBapUHHOM peKUME (pa3pbiB IICH-
TPAJIBHOTO UCT.) ¢,,= 0,7, “TEmisli” meproa roma: a) aBTOMATHYECKOE OTKIHOYE-

HUE; 0) pyYyHOE OTKIIIOUYCHHE.

[Tponeccer m3amenenust konnentpamuu NOy B BO3AYIIHON cpeie TOMEIEHUS B
JMHAMHUKE TIPU PACCMATPUBAEMBIX ABAPUMHBIX CUTYALUSAX WIUTIOCTPUPYIOT PUCYHKHU
5.20 a, 6. 3aBHCHUMOCTH TIOCTPOECHBI B “TEIIBINA~ TEPHOJ TOAa NIl pa3sHBIX TOYEK
MPOU3BOJCTBEHHOIO MOMEUIEHUS, BBIOPAHHBIX B TUIOCKOCTHM BEPTHKAJIBLHOTO Cpe3a
noMeleHust npu Z=4 m.

[Ipn nanHOM aBapuUMHOM CUTyalluM MaKCUMallbHble KOHLEHTpauuu BB y wuc-
TOYHUKOB 3arpsi3HEHUS MMPEBBIIIAIOT CAHUTAPHO-TUTUEHUYECKUE HOPMATUBHI B B 9-11
pa3. Ananu3 puc. 5.20 mokasbIBaeT, 4YTO0 aBTOMATUYECKOE OTKIIOYEHHE CTEHIOB SIB-

asiercss 6onee 3PPEeKTUBHBIM, YEM PYUYHOE, T.K. P €r0 MPUMEHEHUU CTEHIbI MPU
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Chro.

K, / 1K,

Concentration

aBapuu OTKJIIOYAKOTCS PaHbLIE, YTO MO3BOJISIET CHU3UTh MAaKCHMaJIbHO-PA30BYIO
koHreHTpauioo BB B Bo3ayxe P3 y ucrounuka mHa 30 % Ha MOMEHT OTKIIIOUCHHUS

CTEHJIa, a KoHLleHTpauuu BB B Touke “c” B 2 pa3za u qoctuub Tem cambiM T1/IK.

10 C o,

B

Concentration

IS

Puc. 5.20 I[I/IHaMI/IKa N3MCHCHHNS OTHOCHUTCIIBHBIX KOHHCHTpaIII/Iﬁ OKCHIOB a30-
Ta B BO3AYyXC ITIOMCIIICHUA yIaCTKa OOKATKH B TCUCHWH HAYAJILHOTO nepunoga aBapmnu

T,1, BBICOTa Z=4 M (pa3phIB IIEHTPAIBHOTO UCT.), ¢, = 0,7, “TEmiblii” nepuoa roja: a)

— aBTOMATHYECKOE OTKJIIOUCHHE; 0) — pydHOE OTKIIIOUCHHE.

Ecnu Ha puc. 5.20 a, 6 moka3an poct konneHntparuii NO, B Bozayxe P3 yuacr-
ka ookatku kombaitHoB ACROS 530 B TeueHre HauaIpHOTO MeprUoa aBapyuu J10
cpabaThIBaHUS 3alIUTHI, TO HA puc. 5.21 a, 0 Moka3zaHa TUHAMUKA U3MEHEHUS OTHO-
CUTEJIbHBIX KOHIIEHTPAIIMM OKCHJIOB a30Ta B BO3/IyX€ MOMEIIEHHUS yyacTKa OOKATKU B
TEYEHHUE BCEr0 aBapUUHOTO Mepuoa T, + T,,=1 gac. Kak BumHo u3 rpagukoB mpu oT-
KJIFOUEHUH HEHTPAIBbHOTO CTEH/Ia, TJI€ TPOU30ILIEN pa3pblB MECTHOTO OTCOCa (TOUKa
“b”) MBI IMeeM CHIKEHHE KOHIIeHTpaluu B 7-10 pa3 B 3aBUCHMOCTH OT criocoba oT-
KJIFOUCHUs 000pyaoBaHus. B Touke “D” — nctounuke aBapuu caHuTapHO-
TUTUEHUYECKUI HOpMATUB MPEBBIIICH HE3HaUNUTeNbHO B 1,2 - 1,5 paza. Bmecte ¢ TeM,

MaKCHUMaJIbHAA 3ara30BaHHOCTDL BO3/1yXad TOMCHICHUA CMCIIACTCA K KpaﬁHeMy Inpa-
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Concentration

BOMY CTeHIY (TOuYKa “d”) B KOTOpPOH MaKCUMaIbHO-Pa30Basi KOHIICHTPAIINS BhIIIIC

[TIK B 3,5-4 pa3za, 4TO HEIOMYCTUMO.

Concentration
Concentration

NAKp.s 3 - a

o 500. 1000. 1500. 2000. 2500 3000 3500,

T spems

a) 0)
Puc. 5.21 - /lunamuka U3MEHEHHUSI OTHOCUTEIBHBIX KOHIIEHTPAIIUA OKCHIOB

a30Ta B Bo3ayxe nomernieHus yuactka ookatku ACROS 530 B TeueHun Bcero aBa-

puiiHOro TIeproa, (pa3phlB HEHTP. UCT.), BEicoTa z=4 M, Por= 0,7, “Témislii” nepuon

rojia;: a) aBTOMaTHICCKOE OTKIIIOUCHHE; 0) PYYHOE OTKIIFOUCHUE.

[Ipu mepexoze Ha MPOU3BOJCTBO MaOTOKCHYHBIX kKomOaiiHOB ACROS 540
mpo0semMa 3ara30BaHHOCTH BO3/yXa IMOMEIIEHUSI ydyacTKa 0OKaTKH, OCOOEHHO B “XO-
JIOMHBIA MEPUOJ] ToJla OCTaéTcs akTyaibHOUM. Kak ciemyer u3 puc. 5.22 6 KOHIIEH-
tpauuss BB B Touke “d” — (kpaiHui mpaBblii CTEHJ 00KAaTKH KOMOAWHOB) B KOHIIC
aBapuitHoro nepuoza npessimaetr [IJIK moutu B 1,5 pasza, T.e. uMeeT MECTO XpOHHU-

4eCKO€ BO3JEHCTBUE HETATUBHOTO XMMHUYECKOI0 (DakTOpa Ha pabOTaIOIIUX.

NOKp.3.

0
Concentration
Q

NaKp.a

0. 500 1000. 1500. 2000 2500 3000 3500

spems
o 500 1000, 1500 2000 2500 3000 3500 T P



90.

a) 0)
Puc. 5.22 /Ilunamuka u3MEHEHUSI OTHOCUTEIBHBIX KOHIIEHTPAIIUA OKCUIOB a30-

Ta B Bo3ayxe nomenieHus: yaactka ookatku ACROS 540 B TeueHue Bcero aBapuitHO-

ro nepuoja (pa3psiB LICHTP. UCT.), BEICOTa Z=4 M, =0,7, “pydHoe’ OTKIIOUCHUEC
Dor

o0opynoBaHus: a) “TEmbIi” epuos 0) “X0JI0HBIN” TTepruo roja.

Pe3ynbTaThl, 1OTyYEeHHBIE TIPU IPOBEACHUN MOJAEIBHBIX PACUETOB aBAPUMHBIX
CUTyallui, CBSI3aHHBIX C Pa3pbIBAMU MECTHBIX OTCOCOB JIJI Pa3HBIX CXEM OpraHu3a-
IIUU BO3/TyXOOOMEHOB IMOMEIIEHUS yuyacTKa OOKAaTKH, CBEJCHBl BMECTE Ha puC. 5.23.

[Ipu nccnenoBaHnM pacCCMOTPEHHBIX aBAPUMHBIX CUTYAlMd HAUXYILIAM Bapu-
aHTOM OpraHM3alMu BO3yX000OMEHa B MoMelleHuu sBisierca Bapuanr |1.

ABapusi, CBI3aHHAsl C BEPOSTHBIM BbIX0JI0M M3 CTPOsi 001II€OOMEHHON U
aBapUHON BEHTWISIIIUU

PaccmoTtpum Hanbosee HeXeNnaTelbHYH0 aBapUUHYIO CUTYallUiO, KOTJIa BHE-
3alHO OTKJIIOYaeTcs (He paboTaeT) MpUHYAHWTENbHAs 001Ie0OMEeHHas BEHTHIISIIMS.
MopenbHble pacd€Thl MPOBEICHBI ISl HAUXYAIIETO W HAWIY4IIIETO W3 paccMaTpH-
BaeMbIX BapHAHTOB OpraHU3AINK BO3Ayx0o00MeHa nmomenieHus. Ha puc. 5.24 a, 6 no-
Ka3aHbl MO0JI1 CYMMapHBIX OTHOCUTEBHBIX KOHIIEHTpauuii BB, yuntsiBaronme cBou-
cTBO ogHoHamnpaBieHHocTy nerictBus razoB CO u NO, Ha yenoBeka. PacuéTel mpous-
BEJICHBI JUIs “TEMIIOr0” Mepuoja roja npu CKOPOCTU JBHKEHHS BO3/1yXa B IOMENIE-

Huu 0,2 M/c u ipu 3pekTUBHOCTH MECTHBIX 0TCOCOB 70%.

Concentration H=4 ) Concentration H=4

K =018% =0,7; 1 =0,12 onz=} 90 K =0,0%K =0,3%k =0,59 onz=4
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a) 0)

Puc. 5.24 Ilons cymMMapHBIX OTHOCHUTENBHBIX 3HAYCHUU KOHIEHTpALUH
[CO+NOy] B Bo3ayxe yuacTka OOKaTKM Ha BBICOTE Z=4 M B aBapUHHOM pexxuMe (He
pabortaet obmeoOMeHHas BeHTW M) Ha 1 pabouwmii vac, ¢, = 0,7, “T€rubii” me-

puon roja: a) Bapuant Il; 6) Bapuant I11.

AHanmm3 pacyE€THBIX MMoJjel KoHmeHTparuu (puc. 5.24 a, 0) moka3bIBaeT, 4TO
IpU pealu3aluy CXEeMbl JBW)KEHHSI ra30-BO3AYIIHBIX MOTOKOB no Bapuanty Il
oracHas 30Ha 3ara30BaHHOCTH MEHbIIIEe B 5 pa3, yeMm o Bapuanty Il. [Ipu 3TOM 4nmc-
JI0 paboOuYnX MECT, HAXOASIIMXCA B OMACHOW 30HE M B 30HAX 3ara30BaHHOCTU TaKKe
CHIKaeTcs B 2 pasa (Tabut. 5.6). I3MeHeHue mosioxkeHus BO3LyXopacnpeaeauTeseH, a
MMEHHO PACIIOJIOKEHNE BBITSKHBIX BEHTHJIATOPOB Y MECT 00pa30BaHUs MPOU3BOACT-
BEHHBIX BPEIHOCTEM CYILECTBEHHO YJIYYIIaeT KapTHUHY 3ara3oBaHHOCTH BO3/yXa B
nomenieHuu. Ciaeayer Takke OTMETUTh, UTO T0Jisi cpopMHUpoBaHbl Ha 1 yac paboTHI,
T.€. HA MAaKCUMaJIbHOE BpEeMS MPOJIOHKUTEIbHOCTH aBapUHHON CUTYyaIHH.

Ha puc. 5.25 a, 0 moka3zaHa TUHaMUKa U3MEHEHHUSI OTHOCUTEIBHBIX KOHIICH-
Tpalui OKCUAOB a30Ta B BO3AyX€ MOMELICHUS B TEUCHUU aBapuuHOW cuTyauuu. [1o
BCEM pacCMaTPUBAEMBbIM XapaKTEPHBIM TOYKaM Ha BBICOTE 4M MMEETCS MPEBBIIICHNE
CaHWTAPHO-TUTMEHUYECKOT0 HOPMATHBA, @ MAKCUMAJIbHBIX 3HAYEHUM KOHIIEHTpAIUs

nocturaeT B Touke “d”, mpessimast [TIK B 15-19 pas.

15

0

Concentration
‘oncentration



a) 6)

Puc. 5.25 /Ilunamuka u3MEHEHUsI OTHOCUTEIBHBIX KOHIIEHTPAIUA OKCUIOB a30-
Ta B Bo3/yxe nomenieHus yaactka ookarku ACROS 530 B TeueHuu Bcero aBapuii-
HOTO PeXHUMa T, + To=1 4 (He paboTaeT 00IIcOOMEHHAs BEHTUIISALNSA ), BBICOTA Z=4 M

y 9or= 0,7, “T€neiit” nepuon rona: a) Bapuant Il; 6) Bapuant I,

Tabmnuma 5.6

ABapuiiHble peKUMbI pa0OTHI

KPUTEPUATBHBIE KO- KONMWUYE-
3O OULIMEHTbI 30Hbl | CTBO PA-
CXEMA BEH- 3ATA- BOUYUX
TUNALMK NO- A A A 30- | MECT B 3A-
MELLIEHUSA kZ k”Z k”Z BAHH- | FA3OBAH-
S S S oCTH HbIX NO-
MELLIEHUSIX
HE PABOTAET OBLLEOEMEHHAS BEHTUNALWSA
] 0,02 0,39 0,59 AB,C 14 (6 -C)
[l 0,18 0,7 0,12 AB,C 8 (3-C)
PA3PbIB LLIEHTPAIIEHOIO OTCOCA
I 120C | 0,739 | 0,256 | 0,005 | AB,C 10
300C | 0,242 | 0,775 | 0,003 | ABC 14
i 120 C 0,83 0,16 0,01 A,B,C 10
300 C 0,51 0,48 0,01 A,B,C 10
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BoiBoabI:

- BpeMs cpabaThIBaHMsI CHCTEM 3aIlUTHI SBJSETCS OMPEASISIonuM (HakTopoM,
00€eCIeunBaOIIMM CHIDKEHHE 3ara3oBaHHOCTH HccienyeMoro nomenienus. [lpu
MPOYUX PABHBIX YCIOBUSX, B CIIy4ae aBTOMATHUYECKOTO OTKJIFOYEHUS MOBPEKICHHOTO
obopynoBanus (120 c¢) caHuTapHO-TUTUEHUYECKAsl 30HA, I7Ie HE MPEBHIIIICH HOPMATUB
[TJIK yBenuuuBaercs B 3 pa3a 1o CpaBHEHHUIO C pPyYHBIM criocooom otkiatoueHus (300
c);

- U3 BCEX PACCMOTPEHHBIX AaBapUUHBIX CUTyallMid Haubosiee HEraTUBHO
BIIUSIONIEH HA paOOTHUKOB OKa3aJics Cydyail BHE3aIHOTO BBIXOJa U3 CTPOsi 00111€00-
MEHHOM 1 aBapUUHOW BEHTUIISLINM;

- JlayKe TIpU TIepexojie Ha IIPOU3BOJICTBO MaJIOTOKCUYHBIX KoMOaiiHOB ACROS
540 mpoOsiema 3ara3oBaHHOCTH BO3/lyXa JJIS MOMEIICHUH y4acTKOB OOKAaTKH, OCO-
OCHHO B XOJIOJHBIN MEPUO/T TOJIA, OCTACTCS AKTYaIbHOM.

5.5.5.3 IIpoBepka aneKBATHOCTH MojeJu pacnpocTpaHenuss BB B Bo3-
AYILIHOM cpeie MOMeIeHHs Y4aCcTKA 00KaTKHU

JIns1 IpOBEPKU aJ€KBAaTHOCTH MAaTeMaTUYECKOW MOJENN pacnpocTpaHeHus BB
HEO0OXO0IMMO MOJYUYUTh MOJTHYIO (PU3HUECKYIO KapTUHY MOJIel KOHIIEHTPAIIHi, Ha OC-
HOBE MHOTOYHCIICHHBIX 3KCIIEPUMEHTAIbHBIX UCCIIEIOBAHHI 3ara30BaHHOCTH BO3/Y-
Xa B MIPOU3BOJICTBEHHOM MOMEIICHUH, TPUUEM B Pa3HBIX YCIOBHUSIX PaOOTHI yyacTKa.
Cnenatb 3TO AOCTaTOYHO TPYAHO, TaK KaK CYIIECTBYIOIIUE CIOCOOBI 3aMEpPOB KOH-
LHEHTPalHUi BPEIHBIX BEIIECTB HE BCETA MO3BOJISIIOT C BHICOKOW CTENEHbI0 TOYHOCTH
MPOCJICIUTh JUHAMUKY U3MEHEHUS KOHIEHTPALM OJHOBPEMEHHO B OOJIBIIOM KO-
JIMYECTBE Pa3JIMUHBIX TOYEK UcCcleayemMoro nomenieHus. Kpome Toro, HeoOxoauma
OTICPATHUBHOCTH B IIPOBEJACHUN TAaKOT0 MACIITAOHOrO KOHTPOJIS KOHIIeHTparuii BB u
BO3HUKAIOT MPOOJIEMBI C JTUTEILHOCTRIO OTOOpA M aHaIM3a Mpoo.

JIiist monTBep K ACHUS pa3paboTaHHON MaTEMaTUYECKON MOJIEIN MPOIIECCOB TIe-
peHoca BB B mpon3BOICTBEHHBIX TTOMEIICHUSX, OblIa MMPOBEACHA CEPHUsl UCTTBITAHHMA
Ha y4yacTke ookaTtku OOO “K3 PoctcenpMaiir” B TEMIBIN U XOJIOIHBIN MEPUOIBI TOA

I10 IIPpOrpaMme SKCIICPUMCHTAJIbHBIX HCCHGI[OBaHHﬁ.
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Brauane ucnpiTanus ObUIM MPOBENCHBI B IMITATHOM PEXHUME pabOThI ydacTka
OOKaTK{ TIPH TOJTHOM 3arpy3ke CTeHI0B. HadanbHbI (OH 3ara30BaHHOCTH OTCYTCT-
BOBaJI, TaK KaK 3KCHEPUMEHTHI MPOBOJAWINCH C CAaMOro Hayajga paboTel cMeHbl. Ha
IIEPBOM 3TaIle MPOBEPKU JOCTOBEPHOCTH TEOPETUUECKUX PE3YJIbTATOB, MOJYyYa€MbIX
IIpU MOJIETBHBIX pacuérax KoHleHTpaiuii BB B Bo3myxe nomenieHus, ObUIM MpouU3-
BEJICHBI 3aMEpbl KOHLEHTPALU OKCHUJIOB a30Ta B BO3yX€ MOMEIICHUS B TEUCHHUH | -
ro paboyero 4aca B XapaKTEpHBIX TOYKaX MOMeIIeHusI Ha BbicoTe 2 U 4 M. KoHrieH-
Tpaluu OKCHJa a30Ta, HanboJiee TOKCUYHOTO BEIIECTBA ONPEACISUIUCH C TTOMOUIBIO
AIEKTPOXUMHUYECKUX JATYUKOB, BCTPOCHHBIX B U3MEPUTENBHBIN TPUOOp. 3aMephl yc-
PEIHSAINCH TI0 KAXKJIOW XapaKTEPHOM MU3MEPUTEIBHOM TOYKE I KaXJOr0 MOMEHTA
BpeMEHHU. Pe3ynbTaThl 3KCIIEPUMEHTOB, MPOBEAEHHBIC UL Pa3HBIX NEPUOJOB roja

npuBeAeHsl Ha puc. 4.10-4.13, a Taxxe Ha puc. 5.26 a,0.

okcuabl
asora, I 3 . iz Cro.
mr/m® = 3

25

20

oyt =

NAKp.3

NAKp.3

T spems T Bpemsi

Puc. 5.26 TlpoBepka afekBaTHOCTH pa3pabOTaHHBIX MAaTEMATUUECKUX MOJICIICH
B IIITATHOM pEXHME pabOThl HA IPUMEPE TMHAMUKHU U3MEHEHUSI KOHIIEHTPAIUM OK-
CHJIOB a30Ta B BO3/IyX€ MOMEIICHUS y4acTKa OOKaTKU: a) “TEmIBIA” MepUO/T;

0) “XO0JIOIHBIN TIepHO/ TOA.
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DOKCnepruMEeHTAIbHBIC JaHHBIC, MTOJYYCHHBIC B aBApPUMHBIX CHUTYAIUSAX, MPE]-
CTaBJICHBI JIBYMsI CITy4asiMU, KOTOPbIE CO3/IaHbI B YCIOBUSIX PEAIbBHOTO MTPOU3BOJICTBA
(puc. 5.27). B cnydae «a» cnenuaibHO OTCOSIUHSIICS OJUH U3 MECTHBIX OTCOCOB Ha
cTeHje, npu 3ToM BB nocTynanu HenocpencTBeHHO B nmoMenieHue. 3atem yepe3 300
C BPYUHYIO OTKJIIOYAJICS TTOBPEXKICHHBIN CTEH/I, a IBUTaTe b KOMOaHa 3ariyIiacs.
B Teyenue yaca nmpoBOaUIMCH 3aMeEPBI ¢ HHTEpBajioM Bpemenu 100 c, a 3atem 300 c.

B cnydae «6» mpon3BOAUINCH U3MEPEHUST MAaKCUMAITbHO-PA30BBIX KOHIICHTPA-
UHA OKCHJOB a30Ta B BO3JYyXE MOMEIIEHHUS y4acTKa IO BHIOpAaHHBIM XapaKTEPHBIM
toukam d, b, € B Teuenune ogHOrO paboyero yaca, Kkorjaa oomeoOMeHHas U aBapUifHAS
BEHTHJISAIINS OB BBIKITIOUCHBI.

AHanu3 rpaguKoB MOKa3ai, YTo ¢ YYETOM MOTPEUTHOCTH U3MEPEHUH, pe3yiib-
TaThl MOJICJIBLHBIX PACUETOB B IOCTATOYHOM CTEMEHU COTJIACYIOTCS C JJAHHBIMU JKCITe-

PHUMCHTAJIBHBIX HCCHCHOB&HHﬁ.
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Puc. 5.27 TlpoBepka ajieKBaTHOCTH pa3pabOTaHHBIX MATEMAaTUUECKUX MOJICIICH
B aBapUIHBIX peKUMaX padOThl HAa MPUMEPE TUHAMUKHU U3MEHEHUS KOHIICHTpaIui
OKCHJIOB a30Ta B BO3/yXE MOMEIICHHS Y9acTKa OOKATKHU: a) pa3pbIB 1IEH-
TPAJIBHOTO OTCOCA (PYYHOE OTKIIFOYCHHE MMOBPEXKICHHOTO 000py10BaHusl); 0) BHE-

3aITHOE OTKJIIOYEHHE 00IIIe0OMEHHON M aBapUMHOM BEHTUJISAIINH.
236



DOKCHEepUMEHTHI TIOKA3alli  YIAOBJICTBOPUTEIHHYIO TOYHOCTH pa3paboTaHHOM
MaTeMaTU4YeCKOM MOJeINH MpolieccoB nepenoca BB B Bo3ay1HO# cpelie mpou3BOICT-
BEHHOT0 noMeinieHus. Cpe/lHee OTKIOHEHUE SKCIIEPUMEHTANIbHBIX 3HAUEHUN KOHIICH-

tpamuit o NO, oT TeopeTnueckux He npesbimiaet 11 %.

5.6. Ouenka 3¢ (peKTUBHOCTH MePONPUSITHI 10 CHUKEHHIO BO3/1eiicTBUA
BPEJAHBIX BelEeCTB

5.6.1 DOxBuBajeHTHbIE KO3 (PUUHEHTHI IMUCCHUH BPEeIHbIX BEelIECTB

Jlist oieHKM 3(hPEKTUBHOCTU BHEAPEHUS pa3pabaTbIBa€MbIX KOHCTPYKTHUBHBIX,
HKCIUTYaTallMOHHBIX U XUMHKO-TEXHOJOTHYECKUX MEPOIPHUATHI CHUKEHUS BBIOpO-
coB BB B Bo3yx pa®oueil 30HbI OT UCTOYHHUKA U YCTAHOBJIEHUS B3aUMOCBS3€EM Mpo-
neccoB BeleneHUs BB ¢ mapamerpamu paboueil 30HBI MPOU3BOJCTBEHHOW CpE.bI
npejyiaraeTcsl UCIoyb30BaTh TaKk Ha3biBaeMble 3KBUBajeHTHblE CO K03 (ULIMEHTHI
IMHCCUU BPEIHBIX BEIIeCTB [24], KOTOpble, MO CYTH, OTPAKAIOT W CAHHUTAPHO-
TMTMEHUYECKHE MMOoKa3aTenau Bo3jaencTBUsA. C MOMOIIBI0 aBTOMATU3UPOBAHHOW CHC-

teMmbl (AC) ENGINE [21] u BBenéunbix Hamu nanee Ko3(pPUIMEHTOB D, MOXKHO HC-

cienoBath 3P(HEKTUBHOCTh MPUMEHEHHS] MAJIOTOKCUYHBIX BUIOB TOIUIMB, MEPCIEK-
TUBHBIX TOIUIMBHBIX CHCTEM, TOILIMBHBIX KAaTaJINW3aTOpPOB M HedTpammsatopos OI,
cucteM peunpkyssinuu Ol', a Takke OLIEHUTh CTENEHb 3arpsi3HeHHs Bo3ayxa P3 npu
pacuérax.

Hamomaum, uto 3; npencrasiser coOoi Mpou3BeIeHHEe COBOKYITHOTO IMOKa3aTe-
JIsl BpETHOCTU OTpabOoTaBIIUX Ta30B £ (YCIOBHBIX I'/KI' TOIUIMBA) HA yACJIbHBIA UHIU-
KaTOpHBINA pacxo] TomuBa gi (kr/kBt-yac): 3; = E-gj (ycnoBHbIX I/KBT1-uac). [1pu 3Tom,
COBOKYIIHBII TOKAa3aTelb BPEIHOCTH BBIXJOIHBIX I'a30B — NPHUBEACHHBIA YJEIbHBIN
BBIOpOC £ (YCIOBHBIX I'/KI TOIUIMBA) BBIYMCIAETCA KAK B3BEIICHHAS C YYETOM OTHOCHU-
TEJbHON arpecCUBHOCTU Aj CyMMa YJENbHBIX BBIOPOCOB € (T/KI TOIIMBA) XMMHUYECKUX

KOMIIOHCHTOB:

E=%A4iei=Acuecn+ Avor enox + Aco €cot+ Ary €y +...
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Hcnonbp30BaHHBIC B pacdeTax OTHOCUTCIIbHBIC aTPCCCUBHOCTH KOMITIOHCH-

toB OI' A; HOpMupoBaHsl 0 CO u ompenenstorcs U3 GopMynsl: A =a, ‘a5, -4, - B,
r7ie. a,— OTHOCUTEJbHASI OMACHOCTh NMPUCYTCTBUS MPHUMECH B BO3JYyXE, BABIXaEMOM

YEJIOBEKOM;

o;— IIOIIpaBKa, YYHUTBIBAKOIAA BCPOATHOCTH HAKOIIJICHHA HCXOI[HOﬁ IMPpUMCCHU HIJIA

BTOPUYHBIX 3arpPs3HSIONINX BEIIECTB B KOMIIOHCHTAX OKPY)KAIOIICH CPEeIbl U IEMsX
MUTAHMSI, a TAaKXKE MOCTYIUICHUE PUMECH B OPTaHU3M YeJIOBEKa HE MHTAISAIIHOHHBIM
yTeM;

0 — TOMpaBKa, XapaKTepU3yIollas BPEeIHOE BO3/ICUCTBUE TPUMECH HA OCTAJIbHBIX pe-
IUMUEHTOB (KPOME YEJIOBEKA);

Aj — TOMpaBKa Ha BEPOATHOCTh BTOPUYHOIO 3a0poca mpuMecH B aTMochepy mocie ux
OCe/IaHus Ha MMOBEPXHOCTH (JIJIs1 MBUIH);

[i — IoTpaBKa Ha BEpOSTHOCTh O0OPa30BaHUs U3 UCXOIHBIX IPUMECEH, BRIOPOIIIEHHBIX
B aTMOcdepy, BTOPUYHBIX 3arpsi3HSIONIMX BEIIECTB, 0OJIee OMACHBIX, YEM HCXOHBIC
(1 IETKUX YTIIEBOJIOPOJIOB).

IToxazarens a; 3a1aeT ypoBEHb OMACHOCTH BO3AECHCTBHS JIs YEJIOBEKA BEILIECT-

Ba I-TO THMA MO0 OTHOLICHHUIO K YPOBHIO OITACHOCTH OKCcHIa yriepoaa. Toraa:

n K. - IIIK?
3i:gi'ZAi'ei, 8; = i i
i=1 Hﬂ]{cc ’ Hﬂ[{cc

rae.: Hﬂl{; U Hﬂ[(jn — COOTBETCTBCHHO IPECACIbHO AJOIIYCTUMBIC CPEIHCCYTOUYHBIC

KOHIICHTPAILlMU U KOHIICHTPALUU B paboyeli 30He I-r0 TOKCHYHOTO KoMitoHeHTa OT.
Kaxk BugHo u3 popmyinel, B He€ BxoaaT [1JIK, xapakrepusyroniue cTeneHb BO3-
JeMCTBUS BpeIHbIX (DAKTOPOB HA YEJIOBEKA KaK B OKpY’Kalollel cpeie, TaK U IpU ero

HaxoXKacHuu B P3:

n 3 2-30
9 = 3 3 = i . - - .ai .ai.é‘i .ﬂ’i . i
> ; i 2 g ; HﬂKCIC Hﬂ[{:c ﬂ

Takum 06p8,30M, 32 YUYUTBIBACT TCXHHUKO-3KOJIOTHUYCCKUC W SKOHOMHYCCKHC

IIOKa3aTeciin pa6OTBI MallrHbI, 4 TAKXKXC CAHUTAPHO-TUTHCHUYCCKOC BOB)ICI\/'ICTBI/IG Ha
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paboTHHKOB. Er0 MOXHO MCHONB30BaTh Ui OOBEKTUBHOM OLIEHKH 3(P(HEKTUBHOCTH
BHEJIPEHUSI PA3UYHBIX MEPONPUATUI CHUXKEHHs BHIOpOCcOB ncTtouHuka BB B pabo-
YyI0 30HY U Ha TEPPUTOPHUIO MPEIITPUATHS.

s oneHKH 3P GEKTUBHOCTH MEPONPHUATHI MO YIYyULICHUIO YCIOBHM Tpyna
pabOTHUKOB OOKATOYHOTO YyYacTKa U 30HbI TEXHUYECKOTO OOCITYKMUBAHUS U TEKyIle-
ro pemoHTa (TO u TP) npennpusatuii cenpxo3MallMHOCTPOEHUs BBEAEM Oe3pa3zMep-

HBIE KOOPPUIUEHTH 3, 10 GOPMYJIE:

JUIst 30HBI TEXHUYECKOTO OOCITYXKMBaHUS U TEKYIIEr0 PEMOHTa aBTOMOOWJIEH
IPOBE/ICHBI pacueThl KO3(QOUIIMEHTOB D, ISl JU3ETIbHBIX M KapOIOPATOPHBIX TBUra-
TeNeW pa3IMYHbIX MAIIWH, YYUTHIBAaIOIIKE pazauuHble BB: Oen3(a)nupeH, yrieso-
JIOPOJIbl, yTapHBIM ra3, AMOKCHJT a30Ta, aJbJErUAbl M YaCTULBI TBEPAOU caxu. Pacue-
Tol 1151 Co0H12 1 NOy mpousBomiInch 1Mo MaTreMaTHu4ecKuM MoJENsIM U3 riaassl 2. Ha

pucyHkax 5.10 u 5.11 npencraBieHsl pe3yJabTaThl STUX PACUETOB.

a)l =
80 7 300 /\5
3N02/ CH
40 L 5 =
3C)K R.CHO/SCZUHIZ
0 T
6) 100 —= —
g0 o / ey
%3N02
%
40 SR-CHO
s -
o é 3C)K
0 25 50 75 100
_ P.%

CZOHIZ
Puc. 5.10 In3eannnie IBC: a) apurarens IM3-236, N = 44 kBr;

0) neurarens SAM3-240, N =175 kBt
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al 100
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, Ico i /
T
40 5 L
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P %

Puc. 5.11 Kap6roparopusie nurarenu: a) M3MA-412, N = 44 kBr;
6) c BuxpeBbIM 3axuranueMm N = 53 kBr;

B) 31JI 130, N =110 kBrT;

240



(1-2),100 %

100' 95’3

64,6

50 -

30,1

23,8

12,3

3
[l

7
L3217

I I II Iv .V VI VIl

i-0e MeponpHusATHE

Puc. 5.12 OtHocurensHas 3PEeKTUBHOCTb TPUMEHEHUSI MEPOTIPUATUMN, YITyd-
IIAFOIIUX XapaKTEPUCTUKNA NCTOYHHUKA 3arPsI3HEHUS (IBUTATEIA TPAHCIIOPTHBIX Ma-
IITUH).
| - npuMeHeHHe MPUCATOK K TOTUTUBY
Il - npumenenne TomB EURO-kavyecTBa
Il — perynupoBaHue yriia onepeXxeHus BIPHICKA U YTJIa ONIEPEKESHUSI 3aKUTaHUS
IV — mpuMeHeHue mpUpoHOTO raza
V —  HUCnoJib30BaHUE TOITUBHBIX KaTaJIU3aTOPOB;

VI — npuMeHeHue BOJI0poa;

VII — BHegpeHre HEUTPaI3aTOpPOB, CUCTEM OYUCTKHU

5.6.2 Kpurtepuu oueHku 3¢(PpeKTHBHOCTH BO3AYXOOXPAHHBIX MepONpPHSI-
THH B IPOM3BOJACTBEHHBIX IOMEICHUAX.

Cyl1ecTBYIOT pa3iMyHble KPUTEPUH U METObI OLIEHKU 3((HEKTUBHOCTH BO3/Y-
xoo0MeHa. Bce OHM MMEIOT HEIOCTAaTKU U HE BCEr/la MOTYT ObITh IPUMEHUMBI B CHC-
TE€M€ IEUCTBYIOINX CAHUTAPHO-TUTUEHUYECKUX HOPMATHUBOB.

B ocHoBHOM Takme KPpUTCPHUU BBCACHBI AJII KOJIMYCCTBCHHBIX OLCHOK pa6OTBI
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CUCTEM BEHTUJISILIUM U YCIIOBHO JEJISITCS Ha JIBE TPYMIIbI MOKA3aTeNe:

- TIOKAa3aTeNH, ONMPEACISIONUE CTIOCOOHOCTh CUCTEMbl BEHTHIIALUU 3aMEHSITh
BO3/IyX B IOMEIICHUY;

- TOKa3aTelid, OMPENCIISIONUe CIOCOOHOCTh CHCTEMbI BEHTWUJISILIUM YAAISATh
MPUCYTCTBYIOIIKE B BO3AyX€E MOMEIICHUS BPEIHBIE BEIIECTBRA.

Paccmotpum ux kpatko. B pabote [7] npeniaraercst HCIOJIb30BaTh B KAYECTBE

KPpUTCPUS IIOKA3aTCJIb JIOKAJIBHOI'O Ka4CCTBA BO31yXad B IIOMCIICHUN 8; ) KOTOpBIﬁ pa-

BEH OTHONIIEHUIO KOHIEHTPALUU BPEIHBIX BEIIESCTB B BBHITSIAKHOM BO3JIyXE K JIOKaJIb-
HOM KOHIICHTPAIIMU BPEIHOTO BEIIECTBA B OTIEIBHO B3ATOW TOYKE IMOMEIICHUS .
Omnpenensis 3TOT NOKa3aTellb B TEUCHUE paboyuero IHA U Ha MPOTSKEHUU HECKOJIbKUX
CYTOK MOYKHO TOJYYUTh 3aBUCMUMOCTU OT BPEMEHHU, KOTOPBIE B TaJIbHEHIIIEM HEOOXO-
JTUMBI JIJIs1 TUIAaHUPOBAHUSL BO3yXOOXpaHHBIX Meporpusituii. B pabote [7] Taxxke

paccMmarpuBaeTca Kputepuid 3¢ (PeKTUBHOCTH BO3ayX000MeHa &,. OH mpeAcTaBiseT

co0o0if ToKa3aTenb CKOPOCTH 3aMEHBI BO3/IyXa B MOMEIICHHH M PaBEH OTHOIICHUIO
MHUHHAMAJIEHO BO3MOYKHOTO BPEMEHH BO3yX00OMEHA B MOMEIIEHUHU K (DAKTHIECKOMY
BPEMEHHU 3aMEHBI BO3yXa. MUHHUMAIBHO BO3MOKHOE BpEMS 3aMEHBI BO3/IyXa B TO-
MEIIECHUU TEOPETUYECKH €CTh BEJIMYMHA OOpaTHas KpPaTHOCTH BO3IyXOOOMEHa, a
dakTHUecKkoe BpeMs BO3yXO00OMeHa HEMOCPEJACTBEHHO CBSI3aHO CO CPEIHUM “BO3-
pactoMm” Bo3ayxa B nomemienuu. Konmenmus “Bo3pacta” Bo3myxa Obuia MpeiosKeHa
emi€ B 1981 r. CanabepromM, oHa sIBJISIETCSI MEPOU KadyecTBa BO3/yXa B JIOOOUW TOUKE
MOMEIICHHS ¥ YIYUTBIBAET 00Pa3yIONIUECs 3aCTOWHBIE 30HBbI.

CylecTBYIOT M JpPyrue METOAbI OICHKHM KadecTBa Bo3ayxa. B pabore [57]

MMpCaJIOKCH HHTGFpElJ'IBHI:IfI ITOKa3aTcCJIb Ka4€CTBA BO3/AyXa ¢, , KOTOpBIﬁ OIIpCACIIACT-

Csl KaK OTHOIIICHHWE CPEJIHEW Mo BpeMeHM KoHIleHTparuu BB Ha pabouux mecrtax K
MPEIEIbHO JONMYCTUMOM. [IaHHBIN MMOKa3aTeab Ka4eCTBA BO3AyXa, B OTIIMYUE OT APY-
I'UX, YYUTBHIBACT pacupeeseHne KoHIeHTpauuii BB nmo 30HaM nomelenus u ux us-
MEHEHHE BO BpeMEHHU. DTO MO3BOJISIET BHIOpATh BO3AYXO0OMEH U3 YCIOBUS obecrie-
YEHHUS] MAKCUMaJIbHO YUCTOrO BO3AyXa. TakoW MOJAX0Md, KaK OTMEUYaeT aBTOp, MO3BO-
JISIeT YYECTh pa3MellleHne pabodux MECT M0 30HaM IMOMEIICHUS] U PEXUM pabOThl B

HUX. OJIHaKO HEMOHSATHO, KaK MOKHO CpPaBHUBATh CPEAHUE KOHIIEHTpaluu BB B BO3-
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nyxe ¢ IIJIK, koTopele 3a4acTyt0 yCTaHOBJIEHBI JJIsi TOKCUYHBIX T'a30B KaK MaKCH-
MaJIbHO-Pa30BbI€, a HE CPeHECMEHHbIE. BCcTpedatoTcsi B HAy4yHOU JTuTepaType U Apy-
rue nokasarenau. BeIOOp TOro mim MHOTO MOKa3aTes 3aBUCUT OT KOHKPETHBIX IIEJIEH,
peanu3yeMbIX CHCTEeMaMH BEHTWIISAIMU. B Hamiem ke cirydae 3To, BO-TIepBBIX — o0ec-
neyeHue Oe30MacHBIX YCJIOBHH TpyJa paOOTHUKOB, a BO-BTOPHIX — BBIOOpP paluo-
HaJIBHBIX CXEM U PEKUMOB paOOThl BEHTUIISLIUU.

B cooTBeTCTBHMM ¢ TPUHIHMIOM HACHTHU(PUKAIMHA OMACHOCTEH, 3arps3HEHHOE
MPOCTPAHCTBO TOMEIIECHHS (paccMaTpUBAIOTCS IUIOCKOCTHBIE «CpE3bl» Ha YpPOBHE
JIBIXaHUS) MOXKHO PaHKUPOBATh 1O 30HAM 3ara30BaHHOCTH, B COOTBETCTBUU C KPUTE-
pueM 0e30macHOCTH. B kauecTBe MOCIEIHEro BBICTYIAET periiaMeHTUpyeMasi HopMma-
THBaMU OTHOCUTEIbHAs KOHUeHTpauus BB B Boznyxe P3.

Korna umeercs neranbHas undopmalys 00 UICTOUHUKAX 3arpsI3HEHUS, HAIIPHU-
Mep, B pacCMaTpUBAeMOM IMOMEIICHUN 0OKAaTKU MallliH, HaMU TIpejiaraeTcs B Kaue-
CTBE KPUTEPUS, MTO3BOISIONIETO0 KOJIMYECTBEHHO OLEHUTh BIUSHUE 3ara30BaHHOCTH
BO3/yXa UCCIEAYEMbIX TOMEIICHUN HECIOKHOW KOH(UTYpaIlMK Ha YeJI0BEKa — OT-
HOCHUTEJIBHYIO IUIOIIAAb 30H 3ara30BaHHOCTHU.

JInst KaXxJ10M M3 pacCMaTPUBAEMBIX TPEX 30H: OMACHOM, XPOHUUYECKOTO BO3ECH-

CTBUSL U CAHUTAPHO-TUTMEHMYECKOW PAaCCUUTHIBACTCS KPUTEPUH K. (t), ¢ IOMOIIBIO

KOTOPOI'0 MOKHO OOBEKTMBHO OLIEHUTH CTEIIEHb 3ara30BAaHHOCTH BO3AyXa B UCCIE-
JyeMOM MOMEIICHUH U B pabodeil 30He U KOJUYECTBO pabOYMX MECT, IMONaJaroIuX
B KOKJIYIO U3 3TUX 30H. /{151 nuCKpeTHON olleHKH BpeaHoro BiusiHUS BB Ha paboT-
HUKOB U OIIPEACIIEHUSI OTHOCHUTEINIBHBIX Pa3MEpPOB PACCMOTPEHHBIX 30H 3ara30BaHHO-
CTH , LIeJeco00pa3HO pa30UTh 3arpsA3HEHHOE IMPOCTPAHCTBO IMOMEILEHUS Ha He-
CKOJIBKO 30H:

- 30Ha A — canumapHo-2ucueHu4ecKkas, B TpaHuLax KOTOpoi cobioaaercs ca-
HUTAPHO-TUTUEHUYECKHUI HOpMAaTHUB 151 BBITTOJTHSETCS HEPABEHCTBO

Ceo + Cro, <1:

HﬂKﬁ.B.CO(M.p.) H’ZZK;;J.NOZ (m.p.)

- 30Ha B — 30mna XPOHUYECKO2O 6030€eliCmaus 3aza3oearHHocmu, T4 CO6J'IIOI[3-
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C C
€TCs yCIIOBHE 1< <o + s <7;

HﬂR‘p.j.CO(M.p.) HﬂKp.:e.NOz (m.p.)

- 30Ha C - onacnas 30na, T MIPEBBILIEH TOPOT Pa3ApaXEHUs CIU3UCTHIX 000-

Coo + Cho, V7.
HﬂKp.&CO(M.p.) HﬂKp.s.NOZ (m.p.)

JJOUYCK AbIXaHUA 4YCIIOBCKA U CO6J'HOI[3€TC$I YCJIOBHC

Tabmuma 1. 9
PamxupoBaHue 3ara3o0BaHHOTO MPOCTPAHCTBA HA 30HBI

Paszme
30Ha Ha3zBanue YciaoBue p
30HBI
3ona A | CaHUTapHO-TUTHUEHUYECKAs Zn: ¢ <1 ke = 3a
P & I, s,

XPOHUYECKOTO BO3JICUCTBUA 3ara3oBaH- . G S
3oHa B P A 1> L <7 ki=2%
HOCTH i 11K, S,

3 Ci C SC
H nacHas —1 V7 kS ==¢
3oHa C | OnacHa iZl:HﬂKi> s 7S,

PamwxupoBaHue mo 30HaM 3ara3zoBaHHOCTH (Tabsuia 1.9) xopouio koppenupy-
€T C YCTaHOBJIEHHON HOpMaTUBaMU Kiaccu(UKauen yCiaoBUil Tpyla O OMacHbIM U
BpeaHbIM (pakTopam (Tadmmia 1.3).

3Hasi, KaK MEHSIETCSl OTHOCUTEIbHAS IUIONIA (b 30H 3ara30BAHHOCTH C TEUEHHUEM
paboyero BpeMeHH, KOJIMYECTBO HAXOIAIIMXCS B HEH paboyuX MECT U BpeMsi TIpeObl-
BaHMs B HEl paOOTHUKOB MOKHO 3(PPEKTUBHO IJIAHUPOBATH 3AIIUTHBIE MEPONPHUSI-
THSL.

Yro kacaercss mapaMmeTpoB IMPOU3BOJICTBEHHOTO MHUKPOKJIMMATa, a MMEHHO
TeMIiepaTypbl Bo3ayxa P3, To aHajJOrM4yHO MPOCTPAHCTBO MOMEIIEHUS, 3arP3HEHHOE
BBIICTTUBIIMMHCS U30BITKAMU SIBHOTO TEIUIa MOXHO PaHXHpPOBaTh MO 30HaM C pas-
JUYHBIMH MapaMeTpaMu MUKpOKJIMMarta. B kauecTBe kpurepueB 0€30MacHOCTH 3/1€Ch
HEO0OXOAMMO MPUHATH TaK Ha3bIBA€MbIE ONTHUMAJIBHYIO U JOIMYCTUMYIO TEMIIEPATYPhI
Bo3ayxa B P3. [lockonbky HOpMaTUBaMu perjJaMeHTHPYETCs AUara3oH TaKuX TemIle-
paryp, To yaoOHee MMETh JeNO0 ¢ aOCOMIOTHBIMM 3HAUYCHHUSIMHU MapameTpoB. Huxe

npeaACTaBJICHbI HAMHU PEKOMCHAYCMBIC TCMIICPATYPHBIC 30HbI:
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- 30Ha A — xom@opmHuas 30Ha, B TPAHUIAX KOTOPOIl COOMIONAIOTCS ONTH-
MaJIbHbIE TEMIEpPaTypbl BO3AyXa, KOTOpbIE OOECIEeUnBAIOT OUIYIICHHE TEIIOBOTO
KoM(popTa U CO3JAI0T MPEANOCHUIKH ISl BBICOKOM pabOTOCIIOCOOHOCTH, IPU ITOM

BBITTOJTHSIETCS YCIIOBHE i < toc < e

- 30na B — donycmumas memnepamypHas 30Hd, TAe COOIIOIAIOTCS JIOMYCTH-
MBbI€ TEMIIEPATYpPbl BO3yXa, KOTOPbIE HE BBI3BIBAIOT Y PAOOTHUKOB HapyLIEHUs CO-
CTOSAHUA 300POBbiA, 1 HC MOT'YT IIPUBOJANUTH K BOBHUKHOBCHHIO OIIIYHleHI/Iﬁ TCITJIOBOT'O
TUCcKoM$opTa, HANPSHKEHUI0 MEXAaHU3MOB TEPMOPETYIIALNU, YXYALICHUIO CaMOYyB-
CTBHUA U ITIOHUKCHUIO pa6OTOCHOCO6HOCTI/I, IIpU 5TOM BBIIIOJHAIOTCA CIICAYIOIIUC YC-
JIOBUS
min

th‘i_l_n <t£)(;<tT'|'c‘) '

I <ty <t

al |
- 30ma C - onacuas 30ma, T TOBBIICHHAS WIN MOHIKCHHAS TEMIIEpaTypa
BO3/1yXa MPU IJIUTEIbHOM U CUCTEMAaTUYECKOM BO3JCHCTBUU HA YEJIOBEKA BBI3BIBAIOT
HaIpsHKEHUE PEeAKIUN TEPMOPETYJIISIIMKA KOTOPhIE BBIXOJAT 3a Mpeeiabl (PU3U0IO0TH-
YECKUX MPUCIIOCOOUTENBHBIX BO3MOXKHOCTEH, UTO HE JonmycThuMoO. B 3T0l 30HE cnpa-

BCIJIMBEBI YCIIOBUA
max
oc > Ly

< tmln

bC ~ait

t
t

YTOoOBI KOJIMYECTBEHHO OICHUTH BO3JEHCTBHE N30BITKOB TCILUIOTH HA KayecCT-
BO BO3/lyXa HCCJEIYEMbIX MOMEIIECHUN BBEAEM KPUTECPUH, MPEACTABISIOUIUNA CO-
00#1 — OTHOCUTEJIPHYIO TUIOIIAIh TEMIIEPATYPHBIX 30H.

JUist ka0l 13 paccMaTpUBAeMbIX TPEX 30H: KOM(OPTHOM, HOMYyCTUMOU U

OTaCHOM PacCYUTHIBACTCS KpUTEpui T, (t), C MOMOIILIO KOTOPOTrO MOXKHO OOBEK-

THUBHO OIICHUTh CTENEHb KA4YECTBA BO3/yXa MO TEMIEPAType B HCCIEAYEMOM IIO-
MEIIEHUH U B pabodeil 30He U KOJIUYECTBO PabOYMX MECT, MOMAAI0NMIUX B KAXKIYIO

N3 O3THUX 30H.

Taomuna 1. 10
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PaH)KI/IPOBaHI/Ie 34ra30BaHHOIO IMPOCTPAHCTBA HA 30HbI

3oHa Ha3Banmue YcioBue Pasmep
30HbI

, . S

3oHa A KomdoprHas il < toc < thax TS = S—A
|

: thin <t <tmin s,

3ona B Jlomyctumas t;']éx . th ) t'r;ZX T8 = S—B
110 m AT |

3onHa C OnacHas Be T all TS =2¢
to~ <thn S,
BbC ~ani '

PanwxxupoBanue no temneparypHsiM 30HaMm (Tabiauna 1.10) xopomio koppenu-
PYET ¢ YCTAaHOBJIEHHOM HOpMaTHUBaMH KJlacCU(pUKaLMeH yCIOBUHN TpyZa MO OMaCHBIM

U BpeaHbIM (pakTopam (Tabiuua 1.3).
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3AK/IIOYEHUE

Pemienne KOMIUIEKCHOM mpoOieMbl — oOecnedeHue HKOJIOTHYHOCTH
TPaHCIOPTHBIX MAIIIMH, a TaK)Ke 0€30IMacHbIX YCIOBHH TpyAa MpU MPOU3BOJICTBE,
PEMOHTE U SKCIUTyaTallii 00bEKTOB aBTOTPAKTOPHOTO MAIIIMHOCTPOCHHUS — BayKHAS
3a7a4a, PEUICHUE KOTOPOM JIEKHUT B IJIOCKOCTH CO3/IAHUS HOBBIX Ka4YE€CTBEHHBIX
MaTeMaTUYeCKUX MOJIeJIeH, aJIeKBaTHO OMNUCHIBAIOIUX (PU3UKO-XUMUYECKHE
MpOIECChl KAaK B MCTOYHHMKE 3arpsi3HeHUs (ABUraTenb), TaKk M Ha IMyTH
pacrpocTpaHEHHUs BPEAHBIX BEIIECTB B OKPYKAIOIIIEH Cpelie.

[ToaToMy B MOHOrpaduu paccMOTpeHbl Kak MaTeMaTHYECKHUE MOJCNU
o0pa3oBaHUs U BBIJCICHUS BPEAHBIX BEIICCTB B MCTOYHUKAX 3arpsi3HCHUS, TaK U
Teopust W MeTonbl  oOecrieueHuss  O€30MAaCHOCTH  TpyJa  OIEpaTopoB
TEXHOJIOTUYECKUX W TPAHCIOPTHBIX MAIIMH HAa  OCHOBE MaTE€MaTHYECKOIO
MOJEIUPOBaHUsl (POPMHUPOBAHUSL OMACHBIX U BPEIHBIX MPOU3BOJCTBEHHBIX
daktopo (OBII®) B pabounx 30Hax.

JInst  [OCTMKEHUsT TOCTaBIEHHOW 3agaud B paboOTe pPaccMOTPEHBI
CIEAYIOIINE HAy4YHbIE M TEXHUYECKHE 3aJlauld: TEOPETUYECKOE HCCIIEIOBAHUE
MPOLIECCOB  3ara30BaHHOCTM W 3aNbUIEHHOCTH  JJI1  COOTBETCTBYIOIIUX
TEXHOJIOTUYECKUX MaIllMH W O00OpyJOBaHUS; TEOPETUUYECKOE HCCIEIOBAHUE
mpoliiecca TETIOMAacCONEPEeHOca BPEIHBIX BEHIECTB W U30BITKOB TEIJIOTHl B
MPOM3BOJCTBEHHBIX MMOMEIIECHUSIX C AKTUBHOW BEHTWISIIUEH; YKCTIEPUMEHTAIIBHOE
HCCJIEIOBAHUE TIPOIIECCOB 3ara3oBaHHOCTU W 3albUIEHHOCTH, HJICHTU(UKAINS
ncrounnkoB OBII® wu BeIsiBIeHHME omacHbIX 30H mpeBbimieHus IIY wu IIJK;
pa3paboTKa  MOpPOrpaMMHOIO  OOECleuUeHMs, TMO3BOJSIONIETO  ONEPaTUBHO
OTpEENSITh OMAaCHBIE 30HBI 3ara30BAaHHOCTH, 3albUIEHHOCTH W 00JacTu
HEYJIOBJICTBOPUTEIBHBIX MAapaMeTPOB MUKPOKJIMMATA, KaK B INTATHBIX, TaK U B
aBapUMHBIX CUTYaALMSIX; pa3pabOTKa CXEMHBIX PEIICHUN KOMIUIEKCHBIX CHCTEM
3alUThl OT paccMmarpuBaeMbix B mpoekte OBII®D; paspaboTrka mMeTom0B pacuéra
cucteM 3anuThl 1o kKputepusim obOecrieuenus I[IJK, TIJIY wu npoctuwxenus

HOPMATUBHBIX [TAPAMETPOB MUKPOKJIMMATA TPOU3BOIACTBEHHON CPEIBL.
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Jns  packpbiTst ~ 3aKoHOMepHOcTell  gopmupoBanuss OBII® B
MIPOU3BOJCTBEHHON Cpe/ie HEOOXOJMMO [EeTalbHOE MAaTeMaTH4YEeCKOE OIMHMCaHWe
HECTAIlMOHAPHBIX MPOIECCOB TEIIIOMACCONEPEHOCA BPEIHBIX BEIIECTB U N30BITKOB
TEIJIOTHI OT HUCTOYHHUKOB 3arpsI3HEHUS B TPEXMEPHOU IMOCTaHOBKE,

Pe3ynbTaThl MOTYT OBITh UCIIOJI30BaHbl HAa CTAJIUU IPOCKTUPOBAHUS CUCTEM
0e30MacHOCTH, 00ECIEYMBAIOIIMX 3aIIUTY ONMEPaTOPOB TEXHOJOTHMUECKUX MAIIUH
U ONEpPaTOpOB YYAaCTKOB OOKATKM MAaIIMHOCTPOUTENbHBIX MPEANPUATANA OT
BozniericTBUs pa3ianuHbix OBII®D B mtaTHRIX pexuMax padOThl TEXHOJIOTHYECKOTO
o0opy10BaHUsI.

[lo MHEHHIO aBTOPOB MOHOIpaUH, YHHBEPCAIBHOCTH MPEMAJIOKEHHOTO
NOJIX0J]a K MOJIETIMPOBAHUIO UCCIIEyEMbIX MPOILIECCOB, OCHOBAHHOIO Ha 0a30BBIX
KJIaccuueckux udepeHInaNibHbIX YpaBHEHUAX ra3oBoil guHamuiku (HaBbe-
Crokca) wu  temnonpoBogHoctu  (Dypwse-Kupxroda) mo3Bonur — pemiath
NOCTaBJICHHBIE 3a/1a4y U I 0oJiee IUPOKOTo Kilacca MPOU3BOICTB (CBapOUHbIE U

JUTEHHBIC 11eXa).
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