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OBIIAS XAPAKTEPUCTHUKA PABOTHI

AKTyanbHOCTh mpoGnembl. Ha cerogusmHuii neHs BcE Goliee peaibHOM
CTaHOBHTCA yTPO3a HCTOMICHHUS MPHPOJHEIX 3aIacOB XHIKHX YIIIEBOJOPOAHBIX TOT-
JTHB. DKoNOrHdeckHe TpeOOBaHMS K NMPOXYKTaM CrOpaHHs JBHTaTeNlel BHYTPEHHEro
CTOpaHHA YXeCTodaloTcA. 3aTpaThl Ha MOTOPHOE TOTUTHBO, a TakXke Ha obLIyro dKc-
TUTyaTallHi0 TPAHCTIOPTHBIX CPEACTB NMOCTOSHHO pacTyT. CpeiH TEMNOBBIX ABHraTe-
nelt Ha TpaHCIOpTe M B CTAllMOHAPHON JHEpPreTHKEe OCHOBHOE MECTO 3aHHMAloT
TIOpLIHEBLIE JIBUMATENTH B CHITY HAMHYHUSA BBICOKHX 3Q(PEeKTHBHBIX NToKa3aTeneH, Takux
KaKk yaensHbI pacxon tormisa U KIT[. B To %e BpeMst CTOWT 3aMETHTh, YTO NOPIU-
HEBBle JBHTaTelIH ABITIOTCS ONHHUMH W3 OCHOBHBIX 3arps3HMTeNled OKpyXalomeH
cpensl. Ilpy maHHBIX 0OCTOATENBCTBAX ONHMM M3 HANeXHBIX ITyTeH JUIA pelleHHs
9KOJIOTHYECKHX M SHEpreTHYecKHUX npobreM, CBA3aHHEIX C MNOPIIHEBBIMH JBHraTelN -
MH, SBJIAETCA ITepexo] Ha albTepHaTHBHOE TOITHBO. Ha neprom sTane odeBHaeH ne-
PEXOA Ha MPUPOAHBIH ra3, 3amacsl KOTOPOro HOCTATOYHO BENHKH, HO B JaNbHEHIIEM
TIPOTHO3UPYETCA NEPEXOA Ha BOJOPOJ, 3aMachl KOTOPOTo MPaKTHYECKH HeHcdepriae-
Mzle. TIporHosmpyeTtcs, YTo nocTeneHHe OylneT ocylIecTBAEH M pacllIpeH 4acTHY-
HEIH IepeBOfi, a MO3Xe Y MNONHEIN MepeBoN MOpIIHEBEIX ABUraTeneil Ha BOAOpOJ ¢
COXpaHeHHeM BO3MOXHOCTH paboThl Ha 6a30BOM TOTUTHEE.

B HacTosee BpeMs cpellH BONOPOAHBIX ABUraTeneld Ha TPaHCTIOPTE OCHOB-
HYIO JOJTIO 3aHHMAIOT JABUT2TeNH C TIPHHYAUTENbHBIM 3aXHIaHHeM, paboTalolue Ha
ra3oobpa3HoM W Ha XuakoM BogopoXe. KoHLenuus BOOOPOAHOro QH3eNs C Hemo-
CpeACTBEHHBIM BIIPLICKMBaHHEM B LHJIHHAD ra3oobpa3Horo Bofopona obnanaet ove-
BHUIHBIMH ITPEUMYIIECTBAMH, HO JIO CHX TOp He pealu30BaHa Ha CEpPUHHBIX ABHraTe-
JAX ¥ Maylo uccnenoBana. HeGonbloe KOMMYecTBO CYLUECTBYIOIIMX HCClefOBaHUH
110 JaHHOMY HanpaBJIeHHIO HOCAT B OCHOBHOM 3KCHEepUMEHTaNbHEIH Xapakrep. Ho-
Ka3bIBas MPAaKTHYECKYI0 BO3MOXKHOCTh H NEPCNEKTHBHOCTh TaKOM KOHLENLHH, OHH
He 3aTparvBaloT IPH 3TOM CreudHKy MPOTEeKaHNS BHYTPHUHIHHIPOBBIX MPOLECCOB
B BOJOPORHOM JH3elle, ONpeNeNslolnX 3KONOTHYECKHe IoKa3aTelH BOJOPOAHOrO
nusens. MickmoyeHneM SBIAIOTCA MCCleJOBaHMs, nposeneHHsle B MI TY uM. H.O.
Baymana, B MIOHXeHCKOM TeXHHYeCKOM YHHMBEpCHTETe, a Takke Ha ¢upme MAN,
KOTOpHIE MTOKa3aH, 9TO AN obecnedeHHs caMOBOCIUIaMeHEHUs ra3006pa3HOro Bo-
JopoJa B UHIHHAPE W CTaOHWILHOrO MPOTEKAHHSA MOCNEA0BATENLHEIX paboynx LUK~
n0B TpebyroTCca yBenH4eHHe CTeNeHH CXaTUA U ITOJOTrPeB BO3TyXa NpH BITyCKe.

B mucceprarpoHHoli paboTe paccMaTpUBaeTCs KOHBEPTHPOBAHHEIA Ha BOJO-
POA IW3eb C HENOCPENCTBEHHEIM BIPLICKMBaHHEM B LIMJIMHAP ra3006pa3HoOro BoJo-
pona. O4eBHAHO, YTO B IPOJYKTaX CropaHHs HCCIeLyeMOro BOJOPOXHOTO IH3eNs
orcyretBytoT CH, CO, CO, u TBEpable yacTHIkI caxHd. VIx obpa3zoBaHue B pe3ynbTa-
T€ FOPEHHs CMa309HOTO Macila He YYHTBIBaroTcA. TakuM o6pa3oM, OCHOBHOMH 3KOJIO-
rudeckoif npo6ieMoll ABIAeTCA MUHHMH3ALNA KOHIEHTPaLMii OKCHIOB a3oTa. Peme-
HHIO 3TOM aKTyanbHOH Mpo6ieMEl U NocBsIIeHa aHHas paboTa.

Ilean paGorbl. llemsro AuccepTalMOHHON paboTh! ABNAETCA MOAENHPOBa-
HHE U CPaBHHTEJIBHBI aHaIM3 MpoLecCoB cMeceobpa3oBaHus, cropaHus U obpasoBa-
HHA OKCHIOB a30Ta B BOJOPOJHOM IH3eNIe C HeIOCPEACTBEHHBIM BIIPRICKMBAaHHEM Ia-
3006pa3HOro BoJopoza U B ero 6a30BoM BapuaHTe, paboTalomeM Ha TPaluLHOHHOM
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IH3eNIEHOM TOIUIMBE, OTIpefiefleHHe PEeryIHPOBOYHBIX M KOHCTPYKTHBHBIX ITapaMeT-
poB, ofecneunBaloUMX YAy4llleHHe 3KONOTHMYECKMX XapaKTepHCTHK BOAOPORHOIO
IOu3ens.

OcHoBHbBIE 32824 H AHccepTauHOHHON pa6oThl. U1 JOCTHXKEHMS NOCTaBAeHHON
LENH pelaloTes Clefylolue 3a1auH:

1. Paspaborka MaTeMaTHieckoi MOAETH TPEXMEPHBIX HECTAIMOHAPHEIX MpO-
LleCCOB flepeHoca U TypOyIeHTHOTO rOpeHUA B LUIHHPE AH3eNA, KOHBEPTHPOBAHHO-
ro Ha ra3zoo6pa3sHslit BOZOPOS.

2. Bepudukaums pacyeTHBIX AaHHBIX MO pe3yNbTaTaM H3MepeHHs (MHIHMKa-
TOPHBIX AHarpamMM) 6230BOro AM3eNsA ¥ BOZOPOAHOTO aHAJIONA,

3. AHanu3 BIHMAHMS KOHCTPYKTHUBHBIX (KOHCTPYKUHHA $HOPCYHOK) M PEryIHpo-
BOYHBIX (K03¢bdunueHTa H36bITKa BO3AyXa, LMKIOBOH IOJAYM H NPOAOIKHTENBHO-
CTH BIpHICKA BOJIOPOJA, TEMIIEpATyphl BIlyCKHOTO BO3[yXa) IapaMeTpoB Ha obpaso-
BaHHeE OKCHOB a30Ta B KaMepe CropaHMs BOAOPOMHOTO JBHIraTe/Ns.

4, Bniaua npakTH4ecKHX PeKOMEHAAlHi IO CHHXEHHIO IMHCCHHM OKCHIOB
a30Ta B BOLOPOZHOM Au3erne.

HayuyHas HOBH3HA paGOTHI 32KIIIOHAETCSA B TOM, YTO
- BlepBble B TpeXMepHOH MOCTaHOBKE HCCNENYIOTCA HeCTallMOHApHLIe Ipollecchl
IOBWXeHUs: pabodero Tena, cMeceoGpa3oBaHus, CropaHusi M obpa3oBaHMsA OKCHIOB
a30Ta B BOJOPOJHOM JAH3elle, C HENOCPENCTBEHHRIM BIPBICKHMBAHMEM B LHIHHpD ra-
3006pa3HOro BOLOpoOa;
- NIpOBeJeHO UCCHefOBaHye BIUAHUA KOHCTPYKTHBHBIX (KOHCTPYKUHH (OPCYHOK) H
peryaupoBodHsIX (ko3¢ dHuunenTa 136bITka BO3yXa, LMIUIOBOH Mofayd M Npopon-
JKUTEILHOCTHA BIPHICKA BONOPOAA, TEMIEpaTypsl BIYCKHOTO BO3yXa) MapaMeTpoB
Ha 06pa3zoBaHHe OKCHAOB a30Ta 6a30BOro ABHraTeNd M €ro BOZOPOJHOH Mopuduka-
MM,

HocToBeprocTh 4 060CHOBAHHOCTD HayUHBIX [IOJIOXEHHUI ONpeleNIoTCs:

- MCronb3oBaHueM (QyHIaMeHTAThHEIX 3aKOHOB M ypaBHeHHWil Termodu3ukH, TUL-
poO- M ras’oquHaMMKH M (GU3NYECKOM XMMHHM C COOTBETCTBYIOUIMMH IPaHHMYHBIMM
YC/IOBUSIMH, COBPEMEHHBIX YMCIIEHHBIX METOJOB peallH3allii MaTeMaTHYeCKMX Mo-
Zeneil, pe3yabraTaMi BepuduKalui MaTeMaTHYeCKUX MoJeneH;

- IpUMeEHEHNEM COBPEMEHHEIX, XOPOIIO anpobupoBaHHEIX Mofenel TypOyneHTHO-
CTH, rOpeHUs 1 06pa3oBaHus OKCHOOB a30Ta, peanusyemsix B 3D — CFD xone AVL
FIRE (nuueH3uoHHOe cornaiuenue Mexay ¢upmoit AVL u MI'TY um. H.O. Bayma-
Ha).

- NpMMEHEHHEM HaeXHBIX OMBITHRIX NaHHBIX [0 MCCIENOBaHMIO paGodero mpo-
liecca BOZOPOJHOTO Au3end u 6a30Boro gusens Ha TPaAMIMOHHOM TOILIMBE, NMOMY-
YeHHBIX B coBMecTHRIX MccnenoBanusx MI'TY um. H.O. Baymana u MioHxeHCKUM
TeXHUYECKHM YHHBEPCHTETa, Ha pupMe MAN.

IlpakTH4eckasi 3HAYUMOCTh PabOTEI COCTOMT B TOM, 4TO:

- CO3[aH MHCTPYMEHT, MO3BOJAIOIMHA € ZOCTATOYHOM TOYHOCTBIO IIPOTHO3MPO-
BaThb 3KOJIOIMYECKHEe XapaKTEPUCTHKH, B HACTHOCTH 3MHCCHIO OKCHIOB a30Ta B BOJl0-
POLHOM AM3eNie ¢ HeNMoCPeNCTBEHHBIM BIPBICKMBaHNEM ra3006pasHoro Bogoposa Ha
CTaJuH ero NPOEKTUPOBAHUS;
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- ONpefeNeHH 3Ha4eHHS KOHCTPYKTHBHEIX (KOHCTPYKUHM (OPCYHOK) H pery-
JIAPOBOYHEIX (Ko3¢duiMeHTa H3OHTKa BO3QyXa, LHKJIOBOH MONa4yd H IPOROIKH-
TeNLHOCTH BIIPBICKa BONOPOJa, TEMIIEPAaTYphl BIyCKHOIO BO3myXa), obecrieduBalo-
IIMX YTydIeHHe SKONOTHYECKHX NoKa3aTeNel BOIOPOIHOrO JU3eNA.

ABTOp 3aLIAIAET:

- pe3ynbTaThl UCCNENOBAHHS TI0 BIHSHHIO KOHCTPYKTHBHBIX (KOHCTPYKLIHH
(GOpPCYHOK) U PEryITHPOBOYHBIX XapaKTepPHCTHK (KodhdHUMEeHTa HIOBITKA BO3AYXa,
IUKIIOBOM MTORAYM M MPOHOIDKUTETBHOCTH BIPHICKA BOJOPOLA, TEMIIEPaTypEl BITyCK-
HOIO BO3IyXa) Ha KOHLIEHTpaLHIO OKCHIOB a30Ta B IPOAYKTaX CrOpaHHs BOZOPOLHO-
TO U3elis C HEMOCPeCTBEHHEIM BIPEICKHBaHKEM ra3000pa3HOro BOLOpPOAa.

- 3KCTIEpUMEHTAIBHO 060CHOBaHHEIE MaTEMaTHYECKHE MOIENH BHYTPHLHMIHH-
JPOBEIX MpOIECCOB B BOXOPOAHOM JH3ENEe, METOMAB! KOMIIBIOTEPHBIX pealTH3alyH
3THX MOAeNel M pe3yNBTaTh! YHCIEHHBIX JKCIIEPUMEHTOB, MONYYEHHBIX HAa OCHOBE
HCIIONIB3YeMEIX MOJIeNell H METO/IOB.

Anpobamust pa6orel. OcHOBHEIE pe3yNETaThl AHCCEpTAlHOHHON paboTh! 6hI-
Y JONOXeHE! Ha:

- IO6uneitHolt HayuHo-TexHW4eckoi koHpepeHunn «Jpuratens-2010», no-
ceameHHol 180-neturo MI'TY uM. H.O. baymana (Mockga, 2010);

- XVIII mxone-ceMuHape MONOIBIX YY€HBIX M CIELHANHCTOB IOJX PyKOBOJ-
ctBoM akaieMuka PAH A. H. JleontheBa «IIpo6eMsl razofMHaMHKH H TeMJIOMacco-
o6MeHa B HOBBIX 3HEpPreTHYECKHX TeXHONOTHsx» (3Benuropon, 2011);

- 3acenaHuax xadenpnr «Ilopimresrie gsurarenn» MITY um. H.D. Baymana
(Mocksa, 2012, 2013, 2014).

JInansiit Bkaaa. CouckaTens HaCTpPOWJIAa MaTEeMaTHYECKYIO MOZIENs IS pac-
4eTa 06pa3oBaHMs OKCHIA a30Ta B BOJOPOXHOM AM3ElIe, NPOBENa CEPHIO YHCIEHHBIX
9KCIIEPHMEHTOB I10 MCCIEA0BaHHIO 00pa3oBaHKIO OKCHIOB a3zoTa, obpaborana nomy-
YeHHBIe NaHHBIe H NPOAaHATM3HpOBaNa BIUIHHE pasiIH4HBIX (QakTopoB Ha obpaszoBa-
HHE OKCUJIOB a30Ta B BOJOPOIXHOM AU3eNe.

ITy6aaxaunn: OCHOBHEIE IIOJIOXKEHUA AHCCEPTALMH OIyOIMKOBaHH B 5 pabo-
Tax o6wuM obbreMoM 2,41 m.o.

O6bem paboThl: avccepTalMoHHas paboTa comepxuT 137 cTpaHHL OCHOBHO-
ro TeKcTa, 56 pHCYHKOB, 9 TabJHL, COCTOMT U3 BBeeHUA, 4-X IT1aB, CIIHCKa JINTepa-
TypBl, BKmoyatoruero 113 HaumeHoBaHHiA.

3HauuTeNbHas 9acTh NPOBECHHBIX MCCIENOBaHHUM BRIMONHAIACH B pamKax
rpaaTa POOU Ne 09-08-00279a.

COIEPXXAHUE TUCCEPTAII
Bo BBeeHHH NpoaHaTH3NPOBaHa enecoodpa3HoOCTh HeclleJoBaHus paboyero
Tpoliecca B IBUTATeNX, KOHBEPTHPOBAHHEIX Ha razoobpasnoe TormnmBo. O6ocHOBa-
Ha aKTyaTbHOCTh, HayYHas HOBH3HA W IpaKkTH9eckas NeHHOCTh paboTel, aHa obias
XapaKTEepPHUCTHKA JUCCEPTALINH.
B nepgroii riaBe MpuBeJeH aHATH3 Pa3IHIHBIX CIIOCOGOB NMOJAYH M MpHMEHE-
HUA BOLOPOJA B JBUTaTelISX BHYTPEHHErO CrOPaHUA, pPACCMOTPEHEI BHAB! TOKCHYHBIX

BEIICCTB, oGpasyroumxcx TIpH TOPE€HHH B KaMepe CropaHHsa An3elid, H MEXaHU3MbI HX
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obpa3zoBaHHd, a Takke YpOBHH HOPMHPOBAHHA BpEIHBIX BHIOPOCOB COINIacHO pas-
JIMYHBIM POCCHMECKHM M MeXITyHapOIHBIM CTaHAapTaM. PaccMoTpeHO BIHAHHe pas-
JMUYHEBIX TapaMeTpoB pabouero npouecca Ha o6pa3oBaHHe OKCHJOB a30Ta M METOBI
CHWXXEHMA MX dMHCCHH. [IpoaHaNM3MpoBaHbl MPOONAeME! TPHMEHEHHS aNbTepHATHE-
HBIX TOTIIMB, B HaCTHOCTH, BOJOPOZA B KayeCTBE MOTOPHOTO TOIUIHBA, 2 TaKkKe Me-
XaHH3MbI 06pa30BaHUA KOHIUEHTpALHif OKCHAOB a30Ta, BUABI OKCHIOB a30Ta U MeTo-
IBl pacyeTa MX KOHLEHTpaUuui, H3NO)KEeHHbIE B TPyAaX OTEUECTBEHHBIX H 3apybex-
HBIX Hccnenosateneit: A.H. BowuHosa, S1.6. 3ensmoBuua, B.A. 3BoHoBa,
B.M.Maxosa, H.®.Pasneiiuesa, 0. B. 'ansiiesa, JI.B. I'pexosa, C.B. I'ycakosa,
H.A. Usamenxo, P.3. Kasrapanze, A.P. Kynsuuuxoro, B.A. Mapkosa, H.H. Ilatpa-
xansuena, B.M.Cwmaitnuca, B.M.®omuna, C.A. UecHokoBa, G.Heider, H.Hiroyasu,
B. Hohlbaum, W .Kleinshcmidt, G.Krassing, G. Merker, H. Rottengruber, R. Pis-
chinger, Ch.Vogel, A.Schroer, G.Stiesch, U. Wiebicke, G. Woschni, K. Zeilinger u
ap.

Ha ocHoBe npoBeneHHOro aHanusa paboT 1o gaHHOM TeMaTuke Gblla MOCTaB-
JieHa 1enb AuccepTalMOHHON paboTsl M OmNpefeseHbl 3ajiadd, pelleHHe KOTOPBIX
Heo6X0MMO IJIs ee JOCTHXKeHUA (CM. BBILLE).

Bropas raaBa noceslleHa MaTeMaTHYecKOMY MOJeENUpOBaHMIO pabodero
npollecca B LHJIMHAPE BOJOPOAHOrO AM3ENd C YYETOM XHMMHYECKOH KUHETHKH.
O60611eHHOe YpaBHEHKE ITepeHoca IPUBOAUTCA B BHAE

a_az (o) + (m-( P fﬁb) = div(T, grad®)+ S, 0}

-

rae @ — ofHa U3 3aBUCHMBIX NepeMeHHLIX, W — BeKTOp CKOpoCTH rasa, p — IUIOT-
HOCTH rasa, ['y — 06061ienHblit k0adduuneHT neperoca (mubdysun, Bi3kocTd, Ten-
JI0- WIIK TEMIIEpaTypONpPOBOAHOCTH), Sg — HCTOUHHKOBBIH WwieH (Tabnuua 1).

Tabnuua 1.
3unauenus ko3 buLKHEeHTa IepeHoca M HCTOYHUKOBOTO WieHa B 0606IMeHHOM ypaB-
HeHuH nepexoca (1)

Bun ypaBHeHus D | Ty S

1 . 2
1. Vpasuenwe Hasre-Crokca W, | u S =G, - % + ot grad(d:v w )

S =2’i+—‘2—(1 W.)+

A or 6x, ey
2. YpaBHeHHE SHEPTHH H | —
’ +GW, +w,0 +—
e rQr axj
C .
3. VpasHenue auddysuu > D.p m
4. YpaBHeHue Hepa3pbiBHOCTH | | 0
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IpH noacTaHOBKE COOTBETCTBYIOMIMX WIEHOB B 0606meHHoe yparHerHe (1)
TIOTy4aeTcs CHCTEMa ypaBHeHMH TPeXMEepHOTo HecTallHoHapHOro nepeHoca (ypas-
HeHus Hasre-CTokca, 3Heprud, HepasphlBHOCTH H Iuddysuu), xoTopas mocne
ocpexxeHus no meroxy ®aepa (A. Favre) npunumaer dopmy Peiinonsaca.  [Ins 3a-
MEBIKaHHA CHCTEMB! YpaBHEHHUA PeltHonms/Aca GRUTH MCIONB30BAHEl CTaHAApTHASA k-6 H
OTHOCHTEINIBHO HoBas k-{-f Monenu TypOyneHTHocTH. [TocneHss OTHOCHTCS K KaTe-
TOpHH MoZienei TypOyIeHTHOCTH TpeThero NMopsaKa, T.€. COCTOMT W3 TPEX YpaBHEHHH
nepeHoca — ypaBHeHHH Jif k (KHHeTHYecKolf 3HeprHH TypOyIeHTHOCTH) U € (CKo-
POCTH AHMCCHIALIMH 3TOX SHEPrHH), M3BECTHRIX M3 Kk—€-MoAenH TypOy/leHTHOCTH, a
TaKKe ypaBHEHUA JUTA HOPMHPOBAHHOTO MaciTaba ckopocTu § = W27k u uMeer Bun:

Dk d pr\ 0k
DE_ ey e 2 [(s 1) 2]
pD’c PP ) ox; W oy / 9x;
De _ CerPx—Cepz | 0 Bt 9z
pD‘r =P Tr + Bx; [(“ + o:)ax‘,]' (2)
DT ¢ a pr\ 97
—=pf —p=—P.+— +— | —1.
°Dr P W 0x; (H og ) 9x;

rae p — IUIOTHOCTh Tasa, Cei=1,44; Ce2=1,92; - aMnupHYeckHe KOHCTaHTEHI;

. =c, (1+0, 0451/ ); f - snaunTHYeckad GyHKuMA penakcauuu; D/Dt- cy6-

CTaHUMOHApHAas [TPOU3BOJHAS; 4 — TUHAMHYECKAA BA3KOCTb.

Mogens Typ6ynentHoctH k-{-f, npemnoxennas K. Xanuamnuom (K.
Hanjalicy) u ap., nononasercs ypaBHeHHeM annunthdeckodt dynxuunu f I1. Typ6una
(P.A. Durbin), yydTeiBarole# NpuCTEHOUHYIO0 aHH30TPOIHIO TypOyneHTHOCTH. YyB-
CTBUTENLHOCTh K BHAY S4EHKM U CTETNICHH H3MENbYEHUs CeTKH, XapaKTepHas IUIA
Mozenu TypOyneHTHocTH J{ypOHHa, CHHXaeTcA W YCTOHYMBOCTE YHCIIEHHOTO pellle-
HHA yNy4lIaeTcs, YTo 0COOEHHO BaXKHO JUIA pacuyeTa TypOYJIeHTHOro repeHoca B Ka-
Mepe CropaHus NOpPIIHEBOTO ABHraTes.

Jinst onucaHust TedeHns pabodero Tena B NIPUCTEHOYHOH 06MacTH HCTIONB3Y-
I0TCS NIPUCTeHOYHRIe (yHKIUK. CTaHAapTHHIA MX BHA [IpeNyCMaTpHBAaeT ompejeine-
HHe YHUBepCAILHOH Ge3pa3MepHON CKOPOCTH %' KaK GYHKLUHM OT YHHBEPCAILHOrO,
6e3pa3MepHOTo pacCTOAHHA OT NMOBepXHOCTH y . [IpuMensioTes Takke rHOpHAHEIE
npucteHouHsle ¢pyHkuun K. XaHuwamuda, B KOTOpPBIX, B OTHIHE OT CTaHIAPTHBIX
¢dyRKuMi, BI3KA K JlorappdMUYECKHi CIOH CBA3aHBEI YHHBEPCAJIHLHEIM Oe3pa3Mep-
HBIM COOTHOIeHNeM. Mozenu Terioo6MeHa B NPHCTEHOYHON 0611acTH OCHOBaHBI Ha
3aBHCHMOCTAX, XapaKTepH3yIOIUX paclpefelieHHe cpefHeil GespasmepHoil Temire-
patypst T* [0 TOJIMHE MOrPaHHYHOrO cios Y . OCHOBHON 0COGEHHOCTBIO MCTIONb-
3oBaHHo#i Moxenu Xana-Paiitua (Z. Han, R. Reitz), aBnserca y4yer HecTaMOHapHO-
CTH Te4YeHHs paGodero Teia, ero CXHMAEMOCTH, & TAKKE HATMIHA MCTOYHHKOBRIX
9JIeHOB.



Ilpouecc Typ6ysieHTHOro ropeHHs MOZEIHPYETCS Ha OCHOBE H3BECTHOH Mo-
genu Marnyccena —Xaprarepa (Magnussen-Hjertager), fpeHMyIliecTBOM KOTOPOH
ABJIAETCA TO, YTO OTCYTCTBYIOT TypOyleHTHble (IyKTyallu¥ IapaMeTpoB, OJHAKO
TpebyeT BBeJeHHS 3MIUPHYECKHX KO3GUIHEHTOB. [I1g HX ONpeneneHHs HCIONb-
3YIOTCA 3KCIIEpHMEHTAbHBIE HHIMKATOPHBIE QMarpaMMBbl HCCIEOYeMOro Au3ens.
JloxansHele 06pa3oBaHug OKCHAOB a30Ta B KaMepe CrOpaHMs BOAOPORHOTO AM3ENA
MOJENHUPYIOTCA C MCIONb30BaHMEM PacIIMPEHHOr0 TepMHYecKoro Mexanusma . B.
3enbaoBuya, Npu 3ToM npuHuMaercd, 4yTo [NO,J= [NO],uTo BHONHE CIpaBeUINBO
IUTsl TIOPLUIHEBBIX ABUrartesed. MexaHH3Mel 06pa3oBaHMA «OBICTPBIX» M TOILTMBHBIX
OKCHJIOB a30Ta B BUIY MX NIPeHEGPEN MO MaJIOTo 3HaUeHUS HE paCCMaTPUBAIOTCA.

YncneHHas peanusaliis MoZeNH ocyluecTisercd Ha ocHose 3D-CFD-kxoma
FIRE, pa3spa6otantoro ¢upmoit AVL List GmbH (Bepcuit 2010-2014 rr.). Snpo
FIRE ocHOBaHO Ha YHCIEHHOM METONE KOHTPOJBHEIX OOBEMOB C HCIIONB30BAHHEM
yCOBeplIeHCTBOBaHHOTO anroputMa SIMPLE, paspa6otannoro b. Cnonautrom (B.
Spalding).

TpeTbs rnaBa nocesmaeTcs NMOATOTOBKE MCXOMHBIX M 3KCIEPUMEHTAIBHBIX
JIaHHBIX U1 MOAENHPOBaHUs pabouero mpolecca BOIOPOJHOTO AU3ENd, a TAKXKE ero
6a3zoBoli MoAMdUKaLKUH, NPOBENEHHs TECTOBBIX PacueTOB C MpUMeHeHHeM pa3pabo-
TaHHOM MaTeMaTH4ecKOod MOAeNH M BepUOHMKaUMH UCTOIB3YeMbIX MoAeneit myTeM
CpaBHEHHS 5KCIIEpUMEHTAIBHBIX M PAcHEeTHBIX JaHHBIX. B IiiaBe M30XeH CpaBHH-
TENBHBIA aHaJIH3 pe3yNbTaTOB MORENUPOBaHMA paboduX IPOLECCOB HCCIENYyEMBIX
nusenedt (TpaULIMOHHOTO ¥ BOJOPOSHOIO).

O6bexTaMH HCC/IefOBaHMA SABAANMCH YeTBIPEXTAKTHBIA Auzens S/D=30/24
cM/CM C HellocpeNCTBEHHBIM BIPEICKMBaHHEM ra3oo6pa3sHoro Bogopoga H ero 6aso-
BBIfi BapHaHT C BIIPHICKMBAHHEM AM3EJILHOTO TOIUIMBA. XapaKTepHble TEXHHYECKUe
napameTphl HCCIIelyeMbIX IBUraTenei npuBeneHs! B Tabnnue 2.

B muccepraiioHHON pabote Ans MOAENHPOBaHHA pabOUHX NPOLECCOB HCCIIe-
ZlyeMoro BOAOPOAHOTrO AM3ens M ero 6a3oBoii MoauQuKalMH, a TakkKe Wi Bepudu-
Kaluu pa3paboTaHHBIX MoOAeneil, aBTOpoM OBIIM MCIONB30BaHBI pe3YNIBTATEl COB-
MECTHLIX IKCIIepUMEHTANbHEIX HcenenoBanuit MI'TY um. H.D. baymana u Mionxen-
CKOro TexHHYeckoro yHuBepcurera (npod. P.3. Kasrapanze, n-p K. Iaftmusrep, a-p
I'. Hurunep). B ¢Bsi3n ¢ 3TUM B QUCCEPTAIMOHHOM paboTe NpuBeAEHbI TOIBKO Kpat-
KHe IaHHble 110 METOAMKE 3KCIIEPUMEHTa M XapaKTepHble IapaMeTphl OIBITHOIO
crerga. OTMETHM TOJIBKO, YTO SKCIIEpMMEHTaNbHAA yCTAHOBKA NpeAcTaBniia coboi
CTeH]] C OQHOLWIMHAPOBEIM OTCEKOM YeThIpEXTakTHoro ausens MAN 24/30, ocua-
IIEHHBIM B OTJIMYHE OT CepUiHbIX aBurareneit CR-cucTeMo#t g nogayu gu3eabHO-
IO TOMNUBA, KOTOpAas MUCIIOIB30BANACh B CITyyae MPHUMEHEHH IPUPOJHOro rasa B Ka-
YeCcTBe OCHOBHOIO TOIUIMBa (razoqusenbHbiit mpouecc). [Ipy KOHBEpTHpOBaHMHM Ha
BOJOPOJ OAHOLMIMHIAPOBBIH OTCEK AM3ENd MMeeT aBTOHOMHYIO CHCTEMY TOMJIMBO-
noaay, obecreynBalolero mMoaady ra3oobpasHoro BOKOPoAa € NOMOUIBI0 MHOro-
COIIOBOI popcyHku noA AaenerueM 300 6ap. Crenens cxaTus 6a30B0ro Au3ens co-
cTaBnseT £=13,5, 4TO HEHOCTATOYHO MUl BOCIJIaMEHEHHS BOAOPOMA, TIO3TOMY OLLI
DpHMeHeH ToplleHb ¢ kaMepod Tuma ['eccennMana, obecrieyuBaromreif 3HaueHHA
cTeneHH cxathg €=16,8. OnBOUMIMHAPOBLIA OTCEK OCHAIEH CHCTeMOH Haadysa ¢
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aBTOHOMHBIM TIPMBOJOM H TpeMs NapajielbHO BKIIIOYEHHRIMH OCEBBIMH TYpOOKOM-
npeccopamMHi. B orinwune ot TypGoHaigyBa Takas CHCTeMa He CBA3aHa C rasoJMHa-

Tabnunua 2.
IMapameTps! HceneyeMBIX ABHTaTeNeH
Xapakrepuctuxu | XapakTepHCTHKH 6a- | XapakTepdCTHKH BOJOPOIHOTO IH-
JBUTATENs 30BOTrO J{BUTATENs 3ens
19H 30/24 19H 30/24 14H 30/24
D, MM 240 -
S, MM 300 -
n, MuH'' 900 800
€ 13,5 16,8
Pamp, Oap 350 300 (s razoo6p. Bogopona)
IMTonaya TornuBa B Ceputtaniit THB/, Hmxextop mns Bogopona,
uwinHAp asuratens | CepuitHas dopeynka, | z=6x0,7,z=12x0,5;z2=18x0,5
z=4x0,25 MM z=6x0,85; z=4 x 0,5+4x0,7
Kpeimka uunungpa | YerslpéxkianaHHas, YeTnIpéxknananHas, ¢ 3aKpyTKOH
6e3 3akpyTKH 3apsfa | 3apsjga (ORHH M3 BITyCKHBIX KJlana-
HOB HMeeT LIHPMY)
Tonnuso JHwuzensHoe TOMNNBO I"azoo6pa3Helif Bogopox

MHYECKMMH IPOLIECCaMH BO BITYCKHON M BEITYCKHON CHCTEMax M MO3BONSET JIErKO
obecreunTs XelaeMble ITapaMeTphl HaIyBOYHOTO Bo3ayxa (1o 4 6ap). Basoseilt nsu-
rarens uMen oJHOQYHKIMOHATIBHEIE BITyCKHBIE KaHauml, He ofecreyuBalollHe 3a-
BHXpeHHe ITOTOKa IpY BITycke. s HCCleNoBaHUA BIMSHHA BHXPEBOTO ABHXKEHHSA
BO3[yXa B 9KCIIEpMMEHTE HHTEHCHBHOCTE YBEIIHYMBANIack OT CepUitHOro 3HaueHus D
= 0,42 mo D = 1,36 6naronaps ycTaHOBKE KJIallaHa C LIHPMOI Ha MECTO OJHOTO H3
JIBYX BITyCKHEIX KiartaHOB. CHCTEMa BITyCKa C TETUTOOOMEHHWKOM JUIA OXJIAXIEHHA
HaJUTyBOYHOTO BO3TyXa MO3BOJIANIa BapBHPOBATh TEMIIEPATYPY 3apsia NpH BITYCKE OT
20° C mo 70° C. Yxa3aHHbIe 9KCIIEpHMEHTAIbHEIE 3HAYEHHs [TapaMeTpoB OBUIH HC-
T0JIb30BaHbl IIPH YHCIIEHHOM MOJeNIMpoBaHuy pabouero rporecca.

Bepudukauus TpexmepHo# Moaenu pabodero rpouecca BOAOPOAHOIO AH3e-
JI7 TpoBeleHa ITyTeM CpaBHEHHs pe3yNbTaTOB pacyeTa C 3KCIIEPHMEHTaIbHBIMH
JaHHBIMH. BEUTH onpeneneHsl 3HaYeHHs SMIHpHYecKHX koadpuunentos A=10, B=1
B MOJIeNH cropaHus Marnyccena-Xaprarepa, obecrieqBalolMX Xopollee corjiaco-
BaHHE JKCIIEPUMEHTANBHEIX WHAMWKATOPHBIX AWAarpaMM C PacyeTHBIMH, YTO IOJA-




TBepKJaeT aJleKBaTHOCTh pa3paboTaHHOM TpexMepHoit Moaenu pabodero mpouecca
BOJIOPOJHOTO JH3ers.

Crnemyer oTMETHTH, YTO NPH KOHBEpPTAaLMH AM3eNsd Ha BOJAOpoAd TpeOyercs
obecrnieyeHHe HEKOTOPHIX YCIIOBHI: NMOBLILIEHHE CTENEHH CkaTHd I obnerueHus
BOCTIIaMEHEHHs. BOJOPOOHO-BO3LYIIHONW CMECH, a Takke NMPHUOIH3HUTENsHOE paBeH-
cTBO 3¢dexTUBHBIX MoiHOCTelH (B AaHHOM ciy4dae AN, < 10%) c uensio cpaBHeHHS
ycnoBuii 06pa3oBaHusA OKCHIOB a30Ta B 6a30BOM U BOJOPOJHOM AU3EIAX.

Ha Puc. 1 npuBener npumep
pa3bieHus KaMepbl CropaHus BOZO-
PORHOrO AM3eNA Ha KOHTPOJIBHEIE
o6bembr (KO), 4MCIO KOTOPHIX B
JlaHHOM IIpuMepe cocTtaBisteT 230
000. Ilpy nepeMemeHHH IIOPIIHA
ygacth KO ocTatoTcs HeM3MEHHBIMH
M CMeUIaloTed BAOJb OCH UWMITHHIpA,
a gacts KO cxmumarorcs ¥ pacun-
pAloTcs BAONE Toi ke ocH. Jlis
[IpOBefeHHs YUCIEHHBIX 3KCIIEPUMEHTOB 110 MCCIIeJOBaHKIO paboyiX NpoLeccoB BO-
JloOpofiHOoTO au3ens u ero 6azosoit Moaudukauuu 6bu1a cMoAenupoBaHa AUHAMHYeE-
CKH afanTHBHas CeTKa pacueTHoH o6nacTu (UHNMHApPa Au3enst) ¢ MOABMKHBIMH Ipa-
HMHaMH (IopleHb, BIYCKHBIE M BBITYCKHEIE KialaHE!), 03Boigtomas 3¢ ¢$ekTHBHO
HCNONb30BaTh BHIYMCINTENIbHEBIE PECYpCEL.

Bepudukanus MaTeMaTH4eCKOR MOAENH NMPOBOIHMIACH ITyTEM CpaBHEHUS WUH-
IOUKaTOPHBIX AMarpaMM 6a30BOro aBuratesns ¥ BogopomHoro adasora (Puc.2). Pac-
XOXJeHMe MAKCHMaJIbHBIX 3HAa4eHHH JaBiIeHus cocTaBmio 2,27%.
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Puc. 1. Paz6uenue pacueTHoit o6nactu
(KC) BomoponHoro ausens Ha KOHTPOSb-
Hble 06bEMBI
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Puc. 2. CpaBHeHHe 3KCIIEpUMEHTANBHOM M pacueTHOH HHANKATOPHBIX AUA-
rpamMM BOJOPOAHOTO AM3ENs: - - - 3KCIIEPHMEHT, —— HHUCICHHOE MOJICTMPOBa-
Hue ( sMnupuyeckre ko3¢ dpuuMeHTH B Moaenu Marnyccena-Xaprarepa A=10;
B=1. (n=800mun"'; Ne= 93xBT)



B xone uMcneHHOro 3KCIIEpUMEHTa OBUIM MPOBENEHBI PacHeThl JIOKATBLHAIX
TeMIlepaTyp ¥ 06pa3oBaHHsA KOHLEHTpal[Mi OKCHIOB 830Ta B KAMepe cropaHusi BOLO-
ponHoro Au3es 1O AByM MoOAeNAM TypOyneHTHOCTH k-¢ ¥ k-(-f Tlpu cpaBHeHHuHM pe-
3yNnsTaToOB GBUTH OTMEYEHB! OTHOCHTENIBHO BLICOKME 3HA4YEHMst TEMIEPATYD M KOH-
HEHTpauMi B coydae MOJAENH k-£ TeM He MeHee, Pe3yJbTaThl PacyeTOB CYMMapHBIX
3HaYEeHHH OKCHMIOB a30Ta OBUIM NPaKTHYECKH HAEHTHYHBIMU. Mogens TypGyneHTHO-
CTH k-{-f TOYHee OMUCHIBAET MOJA CKOPOCTEH M JIOKAIBHBIN TEIIO06MEH, 0COBEHHO
B IIPHCTEHOYHBIX 06J1aCTAX M OTPBIBHBIX 30HaX.

XapakTep H3MEHEHHA JIOKAIBHBIX TeMIepaTyp pabouero Tena M MOKaTBHEIX
KOHILIEHTpalui OKCHIOB a30Ta B KaMepaxX CropaHHusi BOLOPOAHBIX U 6a30BhIX Au3ene
Ha CXOJCTBEHHBIX peXHMax paboThl CYIIECTBEHHO OTAHYAeTCH. Y CTaHOBJIEHO, YTO B
cllydae MpHMEHEeHHs AM3EIBHOTO TOIUIMBA IHPOLECCHl BOCIUIAMEHEHWs M CrOpaHHs
HauboJlee CKOHLIEHTPHPOBaHKI B 06JIaCTH Hapy>XKHO#M MOBEpXHOCTH (4N BOCHIaMe-
HEeHMA) U KOHyca (JUIs CropaHus) TOIUIHBHEIX (akeJloB, TOTAA KaK [ CTOpaHus BO-
Joponia xapakTepHo Gosee 6ricTpoe BocIlaMeHeHHe. B 3ToM ciyuae ¢poHT nnameHH
CTPEMHTENBEHO OXBATHIBAET MPAKTUHECKH Bech 06BbeM KaMeps! cropaHus. OueBHIHO,
YTO Takod XapakTep M3MeHEHHs JIOKaJBHBIX TeMIlepaTyp paGodero Tena yKasbIBaeT
Ha HEOOXOIUMOCTH UCCIEN0BAHHA TOKAILHOIO TeMI006MeHa B BOLOPOAHOM QH3Ere.

Pa3Hble cKOpPOCTH TEIUTOBBLIENCHUS B KaMepaX cropaHus 6azoBoro muzesns u
€ro BOJOPOAHO#M MOAUGUKAIMK IPHBOAIT K TOMY, 4TO IPOLECCH IOKaNbHOro obpa-
30BaHUA OKCHIOB a30Ta B BOLOPOJHOM JH3eje NPOUCXOAAT ¢ Honblleif MHTEHCHBHO~
CTBIO, O/IHAKO CyMMapHBIE 3a ILMKJI 3MMCCHH OKCHIOB a30oTa B 00OMX ABHratensx
HMEIOT OpUOIH3NTENBHO OMHHAKOBBIA YPOBEHB.

HecMmortps Ha To, 4TO B MPOAYKTaX CropaHHs BOZOPOZHOrO AM3eNs NpaKTHue-
CKH OTCYTCTBYIOT BpenHble koMnoHeHTsl CH, CO, CO, u TBepable YaCTHUBI CaxH,
€ClIM He CYMTaTh 0Opa3oBaHHE 3THX BEUIECTB B HE3HAYMTENLHOM KOJMYECTBE B pe-
3yJibTaTe FOPeHHsl CMa3o4HOro Macia, npobiaeMa MUHMMM3alHKM COJepXKaHus OKCH-
IOB a30Ta y BOAOPOJHOTO [M3eld, KaK M Y TpPaAULHMOHHBIX OU3enelf, ocTaeTcs, U ee
pelieHne TpebyeT pa3paboTKy ClelMalIbHBIX METOAOB.

YerpepTas riaBa IIOCBSLIEHA aHAIM3y BIMAHMA KOHCTPYKTMBHBIX (KOH-

» CTPYKUMS pacnsuinTens GOpPCyHKH)
M perynmupoBOYHbIX (LMKIOBasg IoO-
Jada Bomopoza, Ko3podHuMeHT u3-
ObITKa  BO3OyXa,  TeMIlepaTypa
BITYCKHOTO BO3/yXa) apaMeTpoB Ha
obpa3zoBaHne KOHLEHTpaLHil OKCH-
JIOB a30Ta B KaMepe CropaHus BOJO-
POJIHOTO OM3EJS.

Bauanue xomcmpyxkyuu pac-
nouiumens_gopcynky. beina npose-
Puc.3. ITons KOHIEHTPaIMHK OKCHIOB a30Ta JleHa CepHf UHMCIEHHBIX OKCTepH-
NO, nipu 9=365° YTIKB B 3aBHCHMOCTH OT  prenrop [V 5 BAPHAHTOB PACIbLIM-
KOHCTPYKLMH pacnsuinteri: 6x0,7 (cneBa) #  repg OPCYHKH C M3MEHAIOIMMHUCA

18x0,5 (crpasa) KONUYECTBOM, AUAMETPOM H IUIO-
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IAJBI0 TPOXOAHBIX CEYEHHHM COIUIOBBIX OTBepcTHi: 6x0,7 (YHCIO COmTOBEIi OTBEp-
CTHI X IUaMeTp COIUIOBOTO OTBepcTHA B MM); 12x0,5; 4x0,5+4x0,7; 18x0,5; 6x0,85.
CyMMapHas IUTolaas NPOXOAHBIX CeYeHHH COIUTOBBIX
otBepcTHi cocrasnseT 2,31-3,53mMm2 Ha Puc.3. npeacTaBieHs! Moy KOHIEHTpanui
OKCHJIOB a30Ta s opcyHok 6x0,7 u 18x0,5, COOTBETCTBYIOMME MOMEHTY ¢=365°
VYTIKB. 3konoruueckie nokaszaTesd BOJOPOAHOrO AU3eNs MPH HCIIONB30BaHHH 3THX
OByX (opcyHOK MMeroT HawGonbiune oTmHaud. CyMMapHble 110 06beMy OHIHHADPA
MacCoBBIE JOJIH OKCHAOB a30Ta 3a LMK 1A popcyHok 6x0,7 u 18x0,5 coctaBmstor
[NO,]3 =0,00158 u {NO,]; =0,00027 cootercTBeHHO (PHuc.4). JlokanbHble 3HaYE-
HHS MacCCOBEIX JoJlelf OKCHIOB a30Ta
nocruraot [NO,); =0,005 u [NO,];, WO “° [ ] ; [
=0,0035 cootrBerctBenHo (Puc.3). - ! | |
OcranbHele GOpCYHKH [HalOT IMpo- T
MEXYTOYHBIE Pe3yNBTATHI. N
CymMapHEBle MaccoBble HOJTH
3a uMkia g QopcyHok 6x0,85; N
(4x0,5+4x0,7); 12x0,5 cocraBastoT , /
[NO,]3 =0,001; [NO,]3 =0,00115; 4
[NO,]3 =0,0005 cooTBeTCTBEHHO. A
JlokaneHele 3Ha4eHHSA MaCCOBBIX

and SIKR
2p00 FIKE

Puc.4. CyMMapHBIe KOHIIEHTPallMM OKCHIOB

IoNell OKCHOOB a30Ta JOCTHTAoT o
a30Ta U1 pa3/IMYHEIX KOHCTPYKIHit popcy-
[NO,]); =0,005; [NO,]; =0,0046 u — )

[NO.]; =0,004 coorBercTBeHHO. __ — 4x0,5+4%0,7; — — — 12x0,5;
Bruto ycTaHOBNEHO, YTO C yBenuye-
HHEM KOJIMYECTBAa COIUIOBRIX OTBEp-
ctiit hopcyHkH 3muccus NOX CHH-
xKaeres.

CnenyeT oTMETHTH, YTO MaKCHUMaNIbHEIE 3HAYEHHUS HECTALMOHAPHEIX, CPeIHUX
no o6beMy xaMepbl CropaHis TeMIepaTyp pabodero Tena B HCCIEXyeMOM BOJOPOA-
HOM Jix3enie HaxoaaTca Ha ypoBHe 1600-1800 K, 9to obycnoBneHo, npex/e Bcero,
BBICOKHMH 3Ha4YeHUsAMH Ko3dpduuueHTa u30bITKa Bo3qyxa. IIpH 3TOM JIOKaIbHBIE
3HaYEHHA TEMIIEpaTyphl pabodero Teja AOCTUTAIOT 3HaYeHMA NpUMepHO B 1,5 pasza
6onbme.

C To4KH 3peHHA 3KOJIOTMH B BOJOPOXHOM Ju3eiie GopcyHka ¢ mapaMeTpaMu
18x0,5 aBnserca Hanbonee 3h(HEKTHBHON U3 HCCTENyeMBIX KOHCTpYKuHit. DopeyH-
Ka ¢ napamerpamu 6x0,7, HalIpOTHB, JAEMOHCTPHPYET HaHXYHAIIHE 3KONIOTHYECKHE
nokazatenu ([NO,]; =0,00158 rnonTBepIeHO 3KCNEPHMEHTATBHEIM 3HAaYeHHEM
[NO,13=1600ppm=0,0016, A[NO,]; <10%).

Bruanue yuxnosoti nodawu monnuga._3aBUCHMOCTb KOJNOIMMECKHX MOKa3aTe-
Jie#t nBUraTells oT MacChl BOAOPO/a, MIOCTYIAONIEro B IWIKHAP, OblIa HccnenoBaHa
ISt TIOCTOAHHOTO 3HA4YEHHS CyMMapHoOro kosdduuuenTa u3briTka Bo3ayxa. B xone
YHCNIEHHOTO JKCTIEPUMEHTA COGITIOANIOCh YCIOBHE G, = 2= const Graromaps pery-
ITHPOBKE [aBJicHHA HalmyBa. JlaBjleHHe BIPBICKUBAHUA IOAAEPKHBAIOCH IIOCTOSH-

—18x0,5. Ctpenko#t 0603Ha4u€HO KCIIEPH-
MEHTaJIbHOE 3HaYeHHe Ui hopcyHkH 6x0,7
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HBIM 33 CYeT M3MEHEHHA MPOLOIKMTENBHOCTH MOJAAYM TOIUIMBA. BaphupyeMsle ma-
paMeTphl B YHCIIEHHBIX 3KCllepuMenTax: 1.Macca 3apsza B uununape m,=0,33...0,49
iUk 2. TIpofomxuTeIbHOCTS MOAA4H TOIUIHBA AQyn,,=30...47 rpan IIKB; 3. Hdas-
nex}me Haaayea p= 2...3 6ap. YBenudenueM UMKIOBOH [10a4y¥ BOZOPOAA MpH
o, =const yBenHuuBaeTCs oblas Macca rasa (BOZOPOAHO-BO3AYLIHOH CMecH) B IiH-
JIMHApPE W IUIOTHOCTH rasa rosbimaercs. JlanpHoboMHOCTE dakena Bogopona cokpa-
LIaeTcs, OCHOBHAsA Macca BOAOpOJa CKalliMBaeTcs B o61acTd GOpCyHKH, U H3-3a He-
XBaTKH KHMCJIOPOJIa CKOPOCTb TEIUIOBBIAEC/IEHHA CHWXAETCA. YCTAaHOBIEHO, YTO OC-
HOBHas IO/l OKCHIOB a30Ta obpasyeTcs B MepBoit (ase mpouecca cropanus NpH-
6muzuTenbHO K MOMeHTY ¢=365° VIIKB. [lis 3Toro MoMenTa Ha Puc.5. npuseseHsl
110J1 KOHIEHTpalMi OKCHIOB a30Ta A1 HHKIOBLIX nmoAad m,=0,33 r/uuxn u

et

Puc.5. M3aMeneHne KOHIEHTPAIIMM OKCH/IOB a30Ta B KaMepe CropaHuUs BOLOPOAHOrO
Iu3eis B 3aBUCUMOCTH OT LMKJIOBO# nogauu: m,=0,33r/uukn (cnesa) u
m=0,49r/umKn (cripasa) npu ¢=365°

m,=0,49 r/umi. JloxansHele 3HaYeHHUS MacCOBBIX HoJied OKCHIOB a3o0Ta s
m,=0,33 r/uukn 1 m,;=0,49 r/uukn gocruratotr [NO, ], =0,0035 u [NO,], =0,0033 co-
oTBeTcTBeHHO. CyMMapHsle 1o 06beMy LHIMH/Ipa MaccOBhbie JOMH OKCHIAOB a30Ta 3a
oK coctasmsor [NO,]5 =0,00027 u [NO,]3 =0,00025 coorBercreHHo. Makcu-
MaibHble JIoKaJbHble TeMIepaTypsl cocTaBisoT 2900 K B cinyuae m,= 0,33 r/uukn u
2700 K - B cmyyae m,=0,49 r/uukn. [Ing oCTanbHBIX LMKIOBLIX momay m,=0,35
r/unn, m=0,40 r/umka, m,=0,42 r/uuxn, m,=0,45 r/uuMkn cyMmapHele no ob6seMy
HMIMHIPa MaccoBble HOJM OKCHIOB a30Ta 3a UMK coctasasioT [NO,]3 =0,000268,
[NO,13=0,00026, [NO,]3=0,000257, [NO,]%=0,000255 coOTBETCTBEHHO.

Haubonee 3K0I0rHYecKH YUCTHIM PeXKMMOM paGoTHl BOXOPOAHOTO AM3ENS SB-
JIeTcsA peXxuM ¢ LMKIoBoH nmomadeit m,=0,49 r/umii. PexxuM, npu koTopoM ABHMra-
TeNb AeMOHCTPHUPYET MaKCHMaJIbHble BRIOPOCHI OKCHIIOB a30Ta, COOTBETCTBYET L[MK-
JsioBo# nopade my=0,33 r/uukn. [Ipn MoHWkKeHUN LUKIOBOH IT0JaYH BO3pacTaeT CKo-
POCTB TEIUIOBBIAEICHUS, a 3HAYUT U CKOPOCTh HApPACTaHUs JABIEHHSA, YTO MPUBOAUT
K HOBBIIIEHMIO YPOBHA LIyMa.



Brusnue xosdguyuenma uzbvimka eozdyxa. bBruUIH HCCIIENOBAHBI PEXHMEI
paboTsl BOZOPOJHOTO AM3eNA, COOTBETCTBYIOLIME 3HAdeHHAM K03 dHIIHeHTa H3OEIT-
Ka Bo3gyxa: o=1,85; o=2; a=2,2 u a=2,5. UncneHHBle 3KCIIEPHMEHTRI IIPOBOHINCH
JUIS pa3fiM4YHBIX JaBNeHHA HajugyBa. Macca BIPEICKHBAacMOTrO TOIUTHBA IPH 3TOM
ocTaBajach NOCTOSHHOM M paBHsock m,=0,49 r/muii. C yBelNHYEHHEM CTeNeHH
ofelHEHHA CMECH TeMIIepaTYPHBIX YpOBEHb ILHKJIa CHM)KAeTCH, YTO MPHBOMHT K
YMEHBILEHHIO KOHIEHTPALMH OKCHIOB a30Ta. 3TO NMPOHCXORHT H3-3a 06pa3oBaHHA
JIOK&JILHBIX O4aroB ¢ 60raToif cMechio B reTepOreHHON BOAOPORO-BO3LYIIHON CMECH.
[lpr 3TOM 3HA4YeHHA JIOKAJTBLHBIX TEMIIEPATYP OCTAlOTCA JOBONBHO BBICOKHMH
(Puc.6). MakcnMmansHas TeMrnieparypa 30He! Nel, Haxonseics B 30He pacIiblia TOTI-
JIUBHOH CTpyH, nocTHraer 3HadeHus 2800K, B To Bpems kak MakCHMallbHas TeMIie-
patypa 3oHBl Ne2, Haxo-
Iamedcds Ha  KpOMKe
MOpHIHA, KOCTHTAeT BCEro
nnmsb 3Ha4enns 1000K.

T,K 3000

Temneparypa pa-
6odero Tena  OKa3bIBaeT
IpAMOe BIUSHUE Ha obpa-
30BaHHE OKCHIOB a30Ta.
Tak QI8 MaxkCHMAaJIBHO
obenHeHHOH cMecH a=2,5
cyMMapHas mo o0beMy
MaccoBad JOJS 3a IHKI
cocTaBiseT [NO,]>
=0,00023, a png o=1,85 —
[NO,]7 =0,00035. I

1000 1

500 |

~ / YNKB, rpag

Puc.6. Usmenennre nokanbHeIX HECTAllHOHAPHBIX pexuma paGotsl ¢ a=1,85
TeMIepaTyp paboyero Telia B kamMepe CropaHus BOAO-  xapakTepHHl Golee BBICO-
ponHoro au3ens B 30Hax Nel u Ne2. ®opcynka KHe TEeMIIepaTypsl B 30HE
18x0,5; m, =0,49r/tmkn ; a=2,5 pacbUIHTeNs  (OPCYHKH,

re uX JoKalbHsle 3HaueHus nocturaror 2940 K. Ilpu obemHeHNH cMecH 0 YpOBHS
a=2,5 NoKaNbHblE 3HAYEHHs TEMIIEpaTyphl cHinkaroTes 1o 2890 K B 30He pacmbunu-
Tens. B uenoM no scemy o6beMy kaMephl CrOpaHHS JIOKANBHEIE TeMIIEPaTypPhl Haxo-
OATCA TpPHUMEPHO Ha OJHOM YpOBHe. B MOMEHT HaXOXIEHHA KOJIEHYaToro Baja
¢=360° npu obenHeHHK cMecH 10 ypoBHs 0=1,85 NOKaNTbHEIE MAaCCOBEIE JOMH OKCH-
ZOB asoTa Rocruraror 3HaueHus [NO,]; =0,0048. IIpu ofenHeHHH cMecH A0 YPOBHA
@=2,5 NOKaJIbHBIE MacCOBBIE NOJIM OKCHIOB a30Ta HEMHOTO CHIXXAIOTCH ¥ COCTaBIisd-
1ot [NO,]; =0,0045. B ciryuae ¢ o=1,85 o6pasyeTcs TOKANBHEI 0Yar ¢ MOBEIIIEHHOH
TeMIlepaTypol M COOTBETCTBEHHO NOBLIIEHHBIM 3Ha9YeHHeM BEIOPOCOB OKCHIOB a30-
Ta. JI1A OCTANBHBIX IBYX peXHMOB paboThl ¢ 0=2; a=2,2 cyMMapHble 1o 06bemy
MacCOBRIE [IONIM OKCHIOB a30Ta 3a IMKI cocTaBnsior [NO,]7 =0,0025 u [NO,]}
=0,000245 coOTBETCTBEHHO.
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Pexxum paboTsl BomopomHoro ngusens mnpu obecriedeHMH 0=2,5 sBisercs
Hanbolee S5KONOTHYECKH YUCTEIM, B TO BpeMd Kak IpH o=1,85 Han6ollee TOKCHYHEBIM.

Bausnue memnepamyper _enycxnozo g030yxa. VisMeHeHHMe TeMilepaTyphl
BIIyCKHOTO BO3[IyXa IpoHcxofuio B mpegenax f =30... 62°C. C uensto u3beraHus
HM3MECHEHMs YXY/ILUCHHA HaloMHEHMsA LMIMHApa B XOHe 3KClepHMeHTa NaBleHHe
HaJyBa BapbUpOBAJIOCh TaK, HTOOBI Macca BO3AyXa M CyMMapHbIil KO3(GHLHEHT
M36BITKA BO3LYXa OCTABAUCE ITOCTOAHHBIMH.

P Mua 18
%
%

2 /\
v [ [\e\

3 1

S ———

‘Y 3

300 130 160 790 420 450
HIKE zpad
Puc.7. InpgukaTopHble IMarpaMMBl B 3aBUCHMOCTH OT TeMIlepary-

pH BIIYCKHOFO BO3ayXa:
1-14=62°C;2-1,=50°C; 3 - ,=40°C; 4 - 1, =30°C

Ha Puc.7 npupeneHsl HHAMKATOPHbIE QUATPAMMEL It PEXHMMOB PaGoTHI IBHTaTe-
Jis ¢ pasfnM4HOM TeMmepaTypoil Bosnyxa Ha Brycke. Haubonbinee 3naueHHe gaBne-
HMs oCTHraeTcs NpHu obecrnevenun 4, =62°C u cocrasiser 16 MIla. [laHHoe 3Haue-
HHE siBJIfeTcH GIH3KUM K MaKCHMAlbHO AOIyCTUMOMY C TOYKHM 3pEHHs MeXaHHue-
CKMX HArpy30K Ui [aHHOI KOHCTPYKUMH. MMHHMMalbHOe 3HaueHHe JaBIeHHs MpH-
XonuTcs Ha pexuM ¢ 4, =30°C u pasusercs 14,6 MIla.

YcraHoBneHo, UTO MOBHIIIEHHE TEMIIEPATYpPhl BITyCKHOTO BO3MyXa OKa3blBaeT
3aMeTHOE BIHMAHHME Ha H3MEHEHHE CKOPOCTH TelUIOBblAesNeHUs. B nepBoit dase cro-
paHHs BOAOPOJ MMeeT Gomee UMITYJIbCHBIH XapaKTep FOpeHHs, COTPOBOXAAOIHMCS
MOIIHOM TeIUI0BO# BCTBILKOH. IToBbIIIEHHEe YPOBHA CPeJHEMACCOBBIX TEMIIEPATYD
HHTeHCHOUUMpPYET INpolecc 06pa3oBaHMs OKCHIOB a30Ta B KaMEpe CropaHus.

PexxuMy, IpH KOTOPOM B LMAMHAP IIOCTyNaeT BO3OYX C TeMmeparypo#
#, =62°C., coOTBETCTBYeT CyMMapHas No 06seMy MaccoBas jons NO, 3a MK B pas-
mepe [NO,]5 =0,00023. [Tpy NOHKKEHHH TeMIepaTyphl BO3yXa 1o 4 =30°C macco-
pas gons NO, coctasiser [NO,]5 =0,0001875. [lns ocTansHbIX TeMIEpaTyp BITyCK-
Horo Bosmyxa t=40°C u t=50°C cymmapHusie no o6semy MaccoBsle foau NO, 3a
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uukn coctaBmaor [NO,J3 =0,000205 u [NO,]; =0,00021 coorBercTBeHno. Ilpm
Harpese BIYCKHOTO BO3Ayxa 1o t, =30°C NoKanbHEIE TeMIepaTyphl depes 10° mocne
Havasna BrpbickMBaHua gocturator 2900 K. Ilpu Harpese BmyckHoro Bosgyxa A0
tk“62°C B Kamepe CropaHHs MOABIAIOTCA ovaru ¢ Temmeparypo# 3040K. Cootset-

CTBYIOIME ITOJA KOH-
IeHTpaliff OKCHJOB
a30Ta NpHBEAEHBl Ha
Pnc.8.

B cmywae ¢
HarpeBOM BITYCKHOTO
Bo3ayxa 1o 4,=62°C B
KaMepe CropaHus Jo-
KalbHEIE  3HA4eHHs
MacCOBOH JOJTH OKCH-
IoB a3oTa 6yM3KH K
[NO,]; =0,0049. TIpu
CHIDKEHHH TeMIlepa-
Typs! 1o 4=30°C ati
3HaYeHUA ynaetcst
Puc.8. KoHleHTpaluy OKCHIOB a30Ta B KaMepe CTOpaHus  cHu3uTh 1o [NO, ], =

BOJIOPOZHOTO JIM3€NIsl B 3aBUCHMOCTH OT TeMNepaTyphl  0,004.  ITosrnmenue
BITyCKHOrO Bo3ayxa npH ¢=355% 4, =30°C (cBepxy) TeMIepaTypsl BITyCK-
1,=62°C (cuusy) HOro BO3QyXa C Le-

JIBIO CHHUXCHHSA IIHK-

JIHYECKHX KojleOaHMI MaKCHMAalLHOTO JaBlIeHUS IIAKJIa, YTO XapaKTepHO IJid BOOO-
POAHOrO aM3els, NPUBOAUT K yBEIIHYCHHIO BblﬁpOCOB OKCHJOB a30Ta.

OCHOBHBIE BBIBO/bBI

KoHuenuus BoAOpoqHOTO AW3eENs C HEMOCPEACTBEHHBIM BIPHICKHBAHHEM ra3o-
obpa3zHoro Bofopoza NepcrleKTHBHA H HMeeT PsAA ABHBIX MPEHMYLIECTB IO CpaB-
HEHHIO C JPYTHMH KOHUENTYalbHbEIMH MTOIX0AaMH TI0 IIPMMEHEHHIO BOAOPOJa B
Ka4yecTBe MOTOPHOTO TOIUIMBA. 3afadya CHIDKEHHA 3MHCCHM OKCHIOB a30Ta IJif
TakWX JABHUrateneii Haubolee 3Ha4WMa, T.K. OHH ABJAIOTCH €NWHCTBEHHBIMH H3
BpPEJHBIX KOMIOHEHTOB NPOXYKTOB CrOpaHMsA, 3MHCCHH KOTOPBIX OIPaHHYEHBI
3aKOHOJATENbHLIMH aKTaMH.

Ha ocHoBe TpexMepHBIX YpaBHEHHH HeCTallHOHApPHOTO IiepeHoca KONHYecTBa
JBKEHHUsA, SHEPrHH, KOHIEHTpallu} ¥ Macchl chopMyTHpoBaHa MaTeMaTHIecKas
Mozens paGodero mpoliecca B KaMepe CrOpaHHA BOJOPOXHOTO AH3eNs C yIeToM
xumuueckolt kuHeTHkH. OCHOBHas CHCTeMa ypaBHeHHH, 3amucaHHas B dopme
Pettnonnaca, 3aMeikaeTcs ¢ nmoMoulslok —¢ —f M k-& Mozenelt Typ6yneHTHOCTH.
YucreHHEle 3KCEPUMEHTHI [IPOBOJMIHCE ¢ MpuMeHerneM 3D-koma AVL-FIRE.
Ha ocHoBe akcriepiMeHTaIBHEIX HHIUKATOPHEIX IHarpamMM OBLTH YTOYHEHE! 3Ha-



YeHHUA IMIMPHYECKHX KO3(QGHIUMEHTOB B MOZeNH cropaHus Magnussen —
Hjertager (A=10; B=1), npuMeHeHHe KOTOPBIX NPUBOAUT K XOpOLIEMY COTJaco-
BaHHIO C pe3yJIbTaTaMH dKCIIepHMeHTa.

H3meHeHHs IOKANTBHBIX TeMIEpaTyp paboyero Tena v NOKaNbHAIX KOHUEHTpALHH
OKCHZOB a30Ta B KamMepax CropaHHs BOJOPOAHOro H Ga3oBoro Ausenei Ha cXon-
CTBEHHBIX pexHMax paboThl CYIIECTBEHHO OTIMYAIOTCA. Y CTaHOBIEHO, YTO MPO-
LeCCHl BOCIIaMEHEHHs U CrOpaHMs B CIydae JU3eNBHOTO TOIUIMBA COCPENOTOUE-
HBI B 06/1acTH Hapy>xHOH NMOBEPXHOCTH (BOCTUIaMEHeHHe) W KOoHyca (CropaHue)
TOIUIMBHEIX (aKesoB, a NP CFOPaHHH BOAOPOJa BOCIIaMEHEHHE M QPOHT Mla-
MEHH OBICTpee OXBATHIBAIOT MPaKTHYECKH BECh 060beM KaMephl CropaHus.

Pa3Hble ckOPOCTH TeEIUTOBBIAENIEHMS B KaMepax cropanus 6a3oBoro Au3ens U ero
BOZIOPOAHOH MoaudHMKaLMK IPUBOAAT K TOMY, YTO IPOLlecCH! JIOKansHoro ofpa-
30BaHUA OKCHIOB a30Ta B BONOPOOHOM Iu3esie IPOMCXOIAT ¢ Gonblileif MHTEH-
CHBHOCTBIO, OHaKO CyMMapHEIE 3a LMK 3MHCCUN OKCHIOB a3oTa B 060MX ABH-
ratensx, Ipu paBeHcTBe MomHocTeR (ANe<10%), uMeroT NpUOIHINTENBHO OOH-
HaKOBLIH ypOBEHB.

OMHCCHA OKCHAOB a30Ta B BOAOPOJHOM AM3eNle CYMIECTBEHHO 3aBHCHT OT KOH-
CTPYKLHMH paclbUIATeNS (GOpPCYHKH. YBenMueHHe HMcla COIUIOBBIX OTBepCTHit
GOpCYHKM TIpM OCYIIECTBISHMM 3aKPYTKM I[OTOKA M yMEHBLIEHHME IHaMeTpa
COIUIOBBIX OTBEPCTHH NPHBOAUT K 3HAUUTENLHOMY yMeHblIeHHIO BrIGpoca NO,
3a CYeT CTeNeHH TOMOTeHM3allMH CMeCH, H KaK CIIeCTBHE, YMEHBIIEHHs MaKCH-
MaJIbHBIX 3HaueHMH JIOKANBHBIX TeMInepaTyp. C TOUYKM 3peHHs SKOJNOTHMH M3 HC-
CllefyeMBIX BapuaHTOB pacmsLtuTensb 18x0,5 aBnserca Haubonee 3¢deKTUBHBIM,
MaccoBas 107151 OKCHIOB a30Ta 3a LIMKJI COCTaBnseT ang Hero [N 0,,]'; =0,00027, a
ans 6x0,7 - [NO,}5=0,00158.

VYBenuyeHne LMKIOBOK MOJayu C ONHOBPEMEHHLIM YBelUuYeHHEM IPOAOIKHU-
TENBHOCTH BIIPRICKA BileUeT 3a cob0if cHIkeHe o6pa3oBaHUs KOHLIEHTpaLMii OK-
cunos azota NOx. Ilpu uuxoBoit mogade m,=0,33 r/uMkn KOHLEHTpalKH OKCH-
moB asota pmocruraioT [NO,]3 =0,00027, a npu m,=0,49 r/uukn - [NO,];
=0,00025.

Ipu yBenuueHnu Ko3dduieHTa H3OBITKA BO3OyXa [TyTeM YBENUYeHHs NaBiie-
HHs HaJJyBa 3HaueHMs JIOKANBHEIX TeMIepaTyp M cpejHeil TeMnepaTypsl pabo-
Yero Teia CHHXKAIOTCHA, YTO NPUBOJAMT K IOHIKEHHIO KOHLEHTPaUuMi OKCHIOB
asora. Ilpu obenHeHMH cMecH [0 ypoBHA a=1,85 KOHIIEHTpaLMM OKCHAOB a30Ta
TOCTHTAIOT 3HAYeHHs MaccoBoit monu [NO,]53 =0,00035. ITpu obeaHennu cmecu
JI0 YPOBHS 0=2,5 MaccoBBble AONH OKCHIOB a30Ta HEMHOT'O CHIDKAIOTCA M COCTaB-
nsot [NO, 15 =0,00023.

TloBbimeHHe TeMIEPaTyps! BITyCKHOIO BO3AyXa C LENBI0 CHHKEHUS LIMK/IMYECKUX
Kone6aHui MaKCMMAJIBHOTO JaBJIEHHA LMKIA, YTO XapaKTePHO IS BOROPOJAHOTO
[M3eJis, IPHBOAMT K YBEJIHUYEHHIO BHIOPOCOB OKCHAOB a30Ta. B ciyyae ¢ Harpe-
BOM BITyCKHOTO BO3QyXa 10 t,=62°C moas OKCHAOB a30Ta B MPOMYKTaX CropaHus
cocrasmser [NO,]3 =0,00023. IIpu cHikeHMH TeMmepaTyps! Ho t,=30°C coort-
setcrBenHo [NO,]3 =0,0001875.
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IonyuyeHHBIE KONHYECTBEHHBIE PE3YNLTATHl MO BIHAHHIO KOHCTPYKUHH
pacTbUINTeNA, HHKIOBOHA mojayH, koad¢duunenTa #3bbiTka BO3yXa H TeMIlepa-
Typbl BO3[yXa IIPH BITyCKe TOATBEPXAAIOTCA IKCIIEPHMEHTATRHEIMA JaHHBIMHA.
B pesynbTaTe NpoBEeNEHHOrO HCCNEROBaHWA MONy4YeHH CIAEAYIOIHE ONTHMAlIhb-
HBle mapaMeTpsl pabovero mpouecca Ui HCCIEAYeMOro BOAOPONHOTO MU3ENA C
TOYKH 3PEHHUS IKOJOTHHECKHX ToKa3aTeNeii: paclbUIATENb I I0JaYH BOAOPOAa
18 x 0,5; umkioBas nopada toruBa my=0,49 r/uuKi; ko3¢ HIMEHT H3OBITKA
BO3IYXa 0,,=2,5; TeMIlepaTypa Bo3yxa Ha Brycke t,=30°C.
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