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BBEJIEHHUE

B cootBercTBUU ¢ Yka3zoMm [lpesuaenta Pecnyonuku benapycs ot 07.05.2020
No 156 npuopuTeTHBIM HaNpaBICHUEM HAYYHO-TEXHUUYECKOW U MHHOBAIMOHHOM Jes-
TEIBHOCTH SIBIISIETCS 3alllMTa YeJOBEKa, OOIECTBA U rOCyAapCTBa OT YPE3BBIYAITHBIX
cutyanuid. 3akoHoM Pb ot 23.06.08 Ne 356-3 «O06 oxpaHe TpyJa» yCTaHOBJIEH MPUO-
PUTET COXPAHEHUS KU3HU U 3710POBbs pa0OTAIOIMINX U OTBETCTBEHHOCTD 3a CO3JJaHUE
3I0POBBIX U 0€30MaCHBIX YCIOBUN TpyAa.

Hanmune TexHOreHHbIX npouciiecTBuid, Takux kak Ha OAO «Hadtan» B 2021 ro-
ny u Mo3seipckom HII3 B 2023, TpeOyeT cOBEpIIEHCTBOBAHUS TEXHUYECKHUX CPEICTB,
MPEeIOTBPAIIAIONINX BO3JACHCTBUE BPEAHBIX M OMACHBIX MPOU3BOJACTBEHHBIX (aKTO-
pOB Ha 4enoBeka. B mpouecce 00CIyXMBaHUS Ta30paclpeeIUTeIbHON CUCTEMBI
u HedTenepepadaThiBarOIMX Npeanpustuil Pecnyonuku benapyce HeoOxoauma 3a-
[IMTa OPraHOB JbIXaHUsI pAOOTHUKOB OT KOMIUIEKCA BPEIHbIX (pakTopoB. Cpean HUX:
BBITOPAHUE WJIM BBITECHEHUE KUCIOPO/Ia, BBIJEIECHHUE SAOBUTHIX MIPOIYKTOB TOPEHHUS,
u np. B onucanHbIX cuTyauusx 3QQEKTUBHBI TOJbBKO H30JHMPYIOUIUE JIbIXaTEIbHbIE
annapatsl. Cpean HUX HamOOJee MEepPCIEeKTUBHBI anmnapaTtbl HA XMMUYECKU CBSA3aH-
HOM KHCJIOpOJIE, MO0 OHM KOMITaKTHEE U Mpolle OamtoHHbIX. M310%keHHoe onpene-
JSIET aKTyalbHOCTh JAHHOM JHCCEPTaLlUU.

OBIIASA XAPAKTEPUCTUKA PABOTbI

Cas3b pa0d0ThI ¢ HAYYHBIMHU NIPOrPAMMAaMHU (IIPOEKTAMM), TEMAMHU

[TonmyueHHsle B paboTe pe3ysbTaThl SBJISIOTCSA MPOJOKEHUEM HUCCIEIOBAaHUMH,
HayaThIX B paMKax nporpammsl «McciaenoBanus TEmio- 1 MaccooOMeHa B pereHepa-
TUBHOM TNaTPOHE JbIXaTEJIbHOTO alapaTa Ha XWMHYECKH CBA3aHHOM KHCIIOPOJIE»
(Ne TP 2005456, Ne temer 425, TTIO®U «Dueprus» (15.02.2005-20.12.2005)).
JlanbHeilne ucciieloBaHus OCYIIECTBISUIMCH MPU BBIMOJHEHUU PadOT MO TeMmam:
«DU3UKO-XUMUYECKUH, MYIbTU(PAKTAIBHBII U MUKPOCTPYKTYPHBIM aHaIu3 yrie-
POJIHBIX MATEPHUATIOB ISl UX PALMOHAIBHOTO MCIOJIB30BAHUS B MPOMBIIIIEHHOCTH
(NeI'P 20103213, Ne temsr 1110, BPODU (01.05.2010-31.03.2012)); «Ob60cHOBaHUE
TEXHOJIOTMYECKHUX MMapaMeTPoOB U pa3padOTKa CXEeMbl HIKCIIEPUMEHTAIbHON YCTaHOBKH
perenepanuu atmochepb» (Ne I'P 20111092, No temsr I'b-0411, I'TIHU «Mexanuka,
TEXHUYECKas quarHoctuka, metauryprus» (03.01.2011-20.12.2013)).

eab, 3a1a4n, 00bEKT U NPeAMET UCCJIEI0BAHNS

L]env uccnedosarnuss — yBeIMUCHUE 3aUTHOTO JECHCTBUS JIBIXaTEIBLHOTO aria-
para Ha XUMUYECKHU CBA3aHHOM KHCJIOPOJI€ U3MEHEHUEM KOHCTPYKLIMU €r0 BO3AYXO-
BOJHOM YacTH.



Peanuzamus noctapneHHON LeaH MOTpeOoBaia pelieHus psaa B3auMOCBS3aH-
HBIX Hay4YHbIX U TEXHUUECKUX 3A0aY’

1) 0600mUTh TEOPETUKO-BEPOSITHOCTHBIA IMOAXOJ] K MOJEIUPOBAHUIO TUHA-
MUYECKOW COPOIIMOHHOM aKTUBHOCTHU Ha CITydail O0JbIINX BPEMEH;

2) TIOCTPOHUTHh MAaTeMaTHYECKYI0 MOJIeib mporecca Xxemocoporuu CO; cioeM
KHCIJIOPOJCOIEPKAILIEr0 TPOAYKTa MPU HAYaIbHOW HEOJTHOPOJHOM OTPAaOOTKE MOTJI0-
TUTEJIBHOTO PECypca PEreHEepaTUBHOIO NMAaTPOHA U CO3/1aTh KOMIUIEKT MPOrpaMM IS
ITOCTAHOBKHU YUCIICHHBIX 3KCIIEPHUMEHTOB;

3) obocHOBaTh mapameTpbl THOPUIHOHN (KPyro-MasiTHUKOBOW) CXEMBbI BO3yXO-
BOJHOM YaCTHU ABIXATEJIbHOTO alapara Ha XUMHYECKH CBA3aHHOM KHCIOPO/IE;

4) 00OCHOBATh BEIMYMHY U MECTO CKayKa CKOPOCTH (DMIIBTPAIMU BBIIbIXaEC-
MOTO BO3/yXa Y€pe3 PEreHepaTUBHbBIN MATPOH ABIXATENBHOIO anmnapara ¢ 3aMKHYTOU
CXEMOW BO3/IyXOBOJHOW YaCTH;

5) o0ocHOBaTh PEKOMEHIAIIUH 110 OCYIIECTBICHUIO peBEpca BO3AYIIHOTO IO~
TOKA B JbIXaTEJIbHOM aImapare ¢ KpyroBoru CXeMOW BO3AYyXOBOJHOMN YaCTH.

6) oueHuTh 3(H(HEKTUBHOCTH MPEUIOKEHHBIX TEXHHUSCKUX PEIICHHUIA B IJIAHE
ONTHUMM3ALMU TEMIIEPATYPHOTO PEXUMA U IPUPOCTA 3AIIUTHOTO ACHCTBUS pereHepa-
THUBHOTO NMAaTPOHAa NMpU (PUKCUPOBAHHOM KOJIMYECTBE XEMOCOPOEHTA.

Obvexm uccnedoganusi — pereHepanys Bo3/lyXa B JAbIXaTEJIbHOM amnapare Ha
XUMUYECKU CBSI3aHHOM KHCIIOPOJE.

lIpeomem uccneoosanusi — BIUSHAE U3MEHEHUN KOHCTPYKLIHUH BO3yXOBOAHOU
YacTH JIbIXAaTeJIbHOTO anmnapara Ha JUHAMUKY copOuuu Bbabixaemoro CO;, kucio-
pPOJICOAEPKALTUM TTPOTYKTOM.

Hay4ynasi HoBHU3HA

Hayuynast HOBHM3Ha IMCCEPTAllMOHHON pa0OThI 3aKIKOYAETCA B CO3LAHUU TEO-
puu pabodvero npouecca AbIXaTeIbHOrO arapaTa Ha XMMUYECKH CBSI3AHHOM KHCIIO-
poJie MpU HAJTMYUKM peBepca BO3AYIIHOIO MOTOKA U CKauka CKOPOCTH €ro (puiibTpa-
LN Y€pe3 pEereHepaTUBHbBIN MATPOH.

IHoJ10:keHus1, BLIHOCUMBbIE HA 3AILUTY

1. TeopeTHKO-BEpOSATHOCTHBIN MOIXO0 K MOJACIUPOBAHUIO MPOILIECCOB MOJICKY-
JIAPHOM TIPUPOJIBI, YTO IO3BOJAIO BBIAECIUTh HOPMAJIBHYIO ACUMIITOTUKY MPOCKOKA
CO; uepe3 pereHepaTUBHBINA MATPOH PECIUPATOPA HA XUMUYECKU CBSI3AaHHOM KHUCIIO-
pOJie U MOMPABKU K HEH, 00YCIOBIEHHBIE ACUMMETPHUSIMUA U DKCIECCAaMU CITy4yailHOU
KOOPAWHATHI AJIEMEHTAPHOTO aKTa COPOIMHU, YIPOCTUB TaKUM O0pa3oM IPOBEACHHUE
YUCJIEHHBIX YKCIEPUMEHTOB NPU MOCTPOCHUU 3aBUCUMOCTH MPOCKOKA OT BPEMEHU
Y KOOPAWHATHL.

2. HoBast Mozenn pereHepanuu atMochepbl B U30JUPYIOIIEM JIbIXAaTEIHLHOM
anmnapare, OTJIMYAIOLIAsACd Yy4€TOM HEOJHOPOJHON HayaldbHOU OTPaOOTKM MOTJIOTH-
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TEJIBHOTO PECypca PEereHepaTMBHOIO MAaTPOHA, YTO MO3BOJIWIO ONTHMHU3UPOBATH Ia-
paMeTpbl U3MEHEHNUI, BHOCUMBIX B KOHCTPYKLIMIO BO3AYXOBOJHOM YacTH AbIXaTEIlb-

HOTO anmapara.
3. Ucnonp30Banue B camocracaTelix KPyro-MasTHUKOBOM CXEMBbI BO3IyXO-

BOJHOW YacTH, B 3aBUCMMOCTH OT BEJIMUMHBI 3aIIUTHOTO pPecypca pereHepaTUBHOIO
natpona, Ha 10,6 % — 26,4 % noBsimaet 3pheKTUBHOCTH €TI0 UCIIOIB30BaHUS 3a CUET
YMEHBIICHUSI MEPTBOTO CJIOSl COpOEHTa U 00BbEMa BPEAHOTO MPOCTPAHCTBA.

4. OmpeneneHa ONTUMabHAs JJI MPEIOTBPALICHUS CIIEKaHHUS TPAHYJI XEMO-
copOeHTa KOOpJMHaTa CKauka CKOPOCTH (DUIBTpalliy BO3AYLIHOTO MOTOKa. B 3aBu-
CUMOCTH OT BEJIMYUHBI IeMIT(PUPOBAHUSI TaBJIICHUS HA BBIIOXE U BIOXE, JJISI pecrrpa-
topa PXC omnpeneneH npupocCT 3alUTHOTO JeWCTBU ammapata (1o 6,5 %) u cHuxe-
HHUE MOIIHOCTH MCTOYHUKOB 3K30TepMuueckoro tera (ot 23,8 % mo 32,3 %) B Jyo-
OOBBIX CJIOSIX KHUCIOPOACOAEPHKAIIETO MPOIYKTa.

5. [Toka3zaHo, 4TO peBepc BO3AYLIHOTO IMOTOKA OOecreduBaeT 0ojiee paBHO-
MEpHOE pachpeielieHne MCTOYHUKOB SK30TEPMHUUECKOrO TeIla B pereHepaTUBHOM
naTpoHe (3arpsi3HEHHOCTh KpaeB PEreHEepaTHBHOIO MaTPOHA BHIPABHUBACTCS W HA
43,8 % HmxKe, UeM Ha BXOJI€ B IMAaTPOH, paboTarommii 0e3 peBepca), 9To MpeaoTBpa-
IaeT CIEKaHUE TPaHyJl KUCIOPOCOIEPKAIIEero MPOAyKTa U TI0 pe3yibTaTaM HaTyp-
HBIX COMOCTABHUTENIbHBIX HCIBITaHUN Ha 8,6 % yBeJIMUYMBAECT CPOK 3AIIUTHOTO JECH-
CTBUS JIBIXaTEJIBHOTO anmapara.

JIMYHBIA BKJIAJ COMCKATEJIA YYCHON CTENEeHU

[Ipu HEmoCpeACTBEHHOM y4acTHU COMCKarels (popMynupoBaiach 1ejib UCCIIe-
JIOBaHUSI M peIIaiuCh 3a7a4u, HeoOXOoAUMBbIE JJIsl €€ ocTvKeHus. Ha ocHoBe moity-
YEHHBIX MOJIEJIEH pereHepanuy Bo3JlyXa B JbIXaTEJbHBIX ammaparax ¢ U3MEHEHHOU
KOHCTPYKITMEH BO3yXOBOJHOW YaCTU COMCKATeJIeM ObUIM TPOBEICHBI UYMCIICHHBIC
HKCIIEPUMEHTBI, UHTEPIIPETUPOBAHBI UX PE3YJbTaThl U CHOPMYIUPOBAHBI PEKOMEH-
JAlWU 10 WX MPAKTHYECKOMY MCIIOJIb30BaHUI0. Bece 3T0 HANwIo oTpa)keHue B MOJIO-
KEHUSIX, BBIHOCUMBIX Ha 3aIlHTY.

JInuHbIl BKJIaJ coucKaTenss B paOOThI, OMyOJIMKOBAHHBIE B COABTOPCTBE, CO-
CTOUT: B 000OIICHUN METOAa CTATUCTUYECKUX MOMEHTOB JIJI1 MaTEMAaTHUYE€CKOTO MO-
JETUPOBAHUS CITy4alHBIX MPOIECCOB MOJICKYJIIPHOU MPUPOILI IPU OOJIBIITUX BpeMe-
Hax [3, 8, 12, 15]; B cnocobe pemieHus 3a1a4d JUHAMUKH COPOLMH C HEOTHOPOTHOM
HaYaJIbHOU «3arps3HeHHOCThIO» GunbTpa [1, 10], 9TO MO3BOJIMIO MOIETUPOBATH JTH-
HaMUKY COpOIHMH TIOCTIe peBepca BO3AYIIHOTO MOTOKA UJIM U3MEHEHUS pexxuma pabdo-
TBI JIBIXaTENILHOTO ammapara [2, 9, 11]; B paspaboTke MaTematuueckoi moenu [4, 13]
NBIXAaTEeJIbHOTO —afnmapaTa Ha XUMHYECKU CBSI3aHHOM  KHCIOPOJE C KpYyro-
MasiTHUKOBOM CXeMOM BO3JIyXOBOJHOW 4YacTu [18]; B 00OCHOBAaHHMU KOOPAMHATHI
1 BEJIMYUHBI CKauyKa CKOPOCTH (PHIIbTpAIIMU BBIABIXaEMOI'0 BO3/yXa Yepe3 pereHepa-



TUBHBIA TIATPOH [5, 14]; B 000CHOBaHMM MOMEHTa pPeBEpca MOTOKA BO3/yXa B JbIXa-
TEJILHOM ammapare ¢ KpyroBoM CXemMoil BO31yXOBO/a, TPOBEACHUM HATYPHBIX COIO-
CTaBUTEIIbHBIX JKCIIEPUMEHTOB W HHTEPIPETAllMM UX pe3yibTaroB [6, 7, 16, 17];
B TEXHUUYECKOW pealn3allii YBEIWYEHUS 3alUTHOTO JIEUCTBUSI JbIXaTEIbLHOTO ara-

paTta 3a cueT 6osee 3(PGEKTHBHOTO MCIOIB30BaHUS pecypca pereHepaTUBHOTO Ta-
TpoHa [18, 19].

Anpobauus quccepranuu 1 nHGopManus 00 UCIOJIb30BAHUHM €€ Pe3yJIbTATOB

Pe3ynbTaThl 1HCCEPTAIMOHHOIO MCCIENO0BAHUS NOKIIAabIBaNCh Ha: XII Mex-
JTYHApOJHOW Hay4dHO-TIpakTUuueckoi KoHpepeHunn «COBpeMEHHbIE HAay4YHbIE HCCIie-
JIOBaHUSI aKTyaJIbHbIE BOMPOCHI, JOCTHKECHUSI U MHHOBauum», [lenza, 05.06.2020 r.;
MexayHapoIHOM Hay4yHO-TIpaKTUYECKON KoH(pepeHuun «IHHOBaMOHHOE pa3BUTHE
COBPEMEHHOM HAYKHU: aKTyaJIbHBIE BOIIPOCHI TEOPUH U IPAKTUKWY, [1en3a, 12.04.2021 r.;
VII MexnyHapoaqHoil Hay4YHO-IPAKTHYECKOW KOH(PEPEHIINMN «AKTyaJbHbIE€ BOMPOCHI
coBpeMeHHOi Haykm», Ilensza, 10.06. 2023 r.; XX MexayHapogHOH Hay4HO-
npakTuieckor koHpepenimu, [lenza, 10.09.2024 r.

Ony0nkoBaHue pPe3yJIbTATOB IMCCEPTANNH

[To Teme muccepranuu onyoiarkoBaHo 19 pa®oT, u3 HUX 7 craTell B Hay4YHbBIX
W3aHUAX, BKIIOUYCHHBIX B niepedeHb BAK, 1 — crares B Ipyrux HaydHbBIX W3JAHUAX,
9 — nmokmaael ¥ MaTepHuallbl KOHGEpeHIMi, | maTeHT Ha n3o0peTeHue u | maTeHT Ha
MoJIe3HyI0 Mojielb. O0muilt 00bem nmyoaukanuii — 4,1 aBTOpPCKOro JIKCTA.

CtpykTypa U 00beM qUCCEPTAIUU

CrpykTypa auccepTauuy OTPa)KaeT B3aUMOCBS3b COJIEPKAHUS IJ1aB U BBITEKA-
€T U3 CYTH 3a/a4, pelaeMbIX JJIsl TOCTHXKECHHUS 1IEIN UCCIEOBAHUS.

Ha ocHOBe BBINIOJIHEHHOTO B TiaBe | aHanmu3a mpu4uH HE3()(PEKTUBHOIO HC-
MOJIb30BaHUsl KHUCIIOPOJCOEPKAIIErO MPOAYKTa B CYIIECTBYIOIIMX JbIXAaTEJIbHBIX
ammaparax Mpeyio’KEeHO MOBBIIIATh WX 3allIUTHOE JEUCTBHE U3MEHEHHUEM KOHCTPYK-
AU BO3yXOBOJHOMW YacTU. DTO BHOCUT KAaYECTBEHHbIE M3MEHEHUS B JUHAMUKY
copbOruu BeibIxaeMbix MoJiekyn CO,. [y ee uccienoBanus B TaBe 2 TEOPETHKO-
BEPOSTHOCTHBIN MOAXO/ K MOJICTTUPOBAHHUIO JUHAMUYECKON COPOITMOHHOW aKTHBHO-
CTH 0000I1IeH Ha ciTy4ail OOJBIINX BPEMEH.

B rnaBe 3 mosyueHa maremaTH4ecKas MOJEIb Mpoliecca pereHepanuu aTMo-
chepbl B JbIXaTEIHHOM ammapare Ha XMMUYECKH CBSI3aHHOM KHUCJIOpOJE MPU HaIHU-
YUU HEOJHOPOHON HAYaIBHOM 3arpsi3HEHHOCTH PEreHepaTUBHOrO MaTPOHA.

B rnaBe 4 npencraBieHbl TEXHUYECKUE PEIICHNUS, HAITPABICHHbBIE HA JOCTHUKE-
HUs 3asBJIeHHON 1en. C MOMOIIbI0 YUCIEHHBIX SKCIIEPUMEHTOB M HATYPHBIX COIO-
CTaBUTEIHHBIX UCIIBITAHUHN MOATBEPKACHA UX YD (HEKTUBHOCTD.
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Huccepranus uznoxeHa Ha 112 crpanunax, cogepxuT 2 tadbmuisl, 39 umio-
ctpamuii, 1 mpunoxxenue. bubnmorpaduueckuii cnmucok BKIOYaeT 152 mCTOYHMKA
HAYYHO-TEXHHUYECKOU JIUTEPATYPHI.

OCHOBHAA YACTbD

B mnepBoii riaBe mnpuBeleHa Kiaccu(UKAUs CPEACTB 3alIUTHl JbIXaHUS,
000CHOBaHBI MPEUMYIIECTBA U30JUPYIOIIMX PECIIMPATOPOB U caMocracaTesieil mepea
¢unpTpyromumu. [lokazaHo, 4TO XUMHUYECKHI crOCOO pe3epBUPOBAHMS KUCIOPOAA
MepCHeKTUBHEE OAINTOHHOTO, MO0 TUIOTHOCTH TBEPJBIX BELIECTB HA TPU MOPSAJIKA BbI-
11, YeM Yy Ta3oB, a CTaJIbHbIE OANIOHBI HE BBIICPKUBAIOT AaBieHue 6onee 250 atmo-
cdep U B IECTh pa3 THKEIee CBOEro coAepKuMoro. B GanioHHoM armapaTte Heo0xo-
UM TOTJIOTUTENb YTIIEKUCIIOTO ra3a, JErOYHbId aBTOMAT U PECUBEP. ITO YCIOXKHSIET
KOHCTPYKITUIO, YBEIMUYUBACT rabapuThl amnmapara.

Hcnonb30BaHME XUMHYECKU CBSI3AHHOTO KHCIIOPOA

4K O, +2C0O, = 2K,CO3 + 30, +360 kJIx (l)

peraeT nepeurcaeHHbie MpoOieMbl, OO YeM BBIIIIE
¢dusnueckass Harpyska, T€M OOJIbIlIE€ BBIJIEISAETCA
CO,, a 3HAYUT U KUCIOPOJIa JIJIsi HOBOTO BIoXa (CM.
(1)). Bmecte ¢ TeM, Kak MOKa3bIBAIOT CTEXHOMET-
pUYECKHE OIIEHKH, 3allUTHBIM pecypc pereHepa-
TUBHBIX TIATPOHOB HCIIOJIB3YETCS HEIOCTATOYHO
s dextuBno. IlepBas mpuuMHa — MEPTBBIA CIIOM
copOenTa, oOpazoBaHHBIM Mosekynamu KO, He

POPEArupoBaBIIMMU K MOMEHTY KPHUTHYECKOIO
npockoka CO,. Bropas npuunHa — criekaHue Mmopu-
CTBIX TPaHyJI HaJTIepOKCcuaa Kaiaus (pucyHok 1) rmox
JNEUCTBUEM BBIACISIIOLIETOCS B MPOLECCE XEMO-
copbiuu sx30Tepmudeckoro temia (cm.(1)). CormacHo sKCEpUMEHTAIBHBIM JaH-

Pucynok 1 — Konrnomeparni
CHEKIINXCH IPaHyJI

HBIM', [IPH HATPEBAHNUH PEreHepaTHBHOrO matpoHa 10 400°K 00pa3yloTcs KOHTJIOME-
paThl TpaHyJl, YTO 3aMEJIIET XEMOCOPOITHIO U COKpAIaeT CPOK 3AITUTHOTO CHCTBHS
JIbIXATEJIbHBIX aIllapaToB.

N3noxxeHHOe 00OCHOBBIBACT AKTYalbHOCTh TEMBI JAUCCEPTAIMOHHOTO HCCIIe-
JIOBaHUS, TIO3BOJISIET CPOPMYIIMPOBATH €0 1eTb U OCYIIECTBUTh MMOCTAHOBKY 3aj1ad,
pEIIeHNEe KOTOPBIX HEOOXOIUMO IJIS €€ JOCTHKECHHUS.

! Exunescknii, C. T. TIobienne 3 PEKTHBHOCTH JBIXaTEIbHBIX allapaToB HA XUMHUYECKH CBSI3aH-
HoM kucnopojie / C. I'. Exunesckuii, C. A. Onbrranaukos // BectHuk ITonoikoro rocyaapcTBeHHOTO YHH-
Bepcutera. Cepust B, [lpombinuiennocts. [puknagusie Hayku. — 2013, — Ne 11. — C. 123-131.
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Bo BTopoii riaaBe 0000mIeH Ha choydail OOJBIIMX BPEMEH TEOPETUKO-
BEPOSATHOCTHBIN MOJAXOJ K PEUICHUIO YPAaBHEHUH MaTeMaTH4eCKOW (DU3HKH, OMHCHI-
BAOIIMX MPOLIECCHl MOJIEKYJISIPHOM MPpUpo ibl. OOBIYHO JUISl 3TOTO UCIIOIb3YIOT METO/
@ypbe WM NPOLEAYPHI ONIEPALUOHHOTO rcunciaenns’. Takoii dbopManu3M HE YUUTHI-
BaeT CIIyYalHYyIO Crienu(UKYy MOJETUPYEMBIX POIECCOB, a MPUBJICUECHUE TEOPUH Be-
POSITHOCTEW MO3BOJISIET BBLACIUTh aCUMITOTHKY IpolLiecca NpHU OOJIbIIMX BpeMEHaX
U Ha MOPSIKH YBEIUYUTh CKOPOCTh YUCIEHHBIX SKCIIEPUMEHTOB. AMpobaiius Takoro
MOJIX0/Ia BBITIONHEHA Ha npumepe nuddys3un. OrpaHUUUBIINCE TSI TPOCTOTHI pas-
MBIBAHUEM OJHOPOJHOTO KOHIIEHTPALMOHHOTO IISITHA, YIAJIOCh MOJIYYUTh PEKyp-
PEHTHOE COOTHOLLIEHUE

!

Mon (T) =2n(2Nn—Dpyy_o(T) ()

A1 OCHTPAJIBHBIX CTATUCTUYCCKUX MOMCHTOB KOOPAMWMHATHI ,Z[H(i)(i)YHI[I/Ipy}OIHeﬁ
MOJICKYJIbI

(D)= [(E— vy F (€ 1)dE = v, (1), 3)
rac
t=Dt/1?, £=x/l, (4)

o0e3pa3MepeHHbIe Bpems t u koopauHata X, D — koadpdunment nuddysun, | — mm-
pUHA KOHIIEHTpAaIMOHHOTO 1iATHA, f(&,T) — MIOTHOCTH BEPOSTHOCTH.
N3 (3) 1 HayaIbHOTO YCJIOBUS

(0 Y "de = L 5
Han )—_Jf/zﬁ Q—W (5)
crenyeT

w,(t)=2t+112=c°(1), u,(t)=127" + t+1/80, (6)

YTO MO3BOJIIECT BBIYHUCIUTH IKCIECC M YOCIUTHCA B HOPMAJIBLHOW aCHMIITOTHKE TPO-
mecca

RAGOHE :1212+r+1/80_ _ 1 7
Fa() = c* (1) 3 (2t +1/12)2 3 1206* (1) 1:100 (7)
f(&,17) > e 2007 (8)

o J_ o(x)

rae o(t) — CpeaHEeKBaIpaTHIECKOE OTKIOHEHHE § .

? Byrpos, $1.C. Beicmas Matemaruka / S1.C. Byrpos, C.M. Huxonbsckuii. — M.: Hayka, 1989 r. — 464 c.
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[TorpaBKu K HOPMAJIBHON acHMII- f(&.7)
TOTHKE OOYCJIOBJICHBI DKCIIECCAMH, YTO 1t 1
mo3BoJIsIeT ¢ momonieio (2) — (8) orcie- '
IUTh TPaHC(HOPMAIUIO PABHOMEPHOTO . ‘
pacrpeneneHus KOOpAUHAThl AU(PyH- 4l
JHUPYIOMICH MOJIEKYJIBI B HOPMAIbHOE 03 A .m
(pucyHOK 2). ";I .

B 3agade quHamuiku copOuuu OT- -

T
.
-

CYTCTBYET MPEJICTaBJIE€HHAs HA PUCYH- ST LA ' NSy

Ke 2 3epkanbHas cumMmeTpus. [loatomy,
1-1t=0;2-1t=0.005;
3—-1t=0.05;4-1t=0.2

Pucynok 2 — lu¢gdy3nonnoe «pacnosizanme»

KPOME 3KCIECCOB CIy4YalHOW KOOPIH-
HaThl aKTa COpPOILMM, HYKHO YUUTHIBATh

€C aCUMMCTPpHH O/IHOPOJHOI0 KOHIEHTPAIMOHHOI0 NATHA
_u3(r) 3 _u5(r) 30 50 36 9
A= B30 50 7w O e o e e ©
E. (1) = 12 ~ 46 Ee )_us() 15 2270 .\ 2410 ~ 2630 o)
o' (1) o (1) o’ (1) c'(1) o'(v) o (1)

rae o2(t) = 2t+1 — aucnepcus, a p, (t) — LHEHTPAIbHBIE CTATHCTHYECKHE MOMEHTHI,
KOOPAMHATHI AJIEMEHTAPHOI'O aKTa COpPOIMH, MOJYYCHHBIC C MCIOJIb30BAHUEM YpaB-
HCHHS

—o,=e" e+ [e"d.w|, (11)

0

ONMCHIBAIOIIETO, MPH MOCTOSTHCTBE KOHIIEHTpauun CO, Ha BXOJI€ B pEr€HEPAaTUBHBIN
MaTpoH, J0JI0 HEMOTJIOMIEHHBIX MOJIeKYlT ®(&,T).
B (9) — (11) burypupyroT HOBBIE 06E3pa3MEPEHHBIC TEPEMEHHBIE"

E=xB/v, =P, (12)

B KOTOPBIX V — CKOPOCTh (DUIBTPAIMK BBIIBIXaEMOTO BO3/IyXa, X — PACCTOSHHUE OT
BXOJIa B MAaTpOH, t — BpeMs, B U Y — PEHOMEHOJIOTUYECKHUE TTOCTOSIHHBIE, 3a/Ial0IIHE
CKOPOCTb COpOIIUU U €€ pecypc.

3 Ucnonp3oBanne obe3pasMepeHHbIX mepeMeHHbIx (19) memaer omucanne yHUBEpCATbHBIM (TIPUTOT-
HBIM JUISE MOJISTTMPOBAHHS PA3IMYHBIX JIBIXaTEIbHBIX aIlapaToB B JIIOOOM PEKUME SKCILTyaTaIlHH).
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b S8 I[OJHO IO JIOIIICHHBIX MOJICKYJI

' ' ' 1-w(§,t) MOXHO TpakTOBaTh, Kak WHTe-
rpalibHyI0 (DYHKITUIO pacmpeneiieHus 00e3-
pa3MepeHHON KOOPIMHATHI & 3JIEMEHTapHOTO

o akta copOuuu. [loaTomy

f(&1)=-w.(57) (13)

o1

o

— IJIOTHOCTh BEPOSTHOCTU KOOPJUHATHI HJie-
MEHTapHOTO akta copOruu. Dopmyinsr (9) —
13) TO3BOJAIOT OTCIACAUTH HOPMAIbHYIO
Pucynok 3 — 3aBucumocts f (§,1) (13) P Y
acuMnToTuKy Mnpockoka CO, (pucyHok 3)
OT KOOpAMHATHI B pa3jInYHbIC
MOMEHTBI BpeMeHH U YIOPOCTUTh YHUCJICHHBIC HKCIIEPUMEHTHI
C IMHAMUKOHN copOIuu.

l1-t=1;2-71=3; 3—-1=10

B Tperneii rinaBe ypaBHeHue (11) o0o0meHo Ha ciy4yail HadyalabHOM 3arpsi3-
HEHHOCTH KHCIIOPOJCOJAEpXKAIIEero npoaykra U(g,t) U mepeMeHHOM KOHUEHTpPALUU
CO; Ha BXOJIe B IATPOH:

— (,);(g, ) =w(E,1) - e{u(&,O) + j.eroo(?;, r)er, 1>0 (14)

u€,t) = e‘T(u(é,O) + }erm(a, r)dr). >0 (15)
0

DTO MO3BOJIAIIO MOJEIUPOBATH JIBIXATEIbHBIE alnapaTbl ¢ U3MEHEHHON KOH-
CTpPYKIIMEH BO31yX0BOJHOM YacTH. Perienue (14) 3anucaHo B BUIC psaaa

© f
o7 =e" 32 e (16)
n=0 n!
rae f.(t) — QyHkiMYM, yaoBieTBOpsAONIMEe PEKYPPEHTHOMY COOTHOIIICHHUIO

fra(t) =u"(0,0) + j f (t)ydt—f (t). n=0,1,2.. (17)

[Tonoxwue B (16) & =0, Haitnem
fo(1) =e'®(0,1). (18)

[Ipu orcyrcTBUM HavansHOM 3arpssHeHHOCTH (U(E,0) =0) M MOCTOSSHHOM Tpa-
HuaHoM yciosun (®(0,1) =1), ¢ momorisio (14) — (18) nmoyuaercs



o(§, 1) =olE, 1) = e{1+ ig"—n‘(l— e > %D | )

u(g,r):u1(§,r)=1—e-f(1—e—“=i§ n iJ. (20)

Tecrom Ha mpaBuiabHOCTH (hopmyi (14) — (18) sBisgercs cieayroliee paccyx-
nenue. Beibepem MomeHT Bpemenu tl B (20) B kauecTBe HAYaIBHOTO JIJIsl COOTHOIIIC-
uuii (14) — (18). IIpu atom B (14), (15) u(€,0) =ul(g,t1),a B (17)

k=0 m=0 m!

u{”(0,0)=u1" (0,71 = Zn:(—l)”kCr‘f(l— e ™ iﬁj (21)

JlanpHelee onucaHue 3BOJIIOLMU MPUBEICHHON KOHUEHTPAMA MOYXHO OCY-
IIECTBIIATh Kak ¢ momoribio Gopmyn (19), (20), Tak u ¢ nmomomipio (14) — (18),
B kortoporn ®(0,7)=1. Ilpm OSTOM JOKHBI  BBINOJHATHCS  TOXKAECTBA
ol(g, 1+ 1)=w(, 1), Ul(g, L+ 1) =Uu(§, 1), 9TO MOATBEPKIACHO YUCICHHO.

dopmaimsm (14) — (18) ucnonp3oBaH 111 MOACIUPOBAHUSA pabodvero mporecca
camocnacaTtelis ocjae U3MEHEHUS PEXUMa €ro SKCILTyaTalHH.

[Ipy OCyIlIECTBICHUN YHUCIEHHBIX PACUE€TOB, PACCMOTPEHA CUTyallus, KOrja
TPEXKPATHOE 3aMEIJICHHE BO3AYIIHOTO MOTOKAa YBEIMYHMBAET O00€3pa3MEPEHHYIO
nnuHy natpona a0 n=10. 9T1o coot- (D)
BETCTBYET camocnacarento ¢ 1 Kr ’
KHCJIOPOJICOIEPKAILETO MPOJIYKTa
nmpu nepexoae ot 10 pexuma npixa-
Hus (pacxon Bozmyxa 60 1/MuH) K 3-My
(mpu  CIIOKOWHOM BBIXOJIe paboydero

113 30HBI ABAPHH) .

Bunno (pucynoxk 4), d4ro
YMEHBUIEHUE CKOPOCTH (UIIBTPALIUU
BO3/lyXa, BBIMOJHEHHOE B MOMEHT

n2F .
11=2.077 KXpUTHYECKOTO MPOCKOKA

CO, (wl(n,t1)=1.5/4=0.375), npu- | | | | g
BEJIO K OoJiee IIUTEIBHOMY IPEOHI- 0 2 4 f g 10
BaHMIO MOJIEKYJI YIIIEKUCIOrO TIa3a 1~ 70 saMeIeHIS BO3IYXa:

B CIOE XeMOCOpOeHTa M, KaK ClIel- 2 — 1ocITe 3aMe/UTCHHS BO3/IYXa;

CTBHE, CHIDKCHHIO HMX CONEPIKAHMUS 3 — gepes3 12 TOCIIE 3aMEUICHHS BO3TyXa

Pucynok 4 — U3zmenenne npockoka CO;

* 3HaueHns (PEHOMEHONOrHYCCKHIX [TAPAMETPOB MOJIEH XEMOCOPOLIH B pereHepaTHBHBIX MATPOHAX
maxTHeIX pecrupatopos / B. B. TTak, C. T'. Exunesckuii, D. I'. Mnbunckuii, E. Y. Kononensko // M3BecTns
BYy30B. ['opHbIif xypHai — 1998. — Ne 11-12. — C. 108-112.
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B pereHepupyemMoM Bo3ayxe (KpuBasi 2). 3aTeM HAYMHAETCS POCT KOHIIEHTpaluu
CO,, o0yCoBIEHHBIN JalbHEHIIINM HCUYEpPIaHHEM MOTJIOTUTENLHOTO pecypca pere-
HEpaTUBHOTO natpoHa. Yepes 12 = 2.078 nponcxoauT NOBTOPHOE TOCTHKEHUE KPH-
trdeckoro mpockoka CO; (kpuBast 3) yxe B OCIabJICHHOM peKUMe pabOThI JbIXa-
TeapHOro ammapata. [Ipyu 3ToM BpeMs 3allUTHOTO JEMCTBUS ammapara BO3pacTaeT Ha
100 % (t2/t1~1) 1 Ha 28 % NOBBIIAETCS MCIOIL30BAHUE €O 3aIIUTHOIO PECypca.
B 4erBepToOil riIaBe Ha OCHOBaHMU OOOCHO-
BanHoro anmropurMma (14) — (18) mpencraBieHbl MO-
JeJId  PETeHEPAaTUBHBIX JIBIXATEIbHBIX aIllapaToB
C M3MEHEHUSIMH KOHCTPYKILIHH, 00eCreurBaIOUIIMU !
YBEJIMUCHHE 3aIUTHOTO NEUCTBUs. B wacTHOCTH, pe-
TeHEPATHBHOTO JIBIXaTeIBHOrO armapara (PUCYHOK D)
C rMOpHUIHON (Kpyro-MasTHUKOBOM) CXEMOW BO3.Y-

2
9] =
XOBOAHOU yactu. [lonesnas Moaenb no3BoIsIeT 00b- :
€MHUTh JOCTOMHCTBA KPYroBoil (Majoe BpeaHOE :
MPOCTPAHCTBO) W MAaATHUKOBOM (Mayibli 00beM s e

MEPTBOTO CJI0S1) CXEM BO3TyXOBOJIHOM YacCTH. 3
Briabpixaembliil BO3IyX MOCTYIIAET B KPYTOBYIO

4acTh MaTpoHa |, rae HaXOAUTCA OCHOBHAS 4acTh

copOeHTa, U MOHAYaly OCYIIECTBIISIETCS MpPaKTHYe-

CKM Bcsi pereHepanus. [lo Mepe oTpaboOTKu Kpyro-
1 — oTcek ¢ KpyroBoi CXeMoii;

. . 2 — OTCEK ¢ MasITHUKOBOI CXEMOIT,
HTHI/IKOByIO 2 yMeHBIHCHHBII/I O6’beM MasJATHUKOBOU 3_ I[LIX&TeJILHI)Iﬁ MEIIOK

BOM 4acTu, Mponecc perecucpanuu CMEIacTCsa B Ma-

YacTH COKpallaeT BPEAHOC IPOCTPAHCTBO [bIXa-  PucyHok 5 — PereneparuBHBIi
TEJIBLHOTO arapaTa ¥ CIIOCOOCTBYET JydIleMy Ta- AbIXaTedbHBIH anmnapar
3000MEHY C JAbIXaTEJIbHBIM MEIIKOM 3.

YroObl onpenenuTs 00yCIOBIECHHYIO PEBEPCOM BO3AYIIHOIO MOTOKA 3arpsi3HEH-
HOCTh MASTHHKOBOM YACTH HCIIONB30BAH MPHHIIAI MECOYHBIX 9aCOB . ITO TO3BOISIET
npoiiecc paboThI anmapaTa ¢ THOPUAHON CXEMOU pa3/IenTh Ha JBa MOCIEA0BATEIbHBIX
stana. BHayane Bech BBIABIXAaEMbIA BO3AYX MPOXOAUT YEPE3 PEreHEPATUBHBINA MTATPOH,

a 3aTCM 4CPE3 MAATHUKOBYIO YaCTh BO3BPAIIACTCA HAa BOOX. PeBepc JJIUTCA BpEMA

1 T
2(1,m) = —— | 0l(n, t)dt, (22)
wl(n, )}
rae n — o0e3pa3MepeHHas JJIMHA MaTpoHa, 3ajaBaeMas oo (B oTcekax 8 u 9) ko-
JUYECTBOM HaJMNepokcuaa Kaaus. YToOwl y3HATh pacipe/iesieHue MOJICKYJI B armapa-
T€ ¢ THOPUIHON CXEMOU BO3yXOBOJAHOW YaCTH K MOMEHTY BPEMEHH Tl, HYXHO pe-

5EXI/IJIeBCKI/H‘/'I, C. I'. HecrarmmonapHas 3a/1adya TUHAMUAKHA COPOIMH YIJIEKUCIIOTO ra3a B pereHepaTuB-
HOM naTpoHe usojupytomiero pecnuparopa / C. I'. Exunesckuii // Becthuk ®onnma (yHaaMeHTaIbHBIX
uccnepoBanuii. — 2019. — Ne 3(89). — C. 57-65.
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mmTh 3a1aqy (14) — (18) ¢ rpaHHYHBIM ¥ HaYaJIbHBIM YCIIOBUSIMH, 33]1aBaMbIMU pa-
BeHcTBamu (cMm. (19), (20))

®(0,7) =wl(n,t),u(€,0)=ul(n—-¢&,t1). (0<E<E2(LM)) (23)

[Tpu sTom Touky £2(tl,M) pa3pe3aHusi pereHepaTUBHOTO MAaTpOHa (AJTUHY €ro MasiT-
HUKOBOW YacTH) CIEAYET ONPENENsATh U3 YCIOBHS JTOCTUKEHUS PABHOBECHOW KOH-
LEHTpalMK YIIEKUCIIOro Ta3a Mpy BO3BPAILLEHUH pEereHeprupyeMoro Bo3ryxa B J1000-
BBIE CJIOU KHCIIOPOCOAEPKAILETO NPOAYKTa

u(&,w2(tl,n)) = (&, 72(tL,n)) = £ = &2(cl,n) (24)
B MOMEHT HACTYIUIEHUSI KPUTUYECKOTO NMpockoka CO,

®(£2(t1,n),t2(tl,m)) =0,375. (25)

Jlist peanuzanuu pekyppeHTHo# nporenyps (17) cormacho (23) notpedyrores
MIPOU3BOIHBIC MPOU3BOJBHBIX TOpAAKOB 1pu & =0 ot ¢ynkiuu ul(n—E,tl). C mno-
Moo (20) MOXKHO YOSTUTHCS B CIIPABETMBOCTH PABEHCTBA

Moy WM -ED)| | ek D 26
u~(0.0) & |, (1)kZ0 k_ (26)
B KOTOPOM
4 n— -1 K Tm
VD= 20T T _k),gk() g (9 =1-€" 3 - (27)

Takum oOpazoM, aarOpUTM MOJICIUPOBAHUS PECTIUPATOPA C THOPUIHON (KpyTo-
MasITHUKOBOM ) CX€MOM BO3YXOBOJHOM YaCTH CJICTYIOIIHIA:

1) st qanHOTO ™M € MOMOIIEIO (19) onpenenuTh cpok 3anUTHOTO AekcTBUs 10
amrmapara ¢ KpyroBoi cxeMoi Bo31yxoBoaHO# yact (wl(n,t0) =0.375);

2) nna 11> 10 (Hanuuue peBepca YBEIMYMBAET CPOK 3AIUTHOIO JCUCTBUSA)
¢ moMotpio (22), (24) Beraucauts t2(tl,M), £2(tl,m) ¥ NPOBEPUTH BHITTOJHCHHUE Pa-
BeHCTBaA (25) (ecy OKa3bIBAETCs, YTO MPUBEACHHAS KOHIICHTpPALMS MEHbIIE KPUTH-
yeckoro npockoka CO,, Bpemst 11 HYy>KHO yBEJIMYUTh, U HA0OOOPOT);

3) mns maHHOTO 1 M YCTaHOBJICHHBIX mMapameTpoB tl1, t2(tl,m), £2(7ln)
¢ nmomoipio (14) — (20), (23), (26), (27) noctpouts pacnpeneneaue (&, t) B MasiT-
HUKOBOM, a ¢ momoineio (19), (20) — B kpyroBoit yacTu nmaTpoHa.
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Pe3ynbTaThl YHCIEHHOTO JKCITE-
PUMEHTA, BBIMOJTHEHHOTO B COOTBET-
CTBUU C JaHHBIM aJTOPUTMOM, TMpe-
CTaBJICHBI HA PUCYHKE 6.

Bei6bop n =3 o00ycioBieH TeM,
YTO MAasTHUKOBAs 4YacTh PacCIOJIOKEHA
B KOHIIE MAaTpoOHa, TJE COCPEelIOTOYEH
OCHOBHOM pecypc MEpTBOTO CJIOS XEMO-
copOenta. C yBEJIUUYECHHEM T €T0 J0JIs
B O0IIIEM pecypce pereHepaTUBHOTO Ma-
TpoHa yMmeHbInaetrcs. [loaTomy makcu-
MaJIbHBIA 3(PPEKT OT BHEAPEHUS KPYro-
MAasTHUKOW CXEMBbI CIICIyeT OXKHUAaTh B
ammaparax ¢ HEOOJBIIUM CpPOKOM 3a-
IIATHOTO JEHUCTBHUS (caMocmacaTensx).

BungHo, 4yTO peBepc BO3AYIIHO-
ro TIOTOKA TOBBINIACT CTETICHb OTPabOT-
KM TIOTJIOTHTEIILHOTO pecypca MasTHH-

b

0EF m

0375

| | ) —
D'gu 1 2 T

1 — B KpyroBoii; 2 — B KpyroMasiTHUKOBOM
Pucynok 6 — OTpadoTka pecypca
pereHepaTUBHOIO NATPOHA B PA3JIMYHBIX
cxemax BO3YXOBOIHOM yacTH (77 = 3)

KOBOM 4acTH PEreHEpPaTUBHOrO MATPOHA. DTO OTOJIBUTAET JOCTHKECHUE KPUTUUECKO-
ro npockoka CO,, Gnarogaps 4yemMy BO3pacTaeT UCIOJIb30BAaHUE KUCIOPOJICOAEpiKa-
LIEro MPOJYKTa U KPYrOBOM YAaCTH PEreHEpaTUBHOrO narpoHa. B wurore, mus n =3,

3¢ (PEKTUBHOCTH MCTOIB30BAHUS 3ALIUTHOTO PECYpCa JbIXAaTEIbHOTO aIapara CyM-

MapHo Bo3pactaet Ha 10,6 %. B camocnacatene ¢ n =2 3ToT nokasateins 26,4 %.

OcHOBHas ujes CJICIYIONIEro u300peTeHus (PUCYHOK 7) 3aKJIIOYacTCs B TOM,
9TOOBI Yepe3 CKOPOCTHOM Y4aCTOK MPOIMYCKaTh BO3AYyX MUMIYJILCHO (TOPIHS, May3a,
mopuuss ¥ T.J.). OTO TO3BOJIIET COBMECTHTH COXPaHEHHE pacxoja BO3IyXa
C YMEHBIIICHUEM CKOPOCTH €ro TCUCHHS TIPH TIEPEX0e U3 MEPEIHNUX CI0EB COpOCHTa

B 3aMbIKAIOIIHCE.

1 — orcek Nel; 2 — orcex Ne2
Pucynok 7 — Pecnupatop ¢ pa3Hoi
CKOPOCTHI0 (PMIILTPALIMH BO3AyXa

12

[TockonbKy BIOX W BBIIOX MpPH-
MEPHO PaBHBI MO JJIUTEIBHOCTH, B 00B-
eMe copOeHTa 1 cKkopoCTh TeUeHus: BO3-
IyXa TMPUMEPHO BIBOE OOJIbLIE, YEM
B o0beme copOenta 2. IIpu »Tom, Ona-
rojgaps OTCYTCTBHUIO IyJbCAIlMH JaBJie-
HUSL CKOpPOCTh (puibTpanuu BO3AyXa
B 00beMe copOeHTa 2 OKa3bIBaeTCs HU-
&Ke, 4eM B Hepa3pe3aHHOM IMaTpoHE.

MakcumanbHblii 3QGEKT, oT u3-
MEHEHH KOHCTPYKIIMH JBIXaTeIbHOTO
anmapara OyneT B pecnuparopax co



CPEIHUM CPOKOM 3aIIUTHOTO JACUCTBUA U TSDKEIBIM PEKUMOM dKCIUTyaTallud. TakuM
TpeOOBaHUSAM YIOBJIETBOPSIET M3O0JIUPYIOMIMIA IbIXaTEIbHBIN anmapaT Ha XUMHUYECKH
ceszanHOM kuciopoae PXC. B mem 2400 r kucinopoacoaepskaiiero npoaykra. [1mor-
HOCTh YIIAKOBKM TPaHyJI KUCIOPOJACOAEpKariero npoaykra pasHa 930 r/m. 3Hauwur,
o0bem perenepatuBHoro natpona PXC cocrasnsier 2400/930 = 2,58 1. [1pu sTom Ha
MyCTOTHI MKy TPaHyIaMH MPUXOIUTCS OKOJIO TPETU 00beMa pereHepaTUBHOTO Ma-
Tpona 2,58/3 = 0,86 1.

B necsarom (Tspkenom) pexxume padotsl PXC cooTBeTcTBYeT 00€3pa3zmMepeH-
Hag jqiuuHa m=7,5. Ilpu 3ToM uemoBek moTpebaser okojgo 60 JIUTPOB BO3AyXa
B MUHYTY ocyumiecTBiiAs 30 BAOXOB-BBIIOXOB. T.e. 00BEM KaXJ0ro BbIIOXA MpPH-
MEpPHO paBeH 2 J1.

Uto0bl MaJio BIUATH Ha cpenHee Bpems npeObiBaHus Monekyn CO;, B nepBoi
YacTH PEreHepaTUBHOIO MAaTPOHA, YaCTh BBIA0XA, OCTAIOIIAACS MEXKIY IBYMS BbIIO-
XaMH B TIEPBOM YaCTH MaTpOHA, JOJHKHA OBITh HA MOPSAOK MEHbIIE 00IIero oobema
OJTHOTO BbI10Xa. To ecTh 001l 00BEM ITyCTOT NMEPBOM YACTH HE JOJHKEH IPEBBIIATH
0,2 J1, 4TO COOTBETCTBYET 00E3pa3MEPEHHOM IMHeE NepBoi yactu ¢ < 7,5-0,2/0,86 =1,74,
B CBA3U C YEM HA30BEM €€ KOPOTKOM.

Takum 00pa3zoM vepe3 KOPOTKYIO YacTh MAaTPOHA BO3AYX (UIIBTPYETCS CyIlle-
CTBEHHO OBICTpEeE, a Yyepe3 BTOPYIO (IUIMHHYIO) YacTh MEIJICHHEE, YEM Yepe3 Hepas-
pe3aHHblii maTpoH. [Ipy 3ToM, B TepMUHAX 00€3pa3MepEeHHBIX MTepeMeHHBIX (cM. (12))
nepBasi 4acTh NaTpOHA CTAHOBUTCS KOPOUE, a XOJ1 BpEMEHH B HEW Kak Obl 3aMeJIsIeTcs,
MOCKOJIBKY B HEro He nocTymnaroT Mosiekyssl CO,. Takum odpazom (cm. (19), (20)),

®,(§,7) = ol(ag,at), (0<E<() (28)
u, (&) =ul(agat), (0<E<q) (29)

rae o, u U, — npuseneHHas koHueHTpauus CO; M uCIoNb30BaHHAs J0JI1 pecypca
XeMOocOopOeHTa B MEpPBOM YacTH MarpoHa, o~ 0,5, T.K. CKOPOCTh (DHIBTpAIIKN Yepe3
KOpPOTKYIO 4acTh MaTPOHA MPU OJUHAKOBOM MPOJOIKUTEIBHOCTH BBIAOXA U BIOXA
IIPUMEPHO BJIBOE BBILIE, YEM B HEPA3PE3AHHOM ITATPOHE.

AHnanornyHo, ¢ nomompto (14), (18) momydeHsl ® U U BO BTOPOW YACTH
raTpoHa

0, 1) =0 E-0).,v1), ({<E&<n) (30)
u,(&t)=u(y(E-0)y1), (£<g<n) (31)

rac y > 1 YUUTBIBACT 3aMCAJICHHUC BO3AYIIHOTO IIOTOKa BO BTOpOﬁ JaCTu IIaTpOHa
H 3aBHCHUT OT JICMH(l)I/IpOBaHI/ISI CKa4YKOB CKOPOCTHU B HEPA3PE3aHHOM IMAaTPOHC.
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B kadectBe rpanuuHoro yciosus B (18) mpu peammszanuu (30), (31) nomxen
burypupoBaTh MPOCKOK Yepe3 MEePBYIO YacTh MaTPOHA

®(0,7) = 0, (C,7) = 0y (aC,a1), (32)

IIPH 3TOM

fo(0) = 0y (G,7) €. (33)

Jlis TpoBeACHHUST YHCICHHBIX JKCIECPUMEHTOB IIOJIYYCHHBIC TPU HATUYHH
CKayKa CKOpOCTH 3aBUCUMOCTH (28) — (31) ObutH cmThl GyHKIMSIMHU XeBHUCai1a

®(&,1) =0,(§1)0(( - &) + ©0,(§,1)0(E - &), ({<&<n) (34)
U(E1)=uy (& 1)0(C-E) +U,(§1)0(E-C). (C<&=<n) (35)

Bbruncnenus mo ¢opmymnam (34), (35) BBINOMHSUIMCH B Ccpeje IaKeTa
MathCAD. Pe3ynbTaThl pacueToB (Tabiuua 1) nmoarBepxnaroT 3¢p(HEeKTUBHOCTH MO-
JENMPYEeMOil KOHCTPYKIIMK BO3AYXOBOJAHOW YAaCTH U JOMYCKAIOT PasyMHYIO MHTEp-
MPETaLHIO.

Tabmuua 1 — Pe3ynbTaThl YUCIEHHBIX SKCIIEPUMEHTOB

g § | aup(0,1)/o1__, | 60 (0,1)/or__, =al(5,1)/07__, | U(t,)/Uy(Ty)
14 | 0,723 1 0,762 1,065
16 | 0,794 1 0,677 1.029
18 | 0,856 1 0,611 0,993

Buano (2-# cron6en Tabmauiibl), 9to { TeM OoJble, 4YeM 3HaUYUTEIbHEE XapakK-
Tepu3yeMoe £ neMnpupoBaHrne CKOPOCTH B HEpa3pe3aHHOM MAaTPOHE. DTO MPUBOIUT
K OOJIbIIIEMY YBEJIWYEHHUIO CKOPOCTH (HIBTpAIMHM 4Yepe3 TEepBYI0 4YacTh MAaTpPOHA
1 Bo3pactanuto yepe3 Hee npockoka CO,. [ToaTomy, 4TOOBI HE JOMYCTUTH CIIEKAHUS
rpaHyJl Ha BXOJieé BO BTOPYIO YacTh MaTPOHA, JJIMHY MEPBON YaCTH HYKHO YBEITUYH-
BaTh. lcnonb3oBaHue pecypca MEPTBOIO CJIOSA MPH 3TOM CHMbKaeTcs (5-U cTomnbelr
Ta0aUIbI), MO0, TPU 3HAYUTEIBHOM JeMII(PUPOBAHNN CKAUKOB CKOPOCTH (DUIIbTpAlIuU
B OJHOPOJHOM TAaTPOHE, TEUEHHE BO3JyXa Majo OTJIMYACTCS OT PAaBHOMEPHOTO,
MMEIOIIETO MECTO BO BTOPOM YacTH maTtpoHa. B wactHocTH, nis € =1,6 B maTpoHe co
CKA4YKOM CKOPOCTH (DUJIbTpAllMM TEIUIOBask MOITHOCTH Ipoliecca B JTOOOBBIX (HanOo-
Jiee TIOJIBEPKCHHBIX CTICKAHUIO) CIOAX KHCIOPOACOACPIKAIIETO MPOIYKTA CHUKACTCS
Ha 32,3 % (4-i cron6Gen Tadauipl). [Tpu atom 10 2,9 % (5-i cToader TabnuIbI) BO3-
pacTaeT MCIOJb30BaHKUE 3aIIUTHOTO PEcypca pereHepaTuBHOTO MaTpPOHa, XapaKTepu-
3yeMoe ero cpejHeii (1o koopauHate) oTpaboTkoit U (T,) K MOMEHTY HACTYIJICHHS
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kputnaeckoro npockoka CO,. JInsg € =1,4 stu nokazatenu pasubl 23,8 % u 6,5 %
COOTBETCTBEHHO.

B crnenyromeM H300peTeHHH peann30BaH PEBEPC
BO3JIYIIIHOTO MOTOKA B amlmapare ¢ KpyroBOW CXEMOM BO3-
JQyXOBOJHOW 4acTW. [IpuHIMNUAanpHOE OTIMYME TaKOro
TEXHUYECKOTO pelleHus (PUCYHOK 8) OT ammapara ¢ Masit-
HUKOBOM CXEMOW BO3QYyXOBOJHOW YaCTH — OTCYTCTBHUE
BPEJAHOIO NPOCTPAHCTBA, 3aHATOTO BO3JyXOM, KOTOPBIN
BO3BpallaeTcsa Ha BJOX, TAK U HE BCTYNHB B KOHTAKT C He-
BbIpAa0OTAHHON 4YacThlO pereHepatuBHOro nartposHa. llon-

Npy>KMHMBaHUE MEIIKOB BbIioxa 1 u Baoxa 2 aemmndupyet
CKauKH JIaBICHUS W CHUKAET CONPOTUBIICHHE JIBIXAHUIO.  Pycynok 8 — JbIXxaTeabHbIi
MOUIIHOCTP MCTOYHUKOB JK30TEPMUYECKOrO TEI-  anmapara ¢ pesepcom

Ja MakCHMajbHa Ha BXOJIE€ B PET€HEPATHUBHBIN MaTPOH 3 BOJLVIHOTO ToTORKA
BHayayie pabOThI IbIXaTEIBHOTO ammapaTa. B pe3ynpTaTe mOCIOMHOTO ClieKaHus Tpa-
HYJI peabHbIi CPOK 3alUTHOTO JeHcTBHs Ha 37 — 67 % Hivke TeopeTHueckoro’. ITo-
ATOMY pPEBEPC HYKHO COBEPLIATH IEepekiirovareneM 4 B MOMEHT tl, Korma pecypce
7000BOrO €ISl BhIpaOoTaH He Oosiee, yeM Ha TpeTh. C momoinpio (29) u3 ycioBus
ul1(0,71) = 0.33 nmonyueno t1=0.4, 4TOo COOTBETCTBYET 8.3 MUHyTaM, U0, COTJIACHO
MCTOYHHUKY B cHOCKe 6, By =0.8-10°¢™. B stor MomenT wl(4,11) = 0.053 (cm. (19)).
3HayeHue 1 =4 UCMOJb30BaHO, YTOOBI CIIEKaHUE TPaHyl HE yCYryousuio mpoliemy
1 0e3 TOro HU3KoM 3P(HEKTUBHOCTH armapaTa ¢ HeOOJIbIIUM 3aIUTHBIM CpOKOM. M3-
JIO)KEHHOE TIPUBOJUT K 3aj1ade quHamMuku copouuu (14) — (18) ¢ mavanpHOM 3arpss-
HEHHOCTBI0, TTosrydaemoit u3 (20) 3amenoit & —n—§

u(g,0)=ul(n-¢,t1)=1- b u(E,T)

1 T T T

e 14 e—n+gi (m-¢)" Zn: w1 .
S | L 02

PC3YJ'IBT8,TBI BBIIIOJIHCHHBIX YHMCIICH- nar- .

HbIX OSKCIICPUMCHTOB IIPCACTABJICHbBI HAa PH- 04

cyke 9. BugHo, 4to yepes MpoMexyToK Bpe- - g P
Menu tT—11=0.335 mocne peBepca BO3MyIl-  D2F lwl §
HOTO ITOTOKA 3arpsi3HEHHOCTb KpacB pETcHe- IR _E-_

PaTHBHOTO TIATPOHA BHIPABHUBACTCS M OKa3bl-

BacTcs Ha 43.8 % HIbKe, YeM Ha BXOJIC B Ila- 1 — nocite peepca BO3/YIIHOTO MOTOKA
o 1=0.4); 2 — B OTCYICTBHH peBepca

TPOH, paboTarolMii Oe3 peBepca, YTo MpeIoT- ( ) yr peBep

Pucynok 9 — OrpaboTka pereHepaTHBHOIO
BPATUT CMIEKaHUE TPaHyJ1 XeMOCOPOEHTA.

nmarnoHa B MoMeHT BnemMenu T = 0.735

® Exunencknii, C. T'. TToBbiureHme pecypca ABIXaTEIbHBIX allaparoB HAa XUMHWYECKU CBSI3aHHOM
Kuciopoae: aBroped. aumc. ... a-pa Tex. Hayk: 05.26.01 / Exwunesckuii Crenan I'puropbeBuu. —
Huenpomnerposck, 2002. — 36 c.
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0

no
h

Jlns mpoBeAeHUs HATYpPHBIX JKCIIE-
puMeHTOB (pucyHOK 10) HCHOIB30BAIUCH
perenepatuBHble marpoHbl PII-7 oT uzonu-
PYIOLIEro CpEeACTBa WHAWBUIYAIbHOM 3a-
IIUTHl OPraHOB JbIXaHUS HAa XHMHYECKH
cBsi3anHOM kucnopoae UIT-4MK. s umu-
TallUU JbIXaHUS C MOMOILIBIO KOMIIPECCOP-
HOM YCTaHOBKM Ha BXOJ| NAaTpOHA ITOAAaBa-
Jach BO3AylIHas cMech ¢ 4 % yriaexucnoro
raza. B orcyrcTBHM peBepca, MOTy4YEHHBIN
B UHCJIEHHOM JKCIIEPUMEHTE CPOK 3aIIUTHO-
ro geWctBusi (56 MuHYT) oOecrneduBalICs
npu 00BEMHOM pacxoje Bo3ayxa 40 j1/mMuH.
TeMmeparypHbIlil peXuM IpoLEecca XEMO-
copbruu CO, OTCIIEXKUBAIICA HAa MOBEPXHO-
CTH PEreHepaTHBHOrO MaTpoHa MH(pakpac-
HeIM mpubopom Ada instruments TemPro

700. BumHo, 9TO B Hauvaje pabOTHI ammapaTta ObICTPBIN POCT TEMIIEPaTyPhl TPOUCXO-

IUT B JIOOOBOM CJIO€ MPOAYKTA, 1€ MAKCUMAJIbHBIA KOHUEHTPALMOHHBIN HAop Co-

YeTaeTcsl C €Ille He3aJIeCTBOBAHHBIM MOTJOTUTENIBHBIM PECYPCOM XEMOCOpPOEHTA.

3aTeM Mpolecc IK30TEPMUUYECKON XEMOCOPOIIMN CMEIAETCsl BIIyOb pereHepaTUBHO-

ro narposna. [IpuumHa B 4aCTMYHOW pETEHEpPALMM BO3AYyXa B MPEABIAYIIUX CIIOSAX

Y YaCTUYHOU OTpabOTKE 3aMbIKAIOMIMX cl0eB. M TO, U Apyroe CHMKAET CKOPOCTh Xe-

MOCOp6HI/II/I B 3aMbIKAIOIIUX CJIOAX, a4 3HAYHUT U
BBIACJICHUEC B HUX 3K30TCPMHUUYCCKOI0O TCILIA. N3-

MEpPEHUS 3aBEPIIEHBI HA 58 MUHYTE€ B MOMEHT /\

KpuTH4eCKOro npockoka CO,.

HpI/I MMPOBCACHUN COIMOCTABHUTCIIbHBIX MC-

neiTaHuii (pucyHok 11), peBepc (o uroram 4mc-
JICHHBIX YKCMEPUMEHTOB) OBLI OCYIIECTBIICH Ye-
pe3 8 MUHYT IOCJE Hadaja onbiTa. B pe3ynbrare
IepepacnpeneseHls] NCTOYHUKOB 3K30TEpMHYE-
CKOro Temjia Ha 15 MHuHyTe paboThl MaKCUMyM
TeMIEpaTypbl B PEreHEPAaTUBHOM MaTPOHE CHU-
suicst Ha 20 % (kpuBbie 2 Ha pucynkax 10 u 11).
[IpyunHa B pacmMpeHur padOTaOIIEero Clos
copOeHTa M BKIIOUEHUU B TEIJIOCHEM TMPAKTHYE-
CKH BCEH MOBEPXHOCTU PEreHepaTUBHOIO MaTpoO-
Ha. U camoe Ba)kHOE: CPOK 3alUTHOTO AEHCTBUS
npoTuBorasa (0e3 U3MEHEHUs! KOJUYeCTBA XUMHU-
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YEeCKH CBSI3aHHOTO KHCIOpoAa) yBenuumics Ha 8,6 %. [Ipuunna — mpenoTBpaiieHue
CIEKAHMs TPaHyJ B pe3yjbTaTe CMATYEHUs] TEMIIEPATypPHOIO PEKMMa pEreHepaTHB-
HOTO MaTpOHa.

3AK/IIOYEHUE

B nucceprauuu penieHa Hay4YHO-TEXHUYECKAs 33]1aya YBEJIMYEHUS 3alIUTHOTO
NEUCTBUSA U30JMPYIOIIMX JbIXaTEIbHBIX allapaToB HA XUMUYECKUA CBA3AHHOM KHC-
JIOPOJE, YTO JOCTHUTHYTO BHECEHHWEM H3MEHEHH B KOHCTPYKLIHMIO BO31YXOBOJIHOMN
JacTH U TpHBENO K Oonee 3(h(PEeKTHBHOMY HCIIOIB30BAHUIO PECYpCa pereHepaTUBHO-
ro MaTpoHa.

OcHOBHBIE HAYYHBbIE Pe3yJabTaThl JUCCEPTALNH

1. Ha npumepe ypaBHeHus 1udPpy3un peann3oBaH U YCIEIIHO MPOTECTUPOBAH
TEOPETHKO-BEPOSATHOCTHBIN MOAXO/ K PEUICHUIO YpaBHEHUN MaTeMaTH4YeCKOW Qu3u-
KH, OIMCBIBAIOIINX CIIyYalHbIC TPOIECCHl MOJICKY/IsIpHOM tipupoabl [8]. s mone-
JUPOBAHUS JTMHAMUYECKOW COpPOIIMOHHOW AKTUBHOCTH TEOPETUKO-BEPOSTHOCTHBIN
oaxo/1 0000IIeH Ha cliy4yail OOJBIINX BPEMEH, YTO MO3BOJIMIIO BBIACIUTH HOPMaJIb-
HYI0 aCHUMIITOTHMKY MPOCKOKa YIJIEKHCIIOIO ra3a 4epe3 pereHepaTHBHBIM MaTpOH
Y OINPEACIIUTh MONPABKU K HEH, 00YCIOBICHHbBIE ACUMMETPUSMHU U 3KCLECCAMU CIIy-
JaifHON KOOPIUHATHI 3JIEMEHTAPHOTO aKTa Xemocopoiuu Mojekyssl CO, [3, 12, 15].
B pesynbTaTe BO3pacTaeT CKOPOCTbh YUCIEHHBIX AKCIIEPUMEHTOB C HOBBIMU KOH-
CTPYKLIMSIMU JbIXaTEIbHBIX allllapaToB.

2. Marematruyeckasi MOJIelb pPEreHepay BO3AyXa B H30JIHPYIOIIEM JbIXa-
TEJIBLHOM annapare 0000I1eHa Ha cilydyaid HEOJHOPOAHOW HaYyalbHOM 3arps3HEHHOCTH
PETEHEPATUBHOTO TMATPOHA M MEepeMeHHOM KoHmeHTpauuu CO, Ha BXOJ€ B MaTpOH
[1, 10], uTo MO3BOJIMIIO MOACTUPOBATH JMHAMUKY COPOIMH TOCIE peBepca BO3IYIII-
HOTO TIOTOKA WJIM M3MEHEHUsS pekuMma paboThl JbIXaTeNbHOro ammapata [2, 9, 11].
B yacTHOCTH MOKa3aHO, YTO TPEXKPATHOE CHUXKEHUE OOBEMHOTO pacxoja BO3ayXa
MOCJIE€ TOCTHKEHUSI KpUuThyeckoro npockoka CO, BIBOE YBETUYMBAET CPOK IKCILTya-
TalMu camocnacaress ¢ 1 Kr Haanepokcuaa Kanus U Ha 28 % MOBBIIIAET UCTOJIb30-
BAHME E€r0 3alIUTHOTO pecypca.

3. Ilpennokena matematuueckass Mojienb [4, 13] apIxatenbHOrO ammapara Ha
XUMHUYECKH CBSI3aHHOM KHUCJIOPOJIE€ C KPYro-MasiTHUKOBOM CXEMOM BO3J1yXOBOIHOM
yactu [18]. [lokazaHo, 4TO BHECEHME M3MEHEHHN B KOHCTPYKIIMIO caMOcCHacaTtelis,
B 3aBHCHUMOCTH OT BEJIMYMHBI 3alIUTHOTO pecypca, Ha 10,6 % — 26,4 % moBblimaer
3¢ (PEeKTUBHOCTH €ro UCIMOJIb30BAHUS 32 CYET YMEHBILIEHUS MEPTBOIO €0 cOpOeHTa
1 00beMa BpETHOTO MPOCTPAHCTBA.

4. Ilpeqnoxkena MaremMaruueckass MOJENb Ipoliecca pereHepaly Bo3ayxa
B JIbIXaTEJIbHOM ammnapare Ha XMMUYECKH CBSI3AHHOM KHCJIOpPOJE C HepaBHOMEPHOU
CKOPOCTBIO (PMIIBTPAIIMKM BBIIOXA Yepe3 pereHepaTuBHbIN natpoH [5, 14]. C momo-
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IIbI0 YMCJICHHBIX HKCIIEPUMEHTOB OIpe/AesieHa ONTHUMAalIbHAs JJI MPeJOTBpAICHUS
CTIIEKaHUsl TPAaHyJl KOOPAWHATA CKaukKa CKOPOCTH (MIBTPAIIMH BO3IYIIHOTO MOTOKA.
B 3aBucHMMOCTH OT BenWYMHBI JeMI(UPOBAHUS JABICHUS HA BBIIOXE W BAOXE IS
pecrimpatopa PXC ompenerneH mpupoCcT 3alldTHOTO ACHCTBHs anmapara (10 6,5 %)
U CHUXKEHHME MOIIHOCTH HMCTOYHHMKOB HK30Tepmuyeckoro temia (ot 23,8 % 1o
32,3 %) B TOOOBBIX CIIOSX KHUCIOPOICOACPIKAIIETO MTPOTYKTA.

5. [Ipemnoxen dhopmanusMm [6, 16], mo3ossionuii MoxeIrpoBaTh pPabOTy U30-
JUPYIOLIETO JbIXaTeJIbHOIO amnmnapara Ha XHWMHYECKH CBS3aHHOM KHCIOPOJE
C KPYrOBOW CXEMOM BO3JyXOBOJHOWM YacTH ITOCIIE peBepca BO3MYIIHOTO ImoToka [19].
PeBepc obecnieunBaer Oosee paBHOMEpPHOE paclpeaesieHue HCTOUHUKOB IK30TEPMHU-
YECKOI'0 TEIUIa B PEr€HEPATUBHOM IAaTPOHE (3arpsi3HEHHOCTh €ro KpaeB BbIPABHHUBA-
eTcsl M oKkasbiBaeTcs Ha 43,8 % Huke, YeM Ha BXOJIe B MTATPOH, paboTaronuii 6e3 pe-
Bepca). JTO NPEelOTBPAIIAET CIIEKAaHUE TPAaHY] KUCIOPOACOJEPKAIIEr0 MPOIYKTa
U MO pe3yJbTaTaM HaTYypPHBIX COIOCTABUTENBHBIX UCIIBITAHUN Ha 8,6 % yBelIndnBaeT
CpPOK 3aIlIUTHOTO JeHCTBUS ammaparta [7, 17].

PexoMeHganum no NpakTuyecKoOMY MCIOJIb30BAHUIO Pe3yJIbTATOB

[Tomy4yeHHbIE pe3yabTaThl MOTYT UCIIOJIB30BATHCA JJIs1 pACYETOB OCHOBHBIX Ia-
paMeTpOB PEreHEPATUBHBIX MATPOHOB MPU CO3/IaHUU HOBBIX U MOJEPHU3AINU CYIIe-
CTBYIOIIMX H30JIMPYIOMIUX CPEJCTB 3alIUTHl IBIXaHWS HA XUMHUYECKH CBS3aHHOM
KHCJIOpOJE JUisi paOOTHUKOB TOIUTMBHOM, XMMHUYECKON M TOPHOAOOBIBAIOLIEH IMpO-
MBIIIJICHHOCTH, a Takxe s cnacaresieit MUC, moxapHbIX U BOEHHBIX.
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P233IOMD
IHaranenka Syren IlaynaBiu

ITaBesiudHHE axoyHAara a3esiHHs AbIXaJbHAra anapara
Ha XiMiYHA 3BsI3aHBIM KicJapojase
3MeHAall KAHCTPYKIbIL ir0 NaBeTPABOAHAN YACTKI

KiouaBblisi CJIOBBI: 13aJISIBAJIbHBI IbIXaTBHBI allapaT, pIreHepaThlyHbI MaTPOH,
KICJIapOJ3MSIIIYANIbHBI  MPAIYKT, SK3aTdpMIYHAs XemacopOIlbisi, MEPTBBI ILIACT
capOeHTy, KAHCTPYKIIbIsl MABETPABOIHAN YACTKI.

MbdTa paciienaBaHHsi: TaBeTIUdHHE axoyHara J3€sHHS JAbIXallbHara amapara
Ha XIMIYHa 3JIy4aHbIM KicIapoJ3€¢ 3MEeHall KaHCTPYKIIBI1 SITO TTaBETPaBOHAN YaCTKI.

Meraabl gaciefaBaHHs i amapatypa: TOXHIUHBIS PalldHHI, MaTAIMaTblYHAE
1 Kamm'roTapHae MaJPJsIBaHHE, JIKaBBISI 1 HATYPHBIS SKCIEPHIMEHTHI, KaMIT'tOTap,
ra3aBbl aHa13aTap, 3JEKTPOHHBI TAPMOMETP.

ATpbiMaHbIfl BbIHiIKI i ix HaBi3nma. Ha mnpeiknamze payHanus awidysii
praili3aBaHbl 1 TMACIAXOBa IMPaTICTaBaHbl TIAPATHIKA-IMABEPHACHBI MAABIXOJ Ja
paldHHA payHaHHSY MaTdMaThluHa (Pi3iKi, sIKis amicBarOb BBIMAJIKOBBIS MPaIdChI
MaJIeKyJISIpHAN MPBIPOJIBI.

TrapaThika-IMaBEepHACHBI MAJIBIXO]T 1a MAJRJISIBAHHS JIbIHAMIUHAM capOIblitHall
aKkThIVHACI abaryipbHEHbl Ha BBINAJAK BSUTIKIX Yacoy, INTO Ja3BOJIIA BBUTYYbBIIb
HapMaJbHYIO aciMOTartblky mnpackoky CO, 1 BbI3HaYblp Nampayki na se,
a0yMOYJICHBISI aCIMETPBISIMI 1 DKCI[ICaM1 BBIIIUIIBIX MMapajkay.

CyaaHociHBl MaTAMaThlUHAl MaJdJl pAreHepalbll NaBeTpa Y 13aisBajlbHbIM
IbIXaJbHBIM amapaie aOarylbHEHbl Ha BBINAJAaK HeagHApOJHAW MayaTKOBal
3a0pyKaHaclli pareHepaTblyHara maTrpoHa 1 3MeHHal kaHipHTpanbli CO, Ha
¥Baxoja3e ¥ mMarpoH, MITO Ja3BOJijIa MaJdsaBallb JbIHAMIKY COpOIIbIl MAaciis pIBEpCy
naBeTpaHara CTpyMeHs a00 3MEHBI PKbIMY TpaIlbl arapara.

[laGynaBaHbl MAaT3MATBIYHBIA MaJdJl  JbIXaJbHBIX amaparay Ha XIiMiyHa
3BSI3aHBIM  KICJIApOJ3€ 3 Kpyra-MasTHIKaBail cxemail MaBeTpaBOJHAW YaCTKi,
HEepayHaMepHail XYTKaciio (uUIbTpaupli BBIIBIXY @pa3 piIreHepaThlyHbl MAaTpPOH,
3 KpyraBoi cxemMail MaBeTpaBOJHAM YacCTKlI Macis pIBepcy MaBeTpaHara NaToOKy.
[Taka3aHa, MITO 3aHACEHHE 3MEH Y KaHCTPYKIIBIIO MaBETPaBOJIHAN YACTKI TMaBsUIIuBae
3(eKThIYHACIH BBIKAPHICTAHHS axoyHara pacypcy amapara, Mpaayxuise CHsSKaHHE
KiCJIapoa3MsIIYalibHara mpajayKTa, mamsiHInae sro MEPTBHI MIAcT 1 ab0'éM 1Ko HAM
MpacTopbl ¥ MasiTHIKaBai cxeme.

CTyneHb BBIKAPBICTAHHA 400 pIKaMeHJalbli 0a BbIKAPbLICTAHHI.
3MSHEHHI KaHCTPYKIIbIl MaBETPaBOAHAN YaCTKl JAbIXaJbHBIX amaparay Ha XiMidyHa
3BSI3aHBIM KiCIapoA3€ abapOHEHbI MaTAHTaM1 1 MPBIHATHL J1a YKapaHEHHs aBapbliiHa-
JpIcTIeTYapCcKai ciyk0ait BertBopuara Ynpaynenns "[lonarkrasz".

Bobaacub npbiMsaiHeHHss. CTBapsHHE 1 MaJdpHI3allbla 13QJISIBAHBIX JbIXaJIb-
HBIX arapaTay Ha XiMiuHa 3BsI3aHBIM KiCJIapO/I3e.
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PE3IOME
IToranenko EBrennii IlaBioBu4

YBejmueHHe 3aIUTHOTO JAeHCTBHSI AbIXaTeJIbHOI0 annapara
HA XUMHMYECKH CBSI3aHHOM KHUCJIOPO/Ie
U3MeHeHNeM KOHCTPYKIIUM ero BO3YXOBOAHOI 4acTH

KiroueBbie cjioBa: M30IMPYIONIUM JIBIXATENbHBIM aIIapar, pereHepaTuBHbBIN
NaTPOH, KUCIOPOICOACP KA MPOAYKT, SK30TepMUUECKas XeMOCOpOLIUsl, MEPTBBIN
cJioi copOeHTa, KOHCTPYKIIMS BO3yXOBOJIHON YacTH.

Leap uccienoBaHus: YBEIMUYCHUE 3AIIUTHOTO JIEUCTBUS JbIXATEIBHOTO all-
napaTa Ha XMMHYECKU CBSI3aHHOM KHCJIOPOAE U3MEHEHUEM KOHCTPYKILIMH €r0 BO31Y-
XOBOJHOM YacCTH.

Metoab!l ucc/ieIOBAaHUS U aNNIapaTypa: TEXHUYECKHUE PELICHMS, MATEMATH-
YECKOE M KOMITBIOTEPHOE MOAEIMPOBAHUE, YUCIIEHHBIE U HATYPHBIE DKCIIEPUMEHTHI,
KOMIIBIOTED, Ta30BbIA AaHAIU3ATOP, JIEKTPOHHBIA TEPMOMETP.

IMosnyyennbie pe3yabTaThl 1 MX HOBHU3HA. Ha npumepe ypaBHeHus nuddy-
3UM PEaJr30BaH MU YCIIEIIHO NPOTECTUPOBAH TEOPETUKO-BEPOATHOCTHBINA IOIXOJ
K PEIICHUI0 YPAaBHEHUM MaTeMaTH4YEeCKON (hM3HUKH, OMUCHIBAIONINX CIIy4aiiHbIE MpPO-
LIECCHI MOJIEKYJIIPHOU HPUPOJIBL.

TeopeTnko-BepOsITHOCTHBIN MOAXO0A K MOAECIMPOBAHUIO TUHAMHYECKOU COpO-
LIMOHHOM aKTUBHOCTH 0OOOIIEH Ha ciiy4yal OOJbIIMX BPEMEH, YTO MO3BOJIMUIIO BbIJE-
JUTh HOPMAJBHYIO AaCUMITOTUKY mpockoka CO,; ¥ oOnpenenuTs IONpPaBKU
K HEil, 00yCJIOBJIICHHbIE aCUMMETPHUSIMU U KCLECCAMU BBICHINX MOPSIIKOB.

CooTHOIIEHNsI MaTEMAaTUYECKOM MOJIENI pEereHepalny BO31yXa B HU30JUPYIO-
IIEM JIbIXaTeILHOM armapaTe 000O0IIeHBI Ha CIy4all HEOJHOPOJHOW HaudaJbHOMW 3a-
IPSI3HEHHOCTH PEreHEepaTUBHOrO MaTpoHa W mnepemMeHHoM koHueHTpauuu CO, Ha
BXOJI€ B MAaTPOH, YTO MO3BOJIMIIO MOJIETUPOBATh TUHAMHKY COPOIMH TOCIe peBepca
BO3JIYIIHOTO IMOTOKA WJIM U3MEHEHHUS pexXruma padoThl anmnapara.

[TocTpoeHbl MaTeMaTUYECKUE MOAEIHN AbIXaTEIbHBIX alnapaToB HA XUMUYECKH
CBSI3aHHOM KHCJIOPOJIE C KPYrO-MasiTHUKOBOM CXE€MOM BO3/IyXOBOJHOW 4acTH, HEpPaB-
HOMEPHOU CKOPOCTBIO (DMIIbTpALlMU BBIAOXA Yepe3 pereHepaTUBHBIN MaTpoOH, C KPy-
TOBOM CXEMOM BO3JlyXOBOJHOM YaCTH IIOCJIE peBepca BO3AYIIHOTO noToka. [lokasa-
HO, YTO BHECEHUE M3MEHEHUI B KOHCTPYKITUIO BO3yXOBOIHON YaCTH MOBHITIACT d(-
(EeKTUBHOCTH MCITOJIH30BAHUS 3AITUTHOTO pecypca arrmapara, IpeIoTBpaIiaeT creka-
HUE KHUCJIOPOJCOAEPKAIIETO MPOAYKTa, YMEHBIAET €r0 MEPTBBIMA CIIOM U 00beM
BpPETHOTO NMPOCTPAHCTBA B MAATHUKOBOW CXEME.

CreneHb MCIOJIb30BAHUS WJIN PEKOMEHIALMHU 10 UCIOJb30BaHMIO. [3Mme-
HEHUS KOHCTPYKLHMHU BO31YXOBOJHOW YaCTU JbIXaTEIbHBIX allllapaTOB HA XUMHUYECKU
CBA3aHHOM KHCJIOPOJE 3alIUIICHbI NMaTEHTAMU W MPUHSATHI KO BHEAPECHHUIO aBAPUMHO-
mctieT4epckoit ciryx00it [IponsBoacTeenHoro Ynpasienus «Ilomorkrasy.

OobaacTte npumeHenusi. Co3IaHue U MOJICPHU3ALMUS H30IUPYIOMIUX JbIXa-
TEJIbHBIX alllapaToB HA XUMUYECKHU CBSI3AHHOM KHUCIIOPOJE.
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SUMMARY
Potapenko Evgeny Pavlovich

Change in the design of the air duct part of the respirator
on chemically bound oxygen to increase its protective effect

Keywords: insulating breathing apparatus, regenerative cartridge, oxygen-
containing product, exothermic chemisorption, dead sorbent layer, airway part
structure.

The purpose of the study: increasing protective action of respiratory
apparatus on chemically bound oxygen by changing the design of its air duct part.

Research methods and apparatus: technical solutions, mathematical and
computer modeling, numerical and natural experiments, computer, gas analyzer,
electronic thermometer.

The results obtained and their novelty. Using the diffusion equation as an
example, a probability-theoretic approach to solving equations of mathematical
physics describing random processes of molecular nature has been implemented and
successfully tested.

The probability-theoretic approach to modeling dynamic sorption activity is
generalized to the case of long times, which made it possible to isolate the normal
asymptotic behavior of CO, breakthrough and determine corrections to it due to
asymmetries and excesses of higher orders.

The relations of the mathematical model of air regeneration in the isolating
respiratory apparatus are generalized to the case of inhomogeneous initial
contamination of the regenerative cartridge and variable concentration of CO, at the
inlet to the cartridge, which made it possible to simulate the dynamics of sorption
after the reverse of the air flow or changes in the operating mode of the apparatus.

Mathematical models of breathing apparatus based on chemically bound
oxygen with a round-pendulum design of the air duct part, an uneven rate of
exhalation filtration through a regenerative cartridge, with a circular design of the air
duct part after reversing the air flow were built. It is shown that introduction of
changes in the design of the air duct part increases efficiency of using the protective
resource of the apparatus, prevents sintering of the oxygen-containing product,
reduces its dead layer and the volume of harmful space in the pendulum circuit.

The utilization or recommendation for use. Changes in the design of the air
duct part of breathing apparatus using chemically bound oxygen are protected by
patents and accepted for implementation by the emergency dispatch service of the
Polotskgas Production Directorate.

Sphere of application. Establishment and modernization contained breathing
apparatus on chemical oxygen. >

-
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