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3y4eHo Hucxodsiwee medeHue O8yX M/IEHOK 83aUMHO HepacmeopuMblx Xudkocmeli ¢ y4emom 603-
delicmeusi 8CmpeyYyHO20 2a308020 r1omoka. HalideH crnocob pacdyema monujuH NAeHOK fpu U38eCMHbIX
pacxodax. Ha ocHose rnpednoxeHHO20 anzopumma pacdema paspabomaHo rnpospammHoe obecriedeHue
Knroyeenie cnoea: 83auMHO HepacmeopuMbie KUOKOCMU, medyeHue 08X MOHKUX MIIeHOK, MOIUUHE MITeHKU.

[IneHouHbIe ammapaThl, B TOM YHCJE TMJICHOY-
HBIC XUMHWYCCKHE PEaKTOpPBI, HAXOAAT Bce Oomee
LIMPOKOE INPUMEHEHUE B PA3JIUYHBIX OTPACIAX
MPOMBIIINICHHOCTH BCJIEICTBHE BBICOKOH HHTEH-
CHBHOCTH TEIIO- M MacCOOOMEHHBIX IIPOIIECCOB B
KUAKUX TuleHKax. K 10CTOMHCTBaM IUJIEHOYHBIX
anmnapaToB OTHOCST TaKkKe Majuoe BpeMs npeObiBa-
HUSI PEAKIMOHHOW MAacChl B 30HE PEAKIHH. JTO
OUYE€Hb CYIIECTBEHHO JJISI LEJIOT0 Psijia MPOLECCOB,
r7e JUIUTENbHOE BpeMs BO3JCHCTBHUA MPUBOIUT K
HEXKeTIaTeJIbHBIM SIBJICHUSM (TEPMHUYECKOE pas3iio-
JKCHHE BEIIECTB, BO3MOYKHOCTD MPOTEKAHMS T000T-
HBIX peakiuid u T.m.). OIHAKO yNOMSHYTOE€ Tpe-
HUMYILIECTBO CYIIECTBEHHO HUBEIMPYETCsI U3-32 00JIb-
110K nonepeyHoi HEpaBHOMEPHOCTH CKOPOCTHOI'O
npoduiIsl TUIEHOYHOTO TedeHus1. OCOOEHHO BBICOKA
norepeyHas HEpaBHOMEPHOCTh TPH JIAMHHAPHOM
peXxuMe, NMOCKOJIbKY CKOPOCTh IPUCTEHHBIX CJIOEB
JKUJIKOCTH BBUAY HUX «IPUIUIAHUA» K CTEHKE
CTpEeMHUTCSI K HYJIO, a BpeMs NpeObIBaHUA 3TUX
CJIOEB B armapare 04eHb BeJnKo [1].

B nureparype [2, 3] BcTpeuaeTcs aHaNMM3 ABY-
TUICHOYHOTO TEYEHHs, IPU KOTOPOM BTOpasi, BEPX-
HSis TUICHKA, Ha3blBaeMas Tarkke pabodei, TeueT
MOBEPX APYrod IJICHKH, Ha3bIBA€MON MHEPTHOU. B
3TOM cilydae B paboueil mieHke He Habiromaercs
Y4aCTKOB C HYJIEBOW CKOPOCTHbIO, HO HEpaBHOMEp-
HOCTB TIpouitst ckopocTtelt coxpansiercs. [Ipu Mabix
pacxolax >KUAKOCTEH TeueHHe o0OuX IUICHOK Oyner
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]

Puc. 1. HanpaBiienue ABMKEHUS TTOTOKOB YKHIIKOCTEH
Y Ta3a U UX OCHOBHBIC TTaPaMETPBHI.

BBI/I,Z[y MaJIbIX TOJIOIUH IIJICHOK B CPaBHCHUU C
paanyCoM KpHUBU3HBI TPY6KI/I CUHUTAaCM IIJICHKH CTC-
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JaMHMHapHbIM. B cBA3M ¢ HEPaBHOMEPHOCTBIO IIPO-
GwIs CKOpOCTEe coxpaHseTcs HEKOoe pacrpene-
JIEHUE BPEMEHH MPEOBIBAHUS B IIOTOKE TIO TOJIIIUHE
paboueli mieHkn. OgHAKO MPU MPOBEACHUU Psizia
XUMUYECKUX PEAKINA CYIIECTBEHHO Iy4IIHe pe-
3yJBTaThl JAIOT PEAKTOPHI C OJIM3KUMH BpEMEHAMHU
MpeObIBaHUST Pa3HBIX JJIEMEHTOB IMOTOKA, YTO
XapakTEpHO ISl MOJIETH HJI€aTbHOTO BBHITECHEHHUSI.
VYBenuueHrne paBHOMEPHOCTH MPOQUIS CKOPOCTH
JKAJIKOCTHOTO TIOTOKA BO3MOXHO 3a CUET MPOTUBO-
TOYHOI'0O ABI)KEHUS ra3a B peaKTope.

B BrimonHeHHOM paHee aHanu3e [2] BIUSHUS
ra30BOTO MMOTOKAa U MHEPTHOW TUICHKH HA TEUCHUE
pabouell HHIOTOHOBCKOW >KHUJKOCTH YCTAaHOBIICHBI
CBSI3 MEXJy NapaMeTpamMu TEeKyIIHUX IUICHOK, HO
OTCYTCTBYIOT aJTOPUTMBI WHXXEHEPHBIX pPacUYeTOB
TOJIIIUH IUICHOK IMPH 3alaHHBIX pacxodax XKUI-
KOCTH M Ta3a. B maHHOH paboTe mpemiokeH METOo
pacyeTa TOJNIIMH HBIOTOHOBCKMX (pabouci W HHEpT-
HOM) KHJIKOCTHBIX IUICHOK C Y4€TOM BO3JICHCTBHSI
BCTPEYHOTO Ta30BOT0 MOTOKA. Takxke MpeacTaB-
JICHO pa3paboTaHHOE MPOTrpaMMHOE OOECICUCHUE
JUISL TIPOBEJICHUS] COOTBETCTBYIOIIETO pacyera.

Husa  ompenenenus mnpoduield CKOpOCTH B
WHEpTHOW W paboued IUIeHKaX OyaeM paccMar-
pUBaTh UX KaK E€AWHYI0 CHUCTEMY, B KOTOpOU Ha
TECUYCHUC 1<a>1<n0171 IUDICHKU OKa3hbIBACT BIIMAHUC HE
TOJIBKO Ta30BbIil TMOTOK, HO M XapaKTEePHUCTUKH
JIPYTOU TIJICHKH.
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Te4eHWe -BO-BCTREYHOM MOTOKE Ta3a.

Puc. 2. IIpoduin HanpsHKEHUE B CHCTEME
JIBYX CTEKAIOIINX KUAKIX TICHOK
C MPOTHBOTOKOM ra3a u 0e3 Hero.
KaIoI[MMH TI0 IUIOCKOH OECKOHEYHOH CTEHKE U
TaKuM 00pa3oM 3HAYUTEIHHO YIPOIIAEM pacyerT.
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Jis IBYX HBIOTOHOBCKHMX TIUICHOK, TEKYITHX
BHM3 BO BCTPEYHOM IIOTOKE Ta3a, YypaBHCHHE
Hasre—CTOKCa B JeKkapTOBOM cHCTeME KOOpAMHAT
MPUHUMAET BUJ (TEUCHUE OJTHOHAIPABICHHOE, CTa-
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Haiinem BbIpakeHUs UiT 0OBEMHBIX PAcXOI0B
IUICHKH, CUYMTAs INUPHHY IUICHKA PABHOW JJIMHE
OKPYXHOCTH TpYOBI (b=7d):
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[TpoexkTupoBaHne IBYXIUICHOYHBIX allIapaToB
Opy  33JaHHBIX pacxofax  JKUIKOCTEH W Tasa
3aKJIFOYAeTCsl B OMPEICICHUH TONIIMH IJICHOK J; U
0; M yuera Tpoduis CKOPOCTeH TpH pacdere
CTPYKTYpPHl TIOTOKOB (OTKJIOHCHHE OT pPEXHMa
UICANTBEHOTO BBITeCHeHMs). [locieanee Mmo3BoOsIET
MpaBUJIbHO pacCHYUTATh HeO6XO,Z[I/IMyIO BBICOTY
peakTopa, TeIDI000OMEHHHKA U T.JI.

AHATUTHYECKOE pEIICHHE KpaWHEe CIIOKHO.
}Iaxce €CJIM NPUHATH OTHOLICHUC TOJIIUH IMJICHOK
EZ MOCTOSTHHBIM U M3BECTHBIM, TO PEIICHUEM OyIeT
BEIpOKEHHE, BKIIOYafomiece B ceOs Kak THIep-
O6omnueckue (yHKIMM, Tak W OOpaTHBIE T'HIEp-
Oonumueckue ¢GyHKIMH. Hamm mombITKH uUTepa-
UOHHOTO MOAXO0Ja K TAaKOMY AaHAIUTHYCCKOMY
PEIICHUIO AU PACXOISIIIIACS Pe3yIbTaT.

[TockonbKy KBaapaTHBIA KOPEHb TIPH HUTEpa-
IIHOHHOM PacyeTe JaeT CXOJIIUECs Pe3yIbTaThl U
KaXxJiasi IepeMeHHasi CII0KHBIM 00pa3zom (uepes a,
b u ¢) 3aBUCUT U OT caMoii cels1, BBIpa3uM J; U 9,

BerHecs B (13) u (15) cooTrBeTcTBYyIONIY IO 5.
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Vpasuenuss tuna (18) u  (19) wmoxHO
COBMECTHO PEIINTh, €CIU 3a7aTh TOJIIMHBI TNIEHOK
O u O, Takumu, uroObl (18) m (19) wumenn
pannoHAIFHOE PEIICHHE B IEPBOM MOIXOE.

3necy cieqyeT NpPUMEHSTh HUTEpalMOHHBIN
pacueT o anroputMmy uctibsys (18) u (19):

gagaed &, 0, = a, b,¢c = T, = :’1’1[,:’1’"‘

3amaBaTbCsd  TONINMHON IUIEHKH MOYKHO B
JOCTaTOYHO IMUPOKOM AHMAano30He. B GompmmHCTBE
CIly4acB JOCTATOYHO NPUHATH TOJIIUHY IUICHKU
paBHoit 0.1-1 mm.

[IpenmoxXeHHBI  aNTOPUTM  UTEPALUOHHOTO
pacueTa JaeT pe3yNbTaThl, MOJHOCTHIO COBMajAa-
IOIUC C BBIINOJHCHHBIM MPSAMBIM pPACcdYCTOM II0
tdopmynam (13) u (15), mpu U3BECTHBIX 3HAYCHUAX
0 1 a 0 0.

ITockoneky 0OBEMHBIN pacxoj Trasa 3HAUH-
TENFHO 3aBHCUT OT JABJICHUS W TEMIIEPATYpHI, TO
HamnpsDKEHHE TPEHUS Ha TPaHUIE >KUAKOCTH-Ta3
HY)KHO CBf3aTh C MAacCOBBIM pPAacXoJOM Ta3a
CIIEYFOIUM 00pa3oM:

HanpsokeHre TpeHHs CBS3aHO CO CKOPOCTBIO
raza U BepaxxeHuem [5]
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s pacdera ko3 GUIMIEHTa THAPABINIECKOTO
CONPOTUBJICHUSI A TpU TYpOYJIEHTHOM TCUCHUU
ra3a MOXHO HCIIOJIb30BaTh popmyiy XKenepo [5]:
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BrIpa3uB CKOpPOCTh Ta30BOr0 MOTOKa dYepes
MacCOBBIH pacxoj rasa:
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YMeHbllIeHHE KaHala Al IpoXoja rasa ydu-
ThIBa€M  IIyT€M  BBIUMTaHMs U3  JUaMmeTpa
YABOEHHOMN TONIIMHBI IJIEHKH.

PesynbTaThl pacueToB, IpUBEICHHBIC B Ta0I. 2,
CBUJETEIBCTBYIOT O MPUEMIIEMOM CXOOUMOCTH
MPEJIOKEHHOT0  UTepalMoHHOTo  pacyera. C
LEJIbI0 TPOBEPKH AJEKBAaTHOCTH pacyera 1o
IIPEUIOKEHHOMY alITrOpUTMY HaMM IPOBEAEH Tak
J)Ke mpsamoil pacuetr V; u V, Pacder BBINOJIHEH B
MS office Excel mo d¢opmymam (13) u (15)

0.16 COOTBCTCTBCHHO, NPHUHSIB HW3BCCTHBIMM 3HAUCHUS
A= 0.16° (21) ~ TOIIIMH MICHOK (W3 TpenBIAYIIero pacueTa) MpH
Re MaccoBoM pacxoe raza G =0.020 kr/c (tabu. 3).
Tabmuma 1. ®dusudeckne CBOWCTBA HCIOIB3YEMBIX B PacyeTe BEIICCTB
(cucrema Boga—kepocut npu 20°C (B3anMOHacCHIIIEHHbIE pacTBOPHI) [3])
BemecTtBo BsizkocTth v 106, M/c IInoTHOCTS p, Kr/M°
Bona 1.029 999
Kepocun 1.406 791
Bozayx 15.12 1.204
Tabnwuia 2. PacueT TOJNIIVH TUICHOK KEPOCHHA U BOJIBI TIPH BCTPEYHOM MTOTOKE BO3/IyXa B TpyOe
nmuamerpoM 0.036 M ipu pacxoaax 00eHx KUAKOCTEH 5 10° M/c
6,108 M | 6,104 M | G, r/c | Huamerp, m Tone a b c 0,10% M | 0,10% M
10 10 20 0.032 1.85785 | 2.8944 4.8707 2.8486 291 1.96
2.91 1.96 20 0.035026  [1.313152| 2.2806 7.5046 3.7348 6.92 445
6.92 4.45 20 0.033727 |1.518248| 2.2184 7.9653 3.8743 4.04 2.37
4.04 2.37 20 0.034717 |1.358668| 2.1105 8.9253 4.1537 5.78 3.39
5.78 3.39 20 0.034166  |1.444765| 2.1133 8.8972 4.1457 4.61 2.64
4.61 2.64 20 0.034549 [1.384156| 2.0842 9.1966 4.2301 5.34 3.08
5.34 3.08 20 0.034316  [1.420636| 2.0908 9.1276 4.2107 4.87 2.78
4.87 2.78 20 0.034471 1.396209| 2.0814 9.2273 4.2386 5.17 2.96
5.17 2.96 20 0.034374 |1.411517| 2.0851 9.1870 4.2274 4.97 2.84
4.97 2.84 20 0.034437 |1.401495| 2.0817 9.2234 4.2375 5.10 2.92
5.10 2.92 20 0.034397 |1.407877| 2.0835 9.2044 0.7353 5.02 2.40
5.02 2.40 20 0.034516  [1.389262| 1.9065 | 11.5891 | 0.6837 5.34 2.35
5.34 2.35 20 0.034457 [1.398426| 1.8278 | 13.0945 | 0.6536 5.29 2.23
5.29 2.23 20 0.034497 |1.392167| 1.7981 13.7684 | 0.6407 5.40 2.27
5.40 2.27 20 0.034475 |1.395582| 1.7816 | 14.1700 | 0.6331 5.36 2.19
5.36 2.19 20 0.03449 1.393363| 1.7757 | 14.3212 | 0.6303 5.38 2.19
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Ta6J'H/II_Ia 3. Pe3ynBTaTLI pacucTa 00BEMHBIX pacxoaoB JKUJIKOCTEH IPpU U3BECTHBIX TOJIIWHAX IIJICHOK

¥ U3BECTHOM pacxojie ra3a no gopmyrnam (13) u (15)

5,10% M 5,10* m Tore a

b c V10’ /e V107 m/c

5.38 2.19 1.393363 1.7757

14.3212  0.6303 5 5

Takum 00pa3zoM, 3Ha4YeHHA MPSIMOIO pacuera
COBIMAJAIOT (C TOYHOCTHIO B YETBEPTOM 3HAKE) CO
3HAYCHUSIMU UTEPAIIIOHHOTO.

Ha ocHoBe java script OMOMMOTEKH jqwery
HamMH ObUIa HalMCaHa MporpaMma i pacueTa
TOJIIUH IUICHOK TIPH W3BECTHBIX PAacXojax KHI-
Kocteil m rasa. ['paduyeckass cpema it 1mpo-
rpaMMBbl pa3paboTaHa ¢ ucnoaszoBaHueM html 5.0.
B mepBoM mnpubimkeHHH 00€ TOJIIMHBI TUICHOK
npuHATH paBHbIME 0.1 MM.

[Iporpamma Bemonaser 1000 moxxomoB 1o
YKa3aHHOMY BHIIIIE aJITOPUTMY HJIH JO COBIAJCHUS
MOCJIEAYIOMIEr0 W MPEABIIYIIeTo 3HAUYCHHS (C TOU-
HOCTBIO 10 15 3HakoB mocie 3amsroi). [IpuBeneH-
HBIW BBIIIC PUMEP MO3BOJISET MPEATIONOKUTH, YTO
JAHHOTO KOJIMYECTBA IOIXOI0B OYIET TOCTATOYHO
B a0COFOTHOM OOJIBIIMHCTBE CIyYacB.

[IpyMEHUMOCTh JJAHHOTO AJITOPUTMa OTPaHH-
YeHa TEM, YTO TOJIIWHA IUICHKH MOXET OBITh
TOJBKO NICHCTBUTEIBHBIM YHCIOM OOJBIIE HYJIS.
g Hamield Mozenu co CTeKaHHWEeM IUIEHKU BepTHU-
KaJbHO BHH3 3a CUET CHJIBI TSDKECTH (PH3MUICCKUI
CMBICIT JTHX OTPaHHMUYCHHH TaKOB: CPENHSSA CKO-
POCTh CTEKarolleil BHU3 IUICHKH OOJbIE HYJIA U
COHAIpaBJICHa C YCKOPEHHEM CBOOOJHOTO TMaje-
HUs. MaTeMaTHYecKy OTpaHWYCHUS HAKIaJbIBacT
HaJIM4YMe KBAJAPAaTHOTO KOPHS U YCJIOBUE HEpaBeH-
CTBa 3HAMEHATEJIs HYJIIO:
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Takum 00pa3oM, B COOTBETCTBUH C (hU3MUECKIM
CMBICJIOM C€AUMHCTBCHHAas BEIIb, KOTOpaﬂ MeEuiacT
MMOTOKY CTEKAaThb BHU3 — HANpsKEHUWE TPEHHS Ha
rpaHuIe Ta3—KuAKocTb. OHO JTOJDKHO OBITh MEHBIIE
ONpe/IeICHHON BETUYHHBIL:

. {:29'92'525‘

LR 3|: (28)
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Ing  ymobcTBa  HAXOXIEHHS  IPAHUYHOIO

3HaYeHHs TIOTOKa Tras3a CleqyeT TMpenCcTaBUTh
HanpsDKEHHUE Ha TpaHUIle ra3—KUIKOCTh COOOpa3HO
¢ ypaBHeHueM (25):
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Hanmenpiiee 3 ABYX MOJTYYEHHBIX 3HAYCHHH
SIBJISIETCA MPEACTbHBIM MAacCOBBIM PAcXOJOM rasa,
P KOTOPOM TEYEHHE IJICHOK BHU3 OCTAeTCs BO3-
MO>KHBIM.

Hanee pacyer BemeTcs MO MPUBEICHHOMY
BHIIIIE aJITOPUTMY C MCIOJB30BaHHEM pa3padoTaH-
HOW mporpammbl. JlaHHOE TporpamMMHOe obecrie-
YEHHUE IMO3BOJISIET CYIMIECTBEHHO COKPATHTh BpEMS,
3aTpaylMBacMO€ Ha pacyeT TOJIIWH ITUIEHOK IIpH
33/IaHHBIX YCIOBHUSIX.

Kak BuanO U3 puc. 3, ¢ pocToM pacxoja BTOPOit
JKUJIKOCTH, €CTECTBEHHO, YBEIMUYMUBACTCS TOJIIMHA
BEpXHEHW TUICHKH W YMEHBIIACTCsS] TOJIIMHA HUX-
Hel. YMEHbIICHUE NOCIEIHEN CBSI3aHO C yBEIUYe-
HHUEM CKOPOCTHM TEYCHHUS B NEPBOM IUICHKE MpU
COXpaHEHUH pacxojia. YBEIUYEHUE CKOPOCTH BBI3-
BaHO YBEIMYCHHEM HAINpPSDHKEHUS TPEHUS Ha Tpa-
HHUIIE XUIKOCTh—KHUIKOCTh, BBI3BAHHOE YyBEIUYE-
HHEM MacChl CTEKaOIIEeH MOBEPX MEPBOM TUICHKH.

FEs0zbg;
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Puc. 3. 3aBUCHMOCTB TONIIMH TUIEHOK OT pacxoja BHEIIHEH IICHKH (TIPH HeOOJBIIIOH CKOPOCTH rasa
€ro MaccoBblii pacxox 20 1/c, pacxo1 JKUIKOCTH ITEPBOI IUICHKHU MOCTOSIHHBINA 1 cocTasisteT 0.5 j1/c).
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Puc. 4. 3aBucumMocThb TOJIIHWH MJIEHOK OT CKOPOCTU Ir'a30BOI'0 IMOTOKA. Pacxonpl oboux JKHUJKOCTEH MOCTOSHHBI.

Ha puc. 4 mpezncraBieHa 3aBUCUMOCTD TOJIIIMH ~ HHUKAaeT Onarojaps YBENIWYEHHIO CKOPOCTH IOTOKA
IUIEHOK OT MaccoBOro pacxoza raza. Kak BugHo u3  rasa, a Kak CJIEJCTBHE BO3PACTaHUIO HAIPSXKEHUS

puc. 4, TOJIIIIKMHA BerHefI TJICHKU TOCTCIICHHO YBC- TPCHUS HA I'PaHULC I'a3—XKUIAKOCTb. Tonmuua npu-

JIMYMBACTCS. DTO CBS3aHO C YMEHBIICHUEM CpEa- CTCHHOM IUICHKM MEHSETCS He3HauuTenabHo. Bo

Heit CKOpPOCTHU TCYCHHA XUAKOCTH IIPHU IOCTOSH- BCE€X BBINICICPCUYNCIICHHBIX ClIy4asiX pacy€T BbI-

HOM pacxozne. Camo YMCEHBIICHUC CKOPOCTHU BO3- MOJIHCH U1 CUCTEMbI BOAa—KCPOCHH—BO31YyX.
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CALCULATION OF THE WIDTH OF FILMS FORMED
BY TWO MUTUALLY INSOLUBLE LIQUIDS
IN AN ONCOMING GAS FLOW
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The flow of two thin films of mutually insoluble liquids was studied taking into account the impact of the oncoming
gas flow. A method of calculating the films thickness was developed. Software was built for calculation based on

that method.
Key words: mutually insoluble liquids, flow of two thin liquid films, film thickness.
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