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MOZIEJb PABOYEI'O ITPOLHECCA PJIN®TA B YCJIIOBUAX
IMNEPEMEHHBIX MTPUTOKOB KUJIKOCTHU (TNAPOCMECH)

Kononenko A.Il., 1OKT. TexH. HayK, TTpod.,
Kapnymmn M. 1O., maructpanr
JIOHEeK1H HAIMOHAJIBHBIN TEXHUYECKUN YHUBEPCUTET

IIpeonooicena sprugpmuas ycmanoska u pazpabomana mooenv pabouezo
npoyecca paugma ¢ no080OOM OONOIHUMENbHO20 NPUMOKA HCUOKOCHU
(eudpocmecu) 6 npomesicymounoe ceuenue noobemHol mpyooi.

The authors propose a new airlift model and describe an airlift operation
process with additional liquid (hydromixture) supply into the lifting pipe
inter mediate section.

Ilpoonema u ee cea3v ¢ HayuHbIMU U NPAKMUYECKUMU 3A0AUAMU.
BoctpeboBaHHOCTh 3pAu(TOB B CUCTEMAx BOJOOTIMBA W THUIAPOMNOAbEMA
00yCJIOBJIEHA PSIJIOM MX M3BECTHBIX MPEUMYIIECTB B CPABHEHUU C HACOC-
HbIM 00OpYJOBaHUEM, U3 KOTOPBIX HamOOJiee YacTO BBIACISAIOT MPOCTOTY
KOHCTPYKIIUM M HAJIeKHOCTh B JKCIuTyaTtaruu. OCHOBHBIM HEIOCTATKOM
ra30KUJIKOCTHOTO MOJbEMHUKA SIBJISIETCS €r0 OTHOCUTEIIBHO HU3KAs SHEP-
retuyeckas 3pGheKTHBHOCT.

OCOOEHHO ONTYTUMO MPOSIBISAETCS BHICOKOE SHEPrONnoTpeOIeHue p-
nudTa B YCIOBHIX MEPEMEHHBIX NMPUTOKOB JKUIKOCTH (THAPOCMECH), YTO
O0OyCJIOBJICHO, B OCHOBHOM, 3HAYUTEIbHBIMHU IMOTEPSMU JABJICHUS B IO-
naroried Tpyoe npu yBeIWUEHUH TTOAa4M Ta30KUIKOCTHOTO MOIhbEMHUKA B
CpPaBHEHHH C HOMHUHAJIbHOM.

O06ocHOBaHUE 1€IECO00PA3HOr0  YCTPOMCTBA Ta30KUAKOCTHOTO
MOABEMHHMKA U SHEPTreTUUECKU PAllMOHAJIBHBIX PEKHUMOB €ro JKCILIyaTa-
MU TpeOyeT pa3pabOTKU MaTeMaTHYEeCKON MOJeiIu pabouyero mporecca
pAUPTA C YICTOM H3MCHSIFOIIMXCS KOJUYECTB KHIKOCTH (THIPOCMECH),
nojyiexariei TpaHCIOPTUPOBAHUIO.

[ToaToMy MopaenupoBaHue pabodero mporecca Ta30kKUIKOCTHOTO
NOJTLEMHHKA B YCIIOBUAX TICPEMEHHBIX TPUTOKOB KHUAKOCTH (THIPOCMECH)
SIBJISIETCSL aKTyaJIbHOM HAYYHOM 3aJauyei, UMEIOLIEH IPAKTUYECKOE IPU-
JI0’KEHUE.

2. Ananus uccneoosanuii u nyoauxkayuii. CyunecTByeT HECKOIbKO
OCHOBHBIX CIIOCOOOB IOBBIIICHUS mogauu spaudra [1, 2]: ucrnons3oBanue
CBOMCTBA CaMOPETYJMPOBAHUS Ta30°)KUAKOCTHOTO MOJIbEMHUKA, YBEIUYE-
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HUE TOJa4M C)KAaTOro BO3yXa MPU HEM3MEHHOM IeéOMETPHUUYECKOM IOTpy-
XKEHUU CMECUTEIIsl 3paudTa, NpUMEHEHUE TPYIIOBOM U OaTapeitHol cxem
YCTaHOBOK.

CBOMCTBO CaMOPETYJIHUPOBAaHUS Ta30KUIKOCTHOTO TOJbEMHHUKA 3a-
KJII0YaeTCsl B TOM, YTO TPH M3MEHEHUU T€OMETPUUYECKOTO MOTPYKCHUS
cMmecurens h 3a cueT U3MEHEHHSI TPUTOKA B 3yMII( MPOUCXOIUT COOTBET-
CTByIOIIIee HM3MEHEHHE Mojadyu spaudrta Q, MpU MOCTOSHHOM PacXoje
Bo3ayxa Q, [1, 2]. OaHako co3iaHue yCTAaHOBKH CO 3HAYUTEIBHBIM pe3ep-
BOM I10 BEJIMYMHE T€OMETPHUYECKOTO TOrpyxkeHuss cMmecutenst h tpebyer
OIYTUMBIX KalMTAIBHBIX 3aTpaT Ha CTPOMUTEIILCTBO COOTBETCTBYIOIINX
3yMII)OB M HE BCErAa TEXHOJOTUUECKHU ocyiiecTBuMo. K Tomy ke B jmaH-
HBIX YCJIOBHUAX HEOOXOUM UCTOYHUK MHEBMOIHEPTUH, 3HPEKTUBHO pabdo-
TAIOLIMKA B 3HAYUTEJILHOM JUaNa30He CTEIEeHEe cxxaTtus rasza. [Ipoussoau-
MbI€ TIPOMBINIJIEHHOCTHIO IIEHTPOOESKHBIE BO3IYIITHBIC HATHETATEIH, HAU-
OoJiee MOJIHO oOOecreunBaroIue TpeOyeMble MapamMeTphl Ta3000pa3HOTo
pabouero Tena mis dpaudroB [3], Kak MpaBUIO HE COOTBETCTBYIOT YCIIO-
BUSIM pabOThl B COCTaBE Ta30KUIKOCTHBIX MOABEMHUKOB MPU MEPEMEH-
HBIX MTPUTOKAX JKUAKOCTEH (TUAPOCMECH) HMEHHO I10 IMTOTPEOHOMY JTUara-
30HY Pa3BUBAEMbIX JABJICHUM.

PexomeHnyemblil [uana3oH U3MEHEHHUs oaauu 3piaudTra mpu mocro-
SSHHOM T€OMETPHUYECKOM TOTPYKEHUH CMecuTeNs N 1 M3MEHEHHH pacxoja
Bo3yxa Q, HaXOAMTCH, KaK IpaBuiIo, B npeneiax Q, o < Q, < Q, . (TIe
Q, onm — TIOJ@Ya 3pIU(Ta B ONTUMAITHEHOM pEXUME pad0Thl, Q, 4. — MAK-
cuMmanbHas mojada 3paudTa), rae Q, ,ue 1Q, onm = 1,3+1,4 [1, 2]. IIpu
ATOM CMEIIEHHE TEKYIEero padovero pexuma 1Mo HampaBJICHUIO OT PEKHU-
Ma C ONTHUMAJIBHOW MOJAYEN K PEKUMY C MAKCUMAIBHOW MOJAYEN IOIb-
E€MHHKA COIMPOBOXKJIAaeTCs cyliecTBeHHbIM cHWKeHueM KIIJ[ spaudra 3a
CYET, B OCHOBHOM, YBEJIMYCHHS MOTEPb JaBJEHUS B MoOjaromieid Tpyode u
TAKOr0 W3MEHEHHUS CTPYKTYPbl BOJOBO3YIIHOTO TMOTOKAa B TMOIHEMHOMU
TpyOe, KOTOPOE MPUBOJUT K YBEIUYCHUIO SFHEPrOEMKOCTH paboyvero mpo-
necca [4].

K ToMy ke, mepBbI€ JIBa YKa3aHHBIX CIIOCO0A YBEJIMYCHHS TOJauu
spaudTa Hanbosee NpUuemMIIeMsl JIUOO B cllydae TPAHCIIOPTUPOBAHUS KU1~
KocTel 0e3 BKIIIOUEHHUS TBEPJIbIX YaCTHII, JIMOO B CIydyae HE3HAUUTEIbHBIX
JTMANa30HOB U3MEHEHUS PaCcX0/I0B THAPOCMECH.

B nepBoM ciiyyae OTCYTCTBYET KeCTKasi HEOOXOAMMOCTh B obecrie-
YEHUU CKOPOCTEH KHUIKOCTH Ha BXOJIE B CMECUTENh HE HUXKE TPAHCIOPT-
HO, a BO BTOPOM Clly4ae HE3HAYUTEILHOE M3MEHEHHE PacXO0JI0B THAPO-
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CMECH HE NMPHUBOIUT K OIIYTHUMOMY YBEIWUYEHUIO MOTEPh JaBJICHHUS B IIO-
naromiei Tpyoe [1, 2].

Ha3znauenune mnopatomieii TpyObl B cocTtaBe 3piudTa 0O0YCIOBICHO
HEOOXOIUMOCTBIO O0ECTICYCHHSI TPAHCTIOPTHBIX CKOPOCTEH HECYIIEro Io-
TOKa Ha BXOJC B CMECHUTEJIb IPU TPAHCTIOPTUPOBAHUH TBEPJIBIX YaCTHII [9]
U IIPEAOTBPAICHUH BBIOpOCa CxKaToro Bo3ayxa B 3ymid [6, 7]. B ycnoBu-
X TIEPEMEHHBIX MPUTOKOB JAHAMETP IMOJAI0MICH TPyObl ONpeaenseTcs u3
yCJIOBHSI 00ECIIEUEHUs HaJIE)KHOTO «YHOCa» TBEPAOro MaTrepualia mpu MHU-
HUMaJIbHO BO3MOXKHBIX pPacxo/iax TMJIPOCMECH. YBEIUYEHHUE €€ pacxoja
IPUBOAUT K YBEIMYCHHUIO CKOPOCTH B IMOJAIOINICH TpyOe H, Cle0BaTEIIh-
HO, K 3HAYUTCIILHOMY YBEIIMUCHUIO TIOTEPh JIaBJICHUS B HEl [4].

[loBbIlIeHUE TOTEPHh AABJICHUS B MOJAOIICH TpyOe NPUBOAAT K
YMEHBIIICHUIO TaK HA3bIBAEMOT'0 JUHAMHUYECKOTO OTHOCHUTEILHOTO MOTPY-
KCHHSI CMECHUTEIIA 0y [8], 4TOo pH MPOYKMX PaBHBIX YCIOBHUSAX MPHBOIUT K
CHUXEHUIO nojayu >paudra. KomnencupoBarh cHkeHue noaauu Q, us-
32 YMEHBIIICHHS BEIMYHMHBI 0,y BO3MOXKHO, OIISATH ke, MO0 3a CUET yBelu-
YCHHSI TEOMETPUYECKOTO MOTpYyKeHUs cMecutens h, mubo 3a cuer yBenu-
YEeHUs pacxojia cxaToro Bozayxa Q,.

[IpuMeHeHue TPYIIOBBIX U OaTapeWHBIX IPIUPTHBIX YCTAHOBOK MPHU
MPaKTUYECKH HEOTPAaHWYEHHON BO3MOXKHOCTH MO YBEIHWYEHHUIO IOJa4Yu
IpeAnoJiaraeT 3HaUUTEIIbHOE YBEJINUEHNUE KAaTUTAIbHbIX 3aTpaT U CHUKAET
HAJICKHOCTh YCTAaHOBKM. Peanm3aiiusi 1aHHBIX cXeM TpeOyeT pacIIupeHus
symnda (baTapeliHas cxema), HAIMYKS HECKOJIBKUX 3yMI(oB (IrpymnmoBas
cXeMa), YBSJIIMUCHHUS YUCIIa TIOTbEMHUKOB M, COOTBETCTBCHHO, YCIIOXKHE-
HUS ¥ YIOPOXKaHUS CETU BO3IYXOIMOJAIIIMX TPyOomporoaoB. [Ipu mpu-
MEHEHHH TPYIIOBBIX U OaTapeHBIX YCTAHOBOK MOBBIIIAETCS BEPOSTHOCTh
3aWJIMBaHUsl PE3EPBHBIX IPJIU(PTOB, B TOM UYMCIIE M3-3a HU3KOM HAJIEKHO-
CTH pabOTHI 3aNOPHBIX YCTPOMCTB B MOTOKE, KaK MPaBWIO, aOpa3HBHOMN
rujpocmecu [1-3].

Kpome 3Toro, B pacCCMOTPEHHBIX CXE€MaX YCTAaHOBOK pacCIIUpPEHUE
BO3/lyXa B dpaudTe MPUBOIUT K YBEIUUCHUIO HICTUHHOTO Ta30COCPKaHUS
BOJIOBO3/IYIIIHOTO TMOTOKA IO BBICOTE MOIBEMHOW TPYObl M HM3MEHEHHIO
CTPYKTYPBI Ta305KUIKOCTHOTO MOTOKa. OOecneueHne CHapsSIHON CTPYKTY-
PBI BOJIOBO3AYIIIHOW CMECH, KaK HanboJiee IHepreTuyecku 3(PGheKTUBHOMN B
spaudTe [9], Mo Beel IMHE OBEMHON TPYOBI B 3THX YCIOBHUSIX MpOoOJIe-
MaTHYHO. DTO TaK)KE€ CHUYKAET SHEPreTUIEeCKy0 3 PEeKTUBHOCTH IpJudTa.

TakuMm 00pa3oM, UCIIOJIB30BAHNE MEPEUUCIECHHBIX CXEM U CIIOCOOOB
paboOThI Ta30’KUAKOCTHBIX MTOJBEMHUKOB B YCIOBHUSX MEPEMEHHBIX MTPUTO-
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KOB JKHJIKOCTH (THAPOCMECH) BO MHOTHX CIIy4asX DdHEPreTHYCCKU M TEX-
HOJIOTUYECKU HEIP(PEKTUBHO.

Ilocmanoeka 3adauu. Pazpaborath (PU3UYECKYIO MOACIBL IPIUPT-
HOM yCTaHOBKH, OOECIIEUMBAIOIICH MOBBIIIEHUE YHEpPreTudeckon dPpdex-
TUBHOCTH W HAJCKHOCTH PaOOTHI B YCJIOBHUSAX TMEPEMEHHBIX ITPUTOKOB
XUIKocTH (THAPOCMECH), a TaKKe MaTeMaTHYECKYI0 MOJCNb pabodero
mpoliecca ra30KuIKOCTHOTO TTOAbeMHUKA.

H3noixncenue mamepuana u pezynomamol. Boiie n310KEHHbI aHa-
JIN3 COCTOSIHUSI HAYYHOM 3a7]a4M MO3BOJISIET CHOPMYIUPOBATH CIAETYIOIINE
TpeOOBaHUs K pa3padarbiBaeMoil 3pau(THON yCTaHOBKE:!

a) BO3MOXXHOCTh JKCIUTyaTallMM YCTAaHOBKH B IMHPOKOM JHAara3oHe
nojad 0e3 CYIIECTBEHHOIO YBEIMYEHHUS MOTEPh JIaBJICHUS B MOAArOIIEH
TpyOe;

0) BO3MOXKHOCTH OKCIUIyaTalldd BO3JAYIIHOI'O HarHeTaTels IpH
OJIOYHOM CcXeM€ BO3AyXOCHAOXKEHUS Ta30’KUJIKOCTHOTO MOJBEMHUKA PU
JaBJIEHUSAX, OJU3KUX K HOMUHAJIBHBIM, B IIUPOKOM JHANa30HE H3MCHEHUS
nogad 3paudTa,;

B) UCKJIFOYCHHE HCITOJIb30BAHMS 3aIIOPHBIX YCTPOWCTB B TOTOKE a0-
Pa3UBHOM THUJIPOCMECH;

r) oOecrieueHrue CHapSAHONW CTPYKTYPBI BOJOBO3AYIIHOTO TMOTOKA B
apaudTe U moaepxKaHue ee BuAa OJIM3KUM K HEU3MEHHOMY IO BCEH M-
HE MOJBEMHOU TPYOBI.

B psne ciydaeB COOTBETCTBOBATH H3JIOKEHHBIM TPEOOBAHUAM MO-
KET IPAUQPTHAS YCTAHOBKA C BO3MOXXHOCTBIO MOABOJIA JOMOIHUTEIBHOTO
NPHUTOKA KUJIKOCTH (THAPOCMECH) B MMPOMEKYTOUHOE CCUCHUE TTOTbEMHOM
TpyOBI 3paudTa (puc. 1).

XKungkocts (ruapocMmecs), MOJIeXKalias TPaAHCIOPTUPOBAHHUIO 3p-
audTOM, HAMPABIISAETCS B MPUEMHYIO €eMKOCTh 1, KOTOpasi OCHOBHBIM TIOJI-
BOISIIUM TPyOOnpoBogoM 2 coenudeHa ¢ 3ymndom 3. [Ipuuem, ruapas-
JMYECKOE COMPOTUBJIICHUE OCHOBHOTO MOABOASANIETO TpyOompoBoga 2
UMEET TaKoe 3HAYCHHE, NP KOTOPOM BEIIMYWHA YPOBHS JKHIKOCTH (TH-
pocMecH) B mpueMHOM eMKOCTH | < | 0oOecneunBaeT pacxon B JaHHOM
TpyOOIIPOBOJIE, HE MPEBhILAIOIIUI 0a30B0¢ 3HaYeHue Q,,1. bazoslil npu-
TOK Q,,1 MOCTYIIAET B MOJAIONIYIO TPyOy 4 M CMEIIUBAETCA B CMECHTEIE D
C BO3IyXOM, MOoJaBaeMbIM B KoynmuecTBe Q 1 0 OCHOBHOMY BO3IyXOMpO-
Bogy 6. ObecneunBaercs nmoxaya spimdra Q,= Q, 1.
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Puc. 1. Cxema »piaud)THOM YCTAHOBKH C TOABOJOM JIONOJHUTEIHHOTO
IPUTOKA XKHUJAKOCTH (THIPOCMECH) B IPOMEKYTOUHOE CCUCHUE MOTbEMHOM
TpyOBbI

[Ipy 3TOM TEOMETPHUYECKOE IMOTPYKCHHE CMECHUTENS 5 COCTaBisET
BEJIUYHMHY N, KUIKOCTH (THIPOCMECH) IO MOIBEMHOMN TpyOe 7 MOJIHHMA-
eTcs Ha BBICOTYy H. AsporuapocMech B BO3IyX0OTACTUTENE 8 pa3aensieTcs
Ha BO3AyX, cOpachiBaeMblii B aTMOochepy, U KHUIKOCTh (THIPOCMECH), OT-
BOJIMMYIO 110 Ha3HAYCHHUIO.

Eciu npuTok *uakoctu (THaIpocMect) B IPUEMHYIO eMKOCTh 1 mpe-
BbIIIAET Oa3oBoe 3HaueHue Q,,>Q,,1, ypoBeHb B Hell nmoBbimaeTces | > | .
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OTKpbIBaeTCS 3alOPHOE YCTPOMCTBO 9 M JOMOJHUTENBHBIA MPUTOK
Q,p2 HampapisAeTCs B NMPOMEKYTOYHOE CEYEHUE NOABEMHOW TPYOBI 7 1O
JTOTOJTHUTEILHOMY moBoaseMy Tpyoomnpooay 10. Ilpu Heobxoamumo-
CTH OTKpBIBaeTCS 3aABMXKKa 11 ¥ MO JTOMOJHUTEIHPHOMY BO3AYXOIPOBOTY
12 Bo3ayx B koiamdectBe Q,p TaKKe HANPABJISACTCS B MPOMEXKYTOUHOE Ce-
YyeHue nmoabeMHou TpyOsI /. [logaua spnudTa coctapiseT Beauuuny Q, =
anl + anZ-

[Ipr yMEHBIIICHHH TPUTOKA XHUAKOCTH (THIPOCMECH) U, COOTBETCT-
BEHHO, N0Aa4M 3pnu@dra 10 Beaudunsl Q, = Q,,1, 3aKpbIBAIOTCA 3aIIOPHOE
ycTporictBo 9 u 3aaBuxka 11. ITpudem, 3amopHoe ycTpoHCTBO 9, HCKITIO-
4arolee BhIOPOC a3pOruapOCMECH U3 MOABEMHON TPYObl 7 B peKUME pa-
ootel spimudpTa Q, = Q,,1, IEpen 3aKPHITUEM IPOMBIBAECTCS TEXHUYECKON
BOJION. DTO 00€eCIIeYnBAET HAJIC)KHOCTh U HEOOXOJIUMYIO MPOIOJIKUTEh-
HOCTh €ro paboThl IPU TPAHCTIOPTUPOBAHUH A0PA3UBHBIX THIPOCMECEH.

W cTOYHMK MHEBMOSHEPIUU B JAHHOW YCTAHOBKE SKCIUTYyaTHpPYETCS
npu OJIM3KOM K TTOCTOSTHHOMY HOMHHAJIBHOM JAaBJICHUU CXKATOTO BO3AyXa
HE3aBHCHUMO OT BEJIMYHMHBI IIPUTOKA XHUJAKOCTH (THIPOCMECH), a €ro Mpo-
U3BOJIUTEIIBHOCTh B CJIy4ae MCIOJIb30BAaHUS LIEHTPOOESKHOM MAaIllMHBI pe-
T'YJIUPYETCsl OJHUM U3 HanbOoJiee SKOHOMHUYHBIX CIIOCOOOB — JAPOCCETUPO-
BaHMEM BCACHIBAIOIIETO MaTpyoOKa.

[lotepu naBnenus Ap, ,, B nojawiiei Tpyoe 4 CyIecTBEHHO HE H3-
MEHSIOTCS C yBelnueHrueM noaauu ’piaudra Q, U B npesesne onpeaesroT-
Csl BEJIMYMHON TMOTPEOHOM TPaHCIOPTHOM CKOPOCTH B HEW JIA MPUTOKA
KUAKOCTH (ruapocMmecu) B KonuuecTBe Q1.

N30pITOYHOE JaBICHHE B CMECHUTENIC S TakKe MPaKTUYCCKU HEeu3-
MEHHO BO BCE€X pexuMax paboTel 3paudTa, COCTaBisAsS BEIUYUHY
Pen =P'gh=Ap,,, [TOe p' — mI0THOCTH XkHIKOCTH (THAPOCMECH); § — YCKO-
peHre CBOOOHOTO MajieHus |, u popMupyeT HavaabHOE JaBJICHUE HA BXO-
1€ B IOJIbEMHYIO TpyOy 7. Dmropa JaBiICHUS KUIKOCTH (THAPOCMECcH) A B
symnde 3 MpeacTaBIsaseTCs TUHEHHON 3aBHCUMOCTBIO. J[OIMyCTHMBIM TaK-
K€ SIBISIETCS] IMHEMHBIM 3aKOH b W3MEHEHMS ABJICHUS MO BBICOTE IMOJIb-
eMHOU TpyOH! 7 [1, 2].

Psan u3BECTHBIX HOMYILIEHUN ITO3BOJISIIOT TAKXKE CUMTATH JIMHEMHOU
3MIOPY B M3MEHEHUS NaBJICHUS B JOTOJHUTEIBHOM MOABOASIIEM TpyOo-
npoBoje 10. Torna u30bITOUHOE JaBICHUE B HEM HA YPOBHE BXOJia B CMe-
cuTelb 5 (Mpy 3HAYCHHHM BEPTUKATBLHON KOOPJIMHATHI MPOMEKYTOUHOTO
ceueHMss HoAbeMHONl TpyOet 7 z = 0) cocraBiseT BeIUYUHY
Pup = P'9(h+A0)-Ap,, [rae Ah — npeBblenre ypoBHS KUAKOCTH (THAPO-
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cMecHu) B IpUEeMHOM eMkocTH 1 Haz pabo4yuM ypoBHeEM B 3ymnde 3; Ap,, —
NOTEPH JIaBJICHUS B TOTOJHUTEIHFHOM MOABOAIIIEM TpyOomporose 10] .

BeprukanpHasg KOOpAMHATA Z IPOMEXYTOYHOIO CEYEHHS IOIbEM-
HOU TpyOBI 7/, TJI€ BO3MOXKHO OCYIIECTBICHUE MOABOAA OMOJIHUTEIHHOTO
nputoka Q,,p, ONpelensercss COOTHOIIEHWEM 3HAYCHUHM [aBICHHN Ha
smiopax b u B (ToYka a COOTBETCTBYET MEPECCUCHHIO THX dI1I0p). B coot-
BETCTBHHU C 3aKOHAMH I'MJPABIUKU JONOIHUTEIBHBIA IPUTOK Q,,2 MOXKET
OBIThH MMOJIBEJICH B MOILEMHYIO TPyOy / HE BBIIIE YPOBHS TOUKH 4.

M3pectHo [10], 4ro sHepreTHyYecKH IieIecO00pa3HOl CTPYKTYpOM
BOJOBO3YIIIHOW CMECH B JSpIH(TE SBISAETCS CHApANHAS, YTO JOJKHO
00ecreunBaThCd COOTBETCTBYIOIIUMU 3HAYCHUSIMU OTHOCUTEIBHOTO IIO-
IPYyKEHUS CMECUTEN o U AuameTpa noabeMHou Tpyosl D. Onmnako pac-
IIUPEHUE CKATOTO BO3JyXa IO BBICOTE MOJBEMHON TPYyObl MOXKET IIpe-
BpalllaTh CHAPSIAHYIO CTPYKTYPY Ta30KUIAKOCTHOW CMECU B 3MYJILCUOH-
HYIO U TaXKe KoJbIeBYIo [9)].

[TomBOA MOTIOTHUTEIHLHOTO KOJIMYECTBA JKUIKOCTH (THAPOCMECH) B
MIPOMEXXYTOYHOE CEYEHUE MOABbEMHON TPyObl OyJEeT YMEHbIIATh 3HAUCHUE
VUCTHUHHOTO Ta30COJIEpKaHUsI BOJIOBO3AYIIHOTO MOTOKA M CHHUYKATh BEPO-
STHOCTh MEPEeX0Jia CHAPSIAHON CTPYKTYPhI B SMYJbCUOHHYIO WJIM KOJIbIIE-
BYIO. A Tak Kak SHEPreTMYEeCKHE MOTEPHU Ta30KUIKOCTHOTO MOTOKA CO
CHAPSITHOM CTPYKTYPOW HAMMEHBIIME B CPABHEHUM C SMYJIbLCHOHHOU U
KOJIBLIEBOM , TO MPABOMEPHO MPEANOJIaraTb, YTO BHICBOOOKIEHHOE KOJIU-
YECTBO PHEPTrUM BO3MOKHO HCMOJIb30BATH JJISI TPAHCIIOPTUPOBAHUSI HEKO-
TOPOr0 JOMOJHUTEIBHOIO KOIMYeCTBa »kuAKocTU (ruppocmecu) Q,o.
KoMneHncupoBaTh HeoCTarolee KOJUYECTBO 3TOM SHEPrUU BO3MOKHO
JOTIOJTHUTEIIHBIM PACX0JIOM CXKaTOro Bozayxa Q..

Takum o0pazom, npeuiaraemas 3piaudTHasE yCTaHOBKA COOTBETCTBY-
€T TpeOOBAHUSM, TIPEABSIBIISIEMBIM JJIsI PAOOTHI B YCIOBUSIX MEPEMEHHBIX
IPUTOKOB JKHJIKOCTH (THIPOCMECH).

B ocHOBy maTeMatuueckoil Mojenu padbouero mpoiiecca spaudra B
YCIIOBHUSX IEPEMEHHBIX IMPUTOKOB >KHAKOCTH (THAPOCMECH) TIOJOKEHA
MOJIENb Ta30KUAKOCTHOIO MOABEMHHKA CO CHAPSHOM CTPYKTYpPOW BOJO-
BO3AymIHOrO motoka [11]. OTnmumem pa3pabOTaHHON MaTeMaTHYCCKOM
MoJiesin pabouero mpoiiecca 3piaudTa OT B3ITOM 32 OCHOBY SBJISETCS y4ET
JIOTIOJTHUTEIBHBIX KOJIMUYECTB JKUIKOCTH (THIPOCMECH) U, BO3MOXHO, BO3-
nyXa, NOJBOJAUMBIX B TPOMEKYTOYHOE CEYEHUE MO IbEMHOM TPYOHI.

YpaBHEHUE CTAIMOHAPHOTO BOCXOSIIETO JIBUKEHUS JIBYXKOMIIO-
HEHTHOM CHApSHOW BOAOBO3AYIIHOM CMECU B BEPTHUKAIBHOM MOABEMHOM
TpyOe piHudTa ¢ y4eTOM JTONOJHUTEIBHBIX KOJUYCCTB KUIKOCTH (THIPO-
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CMECH) M BO3]lyXa, IMOABOJUMBIX B IMPOMEKYTOUHOE CCUCHHUE IObEMHOM
TpyOB®lI, HpCI[CTaBJIHCTCH B BUJIC

j w(2)dz+G(2) dx(z) W' (2) + [1- x(z)] W(z} ‘(Z; N

H+ D,

Do
(1)
+9H¢ )+ [1-0(2)] b}z,

IJI€ Z — PacCTOSHHUE OT CMECUTENs 10 pacCMaTPUBAEMOI0 CEUYEHUA NOIb-
€MHOH TpyOBHI; TW(Z) - KacaTelbHOE HAIPsKEHHE HA CTECHKE MOABEMHOU

tpy6s1; G(z) - mpuBeneHHas MaccoBas CKOPOCTh BOJOBO3IYIIHON CMECH;
x(z) — maccoBoe pacxomHoe razocojepikaHWe BOJOBO3IYIIHOH CMECH;
W(z) — uctunnas ckopocts Boabl; W'(z) — HCTHHHAS CKOPOCTH BO3LYXA;
(I)(Z) - HCTUHHOE ra30CoAcpKaHue BOMOBO3AYIIHON CMECH; p"(Z) - IUIOT-

HOCTh BO3/lyXa.
IIpuBeneHHass mMaccoBasi CKOPOCTh BOJOBO3IYIIHONW CMECH MOXKET
OBITh BBIPaKEHA 3aBUCUMOCTbHIO

- CEB6E) Q0w
@ i) @
G(Z) — G’(Z) [tﬂ.— ¢(Z)] _Q (Z) [P (3)

1-x(2)  wz)iL-x(z)
rie G'(z) u G'(z) - MaccoBBle CKOPOCTH COOTBETCTBEHHO JKHIKOCTHOM M
ra3000pa3Hoii (ha3 BOAOBO3IYIIHOW CMECH; Pp - INIOTHOCTH BO3AyXa IPH

HOPMAJIbHBIX (TEXHHYECKHX) YCIOBHSIX; (o(z) — IUIOLIA/Ib TTONEPEYHOTO

CEUYCHUS TOABEMHOMN TPYOHI.
[Togaua spiudTra [pacxon KUIKOCTH (THAPOCMECH) B CCUCHUU ITOb-
EMHOM TpyOBI Ha PACCTOSHUU Z OT CMECHUTEIIA]

Qp1, ipu 0= Z< 743
Q,(2)= { + <z<H+h
anl np2> 11IPH Zj VAS .

(4)

Pacxonx Bo3ayxa npu HOpMalbHBIX (TEXHUYECKHUX) YCIOBHIX B CeUe-
HUU TTOABEMHOM TPyObl HA PACCTOSIHUM Zj OT CMECUTENS

,apu0<z<z;;
Qg(z):{Q"'1 pHuS 2= 2)

Qu t Qg2 ipu Z; <Z<H +h.

()
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3HavYeHUsT TEKYIIUX MapaMeTPOB BOJOBO3AYIIHOTO MOTOKA B IMOIb-
€MHOM TpyOe HpiudTa OMUCHIBAIOTCS 3aBHCHUMOCTSIMH, aHAJOTHYHBIMHU
npuBeeHHBIM B [11], ¢ y4eToM IMepeMEeHHBIX KOJIHUYECTB TPAHCIIOPTHPYE-
MO JXUIKOCTH (THIPOCMECH) U HarHETaeMOI'0 BO3JyXa IO BBICOTE ITOb-
€MHOU TPYOBI.

AJIEKBaTHOCTh pa3pabOTaHHOW MaTEMaTUYECKOM Mojenu padoyero
nporiecca 3paudTa, OCHOBOM KOTOPOH SIBJIIETCS MOJIENIb Ta305KUIKOCTHO-
ro MOJBEMHUKA CO CHAPSIAHOW CTPYKTYpPOM BOJOBO3AYLIHOTO IOTOKA,
HOJITBEP KACHA SKCIICPUMEHTAILHBIMU JaHHBIMH [11].

Pemenue pa3pab0TaHHOM MaTEMAaTHUYECKOW MOJIESIA YUCICHHBIM Me-
tonoMm Ha [I9BM mpu momoru pa3paboTaHHON MPOTpaMMbl MO3BOJISET
OIPECTATh CICAYIONINE KOJIMYSCTBEHHBIC 3HAYCHHSI W 3aBUCUMOCTH (C
rpaguIecKuM IOCTPOCHUEM):

a) 3HAYCHHS TCKYIIUX THIPOJUHAMHYCCKHX ITapaMETPOB BOJIOBO3-
JYIIHOW CMECH B 3aJIaHHBIX CEUEHUAX MOJBEMHON TPYOBI U MPU 33JJaHHOM
pacxone Bozayxa Q,;

0) 3aBHCHMOCTh mojaun 3piaudTa Q, oT pacxoma Bo3ayxa Q, (rmo-
CTPOCHHE PACXOJIHOM XapaKTEPUCTUKH).

Pacuerbl, BBINOJHEHHBIE 71 JSpaudTa C BBHICOTOM MOIbEMA
H = 15+25 M, oTHOCUTENBHBIX NOrpyx)eHusx cmecutens a = 0,4+0,5, 3Ha-
YEHUSX BEPTUKAIBHOM KOOPJIMHATHI MPOMEKYTOUYHOTO CEUEHHUS MOIbEM-
HOH TpyOBI Zj = 5,0+7,5 M n 6a30BBIX NPUTOKAX JKUIKOCTH (TMAPOCMECH)
Q1 = 100 m */4 HO3BONMIN YCTAHOBHTH, YTO NPH YBEIHYCHHH OLAYH
noabeMHuKa 110 2-X pa3 KIIJ[ mpennaraeMoli yCTaHOBKH IPEBOCXOIUT
aHAJIOTUYHBIN MOKa3aTelb TPAJIUIIMOHHOTO Ta30KUIKOCTHOTO MOAbEMHU-
ka Ha 10+15%.

Bu1600b1 u nanpasnenusa oanvnenumux ucciedosanuil. Pazpaborana
dbusndeckas Mojielib SPIUPTHON YCTaHOBKH, 0OECIICUNBAIOIICH MOBBIIIE-
HUE dHEepreTudeckor d3(PGHEeKTUBHOCTH W HAJIC)KHOCTH PAOOTHI B YCIIOBHUAX
NIEPEMEHHBIX MPUTOKOB XHUAKOCTH (THIPOCMECH), a TaKKe MaTeMaThde-
CKasi MOJIeTb paboyero npotecca spaudra. JJocToBepHOE MaTEeMaTHYECKOE
onucaHue padbouero mpolecca MpeaioKeHHOTO Ta30KUIKOCTHOTO MO Ib-
€MHHKA IMO3BOJUT YTOUHUTH 11€JIECOO00pa3Hyr0 00JIaCTh €ro MCIOJIh30Ba-
HUs, a TAK)KE palliOHAIbHBIE KOHCTPYKTUBHBIC U TEXHOJIOTHYECKUE Tapa-
METpHI IpaudTa.
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