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2. TwaTteJbHo AOJKHA ObiTh NPOEC EHA NPABH/BLHOCTL HANHCAHHA reorpadHueckHx M
reoJIOrHYeCKHX Ha3BaHHil H TEPMHHOB.

3. Ipaduueckne pHCYHKH J0/KHBLI GbLITh BBINOJHEHbI TYIWILIO HA Kajbke, (oTorpadiui—
Ha raspuesoii G6ymare. Bee o6o3naucHust Ha PHCYHKAX JOJZKHLI ObITh HANHCAHDLL HCTKO,
akkypatno. Ha ofopore pHCyHKa KapauauloM YyKaspipalotcesi (aMuiiis aBTopa, Haspauie

TAMep DHCYHKA.
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I U. BAPEHBJIAT, K. C. BACHUEB, U. H. KOYUHA

OB OCHOBHHLIX MPELCTABJIEHUSIX TEOPUHU TEYEHMUS
FASBOKOHIOEHCATHbBIX CMECEM
B TPELIMHOBATO-MMOPHUCTBIX MMOPOJAX

B padore npeacrassena woBasi MaTeMaTHueckast MoJeJb (puabTpa-
DHH TFa30KOMHJICHCATHLIX CMeCceld B TDCLU.HI[OBE]TO-HO{)I'ICTOI?I cpene.

[Tpn wmnrencusrom or6ope s TPEUIHHOBATO-NOPHCTOr0 [JaCTa [a30-
KOHACHCATHON CMECH  J@BJEHHE B TPELIHHAX BCJCACTBHE HX MAJOrO
o0beMa u 00JbIIOH IPOHHLAEMOCTH OblcTpo napaer. Bosuukaer smaum-
TCALUBIT TICpeniai AaBaAeHust MeKAy GJOKAMH H TPELHHAMH, [Tockoabky
CKOPOCTL BLITAACHHS KOHJCHCATAa B NIOPHCTOH cpefe OblcTpo BoO3pacTaer
C poCcTOM rpaaHeHTa AaBJICHHS, H rnepenajg AaBJieHHsT B [IOPHCTHIX BJy0Kax
cocpeoravynBaerca BOJH3NH HX Fpanim, BO3HHKAET clleayromas KapTHHa.
B Tpemnnax IpOHCXOAHT COBMECTHAs (GuabTpanKs rasa W KoHgeHcara,
CONPOBOAKAAIONIANACH [IePEX0/IOM  YACTH ra3a B KOHAEHCAT. B OCHOBLOM
o0BeMe TOPHCTHIX OJ0KOB (puabTpauns  ocraeTcs  uHCTO rasoBoii, mo-
CKOJbKY H3-3a MaJOCTH FpajncHTa AaBJienHss maJa CKOPOCTL BhIDadeHUs
ROMlencaTa W BLINALAIOUKMA  KOHACHCAT HenoiBHykeH. Ha rpaHuilax
OJI0KOB TPALHENT J4BJeHHs BEJAHK H BeJHKA CKOPOCTb BBIMAACHHS KOH-
Acuncara. Ilosromy na rpaunmnmax NIOPHCTHLIX  OJIOKOB BO3HHKAET TOHKAS
0C0JI0YKA, B KOTOPOH IIPOHCXOAHT HHTEHCHBHOC BbillaJleHHe KOHJeHcaTa
H AByx(asHoe ABHiKeHHE cMecH. Ta 00OJOYKA CO3LAGT JONONHHTEJIbHOE
CONPOTHBJCHHE NEPETOKY rasa u3 GJIOKOB B TPELIHHb U TeM OKA3bIBAET
CYHLCCTBEHIOE BJNAHHE HA ra30- H KOHAEGHCATOOTAAUY.

[. Beenenne. OcHOBHBE (H3HUYUECKHeE nNpencras.e-
iin A B Monorpapun M. Myckara [1] GbliH u3H0KeHB HACH, KOTOpEIE
JeaT cedyac B OCHOBEe COBPEMEHHBIX NpejCcTaBJeHHI O (uabTpaUHy ra-
30KOHAEHCATHLIX cMeceii B nopucToff cpeme. B paGorax A. X. Mupsa-
Azmausage ¢ cotp. [2, 3] Oblia NpeAJos<eHa MaTeMATHUECKAS MOIeJb
9TOTO #ABJICHHA, A/IeKBATHAS Ha TOH €ro cTaiuM, KOIAa HACHIIICHHOCTH
NOPHCTOI cpejlbl BbINAAAIOUIMM KOHJAEHCATOM MaJa, BbiNABUINH KOUICH-
cat He o0pasyeT cBsA3HOH 06/1aCTH M OCTAaeTcsi HENOABHKIBIM., B [4]
Obl1a paccMoTpena o0uwias cxeMa (DMABTPALHH FA30KOHIEHCATHBIX CMecel
B TpellHHoBaTo-nopHcToli cpeae. B paGorax M. T. A6acosa ¢ COTPYAHH-
KaMh OblJIH COCTaBJEHDI M peuleHbl AuddepeHunagbible YDaBHEHHS MBH-
KCHIST Ta30KOHACHCATHOH CMECH C HOJHBIM  YYETOM pPeasbHLIX CBONCTB
(1101108 M (asoBbIX nepexonoB B OHHApHOM NMOCTAHOBKE M KOJIJIEKTOpAax
pasvnblx THNoB [5, 6, 7]. [Ha ocHoBe mpeanoxenHoll MaTeMaTHY2CKOR
MOICJIH NOJyueH, liccjaeloBal I anpoGupoBan KOMIJIEKC Fa30rHPOAIHA -
MHSCCKHX pellelnii  MPOrHo3HPOBallKs  pa3paGOTKH ra30KOHACHCATHBIX
MECTOPOKACHHH.

OuabTpauUsl ra3oKOHAEHCATHBIX
nopoaax obsagaer onpejpeseHHon
HPUHUNIHATbLHOH,

CMeceH B TPELIMHOBATO-NOPHETBIX
0cOBeHHOCTBIO,  KOTOPAA O0Ka3aaach



Hauyaaphoe AaBieHne rasa B MjacTe po OOHIYHO DaBHO [aBJEIHHIO
Hayana BLIDAafeHHsi KomjgeHcarta. JTO CBA34NO € YCJAOBHAMH (POpMHpOBa-
HHS MECTOPOXSACHHS, B X0JAC KOTOPOr0o AKHAKHE YIVIEBOLODPOALI BLITCCHS-
0Tcsi Gojee JCDKHUMI rasooGpasHbIMi, I BbITecHenne — Henodnoe. Ecan
faBieHHe Ha CKBAMCHHAX YNAJ10 JAOCTATOYHO HH3KO, TO B CHJY BBLICOKOI
NPOKHIIAEMOCTH H MaJoro OTHOCHTENbHOro o6bema TPEUHH JaBJeHHe B
TpeUIHHaX CHJbHO MOHMIKAETCS M CO3A4CTCS 3HAUYHTEbHBIA nepenajn Aas-
JeHis Mexkay Gaokamm u Tpemunami. B cuay ocobennocteil (huabTpaiiu
rasa STOT Nepenai COCPEAOTOUHBAETCS, B OCHOBHOM, BOJM3H TPaHHIL MO-
pucThix 0a0k0B. CKOpPOCTL BBIMAJEHHST KOHJAeHCAaTa NPHOJH3UTENBLHO TPO-
nopiUloHaabHa KBaApaTy rpaauenta pasiacnnsa [2, 3]. ITostomy B ocros-
HOM MacCHBE NOPHCTBIX GJ0KOB (DHJILTPAlLMs MPOHCXOANT B rasosoii (ase:
CKOPOCTb BhIMAACHHs KOHJAEHCATA MaJa, MaJga KOHAeHCATOHACBILIEHIOCTD,
H BBIMABUIMI KOMJAEHCAT B OCHOBHOM MaccHBe GJ0ka HenodBHKeH. B
ToHkO# 000J0uKe BOJM3H rpanui OJ0KOB CKOPOCTh BBIMAJCHHS KOHICH-
cata BeJAHKAa H NPH JAOCTATOYHO MaJOM JaBJEHHH B TPELIHHAX KOHIEHCAT
MOJKeT €TaTh NOABMZKHLIM. [TOABHIKHBIA KOHZeHCAT B 060JOUYKE OKA3LIBACT
CYUICCTBEHHOE THAPOAMHAMHUECKOE COIPOTHBJIEHHE HCTEUCHHIO rasa u3
NOPHCTHIX OJIOKOB, B KOTOPBIX ra3 B OCHOBHOM coaepzutcs. [lostomy
(opmupoBatie 060JOYKH MOABHIKHOIO KOHACHCATA HACLILIEHHBIX FA30M

MOPHCTBIX OJIOKOB OKA3bIBACT CYUIECTBEHHOE BJAMSIHHE HA d30- H KOHJCH-
caTooTHAUY.

[Tpn mocTpoennu MoIean (UABTPALUHH Ta30KOHACHCATHON CMECH B
0060/104KaX MOPHCTLIX OJOKOB OKas3bBaeTcsl HeOOXOANMBIM 1aTh 060611e-
HiHe Mogeau Mupsamxansane [2, 3], MOCKOJLKY HACBHILLEIHOCTL KOHACH-
caTa B OGOJOYKE BBICOKA W KOMJGHCAT TOABHIKEH. YPaBHEHHSI 0606LCH-
HOH MozxeJH noJayuaioTcss GoJiee CAOMKHLIMH, H B O6LIeM cJavyae NPOCTOTA
Moae/H NXI'I[)SBIUKH]’IBB,U,G YTpauHuBaeTCs. OIIII%H\'O OKE].’H:I%SE]CTCH‘ 4TO B
060J0uKax, Gaarogaps HX TOHKOCTH, ABIDKEHHE CMeCH MOMKHO CUHTATE
OJHOMEPHBIM H  KBa3HCTALHOHAPHLIM: TakK
VIpOILIeHHe.

Hrak, B ocHoBy Mmomenu buastpannn
TPCILHIIOBATO-NIOPHCTHIX MNOPOAAX  NOJArAeTCSt  CheAyiomast (H3HYeCcKas
cxema. Iloxka wacBIEHHOCTH KOHAEHCATOM B 6J0KAX Maja M KOHJeHcaT
B 0.J0KaX HENOABHKEH, B 6J0Kax IPOUCXOAHT YHCTO Tra3oBas (GHJbTPa-
uua. Beimajatomui B 6J0KaX KOHAEHCAT HENMOABHKEH M ocTaeTrcd B 6.J0-
Kax; B TpPEUIHHAX MOXET MPOMCXOAMTh AaJjbHelillee BLIMALCHHE KOHLeH-
caTa, KOTOPbIH Y2Ke NBHIKETCS Mo TpewnHaM. [IpH 3HauuTe bHOM nepe-

AOCTHraeTcst CYUIeCTBEHHOE

Fa30KOH/ICHCATHOH CMecH B

Puc. 1. Cxema

TPEILIHOBATO-TIOPHCTOK
cpeab

flafle AaBjenui Mexay OJokaMH M TPeULHHAMH, KOTODDIH BO3HHKAET IPH
HHTCHCHBHOM oTOOpe, Ha rpannuax 0J0Ka Bo3unkaeT 000J04Ka, B KOTO-
POl Tak:Ke NPOHCXOAHT ABYX(asnoe ABUKeHHe (puc. 1). IT0 csg3ano ¢
TEM, YTO CKOPOCTh BbIMAAEHHS KOHJAEHCATA NPUOIH3HUTENbHO MPONOPLHO-
HaJgbHa KBaJApaTy CpajleHTa JAaB/eHHsS, a TPajHeHT AaBJeHH: coCpeno-
tounBaeTcst BOAU3H TpaHUL OJIOKOB.

[losatomy 000J0UYKa — TOHKAasg H BHYTPEHHss rpaHHua oO0O0JIOUKH
MaJgo oramuaercss OT rpanunsl 67oka. CienoBaTesibHO, MaccOBbIH MOTOK
raza us 6J0xkoB B 000J0uKy ¢ 0OJbLIOH TOYHOCTBIO COBMAJdeT C Macco-
BLIM [IOTOKOM Ta3d 13 OJ0KOB B TPELlHHb, HO NPH AaBJEHHH B TPELIHHAX,
PABHOM JABJCHHIO rasa Ha BHYTPEHHEH TpaHHue OOO0JIOYKH P, OOJBIIEM
HCTHHHOFO AaBJCHHS B TPCLIMHAX p;. DTOT MAaCCOBLIM NMOTOK MeHbIIe, YeM
NOTOK. OTBCUAIOLLHI AaBJEHMIO rasa p; B TpeuwiuHax. [IBumenue B 000-
JOUKE KBA3HCTALLOHAPHO, [03TOMY MACCOBLIH MOTOK rasa H3 OJOKOB B
000JI04KY paBell MACCOBOMY IIOTQKY CMecH B Tpeunubl. Takum o6pasoMm,
MOTOK CMECH B TPEUIHHBI NPt BblMaJeHHH KOHAEHCATa CYlleCTBEHHO
YMEHbIIACTCSH  BCJCACTBHEC  AOMNOJIHHTC/IbIOTO  COMPOTHBJICHHS TEYEHHS
Kotjelcara depes ofoa0uky. ITO TeUeHHE aBTOMATHUECKH DEryJ/HpPYercs
Tak, utoObl Ha 000JOYKE CO3JaBaJiiCh Iepenaj AaBJeHHSA OT Py HO P,
i, BMECTE C TeM, MAaCCOBBLIEl NOTOK CMECH, COOTBETCTBYIOLLHH [ dBJIEHHIO
B OJOKaX pp M JIABJCHHIO Ha rpaHHie 0JOKOB, paBHOMY [AaBJEHHIO Haua-
Jdi JIBHIKEHHST KOHJeHcaTa pp, 4 HEe MeHblIeMy AaBJeHHIO pj. ABTOMATH-
yecKas PeryJiHpoBKa JOCTHIACTCS 34 CUET TOJILHHLL OOOJOYKH, KOTOpast
HCpaeT B MaTeMaTHUecKOll MOJeJH poJb coberBeHHOro 3nadenus. [omou-
HHTEJILIOEe VIIPOULEHHE MOJACHH JOCTHLAETCS 3a CYET TOr0, YTO B TPELLH-
aX, MO KOTOPBLIM MPOHCXOAHUT ABHIKEHHE CMECH, OTHOCHTeJbHbIE (pa3oBbIE
IPOHHLACMOCTH PABHbl HACBILLCHHOCTAM COOTBETCTBYIOLIHX KOMIOHEHT.

2. 06o00mwennass mMopeab (GHUAbBTPALHH FCA30KOHJEH-
caTHbX cMeceln B mopucto#i cpepe. [as moayueHHs: OCHOB-
HBEIX COOTHOWIEHHH MOJEeJH JIBHZKCHHS [Aa30KOHJAEHCATHBIX cMecell B 0060-
JOUKAX IMOPHCTLIX OJ0KOB HEOOXOAHWMO yuecTb, UTO »KuAkasd (asa, Ha-
KaNJauBasch B IOPHCTOH cpeje, MOKeT 00pa3oBLIBaTh CBA3HYI0 0BaacTb
H TAK:KC CTAHOBHTBLCS MOABHIKHOM.

YpapHenust Gajsanca Macchl OGEHX KOMIOHEHT CMECH B MOPHCTOMH
cpeiae ¢ yuerom maccoobmeHa Mexxay ¢dasamu 3amHCbIBAIOTCA B BHE:

moy (py o) + div (pgu,) + Q = 0.

(2.1)

mde (pg (1 — 2)) + div (p, &) — Q = 0.
3neck  — MJOTHOCTb, & — CKOPOCTb (DMJILTPALHH, /M — [OPHC-
TOCTh, [ — BpeMsi, Q — Macca rasa, NepexoAsfllero B KHIAKYI0 (asy B

eauHHLe 00beMa MOPHMCTOH cpeAbl 3a eAMHHLY BpemeHH. Muaekcom f
3dech M jgaJsee 0003HAYAIOTCS BEJHUYHHLI, OTHOCSLUIHECH K XKHAKOH ase.
HHAEKCOM g — BeJHMUHHLI, OTHOCSIIHecsi K ra3oBoil dase. JlBmKeHue
o0eHx KoMIoHenT cuHTaercss Oe3HHEPLHOHHBIM, TMO3TOMY YpaBHEHHSA ABY-
ennst oGeux (a3 3anucoiBaiotest B Gopme 3akona [lapen:

Vg = — (R/p,) fq (o) grad p, & = — (R[w) ft (o) grad p. (2.2)
34ech kK — abcosIOTHAS NPOHHILAEMOCT, IOPHCTOH cpeabl, f( o) —
OTHOCHTeJ/IbHAsl (pa3oBas MPOHHUAEMOCTb COOTBETCTBYIOLICH KOMIOHEHTEI,
p  — AHHAMHuecKas BSI3KOCTb, p — oOulee JAaBjenHe (a3 (Kanmuuisp-

HLIM JaBjenuem npenedperaercsi). BBHAY TOHKOCTH 060JOYKH uepes Hee
OBICTPO NpPOXOAMT MHOr0 OOGBEMOB CMECH, HepaBHOBeCHble 3((derThl He-
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CYIECTBEHHBl 1 OTHOCHTEIbIbIE [POHHILACMOCTH Ji 1 f; MOXHO CYHTATh
3aAaHHBIME (GYHKLHAMHE Ta30HaCHIILCHIOCTH.

Jlag 3aMblEanisA CHCTEMBl ypaBHCHUH (2.1) mam ocrajoch onpeje-
JHTb BeaHuuHy Q — HHTEHCHBHOCTh [pEBpallenna rasa B KOHJleHCaT.
CresaeM npeinogoxenie (Ha caMoym jele BechbMa rpyboe H nyzjalouee-
csi B KOPPEKWHH, a5 KOTOPOil, OJHAKO, HOKa HET JOCTATOYHBIX IKCIEepH-
MEHTAJdbHBX AaHHBIX), U4TO 3aKOHOMEPHOCTH MHepexoja ra3—iHAKOCTbh B
nopoJe Te e, 4YTO H B OTKPBITOM cocyie, H MOFYT OBITL OMpeLe/IeHEl,
HanpuMep, [0 AaHHbIM HCIBITAHHH B dombe PVT. M3 obuiix TepMO1HHA-
MHUECKHX COOOpasKeHMH $CHO, uTO HpH  OCCKOHEUHO MaJOM HIMEHCHHH
aaBraenusa dp u temnepatypel dT mpupauienne dV ofbeMa KoiljleHcaTa,
BHIMABILIEr0 H3 CAMHHILEL MACCHL 'a3a COCTABJISACT!

dV =@ (p, T)dp + YV (p, T) aT, (2.3)

rne ®, ¥ — nekorophle (GyHKIMK JaBienHss n temnepatypel. Beaeacrsue
GOJBIION TENJOEMKOCTH CKeJdeTa naactd MOKHO CYMTATh, YTO BblNadcHHE
KOHZeHcATA [POHCXOAHT M3oTepmuueckH, Tak uyto dV = @ (p,T)dp.
OrcioAa HHTEDHPOBAHHEM IPH NOCTOAHHOM T NOJay4aloTess 3aBHCHMOCTH
V (p, T) — usorepmbl Koujencaunu. [Tpumep n30repmbl KOHJACHCALHH
npuBejeH Ha puc. 2, rie V, — o0beM BbiaBIIEro Komjiehcara (B cm?)
Ha | M3 rasa (npuBEZEHHOrO K aTMOC(EPHBIM YCJIOBHSIM).

-}/ \,?
MMl s
IS i {
| |
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e ——————
| | N Pue. 2. HWsorepma xowupenca-
{ 1 i
| | G Wi
| f \ |
200 f——— |

!' | '
P e
Tt o IS e T _L_

Y0 Mrf7o

[Tockosnbky Macca raza B eJHHHUE 06bema
Pg 9/m, 44 Q cnpapelJIMBO COOTHOIIGHHE

Q=yggom® (p, 1) (dp/dt), (24)

rae oynkudio P (p, T)=dV/dp moxno cunrath ussecTiof wus npeJEd-
PHTEJLHLIX 3KCICPHMCHTOB C Ta30KOHACHCATHOH cMechbio B GomGe PV'T
3nech ofbeM BbinaBwero konmeucata V(p, To), B oriname o pHe >
OTHECEH B eAMHHUE Macchl cMecH. Boipamenue mis ckopocr H3Merer: s
AABJICHHA B HACTHLUE 33 3AMHCHBACTCA B Buge dp/di =0, p+w, grad p
1:{{1;}(:?5 _—_6uH/m 5 — HCTHHHAT» CKOPOCTb ABIKeHHs rasa b Hop‘ax,

M .ODpasOM, CHCTEMA  ypaBHenHii (uabTpauun rasoxomgencar! ol
CMECH B NIOPHCTOH Cpelle NMPHHHMAET BHJ: St
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ITOPOALI COCTABJASAT

r 1

mady (pg o) — div [_}L pg fo(3)grad [J‘\ +pgmao®(p, 1) %f_ —= 0. (2_5)

tg

; k ; sagd
mdy {p; (1 — 3)) — div {?— pr f1 (9) gradpl —pg ma ® (p, [)Ti‘) =0. (2.6)
f

[Ipeuanosaraercst, UTO
py = const, T = Ty ==const, p; = g (P, To), =@ (p, Ty) (2.7)

— 3a7aHHBlC BeJHUHHB, TAaK 4To cHcTeMa (2.5)—(2.6) — saMKmyTa.
Cueremy (2.5)—(2.6) caeayer JONOJHHTL HAYANbHBLIMH yCIOBHAMH: Ha-
YaJdbHLIMH  pacrnpeieseHusiMH  [Aa30HACBIMEHHOCTH 9 H LaBJACHHA p. O
FPAalHYilbIX YCJI0BHAX OYy1eT CKA3aHO HHIKE.

3. Guabrpaunss razoOKOHAEHCAaTHOH CcMeCH B MNOpH-
cThx OM0Kax, Mogeabr Mupsaaxansapne CkaaibBasg ypas-
Henus (2.5)—(2.6), Haxo4HM

’ . R
mdl ng 'l" \Pr f‘g) (1 Bl °! e dlv{[;*‘ Pg fg (G) +
g

Gty
+ ——pt /i (o) grad p J = 0. (3.1)

P

B ycaoBusix ACTpaxanckoro MeCTOPOXKACHHS H eMy MOXOGHBIX MJOT-
HOCTbL ra34 [0 MOPAJKY BEJHYMHbl COBNAJAET C NJIOTHOCTHIO KOHAEHCATA.
Tax, npu aasaennn 60 MIla, xapakTepHoM MJisi MECTOPOXAGHHH 3TOrO
PMId, TJOTHOCTH rasa B MJACTOBBIX ycJoBuax cocrasisieT ~400 kr/M?, a
[IOTHOCTh Komjencata ~ 600—700 wr/ms.

B 6/0Kax rasoHachllleHHOCTh OJn3Ka K eauHuue. [lo3TOMy MOXKHO
nperebpedn ujaeHoMm (py — pg) (! — 9) 1Mo cpaBHeHHl0 ¢ pg H HYJICHOM
ps f1(9)/py 1o cpasuenuio ¢ pg fy (9) /g  Hasee, mpu < G/IH3KHX
K eILHHHLe Se(3) Tak:Ke Onm3ka K eanunue, ITpenebperass MaJbIMu
yaenamy, npupoaum (3.1) K BHAY OOBIYHOrO YpaBHEeHHs (uAbTPALKH
rasa B IIOPUCTOH cpepe

Pe

X 7 J-4
maoy o, — div (____ b gradp | = 0. (3.2)
B cayuage H30TEPMHUECKOli (UABTPALUH TEPMOLHHAMHYECKH HACAb:

HOrO rasa ypapHenue (3.2) npuHuMaer craHAapTHYIO bopmy
gy p = a* A p?, a®=k[2m pg. (3.3)
Jlasee, IOCKOJIbKY Ta30HachiIenHOCTb s OJH3Ka K ENHHHIE, BKJa-
10M (HABTPALHOHHONO MOTOKA KOHAEHcATa (BTOpBIM YJIEHOM YPaBHEHHS

(2.6)) Mmoxuo npene6peyb. PackpeiBast dp/dt, TNPHBOAHM YpPaBHEHHE
(2.6) K BUAY:

; 0,0 ®(p, T ‘ k l
RPN SR CI VR ) (il )P | = O (3.4)
ps Pg b /14s]
[Moaaras nap/eHHe CMecH MaJo OTJHYAIOMHMCA OT JAaBJEHHS Haya-
Jla BbITafieHUA KOHjeHcaTa, MOKHO MNPHHATDH & = — A =const. Ilonaras,

JaJjiee, ra3 TepMOAHHAMHUECKH HAEAJIbHBIM, TAK 4TO Pg = Pp P! Dy, TAE

1



naxoauM, unrerpupys(3.4),

po = pg (Pg) — HaAuaJbHA IJIOTHOCTH ra3ad,
BhIpaX<eHHe AJs Ta30HACHILIeHHOCTH:
t
- . o 2dt
ln 2= _."_{pﬁ. (22— p?|+ - ‘?EP}L 5 P&L / (3.5)
9 201 Do Po My g v o

31ech 9y — Ta30HACHUILEHHOCTD B HAYAJblbIH MOMCHT.

Jas Hac MpeACTaBJsieT ClelHaJbiblii nHTepec onpeie/ehne AdbJje-
HHSL P HA BHYTPeHHEH rpanuue 000JOYKH, [pH KOTOPOM AOCTHLACTAC
paBEHCTBO ¢ = 9,, [A€ 8, ~— ra30HACLILICHHOCTb, NPH KOTOPOH KOH-
AeHcaT CTAHOBUTCA NOABMXKULIM. MMeem, 0UeBHAHO

1

Akp, 5-/) (grad p)* dt ' (3.6)

PolTt P‘go g

ey el
9 QPUUO

2 L= i

Takum 06pasoM, GuabTpanus raza BuyTpH O0J0KOB NOL TOHKOH 000-
JIOUKOH NOABHYKHOIO KOMJAeHcaTa, ecld JaBJjeHne B TPCLIMHAX yaJo
HHKe pmg. ONMchiBaercs ypasueuuamu (3.3), (3.5) — Mozdeabio Mupaa-
nxkanzaje. Ecanm pasjienue B TpellHHax OoJblle HJAH PABHO p g, OJ0KH
HEe COAEp’KAT NOABHIKHOTO KoHieHcarta. Ecaum pasienue B 0J0Kax Melb-
e pn, KOHAeHCaT NOABHiKEH BO BceM OJIOKe.

4, dupnpbTpanus rasokoHAeHcaTHOl cmecH B 006o0-
Jouykax mnopucThx Oaoxos. [lpeanosoxum Tenepb, 4To AasJe-
HHE rasa B TpPELIHHAX p; CTAHOBHTCS MEHbIIHM JaBJjeluHeM HayaJa Io-
SIBJeHHS MOABHXKHOIO KOHAeHcaTa B OJOKax p,, a AaBJeHHe rasa B NO-
pucThix GJOKax Be3Je 32 HCKJIOYeHHEeM TOHKOM MOrpaHHuHoil 060J0YKH,
ocraercss OOJbIIHM pPg. DBBHAY TOHKOCTH 000JIOYKH, B KOTODOH MpOHC-
XOAMT ABYyx(haszHoe [ABHXKEHHE, KOMNOHEHTA rpaaHeHTa JaBJeHH:d No Ha-
NpaBJeHHl0 HOpMaJM K TPaHHLE 3HAauHTeNbHO NpeBbllIaeT 00e KOMIIO-
HEHTHI [0 KacaTeJbHbIM HanpaBJaeHHAM, i GHJALTPALLHIO cMecH B 060J0YKe
MOXHO CYMTATb OJHOMEDHBIM JBHMEHHEM B HampaBJEHHH HOPMAJH K
rpaunue 6Joka (puc. 1). BBoAA NOKAaJbHYIO CHCTEMY KOOPAHHAT C OCLIO
X, HampaBJeHHOH MO HOpMaJH K rpanuue O6Joka (puc. 1), 3anuchiBaem
ypaBHeHus (GHAbTPalHH cMecH B 000JIOUKe B BHIE:

k } 5
ma, (pga)—ax[?"g-fg(s) apr—pgﬂi” O (p, TP =0 (4.1)
g g

R (9]
ma (el =) = 0| 2215 0,2 | + 0D 0 (p, 1o, =0
i .

g
(4.2)

BBuay MajocTH TOJIIHHBL OGOJOYKH 10 CPaBHEHHIO ¢ pasMepom
6J0KOB (U/IbTPALMIO B HEHA MOKHO CYUHTATH KBA3HCTALUOHAPHOH. [103T0-
My NepBbIMH 4JeHaMHu B ypaBHeHHAX (4.1) u (4.2) moxHO npeneGpeus
H CHCTeMa MPHHHMAeT BHA: ;

k 1 k7 (o
3 dx[l—f’-g fy) %xr | —pg—{gﬁ b(p, To)(0:p)* =0, (4.3)
g )'g
R k o
—dx [ P‘:f J1 (o) dxp ]+ Pg —%(—)-(b(k, 7‘0) ((}xp)z — (. (4'4)
g

Ckaanpeast ypasiennss (4.3) H (4.4), m uHTErpHPYys, MoaydaeM
34KOH COXpaHelHsi NOJAHOro MaccoBOro MOTOKA:

{‘K thg (<) +"E‘ Pr ff(j) ]axp = — M,
g Pt

BeJIHUMHa MOJIHOr0 [10TOKa

(4.5)

roe M — nocrosiiias 1o toJiuHe 000JOUKH

: /I ; OO0JIOUKH.
Macchl 4epes eHHHIly MUIOUaLn 060/ | ‘
[Ipumem cHoBa HCIPHILHNHAJIBHOE, HO CHJILHO yIpoLlaioliee pacde

1Bl [IPEANOJIONKEHHE, YTO JAaBJEHHE p1 B TpelHHax 1](33!'{3L1’lil‘Te~w'le0 omfé:
gaeTcst OT /4BJCHHST Hauaja BbiMaldeHHs KOILEHCATA P . orga B ypa
HeHHAX (»!_:_B)W(al.:')) MOZKHO TPHHSITH — [OCTOSIHHOH [IJIOTHOCTL ra3a  Pg,
TaKk ke Kak 1 pesuunny @ (p, s

Dui( o )= CONST s A, (p < pe)-
u A, 3aBHCST OT TeMMepaTyphl.

(4.6,

Pasymeercst, 006e NOCTOSIHHBIE, Pg
M3 coornollenis (4.5), noayiaeM

dpldx = — MIk [fy (3) + (g SlpeSe) fr(0)] pelig: (4.7)
[Moacrasasisa (4.7) B (4.3), HaXoAUM
dF () = Mpe Frie)®(p, To) _ 0. (4.8)
dx Lok [y (9)
3nech F (o) — oGoGuientas GyHKILHH JleseperTa | i
(4.

F(s) = fg”fg S (P’gpi/%"f Pg) fq]

Henoabays npub/iHzKeHHe (4.6), moOJyuHM H3 (4.8) ypasHenue I/

onpeaesaerHs ra3oHachleHHOCTH

dF (a)}dx = — MAF? (o) vl fe(3) bg k. (4.10)
OxoHUaTeJbHO HAXOIHM

dx = — o, & F’'(3) fg (9) do/MAF? (9) pw, (4.11)

dp = F' () do[AF (a). (4.12)

CucreMma (4.11)—(4.12) JIETKO HHTErpHpyercd B obmem Buae. Ilyctb

TOJLLHMHA 000M0YKH pPaBHA i, 0603HaUKUM

L= x/h b= My, Ahjkp,, P = p[Pm: (4.13)
t=—1, (x=—Hh),

VenoBHA HA TPAHMLAX 00OJOUKH: BHYTPEHHEH

H Bnemneﬁ Q =() HMeEIOT BHUA:
(4.14)

5('—1)2 1, P(O):Po_—'pl/ m’

WUuterpupyst (4.11) ® (4.12), nonyuyaem B NePEMCHHBIX (4.13)

1
a) F’ (a) ds
¢4 1 =2 S(a) S(c):SIEL)FZ—(G%)——, (4.15)
0






