Nekuua 10
dunbTpaumna coBepLUeHHOro rasa
N BA3KOM XXUAKOCTHU

OcHOBHbIe MOHATUS Teopuun euNbTpaumu. TTopuctocTb. TTpocBeTHOCTL. CKOpOCTb
punbTpauun. 3akoH dapcu. OrpaHudeHus. [ByunieHHbIN 3aKOH UnbTpaLmU.
OCHOBHbIE COOTHOLLIEHUS TeOpUU OAHOPA3HOW U30TEPMUYECKOU PUNbTpaLMM.
BapuaHTer ypaHeHUs asuxeHus. Moaenb gUbTPaLMK HECKUMAeMOM XUAKOCTU
1 coseplueHHOro rasa. TTpocTenlume 3aAa4u ANS NIOCKOTO U LIUIIUHAPUYECKOr O
cnos. Moaens gunbTpaumMu HeuaeansHoro rasa. TTpocTelilwmve npumeptr. Moaens
PUNLTPALMU BA3KOM XMAKOCTU. TTpocTelline 3aAa4M C 06 EMHOM BA3KOCTbHO.

Mpouecchbl B nOpUCTbIX cpepax

Teopusi punbmpayuu n3y4aeT OBUXKEHWE rasoB, XKWOKOCTEA M MX CMeceln B MOPUCTbIX
cpenax, T.e. B TBepAblX Tenax, NPOHMU3aHHbIX CUCTEMOI cooBLLatoLLUXcs Mexay cobomn nycToT
(nop), YTO AenaeT MX MPOHMLAEMbIMU Afs ra3oB U XuOKocTel. PasymeeTcs, 4To YacTb nop
MOXET 6bITb N30/TMPOBAHHOM.

[ByXeHne X1OKoCTel 1 ra3oB B MOPUCTON cpeae umeeT psg ocobeHHocTen. MopucTas cpena
COCTOMT M3 OFPOMHOrO 4Yucna Cry4aiHO PacrofiOXEeHHbIX 3epeH PasfIMYHON BEMUYMHBLI K
dhopMbl. MoO3TOMY, NPOCTPAHCTBO, B KOTOPOM ABWXETCS XUAKOCTL (ras), npeacrasnser cobon
CUCTEMY Mop, HeMpepbIBHO NEPexXoAsLLMX ogHa B APYryo. [ns nopucTon cpeabl XapakTepHo
cBoncTBO coobuaemocTn nop. Ee Henb3s NpeacTaBnsiTb COBOKYMHOCTHbIO Kanunsisipos,
pacnonoxeHHbIX 060C06eHHO O4MH OT 4PYroro.

HeperynsipHblii  XxapakTep CTPYKTypbl MOPOBOrO MpOCTPaHCTBA He MO3BOMSET U3yyaTb
OBWKEHWEe J>KMAKOCTEe W rasoB B Heil C NPUBMEYEHWEM TPaAMUMOHHBIX METOLOB
TMOPOAMHAMUKM, T.e. MyTEM PELUEHUSI YpaBHEHUS OBWKEHUS BA3KOW XMAKOCTWM B obnact,
NPeACTaBnAoLLEN COBOKYNHOCTL MNOp.

dunbmpayus
CUHMe3 Ha nNopucmabIx Kamasu3zamopax
nponumeka, cywka, decuopamayusi...

TudpomexHuka, 2udpomennuopayusi, 2uGpPo2eos102 usl,
Heghmedobbiya, xXuMuyeckasl u nuuieeasl MPOMbIUWIIeHHOCMb,
cmpoumesibCcmeo, npPupPoOHbIe NPOUEecchl...

Ona ueneli Teopuu EUALTPALMW, OAHAKO, AOCTATOMHO HEKOTOPOrO KOHEYHOTO YUCNa
OCpefiHeHHBIX XapaKTepuCTUK

NPOCBETHOCTb
S
e WL
V

[Ora n3oTponHeIX cpea: m=a
OCHOBHOW XapaKkTepUCTUKOM UIbTPaLNOHHOTO W= Q (1)
Te4YeHUnaA CNyXUT CKopocmb cpunbmpauuu: S

Hopmarsb K
cevyeHur

MCTUHHasA V — Q n 2) TTpu BBeAieHUM CKOPOCTU

CXOROCIEYas 2 S PUILTPALIUM PACCMATPUBAGETCS
p HeKOTOPbIN PUKTUBH LI
PUNBTPALIMOHHBIN MOTOK, B KOTOPOM
S . _ pacxoA Yepe3s NpoU3BOSIbHOE CedeHue
W= -p V =aV (3) paseH peanbHomy pacxopy. Tlons
S AABNEHUI STUX NOTOKOB UAGHTUYHBI.

CyLLeCTBYeT elle psif XapakTepUCTUK, TPEBYIOLLUXCS ANt ONUCAHUS CBOWCTB
NOPUCTbIX CPed: U3BUMUCTOCTb (MM KO3(MULIMEHT U3BUMIMCTOCTM), CPEOHMI
AMaMeTp nop, pacrnpefeneHme nop no pasMepam u T.4.

BbInv npeanpuHSATLI MHOTOYMCIIEHHbIE MOMNbITKU NPEeACTaBUTL MPOHUYaeMocmb
Kak ¢byHKUUIO pa3HbIX 8e/TU4UH ON1si Pa3HbIX MOpUCTLIX cpeq. Bce nonyyeHHble
COOTHOLLEHNSI HOCAT YacCTHbIN XapakTep. Hanbonee pacnpocTpaHeHHOW SIBnsSieTcs
dopmyna KoseHu-KapmaHa, nonyyeHHasi Ha OCHOBE aHanoruM Mexagy nopucTon
cpenov 1 cuctemon napannenbHbix TpyOok (makasi aHanoausi cripagednueo
ocrnapusaemcsi 8 pasHbIx KHU2ax)

MNocTosHHas K — pasnuyHa ans k=
NOpUCTbIX CPEL C pasnMyHon
CTPYKTYypou

3¢pcheKTUBHbLIN
AvameTp YacTul,
COCTaBMSOWUX rPYHT

yaenbHas
NnoBepPXHOCTb

[Opyron npymMmep 3aBMCUMOCTU kO3PULNEHTA

5 d 2,3
NPOHNLAEeMOCTU OT NMOPUCTOCTU )

k=84(1,275-1,5m
(1-my
KoacbdmumeHT BA3KOCTU B Criyyae NoCTOSHHON TemnepaTtypbl 3aBUCUT OT
AaBneHunsi nuHenHo. Ho B criyyae manbix nepenagoB AaBneHus: 3Tomn
3aBMCMMOCTbIO MOXHO NpeHebpeyb. Ha 3aBMCMMOCTM CBOMCTB OT AaBlEHUsI
Jaree ocTaHOBUMCS




OcCHOBHOE COOTHOLEHWEe TeopUM PUIBTPALIMK =~ 3aKOH PUbTPALIMM - YCTAHABMUBAET CBA3b
MeXAy BeKTOPOM CKOPOCTU (PUIIbTPALMM U Tem MoSieM AaBfieHUs, KOTOpoe BLI3bIBAET
PUNbTPALIMOHHOE ABUXEHUE.

MepBble akcnepumeHTanbHble HAbMAEHUs 3a ABWKEHNEM BOAbI B Tpybax,
3arnoJIHEHHbIX MECKOM, NpoBenu dpaHuy3ckme nHxeHepbl A lapcu (1856) n
>K.Otonton (1848-1963). MimeHem [Japcy Ha3BaH NMMHENHBIN 3aKOH OUnbTpaumm,
KOTOPbIA OH YCTaHOBWI, CO3aBasi NEPBYIO COBEPLLEHHYHO CUCTEMY
BOAOCHabxeHus B EBpone

Mpwv TeveHun Boabl Yepes necyaHble BepTMKarbHble OUIbTPbl OH YCTAHOBUI

O=kys M-t kaHQ )

O 06beMHbIN pacxoq XMUOKOCTU Yepes necyaHbIn %bmanp
L panuHa unbTpa, Q  nnowadb ero nonepeyHoro ceYeHus

AH pasHOCTb HanopoB BOAbl Haf puInbTPOM 1 'y €ro OCHOBaHMSA
k¢ KO3(pPMUMNEHT HrnbTPaLUK, UMEIOLLMI PA3MEPHOCTb CKOPOCTU
B TakoM BuAe 3aKOH UCMONb3yeTcs B MMAPOTEXHUYECKUIA pacyeTax

Mpun nccnegoBaHum unbTpaumn HedTH, rasa n UX CMeCeit 3aKoH 0ObIMHO
npe,D,CTaBJ'IFerT B BM'D'e k AP { anBe,quHoe AaBrieHue :I

W u L p =pgH=p+pgz
k
|: ANHaMUYecKas BA3KOCTb :,7’ ky :Epg

®)

BonbLWNHCTBO OUNbTPALMOHHbBIX TEYEHWUI, BCTPEYAIOLLMXCS HA NPaKTUKe,
mmeet ckopocTb 104-10-5 M/c n meHee; k~10-14 — 10-12 M2

B Teopun counbTpaumu 3akoH unbTpaummn Japcu 3ameHseT cobon ypaBHeHNe
OBWXKEHUs 0151 6e3UHepPUUOHHbIX meYeHull

B panbHeviwem 3akoH Japcu 6e3 0cobbix 060CHOBaHMI 1 SKCMEepUMEHTanbHOM
npoBepku Bk pacnpoCcTpaHeH Ha pasnuyHbIie FPYHTbI, TPELLMHOBaTLIE NOPOab,
OETOHbI U T.4.

[Mo3aHee ObM YyCTaHOBNEHbI rpaHuLbl MPUMEHUMOCTY NIMHEAHOrO 3aKoHa:
wd
5<Re<30, Re=—o (6)
A%
BepxHsisi 2paHuya onpeaenseTcs rpynroi NpuYnH, CB3aHHbIX C NPOsiBIEHEM

MHEPLIMOHHbBIX CUIN NPY JOCTaTOYHO BbICOKMX CKOPOCTSIX (MIbTpaLmm

HuwxkHsas 2paHuya onpefensiertcs NposiBlieHMeM HEHbIOTOHOBCKUX PEONOrMYeckmnx
CBOWICTB )XMIKOCTU, €€ B3aMMOLEVCTBUEM C TBEPALIM CKENIETOM NpU JOCTaTOYHO
MarnbiX CKOPOCTAX pUnbTpaLum

B (6) cpegHwin anameTp nop — Benm4mHa OUKTMBHasA, NOSTOMY OLIEHKa - YCIoBHas

B nuTtepaTtype nmelTcsi MHOrouucrneHHble 0606LLeHns
1 NonbITKM 000CHOBaHMS 3akoHa [dapcu.

Bcrosly: B Manoit OKpecTHOCTU MPOU3BOSIBHOM TOUKU (B MAKPOCKOMUYECKOM CMBICIE) MOpUCTOU
cpeAbl Mofie CKOpOCTel PUbTPALIMU MOXHO CUATATL HenpephIBHLIM, G BCE MAPAMETPLI NOPUCTOM
CpeibI U HacbIlarolweld ee XWAKOCTW (rasa) - MOCTOSHHBIMW. Henb3s npeHebpeub nNULWb
U3MeHeHWeM AaBMeHUs, Kak 651 Mano OHO HU 6bL10, MOCKOSbKY MpU MOCTOAHHOM MO NPOCTPAHCTBY
AGBEHUU [IBUKEHMe MOSHOCTLHO OTCYTCTBYeT (MO CyLecTBy 3TO yTBepXAeHUe SBnSeTCcs OCHOBHOW
runotesoii). TTOCKONMbKY W3MeHeHWe [aBfeHUs B OKPeCTHOCTU [AGHHOW TOYKM oOnpejensetcs
rPaAMEHTOM [AGBMeHUs, OCHOBHOe MPeAnosioXeHWe Mpu YCTGHOBSIEHUM 3AKOHA UMbTpaLUU
COCTOUT B TOM, YTO BEKTOpP CKOPOCTU (UILTPALIUM B AAHHOW TOUKE MOPUCTON CpeAtl onpeaenseTcs
CBOMCTBAMM XUAKOCTW (Fasa) U NOPUCTON CpeAbl U FPaaueHTOM AaBNeHUS.

Hanbonee nssectHble hopMyIbI: w

P R —

CospeMeHHOe 8bIpaXKeHue
dns 3akoHa [apcu: W= —; Vp Pz

Mepenag gasnewns —* Ap

2
Ha pACCTOSHMN Al Al = 0w + B«W” - dopmyna Oronton (7)

[ P o
Vp=——w—[——|W/W 3akoH ®opxreiimepa (8)
PR

2
vp:_ISOH(I—M) w_1e759(1_m)‘w‘w topmyna pryHa  (9)

sz sz

3akoH dopxrenmepa (Popxrenmepa-PenHonbaca) 4acTo NpeacTaBnsaloT B BUAE

—@zauwﬂ?ﬁpwz (10)
dz

o, BSA3KOCTHBIN U MHEPLMOHHBIN KO3 ULIMEHTBI COMPOTUBNEHNS NOPUCTOrO
MaTepuana, onpegenstoTcst 9KCnepuMeHTarnbHo; Ha UX BEMUYUHY
0OKas3bIBalOT BMUsIHME MHOrNe hakTopbl; 3TO — MHAMBUAYATbHbIE
XapaKTePUCTUKN NOPUCTON MaTpuLibl

[N NopoLLKOBbLIX MaTepmnarnos 13 YacTul cdrepmyeckon hopmsbl:

B CB.(n
(Benos (Monses)) o= 171(1 _ m)zm_3d_2

(1)
B=0,6351—m)m~*"2q7!

MpW BBICOKMX CKOPOCTSIX ANSt CTaLMOHaPHbIX PEXMMOB hUnbTpaLum yunThIBaeTCs
KOHBEKTVBHasi COoCTaBrsitoLlas

dp 2 2 dw
——— =OUW+PpW  +m “pw—
PR Bp v (12)

x+ =p/o.  €CTECTBEHHbI MacluTab AnvHbI




[ns obnactu manbix CKOPOCTEN ucnonb3yercs moaerns Tuna buHrama-LlUBenosa

k Yy |op
| l-=5 = VP27
W= u( ijaxi K (13)

0, Vpl<y

3akoH [lapcu MoxeT 6biTb 0606LeH ans W= — 1 i Pp;
aHW30TPOIHbIX cpen ' H 0
J

B npunoxeHusix ocobyto ponb urpaeT aHM3oTponus

e i
€CTECTBEHHbIX NOPUCTLIX CPef, Hanpumep, CBsI3aHHas! ¢

ocapkoHakomnneHvwem. B aTom crnyyae npoHULaemMocTu R e T e A
BJOIMb CMNOEB UMEIT OOHO 3HaYeHne, a B

YpaeHeHusi MCC. OOHogha3Hasi usomepmudeckasi punibmpauyusi

[ 3aKOH COXpaHeHUs MAcChI U ypasHeHWe HepaspLIBHOCTU ]

Macca XMaKoCTU B HeKOTOpoM manom obveme: dM =pdl =pmdV

\6 -
obbvem nop M:ImpdV

oM o0
M3meHeHMe macchl B KOHTPONIbHOM O6beme BO BpemeHu o o mpdV
v

[na Bcero BbraenieHHOro KOHTpOJIbHOIO obbema:
V

CcKnaabieaerca us Apyx YacTeit - NPUTOKA U3BHE Yepe3 NOBEPpXHOCTb KOHTPOJNbHOIO
06bema U BCeACTBUE HaNMUYUA UCTOYHUKOB U CTOKOB

TTOTOK MacchI Yepes 3NeMeHTapHyto nnowaaky:  PWRdS :zpwi”id‘g

i

Yepes BCrO NOBEPXHOCTb &pvinidSH = &pwinidS

0)-—— — -
nepneHanKynsapHOM HanpasneHuy — Apyroe, o6bI4HO _# CTOYHUK -
3HauMTENBLHO MeHbLUee. Beibepem oaHy 13 rmaBHbIX P T TR T e B TTHOTHOCTS BHYTbEHHMX ugTHquuKos " choxoa o cneacTteue obmeHa ¢
OCell TEH30pa HanpsiKeHUsI NepreHanKynsipHoOi B e YTP TBEpAbIM KApKACOM
MOCKOCTM NNacToBaHWsi — BOOSb ocy z. Toraa B 3Tou z O6bem — J' a mpdV = _ff pwndS+ J' odV
cucTemMe KoopamHat CMOXeM 3anucaTb HenoABUXHLIN 7 ot % 7
k op k op ko Op o
W=——"ry Wh=———ry, Wy=——"— ko >> kg 15 omp B omp
! pax’ 2 pay’ 3 u oz’ (1%) wnu o +V.pw—-c |dV=0 wm P =-V.pw+o (16)
"= = " m EEBE V
Cxxumaemasi cpeda O6Wmit BUA ypasHeHUa AsuxeHUs (UMK ypasHeHUs 6anaHca umnyibea):
A b av
%mp:—prHs unm %mpz,pv.vwc wnu amp:—v-pav+c (17) A pE—V-opr (22)
v
p07+vav:V~c+pF, F=F+F (23)
Ecnu UCTOYHMKM Macchl OTCYTCTBYHOT, TO UMEEM ot 1
MaccoBble Cuilbl — CUna TSKECTU U cuna TpeHust:  Fj =—— (gz), F,~w (24)
gmp +V.pw=0 wunm agmp =-V -pav (18) Ecrm ock z HanpasneHa BepTukasibHo esepx!
t 0 v = DS
PaannyHble cucTeMbl KoopauHar: Ecrw TeH3op HanpsbkeHuiA — Waposoi - Oj pBV
omp  opw,  OPWy  Gpw, (19) S -1 o5
—t—+——+—=%=0 p . (25)
ot ox oy 0z W=?V=0V- pavga +pEV(Ej:—Vp+p(F1+F2)
@+ L orpw, + LopW, + oW, =0 MNonsywme unu megneHHble él/l)KeHMﬂa KW, ?(OCTVI unu rasa
at r or r a9 oz yu A A A
2 i Opw, -1
omp + 1 or‘pw, + 1 Owgpsin® + 1 pW, -0 owa - Vp+ p(Fl + Fz) (26)
ot r? or rsin® 00 rsin® o ot
Hecxumaemas cpeana: @ =0 nunu V-w=0 (20) [nsi MmeaneHHbIX Un cTaunoHapHbIX PEXMMOB Vp= —p(Fl +F2) (27)
a a a adt B cdunbTpauumn
m=const: —p+vx—p+vy—p+vz—p:0 %JrﬂJr% =0 Cuna BHyTpeHHero TpeHusi NPonopLMoHarnbHa CKOPOCTU (hUIbTpaLmm F, ~£w
ot % oy oz x oy oz (21) kp
k
o, , % 1o  op_ Low, 10w, ow, Vp=—p| Ew+F | wwm w=——[Vp+pF] (28)
+V o+, +v,—=0 - +— +—2£=0 kp H
ot or r aq) 0z r or r 6@ o0z
@Jrvr@JrVel@Jrv 1 o =0 1 arzw, + 1 owgysin® N 1 aw(p —0 MocnegHiolo  dopmMyny MOXHO cuuTatb ob6obujeHuem 3akoHa [apcu Ons  m06bIX

ot Tor Troe rsin0dg P2 or rsind 00 rsin® op

6eﬂcmey}ou4ux Cus1 — 3NEeKTpU4eCknx, MarHMTHbIX 1 T.4.




MpocTeine moaeny cTauMoHapHou n3oTepmuyeckon munbTpaumum YacmHble 3adayu:
B au0p06UHaMUKe — Ang MmanbixX CKOpOCTeI;I MOXHO npeHe6peqb CXMMaeMOoCTblo U rasa, n < o
KMAKOCTI MpocTeiwasn 3adaya o hunbmpayuu Hecxumaemol xuGKocmu Yyepe3s
. naockul caol TonwuHon L umeet Bna
B meopuu 4)unbmpauuu oTAernbHO BblAeNnAlT moaenn q)vmpraLu/m HecXXnmaemoun _
XKNOKOCTU (C)KI/IMaeMOCTb XNOKOCTU CpaBHMMaA CO CXXUMaeMoCTbio TBepaoro KapKaca) 7] d2 V
moaenun d)VIJ'IpraLl,MI/I CXnmaemoro (M/:J,eaanoro y Hew:leaanoro) rasa (C)KMMaeMOCTb}O rasa W= —7Vp 75 :O, (5)
MO CpaBHEHUID CO CXKMMaAeMOCTbIO TBeEpPAOro Tena npeHereqb HeJ'IbSFl) p dx g
k S J/ - KOMRMOHeHTa -0: = x=L: _
Ona meaneHHsIx aswxeHuiilll w=——[Vp+pF] (1) |w=-"Lv=av BeEKTOpa CKOpocTU B o p=p x=L: p=p
H p HanpasneHuu Ox P py k py—p P
%:—V-pw uru Lp:—V-(pVa) 2 pETENEPE VZ**% (6)
Onpepensilowue ot ot . . X
COOTHOLUEHMS p=p(p) m=m(p) k=k(p) p=n(p) (3) Lunundpuyeckuii cniod:
06bI4YHO UMET BUO
,
1.Mogenb HeCXUMaemoi XUAKOCTU @) l1d( dp . d’p ldp 8
. SEfeP )y, Pewetne: ——+---=0 (8)
p = const,m = const,k = const . = const w:—KVp V.w=0 =—=| Ap=0 4) \U/ rdr\ dr dr= rdr
[ N1 r=Ri: p=p; u:@ @+1u20
2 2 2 1 dr dr r
TP, OP.OP_§ — 3 r=Ry: p=p,
axz 2 azz ; du dl"
b “oer__
: u r
B nekapToBon cucreme k op k op k op 3 p
KOOPAMHAT UMEeM: Wy =772 Wy == 2T T 3 2 =Cilnr+C (9)
- n ox n &y n Oz ! p 1 2
p=CiInR +C, C = ]1?1{7/17%22)’ 2.Mogenb HeBa3KOro CXUMAeMoro ugeanbHoro (cosepuieHHoro) rasa
UNsr.y. InR InR p # const,m = const ,k = const . = const
p2=CInRy +C; zzw . s
In(R/R,) w=—2vp, mait’:_v.pw, o=p(p) (14)
il
_piIn(r/Ry)+ pyIn(Ry /) m@—fv-(pvp)
In(R/R,) o
ko pi-py 1 (10) MpeanonoXum, 4To 2a3 — udeasbHabil, m.e. ydoeremeopsem ypasHeHUIo
==Lt cocmosiHUs1 udeasibHO20 2a3a. B n3oTepMmnyeckmx ycrnoBusix MOXeM 3anucaTb
wa In(Ry/Ry ) r
op k
k p I Ecnm: p=4p, TO ma—[;:fV(pr) (15)
ﬁ:p/pl’ M=V/V*’ EJ:X/X*’ V"‘:@;a X*:|: ’ (11) M
*
2 CraunoHapHoe ypaBHeHue:
Toraa npu unbTpaLUmMm B NAOCKOM Crioe UMeeM p=(n—1)¢+1, u=1-n (12) V-pVp=0 wumm V-pVp=0 (16)
AHanormyHoe peLueHne ans YacmHbie 3adaqu
UMNMHAPUYECKOro cros Ansi nnockozo cnos ¢ 3afaHHbBIM NepenagoM AaBreHus MMeem 3agdady
__Ing+min(gp/8) 1-n 2 2
p= , u=-— (13) d’p,(dp =0 17
In& Eing, pEL L) <0 (17)
dx dx
n=pa/p1s & =Ri/R; x=0: p=p3 x=L: p=p;




2 2
de +(@j =0 SKBMBAIEHTHO ip(d—p =0 (18)
a2 \dx dp” \dx

dp p2
WHTErpUpyem - 1=G, = =Cx+C,

dx

p

2 2
2_P2—P1 2
=& "L x+

I P1

B 6e3pa3mepHbIX NePEMEHHbIX: ] 24
o

17=\/‘Tr2_1E+1, “:—EW (19)

Mpw 1T ~1 CKOPOCTL ra3a okasbliBAEeTCS NPAKTUYECKM NOCTOSIHHOM, a faBreHne —
NnoYTH NMHENHaa (YHKUMS KOOpAUHATEI.

P=p/p1> u:V/V*, E—»:x/x*’

P
1,0
n=py/p1s o8 5

0,6
3

' - 0,0
00 02 04 06 08 g 00 02 04 06 08 ¢

n=1.-0,5; 2.-0,7; 3.-0.9

TepmoauHamuka gnrouaa: YPC

f=1(Tx,Cp): (6]) of
s= Y. _ (I
df =—sdT - pdy or)) P" o)y
ds=TaT v Brld
S=0 TPT &> KosgguuueHT
e _ -1 — -1 Tepmuyeckoro
dp® =&T -pBr dy, &=arPr yBesmueHus
aasneHusa

Ecnu TemnepaTypa - NOCTOSHHAs, TO

CKUMAEMOCTb MOXeT BbITb
e -1, dp o
dp = —pBT d'Y =— PYHKUMEU aasneHus,
PR TemnepaTypkl, COCTAaBa

14

p =p —Pe TpebyeT cneumanbHOro onpeaeneHns

oo 14
CnepcTteue nHenHOU Teopum OH3arepa p =—xyV-v

Pe3ynbTaT paclumpeHHOU TepmoauHamukm (B YUCNO NepeMeHHBIX COCTOAHUA
BKMHOYAHOTCS He TOSIbKO CaMU BEMUYUHBL, HO U CKOPOCTU UX U3MeHeHUA):
de

Vv
=—xkyV-v-1,———
p v P

3.Mogenb HeBA3KOro CXUMAEMOro HeuaedsibHOro (HecoseplueHHOro) rasa

k N
p=r° w=-—Vp, m%‘;?V'PW
H (20)
YpasHeHue At =—P 4 Eid U vp® :Lv
cocToaHUA r Br v Brp P P Brp P

B aToM crnyyae npwu ycroBuu NocTosiHCTBa CBOWCTB Hagem Ap =0

U V-Vp+Br(VpY =0 (21)

Br~1/p
[nsa Hecxumaemoli xuakoctu:  PBp =0

[ns coseplueHHOro rasa :
= MOMy4nM NpexHue ypaBHeHUs

lMpocmoli npumep. HenpeanbHbi ra3 Te4eT Yepes NroCcKUn CIion:

2 2
d p @ -0 @:u’ = @:_BTL‘Z —
2 +BT - dx dx
dx dx
(22)
x=0:  p=py; uzjlziﬁ (1+c) — p=p7In(x+C)+nC,]
X X
x=L: p=py r 1

OkoHYaTenbLHoOe peLLeHune:

p=p7In(x+G)C,]

(23)
pok 1 U k1 1-expl-(p~py)r]
waPr x+Cy  pa Py L+x(1-exp[-(p — py Br))
B 6e3pa3mepHbIx nepemMenHbix (11) 2 =p/pis u=V/Vx, &=Xx/x«, m:ﬁ%
1
p=—[E+q)C I S
p BT Il[(é 1) 2]’ Cl _exp[—(l—ﬂ:)BT]—l
. 1-exp|- By (1-7)] (24) _ _ (25)
ol -ty )- oy
Br =Brp

Ecrm Br —0,

y_kp-p
na Ly

07
00 02 04 06 08 ¢ 00 02 04 06 08 ¢
Br=1.-5; 2.-2; 3.-0,5 TO4KM— MoAenb
HecXXnMaemom KnakKocTtun




4.Mogenb @unbLTPALUU rasa ¢ 06beMHOU BAIKOCTbHO

W:—EVPe mP=v.pw, p=p+p’
n ot

(26)

Vp® :LVp, pV =—kpV-v
Brp

CTaumoHapHas mogens (ycTaHOBUBLLUeecs TedeHue), CBOMCTBA NOCTOSHHbIE

V-pv:() = E:_H = Vpe:_iﬂ’
p v BT v

v:—kVp—k{1V+V(KVV v)
ua na|Br v

wm BrvV(kpVev)+Vev—paBrk tw=0 (27)

Mcnonb3sys 3akoH [apcw, nerko nokasats, YTO AN AGBSIEHUS MOSTyYaem
AnP@epeHLMarnbHoe ypagHeHUe TpeTbero nopsaxal

MpocTenwan 3agada ans CKOPOCTU (npy yCrOBUM NOCTOAHCTBA CBOMACTB )

d*v dv Ha 2 _
K V—+— V
v Briy 2 [3
(28)
" x=0:V=V; x=L:V=V,
L
B 6e3pa3mMepHbIX NepeMeHHbIX: u=V/Ve, &= x/L Vi =T
2u
Umeem 3aaavy BT5“7+l _ BT
dg?  dg
£=0:u=Upy E=l:u=U, (29)
:Vl/V*, U2 :Vz/V*
G =Ppu=const - CneAcTsue ypasHeHUs HepaspbIBHOCTU
ki — I
Osa napamerpa: € :TVZ’ Br =Brp=« (30) px =pal ik !
pa

ﬁy_i du dp° 1 1dp_ 1 ldu

—_p
=—&—, e — p=— « =G/ Vs
pe Cde’ ds Prpds Pruds b P79
BnusHue cunbr tTaxectu z »
u / u /7 2
1,17 | 3 kod
/ 1,00 Vp=—%w+pF1 V:——ad—(p+pgz) B
3 | g l p>p2
108 0,75 2 B =-Vgz ecrnv ocb HaMpaeieHa Beepx
% E‘:Oaz 1 P1
= d
0,99+ 0,50 S p=25 y (pV)=0, il d
0,0 03 0.6 09 ¢ 0,0 0,3 0,6 09 ¢ } dz|: dz( (1 + Agz)):| 0
p=Ap,
a 6

PacnpeneneHne ckopoctu B Nnockom cnoe ans cnabo (a) v cunsHo (6)
CKMMaeMoro rasa npu BapbypoBaHum napametpa ¢ (beapasmepHoi

06BEMHOM BA3KOCTM) e=1.-01; 2.-0,5; 3.-10  Uj=1 U,=1.2
kKV du —
€= 2_)0 —_ﬁTuZ:(), £E=0:u=U;; G=pu=const
pal dg
— d
Br =Brp«—0 dié =0 - Hecxumaemas xuakocts! = const

T.e., B HECXMMAEMOW KUAKOCTU 06beMHOM BA3KOCTU HeT
P« =ual Vlk_1




k
HeycTaHoBuBleecs MeAneHHOe TedeHWe CKUMaemoro griowaa V=——Vp
na

B mogenu cxumaemoro nageansHoro prouaa Nnony4vyanu ypasHeHue ansa aoasneHus

o k
P_Ey.(pv
L (rVp)

p k k k
m? =*V-(pr)=E[Ap+(Vp)2]zaAp

[na mansIx nepenanos AasneHUs
ot

YpasHeHWe Nbe3onpoBOAHOCTU

ZunbTpauma ynpyroit KUAKOCTU B YNpyroli cpeae:

p=po(l+Br(p-po)s  m=mgll-a,(p-po))

C TOYHOCTbHO A0 ManbIX cnaraembix BTOpOFO I’\Opﬂp.KCl I’\OJ'IYHMM aHanoruyHoe ypaBHeHme
o _
ot

BacHues K.C, KouHa W.H., Makcumos B.M. TToasemHas ruapomexaHuka
BapeH6natT I.W., EHToB B.M., Polxuk B.M. [IBuxeHWe KXUAKOCTEM U ra3os B NPUPOAHBIX

nnacrtax

KAp

B o6ujem cnyyae nodcmaHoeka ypaeHeHus [Japcu B ypaBHeHMe HEPa3pbIBHOCTM AaeT:

6m(1229([7) _v. {p(p)MVp} (1)

p 1
YPC ynpyroii xugkocty; BMECTO dp=———dy=——dp

p=po(l+Br(p-po) (42)

p=poexpBr(p-po)] (43)

_|r T KoadhumuueHt
. = z=2z| —,— 44
Lns peanbroro rasa:  p =2pRTM, [ pe Tx CBEPXCKNMAaeMOocTH (44)

[Ona manbix nepenagos aaBleHnAa

[nsa 6onbLumnx:

z=zo(l-a.(py-p))
p=poexp[-a.(po - p)]

MoxHo nokKasaTtb, YTO Npu ManbiX nepenagax gaBleHna:
w=no(l+ay(p-po))
m=mo(1-a,(p-po))

k=ko(1-a(p—po))

coAepxaTt UHepLUUOHHbIE cnaraemeie

op

m—=-V.pw
ot P
owal w_(w n
+p—V|—|=-Vp-=w
P ot pa (a) r k
+YPC

Belwe npeacTaBneHsI NpocTeliline MOAENU (UNLTPALUU AN NON3YLMX TeueHUit
Ecnu cKopocTu Henb3s cuuTaTh MAnLIMU, TO iaXe CTALMOHApHbIE YPaBHEHUS

MaeasnbHbIN CXKMMAeMbL ras:

V.pw=0
pﬂV(ﬂ) =-Vp—-ouw —]3pw2
a \a

p=A4p,

HewaeanbHaa cxumaemas ynpyras XuaKocTb

CKXumaemasa XuaKocTb (ras) ¢

V.pw=0
pEV(EJ =-Vp® —apw —[3pw2
a \a

1

Vpe =
Brp

Vp

06beMHOU BA3KOCTbHO
V.pw=0

pEV(EJ =-Vp—ouw —Bpw2
a \a
Vv
p=p+p

Vp = p, p =iV
Brp




