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B xuMMUecKol TEXHOAOTMM IIMPOKO PACHpPOCTPAHEHHI IIPOIlec-
CBHI, WCIIOAB3VIOIIME CAOM 3EPHUCTOrO TBEPAOTO MaTeprana, depes KOTOPEIH
ABIDKETCSI TIOTOK Ta3a, llapa MAU KaleAbHOM >XMAKOCTU. [Ipm 3TOM B KauecTBe
3€epPHUCTOIO MaTepuara UCIOAB3YIOTCS KAaTAaAU3aTOPHI, aACOPOEHTE], TEIIAOHOCH-
TeAd, (PUABTPYIOUIUN MaTepHuan U Ap.

YacTunsl 3epHUCTOrO MaTepuara MOTYT MMeTh pPasAudHyio popMy (cdepa,
IUAUHADEL, TaOAETKH, 3€pHA NPOU3BOABHOU (DOPMEI), & CAOM MOJXKET OBITH MO-
HOAUCIIEPCHBIM (COCTOSITH M3 YaCTUI] OANHAKOBOT'O pa3Mepa) UAM IIOAMAMCIEpC-
HBEIM (COCTOSTH M3 YaCTHUIl PA3AHMYHEIX Pa3MepOB).
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Puc. XVIII-1. CxeMbl pa3AUYHBIX COCTOSTHUN CAOSI TBEPABIX YacCTHI[ IIPU IPOXO’KAEHUM 4Yepe3 HUX
MOTOKa rasa (JKHMAKOCTH):
a — TIAOTHBIN CAOM; 6 — TICEBAOOKMIKEHHBIN CAOM; & — MHEeBMOTPAHCIOPT YaCTHI]
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[1pu ABM>KeHMUM ra30BOM MAM >KHUAKOM (pa3bl yepe3 3epHUCTBHIM CAOU MaTe-
pHaisa MOTOK 3allOAHGeT BCce MPOCTPAHCTBO MeXKAY YacTUIlaMU, 0Opa3yioluMu B
CAOe M3BUAUCTBIE IOPOBBIE KaHAABl. Pa3AWdYalOT TPU OCHOBHBIX COCTOSIHUS 3€p-
HUCTOTO CAO4.

ITAOTHBI CAOMT — YACTHUIILI HAXOAATCS B TECHOM COIPUKOCHOBEHUU OAHA
C APYTO¥, paccTosgHUe Me’KAYy HUMHU M OOBeM CAOSl OCTAlOTCS HeU3MeHHBIMU
Ipu U3MeHEeHUM CKOPOCTH TOTOKA Ta30BOM MAU XMAKOM (ha3bl, IPOXOAAINIETO
yepe3 cAOU. [TAOTHBIN CAOM MOJKeT OBITh HEIIOABHMYKHBIM HMAW KOMIIAKTHO Ilepe-
MeIIaroIuMC.

B3BellleHHbIN, MICEBAOOKM>KE€HHBI HUAW «KUMSIIUM» CAOM — YaCTHIILI B
pe3yAbTaTe BO3AEUCTBUS ABMJKYILENCS 4epe3 CAOM ra30BOM HMAU KUAKOM (Da3bl
HAXOAATCSI B XaOTUUYECKOM ABUJKEHUM B IIpPeAeAaX CAOsl, HAIlOMUHAas KUIISIIYIO
KUAKOCTBb. PaccTosiHMe MesKAy 4acTHIlaMU M OOBbEM CAOS M3MEHSIOTCS B 3aBUCHU-
MOCTH OT CKOPOCTH IIOTOKQ@, IIPOXOALIIEro uepe3 CAOMU.

Pe>xxuMm TpaHcmopTa 4acTUIl — YaCTUIIBl 3€pHUCTOrO MaTepHana Iepe-
MeIIal0TCSd B HAIPABACHUM ABIDKEHUS BOCXOAMIIETO IOTOKA >XUAKOCTH HUAU
rasa.

OTH XapaKTepHBIe COCTOSTHUS CAOSI 3€PHUCTOTO MaTepuara IPOUAAIOCTPHU-
poBaHbl Ha puc. XVIII-1. B onpepeAeHHBIX YCAOBUSAX IIAOTHBIM CAOU MOJKET IIe-
PENTU B NICEBAOOSKMIKEHHBIN, @ IOCAEAHUN — B TPAHCIOPTUPYEMBIN, 1 Haobo-
porT.

B HedrerazonepepaboTKe anmapaTbl C HENOABHJKHBIM WMAM ABWJKYIIIUMCS
IIAOTHBEIM CAOEM 3€PHHCTOrO MaTrepuana MCIOAB3YIOT B IPOIjeccax apCOpPOIUOH-
HOTO pa3peAeHMs Ta30B, KATaAUTHUECKOTO KpPeKMHTa, pugopMHMHIa, THAPOOYU-
CTKY; KUIGIIUN CAOM NPUMEHSIOT B PEeaKIMOHHEBIX alllapaTaX yCTAaHOBOK KaTa-
AMTUYECKOTO KPEeKWHTra, KOKCOBaHM4, T'MAPOKPEKMHTa, KaTaAUTHUECKOTO AETUA-
pupoBaHUsA H-OyTaHa U Ap.

AAEAATEA TTOTEA AACA
(TADTA EEE E£EAETCOE) xADAC TETOTUE

NETE CADTENOTAT TAOADEAEA

[TAOTHBIM CAOM 3€epHUCTOTO MaTepHuard, 4epe3 KOTOPHIU ABU-
JKeTCs IOTOK Tra3a WAM JKHUAKOCTH, IIPeACTaBAsieT cobonm obwvem V =V +V
rpe V., — oOBeM, KOTOPHIY HENOCPEACTBEHHO 3aHUMAIOT TBEpABIE YACTHIHI, &

V., — 00BbeM HU3BUAUCTBHIX IIOPOBBLIX KAaHAAOB, OOPA3YIOIIUXCA MEKAY YaCTHUIA-
MH, IO KOTOPBEIM ABHJKETCS IIOTOK ra3a WAU JKUAKOCTHU. B 3aBUCHMOCTH OT pPas-
Mepa U (POPMEI YACTHI], & TAKKE XapaKTepa MX YKAQAKUA MEHSIOTCI (PopMa,
pasMep U 00beM MOPOBBLIX KaHAAOB. OAHOM M3 OCHOBHBIX XapPaKTEPUCTUK CAOS
3€PHUCTOIO0 MaTepPHand SBASETCS €ro NOPO3HOCHb, UAU OASL CBOOOGHOIO 00b-

ema €.

eV VoV W
% v %

EcAm maoTHOCTB TBEPABIX YaCTHUI] 0003HAYNTH P+ @ IIANOTHOCTH ra3oBOMu
VAN SKHUAKOM cbasm P, TO IIAOTHOCTH (., HA3bIBAeMas HACBLINHOU NAOMHOCMAbIO
CAOA, 6Y,A,eT PaBHa
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Pu =(1—s)pT +ep,

OTKYyAQ
g=Pr " Pu (XVIIL1)
Py — P

B cayuae moroka rasza MAM IIapoB P, >> 0 BEAUYHHOM P B ypaBHEHUU
(XVIIL.1) moxxHO mpeHeOpedhb U 3alliicaTh eTro B BUAE

g=Lr"Pu_q_Pu, (XVIIL2)
pT pT

B Tex caydasx, KOTA@a TBepAas YaCTHUIIA SIBASETCS ITOPUCTOM (KaTaAM3a-
TOP, apcopOeHT), B ypaBHeHUn (XVIIL.1) B KauecTBe 3HaUeHUT IIAOTHOCTHU TBep-
AOU dYaCTUNBl TOAB3YIOTCSI TaK HA3BIBAEMOU KWKywelcs NAOMHOCMbIO 4AC-
muy p,, KOTOpasi MPEACTaBASET COGOM MAacCy eAMHUIBI 00beMa YaCTHUIbI C
yueToM o6beMa ee IOp. UeM BHIlIe IOPHUCTOCTb YACTUIIBI, TeM OOABIle OTAWYA-

eTcsli OT UCTHUHHOW MAOTHOCTH MaTepuaAda 4aCTHUIBL P, ee KaXXylasiCsad IIAOT-

!

HOCTB p,.
AAST IPOMBIIIAEHHEBIX allllapaToB NpH oTHolleHuu (D/d) > 10 mopo3HOCTh
IIAOTHOT'O CAOS IIO €ro BBICOTe IPAaKTU4YeCKU He MeHseTcd (D m d — COOTBETCT-

BEHHO AMaMeTp anlapaTa W YacTUIIHI).
CpepHss CKOPOCTBh IIOTOKa B IIOPOBBIX KaHanaX CAOS:

rae W — CKOpPOCThH IOTOKA, OTHECEHHasd KO BCEMYy CEUYeHHUIO CAOd (ammapara),
UAM CKOPOCTh (PUABTPAIIUU.

[MTpu ABM)KeHUM IIOTOKA 4Yepe3 CedeHUe, OTAMYarollieecs OT KPYyrAou dop-
MBI, B KaueCTBe pacyeTHOTO AMHEMHOro pa3Mepa IPUHUMAIOT rugpaBAUdecKul
paguyc UAU 5KBUBQAEHMHbIU guamemp.

IMoa rTMApPAaBAMYECKUM DPAAAYCOM I, IOHHMMAIOT OTHOIIEHHWE IIAOIIAAHM Ccede-
HUg notoka F K cMoueHHOMY nepuMeTpy [1:

=17
I, T

AAST KPYTAOM TPyOBl BHYTPEHHUM AMaMeTpoM d THAPABAWYECKUM PapAUyC
paBeH

AAH TUAPOAMHAMMWYECKUX PACUYETOB HeO6XO,A,I/IMO PacCiionaraTb 3HAYEeHHUEM

O9KBUBAAEHMHOIro guamempda nopoBOro KaHnaiad d OIIpeApensieMOro Kak OTHOIIIe-

K

HHe y4YeTBEPEeHHOM MAOIIaAM CYMMAapHOTO CedYeHUs IIOPOBBIX KaHaroB F, K
CMOYEHHOMY IIepuMeTpy 3Toro ceuenus II :

458



d, = 4Fn/ . (XVIIL3)
HH

OO003HAYMB CPEAHIOIO AMHY IIOPOBBIX KaHaAOB depe3 L, BBIpakeHUe
(XVIII.3) MO>XHO 3aIMCaTh B CAEAVIOIIEM BUAE!
d - 4Faly _ AF,L/V _ de
K !
n,., ul,/v £
rae f, — TAOIaAb TOBEPXHOCTU YAaCTUIL B €AUHUIle 0OBbeMa CAOS.

Ecan cnAoM COCTOUT U3 IpaHyA ceprudeckKord (POpMBI OAMHAKOBOI'O AMA-
MeTpa d, TO 3KBUBAA€HTHBIM AMaMeTp IIOPOBOrO KaHaAda COCTAaBUT

4e 2de
d, =2 , (XVIIL4)

f, ;{ 1-¢

B caydae, Korpa CAOM COCTOUT U3 IIapPOB PA3AWUYHBIX Pa3MepoB U H3BecC-
TEeH I'paHYAOMeTpI/IquKI/Iﬁ COCTaB CAOS — MaACCOBOe€ COAepXaHHe X; TPAHYA AMA-
MeTpoM dir 3KBUBAACHTHBIN AaMeTp KaHdAad MOJKHO ITOAYYUTH M3 BBIPA’KEHUST

1
de (XVIL5)

S(e/a)

W3 conocraBrenus ypasHeHunt (XVIIL4) u (XVIILS) caepyeT, 4TO AuMaMeTp
IIOPOBOTO KaHaAa AASl CAOS, COCTOSIIEro M3 YacTUI] PA3ANYHOTO AMaMeTpa,
MOXKeT OBITh ONIPeAEAeH U3 COOTHOIIEHUS

_ 2 (XVIIL6)

3(1— E)E (Xi /di)
Ans TpaHyA, He HMeOmux (POopMy IIapa, AWAMETP HaXOAIT C Y4eTOM
Koapduyuenma (paxkmopa) popmbl P:
2

F ( a)
R
OTKyAQ
d = ¥, (XVIIL?)

rae Fu F, — maoliapb MOBEPXHOCTU YAaCTUIL COOTBETCTBEHHO HEIPABUALHOU U
mapooGpasHoit QopMbl paBHOro o0wemMa; d u d,,, — AMAMETPHl IIapPOB,
PaBHOBEAUKUX YACTHUIE IO IIOBEPXHOCTU U IO 00BEMY (Macce).

IToTok cpeabl Yepe3 CAOU IPAHYAUPOBAHHOI'O MaTepHara MOXKeT OBITh Aa-
MHWHAPHBIM, IIePEXOAHBIM HAW TYPOYAE€HTHBIM B 3aBUCHMOCTHM OT 3HAaueHUs IIa-
pamMeTpa PeritHOABACA:

Re= Yo dP
w
IMoactaBus W, = W/ ¢ u d, n3 ypasHenus (XVIIL.4), noryunm
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Re = —2¥dp (XVIILS)

3u(1 - a)'

INTapameTp PeiltHOoABACA MOYKeT OBITH OTHECEH K AIOOOMY reOMeTPUYEeCKOMY
pa3Mepy IIOTOKAa, HaIpUMep, K THAPABAUYECKOMY AUAMETPy UAU K AUAMETPY
rpanyAbl. OAHAKO B 3TOM CAy4dae YMCAEHHBIe 3HaueHUs1 Re, COOTBeTCTByIOIIue
AAHHOMY PEKUMY ABM)KeHUs, OYAYT Pa3AMYHBIMU. OTO OOCTOSATEABCTBO HEOOXO-
AUMO YVUYUTBHIBATH IIPU IIOAB30BAHUU AUTEPATYPHBIMM AAHHBIMH, KaCAIOUIMMUCS
YUCAeHHBIX 3HadeHHMUW Re. Tak, oTHocsa mapameTp Re kK aAumaMeTpy TBepAOH
yacTunsl d U CKOPOCTU (pUAbTpanuu W, MOAyYUM

Re, = 22° (XVIIL9)

ConoctaBuB ypaBHenusa (XVIIL.8) u (XVIIL9), moaryuum

2
3(1— e)

Iloreps Hamopa B CAOe MOJKeT OBITH BBIUMCAEHA II0 U3BECTHOMY
YPAaBHEHUIO TUAPABAVKU

Re = Re, (XVIIL10)

2
Apdﬁwg". (XVIIL11)

K

rAe A= f(Re) — KO3 (PUIUEHT TUAPABAUUECKOTO CONPOTUBAEHUS, YYUTHI-

BaIOIIUM Kak COIMPOTUBAEHHE OT TpeHUd, TaK W MeCTHbIe THUAPABAWYECKHE
COIIPOTHUBACHUI, H — BmIcOoTa caod, M; P — IIAOTHOCTBH IIOTOKQ, KI‘/MS.

HeKOTOpBIe HUCCAEAOBATEAN IIPEAAATAIOT AAA OIIPEAEAEHUA A TIOAB30BATLCS
YpaBHEHUEM

A = ARe", (XVIIL12)

npuyeM Kod(p@UIMEeHT A U IOKa3aTeAb CTeleHUW N 3aBUCAT OT Kpurepus Re;
IpY AaMUHAPHOM ABM>XKeHUHW n = 1, B mepexopHoit o6ractu n < 1 u B TypOy-
AEHTHOW aBTOMOAEABHOM obracTy n = 0, T.e. CONPOTUBAeHMEe Ap B AaMUHap-
HOM OOAACTH AMHEMHO 3aBUCHUT OT CKOPOCTHU U BSI3KOCTH, @ B aBTOMOAEABHOU
00AACTH pacTeT IPONOPIMOHAABHO W2 M He 3aBHCHUT OT BS3KOCTH.

ApyTHe MCCAepOBaTeAr PEKOMEHAYIOT ABYXYAEHHOE YpaBHEHUEe

=2 4B, (XVIIL13)
Re

rae A u B — roadpunmenTsl. [Ipy AaMUHApPHOM pe’kuMe BEeAUWUYUHOM B MOYKHO
npeHeOpeub, TaK KaK OHA MaAa IO CPaBHEHUIO C A, U, CAeAOBATEABHO, TaKXkKe
UMeeT MeCTO AMHEeWHas 3aBUCHUMOCTB, TOTAQ KaK IPU OOABIINX 3HAUYEHUSAX KPHU-
Tepusa Re BeanumHa A/Re Mana, U, CAepAOBaTEALHO, MMeeT MeCTO KBappaTUYHad
3aBHUCHUMOCTh IIOTEPHU HAIIOpPa OT CKOPOCTH.

Takasg AByXYAeHHAss 3aBUCHMOCTBL Aydllle OTOOpakaeT (DU3UYECKYIO CyI-
HOCTb SIBA€HHUS, IOCKOABKY COIPOTUBA€HHE B CAO€ CAATaeTCs U3 ABYX COCTABAS-
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oIuXx: 1) 0OyCAOBAUBAEeMBIX TPEHUEM BCAEACTBUE ABIDKEHUS BA3KOU CpeABl de-
pe3 U3BUAUCTHIE IIOPOBLIE KAHAABI U 2) CUAAMM HHEePIINH, OCOOEHHO IIPOSBASIIO-
HIMMUCS IIPU TYPOYAEHTHBIX IIOTOKax.

IMoactaBasis B ypaBHeHue (XVIIL11) W, = W/ € W 3HaueHHe d, U3 ypaBHe-
Hug (XVIIL4), noaryunM

w? 3=
Ap = ?\%Tps(—;). (XVIIL14)
2¢

3ameHuB B ypaBHeHuu (XVIIL.14) Beanunny A BelpaskeHmeM (XVIIL.13), B xo-
TOpOoM 3HaueHue Re omnpeapensior u3 ypaBHenus (XVIIL10), mocre cooTBeTCT-
BYIOIIX IIPeOOPa30BAHUMI IIOAYUYUM:

Ap/H = 9A(1—38)2 K;H 33(1; s) W
8¢ d 4e d

I[MTpu A = 134 u B = 2,34 noAay4yaeM pacueTHOe ypaBHEHUe, IIPEANOKeHHOoe
OpryHOM, KOTOPO€ XOPOIIO OIMCHIBAET 3KCIIEPUMEHTAABHEIE AQHHBIE DPAa3AW4-
HBEIX aBTOPOB IIO COIPOTUBAEHUIO B CAOE M MOXKET OBITb PEKOMEHAOBAHO AAA
TEeXHUYECKUX PACUETOB:!

2 2
1- 1-¢g) W
Ap/H = 150(—;)%‘”,75(_;)7. (XVIIL15)
€ d €

Ypasrenue (XVIIL.15) npuMeHUMO AAS AAMHHAPHOTO, IIE€PEXOAHOIO W TYyp-
OYAEHTHOr'O PEXKMMOB M CIIPABEAAMBO KaK AAS CTAllMOHAPHOIO, TaK U AAS ABU-
JKYIEerocsd IAOTHOIO cArod. AAd pacuera nmo ypasHeHuro (XVIIL15) e TpeOyetcsa
MIPEABAPUTEABHOTO OIIPEAEAEHMS XapPAKTEePUCTUKU Pe’k1Ma.

ITpu BEIIOAHEHUH PACYETOB AAS ABMIKYILLETOCS IIAOTHOTO CAOSI BeamdumHa W
IIPEACTAaBASIEeT COOOM OTHOCUTEABHYIO CKOPOCTBH ABUJKEHMUS!

W=W_, +W_g, (XVIIL.16)
rae W, m W, — CKOpPOCTBH ABWJKEHMS MOTOKA Ta3a UAU >KUAKOCTU W TBEPABIX
YaCTUI CAOS OTHOCUTEABHO CTEeHOK allapaTa; € — IIOPO3HOCTb ABWKYIIETOCS

IIAOTHOTO CAO$I; 3HAaK MHHYC COOTBETCTBYeT IPSIMOTOUYHOMY ABMIKEHMIO IIOTOKA
U YaCTHUI] CAOS, 3HAK IAIOC — HUX IPOTHUBOTOYHOMY ABU KEHUIO.

Ecam m3BecTeH TpapMeHT neperapa AaBAeHUs B caoe Ap/ H, To ypaBHeHue
(XVIIL.15) mcnoAB3yeTCsT A ONIPEeAEA€HHd CKOPOCTH IIOTOKA, @ CAeAOBATEABHO,
U UX KOAMYECTBa, KOTOPOe HeoOXOAUMO AAT OoOecIlieueHHUsl 3TOTO TPajpleHTa Iie-
penajpa paBAaeHUd. Takad 3apava BO3HHMKAET, HallpuMep, IIPHU pacyeTe IapOBBIX U
ra30BBIX 3aTBOPOB Ha YCTAHOBKAX KaTAaAUTUYECKOTO KPEKMHTa, a TakKKe INIpU
OIIpeAeAeHUM  KOAWYECTBEHHOTO paclpepeAeHHs TIIOTOKa [apoB  MEKAY
PasAMYHBIMM CAOSIMU KaTaAM3aTopa U Ap.
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"TOTEA AACA
T1TUE NET

AAEZEATEAT
xADAC ACAATA
TAOADEAEA

[Ipu BoCxXOpAdIIEM MOTOKE ra3a (IapoB HMAU JKHMAKOCTH) udepe3
IIAOTHBIM CAOM 3€PHUCTOTO MaTepHara IPU yBEAMYEHHU CKOPOCTHU IIOTOKA pac-
TeT COIIPOTHUBAEHHE CAOAd U ocrabAsIeTcsT B3anmMHOe AdBA€HHE YAaCTHII. HpI/I AO-
CTU’KEHMH HEeKOTOPOro KPUTUYECKOro 3HadeHUs CKOpocTu W, coOIpoTHUBAeHUE
CAOSI CTQHOBUTCSI PABHBIM €T0 BeCy, YaCTUIIHI ITIepecTaloT OKAa3hIBaTh B3aWUMHOE
AaBAEHUE, CAOU MEPEXOAUT BO B3BeIlIEHHOE COCTOSIHME, YaCTUITHI TOAYYalOT BO3-
MO>KHOCTH IIepeMellaThbCsl B IpeAeAaX CAos. [Ipu paabHeNIeM YBeAMYeHUH CKO-

poctu nmotoka W > W, paccTossHHe MeXAy YacTHULAMH yBEAUYMBAETCS, IIOPO3-
HOCTB CAOSI € BO3PACTaEeT, BBEI3BIBASA TeM CaMbIM CHUJKEHHE CKOPOCTH IIOTOKa B

IIOpoBOM KaHare (W, = W/ €), @ CAeAOBATEABHO, U CUABI, AeWCTBYIOIIEN Ha Yac-
THUILy, AO 3HaUeHHs, PABHOTO ee BeCy. Toraa BOCCTAaHABAUBAIOTCS YCAOBUS COCTO-
SIHUSI B3BEIIEHHOI'O CAOs, HO y’Ke IIPH HOBOM, OOABIIEM 3HAUeHUM ero Iopo3-
HOCTH €.

Ilpu panbHeNIIeM yBEeAMYEHUM CKOPOCTH IIOTOKA CAOM paciiupsercd. B
IpeAeAe ero PaclIMpeHrs: TOPO3HOCThL CAOSI CTPEMUTCS K 3HaueHWIo € = 1, Kor-
AQ PacCcTosHUE Me’KAY YaCTUIIAMM CTAQHOBUTCS CTOAb 3HQUUTEABHBIM IIO CpaBHe-
HHUIO C UX pasMepaMH, YTO KOHIIeHTpallds 4YacTUl, B AQHHOM oObeMe 1 - ¢ Oy-
AET HeCOM3MepUMO Marad. [IpaKTHUUecKM IIpeAeAOM CYIIeCTBOBAHUS B3BelleHHO-
TO CAOS SIBASIETCSI CKOPOCTh TTOTOKA, pPaBHasg CKOPOCTH BUTAHUS AQHHOMW YaCTU-

uel W, mpu CKOpPOCTH BhIlle W, IIOTOK BBIHOCHUT YACTHUIIBL U3 CAOSL U IIOCAEA-

HUU IpekpalmiaeT cBoe CylleCTBOBAHMeE.

Bo B3BellIeHHOM CAOe BCAEACTBHE HEKOTOPOUW HEepPaBHOMEPHOCTH CKOPOCTU IOTOKA B Pas-
AMYHBIX CE€YEeHHUAX CAOA YaCTUIIBI MHTEHCHMBHO WM XaOTUYECKHU HepeMeI_HI/IBaIOTCﬂ BHyTpI/I CAOSL. BBBe'
IIEHHBIA CAOM 3€PHUCTOTO MaTephasd Ha3bIBAIOT TaKKe KUIISIUM KAW ICEBAOOKMIKEHHBIM CAO-
eM. [Topo6HOe HaMMEHOBaHWE BO3HUKAO I[IOTOMY, YTO B3BEIIEHHBIM CAOM 3epHUCTOrO MarepHaisa
0o0AapaeT MOABMIKHOCTBIO, TEKY4eCTbIO, BSI3KOCTBIO, CIIOCOOHOCTBIO K OTCTAaUBAHUIO OoAee KPYII-
HBIX YaCTHUI[ U ADYTUMH OCOOEHHOCTSIMU, XapPaKTEPHBIMU AASI JKUAKOCTEH, Ad U 10 BHEUIHEMY BHAY
OH IOXOX Ha KUISIIYIO >KUAKOCTB.

VHTeHCHBHOE IIepeMelllMBaHWe YaCTUI[ BO B3BELUIEHHOM CAOe OOYCAOBAMBAET BBICOKYIO 3(-
(PeKTUBHOCTE IPOXOASAIIUX IIPOILIECCOB: 3HAYUTEABHO BO3PAaCTaeT CKOPOCThb BHeUIHel Aup@ys3uy,
addeKkTuBHEE POTEKAeT TEIAOOOMEH MeXXAY IIOTOKOM M YaCTHIIAMM, MEXKAY 4aCTULAMU U COIPH-
KacCaroIllelcs ¢ HUMH IIOBEPXHOCTBIO, AETKO 00eCIleYMBaeTCss BEIDABHUBAHUE TEMIIEpaTyp B OOAb-
1IIOM OOBbeMe CAOS U T.A,.

BMmecre ¢ TeM B CBSI3M C MHTEHCHUBHLIM [IepeMeIlnBaHieM YacTHUL, B3BELIEHHOMY CAOIO CBOM-
CTBEH U DPSIA HEAOCTATKOB, CPEAM KOTOPHIX YMEHBIIEHHe ABIDKYIIEH CHABI IIPOIlecca, W3HOC TBEp-
ABIX YaCTHII, 3PO3Hs allllapaTypsl U Ap.

IMpu ckopoCTHM HOTOKa, HEAOCTATOYHOM AAS B3BEIIWBAHUS YaCTUIl, OO0BEM

CcAOd, ero BbICOTa H, a CAeAOBATEABHO, U MOPO3HOCTBE, SBASIOTCS HeU3MeH-
HbBIMU. [Ipu CKOpPOCTH, IIPEeBHILAIONIEN HAYAAO IICEBAOOKUKEHUS, HO HEeAOCTa-
TOYHOU AASL BBIHOCA 4YacTwll U3 crog, W, <W < W, , ero obweM, BbicOTa H 1
IIOPO3HOCTh € YBEAWYMBAIOTCS, HO IIPU 3TOM B almapaTe IIOCTOSHHOIO CeYeHWS
OCTaeTCs HeM3MEeHHBIM COOTHONIeHHEe

(1-eo)H, = (1-¢)H.

,A'AH IINOTHOT'O U B3BEIIEHHOT'O CAO€B XdpaKTepHa 3dBUCHUMOCTL MEXAY
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Puc. XVIII-2. 3aBucn- Ap
MOCTH IIeperiapa AdBAe-
HHUA B CAO€ OT CKOPOCTH
MOTOKa A
—
B & S C
—
| |
| |
s |
| |
| |
| |
| |
| |
0
We woow

CKOPOCTBIO OJKMJKAIOIIErO0 IOTOKAa U THAPABAWUYECKUM COINPOTUBAEHUEM CAOS
(mepemapOM AaBA€HWS); NMPUHIIMOUAABHBIM XapaKTep TaKOW «KPUBOU IICEBAO-
OJKUIKEHUSI» MMPOUAAIOCTPUPOBAH rpadUKOM, MpUBEeAeHHBIM Ha puc. XVIII-2. Ae-
Bad 4acTh rpaduka, npepctaBaeHHad AMHUIMU OA 1 OB, COOTBETCTBYeT ABIKe-
HUIO OXKIJKAQIOIIEro areHTa 4Yepe3 HEINOABMIKHBIM CAOM, KOTAQ C yBEeAMYEHUEM
CKOPOCTH IOTOKa COIPOTUBAEHUE CAOS PACTeT. B Touke B COIPOTUBAEHUE CAOS
OKa3bIBAeTCsl PAaBHBEIM €T0 BeCy U CAOM IepeXOAUT BO B3BellleHHOe COCTOSTHUE;
COOTBETCTBYIOIlee S5TOM TOYKe 3HaueHHe CKOPOCTH HA3BbIBAIOT Kpumuuieckol

ckopocmbio W, WAU CKOpOCIMbIO HAuUAAQd nceBgooxuxkenus. Ilepemap paBreHUA
B TOuKe A mepep Ha4aAOM IICEBAOOKMIKEHUS IIPEeBHIIIaeT BeC CAOSI Ha BEAUYHHY
«IIMKA AABAE€HUS» Ap,, 3aTPAQUMBAEMYIO IIOTOKOM HA IIPEOAOAEHUE CUA CIeIAe-

HHUS MeXXKAY dacTullaMu. BeamuwHa Ap, 3aBUCHUT OT NAOTHOCTU YIIAKOBKH Yac-
THL, (POPMBI U COCTOSTHUSI UX IIOBEPXHOCTH.

[Mpu parbHENIIEM YBEeAMYEHUU CKOPOCTH IIOTOKA IIepeliap A@BAEHUS B CAOe
OCTaeTCsI HeM3MeHHBIM, U AMHUS «KPUBOM IICEBAOOKIDKEHUS» UAET IIaparreAbHO
ocu abcnucc. [TocTOSHCTBO 3HaueHHUs Ilepelajpd AABA€HUS B caoe (yuacTok BC)
XapaKTePU3yeTCsd PABEHCTBOM THMAPOAMHAMUYECKOTO AABAEHHSI U Beca CAOS,
TIPUXOAAIIETOCS Ha EAVHUITY IIAOIIAAYM €ro IOIEPEeYHOr0 CeUYEeHUs, U COXPaHseT-
cst A0 3HaueHmsT W,, COOTBETCTBYIOUIErO CKOPOCMU BUMQHUS, BHIIIE KOTOPOM
YaCTUIBL YHOCSTCSI U3 CAOS M HACTyIlaeT peXuM nHeBMompaHcnopmd. B atom
CAy4yae Macca 4YacTHIl B CAOe YMeHBbIIaeTCs U, CAeAOBATEABHO, CHMJKAeTCS THUA-
pPaBAWUYECKO€e COIPOTUBAEHUE CAOS.

I[MroTHOMY CcAOl0 Ha rpaduke cooTBeTCTBYIOT AMHUU OA u OB. Aunusa OA
TIOAyYEeHa IIPU ITOCTEIIeHHOM YBEAWYEHMU CKOPOCTH r'a3a M COOTBETCTBYET Iiepe-
TIaAYy A@BAEHHS B IIAOTHOM CAO€, KOTAQ YaCTHUIILI CAOSI XapaKTepPU3YIOTCS IIepPBO-
HavYaAbHOM, OOAee NAOTHOM YIIAaKOBKOM M MEHBIIEU MNOPO3HOCThIO. AuHua OB
COOTBETCTBYET Ilepellajy AABA€HUS B IIAOTHOM CAOe€, KOTOPHIM o6pasyeTcs B pe-
3yAbTaTe IIOCTEIIEHHOTO CHIJKEHHUS CKOPOCTHM IIOTOKa IIpU IIepeXope OT
B3BEIIEHHOT'O CAOSA K IIAOTHOMY.

[Mepemap AABAEHUS, COOTBETCTBYIOIIUM BECy CAOSI, NIPUXOASINETOCS Ha eAU-
HUIIY IIAOIIAAN €ro IIOIIEPEeYHOro CeUYeHUs, PaBeH

ap = Hyg(p, - o)1=,

A€ P, 1 0 — COOTBETCTBEHHO IIAOTHOCTBH TBEPABIX YAaCTHI] U IIOTOKA.
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3Hag BeC CAOf Hog(pT—p)(l—sO) U WUCHOAB3yd ypaBHeHue (XVIIL.14),

MOJKHO OIIPEACAUTH KPUTUUECKYIO CKOPOCTE Hadanra ICEeBAOOKIDKeHusT W, .

BripaskeHue pag W, 3aBUCHUT OT TOTO, KaKoe 3HaueHHe A IIPUHSATO B ypas-
HeHun (XVIIL.14) npu onpeperenuun Ap — 1o ypaBHeHuio (XVIIL12) wnan
(XVIIL.13); 3TuM BO MHOTOM OOBSICHSIIOTCS Pa3AMYMS B OKOHUATEABHOM ypaBHe-
HUU MG ollpepereHusd W, ¢ KOTOPBIMU INPUXOAUTCS CTAAKUBATLCA IIPU H3yde-
HUU CIEIMaAbHOM AMTEePATypPHL.

IMTpunas, kak 3to npeprokeHo O.M. ToapecoMm, aat Ap pacueTHOe ypaBHe-
Hue (XVIIL.15), 3anuiiem:

(1-50) (1-20) w2
1-¢, W l-¢9) W
Hog(p. = p)(1- o) = 150°—— ="+ 175> ———~| Ho.

€9 €9

ITocae Hpe06pa30BaHHﬁ IIOAYUYHM YPABHEHHE AASI OIIPEACACHUsSI KpUuTudec-
KoM CKOPOCTHU Ha4YaAd IICEBAOOXM>XEHUA

Ar

Re, = — (XVIIL17)
|
150170 , 31'735@
€g | €0
rae Re, = Wde/u — Kpurepuii PeNMHOABACA, COOTBETCTBYIOIIHUM CKOPOCTH

K

W, — Hayana MCEBAOOKIIKEHUS; Ar = gdB(pT - p)p / uw®> — KpuTepHii ApXUMeAa.

[Tpu GecnopsAOYHOM 3aCHIIKE CAOSI 3HAUEHHE er0 IIOPO3HOCTH €, AEKUT B

npeaerax ot 0,35 po 0,45, u B cpepaHeM MOJKHO TIIPUHSATH, uTo &, = 0,4; Toraa
ypaBHeHue (XVIIIL.17) 3anuiiem B BuAe
Re Ar (XVIIL18)

© 1400+ 5,22/ Ar

AAs onpepeneHUsT CKOPOCTHM IIoTOKa W, HeoOXOAUMOW AAd  AOCTHXKe-
HUS IIOPO3HOCTU CAOS €, HaubOoaee ypauHoU sgBasgeTcsa dpopmyaa O.M. Topeca,
B.A. Topomko u P.B. Posenbayma, copaBeprmBas AAd AAMUHAPHOIO, Iepe-
XOAHOT'O U TYpPOYAEHTHOI'O PEKUMOB:

Are*?

Re= — — . (XVIIL.19)
18+ 0,61 Are*™
Ilpu ¢, = 0,4 sta dhopmyaa coBmapaeT ¢ ypasHeHmeM (XVIIL18). OTo ke

YPaBHeHHe, pelleHHOe OTHOCHUTEABHO €, IIO3BOASIET ONPEAEAUTH IIOPO3HOCTh
B3BEIIIEHHOT'O CAOMA IIpU BbI6paHHOM TUAPOAMHAMUYECKOM pPeXUMe:

5,102

18Re + 0,36Re

(XVIIL20)
Ar

,A'Aﬂ FHApOAHHaMquCKOIZ XAPAKTEPUCTUKU TICEBAOOXUXEHHOI'O CAOS 4YaCTO
UCIIOAB3YIOT IIOHSATHE «YNUCAO IICEBAOOJKMIKEHUA», KOTOPOe IIPEACTABALCT cobon
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OTHOIIleHHe CKOPOCTH IOTOKAa IIPW AAQHHOM CTelleHM IICEeBAOOXIKeHus W K
KPUTHUYECKOM CKOPOCTH HadvaAa IceBpookmkenus W, , t.e. K = W/ W,.

ITpu € =1, 9TO NIPaKTUYECKU COOTBETCTBYET OAMHOYHOM YaCTUIle UAU BECH-
Ma MaAOM KOHIEeHTpAaIUU YaCTUI] B NOTOKe, ypaBHeHue (XVIIL.19) npuobOpeTaeTt
BUA,

_ Ar
-
18+ 0,61&

OTO ypaBHEHUWE M PEKOMEHAYETCSI B IPOMBIIIAEHHON MPAKTUKe AAS OIIpe-
AEAeHMs CKOPOCTY BUTaHUSA yacTtur, W,.

AAST CAOSI, COCTOSIITIETO M3 YaCTHUI[ OAMHAKOBOTO AmameTpa d, B3BeIeHHBIN
(TICeBAOOIKM>KEHHBIN) CAOM MOJKET CYIIeCTBOBAThL IIPM CKOPOCTH MOToKa W, Ha-
xopguieiica B npepenrax W, < W < W,. ComnocraBasaga ypaBHeHus (XVIIL18) u
(XVIIL.21), moAayuum

Re (XVIIL21)

W, _ Re, _ 1400+ 522VAr

W, Re, 18+ 0,61Ar

Torpa AASL OUeHb MEAKMX 4YacCTHI[ (IpH MaAbBIX KpUTepusax Ar)
w, / W, = 1400/ 18 = 78, AAT KPYHHBIX YacTHUIL, (IpH OOABIIMX KPUTEpUAX Ar)
W, /W, ~522/0,61~8,6.

B IPOMBIMIAEHHBIX YCAOBUSIX IICEBAOOKMIKEHHBIM CAOM OOLIYHO COCTOUT M3 YaCTHUI Pa3AUY-
HOTO pasMepa. ITO OOBACHSIETCS TPYAHOCTHIO H3TOTOBAEHMS YaCTUI] CTPOI'O OAMHAKOBOIO pa3Me-
pa, UCTUpaHUEM HAM obpacTaHMeM (IIPOIleCcC HeNpPephIBHOIO KOKCOBAHWS) YaCTHUI] C TedyeHUeM
BpeMeHH, a TakKe HeOOXOAUMOCTBLIO 0OecneduTh 6oAee OAHOPOAHOE IICEeBAOOKIKEeHHWe U APYTHU-
MHu npudyumHamMu. Hanpumep, NpakTWKa 3SKCIAyaTallud yCTAHOBOK KaTAaAMTHYIECKOIO KpPeKHHIa C
IICEBAOOKMIKEHHBIM CAOEM KaTaAM3aTopa I10Ka3ana, 4To (pakIiysg KaTaau3aTopa AOAKHA OBITh
IIUPOKON IO TPaHyAOMETPUYECKOMY COCTaBy U COAEPIKaThb HEKOTOPOe KOAUYECTBO MEAKHX dYac-
THI], CIIOCOOCTBYIOIINX OOAee OAHOPOAHOMY IICEBAOOJKIDKEHHIO M IPEAOXPaHSIOmUX 6oree KPyII-
HBble YaCTHUIBI OT UCTUPAHUS (MeAKHe YaCTHIBI U30AUPYIOT KPyIHBIe YaCTUILI OAHY OT APYTON).

Pasanune B pa3dmMepax 4aCTHI[, BXOASIIUX B COCTAB IIOAMAVCIEDPCHOTO CAOSI, OKA3bIBAET BAUS-
HHe Ha IIOPO3HOCTb CAOSI, PE’KUM IICEBAOOJKVKEHUS, OAHOPOAHOCTE CAOS K Ap. TakKo¥ CAOM MO-
KeT MMeThb MEHBIIyI0 IIOPO3HOCTh OAaropaps 0oaee NMAOTHOM YIAKOBKEe YacTHUI, U BO3MOJKHOCTH
pa3MellleHUs MeAKUX YaCTUI] B KaHaAaX MeXXAY KPYIHBIMU dacTullaMu. [1pu mCceBAOOKMIKEHUU II0-
AWAWCIIEPCHOTO CAOSI CKOPOCTH IIOTOKA MOJKET OKa3aThCsS HeAOCTATOUHOU AAS B3BEIIMBAHUS KPYII-
HBIX YaCTHI, ¥ 3HAUUTEABHO NPEBBICUTH CKOPOCTh BUTAHMS MEAKHMX, KOTOPbIe IPU 3TOM BBIHOCATCS
U3 CAOSL. AAS TaKUX TOAMAMCIIEPCHBIX CUCTEM XapaKTepPHBIM IIOKa3aTeAeM SIBASIETCSI AMAla3oH M3-
MeHeHHUs pa3MepoB YaCTHUI U3MepsieMbIl oTHoIeHueM d, . /d, ;.. CyIlecCTBeHHYIO DOAb UIPAaeT TaK-
>Ke IPaHyAOMeTPUYeCKUM COCTaB CAOSI — CPaBHUTEABHO HEBBICOKAs KOHIEHTpAIUs OTHOCUTEABHO
KPYIHBIX YaCTUI AOIYCTUMa, OCOOEHHO IPU HAAUYUU OTHOCUTEABHO MEAKMX YaCTHIL.

T'mppopuHaMUUecKHUe pacueThl C MCIOAb30BaHHeM ypaBHeHuiul (XVIIL.17) — (XVIIL.20) arg mo-
AHMAWCIIEDCHOTO CAOSI 3aTPYAHsIeT BHIOOP pacyeTHOrO AMaMeTpa 4acTHUll, YUYUTHIBAIOUIETO pa3andue
bOpMELI ¥ pa3MepoB YacCTHUIl U IPAaHYyAOMETPUYECKHN COCTaB CAosl. HellpaBUABLHBIM BBIOOD pacueT-
HOTO AMaMeTpa YaCTHI[EI MOJKET SIBUTLCSI NCTOYHHKOM 3HAUUTEABHLIX OIMMOOK. BEICOKYIO TOYHOCTH
pacyeToB MOJKHO IIOAYUUTh, €CAU SKBUBAACHTHBIM pPacUeTHBIM AMaMeTp YaCTUILI IOAUAKUCIIEPCHOTO
CAOSI OIIPEAEASITH DKCIIEPUMEHTAABHO. AAS 3TOrO CO CAOEM AAHHOIO MaTepuara HeOOXOAMMO IIpO-
BECTHU XOTsI ObI OAMH OIIBIT M ONPEAEAUTh CKOPOCTH HadaAd IICEBAOOKMI)KEHUS U IOPO3HOCTH He-
TIOABUYKHOTO CAO$I, @ 3aTeM u3 ypaBHeHHs1 (XVIII.17) BBYMCAUTH CPEAHHN AMAMETP 4YaCTHI], KOTO-
PBIM U HCIOAB30BaTh AASI BCEX pacyeToB. IIpU OTCYTCTBHUU 5KCIIEPUMEHTAALHBIX AQHHBIX CPEAHMNU
AMaMeTp YaCTHUIIBI IIOAMAMCIIEPCHOTO CAOSI CA€AYyeT HaXOAUTh IIpU IoMolu ypaBHeHuu (XVIIL6) u
(XVIIL?).

OdHeKTUBHOCTb IPOLECCOB, IPOTEKAIOIINX B IICEBAOOKMIKEHHOM CAO€, 3aBUCUT OT CTeleHU
OAHOPOAHOCTH CAOSI, T.€. OT IOCTOSHCTBA ITOPO3HOCTU (IIAOTHOCTH) CAOSI B PA3AWYHBIX €ro 4acTsX
1IpU A@HHOM peskuMe. [1pu B3BEIIMBAHUM JKHUAKOCTBIO CAOM IPAKTUUYECKU BCETAQ SIBASETCS OAHO-
POAHBIM, B IIaPOBOM K€ MAU ra30BOU Cpepe B CAOe HAOAIOAAeTCs OOAbIIas WUAM MEHbIas HEeOAHO-
POAHOCTB, KOTOPasi IIPOSIBASIETCS B BHUAE IIPOCKOKOB ra30BBIX ITy3BIPEN uepe3 CAOH.

Ha puc. XVIII-3 cxeMaTH4yeckKu NTpPEACTaBAEHBI OCHOBHBIE Pa3HOBUAHOCTU
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Puc. XVIII-3. Pa3HOBUAHOCTH TICEBAOOKHMXEHHBIX CHCTEM:
a — OAHODOAHBIM B3BeIIEHHBEIM CAOHM; 6 — caoM c OapborakeM Iy3bIped; & — CAOM C

MopIIHeOOpa3oBaHKWeEM; & — CAOHM C KaHaAoOOpa3oBaHMEM; & — (POHTAHUPYIOMIUN CAOU

IICEBAOOKMIKEHHBIX CHUCTEM: OAHODPOAHBIM B3BellleHHBIM caou (XVIII-3, a), ¢
Gap6otaykeMm myseipkit (XVIII-3, 6), ¢ mopiHeoGpasoBanuem (XVIII-3, ), ¢ ka-
HanooOpazoBanuem (XVIII-3, &), douTanupyromut cao (XVIII-3, &). ITpuunnsr,
00yCAOBAMBAIOIIE HEOAHOPOAHOCTE CAOS, U3yYeHEI ellle HeAOCTAaTO4YHO, a (pak-
TOPBI, BAMAIONIME HA €ro BO3HUKHOBEHMHE, MHOIOYMCAEHHHL. HeopHOpPOAHOCTB
IICEBAOOKUKEHHOTO CAOSI IPUBOAUT K BUOpPAUM U IOBHIIIEHHOMY H3HOCY CTe-
HOK amnmnapara. [Ipu 5TOM 3HAUMTEABHO YXYAIIIAeTCS KOHTAKT OJKMJKAIOIEero
areHTa C 4YacTUIAaMM, CHIDKaeTcs 3(P(eKTUBHOCTH MaCCO- M TeIAOIepeAauH,
YBEAWUYUBAETCS YHOC YAaCTUIL U3 CAOS.

Ha xapakTep HCEBAOOXKUIKEHUSI U CTPYKTYPY CAOSI OKa3bIBAIOT BAWSHUE
TEeXHOAOI'MUeCcKue (pu3ndecKre CBOMCTBA OKUJKAIOIIEN CpeAbl, IINOTHOCTL TBep-
ABIX YaCTHI], CKOPOCTb OJKMJKAIOUIero areHTa, NyAbCAIlMU IIOTOKA) U KOHCTPYK-
THUBHEIE (BBICOTA U AMAMeTp CAof, (popMa amnmapara U T.I.) napaMeTphsl. OTMe-
4YeHO, HAallpUMep, 4TO AAS AQHHOTO ra3a IIOBBIIIEHHWE AABAECHUS, OOYCAOBAEHHOE
YBEAMYEHUEM €ro NAOTHOCTH, IPUBOAUT K YAYUIIEHHIO OAHOPOAHOCTHU CAOS U
YMEeHBIIEHHUIO YHOCA YaCTUI] U3 CAOS.

[MTpu BBIOOpPE THMAPOAMHAMUYECKOTO pPe’kKuMa paboThl ammnapara HeoOXOAU-
MO VYHUTBEIBATH BBIHOC YACTHUI] U3 CAOSI. B OOABIIMHCTBE CAy4aeB >KeAATEABHO,
4TOOBI BBIHOC YACTHUI, OBIA MUHUMAABHBIM, TaK KakK 3TO OOAerdaeT pabOTy IIBI-
AE€YAQBAVBAIOIINX YCTPOUCTB (HAIPUMEDP, IUKAOHOB, 3AEKTPO(UABTPOB), COKpa-
maeT norepu U T.A. OAHAKO B HEKOTOPBIX CAYyYasiX, HAlIpUMep B PEAKTOPax ycC-
TAHOBOK HEIPEPBEIBHOIO KOKCOBAHUS Ha IOPOIIKOOOPA3HOM KOKCE, CTPEMATCSI
K 0OpaTHOMY, T.e. K TOMY, YTOOBI BBIHOC YaCTHUI] M3 CAOS OBIA CPABHUTEABHO
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Puc. XVIII-4. Tpaduk AAs  ompeAereHUs Puc. XVIII-5. Tpaduk AAg oImpepeAeHUs:

cenapanuoHHOro mpocrpancrea H, CKOPOCTH BHWTaHHS YacCTHI €CTeCTBEHHOIO
AAIOMOCHAMKATHOIO KaTaAM3aTopa B IIOTOKe
BO3AyXa

BBICOKHUM, IIOCKOABKY TaKHUM ITyTeM YAQeTCs IPEAOXPAHUTH BXOAHBIE OTBEPCTHS
IUKAOHOB, YCTAHOBAEHHBIX B PeaKToOpe, OT 3aKOKCOBBLIBAHUS.

CoraacHO MCCAEAOBAHUSAM 3€HIla M YaMas, Ha) CAOeM B NPEAeAaxX Olpeae-
AEHHOU BBICOTHI CeIlapallMOHHOTO IIPOCTPAHCTBA H, BCAeACTBHe pa3pylleHUs
ra3oBBIX Iy3BIPEW IIPU BBIXOAE UX U3 CAOS 3IIOPa CKOPOCTEH IIOTOKA SIBASIETCS
IIepeMeHHON U IIYABCUPYIOIEHN, II0O3TOMY B IIPEAEAAX 3TOU BBICOTHI 3HAUYUTEAb-
HO BAMSHHME CKOPOCTH IIOTOKA Ha YHOC dacTul] u3 crosd. Ha Beicote H > H |
CKOPOCTb ra30BOTO IOTOKA IIO CEYEHHIO BBIDABHUBAETCS, YTO BEAET K CHUJKe-
HHUIO YHOCA YaCTHI, IIOTOKOM Ta3a.

AAST KOAMYECTBEHHOI'O OIPEAEAEeHUs BEAMYMHBl YHOCA YACTHI], ra3oM HC-
IIOAB3YeTCI POPMYAQ

G W4C0,5H8,35

Zr102=A S—m;‘,, (XVIIL22)
G, d*°H"p

rAe (GT /Gr>102 — OTHOCUTEABHOE KOAMYECTBO YaCTHUI], YHECEHHBEIX IIOTOKOM
raza, % (macc.) Ha ra3; W — CKOpPOCTb Taza B CBOOOAHOM CeYEeHHMHU amlaparTa,

M/c; C — KOHIIEHTpAIUS B CAO€ MEAKHWX YaCTHUI], CKOPOCTb BUTAHUS KOTOPBIX
paBHa uAm MeHsbliie W, %; H, — BbIcOTa CAOsI, MM; d — CpPeAHEMAacCCOBBLIU AMa-
MeTp MEAKHWX 4YacCTUI, B CAOe, MM (3HaueHUe d oOIpeperdeTcd Mo (POpMyAe
d= Edixi); H — BBICOTa CemaparuoOHHOTO NTPOCTPAHCTBA (PacCTOSTHUE OT
VPOBHS CAOSI AO CE€UEHUS BBOAA Ta3a B IIMKAOHBI), MM; @ — AOAS IIAOIIAAU OT-
BEPCTUM pPACHPEASAUTEABHOM peINIeTKY, OOBIYHO 5Ta BEAWYWHA COCTABASET
0,01+0,05; m, — mnoOHNpaBOYHBEIM KOIMMOUIUEHT, yUYUTHIBAIOIUN (U3NIECKUe
CBOMCTBA CUCTEMBI Ta3 — TBEPAOE TEAO.
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YncheHHBIe 3HQUEHUS BEAMYMH A U N 3aBUCAT OT BBICOTHI CellapalioHHOrO
IIPOCTPAHCTBA.

BeicoTy H, MOXHO OIpeAeAUuTh II0 rpaduky (puc. XVIII-4) B 3aBUCHUMOCTH
OT ckopocTu noroka W m amamerpa anmnapara D.

ITpu BEICOTe cemaparuoHHOrO TpocTpanctBa H < H, A=10" u n=1,
npu H>H,Z A=23,35-10", n=0,273.

YpaBrenue (XVIIL.22) nmoAy4yeHO Ha OCHOBAHUU 3KCIIEPUMEHTAABHBIX AQH-
HBIX C UCIIOAB30BAHHWEM CHUCTEMBI BO3AYX — €CTEeCTBEHHBIM aAIOMOCUAMKATHBIN
KaTaAu3aTop; AAG IIepexopa K APYIHMM CHUCTEMaM HCIIOAB3yeTcd Ko3(puiimeHT
m,, KOTOPBIM OIIPEAEAseTCsI U3 IPUOAMKEeHHOTO ypaBHEHUS

m, =W, /W,

rae W) — CKOpPOCTb BUTaHHUS YaCTUI[ €CTECTBEHHOI'O aAIOMOCUAWKATHOIO Ka-
TaAM3aTopa NAOTHOCTEIO 2080 Kr/M° B moTOKe BO3pyxa mpu Temrepatype 20 °C
u paBaeHnm 0,101 MIla (puc. XVIII-5); W, — CKOpPOCTB BHUTAHUS YaCTHUI], TOT'O

XKe AuaMeTpda AAQHHOTO MaTepHradAd B IIOTOKe I'a3a IIpu pa60‘II/IX YCAOBUSIX.

PAZET TITAATTOPAITNTTDOA

ECAI/I CKOPOCTB ABMJKEHMS ITOTOKA IIpeBbINIaeT CKOPOCThb BUTA-
HMA 4aCTHUI, TO IIOCAEAHNE HAYMHAIOT ABUTIATHECA B HaHpaBAeHI/II/I ABVDKEHUA I10-
TOKA MU CHUCTeMa AOCTHUTraeT pPeXKMMd ITHEeBMOTPAHCIIOPTaA. CKOpOCTI: ABVDKEHUA

TBepPABIX uacTul, W, NOpu IHEBMOTPAHCIOPTE MeHBIIe CKOPOCTU ABHMYKEHUS
TPAHCIOPTUPYIOIIEro MoToka W, , KOTOPHIM KaK OBl CKOAB3UT OTHOCHUTEABHO
ABYKYIIENCST YaCTHUIIBL C OTHOCUTEABHOU cKopocTbio W.! =W, - W,.. Aa paH-
HOTO TUAPOAMHAMUYECKOTO pe’kKUMa BOCXOASNIUU MOTOK HTHEBMOMOABEMHUKA
XapaKTepus3yeTcs OIpeAeAeHHBIM 3HadeHHeM IIOPO3HOCTU €, T.e. OOBeMHas
KOHIIeHTpallusg TPAHCIOPTUPYEMBIX YaCTHUIl B 3TOM IIOTOKe COCTaBAdgeT 1-¢g.
!
OTHOCSI CKOPOCTBH TPAHCHOPTUPYIOWIETO IIOTOKa W, U CKOPOCTH CKOABKEHUS

WH, K IIOAHOMY CeUYeHUIO ITHEeBMOIIOABEMHUKA, MOXXHO 3allvCaTh:

We W _yy (XVIIL23)

€ €
Kak mnokaszanHo paboramm Topeca, I'opomko u PozeHOayma, prd peskuMa
BEPTHUKAABHOTO ITHEBMOTPAHCIOPTa B OOIeM CAydae MOXKET OBITh UCIIOAB30Ba-
Ha 3aBucuMOCTh (XVIIL.19), moayueHHas AN "KUMAIMIETO" CAOS, €CAM KPUTEepUH
PeliHOABACA OIIPEAEASIOT IO OTHOCUTEABHOU CKopocTtd W, T.e.

AI_S4,75
Re,= — (XVIIL24)
18+ 0,61\3“Are4v75
rae
Re. =Wdp/ .
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BakHeNmMM IOKa3aTeAeM pe’KHMa ITHeBMOTPAHCIOPTa SABASIeTCS Koaggu-
yueHm B3BecU I, PaBHBIM OTHOIIEHUIO MAaCChl TPAHCIOPTUPYEMEBIX TBEPABIX
yactun, G, K Macce TpaHCHOPTUPYIOIero areHta G, T.e. PaBHBIM UUCAYy KUAO-
rpaMMOB 4YaCTHI, IIOAHMMAEeMBIX | KI' TpPaHCIOPTUpPYIOWIEro areHra. [THeBMoO-
TPAHCIOPT MOJKET paboTaTh IPH 3HAUYEHUSAX KOI(MPHUIUMEHTAa B3BECH m, AerKa-
IIUX B CPAaBHUTEABHO IIMPOKUX Ipeperax. C yBeandeHHeM KO3I(MPUIUEHTA m
COKpAIllaeTCcsl Pacxop TPAHCIOPTUPYIOLIEro AareHTa, YMEHBIIAeTCs CKOPOCThb
ABWDKEHHsI IIOTOKA M YaCTUI], HO IPHU IJTOM YBEAWUYMBAETCS IIOTepsi HAalopa
BCAEACTBHE POCTa KOHIIEHTPALMM 4YacTUll B noToKe (1—g). IloaToMy ard Kaxk-
AOT'O KOHKDPETHOTO CAyYast BEIOOD 3HAQUEHUs M IIPEAOCINPEASASeTCs MHOTHMU IIa-
paMeTpaMu: 3aTpaTaMH 3HEPTUU, AMAMETPOM ITHEBMOCTBOAQ, CTEIIEHBI0 MEeXaHU-
YeCKOro M3HOCA YacCTHll IpU TpaHcnopTe u T.II. [Ipu pacueTe MHEBMOTPAHCIIOP-
Ta MUCIIOAB3YIOT TaK)Ke BEAWYHHY nogauu o =V, / V', paBHYIO OTHOLIEHUIO OO'Be-

MOB YaCTHI] VT 1 TPAHCIOPTUDPYIOUIETO areHTa V. O‘leBI/IAHO, qTo

m=G_T=_VTpT_ap_T’
G Vp P
rAe P, U P — COOTBETCTBEHHO IIANOTHOCTH TBEPABIX YACTUIT WU TPAHCIIOP-

THUPYIOIIEro areHTa.
ITo oTHOIIEHNIO KO BCEMY CEUYEHUIO THEBMOCTBOAA F TpaHCHOPTUpPYyeMBIe
YaCTUOBI 3aHUMAIOT AOAIO (1 —€), MO3TOMY IIPU CKOPOCTU ABUKeHMd dacTul, W,

V, =W, (1-¢)F.

T

O0BeM Xe TpaHcHoOpTUpYIoWero aredra V = W_F, oTKyAa

o= - m (XVIIL25)
14 w,

CoBMmecTHOe pelileHue ypaBHeHul (XVIIL.23) u (XVIIL.25) paeT
wo=w, 1=t (XVIIL26)
1-¢ll+a
YMHOKUB AEBYIO U IIpaByIO YyacTu ypaBHeHms (XVIIL.26) Ha dp/w, moAydum
Re, = Re, 1-¢ .
I-¢ll+a
rae Re, m Re, — kpurepuii PeliHOABACA, OTHECEHHBIM COOTBETCTBEHHO K
CKOpOCTH IOoTOKa W, u cKopocTu cKoAbXeHuss W_.. C y4eTOM ypaBHEHUS

(XVIIL24)

4,75
1—¢ Are

Re

(XVIIL27)

I = f N
1- s(1+ a) 18+O,61\‘J‘Are4'75

JAaHHOe ypaBHeHHe CBs3bIBaeT NapaMeTphl uacTtul, (Ar), moroka (Re,),
YAEABHOTO PAcxoAd TPAHCIOPTUPYIOIIEro areHTa (0. MAM m), CTPYKTYPY CAOS €
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U IBASIETCS OCHOBHBIM ypaBHEHHUEM AAS TMAPOAMHAMUYECKOTO pacyeTa ITHEBMO-
TPaHCIOPTa.

Ecam 3apansl o (m), ckopocts notoka W_ (Re ) u Ar (d, p,), TO MEeTOAOM
IIOCAE€AOBATEABHOI'O NIPUOAMIKEHUS UAU IIPU IIOMOIIY CIENUAABHO MOCTPOEHHBIX
HOMorpaMM wu3 ypaBHeHus (XVIIL.27) MoXeT OBITH OIpeAeAeHa IIOPO3HOCTh
TPAHCIOPTUPYIOIIETO MOTOKA €, @ CA€AOBATEABHO, W KOHIIEHTPAIUSA YaCTHUL] B
ITHEBMOCTBOAE:

Pu =(1—8)DT + &P,
a mpu p, >>p

P =(1-¢€)p,.

Pacuer mHeBMOTpaHCHOpPTAa BO3MOJKEH M B APYTOM IIOCA€AOBATEABHOCTH,
KOTAQ U3BECTHHI Ar, o (m), 38AQI0TCA P, @ CACAOBATEABHO, W €, U M3 ypaBHe-
Husa (XVIIL.27) onpeaeasieTcs Re, 1M CKOPOCTb TPaHCHOPTUPYIOIIErO areHTa
w, = Rent

dp
Mo HalipAeHHOW CKOPOCTU OIIPEAEASIOT HEeOOXOAUMBIM AMaMeTp ITHEBMOCT-

BoAa. CKOPOCTh ABHYKEHMSI YaCTHUIL ollpepeAsdeTcs u3 ypaBHeHUs (XVIIIL.25):

W, = W

* 1-¢

W3 ypasrenun (XVIIL.24) u (XVIIL.21) caepyeT, 4TO IpU MarOU KOHIEHTpPaA-
OWU YaCTHI, KOTAA € —> 1, CKOPOCTb CKOABXeHHs W, CTpeMHTCsI K CKOPOCTH
BUTaHU4 yactul, W_, a CKOpOCTb TpaHcHopTupymllero noroka W, =W, + W,

[ypaBHenue (XVIIL.23)], mosToMy IpU IHEBMOTPAHCIIOPTE B CHUABHO pa30aBAeH-
HOHU (pa3e C AOCTATOYHBIM NPUOAVMIKEHUEM NPUHUMAIOT

W, =W, +W_.

Ilpm noBwIIeHWM OOBEMHOM KOHIJEHTPAIMU TPAHCIOPTUPYEMBIX YaCTHI]
CKOPOCTb CKOABXKeHUus1 W, yMmeHblIaeTcs. B Ipepere MUHUMAABHOE 3HAUeHUE
W_. cooTBeTCTByeT BO3MOXKHOU MAaKCHUMAABHOM KOHIIEHTPALUKU TPAHCIOPTUPYe-
MBIX YaCTHUI, T.e. IIAOTHOMY CAOKIO C IIOPO3HOCTBIO £, Ecam € — ¢, TO IO
ypaBHenuto (XVIIL.24) W, cTpeMUTCSI K 3HAUEHUIO KPUTHUYECKOU CKOPOCTH Ha-

yana ncespookmwkenusa W, [cm. (XVIIL17)].

OOmasa moTeps Hamopa Ap IpU IHEBMOTPAHCIOPTe IMOTOKA YacTul] Ha
BBICOTY H COCTOUT U3 CAEAYIOIIUX BEANYNH.

CmamuuecKull Hanop, paBHLINM BeCy CTOADA TBEepPABIX YaCTUIl U TPAHCIIOP-
TUPYIOIIEro areHTa,

Ap.. = Hg[l — g)p, + ep].

HpI/I HCIIOAB3OBAHWM B Kd4deCTBe TPAHCIIOPTHUPYIOIIEero areHTa ra3oB HWAN
IIapOB CPABHUTEABHO HEBBICOKOTO AABACHUS 3HAYEHUE P OOBIYHO Hecousmepu-
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MO MaAnoO IIO CpaBHEHHUIO C (,, IIO3TOMY 0Oe3 3aMeTHOM IOIPeITHOCTH IpHUHUMa-
0T

Ap,. = Hg(1 - ¢)p,.

Ilomepu nHanopa Ha mpeHUe MPAHCNOPMUPYNOWETO areHma O CMeHKU
NHEBMOCMBOAQ OIIPEAEASIOTCS. U3 BEIPasKeHUs

H, W2
Ap, =\ —L 1
D1 1D 2 P
rae Ay — KO3(@UIMEHT THAPABANYECKOIO CONPOTHBAEHWS; D — BHyTpeHHUM
AMaMeTp ITHEBMOCTBOAQ; H, — mpuBepeHHass AAWHA ITHEBMOCTBOAA C Y4YETOM

MEeCTHBIX COHpOTHBAeHHfI.
IMomepss nanopa Ha mpeHue MPAHCNOPMUPYEMbIX UYACMUY O CMEHKU
NHEeBMOCMBOAQ paBHA

w2
2

Ap, = AZH_Dl p.(1-¢), (XVIIL28)

rae A, — KO3(pPUIUEHT TpeHUs TPaHCIOPTHUPYEMBIX YaCTHUIl O CTEeHKU ITHEBMO-
crBOAd (A, = 0,05).

INomepio Hanopa Ha pas3roH MPAHCNOPMUPYEMOTO0 MAMEPUAAQ HAXOAAT U3
BBIpasKeHUSI

4G, W,
Ap3 = —L,
nng
rae G, — KOAWYEeCTBO TPAHCIOPTUPYeMOI'o MaTepuana, Kr/c.

Takum obpa3zom,
Ap = Ap., + Ap, + Ap, + Ap;.

Bo muoOrmx CAYyYasiX OCHOBHYIO 9aCTh COIIPOTUBAEHUSI COCTABAACT APCT .

AEADTAETATEEA NOTRETA, CAOATDTA,
DANTDAAAEEOAEUTC

OT|
1U0 DAAOTE

[MTpy HUCXOAMAIEM ABMJKEHUU MEAKO3€PHHCTOI'O MaTepraja IIo
TPyOOHIPOBOAY (CTOSIKY) AAI OOecIiedeHUsT OOABIIIEN TeKy4eCTH M CO3AAHUS ra3o-
BOTO (IIapOBOrO) 3aTBOPQ, IIPEAOTBPAIIAIONIEro IONaAaHUEe CPEABl M3 OAHOIO
anmnapara B Apyrod, oOBIYHO IIpeAyCMaTpUBaeTCs IIopada B TPYOOIIPOBOA a’3pu-
pyIolllero areHTa, HaIpHMep BOAJHOIO Ilapa, HMHEPTHOTO ra3a U Ap. (puc.
XVIII-6).

[TpaBUABHBIN BEIOOP THAPOAMHAMHYECKOTO PeXXHUMa CTOSKa uMeeT OOAb-
III0e 3HaueHue AN o6ecliedeHUs] HOPMaAbHOM pabOTHl TeXHOAOIMYECKOM ycTa-
HOBKH C IUPKYAUPYIOUIUM B CHCTeMe 3€PHHUCTHEIM MaTepHaAoM; OT BBIOPaHHOIO
pe’kuMa 3aBHCAT TaKKe Pacxop adpUPYIOHIero areHTa K IIONepeuHble pa3Mephl
CTOSIKA.

BepeM caepyromue obOo3HaueHmMs: G, — Macca ABIIKYIIEToCs MO CTOSIKY
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D Puc. XVIII-6. Cxema K pacyeTy pacxojpa aj’puUpyiollero areHra B

CTOSIKax
S
' W, (G;)
W
N N
3epHHUCTOIO MaTeprard; € M P — COOTBETCTBEHHO IIOPO3HOCTH U IAOTHOCTH
crod B CcTOosKe; W, — AMHENHasg CKOPOCTb ra30BOTO (IIAPOBOrO) IIOTOKA, IIOA-

HUMAIOIIEeroCcsl BBEpPX II0 CTOAKYy, OTHECeHHad K IIOAHOMY CEeUYeHUIO CTOSKa;
W, — CKOpPOCTBH ABMXEHHUS TBEPAOU YACTHUIIHL.

YuuTheIBasg MPOTUBOTOUYHOE ABIDKEHUE ra3a U YacTHll, CKOPOCTH CKOABXKEe-
HHUS BOCXOASIIEro IIOTOKAa, OOeCIeduBalollero 3apaHHYIO IIOPO3HOCTBH CAOS &,
onpepeasiercs: ypaBHeHueM (XVIILL23), HO co 3HAKOM IIAIOC:

We Wa iy
€ €

OTKyAQ

W, =W, —cW, . (XVIIL29)

Kak OBIAO IIOKA3aHO BEHIIIE, AAS OOecHedeHUsI IIOPO3HOCTU CAOSL B CTOSIKe
€, YTO COOTBETCTBYET TAK)Ke OIPEACACHHOMY 3HAQUEHUIO IIAOTHOCTU IIOTOKA P,
[ypaBHenue (XVIIL.2)], CKOPOCTHL CKOABLKEHHUSI AOAJKHA OIIPEAEASITHCS yYpaBHEHU-
eM

AIS4'75
Re,. =

C

7 .
|

| A r£4'75

/

\

W3 ypaBHenus (XVIIL.29) caepyeT, 4TO IpU HEU3MEHHBIX NIPOYUX YCAOBHSX

18+ 0,61

CKOPOCTB BOCXOACIIIETO IIOTOKA rasda W, 3aBUCUT OT CKOPOCTHU ABWKEHHUS Yac-
T, W, , T.e. IpU AQHHOM pacxope dactul, G, — OT puaMeTrpa cToska D. Bos-
MOJKEH YaCTHBIM cAaydau, koraa W, =0, torpaa W, =eW, .

IMpunsas W_. = ¢W, , mocae MOACTAaHOBKU B ypaBHeHHe (XVIIL.24) moayymm
ypaBHeHMe, U3 KOTOPOTO MOJKHO OIPEAEAUTh MaKCHUMAAbHYIO CKOPOCTh ABHIKe-
Hus dactuly, W, B CTOsKe:
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eW, dp Are

u 18+ 0,61\J;'Ars4v75

AnamMeTp CTOSKa CAeAyeT BEIOMPATh TAaKUM, UYTOOBI CKOPOCThH ABMKEHUS
yacTuI] ObIAa HECKOABKO MEHBIIe 3TOT0 MaKCHUMaABHOTO 3Ha4eHUs. Tak, A yC-
TAHOBOK KATAaAUTUIYECKOTO KPEKWHTa C TICEeBAOOKUKEHHBIM CAOEM KaTaAWu3aTo-
pa CKOPOCTBb IIOCAEAHETO B CTOSIKE PEKOMEHAYeTCS BEIOUMpATh B IIpepenax oT 0,6
20 1,0 m/c; mpu Oonee HU3KHUX CKOPOCTSIX 3HAUYUTEABHO YBEAMYHMBAETCS AWa-
MeTp CTOsIKa M HaOAIOAQeTCsS ABWJKEHHME aj’pUpYIOIIero areHTa CHU3Y BBEpPX.
IMTpu BrIOpaHHOU ckopocTu W, 3HaueHus W_. u W, ompepeAdroTcd U3 ypaBHe-
Hu (XVIIL24) u (XVIIL.29).

Aspupyroniuil areHT B KOAWUeCTBe V pPAcXOAyeTCsl Tak>Xe Ha 3allOAHeHUe
CBOOOAHOTO OOBEMA CAOS MeyKAy udacTturamu. OO0beMHBIM pacxop V' aspupyto-
LI[erO areHTa ONPeAEAsieTCS U3 COOTHOIIeHUs OOBeMOB MeXXAYy dYacTHullaMU u
caMUX 4acTHll, T.e.

Yo _ &
G, e

IMoacTaBuB 3HaueHue €& u3 ypaBHeHus (XVIIL1) u BBINOAHUB HpPeoO-
pa30BaHUs, IOAYUUM

Gy (P2 = pu) |
pr(Pu - p)

B OoAbIIMHCTBE CAydYaeB NAOTHOCTB Aa3pHUPYIOLIEro areHTa P B CTOsIKe
3HQUUTEABHO MEHBIIEe P, U P,, IO3TOMYy Oe3 OOABIION MOTPEUIHOCTH MOJKHO
3aIMCaTh!

Gy (pa = pu)

PrPu

OO0mwui1 0OOBEMHBIM PACX0A A3PUPYIOLIETO areHTa COCTaBUT
Vo, =V+W_F,

rae F — maomapb cedeHUs CTOSIKA.

IMpm HUCXOALIIEM ABWJKEHHM 3€pPHUCTOTO MaTepuasd CO CPaBHUTEABHO
KPYIIHBIMU TPAHyAAMU HET HeOOXOAUMOCTUA B a’pHU3allMU CTOSKOB, TaK KaK Ta-
KOM MaTepHuaA YAOBAETBOPUTEABHO NepeMellaeTcd U B IIAOTHOM cAoe. BopsgHou
Iap MAU MHePTHHIY ra3 B TaKWe CTOSKU BBOAUTCS AAS oOeclieueHUs 3aTBOpPaA.

Ha puc. XVIII-7 npuBepeHa cxeMa, COOTBETCTBYIOIIAs CAydYaro, KOTAA Ipa-
HYAUPOBAHHBIM MaTepHaA IlepeMelllaeTcs M3 anlapaTa ¢ 00oAee HU3KUM AaBAe-

HHEM p; B alllapaT ¢ OOAee BBICOKUM AABA€HHEM p,. BeicoTa croska H, B 3TOM
CAydae AOAKHa OBITh TaKOHM, 4YTOOBI BeC CTOADA MaTepHasa B CTOSKe IIPeBBIIIan
Pa3HOCTb AABAEHHUM B alNaparax p, — p; ¥ CONPOTUBAEHUE TPEHUS IIPU ABIKe-

HHUKW MaTepHaAd B CTOdKe Apr, T.e.
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Puc. XVIII-7. CxeMa K pacyeTy BBICOTBI CTOSIKOB

b 1
'
Puc. XVIII-8. Cxema ra3opacrpeAeAuTeAbHON
peleTKy IPOBAABHOTO THIA C KPYTABIMH
Y OTBEpPCTUSIMHU
m&)

t
v y H

HC =kp2_p1+Apr
Pug
rae k — roadpdumuenT 3anaca (k =1,2+1,3); p, — TAOTHOCTH ITOTOKA.

Conporusrenune Ap,, ompepeasercs mo ypasHenuto (XVIIL28). CompoTus-

AeHUe, O0yCAOBAEHHOE TpPEHHMEeM Tra3a ([IapoB) O CTEHKHM CTOSKAa, Mano, U UM
MO>KHO IIpeHeOpeysb.

AAs co3paHMs 3aTBOpa ras (Mmap) AOAKEH OBLITh MOAQH B CTOSIK B TAKOM KO-
AWYECTBe, YTOOBI €r0 TIOTOK HaBCTPEUy ABMIKYIIEMYCS TPAHYAMPOBAHHOMY MaTe-
puany obecrieyrA IOTePIO HAlopa IO BBEICOTe CTosiKa H, paBHYIO p, — p;. Aps
OIlpepeAeHHMd pacxopa mnapa u3 ypaBHeHug (XVIILL15) paccuuThIBaeTCs OTHOCH-
TeAbHasdg CKOpocTbk W, a 3ateMm mu3 ypaBHeHH:A (XVIIL.16) — CKOpPOCTH BOCXOAL-

I1ero IoTokKa ra3a Wn; PacCXxoA ra3a IIpu 3ToOM 6yAeT PaBeH
V=FW,.

B ammaparax Cc KUIAIIAM CAOEM 3€PHUCTOrO MaTepHhasa PABHOMEDPHOCTH
pacIpeAereHHs OJKUKAIOIIEro areHTa IO ero CeueHUI0 U 3(P(eKTUBHOCTb KOH-
TaKTa (a3 B 3HQUUTEABHOU CTEIleHU 3aBUCAT OT KOHCTPYKIUM Tra30paclpepeAur-
TEABHOT'O YCTPOMCTBA M THMAPOAMHAMHUUYECKUX YCAOBUM ero paboTel. OcobGeHHO
39TO BAXHO AAS IICEBAOOKUIKEHHOTO CAOS OTHOCHUTEABHO HEOOABIIOU BBICOTHI.
OOBIUHO TPUMEHSIOT Tra30paclpeAeAUuTeAbHble YCTPOMCTBA ABYX THUIIOB:
IIPOBaAbHBIE M OeCIIPOBAABHEIE.

IIpoBanbHBIE Tra3opacHpeAeANTEeABHbIe PelIeTKH IIPEACTABASIOT COOOHU
nepdopuUpOBaHHEIE IOAOTHA C OTBEpPCTUSAMU KpyrAoM (puc. XVII-8) mau nps-
MOYTOABHOM (DOPMBI, 4epe3 KOTOpHBIe IIPU HEAOCTATOYHO BBICOKOM CKOPOCTH

rasa 3epHUCTBIM MaTepuai MOKET CCHITIAThCS B MPOCTPAHCTBO TIOA PEIIeTKOM.
[Tpy MaABIX CKOPOCTSIX raza B oTBepcTusx W, B IpuHAeraioumeM K pe-

1mIeTKe o0beMe KUIIAILIETro CAOsl 00pasyroTcsa ny3slpu. C yBeAudeHUEM CKOPOCTHU
rasa Ha BBIXOAE M3 OTBEpPCTHN 00OpasyloTcsl paKeAbl, KOTOpPble PacIpPOCTPaHs-
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FOTCSI Ha GOABIIYIO MAM MEHBIIYIO BBICOTY CAOsl. AAMHA (pakenaa AOAKHA OBITH
MEHbIIIe BBICOTHI KUIISIIETO CAOS.

AAST TIAOCKUX PeIeTOK NMPOBAABHOTO THIIA Ba’KHO OIPEAEAUTH CKOPOCTH B
orBepctussx W, , IpM KOTOPOW IIPEKPATUTCS IIPOBaA Mareprana depes3 OTBep-
crus. TIpekpallieHrne mMpoBaAa SBASIETCS OAHOBPEMEHHO INPU3HAKOM paBHOMEp-
HOTO PacIpeAeAeHUs ra3a IO CeYeHUIO pelleTKH. Beamunny W, OIpeAeAsioT
13 BHIPaKeHUs

Re, = L'

0,61VAr -6
rae Re,, = Wondmaxp/ W — KpuTepui PelHOABACA, COOTBETCTBYIOIIUM CKOPOCTHU
W, — Hayarna GeCHpOBAABHOM pabOTHI pemeTkw; Ar = gd:m(pT —p)p / TR

KpuTepuil Apxumepa.
IMpu onpeperenuu Re,, u Ar wucnoabsyercsa d,, XapaKTepHU3YIOWIMUN
MaKCUMaABbHBIM AMaMeTp TBEPABIX YaCTHUIL.
AAsl obecrieueHrs OeCIPOBAAbHOM PabOTHI pelleTKM CKOPOCThH rasa B ee
OTBEPCTUSAX MOJKHO OIIPEAEASITh TaK)Ke M3 ypaBHEHUS
R
e (P = P) 9
w,, =100, —————,
P
TA€ P U P, — COOTBETCTBEHHO IIAOTHOCTH I'a3a W HACHIIHAA IIAOTHOCTH CAOL.
l'mppaBAvuecKOe COIPOTUBAEHHME DPeLIeTKH NPU IIPOXOXKAEHUM uYepe3 Hee
ra3a MO’KHO BBIUMCAUTH IO YPaBHEHUIO

2

-¢
Ap, = 0,57W02mp, (XVIIL30)
rae WOTB — CKOPOCTBb Tra3a B OTBEpPCTHUAX PEIIeTKH, M/C; @ — AOAA MMAOIIAAU
peleTKy, IMpPpUuXoAAIadacd Ha OTBEPCTUdA; 0 — IAOTHOCTH Iadq, KF/MS; C — Ko-

3 PUIMEHT CONTPOTUBAEHUS, 3aBUCSIINNU OT OTHOIIEHUS AWaMeTpa OTBEpPCTUU
peleTku d, K ee TOAIINHE § U OmpepeAsieMbIl 1o rpaduky (puc. XVIII-9).

Yem GoABIIIe COMPOTUBAEHUE PEIIeTKH, TeEM PaBHOMEpHee ra3 pPacIlpepeAs-
eTcs 1o orBepcTusaM. OOBIYHO CONPOTHUBAEHME PEIIeTKN PAaBHO COIMPOTHUBAEHUIO
TICEBAOOJKM>KEHHOTO CAOSI AU HECKOABLKO MEHBIIE ero.

ComnpoTHBAEHME pPeIIeTOK MOXXHO PACCYUTHIBATHL TaKKe I10 W3BECTHOMY
YPaBHEHUIO TUAPABAVKYU

WZ
Ap, =2,

rae & — Ko (PUIIMEHT TUAPABAMYECKOTO COIIPOTHUBAEHUSI PEIIeTKU IO Ta30BOU
daze, OmpepeAsieTCs B 3aBUCHUMOCTH OT €e TeOMeTPHYECKUX I1apaMeTpOB II0
OAHOM U3 (POPMYA!

AAS TOHKUX PeLIeTOK IIPU 2 <04

do
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C Puc. XVIII-9. TI'paduk AAsSI oOIpeAeAeHus
0,9 Ko3(uinypeHTa CONPOTUBAEHNSI B YPaBHEHHU

(XVIIL.30)

0,8 N

RN

0,6

§=(§—cp)2;

AAd pemteTok ¢ 0,4 < LA < 4,0
dO

1 12 1 ’
-3 o
B x X
[}
A pemnieTok ¢ — = 4,0
dO
2

§=(1—1) +(1—q>)2;

p

0

MASI TOACTBIX penieTok mpu — > 4,0
d
0

2
§=(é—1) +7\5_dﬂ+(1—cp)2,

0

rae B — KoapUIIUEHT Cy’KeHHUs IIOTOKAa B Y3KOM CeYeHUU CTPYH,

1

b
Y,0+0@
1+(1—(p)\“‘ e

X — KO3((PUIMEHT BBIXOAA CTPYH U3 OTBEPCTHUS,

X=5+(1-ﬁ)th(di-o,4);

0

A — KO3 (PUIINEHT TPEHUS AN TAGAKUX TPYO.

ITpuBeapeHHEIE BHINIEe (DOPMYABL AAS PAacueTa TMAPABAUUECKOTO COIPOTHUBAE-
HUA pelleTKn AefICTBHTeAbeI IIpyu ABHMJKEHHHW HE3AIIBIAEHHOI'O IIOTOKA ra3a. OA-
HAKO B HEKOTOPBIX PEAKTOPHBIX AIIIapPAaTaxX dyepe3 OTBEPCTUSI PElIeTKU IIPOXO-
AUT TIOTOK ra3a BMeCTe C TBEPABIMU YACTUIIAMU, YTO YBEAWMYUBACT I'MAPABAWYEC-

KOe COIIPpOTHUBAEHHE.
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Wors

§n

7

by by

Puc. XVIII-10. HekoTopble TUIBI KOAIIAYKOB HENPOBAABHBIX Ia30pacpPeAeAUTEABHBIX PelIeTOK:

a 6 — c TOPU3OHTAABHBEIM DPACIIOAOXEHUEeM OTBepCTHﬁ; d — C HAKAOHHBIM DPACIOAOKEHHueM
OTBepCTI/II‘/'I CHH3Y BBEPX; d — TO JXe CBEPXYy BHHU3

,A.]\ﬂ pacdyeTa TUAPABAMYECKOI'O COIIPOTUBAEHUA DpPeEIIeTKM IIPU IIPOXOXK-
A€HUN Yepe3 Hee II0OTOKA TIa30B3BeCU PEeKOMEHAYeTCsI CAeAYyIOoIllasi 3aBUCH-
MOCTB:

2

App = (§+Km)%,

rae & — KO3(DPUIMEHT THUAPABAWYECKOTO COINPOTUBAEHUS PEeIIeTKU 110
ra3oBoM (pase, ompepeAsieMBIY II0 OAHOM M3 IIPUBEAEHHLIX BHIIIE (QOPMYA;
m — KO3(@UINEHT B3BECH, OIpPEAEeAseMBI KaK OTHOIIEeHWe MacCCOBBIX
pPacxopaoB TBepAOM U TaszoBoM da3; K — Ko3(pOUIUEHT, 3aBUCAIINUN OT
XapaKTEPUCTUK TBEPABIX YACTUI] U PACHPEAEAUTEABHOU PEelIeTKY, OIPEAEASTeTC s
110 YPaBHEHUIO

(i\ 0,4(1\ 0,2

LdoJ Lp) '

rae d, — DKBUBAAEHTHHIU AWAMETP 4acCTUl], MM.

K = 0,552d;%°
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HenpoBaabHbBIE pacIpeAeANTEAbBHBIE PelIeTKH OOLIYHO COCTOAT U3 TPyO-
HOMU pelIeTKU (HAMTHI), B KOTOPOM 3aKpeNAeHBbl KOATAYKM TOM WAM WHOM KOH-
cTpyKiuu. B KauectBe npuMepa Ha puc. XVIII-10 moka3zaHbl BapUaHTHI KOHCT-
PYKIUM KOAIQUuKOB. [IAOINapab IIONEPEeYHOro CedYeHUsI BBIXOAHBIX OTBEPCTHUM
KOATIQUKa MeHBIIle, YeM MAOIIaAb BXOAHBIX CedeHUM NaTPyOKOB, UTO IIO3BOASIET
CO3AAaTh AOCTATOYHO OOABIIYIO CKOPOCTb Ta3a IIPU BBIXOAE B CAOH. UTOOBI
YMeHBIINTL BO3MOJKHOCTH OOpa30BaHUS INy3BIpeN, pPeKOMeHAyeTcsd u30eraThb
CTOAKHOBEHMS Ta30BBIX CTPYM, BBIXOAJIINX M3 OTBEPCTUM CMe’KHBIX KOAINAQY-
KOB.

ConpoTUBAEHHE KOAIIQUKOBOM peIIeTKU MOJKHO OIPEAEAUTb IO ypaB-
HEHUIO

Ap, = 3.1(1- ¢*WZ,p.



