AEAAA XII ONOAEAATEA

PazpeneHue AMCIHEPCHBIX CUCTEM IIOA A€MCTBHEM CHABI 3€MHOTO
NPUTSPKEHUsT Ha3bIBAlOT omcmauBaHueM. Ecau pucnepcHas dasa (B3BellleHHBIE
YaCTUIBl UAM KAllAM JKUAKOCTH) UMeeT IAOTHOCTH BBIIIE, UYeM AUCIEPCUOHHAs
(cmaomHag) pa3a, TO OHAa ABMIXKETCS BHU3 M, AOCTUTHYB OIPAaHUYUTEABHOU IIO-
BEPXHOCTH, 00pa3yeT CAOM OCAAKA WAM TSKEAOM JKUAKOCTHM M HAOOOPOT, eCAU
IIAOTHOCTBb AUCHEPCHOU (ha3bl MEHBIIe, TO YaCTHUIBLI BCIABIBAKOT. [Tocae paspe-
AeHusa a3 OHU MOI'YT OBITH BBEIBEAGHBI M3 allapara paspeAbHoO. Ilpomecc oT-
CTaWBaHUS IIMPOKO NIPUMeHseTCsl B HedTerazonepepaboTke U He(PTEeXUMUU AAT
00e3BO’KMBAHUS U 00eCCOAUBAHUSA HEMTHU, OTAEAEHUS AMCTHUAAITOB OT BOABI IIO-
CAe NEePEeTOHKU C BOASHEBEIM IIapOM, OYMCTKMU He(TAHBIX TONAUB OT 3arps3HeHUM
(BOAQ, 4YacTMOBI KATaAW3aTOpPa, IPOAYKTBEI KOPPO3WH, COEAUMHEHUS KpeMHU,
KaABbLIMS, AAIOMUHUSA), OTAEACHUS ra3a OT JKUAKOCTH B ra3ocelapaTropax, O4YHUCT-
KM CTOYHBIX BOA OT 3arpsa3HeHul (HeTh, HeTEIPOAYKTEL, He(TeCOAEP KAILLNNU
1AM, M30BITOUHBIM AKTUBHBIM WA, TBepAble MeXaHWYeCKUe IIpUMecH) U T.II.
Ba)KHBIM IIOKa3aTeAeM IIpoIlecca OTCTAWBAHUSA SBASIETCS CKOPOCThb OCAKAEHUS
YacTUI, IIOA AEUCTBUEM CHUABI TIXKECTH.

NETDTCOU TCAEAATER

PaccMoTpuM npoliecc oTCTaMBaHUS Ha IIpUMepe OCaKAeHUs da-
CTUIIBI IIapooOpa3Ho¥ ¢opmel. Ha gacTuily, HaxoAAIIyIoCcd B JKUAKOCTH (pHC.
XII-1), AeVICTBYIOT CHAQ TAKECTH, PaBHAd BeCy YaCTHUIIH,

nd®

G=P.975
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Puc. XII-1. Cxema AeNCTBUSI CHA Ha 4acTUIly, ABH-
JKYHIYIOCS B HEIIOABVDKHOM Ccpeje

G

U IOABEeMHas CHUAQ, KOTOpas IO 3aKOHY ApXHUMeAa paBHA BeCy JKHUAKOCTH,
BBITECHEHHOM 4acCTHUIleH,

3
" nud
G'=p, 9=
raAe Py, — IIAOTHOCTH B3BeEII€eHHBbIX 4YaCTUIL;, O, — IIAOTHOCTH CIIAOIIHOM qf)a3bl;

g — YCKOpeHue CBOGOAHOI‘O HapeHust; d — AVdaMeTP YaCTUIIHI.

Ecau Pg > Px, TO YACTUIIA HAUYMHAET ABHUIAThBCSd BHU3 C YCKOPEHUHEM. Cpe,A,a
OKA3bIBAeT COIIPOTUBACHUME ABHMJKEHUHIO YACTHUIIBI, OIIpepAeAnsieMoe B O6U_IeM CAY-
4yae 3aKOHOM HrioTOHa:

2
R= Epmiw '
rae & — Ge3pas3MepHBIM KO3(PUIIMEHT CONPOTUBAEHUS cpepbl; W — CKOpoCTb
ABIDKEHMS (OCa’KA€HMS) YaCTUIB]; S — IIAOIIAAb IIONIEPEYHOr0 CeYeHMST YaCTHUIII
(AAst mapoo6pasHo# yacTumel, S = nd %/4).
Ha ocHOBe 3akoHa O PaBEHCTBE CHABl INIPOM3BEAEHUIO MAacChHl Ha YCKO-
peHHte IOAyYaeM

n™ _Gc-c-Rr
dt

I/ITaK, CKOPOCTHb ABUWXEHUA Oca}KAaI'OU_[eI;ICﬂ JaCTUIbI y‘BeAI/I‘II/IBaeTCH, HO
OAHOBPEMEHHO pAacCTeT U COIIPOTHUBAEHHE CPEeABL R . Ha OIIpEeAEAEHHOM anCTKe
HYTI/I CKOPOCTh 4YACTHUIbI AOCTUTd€T BEAMYUHEI, IIPpU KOTOpOﬁ COIIPOTUBAEHUE
cpeabl R OKasbIBaeTCsi paBHBIM ABUXKyIIed cure G — G’ , M TOTAQ AaAbHeMHIee
OCaXAeHHe 9YaCTUIbl B CpeAe IIPOUCXOAUT C IIOCTOAHHOU CKOPOCTBIO, HA3bIBae-
MOM CKOPOCMbIO OCakgeHust (oTcTauBauusi) W, .. 3amuceiBasi 3TO yCAOBUE

G-G—-R=0

U IIOACTABAMAA PAa3BepPHYThIE 3HAYEHUA CUA, IIOAYUYUM

nd® nd®  gp,nd? W2
na @ SPxT® Poe _ . XII.1
Pag == Pxd YR (XIL.1)

OHpeAeMeM CKOPOCTB OCa’>XAeHUsA
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W, - 4(pa=palg (XI1.2)
3 pxE

Beamumba Ko3(uileHTa COIMPOTUBAEHUS CPEAbl & 3aBUCHT OT pPe’kKuMa
ABIDKEHUS (OCaKAEHUS) YaCTUIIBL. AASd OUeHb MEAKMX YacCTUIl UAU IPU OOABIION
BSI3KOCTH CPEABl, KOTAQ CKOPOCTb OCA’KAEHUSI Maad, COIPOTUBAEHUE CpPeABI
IIPO4BASIETCA B OCHOBHOM B BUAe TpeHUs (puc. XII-2, a). B cooTBeTCcTBUU C Tep-
MHHOAOTMEN TUAPABAUKU TAaKOE OCA’KACHHE HAa3BbIBAIOT IIPOUCXOAAIINM B AQMU-
HAPHOM peXXkuMme.

ITpu oca>kpeHHH B MaAAOBI3KOM Cpejpe CPaBHUTEABHO KpPYIIHBIE YaCTHIIBI
IpuoOpeTaroT OTHOCUTEABHO OOABIIYIO CKOPOCTh, U TOTAQ COIPOTHUBAEHUE Cpe-
ABlL IIDOSBASIETCSI B OCHOBHOM B 0O0Opa30BaHUU TypOYAEHTHBIX BUXpPeHN; TpeHHe
UrpaeT MOAYMHEHHYIO POAB, ¥ €r0 BEeAWUYMHY He YUHUTBHIBAIOT. TaKoe OCa’KAeHUe
Ha3BIBAIOT IPOUCXOALIINM B mypOyAeHmHOM pexume (puc. XII-2, 0).

Bo3MO>keH TakXe U NPOMEXYMOUHbIl (nepexogHblil) pexuM, IPU KOTOPOM
3HaYeHUsI COIIPOTUBAEHMS OT BUXPeoOpa30BaHMUs U TPEHUS COIOCTaBUMEL.

[MTepexop OAHOTO BHAQ ABIDKEHUS B APYTOM XapaKTepU3YyeTCsS YUCAEHHBIM
3HaueHHeM Kpurepus PeliHoABACA
Re = Wocdpm .

w
TA€ U — BSI3KOCTBb CIIAOIITHOM CpPEABI.

OKCIIepUMEHTAABHO YCTAHOBAEHO, UTO AAMUHAPHEBEIM PE’XUM HMeeT MeCTO
npu Re < 2,0 (OTA€ABHBEIMU @BTOpPaMU IIpeAEAbHBIe YHMCACHHBIE 3Ha4eHUd KpUTe-
pug Re, COOTBeTCTByIOIIME AGMUHAPHOMY DPEXUMY ABUJKEHUS, NPUHUMAIOTCA
ot 0,2 po 2,0), TypOyAeHTHBIN peskuM HabAtopaeTcs npu Re = 500, a mpu 2,0 <
< Re < 500 cy1iecTByeT IepPeXOAHBIN PEKUM.

Puc. XII-2. CxeMa ABM)XEHHSI TBEPAOTO TeAa B CpeAe:
4 — [pu AAMUHAPHOM peXuMe; @ — IpHU TYpOyA€HTHOM pekuMme
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AAs IapooOpa3HBIX YaCTHUll, ABHXKYIIMXCS B AAMHHAPHOM pe’kuMe, 3Haue-
HUe KO3 (UITMEeHTa CONPOTUBACHUSI & MOXKHO OIPEAEAWTH U3 YpPaBHEHUS § =
= 24/Re (3akoH CTOKCa), ABWKYIIMXCS B IIEPEXOAHOM pexmme — § =
= 18,5/Re”® u B TypOynreHTHOM peskume £ = 0,44,

Ilpu onpepereHUMHM CKOPOCTH OCaKAeHUd No ypaBHeHuto (XII.2) mHeobOxopu-
MO 3HATh 3HaueHUEe KO3((PUIIMEeHTa CONPOTHUBAEHUS &, 3aBUCSIIETO OT Heu3Be-
CTHOTO IIOKa pe’kMMa OCa’KAEHUS, AAS IIOACUeTa KOTOPOI'O AOAKHO OBLITH H3Be-
CTHO HMCKOMOEe 3HaueHUe CKOPOCTU ocakpeHUs. [ToaToMy Ipu pacueTax 3apa-
IOTCSI PE’KUMOM OCa’KAEHHS, a IIOCAe olpepereHuss W, . IPOBOAST IIPOBEPKY, BHI-
yrucAsisi Re U ompepensisi TeM CaMbIM PeXXUM, T.e. PacueT BEAEeTCS MeTOAOM IIO-
CAEAOBATEABHOTO IIPUOAMIKEHNS.

PemuTh 3Ty 3apaqy MOJKHO TaK)Ke HCIOAB3YS KpPHUTepHaAbHOEe ypaBHEHUE
orcrauBanusg. 13 ypaBHerus (XII.1) onpeapeastroT 3HaueHue &:

E _ é (pq - px{)dg
3 p)KWQZC .

[Mocae yMHOKeHUsT 06enX 4acTeil paBeHCTBa Ha Re’
(04~ P )9 w2a?p2
2 2
PxWoc n

Re? = 2
ERe’ =2

U IIpeoOpPa30BAHUU ITOAYUYUM:

(e

2

4
ERe* = =
3 w

BespasmepHas ApoOBb B IIPAaBOM YaCTH PABEHCTBA SABAIETCA MOAU(UKALVEU
Kputepus ApxmMmeaa
ERe?= %Ar (XIL3)
UAU

0,5
Re = 1,155{ A1)
\g)

d*(py - P Joxg

2
u

B cocraB omnpepeadioniero Kpurepus Ar = BXOAST TOABKO
BEAWYNHBI, XapaKTepU3ylolllie AUCIEePCHYIO CUCTEMY.

IMoactaBasia B ypaBHeHme (XIL.3) rpaHuuyHBIe 3HaueHUs KpuTepus Re apas
Pa3AUYHBEIX PEXMMOB ABHMYKEHUS YaCTHUIILI 1 COOTBETCTBYIOUINE 3HAUeHUS KOd(d-
(pULMEeHTa CONPOTUBACHUS & AAS IMIAaPOOOPA3HBIX YACTHUI], TTOAYYUM TPAaHUYHBIE
3HAQUYeHUS KpUTepud Ar: Ipu AaMUHAPHOM pekuMe Ar < 36, TypOyAeHTHOM pe-
xuMme Ar = 82500 u nepexopnom 36 < Ar < 82500.

Torpa, 3Hag 3HaueHUe Re, BHIUMCASIEM UCKOMYIO CKOPOCThH OCa’KAEHUS

W,.=Re-%_.
Pxd

B mponeccax oTrcranBaHWSA HAWMOOABIINN HWHTEPEC AAS PACUYETOB PA3MEPOB
anmapara NIPeACTABASIET AAMHUHAPHBIM PEXUM OCAKAeHUsS. B sToM  caydae
IOACTaBASISI 3HaueHUe § = 24/Re B ypaBHeHme (XII.3), moayuum
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Re = 1iSAr. (XIL4)

INopcTaBuB B ypaBHeHue (XII.4) 3HaueHusa kpurepueB Re m Ar u npoBepd
psA IpeoOpa3soOBaHWM, IIOAYYHMM pAcyeTHOE YpaBHEHHE AAS  OIPEAEACHUS
CKOPOCTU OTCTAaWBaHUS NPU AAMUHAPHOM DPEKUMe, U3BEeCTHOE KaK YypaBHEHHE
Crokca:

d*(py - px )9
18u '

W3 ypaBHeHus (XIL.5) caepyeT, 4TO MHTEHCU(PULIMPOBATH IIPOIECC OTCTAU-
BaHU4, T.e. yBEAUUYUTH CKOPOCTb OCA’KACHHUS YaCTHI] MOKHO IIyTEM BO3AEHUCTBUSA
Ha CBOWCTBA CHCTEMEl, U3MeHdd HCXOAHBIE 3HaueHHd d, W U PA3HOCTBb Py Px
Tak, yKpyImHeHMe 4acTUI] MOJKeT MPOUCXOAUTEH IIPHU BO3AEMCTBUU KOAryAsTOPOB
UAM B IIOAE AENCTBHUSA BAEKTPUYECKHUX CHA; BI3KOCTH M PA3HOCTb IIAOTHOCTEN
MOJKHO M3MEeH4Th 3a CYeT IIOBHIIIEHUS TeMIepaTypbl MAM IIpU AOOaBAEHUU B
CUCTEMY pPacTBOPUTEAEHN, UMEIOIUX MEHBIIYIO BA3KOCTb W IIAOTHOCTb.

Ilpu pacueTe CKOpPOCTEN OCA’KAEHUSA YaCTHUI, B Ta30BBEIX CYCIEH3USAX MHAOT-
HOCTBb TBEPAOM UAM >KMAKOM YaCTHUIBI IIPUMEPHO Ha TPHU IIOPSAKA BBIIIE MAOT-
HOCTH rasa p,. [IpeneOperass BeAUUNHOU IIOCAEAHETO, IIOAYUYAIOT OOyt (opmy-
Ay AASL CKOPOCTH OCa’kKAeHUs u3 ypaBHeHUs (XII.2)

4 pyd
W = __9"
V3 n.E

a u3 ypaBHeHud (XIL.5) AAd AaMUHAPHOTO pe’kmMa

W =

oc

(XIL5)

d’p,
W, =29
18u

AAs BCceX peXMMOB OCa’KA€HUSI KpuTepuii Re, a crepOBaTeABHO, U CKO-
POCTb OCa’*kKAE€HUS MOI'YT OBITh TaK)Ke BBIUHCAEHBI B 3aBUCUMOCTU OT KPUTepHUS
Ar:

Re=— AT (XIL6)

18+ 0, 575V Ar

B mpuBepeHHOM ypaBHEHUM IPU MAABIX 3HAUEHUSIX AT, COOTBETCTBYIOIIUX
MaAOMYy AMAMeTPy YacCTHll, BTOPLIM CAaraeMbIM B 3HaMeHaTeAe MOJKHO IIpeHe-
Opedub, M TOTAA 3TO ypaBHeEHUe OYAET COOTBETCTBOBATb AAMUHAPHOMY PEKUMY,
YTO BBIpa’kaeTcs 3aKoHOM CTokca [cM. ypaBHeHHe (XII.4)].

B cayuae TypOyAEHTHOTO ABMIKEHUS NIPU OOABIIIOM 3HaYEHUM IapaMmeTrpa Ar
IIEePBBIM CAAraeMbIM B 3HaMeHaTeAe MOJKHO IIpeHeOpeuyb, W TOTAa YypaBHEHUe
IIPUMET BUA

Re = 1,74V Ar.

HpI/I IIPOMEXYTOYHOM pPeXXUuMe OTCTAMBAHUSI CKOPOCTH OCaXAEHUS OIipe-

AeAsieTcsl u3 oOulero ypaBHeHus (XIL.6).

[TpuBepeHHBIE BBIIIE 3aBUCHUMOCTU CIIPABEAAUBEHI AASI  YaCTHI[ I1apooOpasHOM  (hOPMEL.
Yactunpl, popMa KOTOPHIX OTAWYAETCS OT IapoOOpPasHBIX, OCAa’KAQIOTCS C MEHBIIeN CKOPOCTHIO,
TaK KaK B 3TOM CAydYae Cpepd OKa3bIBaeT OOAbBIIee CONpPOTHUBAEHHE. [TOCKOABKY ILIap Cpead BCeX
reOMeTpUuiYeCKUX TeA PAaBHOTO oO6beMa M MAacChl HUMeeT HAUMEHBIIYIO I[IOBEPXHOCThL, TO BBEAEM
MOHATHE Koagguuuenma HecgepuuHocmu
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o=fu/f

IAe f, ¥ f — IAOIIAAb IIOBEPXHOCTH YaCTHUI[ COOTBETCTBEHHO IIapoOOpa3HON M HEIpPaBUABHOM
(dOopMEI paBHOTO OO'BEMA.

KosdduiueHT ¢ AAS 4YacTUI, HeEIPAaBUABHOM (OpPMBI Bceraa MeHblle 1,0 M HaxopUTCSA
SKCIIEPUMEHTaABHO. 3HaueHHs KOI(P@UIMEHTa ¢, II0 AUTEPAaTyPHBIM AAQHHBIM, AAS  4acCTHI]
pa3auuHoOr (HOPMEI caepyiomme: okpyraas — 0,77, yraoBaras — 0,66; mpopoaroBatas — 0,58;
nAaactuHyaTtas — 0,43.

CKOpPOCTb OCa’KACHUS YaCTUIIBI HENPABUABHOM (POPMBI OIPEAEAseTCS B 3aBUCHMOCTHU OT
CKOPOCTH ocakpeHUss W, | 1TapooOpa3HOM YacTUIIBEI TOTO Ke oO0beMa M MacChl U3 BhIPaKeHUs
Wee = oW,

o

r

Anst pacyeTa BeAWduHBI W, AMaMeTp 5KBUBAAEHTHOTO IIapa OIPEAEASeTCS U3 BBIPasKeHUs

i
d, =%“€‘EV —124 Yv —1,24 32,
m Pu

rae VE m — COOTBETCTBEHHO OOBEM M MacCa YaCTHILI HEIIPABUABHOM (POPMEL.

AAsl pacdeTa CKOPOCTA OCa’KAEHHSI YacCTUI, HEIPAaBUABHOW (DOPMBI HHOTAQ MCIOAB3YIOT
Koapuyuenm Gopmbl P, SIBASIOIMIUNCS BEAMUYUHOM, 0OpaTHOM Ko3(pUINeHTy HechHepUIHOCTU U
PaBHOM OTHOIIEHUIO IIAOIIAAW IOBEPXHOCTH YaCTHUIBI f K IIAOIIAAM ITOBEPXHOCTH PaBHOBEAMKOTO
1o o0beMy HIapa fy:

V=S S

INpu ucnoab3oBaHUM Kod(ddunnenta GopMbl CKOPOCTE OCA’KACHUS YaCTHUIIBI HEIPAaBUABHOU
(bOPMEI OIIPEAEAsIETCS U3 BBIPa’KeHUS

WOC = WOLu/w N

OuucaHHBIM BEIIIE IPOIECC OCAKAEHWS YacCTUIl U IIOAyYeHHBIE pacyeTHEHIe
YPaBHEHUS CIIPABEAAMBEL KaK AAS HEIIOABUIKHOM, TaK U AASL ABMIKYIIEHCS CPEABL.
B mocaepHeM caydae CKOPOCTH OCa’KACHUS MPEACTaBASIET COO0M OTHOCHUTEABLHYIO
CKOPOCTB.

IMpu ABMIREHUM CpeABl U OCa’KAQIOIIEHCS YaCTUIIBI B OAHOM HAITPaBAEHUU
CKOPOCTh OCa’KAEHUSI paBHaA

WOC = WO.'-I + W)K’

rae W, u W,, — CKOPOCTb ABUJKEHUSI CPEAbl U OCAKAQIOIIENCS YaCTUIbL
COOTBETCTBEHHO.

I[Mpu ABWKEHUM CpeAbl W YaCTUIBI B Pa3HBIX HAIPaBAEHUAX CKOPOCTh
OCa’>kKAEHUS COCTAaBUT

WOC = WO.‘I - W}K'

[TpuBepeHHBIE BEHIIE pacueTHBIE (DOPMYABI CIPABEAAUBHL AAST OCAKAEHUSA
OMAMHOYHOM YaCTUIIBI U AASI AMCIIEPCHBIX CHCTEM C HEOOABIION KOHIIeHTpaliuen
B3BEIIIEHHBIX YACTHI, T.e. B CAydYae, KOTAQ OCA’KAEHUE YaCTHUI] He BBI3BIBAET UX
B3aUMOAEMNCTBUS: CTOAKHOBEHMS, ABMJKEHUSI OAHOM YACTHUIILI BCAEA 3a APYIOM U
T.A. Tako¥M 1polecc OCaXKAEHMS 4YacTUl] [PUHATO Ha3blBaThb CBOOOGHBIM

OoCca’>XKgeHueM.

[Ipu BBICOKOW KOHIIEHTPAIMU OCEAQIONIUX YaCTHUI] HEeOOXOAMMO VYWUTHIBATH HX B3aUMO-
BanusHUe. Oca’kpeHNe YaCTHI] B CPeAe C BEICOKOM WX KOHIIEHTpAaIllel XapaKTepU3yeTCs SIBACHUSMH
KaK CIIOCOOCTBYIOIIMMU YBEAMYEHHUIO CKOPOCTU OCA’KAEHMS, TaK U 3aMEAATIONIUMU 3Ty CKOPOCTb.

Hanpumep, coyaapeHHe 4acTHI] MOJKET COIIPOBOJKAATLCS UX arAoMepalyuel, 9TO yBeAHMYHUBaeT
CKOPOCTb OCa’KACHWS; ABMJKEHHE OAHOM YaCTHUITLI BCAEA 3a APYTOM Tak’Ke IIOBHIIIAET CKOPOCTH
OCa’KAEHMUSI; CONIPUKOCHOBEHNE OCa’KAQIOIINXCS YaCTUL, OOYCAOBAMBAET AEMCTBUE AOIOAHUTEABHBIX
CHUA TPEHUS, 3aMEANSTIONIUX OCa’KACHUE, U T.A.

OTcTavBaHMe YaCTUI[, B CPeAe C BBICOKOM MX KOHI[EHTpAaIleld Ha3BIBAIOT CMeCHEeHHbIM
ocaxkgenueM. C yBeAMYEHHWEM KOHIIEHTPAIlMM B3BeIEHHBIX YaCTHUI] B CYCIIEH3WH yMeHBIIaeTCs
OTHOCHUTEABHAs AOASI 00beMa CPeAbl, B KOTOPOM HAaXOASTCS OCa’KAQIOIIUECs YaCTUIIHL.
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O6038auuB yepe3 V, 0ObeM 4YacTull, a 4epe3 V., — 0OBEeM CPeABl, IIOAYYUM
V,

K

Vo + V|

V3yueHne sBAeHUSI CTeCHEHHOTO OCa’KA€HHsI ITOKa3blBaeT, YTO ero ckKopocTbh W, . sBAsercs
(dYHKIHEN OTHOCUTEABHOTO OOBbeMa CPEABl € U KPUTepUs APDXUMeEAQ, T.e.

Re, .. = f(Ar, ¢).

[pu cTeCHEHHOM OCAXAECHUM AAS pacdyeTa KpUTepus PelHOABACA, a CAAOBATEABHO, U CKO-
pOCTH CTEeCHEHHOTO OCa’KAeHHSI MOXKeT OBITh HCIIOAB30BAaHO ypaBHEHHe, CIPAaBeAANBOE AN BCEX
TUAPOAMHAMUYECKUX PEKUMOB (A@MUHAPHOIO, IEPEXOAHOTO U TYpPOYAEHTHOIO):

4,75
Re, = — &' (XIL7)

' 18+ 0,575y Arg 47

OTMeTuM, 4TO, KOrAa € = 1, ypaBHeHue (XIL.7) coBapaeT ¢ paHee NPUBEACHHBIM ypaBHeEHUEM
(XII.6), cIpaBepAUBEIM AASL CBOOOAHOTO OCA’KACHUS.

TOTECATAEOAEUTTNOU TONOTETEETA

Ha puc. XII-3 mpeacTaBAeHa cxeMa pabOTbl OTKPBITOTO OT-
CTOMHMKA NPSAMOYTOABHOM (POPMBI AASL JKUAKOM CYCIIEH3UH, COAepiKalllel TBep-
Able yacTunsl. [locTymnaromniast B OTCTOMHUK JKUAKOCTE ABHYKETCSI TOPU30HTAABHO
CO CcpepHel CKOPOCTBIO U. HacTUIILI IIOA AEMCTBUEM CUABI TSKECTH ABUTAIOTCS C
IIOCTOSHHOU CKOPOCThIO W, K AHUIILY U OAHOBPEMEHHO BMeCTe C >KUAKOCTBHIO
BAOAB OTCTOMHHKA CO CKOPOCTHIO v. Bpems HaXO>KAeHUS >KUAKOCTU B OTCTOM-
HHUKe PaBHO AAMHE eTO IIyTHU, AeAeHHOM Ha CKOPOCTb ABWJKEHUS, U COCTABASET

T, = I/v.
[TpOAONKUTEABHOCTE OCa’KASHUSI YaCTUIILI Ha AHO OTCTOMHHMKA B CAyYae,
KOTA@ YaCTHIlA Havana CBOU IyTh OT IIOBEPXHOCTH KUAKOCTH, paBHA
h
w,

oc

A
|

oc

Ecam 1, = T,, TO YaCTUIA OCSAAET; B IPOTUBHOM CAy4Yae KUAKOCTb yYHECET
ee c coboi. B mpepeAbHOM CAyYae (mpu T,. = T,) IIOAy4YaeM, 4TO
1

c

h
WOC

11

Puc. XII-3. Cxema paboThl OTCTOMHHIKA:
b I — cycnensus; II — ocBeTA€HHasl JKUA-
- > KOCTB; III — BBEIIPYy’KaeMBIM OCAAOK
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Ilpu 3apaHHBIX pasdMepax OTCTOMHUKA I, h, b MOXHO HAUTU AOILYCTUMYIO
MaKCHUMaABHYIO CKOPOCTBH ABIDKEHUS KMAKOCTU, IPU KOTOPOU TBEpABIe 4acTU-
IIBI OCIAYT Ha AHO OTCTOMHUKA!

_ 1
v =W

oc

h

OOBEeMHBIM pPacxop >KHUAKOCTH V, Ipolleplllel depe3 OTCTOMHHK 3a 1 ¢,
paBeH IIPOM3BEACHUIO CKOPOCTU IOTOKAa Ha IAOIIaAb €ro IOIepedHoro cede-
HUug S

V = Sv = bhv

rae S = bh.
IMoacTaBAsIst BEIpa’KeHNE CKOPOCTHM IIOTOKA U W3 IIPEABIAYIIEro pPaBeHCTBa,
IIoAy4YaeM

V = bhW, I/h = bIW,. = FW,,

T.e. KPOME CKOPOCTU OCa’KAEHUSI IMPOU3BOAUTEABHOCTH OTCTOMHUMKA OIIPEAEAsi-
eTCSI TOABKO ero TMAOIIAABIO B TAaHe F. AHaAOTMYHAS 3aBUCUMOCTH TIOAYYAETCS
U AAS OTCTOMHUKA MEPUOANYECKOTO HAIIOAHEHUsI, HAalIpUMep AAS pe3epByapa.

AnmnapaTel AAI OTCTaMBaHUSA AUCIEPCHOU das3bl (HegpmeroByuw-
KU, IPOAYKTOAOBYIIIKH, IIECKOAOBKH, OMCMOUHUKU, HepmeomgeAumeAu, ra3oce-
napamopsl, IPyABI-OTCTOMHUKHY), IPUMEHsAeMble Ha HedTerasonepepabaTbIiBarO-
mKUX U HedTeXUMUYECKUX 3aBOAAX, Pa3HOOOpPa3HbEl IO KOHCTPYKTUBHOMY
0OPMAEHHUIO, YTO BO MHOTI'OM OIIPEAEAseTCS PAa3AUYHBIMHU YCAOBUSIMHU IIPOBEAE-
Hu4 npoliecca. [IpuBepeM onmcaHMe TOABKO HEKOTOPBIX KOHCTPYKIIMH.
HedreroBymku. Ha puc. XII-4 npeapcTaBAeHa KOHCTPYKIIMA THUIIOBOM Hed-
TEAOBYIIKY, IIPEAHA3HAYEHHOU AAS OUMCTKU He(Tecopep’KalluX CTOYHBIX BOA
oT HedTH, He(PTENPOAYKTOB M TBEPABIX MEXaHMUECKUX IIpuMeced. Apg obecre-
yeHUs OecniepeOOMHON paboOTHl He(TEAOBYIIKU AOAKHBI MMeTh He MeHee ABYX
IIaparreAbHO paboTaroliux ceKiui. Ka>kpas ceKiusg COCTOMT M3 Kopuyca I, B
KOTOPOM YCTQHOBAEH CKPeOKOBBIM TpaHCHOPTep 4 C IPUBOAOM 3 AAS CTOHA
BCIABIBAIOIINX HeITEIIPOAYKTOB U CABUTa OCapKa B IPUAMOK 7. HacTOTa BKAIO-
YeHUs CKPeOKOBOTO MeXaHM3Ma AOAKHA OBITh TAKOW, YTOOBI TOAIIIMHA CAOSI Ha-
KOIIUBIINXCS He(MTENPOAYKTOB He IPEeBBIIIaAa BBEICOTHL Opyca CKpPeOKOBOTO
TpaHcnopTepa (100 MM), HO He pe’ke OAHOIO pasda B cMeHY. IlepdopupoBaHHas
Ieperopopka 2 IpepHasHadeHa AAS PABHOMEPHOI'O pPacIpepeAeHUs IIOTOKa II0
CeueHUIO aIllapaTa, a FAyxas IeperopojpKa 6 — AAS OTAEAeHUSI CAOS YMCTOM BO-
ABI OT 30HEI OTCcTanBaHUud. HedTeroBymiKa obopypoBaHa HePTeCOOPHBIMHU TPY-
0aMmu 5 C py4YHBIM NPUBOAOM. YAAAeHHE OCapKa M3 NPUAMKA OCYIIECTBASETCS
TUAPODAEBATOPOM 8 UAM Uepe3 AOHHBIE KAamlaHBI. [lopada BOABL B THAPOSAEBA-
TOP M OTBOA OCAAKA PEryAUPYIOTCS 3aABMIKKAMU 9 C 3AeKTPOIPUBOAOM. B Kaxk-
AVIO CEKIIMIO CTOYHas BOA@ ITOABOAUTCS HE3aBUCHUMO OT APYTUX. [IpuMeHSIOTCS
He(TEeAOBYIIKA HECKOABKUX THUIIOB, PA3AMYAIONINXCS IIPONYCKHOM CIOCOOHOC-
TBIO OpAHOM cexmmu: 18, 36, 54, 81 m 198 M3/4. CpepHsAI CKOPOCTH ABVIKEHUSI

CTOYHBIX BOA B He(DTEAOBYIIKE 5 MM/U.

AAst oBBIIIeHUST 9((PEKTUBHOCTA MEXaHUYECKOM OUMCTKU He(TeCOAepIKAIUX CTOYHBIX BOA,
COKpAIllleHHUsI 3aHUMAaeMOU TIAOIIAAM ¥ CHUJKEHWST KallMTaAbHBIX 3aTpaT IeAecoOo0pa3Ho MpUMeHe-
HUe MHOTOIIOAOYHBIX He(TeAOByIIeK. B Tako#l HedTeAOBYIIIKe IPOCTPAHCTBO BHYTPU CKPEOKOBOTO
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Puc. XII-4. HedpreroBymka:

1 — kopmyc; 2 — nepdopupoBaHHas IIePEropoAKa; 3 — IIPUBOA CKPeOKOBOTO TpaHCIOPTepPa; 4 — CKPeOKOBHIM TpaHCHOpTep; 5 — HedTecObopHas
TpyOa; 6 — Ieperopopka; / — IPUIMOK ; 8 — IHAPO3AeBATOpP; 9 — 3aABUIKKU C JAEKTponpuBopoM. IToToku: | — crouHas Bopa; |l — ouunilenHas
BoAQ; Il — Bopa B ruaposaeBatop; IV — miaam



TPAHCIIOPTepPa 3allOAHEHO IIOAOYHBIMHA OAOKAMHM, OOPA30BAHHBIMU U3 HAKAOHHBIX ITAPAAAEABHBIX
IIAACTHH, PACIIOAOKEHHBEIX BAOAb TeUeHHsT JKMAKOCTH. PaccTosHue MeXXAy CMeXHBIMM IIAACTHHAMH
cocraBasieT 50+70 MM, yroA HaKAOHA K TOPU3OHTY 45° U BEIIIE, YTO OIPEAEASIETCS YCAOBUSMU HOP-
MAaAbHOTO CIIOA3AHHMsI OCAAKA C IIAACTHH. YMEHBIIEGHHE BBICOTBEI CAOS OTCTAMBAHMUS B MHOTOIIOAOY-
HBIX He)TeAOBYIIKAX IMO3BOASET COKPATUTh IPOAOAKUTEABHOCTh OTCTAMBAHMUA He(TeIpOAYKTOB,
BBIAGAMBIINXCSI U3 CTOUHBIX BOA, @ TaKyKe 3aMeApAUTh TypOyAeHTHOe IepeMellMBaHue paboyero Io-
TOKAa KOHBEKIJMOHHBEIMH M IIAOTHOCTHBEIMH TOKAMHM, BCAEACTBHE Uero IOBHIIIAeTCS 3(P(PeKTUBHOCTH
OYMCTKH. B HacTrosiee BpeMs MHOTOIOAOYHBEIE He(TEAOBYIIKH MOTYT OBITh PEKOMEHAOBAHBI AAS
OYKCTKU HedTeCOAEPIKAIIUX CTOYHBIX BOA OT CBETABIX He()TENPOAYKTOB, He MMEOIIUX B CBOEM CO-
CTaBe BBICOKOBSI3KMX 3arpsi3HEHHHN (TsKenas HedTh, CMOABI, Ma3yT, IapaduH), KOTOPbIe HAAWIAIOT
HAa TOBEPXHOCTH NAACTHH ITOAOYHBIX OAOKOB, U4TO 3aTPyAHseT paboTy ammapara.

PapnanbHBIE He()TEAOBYIIKM IHPEACTABASIOT COOOM >KeAe300eTOHHBIE 3a-
TAyOAeHHBIE OTKPBITHIE pe3epBYyaphl IIUAMHAPWUYECKOM (DOPMBEI C KOHWUYECKUM
AHUIEM. B KOHCTPYKIIUHU, IIPeACTaBAeHHOU Ha puc. XII-5, a, mpuMeHeHa HOBasd
CHCTeMa pacIpepeAeHUs CTOYHOM BOABI, KOAKCHAAbHO-KO3BIPBKOBBIM BOAOPAC-
NIPEAEAUTEAD [, TIO3BOAJIOIIVIN B 3HAUUTEABHOMN CTEIleHU IMOBBICUTH KO3 dunu-
€HT HCIIOAB30BAHUSA OOBeMa COOPYKEeHHSA. OMYABCHUS ABWJKETCSI B PAAUAABHOM
HallpaBAEHUM OT IeHTpa K Iepudepuu ¢ NOCTOIHHO YMEHBIIAIIIeNcsa CKOPO-
CTBIO. ANST VAQAEHUS C IIOBEPXHOCTY BOABI BCIIABIBIINX HeTH U He(TEIPOAYK-
TOB U OOpA30BaBIIEroCsI Ha AHE OCapKa He(TeAOBYIIKa 000OpyAOBaHa BPAIAO-
mierics pepMoit 5, yCTAaHOBAEHHOM pPapMasbHO, ¢ HepTecOOpPHBEIMU 9 U AOHHBIMU
4 ckpebkamu. HedTecOopHble CKpeOKM 9 MOAAEPIKUBAIOTCS B BEPTUKAABHOM
IIOAOKEeHUU MPOTUBOBECOM [5 U C IOMOIIBIO IIapHUpa [4 COepMHSAIOTCS C Bpa-
miatornetica gepmoit (puc. XII-5, 6). BepxHsasa KpomMKa HeTeCOOPHBIX CKPeOKOB
BBICTYIIae€T HaA IIOBEPXHOCTBIO JKUAKOCTU M IIPU ABMJ)KEHUHM CKPeOKOB IepeMe-
IlaeT NAEHKY HeTH MAM HedTenpoAyKTa K HedTecOOpHOMY >KeroOy 12. Ansa
OOAeTyeHUs yAaAeHUsT cOOpaHHOM HedTHU MAM HedTENPOAYKTa Hap HedTecObop-
HBIM >KeAOOOM PAaCIOAO’KeH TPyOOmpoBOA 13 ¢ OPBI3TAaABHBIMM HaCapKaMH. BhI-
NaBIIUU HedTelllnaM crpebaeTcs K IIeHTPAABHOMY IPUSMKY 3, U3 KOTOPOI'O OT-
Ka4yMBaeTCs HAaCOCOM B IIA@MOHAKOIUTEAb.

HedTeroBylIKY 3TOTO THUIA 3allpOEKTUPOBaHBI AuaMeTrpoM 24 u 30 M. Pac-
YeTHasi IIPOIYCKHAsA CIIOCOOHOCTb HedTeAOBYIIKH puaMeTpoM 30 M COCTaBAsIeT
1100 M*/4. TIp¥ HCIOAB30BAHUHW PAAMAABHBEIX HE(PTEAOBYIIEK O06eCIeurBaeTCst
3HAUUTEeAbHAasd 3KOHOMUSI KAlUTAABHBIX U JKCIAYATAIlMOHHBIX 3aTpaT, YAyYIIa-
eTCsl KQUeCTBO OYMUCTKM CTOUHBIX BOA U YIPOIIaeTcs paboTa 3KCIAyaTallMOHHO-
ro NepcoHaAa.

OTCTOMHMKHU. B TOpU30HTAaABHOM OTCTOMHUKE AAS 3MYABCHUM, cXeMa KOTO-
poro mpepcraBAeHa Ha puc. XII-6, o0e >KHMAKOCTH IIOCAE PA3AEAEHUS MOLYT
OBITH BBIBEAEHBI M3 allllapaTa, [IO3TOMY OTCTOMHUK paboTaeT HeIpephIBHO.
INepcdopupoBanHas neperopopka 2 paBHOMEPHO pacIpepeAsdeT NOTOK IO cede-
HHUIO OTCTOMHUKA U IIPEAOTBpAlllaeT BO3MylleHHE >KUAKOCTU B OTCTOMHUKE
CTPyeU 3MYABCHUH, IOCTYHIAIOIIEN B allapar.

YpOBeHBb pa3pend AeTKOU U TSKEAOU JKUAKOCTU ITOAAEPSKUBAETCSI PEryASITO-
POM YPOBHSI UAU T'MAPABAWYECKUM 3aTBOPOM (cudoH, "yTka"). BricoTa ruppaBam-
4eCKOro 3aTBopa h ¥ ypoBHM TsKeAOU h, M AeTKOU h, JKUAKOCTEM CBSA3aHBI CAe-
AVIOIIUM ypaBHEHHEM, BBITEKAIOUIUM U3 3aKOHOB TMAPOCTATUKMU:

(h, — h)p,g + h,p.,g = hp.g,
OTKYAd BBEICOTA T'MAPO3aTBOpPa paBHA
h = h(l — p,/p) + hp,/p.

AAst pazpeneHms cMecu He(DTEIPOAYKTa M BOABL P, /P, IPEACTaBASIET COOOM
OTHOCUTEABHYIO IIAOTHOCTH He(TeNmpoAyKTa IO OTHONIIEHWIO K BOAE TIPU AaH-
HOM TeMIIepaTypHOM pe’kuMe paboThHl alapara.
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Puc. XII-5. PapuaabHasi He(pTeAOBYIIKa:

a — ToIepeuHBI paspe3; 0 — pa3AUuHble CTapuM pPaboThl HedTeCOOPHLIX CKPeOKoB; [ —
KOaKCHAAbHO-KO3LIPBKOBLIM BOAOPACIPEACAUTEAL; 2 — IleHTpaAbHas omopa; 3 — NPUSIMOK; 4 —
AOHHEIe CKpeOKH; 5 — depMa; 6 — KOpIyc; 7 — NOTPY’KHBIE CTeHKHU; § — BOAOCOOPHEBIM AOTOK;
9 — HedTecOopHBle cKpeOKM; [0 — IeHTpPaAbHBINM IIPUBOA CKpPeOKOBOro MexaHu3dMa; 11 —
XOAOBOM MOCTUK; 12 — HedTecOOPHLIN XeAo0; 13 — TpyOOIpOBOA C OPBLI3TAABHBIMU HacaAKaMU;
14 — mapnup; 15 — nporusoBec. [ToToku: I — cTo4Has BoAa; II — ouuieHHasd BOAQ; III — HedTs;
IV — maam

ITponM3BOAUTEABHOCTE TOPU30HTAABHBIX OTCTOMHUKOB MOJKET OBITh YBEAH-
YyeHa IyTeM pa3MellleHus B 30He OTCTaUBaHUS NapaAAEAbHBIX HAKAOHHBIX IIAAC-
TuH. [lomepeuHbIli pa3pe3 TAaKOTo almnapaTa — HANOPHOTO He(dTeoTAeAUuTeAs
nmokasaH Ha puc. XII-7. Ilopaua HedTecopepsKallel BOALI Ha OYHCTKY U OTBOA
OUUIIEHHON BOABI IIPOM3BOAUTCS depe3 IITyIepa, PaCIOAOKEeHHBIe IO IEeHTPY
TOPIIOBBIX AHUII amnmnapaTa. [laparreAbHble TAACTUHBI B HEPTEOTAEAUTEAE Pac-
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Puc. XII-6. Cxema OTCTOMHHKa
AASI pasjpereHust SMYAbCHUM:
1 — xopmyc; 2 — mnepdopupo-

BaHHAas IE€PEropopka; 3 — THA-
paBAWUYecKUM 3aTBop. [loToku:
I — owmyabcus; I — Aerkas
JKUAKOCTD; 117 — TIKEeAAsT
KUAKOCTH

Puc. XII-7. IlonepeyHblii pa3pe3
HaIlOPHOTO He()TEOTACAUTEAS:

1 — xopuyc; 2 — MITyLep AAL
0TBOAA YAOBA€HHOM HedTYH;
3 — IapasAeAbHBIE TIAGCTHUHBI;
4 — WTynmep AAd  OTBOAQ
OUMIIIEHHOM BOABI, & — oOmO0pa;
6 — ITyIlep AAS OTBOAQ OCAAKQ;
7 — nepcgopupoBaHHas  Ilepero-
poAKa 6
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[OAOXKEeHBI Ha paccrosiiuu 100 MM ApYr OT Apyra, OTBOA YAOBAEHHOM HedTH
OCYIIIeCTBASIETCA Yepe3 IITyllepa, PacClIOAOKeHHBIe B BepXHel JYacTu He(TeoTAe-
AUTEAS, @ OCAAOK BBEIBOAUTCS CHU3Y.

PapranbHEBEIE OTCTOMHUKU IIPEAHA3HAYAIOTCSI AT YCPEAHEHUS COCTaBa Hed-
TeCOAEPIKAIIUX CTOYHBIX BOA W UX AOIOAHUTEABHOM OYUCTKU OT He(MTEempOAyK-
TOB W MEeXaHWYEeCKUX IIpUMecCel, OCTaBIIMXCSI B CTOYHOU BOAE, IIPOILIEAIIel
He(TeAOBYIIKU. B NPOMBINIA€HHOCTU IIPUMEHSIOTCS pPaAUaAbHBIE OTCTOMHUKH

11

Puc. XII-8. Cxema ra3ocenapaTropa-BOAOOTAE-

v AUTEAS:
1 — Kopmyc; 2 — meperopopka; 3 — OTOOMHUK.
TTortoku: I — cmech; II — rta3; III — OeH3UH;
IV — Boaa
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AvameTpoM 24 u 30 M, TPOIYCKHOM crmocoOHOoCThi0 200 u 360 M*/u. TlpuHIMD
AENCTBUS 3TUX alllapaToB U COCOO ypAareHUS HeTeIPOAYKTa M IIaaMa He OT-
AWYAIOTCA OT PAAUAABHBIX He(DTEAOBYIIIEK.

l'azocenapatopsl. Ha puc. XII-8 moka3aHa cxeMa BEpPTUKAABHOTO Ta30cCe-
IIapaTopa-BOAOOTAEAUTEAS, KOTOPBIM IIPUMEHAeTCd Ha HerenepepabaThIBAIO-
IINX YCTAHOBKAX AAS OTAEAEHHUS BOABI U Ta3a OT TAKMX AETKHX IIPOAYKTOB, Kak
OeH3UH, CKOPOCTb OTCTOSI KOTOPOT'O CPaBHUTEABLHO BeAMKa U KOTOPHIM He 00-
pasyeT CTOMKHUX 3MYABCHUM, 3aTPYAHAIOMIUX pas3pereHue. OUMCTKA KePOCHHOB
yalle NPOU3BOAUTCA B TOPU30HTAABHBIX OTCTOMHMKAX. LIMAMHAPWYECKUM anma-
paT cHaG)KeH BEePTUKAABHOW IIEPETOPOAKOM 2, OTAEASIONIEN MPOCTPAaHCTBO, TAE
IPOUCXOAUT OTAEAE€HMEe OCHOBHOU UYAaCTU Ta3d, OT OTCTOMHOMW 30HBI ra30Celnapa-
Topa. B pe3yabTaTe mo BEICOTe amllapaTa OOpa3yIOTCS TPU CAOS: YUCTOTO OeH-
31Ha, CMeCH U BOABI. AAST OTAEAeHMSI KalleAbHOM JKHAKOCTH, YHECEHHOH IIOTO-
KOM rasa, B BepXHel 4acTU rasocelapaTopa yCTaHOBA€H OTOOMHUK 3. YPOBeHb
OeH3MHA U BOABI IOAAEPIKUBAETCSA PETYAITOPAMU YPOBHS.

OuncTka ra3oB OTCTAaUBAHUEM C YYETOM MAaABIX CKOPOCTEN OCAKACHUI U
OOABIINX OOBEMOB ra30B Ha COBPEMEHHBIX IIPOM3BOACTBAX HOTpeboBara ObI
COBEPILIEHHO He IIPUEeMAEMBIX II0 pasMepy NAOLIapAel OTCTOMHBIX Kamep. [o-
3TOMY OTCTOMHUKU AASL TA30BBIX CYCIEH3UU B IIPOMBIINIA€HHOCTU He IIpUMEeHd-
10T. OAHAKO OTCTauBaHUe NIBIAM MMeeT IIpakKTHuecKoe 3HaueHUe TaM, TAe OHO
IIPOMCXOAUT CAMOIIPOU3BOABHO, HAIIpUMepP, B ra3oxopax TpPyOdaThIX Iedel, pa-
OouMX MNPOCTPAHCTBAX pPEAaKTOPOB U PETreHepaTopoOB C IICEBAOOKMKEHHBIM
CAOeM KaTaAusaTopa U T.A.



